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Predicting mortality in critically ill patients with COVID-19 in the ICU from a 
secondary-level hospital in Ecuador

Jorge Luis Vélez-Paez1,2*, Mario Patricio Montalvo1, Fernando Esteban Jara1, Santiago Aguayo-Moscoso1, Wendy Tercero-Martínez1, Lenin Stalin 
Saltos1, Glenda Jiménez-Alulima1, Estefanía Irigoyen-Mogro1, Evelyn Castro-Reyes1, Christian Mora-Coello1, Edgar López-Rondón1, Patricio Toa-
panta1,2, Eduardo Vásconez-González3, Esteban Ortiz-Prado3

Abstract: Since its molecular isolation on January 7, 2020, the new SARS-CoV-2 coronavirus has spread rapidly, affecting 
regions such as Latin America. Ecuador received the worst outbreak globally if we count excess mortality per capita. This study 
describes the clinical, epidemiological and therapeutic characteristics of 89 patients admitted to an intensive care unit (ICU) in 
a second-level hospital in Quito, Ecuador. Methods: We conducted a retrospective cohort study. We collected data from health 
records of adult patients with severe COVID-19 admitted to an ICU in Quito, Ecuador, during the first five months of the SARS-
CoV-2 outbreak. We used the Chi-square test or Fisher's exact statistics to analyze risk and associations between survivors and 
non-survivors. We used ROC curve analysis to predict mortality and determine cut-off points for mechanical, analytical, and 
cytometric ventilation parameters. We used the Wald test to evaluate the categorical predictors of the model at the multivariate 
level during the regression analysis. Results: 89 patients were recruited. The mean age of the patients was 54.72 years. Men 
represented 68.54% (n=61) and women 31.46% (n=28). Significant differences in mortality were observed (men 40.98% vs. 
women 17.76%). LDH and IL-6 at 24 hours after hospital admission were higher among non-survivors than survivors. Persistent 
hypercapnia (PaCO2 >45 mmHg), a PaFiO2 ratio of less than 140 mmHg, and positive end-expiratory pressure (PEEP) titration 
>9 mmHg were also associated with increased mortality. Conclusions: Elevated levels of LDH at 24 hours, IL-6 at 24 hours, 
lymphocyte and platelet count at 48 hours, neutrophil count at 48 hours and NLR are factors associated with higher motility, 
higher risk of failed extubation and reintubation in patients with acute respiratory distress syndrome due to COVID-19.

Key words: COVID-19, ICU, ROC curve, Mortality, Low-Middle Income Country.

ARTICLE / INVESTIGACIÓN

Introduction
On 31 December, the Wuhan Municipal Health Committee 

informed the World Health Organization (WHO) that 27 people 
had been diagnosed with a type of pneumonia never described 
before1. On 7 January, 2020, Chinese scientists had isolated 
and sequenced the etiological agent, a novel beta coronavirus 
later identified as SARS-CoV-2 (severe acute respiratory syn-
drome coronavirus type -two)2. The genome of this RNA virus 
was made available on 12 January, 2020, allowing laborato-
ries in different countries to produce specific primers for the 
infection diagnosis using real-time reverse transcription-poly-
merase chain reaction (RT-PCR)2,3. On 11 March, 2020, the 
WHO declared COVID-19 a pandemic after the virus arrived in 
several countries rapidly4. Up to 5 October, 2020, more than 
35 million people had been infected, causing more than 1 mi-
llion deaths worldwide3.

In Latin America, a region with high levels of social in-
equality, mortality rates, and attack rate due to COVID-19, is 
devastating, especially for those living in poverty5. Households 
in the lowest income group have reduced access to health 
services, molecular diagnosis, and treatment. Health systems 
with scarce economic resources and disrupted contact tracing 

capabilities are often incapable of controlling outbreaks at the 
community level, affecting mortality and hospital admission 
trends6.

In mid-February 2020, the disease reached Latin America 
and hit Ecuador abruptly. The first case in Ecuador was officia-
lly reported on 27 February, but the only scientific report sug-
gests that the virus has entered the country weeks earlier7. In 
March, the virus had spread massively within Ecuador's coas-
tal provinces, causing thousands of deaths each day in Ecua-
dor, highlighting Guayaquil as the first COVID-19 epicenter in 
Latin America and the worst-hit country in the world8.

There is only one report exploring the epidemiological 
trends of COVID-19 in Ecuador, including a brief description of 
the clinical presentation among asymptomatic and mildly ill 
patients; nevertheless, no data is available in terms of the cli-
nical features and outcome among critically ill patients7.

This study aims to present the outcome, and clinical cha-
racteristics of COVID-19 patients admitted to the intensive 
care unit in a secondary level hospital in Quito, Ecuador, from 1 
April, 2020, to 31 July, 2020.
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Materials and methods 

Setting
The study was carried out in the Intensive Care Unit in the 

secondary level hospital Pablo Arturo Suárez Hospital, Quito, 
Ecuador. Quito is the capital of Ecuador and has a population 
of 2.781.641. The city is located in the province of Pichincha 
and has an elevation of 2,850 m above sea level, becoming the 
second-highest capital city globally.

Study design
A retrospective cohort study of the clinical course and 

mortality due to COVID-19 among adult patients hospitalized 
and admitted to the ICU from 1 April to 31 July, 2020

Population and sample size
Every patient admitted to the ICU with a suspected diag-

nosis of COVID-19 within the established timeframe was initia-
lly included in the study. At the end of the study, we included 
89 patients that fulfilled the inclusion criteria, while 12 were 
excluded from the study.

Inclusion criteria
Every patient admitted to the ICU unit with a positive mo-

lecular, serological, or clinical diagnosis of COVID-19 (charac-
terized by: fever or chills, cough, dyspnea, anosmia, ageusia, 
sore throat, or myalgia) was included in the study. The clinical 
records (HC) of patients admitted with a confirmed result of 
COVID-19 by RT-PCR1 or suggestive tomographic pattern (CO-
RADS 4 or 5) were included, and cases with a presumptive 
diagnosis of COVID-19.

Exclusion criteria
Patients with a mild clinical presentation that were not 

admitted to the ICU or those with respiratory symptomatology 
that tested negative for SARS-CoV-2 infection through mole-
cular testing (RT-PCR) or tomographic pattern not compatible 
with COVID-19 (CO-RADS 0 to 3).

Variables and measurements
Our team reviewed the electronic records of every patient 

that fulfilled the inclusión criteria. (Being admitted to the ICU 
was one of them)2. Information concerning epidemiological, cli-
nical, serological, and cytometric variables was collected. Every 
record was reviewed, and data were retrieved from admission to 
discharge or death in the ICU during the data collection period.

Statistical analysis
We performed a complete descriptive statistical analysis, 

calculating every qualitative variable's absolute and relative 
values. Mean, and standard deviation measures were used to 
describe differences and dispersion of the data set.

The assumption of normality of the quantitative variables 
was verified using the Shapiro test, where the t-test was used 
for parametric quantitative variables and the Mann Whitney 
test for those with non-parametric distributions.

We used the Chi-square test or Fisher's exact statistic to 
compare the proportion of survivors and non-survivors due to 
COVID-19. An odds ratio greater than one was used to indicate 
that the outcome was more likely to occur in one group.

We used the ROC curve analysis to predict mortality, de-
termining cut-off points using the Younden index for the para-
meters related to mechanical ventilation and cytometric pa-

rameters. At the multivariate level, the Wald method forward 
logistic procedure regression was used, determining predic-
tors of mortality for COVID-19. Statistical significance was 
established for p-value <0.05.

Ethical considerations
According to human research's local bioethical principles, 

anonymized, unidentifiable data from clinical records, exclu-
ding case reports, do not require internal review boards' appro-
val. The physicians involved in collecting clinical data were also 
the only health providers accessing patients' clinical records.

Results

General results
During 121 days of follow-up, 89 patients with COVID-19 ful-

filled the inclusion criteria. 68,54 % (n=61) were men and 31,46% 
women (n=28). There was no statistically significant difference in 
mean length of hospital stay (ALOS) between those who survived 
(9.31 days) versus those who died (10.29 days). The follow-up en-
ded with 66.29% of patients (n=59) discharged from the ICU unit, 
while 33.71% of them (n=30) died due to COVID-19 (Table 1).

Age and sex differences
The average age of patients admitted to the hospital was 

54.7 years, and survivors were 11 years younger (50.9) than 
non-survivors (62.2), and this difference was statistically sig-
nificant (p-value: 0.001). Regarding gender, men were three 
times more likely to die (40.98%, n = 25) from COVID-19 com-
pared to women (17.76%, n = 5) (p-value: 0.032).

Comorbidities and mortality risk
The most frequent comorbidity reported was hyperten-

sion (HT) in 20.22% (n=18) followed by obesity 16.85% (n=15) 
and diabetes mellitus (DM) 8.99% (n=8). The mean body mass 
index (BMI) was 30.84, with significant differences being obser-
ved between survivors (28,98) and non-survivors (31.99)5 be-
ing these differences statistically significant (p-value: 0.026).

Assessment of mortality indicators
The sequential organ failure assessment (SOFA) score 

at 24, 48, and 72 hours after admission was found to be 7.91, 
6.14, and 5.46, respectively. The differences were statistically 
significant at 48 hours in survivors (SOFA=5.72) vs non-survi-
vors (SOFA=7) and at 72 hours (SOFA= 4.93) versus (SOFA= 
6.62) with a p-value of 0.038 and 0.010 respectively.

The APACHE II indicator was found to be higher among 
non-survivors (19.37) versus those who survived (17.42), al-
though the differences were not statistically significant (p-va-
lue: 0.197) (Table 1).

Treatment and mortality
Seventy-two patients (80.9%) received systemic corticos-

teroid treatment7 (dexamethasone 6 mg daily up to 10 days), 
and among those, 25 patients (34.72%) did not survive while 
47 (65.28%) survived. Low molecular weight heparin (LMWH) 
was administered to 69 patients (78.41%), and from this group, 
59.42% (n=41) survived, and 40.58% died (n=28).

Ventilatory and respiratory parameters
To mitigate end-expiratory alveolar collapse, applied ex-

trinsic PEEP values at 48 hours were significantly lower (7.89 
cmH2O) among survivors versus non-survivors (9.26 cmH2O), 
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and this difference was statistically significant (p-value: 0.015). 
The maximum PCO2 at 72 hours was higher among non-survi-
vors (49.34 mmHg), versus survivors (41.37 mmHg), and this 
difference was statistically significant (p-value: 0.026) (Table 2).

The PaO2/FiO2 ratio at 24 and 72 hours was always higher 
among survivors. For instance, non-survivors reported a PaO2/
FiO2 of 127.77 mmHg and 136.36 mmHg at 24 and 72 hours, 
respectively, while survivors had values of 152.97 mmHg and 
181.09 mmHg at the same time interval, both differences being 
statistically significant (p-value: 0.036 and <0.001 respectively).

Survivors remained intubated for seven days while 
non-survivors for ten days, a difference that is also statistically 
significant (p-value: 0.002).

Serological biomarkers
Mean lactate dehydrogenase levels (LDH) were higher 

among non-survivors (1025.47 U / L) versus survivors (891.10 
U / L); Likewise, IL-6 presented was 137% higher among 
non-survivors (140.55 pg/ ml) versus survivors (59.3 pg. / ml) 
(p-value: < 0.05). D-dimer and ferritin at 24 and 48 hours did 
not show significant differences (Table 3).

Flow cytometric analysis
Lymphocyte count at 48 hours presented a mean of 753.79 

x 103 / ml in survivors and 537.59 x 103 / ml in non-survivors 
(p-value 0.006). Neutrophilia was found to be significantly higher 
among non-survivors at 24 hours (11,741.63 x 103 / ml) in compa-
rison with survivors (9,282.54 x 103 / ml). For the neutrophil-lym-

phocyte ratio (NLR)8 at 24, 48 and 72, non-survivors had signi-
ficantly higher NLR than survivors (p-value: < 0.001) (Table 4).

Platelet count at 48 hours shows that non-survivors had 
significantly lower platelet counts (320,103.45 x 103 / ml) than 
survivors (388,172.41 x 103 / ml).

Predictive factors for mortality

PEEP analysis.
The area of the receiver operating characteristic (ROC) 

curve for PEEP at 48 hours was 0.661 (95% CI 0.535-0.787), 
maximum PCO2 at 72 hours 0.650 (95% CI 0.519-0.780), Pa-
FiO2 at 24 hours 0.636 (95% CI 0.508-0.765), and PaFiO2 at 72 
hours 0.747 (95% CI 0.638-0.857), these areas presented con-
fidence intervals that do not include the value 0.5; therefore, 
be used to predict mortality for COVID-19.

The cut-off points to predict mortality in the ROC curve 
using the Youden index of the mechanical ventilation parame-
ters were positive for mortality if 48-hour PEEP ≥8.50 cmH20, 
where the sensitivity was 54%, and specificity was 74% (Fi-
gure 1)9.  Positive for mortality if: 72-hour peak PCO2 ≥46.50 
mmHg (sensitivity: 54%, specificity 77%), 24-hour PaFiO2 ≤89 
mmHg (sensitivity: 30%, specificity: 97%) and PaFiO2 72 hours 
≤155.50 mmHg (sensitivity: 82%, specificity: 66%).

Biomarker analysis.
The area of the ROC curve for IL-6 was 0.675 (IC95% 

Table 1. Association between mortality and clinical characteristics.
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Table 2. Correlation between mortality and mechanical ventilation parameters.
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0.542-0.809), and for LDH at 24 hours 0.691 (IC95% 0.580-
0.803), these areas presented confidence intervals that do not 
include the value 0.5; therefore, they are significant in predic-
ting mortality for COVID-19.

The cut-off points to predict mortality in the ROC curve 
using the Youden index of the analytical parameters were po-
sitive for mortality if IL-6 ≥117 pg / mL, where the sensitivity 
was 42%, and specificity was 91%. Regarding LDH, it was posi-
tive for mortality at 24 hours with a cut-off≥783 U / L (sensiti-
vity: 90%, specificity: 43%) (Figure 2). 

The area of the ROC curve for NLR at 24 hours was 0.704 
(95% CI 0.591-0.817), NLR at 48 hours10  0.743 (95% CI 0.634-
0.851), NLR at 72 hours 0.692 (95% CI 0.578-0.806), and pla-
telets 48 hours11 0.633 (95% CI 0.508-0.759), these areas 
presented confidence intervals that do not include the value 
0.5; therefore, they are significant to predict mortality for CO-
VID-19 (Figure 3).

The cut-off points for predicting mortality in the ROC cur-
ve using the Youden index of the cytometry parameters were 
the following: Positive for mortality if NLR 24 hours13  ≥16.33, 
where sensitivity was 73% and specificity 64%. Positive for 
mortality if NLR 48 hours ≥16.96, where the sensitivity was 
76% and specificity was 67%. Positive for mortality if NLR 72 
hours ≥17.12, where the sensitivity was 64% and specificity 

74%. Positive for mortality if Platelets ≤364,000 x 103 ml, 
where the sensitivity was 79% and specificity 50%.

SOFA mortality prediction analysis.
For the SOFA mortality predictors, the cut-off point for 

COVID-19 was determined, the ROC curves showed for SOFA 
at 48 hours an area of 0.637 (95% CI 0.511-0.763), and for 72 
hours of 0.675 (95% CI 0.556 -0.794), these areas were signi-
ficant to predict mortality, the cut-off point established at 48 
and 72 hours was positive for mortality if SOFA≥6, at 48 hours, 
the sensitivity of 79% and specificity 48% were obtained, at 72 
hours the sensitivity was 69% and specificity 57% (Figure 4). 

The results obtained showed that PaFiO2 72 hours ≤ 
155.50 mmHg with p-value 0.009, IL-6 ≥117 pg. / mL with 
p-value 0.011, NLR 24 hours ≥16.33 with p-value 0.013 and 
NLR 72 hours ≥ 17.12 with p-value 0.005 are predictors of 
mortality for COVID-19; where values of PaFiO2 72 hours ≤ 
155.50 mmHg, IL-6 ≥117 pg. / mL, NLR 24 hours ≥16.33 and 
NLR 72 hours ≥17.12 presented 9.24, 21.84, 6.13, and 13, 33 
times more likely not to survive; the mechanical ventilation's 
cut-off points, analytical and cytometry parameters were de-
termined (Table 5). 

The results obtained showed that PaFiO2 72 hours ≤ 
155.50 mmHg with p-value 0.009, IL-6 ≥117 pg. / mL with 

Table 3. Correlation between mortality and analytical parameters.

Table 4. Correlation between mortality and cytometric parameters.

Predicting mortality in critically ill patients with COVID-19 in the ICU from a secondary-level hospital in Ecuador
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p-value 0.011, NLR 24 hours ≥16.33 with p-value 0.013 and 
NLR 72 hours ≥ 17.12 with p-value 0.005 are predictors of 
mortality for COVID-19; where values of PaFiO2 72 hours ≤ 
155.50 mmHg, IL-6 ≥117 pg. / mL, NLR 24 hours ≥16.33 and 
NLR 72 hours ≥17.12 presented 9.24, 21.84, 6.13 and 13, 33 
times more likely to not survive.

Discussion
This original research is the first report of the clinical cha-

racteristics of severely ill patients with COVID-19 who have 
been clinically managed in a secondary-level hospital ICU in 

Quito, Ecuador. The results showed that older age and sex are 
positively associated with mortality. These results are similar 
to several reports available9,10. The average age of our admit-
ted patients was 54 years, considerably younger populations 
than other countries. In China, two reports found that the 
mean age of patients admitted to the ICU was between 64 and 
66 years, on average ten years older than our population11,12. 
In other continents, the age of the admitted patients is also 
higher. For instance, in Italy and Spain, the available informa-
tion reports an average age of 63 years, while in the USA, the 
average age is 79 years10,13-16.

Mejia et al. 2020 published the only available study with 
results similar to ours in a cohort of Peruvian patients. They 

Figure 1. ROC curve to predict mortality for COVID-19, based 
on PEEP 48 hours, maximum PCO2 72 hours, PaFiO 2 24 and 
72 hours.

Figure 2. ROC curve to predict mortality for COVID-19, based 
on IL-6 and LDH at 24 hours.

Figure 3. ROC curve to predict mortality for COVID-19, based 
on NLR (at 24, 48 and 72 hours14 ) and platelets at 48 hours16.

Figure 4. ROC curve to predict mortality for COVID-19, based 
on SOFA at 48 and 72 hours.
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found that the median age of the admitted patients was 59 
years17. Although there is no clear information on why older 
men are at higher risk of dying due to COVID-19, a higher pro-
portion of comorbidities among men may play a significant 
role, and the presence of unhealthier lifestyles18 , along with 
immunosenescence phenomena. It has also been hypothesi-
zed that men the angiotensin-converting enzyme-2 (ACE-2) 
receptor might play an important role. Previously published 
studies suggest that the ACE-2 receptor plays a role in other 
coronaviruses-related diseases such as Severe Acute Respi-
ratory Syndrome (SARS) or Middle East Respiratory Syndro-
me (MERS), finding higher concentrations of ACE-2 receptors 
among men18,19.

In terms of respiratory parameters, persisting hypercap-
nia for more than 72 hours, the PaFiO2 ratio at 24 and 72 hours 
< 140 mmHg and PEEP greater than 9 cmH2O were also asso-
ciated with increased risk of mortality. External positive pres-
sure ventilation increases intrathoracic pressure and does so 
more potently when the lungs are highly compliant20. Modera-
te PEEP levels are required to ventilate adequately and achie-
ve normoxia. In our results, maintaining PEEP levels greater 
than 8 mmHg after 48 hours was associated with a poorer 
prognosis. Although the impact of COVID-19 within the lungs 
is not quite the same as other diseases causing ARDS, the role 
of adequate ventilatory management is fundamental.

Gatinonni et al., defined two phenotypic patterns in the cli-
nical presentation of COVID-19, a Low (L) phenotype in which 
there is low elastance, low shunt and poor recruit ability with 
little response to PEEP and a High (H) phenotype, with high 
elastance, high shunt and favorable response to alveolar re-
cruitment with PEEP21,22.

Regarding the presentation of the L and H phenotypes in 
ARDS due to COVID 19, we consider that their presentation 
was variable, if we take into account the relationship between 

compliance and PaO2 / FiO2 as reported by Panwar23, patients 
with lower PaO2 / FiO2, like those with low compliance died. 
However, these variables can be very heterogeneous because 
there could be H patterns with PaO2 / FiO2 greater than 150 
and in other L phenotypes with PaO2 /FiO2 <150mmHg. Both 
PaO2 / FiO2 and compliance have always been considered a 
marker of severity; in our work, the patients who had lower 
values were the most serious and of them, those who died had 
low compliance from admission, as mentioned. In other stu-
dies, patients that improved PaO2 / FiO2 and compliance pat-
tern L had better survival22,23.

Our study also found that elevated levels of IL-619, LDH at 
24 hours, lymphopenia at 48 hours, neutrophilia at 24 hours, 
and high NLR from admission to 72 hours were also associated 
with more significant mortality. Previous works have evaluated 
this, which may indirectly indicate a reaction due to the mas-
sive inflammatory response or the cytokine storm constant-
ly related with more severe clinical presentations24,25. These 
results are similar to those previously reported worldwide; 
however, it is interesting to note that ferritin and the D-dimer 
biomarker have not achieved enough statistical power to pre-
dict mortality12,26. Furthermore, our findings support the use 
of cytometric analysis that is often affordable and available in 
low-resource settings.

Several laboratory data are identified as predictors of se-
verity and mortality in COVID-19, such as elevated D-dimer, 
lymphopenia, increased LDH, thrombocytopenia, increased 
C-reactive protein, elevated ferritin and IL-6, among others27-34. 
In our study, the factors associated with mortality were LDH 
values at 24 hours, IL-6, the lymphocyte and platelet count at 
48 hours, the neutrophil count at 48 hours, and the NLR in all 
its measurements; the latter, together with IL-6, reached a pre-
dictive level. These results are consistent with the existing evi-
dence in the world. Interestingly, D-dimer and ferritin at 24 and 

Table 5. Logistic regression to predict mortality for COVID-19, based on mechanical ventilation, analytical and cytometry pa-
rameters.
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48 hours did not present a significant association with mortali-
ty, a finding that contradicts the existing evidence at that time.

The most frequent comorbidities in our patients were: 
hypertension, obesity and diabetes mellitus (DM). For diabe-
tes and hypertension, there was no statistically significant 
difference in terms of risk of mortality; nevertheless, when 
evaluating body mass index, higher BMI was associated with a 
greater risk of dying (Table 1), as described in other studies26. 
A clinical report from Wang et.al; showed statistically signi-
ficant differences in terms of mortality among patients with 
chronic hypertension12. On the other hand, other studies found 
that hypertension was not an independent factor in increasing 
mortality, opposing hypercholesterolemia and DM10.

In general terms, the overall mortality in our center seems 
to be adequate compared to other countries. In Ecuador, we 
found that 33.7% of patients succumbed in the ICU unit due to 
COVID-19. A recently published report from China, including 
517 patients, reported an overall mortality rate of 37.7%12,13. 
These numbers seem to be lower than other reports coming 
from Europe. For instance, In Italy, Grasselli et al. 2020 inclu-
ded 1,715 patients, and they found that the overall mortali-
ty was superior to 48%10. In Spain, a national cohort of 736 
patients reported mortality rates greater than 42%14. On the 
other hand, information emerging from the USA shows that 
mortality was significantly lower in a cohort of 1,392 patients. 
They reported an overall mortality of 23.6%13.

In Latin America, reports are scarce. We found that in 
Peru, the overall mortality rate among severely ill COVID-19 
patients was 32.4%35. However, in this study, cut-off points for 
serological biomarkers and mechanical ventilation variables 
analysis were not determined, which might give a more in-dep-
th insight into our results.

At the beginning of the pandemic, corticosteroids' use was 
controversial, and their use focused on quenching the so-ca-
lled "cytokine storm"27,36-38. During the first few months of the 
outbreak, few scientific societies recommended using syste-
mic corticosteroids to treat ARDS. Nevertheless, in our hospi-
tal, we adopted the SARS and MERS guidelines, which could 
be associated with our relatively low mortality rates compared 
to other centers22,39-41.

Limitations
Our results came from an intensive care unit of 7 beds. 

Therefore, collecting a representative sample was more pro-
longed than in other centers. It is essential to point out that 
a molecular analysis for COVID-19 using RT-PCR was not 
always available in situ; therefore, the diagnosis was based on 
radiological and clinical suspicion, and the confirmatory mole-
cular or serological confirmation sometimes arrived days later.

Conclusions
The values of LDH at 24 hours, IL-6  the lymphocyte and 

platelet count at 48 hours, the neutrophil count at 48 hours, 
and the NLR are factors associated with mortality and were 
even determining factors for failure in the extubation and rein-
tubation.

The clinical and physiopathological presentation of CO-
VID-19 suggested a strong activation of the pro-inflammatory 
response; this meant that in our hospital, even without solid 
evidence, we indicated corticoids, a measure that was later 
validated by RCTs and meta-analyses. This would essentially 
justify the non-elevated mortality in our series of patients.

Although analytical markers such as IL 6 and LDH are 

acceptable and well-known parameters for managing critical 
patients, their availability is not universal, and IL 6 is expensive. 
Finding a surrogate such as the NLR, which has a predictive va-
lue in its measurements at 24 and 72 hours that is not depre-
ciable; makes the findings of this study relevant by providing 
a cost-effective instrument derived from the standard blood 
count to establish the risk of death and severity in COVID-19.
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Indicators to achieve a better positioning of Ecuadorian scientific journals

Victor Santiago Padilla*, Yalitza Therly Ramos Gil

Abstract: Ecuador's scientific journals are not in a good position worldwide, as seen in the small number of journals indexed 
in impact databases. This research was carried out due to the current and prevailing need to improve the performance level of 
national scientific journals at the international level. This work sought to generate the information necessary for Ecuadorian 
scientific journals to have a greater scope considering the criteria for indexing in the Scopus, Clarivate Web of Science, Scielo, 
and Redalyc databases. This was determined based on the hypothesis: Failure to comply with the indicators for international 
scientific databases makes Ecuadorian journals not part of these collections. We identified differences between public and 
private institutions and the status of communication journals in compliance with the same criteria. We analyzed 55 Ecuadorian 
scientific journals already indexed in Latindex. The analysis was carried out by creating matrices that made it possible to quantify 
the fulfillment of the criteria, implementing a categorization of Yes for the journals that meet the indicator or NO for those that 
do not. Similarly, interviews were conducted with editors of the Ecuadorian journals with the best indexing to triangulate the 
information discussed in this research. The research showed that, although most magazines meet the vast majority of indexing 
criteria, the main problems are the geographic and institutional diversity of the editors and authors in the journals.

Key words: Databases, Indexing, Ecuadorian scientific journals, Scopus, Clarivate Web of Science, Scielo and Redalyc.

ARTICLE / INVESTIGACIÓN

Introduction
Scientific journals are the basis of the knowledge com-

munity. They are in charge of collecting all the research that 
drives human beings as knowledge generators. These journals 
represent the vital means to disseminate research results and 
usually specialize in different disciplines or academic sub-dis-
ciplines1.

Despite the importance of scientific journals, one of the 
problems within the academic context is identifying journals 
with a high impact. The great variety of journals at different le-
vels of relevance leads to which articles provide a more signi-
ficant impact and, therefore, better positioning in the ranking2.

With the introduction of the 2008 Higher Education re-
form, scientific production in Ecuador experienced a turning 
point. From that date on, the national government required all 
higher education institutions to be directly linked and promote 
scientific and technological research3. The new requirements 
by said reform and the control of these, by the hand of the 
higher education agency, have led to an exponential growth in 
scientific production in the country since its creation4.

Despite this exponential growth in scientific publications 
in Ecuador, this positioning is inferior within Latin America, oc-
cupying in 2020 the 9th position in terms of publications and 
indexed scientific journals, with only 3 of the latter. However, 
the difference between the number of articles published by 
Ecuador (30775 publications) and Peru (36414 publications), 
the following country in the ranking, does not represent a sig-
nificant difference, considering that the number of indexed Pe-
ruvian journals is 135.

As observed in the aspects pointed out, we conducted this 
research due to the current and prevailing need to improve the 

level of performance of Ecuadorian scientific journals. In this 
way, analyzing and evaluating the indicators that make a jour-
nal has a more significant impact will mean the creation of a 
basis for Ecuadorian scientific journals to have greater rele-
vance in the future.

We considered all the information presented on the Sci-
mago web page regarding the above. SCImago Journal Rank 
(acronym SJR) derived a positioning indicator for Latin Ameri-
can journals until 2020. The web analysis shows the status of 
Latin American journals indexed in the Scopus database, who-
se measurement reported the position of each of the countries 
related to scientific production during that year.

The first indicator analyzed was the number of indexed 
documents. Brazil was ranked with 1,145,853 documents, 
while in second and third place are Mexico with 387,111 and 
Argentina with 247,088. Below these positions in the top 10 
indicators are Peru with 36 414 in 8th place and Ecuador in 9th 
place with 30 775 indexed documents. Uruguay closes the Top 
10 with 23,887 documents6.

However, using the Scimago Journal Rank method and 
adding another indicator referring to the number of journals in-
dexed in Scopus shows how the positions change. For example, 
Brazil remains in first place with 389 journals, while Colombia 
has 113 journals. However, Mexico and Chile are close behind 
with 111 and Chile with 109, occupying positions 3 and 4. At 
the same time, in positions 8 and 9 are Peru with 13 journals 
and Ecuador with 3 indexed journals6.

Therefore, the validity of the results of this research will 
provide relevant information so that scientific journals in Ecua-
dor can consider obtaining a better positioning, both those that 
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are starting and those that have a history of academic disse-
mination. This will allow national research to have a greater 
reach and the Ecuadorian academic community to achieve a 
more significant international impact.

Materials and methods 

Type of research
A basic approach and an explanatory level and field re-

search are presented. Its purpose is to diagnose the situation 
of scientific journals in Ecuador and determine what parame-
ters should be worked on to improve the positioning and inde-
xing of journals.

Besides having a documentary and field design, the re-
search was developed with a synchronic strategy, based on 
the current context, since the objective of defining "why" Ecua-
dorian scientific journals do not have better positioning was a 
primary element in the whole research process.

The data collection was derived from the field observation 
technique, allowing us to understand two phases of the re-
search. The first one, to observe and interact directly with the 
organizational achievement of the subject of study, allowed to 
determine how it behaves in its specific environment with the 
general objective. The second phase made it possible to identi-
fy how the different variables in this environment can interact 
with the subject.

It is important to emphasize that the work is also confi-
gured with aspects of documentary research. To obtain the 
necessary data, texts, documents, and other documentary 
elements were used to analyze and interpret them critically to 
generate new knowledge.

Methods
A mixed approach (quantitative and qualitative) was cho-

sen using the analytical-synthetic research method. The ob-
jective is to analyze all the leading databases' indexing criteria, 
synthesize the results, and propose new approaches and stra-
tegies to better position in Ecuadorian popular science jour-
nals. For this purpose, descriptive research was carried out to 
specify properties, characteristics and important features that 
make a scientific journal good positioning.

The use of this method involved collecting data from all 
available digital sources. The data synthesis will be displayed 
employing tables, charts, graphs, or any non-numerical form 
to facilitate understanding of the data collected. The studied 
indicators were obtained from the following databases: Sco-
pus, Clarivate, Latindex, Scielo and Redalyc.

Population and sample
The sample size is 55 indexed Ecuadorian scientific jour-

nals. The journals were selected using a series of criteria de-
tailed below. First, the journals of the institutions present in 
the Scimago university ranking were selected since this ob-
jectively gives us the context of the universities according to 
their scientific production, taking into account 3 parameters, 
performance in terms of research, innovation and social im-
pact (De Moya Anegón et al., 2020). To reduce sample size 
and add another parameter to analyze, the institutions of the 
provinces of Ecuador where there were public and private ins-
titutions within the Scimago ranking were selected. Following 
these criteria, we chose journals of institutions from Pichincha, 
Guayas and Azuay.

We obtained a final sample size of 55 journals distributed 
among 15 institutions following this selection criterion. Of the-
se, 7 institutions are public and have 27 journals in the sample, 
and 8 private institutions have 28 journals. This homogeneous 
distribution among the sample allows a comparison between 
the 2 types of institutions.  

In addition to the 3 provinces mentioned, another selec-
tion criterion was included, which stipulated considering the 
geo-referential locality of the Universidad Católica del Ecua-
dor, Ibarra campus through the university's journal, indexed in 
Latindex. This parameter inclusion was because the present 
research is part of a final degree work for obtaining the aca-
demic degree.

Content analysis
The content analysis was carried out based on compliance 

with the indexing criteria of the Scopus, Clarivate, Scielo and 
Redalyc databases. To quantify compliance with the criteria, 
we implemented a binary categorization system, assigning Yes 
for journals that meet the indicator or No for those that do 
not. All these data were then quantified to create graphs that 
allow a better understanding of the situation of Ecuadorian 
journals. The journals analyzed correspond to the last volume 
published.

The information necessary to achieve indexing is publicly 
available and provided by each database. Of the parameters 
for indexing, we only chose those explicitly verifiable on each 
journal's web page. Since there are several criteria for which 
the intervention of teams of evaluators from these databases 
is required, these more complex parameters occur in the final 
indexing process. Meanwhile, the parameters analyzed in this 
research work are those the journals are in the first steps of 
the indexing process. If the journals did not comply with these, 
the analysis would have stopped, and it would not be neces-
sary to consider the more complex ones.

Semi-structured interviews
We realized semi-structured interviews with the editors 

of the journals with the best indexing in Ecuador. These inter-
views support the information gathered in the content analy-
sis since some indexing indicators cannot be appreciated as 
external agents of the indexing evaluation entities. Likewise, 
the editors provide details about the management of a journal, 
specifically all those related to achieving indexing, maintaining 
its status, and improving the journal's quality constantly to 
achieve a more significant impact.

The interviews were conducted with a guide of topics to 
be covered. To make them more informal and obtain as much 
information as possible, they were conducted in conversation 
mode, interweaving the information provided by the inter-
viewee with the topics and questions of interest for the re-
search.

We conducted the interviews once we finished the statisti-
cal analysis. With the results of this analysis, it was possible to 
establish a conversation with each of the editors with comple-
te knowledge of the journal's situation. We also inquired about 
the unfulfilled indicators or how they met specific parameters 
that the rest of the journals could not achieve.

Matrix
Four matrixes were created for each database since each 

has different indexing indicators. The following data were ad-
ded to all the institutions in the sample: the province where 
they are located and the type of institution.
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Interview Topics
A series of topics were determined to guide the conversa-

tion for the interviews. These were the following:
- Creation process
- Indexing problems
- Editorial committee
- Publication authors
- Number of articles and homogeneity 
- Financing and support
- What the journal should improve 
- Work between journals and faculties within the institution
- Other journals of the same institution

Results

Indicator matrix
Fifty-five journals indexed in Latindex were analyzed to 

check compliance with indexing indicators in the Scopus, Web 
of Science, Redalyc and Scielo databases. The parameters were 
compiled in a matrix of indicators. According to whether or not 
they met these criteria, they were marked with YES or NO cri-
teria to quantify the total number of journals that met these 
indexing guidelines for each database. A total of 4 tables were 
created, each one specific to each database (see tables in an-
nexes). Most journals met the vast majority parameters, so their 
inclusion in the analysis process is not statistically relevant.

Outstanding indicators
Once we collected all of the necessary data, we analyzed 

indicators using tables and their respective graphs to evaluate 
the Ecuadorian journals in terms of their indexing according to 
the indicators that stood out the most. It was also reviewed for 
a complete understanding and a deeper analysis to see any di-
fference between public and private institutions. In addition, as 
this research is a thesis of the social communication career, the 
current situation of the country's communication journals will 
be analyzed. We rounded all values to the next higher value for 
calculating percentages, considering two significant figures.

Authors and editors diversity
Publishers and authors' geographic diversity are the para-

meters that stand out most for their non-compliance in the Sco-
pus and Clarivate databases. At the same time, the Redalyc and 
Scielo databases have similar indicators, but they do not focus 
on geographic diversity but institutional diversity (Figure 1).

Information presentation on the website
Poor display of the journal's information on their websites 

was another indicator not fully met. Figure 2 shows the jour-
nals with web content in English and tables of contents and 
display formats.

Quantity and homogeneity of articles in the journal's issues
Other critical indicators to consider are the number of ar-

ticles and their homogeneity to understand their impact on the 
journals' quality and scope (Figure 3).

Availability and visibility of the information
Regarding the parameters of information's availability and 

visibility on their digital platform, some missing criteria in se-
veral journals could also be appreciated, such as: Their docu-
ment's digital preservation policy, whether they are hosted on 
an independent electronic platform, the presence of statistical 
data and the distinction of current indexing records (Figure 4).

Journal and author information
Finally, the journal and author information indicators have 

a significant percentage of non-compliances. These can be 
seen in Figure 5, which shows the use of bibliographic mas-
theads, author identifiers, and digital resource identifiers pre-
sent in the journals.

Discussion

Authors and editors diversity
One of the main points to achieve the indexing of scienti-

fic journals according to the indexing guidelines of the 4 data-
bases analyzed, Scopus, Clarivate, Scielo and Redalyc, is the 

Indicators to achieve a better positioning of Ecuadorian scientific journals
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diversity of the editorial team and the diversity of the authors 
who publish in the journal. The relevance of the editorial's 
team geographical diversity is reflected when promoting the 
research output of the journals. Therefore, journals with an 
editorial team of various regions attract greater geographic 
diversity7.

Both Scopus and Clarivate require a minimum of 70% 
geographic diversity, both the journal editorial team and the 
authors publishing in the journal. As shown in Figure 1, most of 
the journals analyzed do not meet these indicators. Only 16 out 
of the 55 journals meet the editor's geographic diversity crite-
rion equivalent to approximately 29% of the sample analyzed. 
This shows that there is little foreign participation in the edito-
rial boards of Ecuadorian journals. At the same time, only 12 of 
the 55 journals (approximately 22%) have geographic diversity 
of publishers, which reveals practically no participation of fo-

reign authors in Ecuadorian journals. These percentages show 
a strong correlation between the editorial team's diversity and 
the authors' diversity of publications, as Demeter & Gaspar 
stated in their research in 2018.

The Redalyc and Scielo databases slightly change the re-
quirement of this indicator, making it more local, and require 
that the journals have 70% of authors and editors from outsi-
de the publishing institution. As shown in Figure 1, concerning 
the previous indicators, there is an improvement; however, it 
continues to be a very negative factor for the journals, which 
prevents their indexing. As for the editors, 33 of the 55 journals 
(66%) comply with this requirement since they should only have 
less than 30% of their editorial board coming from the same 
institution. A similar situation arises with the author's distribu-
tion, where 34 out of 55 journals (approximately 62%) comply 
with the parameter of having less than 30% of their articles 

Figure 2. Information presentation on the website.

Figure 3. Quantity and homogeneity of articles in the journal's issues.
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submitted by members of the same institution. This shows an 
improvement to the indicators of the geographical diversity of 
editors and authors. However, it is still a very high percentage 
of non-compliance requiring only the editorial board and publi-
shing authors to be external to the publishing identity.

All the editors interviewed expressed that these indica-
tors are the most important for indexing journals in impact 
databases. The editors of the journals La Granja and Bionatura 
(the only journals in the sample indexed in Scopus) emphasize 
that the creation of editorial committees is based on the jour-
nals' management of contacts since, in the beginning, these 
committees were formed by contacts close to the editors.

Regarding the criteria for the distribution of authors, the 
editors interviewed have a similar approach to that of the dis-
tribution of editorial committees. They affirm that the diversity 
of the editorial committees in conjunction with works such as 

community managers and the use of social networks manage to 
attract the attention of potential authors to publish in their jour-
nals. Likewise, calls for papers such as the call for papers help 
receive articles. However, they emphasize that the vast majority 
comes from contacts and the rising journal's reputation.

They are comparing private and public institutions with 
these criteria. Regarding the geographic diversity of the editors, 
the private journals meet this criterion, with a total of 10 out 
of 28 journals (approximately 36%). In comparison, the public 
journals meet with 6 out of 27 journals (approximately 22%). 
Analyzing this parameter from the diversity of distribution of 
editors, in terms of whether they are part of the journal's insti-
tution or not, private journals comply with the parameter in 18 
out of 28 journals (approximately 64%). In comparison, public 
journals comply with it in 15 out of 27 journals (approximate-
ly 56%). The distribution of authors presents a similar pano-

Figure 4. Availability and visibility of the information.

Figure 5. Journal and author information.
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rama since private institutions have only 8 out of 28 journals 
(approximately 29%) that meet this criterion.

In contrast, public institutions have only 4 out of 27 jour-
nals (approximately 15%) that meet it. As for authors from the 
same country but outside the journal, both types of institutions 
comply with 17 out of 28 journals (approximately 61%) in the 
case of private journals and 17 out of 27 among public jour-
nals (approximately 63%). Our results showed no noticeable 
difference between the types of institutions; however, private 
institutions have higher compliance with these criteria.

Information presentation on the website
In recent decades, access to research articles has chan-

ged from print to digital sources, from closed to open access. 
Despite these changes and broader access to research results, 
there are still accessibility barriers regarding the formats avai-
lable to access information8. English as the universal language 
of science has allowed scientists to communicate ideas freely 
and access the world's scientific literature9. These two pre-
viously mentioned characteristics are essential points to bet-
ter indexing scientific journals since they should provide more 
feasible accessibility to the research present in each. These 
indexing points are the use of English in tables of contents and 
on the journal's home page, the display formats and the use of 
tables of contents or summaries.

In the journals analyzed, it can be seen in Figure 2, how a to-
tal of 40 of the 55 journals (73%) comply with the translation of 
the table of contents, and 42 of the 55 journals (76%) offer the 
possibility of translating the home page into English. This shows 
that the vast majority of the journals understand the importan-
ce of using the English language to achieve a greater reach for 
their publications. During the interviews conducted, some of 
the editors interviewed expressed that English was one of the 
journals' problems in achieving indexing in the Scopus database, 
which became one of the main criteria to be improved.

At the same time, as shown in Figure 2, 33 of the 55 jour-
nals (60%) present a diversity of display formats, which means 
that they have their articles in formats other than PDF, which 
is currently the most popular. Of the journals analyzed, many 
used other formats in previous issues. However, for the analy-
sis presented, only the last published issue of the journal was 
considered, and at the time of the study, only 33 journals had 
at least one other format, other than PDF.

The use of tables of contents or summary is met in 87% 
(48 out of 55 journals) of the journals, making it an indicator 
that is met in the vast majority of cases. According to Ansor-
ge (2021)10, not presenting different display formats creates 
barriers for readers. For him, solutions exist; for example, OJS 
allows creating an HTML version of the article. Nevertheless, 
this requires some additional work from publishers and pay-
ment for the use of the platform, which is probably why many 
scientific journals prefer only to provide full-text articles in 
PDF format.

As for the comparison between private and public insti-
tutions, public universities have better compliance with all 
indicators except for the translation of the table of contents; 
however, it is a slight difference.

Quantity and homogeneity of articles in the journal's issues
For indexing, the databases analyzed require a minimum 

number of articles published per year by the journal and homo-
geneity in the number of articles published per year. Although 
the homogeneity criterion is not of transcendental importance 
since several of the journals analyzed that are indexed do not 

meet it, the Redalyc database presents it as one of the highly 
valued criteria to be taken into account11.

Of the 55 journals analyzed, 40 (73%) meet the require-
ment of having at least 16 articles per year (Figure 3). At the 
same time, only 19 of the 55 journals (35%) showed homoge-
neity in the number of articles between the volumes of the last 
complete year of publication (Figure 3). The lack of homoge-
neity in terms of publications has a simple solution: to publish 
homogeneously. However, part of the sample of the journals 
analyzed happens that to reach the 16 articles per year, they 
have to balance the publications between issues, i.e., if in the 
first issue they presented 6 articles, to meet the annual mini-
mum, they must present 10. Some of the editors interviewed 
confirmed that when initiating the indexing processes of the 
journal, they did so, taking into account these indicators and 
planning the issues around this criterion.

They are analyzing the comparison between private and 
public institutions to fulfill these criteria. The difference be-
tween articles per year is minimal between the two types of 
institutions. Regarding homogeneity of publications, public 
institutions have worse performance, with only 22% of their 
journals meeting this criterion compared to 46% of the priva-
te ones. This shows that the editorial line in private journals 
emphasizes homogeneity of publication per year compared to 
public journals.

Information availability and visibility
This segment is about the availability and visibility of the 

information on the platform. The fulfillment of these criteria 
allows users to have deep knowledge about the journal they 
are reading or submit articles. Digital preservation allows 
maintaining access to digital materials beyond technological 
changes12. This allows the prevalence of scientific articles for 
posterity. At the same time, the existence of digital preserva-
tion policies explicitly is an indication that allows journal users 
to detect whether the journal is predatory or not13. Hosting on 
electronic platforms independent from the university institu-
tion makes users interested in the journal arrive through a di-
rect URL instead of entering from the university site, allowing 
faster and more efficient access. At the same time, the criteria: 
the presence of statistical data and distinction of current inde-
xing records allow knowing both the statistics of the journal in 
terms of its performance and the quality of the journal since 
it allows knowing where it is indexed and the rank it occupies.

Regarding the criteria of digital preservation policy for do-
cuments and the use of independent digital platforms, com-
pliance is very positive (Figure 4). This is seen with 43 out of 55 
journals (78%) explicitly providing their digital document pre-
servation policies and with 47 out of 55 journals (85%) compl-
ying with the use of independent digital platforms. Meanwhile, 
only 26 out of 55 journals (47%) show the use of some statis-
tics on the web page and 32 out of 55 journals (58%) comply 
with the distinction of current records, i.e., to present explicitly, 
in detail and with links to the directories, databases and in-
dexes in which they are found. Although compliance with the 
first two criteria is positive, some journals need to improve; 
however, compliance with statistics and the distinction of cu-
rrent records is low.

We can see varied differences when comparing public and 
private institutions with these criteria. Private institutions have 
better compliance in terms of the use of independent platfor-
ms, with 93% against 78% of the public ones and regarding 
the indicator of statistical data usage with 58% compliance 
against a low 37% by the public ones. In contrast, public insti-
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tutions had a better percentage of compliance in presenting di-
gital preservation policies for documents with 81% versus 75% 
for private institutions and with 63% of distinction of current 
records versus 54% for private institutions. The differences be-
tween the types of institutions are not significant.

Journal and author information
The last group of indicators, where the journal's criteria 

and author information are found, showed a percentage of 
non-compliance of more than 10% are those of the provision 
of information about the journal and the authors, visible in Fi-
gure 5. The DOI system identifies content objects in the digital 
environment with their names assigned to any entity for use 
in digital networks. It provides a simple method for accessing 
and reusing scholarly materials, facilitates data citation and 
thus increases the availability and recognition of research ma-
terials14. The use of ORCID, on the other hand, increases the 
discoverability of the authors' research results. It provides all 
the same information from works, awards and affiliations. This 
generates reliable profiles for researchers who publish in the 
journal and gives more credibility to the articles published be-
fore the readers15. In comparison, the use of bibliographic mas-
theads allows better identification of the particles present in 
the journal by having all the information available in this space.

As shown in Figure 5, compliance with the indicators: digi-
tal resource identifier and Bibliographic masthead are high. A 
total of 43 out of 55 journals (78%) comply with the use of DOI, 
while 45 out of 55 journals (81%) comply with the use of bi-
bliographic mastheads. However, only 34 of 55 journals (62%) 
comply with author identifiers. While bibliographic mastheads 
are easy to resolve since it only involves adding them to the ar-
ticles, the other two criteria are more complex. First, the DOI, 
the solution is simple, but it implies a monetary investment 
by the institutions since it is a paid service. At the same time, 
the use of identifiers by authors implies that they create the 
profiles and keep them updated.

Regarding compliance with author indicators, both types 
of institutions (public and private) are evenly matched, with 
private universities having 61% compliance and public uni-
versities 63% compliance. However, in the other indicators, it 
could be detected that private universities have a higher per-
centage of compliance, with 93% complying with the use of bi-
bliographic headings and 82% complying with the use of DOI in 
comparison to 70% of public institutions complying with biblio-
graphic headings and 74% with the use of DOI. These differen-
ces indicate that private universities have a slight advantage in 
managing journal and author information.

Conclusions
The main problems detected in the journals are the diver-

sity of editors and authors. There are journals with editorial 
committees composed of editors from the same institution as 
the journal, which prevents them from being indexed in the Re-
dalyc and Scielo databases. In terms of geographic diversity, 
the number of journals with editorial boards composed of edi-
tors from the same country is higher. This represents the main 
obstacle to progress indexing Scopus and Web of Science. As 
for the authors who publish in the journals, the panorama is 
the same as the editorial committees since they also present a 
high percentage of non-compliance.

The editorial directors of Ecuadorian journals interviewed 
for this research affirm that how they have managed to impro-
ve the diversity of editors and authors is based on the mana-

gement of contacts or networking. The editorial committees 
were formed based on working relationships managed by the 
editors, who, through networks generated during their profes-
sional life, have links with researchers and academics with the 
necessary reputation and experience to be members of the 
editorial committee. At the same time, as the editorial board 
is being formed, the new editors can search for and suggest 
possible candidates be part of the journal in the future.

Regarding authors in journals, the editors interviewed 
present a scenario very similar to the situation mentioned for 
publishers. A large number of the articles published are throu-
gh the networking of the journal editors, since this way they 
can attract articles of more significant impact and scientific 
relevance. As journals gain reputation based on the indexing 
achieved and their good practices, they also increase the num-
ber of articles they receive in calls for papers. However, to 
obtain more citations and a more significant impact, editorial 
boards make an intense evaluation of which articles to publish 
to achieve that goal. This does not mean they do not publish 
the articles submitted through calls for papers. These articles 
are reviewed in-depth. The editorial teams maintain constant 
communication with the authors to correct errors and improve 
the publication.

Compliance with the indicators regarding the type of ins-
titution (public or private) showed no marked difference be-
tween the two types of institutions.

Recommendations
It is recommended that Ecuadorian journals build and 

develop their journals according to the indexing criteria in the 
central databases since these are designed with the objective 
that the journals have a more significant impact.

For future research, it is suggested to analyze the biblio-
metric indicators of Ecuadorian journals to know the country's 
situation in terms of these indicators since they are also an 
essential factor in determining how to improve the positioning 
and scope of scientific journals.

Acknowledgments
Special thanks to the ECOMS school of PUCESI for their 

constant support throughout the research process.

Bibliographic references
1. Mendoza, S., & Paravic, T. (2006). Origen, clasificación y desafíos 

de las Revistas Científicas. Investigación y Postgrado, 49-75.
2. Rodríguez Muñoz, R., Socorro Castro, A., & Espinoza Cordero, 

C. (2019). Análisis de Scimago Journal & Country Rank,utilidad 
para el desarrollo bibliométrico en la Universidad Metropolitana 
del Ecuador. Publicando, 58-68.

3. Balladares-Burgos, J., García-Naranjo, Á., & Granda-Villamar, C. 
(2020). Perspectivas de la producción científica en las universi-
dades del Ecuador. Revista Cátedra, 3(2), 126-149.

4. Simbaña Gallardo, V. P., Espinosa Carrera, K. S., & Vinueza Cas-
tillo, D. E. (2020). Perspectivas a la producción científica del Ec-
uador. Tsafiqui - Revista Científica En Ciencias Sociales, 11(14), 
117-129. doi:https://doi.org/10.29019/tsafiqui.v14i1.656

5. Garcia-Bereguiain, M. M. (2019). Revistas Indexadas en Scopus en 
Ecuador: La Asignatura Pendiente. Revista Ecuatoriana de Neu-
rología, 13-14.

6. SCImago. (2020). SJR — SCImago Journal & Country Rank. Ob-
tenido de http://www.scimagojr.com

7. Goyanes, M., & Demeter, M. (2020). How the Geographic Diversi-
ty of Editorial Boards Affects What Is Published in JCR-Ranked 
Communication Journals. Journalism & Mass Communication 
Quarterly, 97(4), 1123-1148. doi:10.1177/1077699020904169

Indicators to achieve a better positioning of Ecuadorian scientific journals



8

8. Ribera, M., Pozzobon, R., & Sayago, S. (2019). Publishing acces-
sible proceedings: the DSAI 2016 case study. Universal Access 
in the Information Society, 19(3), 557-569. doi:10.1007/s10209-
019-00660-3

9. Márquez, M., & Porras, A. (2020). Science Communication in Mul-
tiple Languages Is Critical to Its Effectiveness. Frontiers in Com-
munication, 5. doi:10.3389/fcomm.2020.00031

10. Ansorge, L. (s.f.). Let's publish full-text scientific articles in HTML, 
not just PDF. European Science Editing. doi:10.3897/ese.2021.
e75834

11. Redalyc. (2020). Postula tu revista. Recuperado el 5 de 12 de 
2021, de https://www.redalyc.org/postulacion.oa?q=criterios

12. Saini, O. (2018). Understanding the Role of Institutional Re-
pository in Digital Preservation in Academic Libraries: Re-
view of Literature. Library Philosophy and Practice (e-jour-
nal), 1904. Obtenido de https://digitalcommons.unl.edu/
libphilprac/1904/?utm_source=digitalcommons.unl.edu%2Flib-
philprac%2F1904&utm_medium=PDF&utm_campaign=PDF-
CoverPages

13. Laine, C., & Winker, M. (2017). Identifying predatory or pseu-
do-journals. Biochemia Medica, 27(2), 285-291. doi:10.11613/
bm.2017.031

14. Wang, W., Deng, L., You, B., Zhang, P., & Chen, Y. (2017). Digital 
object identifier and its use in core Chinese academic journals: 
A Chinese perspective. Learned Publishing, 31(2), 149-154. 
doi:10.1002/leap.1137

15. Meadows, A. (25 de 08 de 2017). Ten reasons to get — and use — 
an ORCID iD! Obtenido de Elsevier Connect: https://www.elsevier.
com/connect/authors-update/ten-reasons-to-get-and-use-an-
orcid-id!

Victor Santiago Padilla, Yalitza Therly Ramos Gil
Volume 7 / Issue 1 / 2     •     http://www.revistabionatura.com



1

Volume 7 / Issue 1 / 3/ http://dx.doi.org/10.21931/RB/2022.07.01.3                                                                                        

Evaluation of the water quality of some sulfur springs in Hammam Al-Alil 
sub-district in Nineveh governorate

Hadeel Bassam Yahya, Yussra Al-Shaker, Rawaa M Hamoshi

Abstract: The research assessed the quality of mineral water in some sulfur springs in the Nineveh governorate, which are 
located in the Hammam Al-Alil sub-district on the right bank of the Tigris River. For that, monthly samples were collected from 
each site (45) water samples at a rate of (9) samples every month from three springs (3 samples \ Appointed) for five months 
from November (2020) until March (2021). The research aims to conduct a monthly study of water quality by conducting physical 
and chemical tests for the water of these springs, which included Temperature, Electrical Conductivity, Total Dissolved Solids, 
pH, Total Hardness, Total Alkalinity, Sulfate Ions, Phosphate Ions, Oils and Greases, as well as the tests. Biological measurement 
of the Total Count of bacteria. Where the temperature values   ranged between (30.6-36.6) m, the Electrical Conductivity ranged 
between (2050.9-2688.4) μmoz/cm, while the values   of Total Dissolved Solids were between (1025.4-2761) mg/liter, and the 
pH was between (6.8-7.3), concerning Total Hardness, its concentrations ranged between (820-1120) mg/liter during the study 
period, and the results showed that the Total Alkalinity concentrations were between (552-912) mg/liter in terms of calcium 
carbonate CaCO3, while the Sulfate and Phosphate ions were Between (1485 - 1712.1) and (0.020-0.069) mg/liter, respectively 
during the study period, the results indicated that the concentrations of oils and grease were between (0.08-0.27) mg/liter and 
finally the Total Count of bacteria ranged during the study period between (1.5 - 28) 10x5 cells. Ml-1.

Key words: Sulfur spring, Hammam Al-Alil, water quality.

ARTICLE / INVESTIGACIÓN

Introduction
The water of springs is similar in its origin and composition 

to groundwater, where different water sources pass through 
the soil pores that filter the contents of pollutants and biolo-
gical and non-biological plankton and dissolve many salts and 
elements present during their passage through the soil layers, 
which gives it a high percentage of salts, so it is called mineral 
water with hot water due to its high temperatures1.

The water of the Springs flows from under the surface of 
the earth and is formed naturally in special water tanks and 
does not need to make changes or add chemicals, as the che-
mistry of mineral water and its size change from one place to 
another according to the conditions of its formation and the 
type of layers The formation in which this water is stored2.

The presence of layers of gypsum rocks and the crater's 
formation under the earth's surface provided a suitable envi-
ronment for the formation of sulfur with the help of particular 
types of anaerobic bacteria. As a result of this process, H2S 
gas, which interacts with dissolved oxygen in the water, is re-
leased to form sulfuric acid H2SO4, thus forming sulfuric acid 
water3.

Sulfur compounds are present in water either as sulfate 
(SO4

-2) under aerobic conditions or hydrogen sulfide (H2S) un-
der anaerobic conditions resulting from Desulfovibrio spp4. but 
the most common is the sulfate ion SO4

-2 which is combined 
with the positive ions present in those waters and is widely 
present in most natural waters, and its concentrations range 
from a few milligrams to thousands per liter5.

Materials and methods 

Study Area
The study area included several sulfur springs located in 

the Hammam Al-Alil area, which is about 30 km southeast of 
the city of Mosul, where they are located on the right bank of 
the Tigris River, as shown in Figure (1). Monthly samples were 
taken to study three sites, each Spring contains three sites, 
and this is shown in Table( 1), and a hot, dry climate charac-
terizes the region in summer and cold and rainy in winter, ac-
cording to the data of the weather station in the city of Mosul.

Sample Collection
45 water samples were collected at a rate of 9 samples 

every month from three springs in Hammam Al-Alil area; na-
mely, Ain Al-Fateh, Ain Zahra, and the last, Ain Fasusa, during 
five months for the period from November 2020 to March 2021, 
using sterile polyethylene bottles, with a capacity of (250) ml 
for biological tests, and a capacity (2) liters for chemical and 
physical tests by immersing the bottle after homogenizing it 
several times gradually so that its direction is facing the flow 
of water, where the sample was taken. Its oil was re-sealed 
tightly inside the water and closed with aluminum foil tightly 
closed and was kept in an iced cork box until it was transferred 
to the laboratory for physical and chemical tests. Its biological.
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Types of Tests

A- Physical Tests
It includes the measurement of temperature using an al-

cohol thermometer, measured in degrees, the measurement 
of total dissolved solids using a T.D.S meter, expressed in 
mg/L, and the electrical conductivity measurement using an 
E.C meter in μmoz/cm

B- Chemical Tests
It includes measurement of the acidity function pH using a 

P.H. meter, total hardness by method with Na2EDTA and mea-
sured in mg/l unit, total alkalinity in terms of CaCO3 by the gui-
de method and its unit mg/l, and determination of sulfate and 
phosphate represented by the unit mg/l by the spectroscopic 
method using Spectrophotometer, and finally, measuring oils 
and greases, and expressing the concentration in mg/l6.

C- Biological Tests
Bacteriological examinations were represented by the to-

tal number of bacteria, Total Plate Count (TPC) by dilutions to 
10-5 dilutions and expressed in the cell. ml-1.  

Results
The properties of spring water depend on the chemical 

and physical properties and geochemical processes, which in 
turn depend on the physical and chemical properties of rocks 
and the chemical components of water and the velocity of wa-
ter and human activities7.

Physical Tests

A-Temperature
Through the results shown in Table (2) and Figure (2), the 

average temperatures of sulfur springs water during the study 
period ranged between (30.6-36.6) C, where the highest value 
was in site (2) and the lowest value in site (4). The high tempe-
rature of this water is attributed to the heat-emitting chemical 
reactions that accompany the dissolution and decomposition 
of the mineral materials that make up gypsum and dolomite 
rocks when water passes through them8.

B- Electric Conductivity
Figure (3) and Table (2) show the rates of electrical con-

ductivity values during the study period, which ranged between 
(2050.9-2688.4) μmoz/cm, as it reached the highest value in 
the site (8) and the lowest value in the site (2) The reason for 
this is due to the geological and environmental formations of 
the studied areas9.

C- Total Dissolved Solid
It was found that the average values of T.D.S. ranged be-

tween (1025.4-2761) mg / l, where it was the lowest value in 
site (2) and the highest value in site (8), and the reason is due to 
the difference in the geological formations of the layers throu-
gh which the water passes. With anhydrite and gypsum salts, 
it is characterized by high salt values10  Table No. (2) and Figure 
(4) show the average values.

Chemical Tests

A- pH
From Table (2) and Figure (5)  the rates were between 

(6.8-7.3), as the highest value of the acidity function appeared 
in the two sites (6,4) and the lowest value was in the (9) site, 
which is low in fluctuation and the reason is due to the ability 
of an equation acidity of water and soils rich in carbonate and 
bicarbonate salts11 As for the relative decrease of some va-
lues, it is due to the processes of biological decomposition and 
oxidation of organic materials in the event that oxygen concen-
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Table 1. Shows the names of sulfur springs

Figure 1. Shows the locations of the studied sulfur springs.
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Figure 2. Shows the average tempera-
ture of the studied spring water.

Figure 3. Shows the E.C. rate of the 
studied spring water.

trations drop to critical levels, which leads to the formation of 
many acidic and carboxylic compounds12.

B- Total Alkalinity
The alkalinity is the amount of negative ions present in 

water and the resistance to hydrogen ions, and thus it is a mea-
sure of the water's susceptibility to the acidic equation13 bicar-
bonate because the pH values   do not exceed 8.314 The highest 
value was in site (9) and the lowest in site (4), where the rates 
were between (552-912) mg / l as shown in Table No. (2) and 
Figure No. (6).

C- Total Hardness
Through the results, it is clear that the average values   of 

the total hardness ranged between (820-1120) mg / l during 
the study period, as it reached its lowest value in site No. (1) 
and its highest value in site (9), due to the reason for the pre-
sence of total hardness in water to positive ions, especially 
calcium and magnesium ions15 As the presence of calcium and 
magnesium ions depends on the geological nature of the land 
in which or through which water flows16 Table (2) and Figure 
(7) show the average values.

Figure 4. Shows the T.D.S. rate of the 
studied spring water.
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D- Sulfate Ion SO4
-2 Ions

The rates of sulfate ion concentrations during the study 
period ranged between (1485 - 1712.1) mg/l, where the highest 
value was in site (1) and the lowest value in site (8), as shown 
in Table (2) and Figure (8), and the reason for the presence of 
concentrations The sulfate ion indicates the nature of the geo-
logical rocks that make up the hole through which the water 
passes, as the decomposition of gypsum rocks and weathering 
processes are the main cause of the increase in sulfate con-
centrations in the study area17 in addition to the exposure of 
some sulfur minerals to oxidative conditions in the presence 
of water. And with Thiobacillus ferrooxidans, it leads to the re-
lease of ions of some chemical elements and the formation of 
sulfuric acid in sulfurous waters18.

E- Phosphate Ion PO4
-3 Ions

The results of the current study showed that the rate of 
phosphate concentrations ranged between (0.02-0.069) mg / 
l, where the highest value was at the site (9) and the lowest va-
lue at the site (6). Its adsorption by some clay minerals and or-
ganic compounds, which reduces its transmission to the aqua-
tic environment19 as shown in Table No. (2) and Figure No. (9)

F- Grease & Oil
The results of the current study showed that the average 

concentration of oils and greases in the studied areas ranged 
between (0.15-0.17) mg / l, with the highest concentration in the 
sites (5,3,1) and the lowest concentration in the sites (7,6,4), and 
as It is shown in Figure (10) and Table (2), that the presence 

Figure 5. Shows the pH rate of the stu-
died spring water.

Figure 6. Shows the total alkalinity rate 
as (CaCO3) of the studied spring water.

Figure 7. Shows the total hardness of 
the studied spring water.
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of oils and grease in the water indicates that this water comes 
from layers containing oil, as evidenced by the presence of bitu-
men because the bitumen is one of the oil derivatives20.

Biological Tests

A- The Total Bacteria Count (Total Plate Count)
The tests of the total number of bacteria are among the 

important indicators, which include the total of aerobic, fa-
cultative and non-autotrophic bacteria. These numbers are 
usually approximate, but most of them are due to the inability 
to provide a suitable nutrient medium for all species and the 
difficulty of providing appropriate conditions for their growth. 
One of the advantages of this group is that it can be detected 
easily21 and the results during the study period indicated that 
the numbers ranged between (0-68) x 105 cells. ml-1, as shown 
in Table No. (3) and Figure No. (11) shows the average number 
that was between (1.5-28) x 105 cells. ml-1.

Conclusions
The water of these springs is considered effective for the 

treatment of many diseases because it contains high concen-
trations of sulfates and salts, in addition to its high tempera-
tures.

It is considered unsuitable for drinking if we take into ac-
count the sulfate concentration, apart from the rest of the cha-

racteristics, as it contains more than 400 mg/liter in addition 
to the taste and smell. It is also tough because it contains con-
centrations higher than 180 mg/liter and high salinity because 
it contains calcium and magnesium salts.
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Abstract: Particulate Matter (PM) is an air pollutant that is classified according to its aerodynamic diameter into particles with 
a diameter of less than 10 µm (PM10), a diameter of less than 2.5 µm (PM2.5), and particles ultra-fine with a diameter less than 
0.1 µm (PM0.1). PM10 is housed in the respiratory system, while PM2.5 and 0.1 can pass into the circulation to generate systemic 
alterations. Although several diseases associated with PM exposure, such as respiratory, cardiovascular, and central nervous 
system, have been documented to cause 4.2 million premature deaths per year worldwide. Few reviews address cellular  and 
molecular mechanisms in the epithelial and endothelial cells of the tissues exposed to PM, which can cause these diseases, 
this being the objective of the present review. For this, a search was carried out in the NCBI and Google Scholar databases 
focused on scientific publications that addressed the expression of pro-inflammatory molecules, adhesion molecules, and 
oxidative radicals, among others, and their relationship with the effects caused by the PM. The main findings include the increase 
in pro-inflammatory cytokines and dysfunction in the components of the immune response; the formation of reactive oxygen 
species; changes in epithelial and endothelial function, evidenced by altered expression of adhesion molecules; and the increase 
in molecules involved in coagulation. Complementary studies are required to understand the molecular effects of harmful health 
effects and the future approach to strategies to mitigate this response. 

Key words: Air pollution, particulate matter, inflammation, endothelium, epithelium, oxidative stress, mutagenicity.

Resumen: El material particulado (PM, del inglés Particulate Matter) es un contaminante del aire que se clasifica según su 
diámetro aerodinámico en partículas con diámetro menor a 10 µm (PM10), diámetro menor a 2,5 µm (PM2.5) y las partículas 
ultra-finas con un diámetro menor a 0,1 µm (PM0.1). El PM10 se aloja en el sistema respiratorio, mientras que el PM2.5 y PM0.1 
tienen la capacidad de pasar a la circulación, por lo que puede generar alteraciones sistémicas. Aunque se ha documentado 
varias enfermedades que se asocian a la exposición a PM, como respiratorias, cardiovasculares, y en el sistema nervioso central, 
que ocasionan en el mundo 4,2 millones de muertes prematuras al año. Hay pocas revisiones que aborden los mecanismos 
celulares y moleculares en células epiteliales y endoteliales de los tejidos expuestos al PM, que puedan ocasionar dichas 
enfermedades, siendo este el objetivo de la presente revisión. Para esta, se realizó una búsqueda en la base de datos del NCBI 
y Google Scholar enfocada en publicaciones científicas que abordaran la expresión de moléculas pro-inflamatorias, moléculas 
de adhesión y radicales oxidativos, entre otros, y su relación con los efectos ocasionados por el PM. Entre los principales 
hallazgos se destaca el aumento de citoquinas pro-inflamatorias y disfunción en los componentes de la respuesta inmune; la 
formación de especies reactivas del oxígeno; cambios en la función epitelial y endotelial, evidenciados por la alteración de la 
expresión de moléculas de adhesión; así como el incremento de moléculas implicadas en la coagulación. Se requieren estudios 
complementarios que contribuyan al entendimiento de los efectos moleculares asociados con los efectos deletéreos en la salud 
y el futuro planteamiento de estrategias para atenuar esta respuesta.

Palabras clave: Contaminación del aire, material particulado, endotelio, epitelio, inflamación, estrés oxidativo, mutagenicidad.

REVIEW / ARTÍCULO DE REVISIÓN

Introducción
La contaminación del aire incluye diversos componentes, 

entre los que se destacan gases, metales pesados, hidrocar-
buros aromáticos y PM1. El PM, producido por el uso de diésel, 
polvo agrícola y de carreteras y partículas resultantes de ac-
tividades industriales, se clasifica según su diámetro aerodi-
námico en partículas con diámetro entre 2,5 y 10 µm (PM10), 
diámetro menor a 2,5 µm (PM2.5) y las partículas ultra-finas 

con un diámetro menor a 0,1 µm (PM0.1)2–4. El PM tiene una 
composición variable que incluye, sulfatos, amonio, nitratos, 
cloro, carbono orgánico y material biológico (bacterias, espo-
ras, polen)5,6.

Los efectos que estos contaminantes del aire ocasionan 
en la salud humana, se han convertido en una alarma a nivel 
mundial, pues se estima que aproximadamente 4,2 millones 
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de muertes prematuras (que se produce antes de la edad 
promedio de muerte en una población determinada) pueden 
ser ocasionadas anualmente por la exposición a estos conta-
minantes7. La exposición a PM10 y PM2.5 ha sido relacionada 
con diversas complicaciones sistémicas. Una vez el PM llega 
al sistema respiratorio, estas partículas pueden ser retenidas 
en el parénquima pulmonar, pasar por los alvéolos y ocasionar 
disminución de la función pulmonar, aparición y exacerbación 
del asma, enfermedad pulmonar obstructiva crónica (EPOC), 
aumento en la susceptibilidad a infecciones y alteración en el 
desarrollo del pulmón en niños8–12. Aunque los mecanismos 
moleculares que explican estas patologías todavía no están 
muy bien descritos, algunos estudios han demostrado que, en 
células del epitelio respiratorio expuestas al PM, se da la libe-
ración de las citoquinas inflamatorias IL-1β, IL-6, IL-8, IL-25, 
IL-33, TNF-α, y GM-CSF, así como la liberación de Linfopoye-
tina Estromal Tímica (TSLP)13 que induce el reclutamiento de 
células efectoras de la respuesta alérgica14.

El PM puede además llegar a la circulación sanguínea, 
ocasionando alteraciones mitocondriales, daño oxidativo, mu-
tagenicidad y genotoxicidad15, lo que se asocia con mayor ries-
go de sufrir enfermedades cardiovasculares como infarto del 
miocardio, arritmias e insuficiencia cardíaca16, aterosclerosis, 
hipertensión, eventos coronarios e isquemias17,18. El daño en el 
endotelio, ocasionado por la exposición a PM, puede contribuir 
al desarrollo de la enfermedad cardiovascular19, pues dicha 
exposición ocasiona la liberación de moléculas inflamatorias, 
como la IL-6 y la proteína C reactiva; esta última representa un 
marcador de enfermedad cardiovascular17,20,21. Por otro lado, se 
ha encontrado que la exposición al PM genera alteración en 
los niveles de las moléculas implicadas en la coagulación22,23, 
y la adhesión celular, afectando la integridad epitelial24,25 y la 
migración transendotelial de leucocitos26–28.

También se ha demostrado que la exposición a PM pue-

de ocasionar patologías metabólicas29 y puede afectar otros 
sistemas como el nervioso; Por ejemplo, se ha asociado con 
alteraciones como depresión, ansiedad30, trastorno por déficit 
de atención con hiperactividad31 y Alzheimer32. Además, en 
mujeres embarazadas puede causar parto prematuro y bajo 
peso al nacer en el neonato33,34.

Aunque múltiples estudios han demostrado los efectos de 
la exposición al PM en la salud humana, no se encuentran mu-
chos estudios que describan la asociación entre estos efectos 
y los mecanismos moleculares que podrían explicar la fisiopa-
tología; por lo tanto, el objetivo de esta revisión es exponer las 
alteraciones celulares y moleculares en células epiteliales y 
endoteliales de los tejidos expuestos al PM y su posible asocia-
ción con las patologías previamente descritas.

En la figura 1 y tabla 1, se resumen los efectos de la expo-
sición al PM en las células epiteliales y endoteliales.

Efectos inflamatorios del PM en células endoteliales y 
epiteliales

Una vez el PM es inhalado, entra en contacto con la mu-
cosa respiratoria, en la que se encuentran células epiteliales y 
células del sistema inmune. En los pulmones, este PM es reco-
nocido por los macrófagos, a través de sus receptores tipo Toll 
(TLR), principalmente TLR2 y TLR4, lo que induce la expresión 
de citoquinas como IL-1β, IL-6, IL-8 y TNF-α, que regulan una 
respuesta inmune inflamatoria35–39. Al mismo tiempo, la expo-
sición al PM estimula la activación de las células dendríticas40, 
que pueden tomar el PM de la luz de las vías respiratorias, 
hacer presentación antigénica, y provocar un reclutamiento 
de Linfocitos T al pulmón41. Adicionalmente, el material par-
ticulado genera la producción de ROS, evento que conlleva al 
reclutamiento de neutrófilos a los pulmones42.

Se ha reportado que, en la línea de células epiteliales 
bronquiales humanas (BEAS-2B), la exposición al PM genera 
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Figura 1. Efectos de la exposición al material particulado a) Produce un incremento en el reclutamiento de neutrófilos, monoci-
tos y linfocitos T hacia el tracto respiratorio. b) Aumenta la migración transendotelial de leucocitos, al estimular la expresión de 
moléculas de adhesión como VCAM, ICAM-1 y E-selectina. c) Promueve la producción de especies reactivas del oxígeno (ROS) 
que conlleva a la activación de la vía NF-κB, aumentando la liberación de citoquinas pro-inflamatorias. d) Genera disrupción de 
la barrera epitelial al disminuir las uniones intercelulares. Imagen creada con Biorender.com
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aumento de IL-1β, IL- 6 e IL-8 (quimioatrayente de neutrófilos). 
La IL-1β induce el incremento de moléculas de adhesión como 
E-selectina e ICAM-1 (molécula de adhesión intercelular 1), las 
cuales favorecen la transmigración leucocitaria43,44. Por su par-
te, la IL-6, estimula la producción de proteínas de fase aguda 
incluyendo la proteína C reactiva y proteínas implicadas en la 
coagulación45. Se ha documentado además que la exposición 
al PM regula positivamente la expresión de TNF- α, a través de 
la vía de NF-κB46,47. Otras quimioquinas inducidas en respuesta 
al PM son MCP-1 (proteína quimioatrayente de monocitos 1)48, 
que regula la migración e infiltración de los monocitos en las 
etapas tempranas de la exposición a PM49, y CXCL150 implicada 
en el reclutamiento y activación de los neutrófilos51.

Mutagenicidad y genotoxicidad
El ciclo celular posee diversos mecanismos para el reco-

nocimiento de cambios y reparación del ADN, desencadenados 
por errores en el proceso de replicación, que pueden ser induci-
dos por estímulos externos. Dentro de estos mecanismos, en-
contramos el sistema de respuesta al daño del ADN (DDR), del 
cual hacen parte la serina/treonina quinasa 1 (Chk1) y la serina/
treonina quinasa 2 (Chk2), enzimas que han sido relacionadas 
además con la señalización de la respuesta inmune innata, es 
decir una señalización constante en respuesta al daño celular 
que incrementa la secreción de ciertas citoquinas52.

La exposición a PM puede ocasionar un incremento en 
la respuesta mitótica-apoptótica, arresto mitótico y necrosis 
celular, incidiendo en la disminución de la proliferación de cé-
lulas BEAS-2B, en las cuales, además, induce daño del DNA. 
Este daño en el DNA desencadena algunos mecanismos de 
respuesta, como ATM/Chk2, que se encarga del bloqueo de la 
mitosis cuando se ocasionan este tipo de daños a nivel mo-
lecular; sin embargo, en esta línea celular no se observa ac-
tivación de ATR/Chk1, hecho que sugiere que la exposición a 
PM2.5 podría estar causando interferencias en esta respuesta 
y un incremento en la mutagénesis celular53,54.  Por otro lado, 

en células alveolares tipo 1 (TT1), se alcanza a observar una 
respuesta genotóxica, controlada por la fosforilación de Chk1 
y H2AX, esta última implicada en la señalización de la produc-
ción de rearreglos en la cromatina54,55.

NORAD es un ARN no codificante que se activa en res-
puesta al daño en el ADN56, y se encuentra desregulado en va-
rios tipos de cáncer57. En cultivo de células epiteliales basales 
alveolares humanas A549 se ha demostrado que la exposición 
al PM causa una sobreexpresión del gen NORAD, generando 
un deslizamiento mitótico que finalmente conlleva a una aneu-
ploidía en la célula58. Por otro lado, en estas mismas células se 
ha demostrado la regulación positiva de LINC0181659, el cual 
es un ARN no codificante, cuya regulación positiva se ha aso-
ciado a varios tipos de cáncer60.

Radicales libres y estrés oxidativo
Bajo diversas condiciones metabólicas o de estrés celu-

lar, se da la formación de especies reactivas del oxígeno (ROS) 
que interactúan con proteínas, lípidos y ADN y generan daño 
celular61,62. Se ha demostrado que la exposición a PM genera 
la producción de ROS en células del epitelio respiratorio, oca-
sionado por la inducción de la expresión de genes de la familia 
citocromo p450 como CYP1A1, CYP1B163,64, estas enzimas son 
las encargadas de metabolizar compuestos como los hidro-
carburos aromáticos presentes en el PM y en este proceso for-
man metabolitos intermediarios inestables que contribuyen a 
la generación de estrés oxidativo y daño en el ADN65. En A549, 
se encontró que posterior a la exposición a PM la mayoría de 
ROS producidos son: Peróxido de hidrógeno, radical hidroxilo y 
radical anión superóxido66. En células BEAS-2B, se demostró 
que la exposición a PM2.5, incrementaba la fosforilación oxi-
dativa, así como la masa mitocondrial, lo que resultó en una 
mayor producción de anión superóxido mitocondrial67. Por otro 
lado, la producción de ROS desencadena la muerte celular, así 
como la activación de la vía ROS-MAPK-NF-κB, que conlleva 
a la liberación de IL-1β, IL-6, IL-8 y de otras moléculas como 

Tabla 1. Efecto del PM en células epiteliales y endoteliales.
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la metalopeptidasa 9 de matriz (MMP-9) y la ciclooxigenasa 
2 (COX-2)68; estas últimas han sido asociadas a la fisiopatolo-
gía de enfermedades cardiovasculares69,70. Además, el estrés 
oxidativo se ha relacionado con enfermedades como la EPOC 
y su exacerbación, debido a que genera amplificación de la in-
flamación crónica, estimulación de la fibrosis y el enfisema76.

Como respuesta al estrés oxidativo, se generan moléculas 
antioxidantes que contrarrestan los efectos negativos de ROS 
en el cuerpo humano71, sin embargo, en varias líneas de célu-
las epiteliales, como: células epiteliales bronquiales humanas 
(BEAS-2B), células epiteliales bronquiales/traqueales huma-
nas sin ácido retinoico (NHBE) y células epiteliales bronquiales 
/ traqueales humanas enfermas (COPD-DHBE), se ha demos-
trado una disminución de NRF2, posterior a la exposición de 
manera repetida a PM 2.5 a una concentración de 10 µg / cm2  72. 
El factor de transcripción Nrf2 regula la expresión inducible de 
genes de enzimas destoxificantes y antioxidantes73. Además, se 
observó que en células A549 posterior a la exposición a PM10, 
se presentó una disminución de manera concentración depen-
diente de enzimas antioxidantes, el glutatión reducido (GSH) 
presentó disminución a las 2 horas, mientras que las enzimas 
superóxido dismutasa (SOD), catalasa (CAT) a las 48 h74.

Cambios en la función epitelial
El tejido epitelial es aquel que recubre todas las áreas ex-

ternas del cuerpo, sus células están adheridas por medio de 
uniones intercelulares, como las uniones estrechas, las unio-
nes adherentes, los desmosomas y los hemidesmosomas, las 
cuales permiten la integridad de la barrera epitelial25,77.

En células del epitelio nasal humano, la expresión de mo-
léculas ocludina, claudina 1 y proteína ZO, las cuales perte-
necen a las uniones estrechas del epitelio se ven reguladas 
de manera negativa después de la exposición al PM2.578. Ade-
más, un estudio in vitro reportó una disminución progresiva, en 
función del tiempo de exposición al PM, en la E-cadherina y 
la Beta-catenina, moléculas que hacen parte de las uniones 
adherentes del epitelio79. Asimismo, en un estudio en donde 
se evaluó la disrupción de la barrera epitelial en células del 
epitelio respiratorio se observó que el PM2.5 disminuye la re-
sistencia transepitelial, al igual que la permeabilidad celular78.

Los cilios, uno de los componentes fisiológicos del epitelio 
respiratorio, que tiene como función la remoción de restos celu-
lares, microorganismos, partículas inhaladas y moco80 también 
se ven afectados tras las exposición al PM; por ejemplo, en célu-
las del epitelio nasal este contaminante afecta la tasa de cober-
tura, la morfología y la función ciliar81. Por otro lado, en la línea 
celular A549 se ha demostrado que, la exposición a PM disminu-
ye su capacidad de producir compuestos antimicrobianos como 
las β-defensinas, favoreciendo así la colonización bacteriana82.

En un estudio en células epiteliales bronquiales humanas 
se encontraron efectos a nivel mitocondrial, en donde el PM2.5 
causó daño oxidativo, afectó la despolarización del potencial 
de membrana y la fosforilación oxidativa, lo que conllevó a una 
alteración en la producción de ATP72; esto podría ser una expli-
cación a la fisiopatología del desarrollo y exacerbación de la 
EPOC por la exposición al PM, pues esta enfermedad se ha re-
lacionado con la disfunción mitocondrial83,84. Asimismo, se de-
mostró que la exposición al PM induce la expresión del gen Egr 
1, que junto a la activación de NF-κB y AP-1 conllevan al incre-
mento de interleuquinas pro-inflamatorias como IL-6 e IL-8 y a 
su vez al incremento en la producción de moco. Este gen está 
implicado en la regulación de la proliferación y diferenciación 
celular y se ha asociado con la patogénesis de enfermedades 
respiratorias, entre ellas la EPOC85.

Cambios en la función endotelial
El endotelio es una capa que permite la separación de los 

tejidos sanguíneos, conformado por una monocapa de células 
endoteliales, las cuales forman el sistema circulatorio y que 
por ende abarca las arterias, venas y capilares86. Se ha demos-
trado que el PM2.5, por su tamaño tienen la capacidad de pa-
sar a circulación sistémica y generar daños en el endotelio87. 
La exposición al PM2.5 genera ROS88 y estimula la expresión 
de moléculas de adhesión como VCAM (molécula de adhesión 
celular vascular), la cual está implicada en la unión fuerte al 
endotelio y la migración transendotelial de los leucocitos43,89. 
Otra molécula de adhesión que se incrementa por la expo-
sición al PM es ICAM-190. El aumento de moléculas VCAM e 
ICAM-1 tras la exposición al PM2.5 aumenta significativamen-
te el proceso de adhesión celular26.

También se ha reportado que, después de la exposición 
in vitro a PM10, la expresión de la molécula E-selectina, im-
plicada en el proceso primario de unión endotelio-células, au-
menta en un 25%27; lo que aumenta la Angiotensina II a nivel 
sistémico, e induce el incremento del sistema ACE (enzima 
convertidora de angiotensina)/ANGII (angiotensina II)/ AT1R 
(receptor de angiotensina)22. La Angiotensina II es una molé-
cula conocida por su capacidad de aumentar la presión arte-
rial, tanto ejerciendo una función de vasoconstricción como 
generando un descenso en la excreción de sal y agua en los 
riñones, que conlleva a un aumento del volumen del líquido 
extracelular y por ende la presión arterial91. En conjunto, estos 
efectos, tanto la alteración de moléculas de adhesión como 
el aumento en moléculas implicadas en la vasoconstricción, 
traen repercusiones a nivel del endotelio cardíaco debido a que 
este sistema genera un incremento en la producción de cito-
quinas pro-inflamatorias y moléculas de adhesión que puede 
llevar al desarrollo de enfermedades cardiovasculares92,93. Los 
monocitos circulantes y los linfocitos T se unen a estas molé-
culas de adhesión y son redirigidos por citoquinas pro-inflama-
torias y quimio-atrayentes a la íntima (capa más interna de los 
vasos sanguíneos), y eventualmente las células de la pared del 
vaso (denominadas células espumosas) mueren y liberan su 
contenido graso, ocasionando la calcificación con células del 
musculo liso y causando arteroesclerosis92,93.

Se ha demostrado que las personas que se encuentran 
más expuestas al PM  presentan  un incremento en los nive-
les de los fragmentos de protrombina 1+2 en sangre, lo cual 
contribuye con el desarrollo de la inflamación e incremento 
de la coagulación94. Además, se ha reportado una disminución 
en las concentraciones de fibrinógeno y factor VII, moléculas 
que pueden actuar de manera protectora frente a los efectos 
secundarios a la trombosis coronaria95; y un aumento en la en-
dotelina-1, un potente vasoconstrictor encargado de la regula-
ción de la homeostasis vascular96.

Por otro lado, en células endoteliales del cordón umbilical 
humano se demostró que, como consecuencia a la exposición 
con PM, hay una disminución del factor de crecimiento endote-
lial vascular (VEFG), el cual está implicado en la proliferación 
celular, migración y angiogénesis97.

Por su parte, la proteína C reactiva, un reactante de fase 
aguda, es liberada como consecuencia del aumento de media-
dores pro-inflamatorios y moléculas vasoactivas en células 
pulmonares endoteliales, ocasionado por el depósito de PM en 
los alvéeolos; la liberación de esta molécula trae como conse-
cuencia la activación de la respuesta innata y estrés oxidativo16.

Se ha documentado también que la exposición a PM au-
menta las micropartículas circulantes, vesículas que se des-
prenden de las membranas de diversos tipos celulares, poste-
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rior a la activación de procesos apoptóticos, y que ejercen un rol 
no solo en la formación de placas ateroscleróticas, sino tam-
bién en la inflamación, angiogénesis, trombosis, coagulación 
y regulación del tono muscular19,98. Estas micropartículas son 
liberadas principalmente tras la exposición a citoquinas pro-in-
flamatorias o agentes apoptóticos y una vez en circulación, 
disminuyen la acción de la sintetasa de óxido nítrico endote-
lial (eNOS), favoreciendo la agregación y adhesión plaquetaria, 
que finalmente resulta en la formación de trombos. Asimismo, 
aumentan la expresión de moléculas de adhesión en células 
endoteliales y sus receptores en monocitos, promoviendo así 
la inflamación vascular; y ejerciendo acción anti-angiogénica al 
fomentar la pérdida de factores de crecimiento e incrementar 
la expresión de moléculas como TNF-α e IP-10, que, en conjun-
to, llevan a una muerte prematura de origen cardíaco19,98.

Conclusiones
En la actualidad, se han documentado varias enfermeda-

des asociadas con la exposición al PM, así como los efectos a 
nivel molecular en células del epitelio y del endotelio. Entre 
las afecciones observadas en el tejido epitelial están el daño 
oxidativo y la despolarización del potencial de membrana, al-
teraciones que pueden explicar el desarrollo de enfermedades 
como lael EPOC.

Además, a nivel endotelial, patologías como aterosclero-
sis y muerte cardiovascular prematura, se han asociado con 
el incremento de macropartículas circulantes, moléculas de 
adhesión, y del sistema ACE /ANGII, los cuales son inducidos 
tras la exposición al PM.

Finalmente, dada la gran diversidad de patologías que 
conlleva la exposición al PM, es importante la realización de 
más estudios que ayuden a correlacionar las patologías con 
las alteraciones a nivel molecular. En la literatura hay gran 
cantidad de reportes sobre alteraciones moleculares, el im-
pacto a nivel celular y la respuesta inflamatoria, sin embargo, 
aún hacen falta estudios que logren generar una asociación 
de estas alteraciones con la fisiopatología de enfermedades 
previamente relacionadas a la exposición al PM, la realización 
de estos estudios podría dar paso a la generación de nuevas 
hipótesis en ensayos experimentales que permitan dilucidar 
los mecanismos moleculares subyacentes. Esto es importante 
debido a que podría propiciar el planteamiento de estrategias 
terapéuticas y medidas de salud pública que ayuden a mejorar 
la calidad de vida de las personas.
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Study the relationship between Helicobacter pylori and bladder cancer

Mohammad Heidari1, Seyed Jalal Eshagh Hoseini2*, Hassan Fatemi Manesh3

Abstract: Given that bladder cancer is one of the most common cancers, and Helicobacter pylori infection also has 30-80% 
prevalence in different communities, this study investigates the role of H. pylori in developing bladder cancer; From December 
2013 to February 2020, 200 patients with bladder tumors who underwent bladder tumor resection through the urethra in 
Kamkar-Arabnia Hospital were included in this study. H. pylori Ab, IgA, and IgG tests were first requested from all patients. If their 
antibodies were positive, other periodic tests including creatinine-sodium-potassium, Prothrombin Time (PT), Prothrombin Time 
Test (PTT), and International Normalized Ratio (INR), urinalysis, and culture were taken. The obtained results were analyzed 
using SPSS software version 25, and in the chi-square test, P <0.05 was considered a significant level; (3) Results: Based on 
laboratory findings, 66.5% of patients were H. pylori + (p <0.05). The result of the PCR test was positive in 4% of all patients. 
Besides, 6% of patients who tested positive for H. pylori Ab also showed positive PCR tests. Further studies are needed to 
investigate the association between H. pylori infection and bladder tumors to evaluate the proper role of H. pylori in tumors of the 
urinary system, especially the bladder and prostate, which have not been treated or reduced by treating H. pylori.

Key words: Helicobacter pylori, Bladder cancer, Urinary system, Polymerase Chain Reaction.
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Introduction
Most published research points to several factors that 

cause cancer, such as toxins, drugs, smoking, and obesity. 
However, there are few studies on cancer development throu-
gh bacterial infections. Besides, the mechanisms of cancer 
through bacterial infections are not well understood. H. pylori 
are the first known bacterium to cause stomach cancer and 
may also be associated with cancer out of the human sto-
mach1. Therefore, there is a lot of focus and attention on H. 
pylori infection nowadays. This bacterium, which lives in the 
upper gastrointestinal tract, is found in half of the world’s 
population. Its prevalence in geography, ethnicity, age, and 
socio-economic factors is very high in developing countries 
and less in developed countries2,3. H. pylori is a gram-negative 
flagellate, microaerophilic, and helical bacterium that causes 
gastritis and can eventually cause stomach cancer4-7. Studies 
have recently shown that this bacterium also causes organs 
outside the digestive system6,8,9. Other studies suggest that H. 
pylori may cause bladder and prostate inflammation or involve 
other organs10. On the other hand, vitamin D3 deficiency may 
also cause prostate cell proliferation and cancer11. H. pylori in-
fection causes chronic inflammation that can lead to metapla-
sia, dysplasia, and cancer6,10,12. H. pylori infection is one of the 
risk factors in cancer development. However, its presence does 
not mean the definitive development of cancer13. The World 
Health Organization identifies it as a class 1 carcinogen becau-
se H. pylori in the stomach increase cancer risk by six times5,14. 
Given that bladder cancer is one of the most common cancers 
and H. pylori infection also has 30-80% prevalence in different 
communities5, this study investigates the role of H. pylori in 
developing bladder cancer.

Materials and methods 

Ethical consideration
The ethical committee approved this research’s Qom Uni-

versity of Medical Sciences principles, Qom, Iran (Ethical num-
ber: IR.MUG.REC.1395.69). Additionally, Written consent was 
obtained from all patients included in the study.

Study design and patients
In a dissertation study from December 2013 to Fe-

bruary 2020, 200 patients with bladder tumors referred to 
Kamkar-Arabnia Hospital, Qom, Iran, were assessed. After 
confirming the bladder tumor by cystoscopy15, patients un-
derwent resection of the bladder tumor through the duct16.

Antibody detection
First, all patients underwent H. pylori antibody (Ab), Im-

munoglobulin A (IgA), and IgG tests17. For this purpose, peri-
pheral blood was collected to determine anti-H pylori IgG and 
IgA serum levels. ELISA method (Accubind®, USA) was used to 
determine serum anti-H pylori IgG and IgA levels. The serum 
samples were diluted to 1/100. Other steps were performed 
according to the instructions of the manufacturer.

Complementary tests
After antibody detection, other periodic tests, including 

creatinine-sodium-potassium PT, A partial thromboplastin 
time (PTT), Prothrombin Time Test and INR (PT/INR), urinaly-
sis, and culture were performed on patients with positive an-
tibodies. Furthermore, Polymerase Chain Reaction (PCR) test 
was performed after the surgery18.
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DNA extraction
The removed bladder tissue was immediately frozen in 

liquid nitrogen and stored at -80 °C until the experiment. A 
maximum of 25 mg of tissue was divided into small pieces and 
placed in a 1.5 mL microcentrifuge tube. Genomic DNA was 
extracted from the bladder tissues using the DNA extraction 
and purification kit (Qiagen, Valencia, CA). DNA was extracted 
directly from each tissue sample and used as a template to 
identify the specific H. pylori 16S rRNA gene. The quality and 
purity of extracted DNA samples were checked by gel elec-
trophoresis and NanoDrop device (MA, USA), respectively19-21.

PCR procedure
H. pylori was identified using the 16S rRNA-based PCR 

(primers: HP-F: 5'-CTGGAGAGACTAAGCCCTCC-3' and HP-R: 
5'-ATTACTGACGCTGATTGTGC-3')22. PCR circumstances and 
volumes were done according to described method22. Briefly, 
PCR was performed in of 50 µL volume. Ingredients were am-
plified in a device (Eppendorf Co., Germany) at several tempe-
ratures, including 1 cycle at 94 °C for 2 min, 30 cycles of 30 s 
at  95 °C, 30 s at 60 °C, and 30 s at 72 °C and another one cycle 
of 8 min at 72 °C. Positive control was H. pylori 26695. The 
negative control was PCR-grade water (Thermo Fisher Scien-
tific). Electrophoresis was performed by agarose gel (2.5%) at 
120 V for 30 min. UVI doc system was applied for gel visuali-
zation23,24.

Data analysis
Obtained data were analyzed by SPPS.V.25 according to 

the Chi-square test. P <0.05 was level of significancy25,26.

Results
Table 1 shows the demographic characters of the studied 

patients and the distribution of H. pylori. The distribution of 
male and female patients amongst the examined population 
was 65% and 35%. One-hundred and thirty-three out of 200 
(66.5%) examined samples were positive for H. pylori. Findings 
revealed that 85% of samples had positive homogeneity. Addi-
tionally, 87.5% of patients were cytologically positive. Besides, 
82.5% of patients were diagnosed using ultrasonic technolo-
gy. The majority of examined patients were educators (29%), 
followed by the farmer (28%) and labor (18.5%). Of the 200 
patients in the study, 89 patients had high blood pressure (p 
<0.05) and were taking aspirin (ASA). There were 120 smokers 
(P <0.05). However, 25% of patients had no risk factor. 

Figure 1 shows the age distribution of patients examined 
in the present study. The mean age was 67 years, and the ratio 
of men to women was 1.9. The prevalence of bladder cancer 
was significantly higher in men than in women (P <0.05). 61-
80 years old men have the highest cancer incidence (P <0.05). 

Table 2 shows the histopathological features of the blad-
der cancer examined in the present research. Transitional cell 
cancer (TCC)was the most commonly identified cancer type 
(87.5%), while adenocarcinoma (2.5%) was the less commonly 
identified. 

Table 3 shows the German immune lab test findings for 
the detection of H. pylori amongst examined samples. A total 
of 133 out of 200 (66.5%) cases were recognized as H. pylo-
ri-positive using the German immune lab test (P <0.05). 

Table 4 shows the PCR results for the detection of H. pylori 
in diverse kinds of bladder cancers. The result of the PCR test 
was positive in 4% of all patients. Besides, 6% of patients who 
tested positive for H. pylori Ab also showed positive PCR results.

Discussion
Infectious diseases have been considered health-threate-

ning issues in the last centuries27-40. Studies have shown that 
common organisms in saliva include three specimens of H. 
pylori, Campylobacter, and Neisseria cinerea, which are also 
present in the gastrointestinal tract. In vitro, these samples 
can catalyze many drugs and cause long-term gastrointestinal 
infections by causing nitrosamine compounds and gastric can-
cer41. However, in a study conducted by Heidari in Qom (2020), 
it was found that vitamin D3 deficiency plays a role in causing 
Benign prostatic hyperplasia (BPH) and possibly cancer11. Also, 
in the study of Alireza Abdollahi et al. on 126 patients, 33.3% 
had prostatitis with pelvic pain, and 84 patients in the control 
group had no symptoms. All were positive for H. pylori and an-
tibodies, although they had no prostatitis symptoms, detrimen-
tal to H. pylori in inflammatory prostate disease13. In this study 
conducted in Iran, many of these bacteria were identified in the 
prostate, BPH, and prostate cancer. H. pylori were examined by 
immunohistochemistry (IHC) and PCR, and the results were 
determined by DNA sequencing. However, H. pylori have been 
reported positively in one case immunohistochemistry13. In the 
study by Michaud et al. (2004), men with gastric tumors had a 
higher prevalence of bladder cancer, but cancer risk was not 
higher in patients with a duodenal ulcer42. Gastric ulcers were 
significantly more common among patients with gastric can-
cer than renal cancer. The gastric/duodenal ulcers proportion 
in the gastric group was 6.5, and the renal cancer group was 
0.3342. In this study, H. pylori were identified as a risk factor for 
gastric and duodenal cancer. This bacterium causes stomach 
ulcers in the duodenum due to high acidity, but in the stomach, 
low acid production, gastritis, and ulcer disorders cause poor 
absorption of antioxidants, oxidative stress, and high levels of 
nitrates. Nitrates and nitrosamine compounds are also known 
as bladder carcinogens42. Due to this condition, it also occurs 
in the bladder as it does in the stomach. In this study, the con-
dition closest to H. pylori was not correlated with gastric can-
cer, which seems to include a direct carcinogenic effect of the 
bacterium in the other studies was associated with H. pylori 
in 70-80% cases was positively correlated to gastric cancer42. 
Oral sex is one of the most common sex practices in the world. 
H. pylori transmitted via the act of sex through the urethra may 
lead to infection42. Several studies have shown that the trans-
fer of bacterial metabolites of H. pylori can play a role in deve-
loping urinary tract cancers43. Matsumoto’s study showed that 
H. pylori infection caused Hodgkin’s lymphoma, regressed by 
H. pylori treatment. Finally, further studies are needed to prove 
the role of H. pylori infection directly or indirectly in various 
tumors, including the urinary syste44.

Infection and chronic inflammation have been recogni-
zed as essential predisposing factors for carcinogenesis and 
tumors. International agency for cancer (IARC) research has 
estimated that approximately 11% of cancers are related to 
infectious diseases like bacteria, viruses, and parasites. Hu-
man cancer is caused by infectious agents such as H. pylori, 
Human papillomavirus (HPV), Epstein-Barr virus (EBV), Sickle 
hemoglobin (HbS), and Hepatitis C virus (HCV), and human 
immunodeficiency viruses (HIV)14. Chronic inflammations are 
accountable for about 25% of cancer cases. Environmental is-
sues, including HCV, HPV, HBV, and H. pylori infections, may 
be accountable for around 65-80% of gastric cancers, 80% of 
hepatocellular cancers, and 90% of cervical cancers14. Under 
inflammation conditions, reactive oxygen species (ROS) and 
reactive nitrogen species (RNS) are made from inflammatory 
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and epithelial cells. These agents are capable of causing da-
mage to various cellulars such as nucleic acids, proteins, and 
lipids. In this regard, H. pylori infection could affect the chro-
nic bladder inflammation related to releasing large amounts 
of pro-inflammatory and vasoactive substances such as IL-1, 
IL-7, IL-1, and TNF-a or eicosanoids (leukotrienes, prostaglan-
dins) and acute-phase proteins involved in the number of in-
flammatory diseases10. Besides, H. pylori-induced cytotoxin 
promotes intracellular survival of bacterium, modulates host 
immune responses, and induces autophagy because H. pylori 
as an intracellular microorganism invade and replicate in the 
cells. Compared to the translocation of H. pylori from the oral 
cavity to the stomach, H. pylori may reach the bladder through 
to the urethra, contaminated by saliva, and so on45.

In the study by Heidari et al.11, H. pylori infection was pre-
sent in the urinary secretions of 8-hydroxy-2-deoxyguanosine, 
which causes DNA damage. In the 24-hour urine study of the 
subjects, 8ohdG was significantly higher in H. pylori-infected 

individuals than in the control group. This study found that 
8ohdG is one of the most abundant lesions in DNA. The 8ohdG 
generated by ROS is caused by a radical oxygen attack on DNA 
and interferes with DNA repair43. This bacterium is significant-
ly involved in developing bladder cancer and causes inflam-
mation of the stomach, duodenum, and gall bladder4. H. pylo-
ri’s role in developing lower gastric lymphoma has also been 
identified44. Recently, the association of this bacterium with 
urinary tract infection has been confirmed13. In a pilot study in 
patients with chronic prostatitis and pelvic pain, more people 
had a positive H. pylori antibody than in the control group45, 46. 
However, it is not clear exactly how H. pylori are transmitted 
and why some individuals become symptomatic, and some 
do not4. Bacteria are likely to be transmitted through feces, 
mouth, saliva, and contaminated water and food47. H. pylori is 
present in several locations, including adhesions to epithelial 
cells or inside vacuoles in epithelial cells. This bacterium stays 
in the lipid tissue and carbohydrates around the membrane 

Table 1. Demographic characters of the stu-
died patients and distribution of H. pylori.
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by creating adhesio45. The reason that suggests the role of H. 
pylori in the development of bladder disease is the observation 
of H. pylori in other organs associated with other cancers, and 
this case has been identified for a long time48.

Bladder malt lymphoma also resolves after H. pylori treat-
ment45,49. Because H. pylori can cause infection into the blad-
der and prostate mucosa through the urethra (oral sex, anal 
sex, etc.) it causes chronic inflammation and the process of 
prostate and bladder cancer45. Al-Marhoon, in various studies 
that have examined the association between H. pylori and uro-
logical diseases, has stated that the most crucial reason for 
the role of H. pylori in causing chronic inflammation is that it 
leads to lymphoma. In a study by Shria Kumar et al. on 371,813 

people diagnosed with Helicobacter pylori infection, treatment 
of H. pylori infection reduced gastric cancer risk only if eradica-
tion was successful50. As shown in the study of Heidari et al., 
BCG injection effectively treated interstitial cystitis51. Bacillus 
Calmette-Guerin (BCG) injection can also be used to treat hi-
gh-grade bladder cancers52. In this study, we had eight positive 
PCR cases of bladder tumors. Considering that there were 133 
positive antibody tests in the study, the small number of pa-
tients due to infection is not conclusive. Of course, laboratory 
and individual disorders may play a role. Although, laboratory 
and individual disorders may play a role in this regard.

Figure 1. Age distribution of patients with bladder carcinoma. Dissimilar letters in each column show statistically significant 
differences (P <0.05).

Figure 2. PCR electrophoresis. L: Ladder (100 bp), NC: Negative control, PC: Positive control, 1-5: Positive samples for H. pylori 
(446 bp).
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Conclusions
The current research showed that H. pylori infections 

might predispose factors for bladder cancer. In this regard, a 
total of 133 out of 200 (66.5%) cases were recognized as H. 
pylori-positive using the German immune lab test (P <0.05). 
Additionally, 6% of patients who tested positive for H. pylori 
Ab showed positive PCR results. Further studies are needed 
to investigate the association between H. pylori infection and 
bladder tumors. These studies should investigate the proper 
role of H. pylori in tumors of the urinary system, especially the 
bladder and prostate, which have not been treated or reduced 
by treating H. pylori.
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Evaluation of secondary cancers, synchronous and metachronous with bladder 
cancer

Seyed Jalal Eshagh Hoseini1*, Mohammad Heidari2, Hassan Fatemi Manesh3

Abstract: The number of bladder cancer survivors worldwide is increasing due to the advancement of diagnostic methods and 
bladder cancer treatment. Besides, bladder cancer is the sixth most common cancer in Iran. Nowadays, many secondary cancers 
have been proven with bladder cancer. This study focused on synchronous and metachronous cancers with bladder cancer. 
This study was performed retrospectively. A total of 276 patients with a definitive diagnosis of bladder cancer were included in 
the study. Tumors were diagnosed using ultrasound and cystoscopy. Out of 276 patients with bladder tumor, 240 underwent 
resection, 25 underwent radical cystectomy, and 31 underwent chemotherapy in addition to resection.
The mean age of patients was 65±3.9 years. Among the patients, 184 were male (67%), and 92 were female (33%). Smoking was 
the most common known risk factor. There were 165 smokers, 135 of whom were male and 30 female. Sixty-nine patients had no 
known risk factor (P <0.05). Gastric cancer was the most common secondary cancer with bladder cancer in all individuals (5.7%). 
Prostate cancer (20%) in men and cervical cancer (11.9%) in women was the most common secondary cancer simultaneous 
with bladder cancer. Given the importance of SPC as a cause of cancer death, early detection and screening of primary cancer 
survivors will increase patients' life expectancy and quality of life.

Key words: Secondary cancers, synchronous, metachronous, bladder cancer.

ARTICLE / INVESTIGACIÓN

Introduction
Bladder cancer is the most common malignancy of the 

urinary system and the 11th most common cancer in people. 
The prevalence of this cancer is increasing in different coun-
tries of the world. This cancer's mortality rate and incidence 
vary in different countries and regions. This difference depends 
on epidemiological data, social, cultural, and economic cha-
racteristics1-2. Bladder cancer is the sixth most common can-
cer in Iran. The prevalence of this cancer in Iran's population 
is 33.2 patients per 100,000 people3. Statistics indicate that 
this cancer has an increasing prevalence in Iran4 and registers 
more than 70,000 new cases and 30,000 deaths annually5. In 
general, 7.04% of cancers in Iran are associated with bladder 
cancer6. Bladder cancer's leading risk factor is smoking, ac-
counting for 50-65% of all cases. Occupational or environmen-
tal toxins also play a significant role in causing this disease. In 
general, the risk factors for bladder cancer can be classified 
into three subtypes: genetic and molecular abnormalities, che-
mical or environmental exposure, and chronic irritation.

The bladder is an empty organ that stores urine in the 
lower abdomen. The urothelial cells of the bladder's lining are 
exposed to mutagenic substances secreted by the kidneys. 
These substances cause metaplasia and dysplasia changes 
and eventually bladder cancer. Most bladder tumors are tran-
sitional. In studies, bladder tumors have been synchronous and 
metachronous with other tumors. 90% of bladder cancers are 
diagnosed at 55 and above, and the disease is four times more 
common in men than women7-10. In general, the treatment 

approach in bladder cancer is determined after determining 
the type of cancerous tissue. Treatments include bladder tu-
mor resection, radical cystectomy, and complementary thera-
pies such as single-dose intravesical immunotherapy with ba-
cillus Calmette-Guérin (BCG) or intravesical chemotherapy11. 
This study aimed to evaluate secondary tumors synchronous 
and metachronous with bladder tumors that, if diagnosed and 
treated in time, the disease will have a better prognosis, and 
the person will achieve better recovery.

Materials and methods 

Ethics
This study was performed in the Center of Shohada Asha-

yer Khorramabad and Kamkar-Arabnia Hospital in Qom from 
2006 to 2019. Written consent was obtained from all partici-
pants in the study. The personal information of patients inclu-
ded in the study was kept secret.

Study population and inclusion and exclusion criteria
In this study, 276 patients were included in the study. The 

inclusion criteria were those patients with significant bladder 
tumors. All types of bladder tumors were considered. These 
patients then underwent bladder tumor resection surgery ba-
sed on a specialist diagnosis or, if necessary, radical cystec-
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tomy or additional treatments were considered for them13. 
Suspected patients to bladder cancer, which were referred to 
the hospital for cystoscopy and had consented to participate 
in the study were included in this survey. Patients without bla-
dder tumors and those who don't have access to a definitive 
diagnosis were excluded from the survey.

Tumors diagnosis
Tumors were diagnosed using ultrasound and cystosco-

py12. Ultrasound was carried out with GE Voluson 730 using 
a convex probe with 5.3 Hz for all patients. A single individual 
carried out all ultrasounds. Afterward, the patients underwent 
cystoscopy conducted by a urologist who was not aware of the 
patients' ultrasound results. Afterward, tissue samples were 
prepared and sent to a pathology laboratory for pathological 
examinations. Olympus flexible fiberoptic cystourethroscopy 
was used for cystoscopy diagnosis of bladder tumors12.

Study procedure
This study was performed retrospectively. The patients' 

information in the study was evaluated at intervals of about 
one year and five years after the diagnosis of bladder tumor 
in reading files, telephone calls, self-reports, and door-to-door 
visits for underlying diseases and secondary cancers. In case 
of the patient's presence and declaration of secondary cancer, 
the inclusion criteria were pathology reports, biopsy, endosco-
py, and cancer-appropriate imaging in their medical records in 
the hospital. The subjects' underlying disease information in 
the study was recorded as a reading of hospital information.

Statistical analysis
According to the chi-square test, all data were then 

analyzed using SPSS software (version 22). P-value <0.05 was 
considered a significant level14-18.

Results

Demographic characters
Out of 276 patients with bladder tumor, 240 underwent 

resection, 25 underwent radical cystectomy, and 31 underwent 
chemotherapy in addition to resection. The mean age of patients 
was 65±3.9 (69 years). The youngest was 24 years old, and the 
oldest was 105 years old. Among the patients, 184 were male 

(67%), and 92 were female (33%). Men's ratio to women was 2, 
and men 61-80 years old had the highest prevalence (P <0.05). 
Smoking was the most common known risk factor. There were 
165 smokers, 135 of whom were male and 30 female. Sixty-nine 
patients had no known risk factor (P <0.05).

Bladder tumors frequency
Table 1 shows the frequency of bladder tumors amongst 

included patients. Findings showed that Transitional cell can-
cer (TCC) was the most frequently detected tumor amongst 
studied samples (88.60%) (P <0.05). However, adenocarcino-
ma was the less frequently detected tumor.

Job frequency
Table 2 shows the job frequency of included patients. Tea-

chers (26.44%), farmers (23.18%), and workers (17.75%) were 
the most frequently determined jobs amongst the study po-
pulation.

Age distribution
Table 3 shows the age distribution of examined patients. 

The majority of patients (30.79%) had 61-80 years old. Fre-
quency of 0-30 and 101< years old patients were 3.26% and 
8.33%, respectively.

Frequency of underlying diseases
Table 4 shows the frequency of underlying diseases 

amongst the studied patients. The most commonly identi-
fied underlying diseases amongst the studied patients were 
skeletal (35.14%), diabetes (18.47%), blood pressure (14.85%), 
and digestive (14.49%). Only 1.81% of examined patients had 
thyroid disorders. Additionally, only2.53% of patients had pul-
monary disease.

Other cancer distribution
Table 5 shows the frequency of other cancer types 

amongst the studied patients. In clinical, self-report and con-
firmed pathology examination, synchronous tumors, five years 
and if alive ten years after bladder tumor, diverse cancers were 
obtained. The most frequently detected cancer types were 
prostate (13.40%), stomach (5.79%), colon (4.34%), and cervix 
(3.98%). 63.40% of patients had no other cancers 5 years after 
the bladder tumor. No testicular tumor was clinically observed 
in the urogenital tract. Laryngeal and pancreatic tumors were 
also not observed in this study.

Table 1. Frequency of bladder tumors amongst included patients.
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Discussion
Despite high advances in the medical sciences19-24, some 

diseases remain health-threatening25-30. The bladder is a ho-
llow organ lined with mucous epithelial cells that stores urine 
for several hours. Mutagenic substances such as phenethyla-
mines and benzene compounds and synthetic substances, 
chronic infection and inflammation cause metaplasia, dys-
plasia and eventually cancer and invasion to the underlying 
muscle tissue. According to the latest GLOBOCAN data, bla-
dder tumors have 3% prevalence among tumors and increase 
in developed and developing countries. In the United States, 
bladder tumors are the sixth most common, mostly 55 years 
old, and are 2 to 4 times more common in men than women. 
In tumors with lower stage, the 5-year lifespan is 77%, and in 
metastatic cases, it is 5%. Cigarette tobacco is the most potent 
risk factor. Occupational and environmental factors contribute 
to about 20% of cases. Only about 7% of bladder tumors are 
inherited. In many cases, no specific exposure is found7.

Kotake et al.31 found that 376 patients with bladder tu-
mors were analyzed for clinical cases. In their study, 299 pa-
tients were male, and 77 were female. The mean age of the 
subjects was 65.7 years. The most common synchronous 
tumors with bladder cancer in men were first gastric cancer 
(27.4%) and then prostate (15.3%), and in women, first cervical 
cancer (27.9%) and then gastric cancer (16.2%). Of the 119 ca-
ses, 58 were synchronous tumors, and 61 were metachronous 

tumors. Bladder tumors in 85% of cases coincided with other 
urological tumors. Also, the ratio of secondary cancers to to-
tal cancers was 5.2%, and the ratio of secondary cancers with 
bladder cancer to total cancers was 15.9%31. In another study, 
multiple tumors were associated with prostate cancer in 93 
patients (15.2%), and the organ most associated with prostate 
cancer was gastric cancer, followed by bladder, clone, and lung 
cancer. The mean age of the first, second, and third cancers 
was 72, 74 and 75 years. In 37 cases of death (71.4%) due to 
prostate cancer, the first and second cancers were about 20 
months and about 8 months for third cancer. The primary sta-
ge in primary prostate tumors was lower than in secondary 
tumors. Survival rates were also reported to be better in this 
group. For this reason, it is recommended to consider the pos-
sibility of secondary cancers in primary ones32.

In a study in Taiwan conducted by Wu et al.33 from 1987 
to 2002 on 2109 patients, 99 patients were diagnosed with 
multiple secondary cancers with gastric tumors (4.7%). Se-
condary cancer (77.8%) was diagnosed 5 years before and af-
ter gastric cancer. 34.3% of patients were diagnosed with the 
synchronous tumor within one year. 77 male patients, prosta-
te cancer, was the most common (19.5%), followed by colon 
cancers (18.2%) and liver (14.3%). In 22 female patients, colon 
cancer (31.9%) first followed by breast and cervical cancers 
(22.7%) had the highest prevalence rate33. In another study in 

Evaluation of secondary cancers, synchronous and metachronous with bladder cancer

Table 2. Job frequency of included patients.

Table 3. Age distribution of studied patients.

Table 4. Frequency of underlying diseases amongst the studied patients.

Table 5. Distribution of other cancer types among studied patients five years after bladder tumor.
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Hungary, 77,504 autopsy cases were examined, of which 385 
(4.2%) had double multiple primary malignant tumors. There 
was no significant difference in gender. Thyroid tumors were 
more commonly associated with lung, breast, and gastrointes-
tinal tumors34. In another study, secondary cancer was seen in 
16.8% of kidney cancers, 12.5% of bladder cancers, and 21.8% 
of prostate cancers. The cause of recurrent tumor connections 
can be explained somewhat by the high average age (72 years). 
Uropoetic cancer was associated with lung cancer (the role of 
tobacco), gastrointestinal tumors (genetic or dietary factors), 
prostate cancer, bladder cancer, and hematologic malignan-
cies. In this study, no association was found between testicular 
cancer and other malignancies35.

In the study of Özdamar et al.36 on 147 patients with ge-
nitourinary tumors, 6 patients had another tumor, 2 of which 
were concomitant and 4 of which were asynchronous. Cancer 
patients are at higher risk of secondary cancer than the gene-
ral population. Secondary cancer may be diagnosed in long-
term follow-up of cancer patients, or etiological factors may 
cause pleiotropic effects, or it may be due to treatments for 
first cancer. In a study in France, from 1989 to 2004, 10047 
patients with bladder cancer were evaluated for secondary 
cancer. This study showed that the risk of new cancer among 
cancer survivors is 60% higher than the general population. 
Male patients also had a higher risk of prostate, head, neck, 
and lung cancers37. In another study by T Fukagai et al.38 in 
Japan from October 1980 to December 1994, 392 patients 
were treated for malignant neoplasms. 42 patients (10.6%) 
had multiple neoplasms, their mean age was 72.2 years, and 
83% were male. Malignant neoplasms of the bladder, prostate, 
and kidney were observed in 19 (35%), 19 (35%), and 10 ca-
ses (11%), respectively. The incidence of prostate cancer was 
more associated with genitourinary organs than other primary 
malignant neoplasms. Other organs which had malignant neo-
plasms along with the genitourinary tract organs were the sto-
mach (39%), lungs (12%), esophagus (9%), and pancreas (9%). 
Only 16 patients (35%) simultaneously had multiple malignan-
cies neoplasms.

In a study by Whi-An Kwon et al.39 in South Korea from 
1993 to 2013, 48,875 people were investigated with an early 
diagnosis of bladder cancer. Bladder cancer survivors were at 
increased risk for some secondary cancers, particularly pros-
tate and kidney, squamous cell carcinoma of the lung, and the 
lung's adenocarcinoma. In the cohort study by Eric Adjei Boak-
ye et al.40, 2903241 cancer patients were identified, of which 
259685 (8.9%) developed secondary cancer (7.6% female 
and 10.3% male). Patients with smoking-related cancers had 
a higher risk of developing SPC than patients with non-smo-
king-related cancers. Besides, considering the infection of 30-
80% of different communities with H. pylori and proving its role 
in the development of various cancers, including gastric cancer 
and its concurrence with bladder cancer in most studies41,42, it 
seems that the prevalence of this infection also plays a role in 
the development of multiple secondary cancers.

However, specific research should assess other aspects 
and epidemiological properties of bladder cancer among the 
population. The study was limited to the low number of sam-
ples and low frequencies of studied groups.

Conclusions
Due to the increasing trend of bladder cancer worldwide 

and the evidence of concurrence or subsequent secondary 
cancers, identifying the causative agents and related risk fac-

tors can improve the prognosis of the disease and increase the 
life expectancy and quality of life of patients with this cancer. 
Therefore, it is essential to continuously monitor the risk of se-
condary cancer among bladder cancer survivors. On the other 
hand, owing to the growing number of cancer survivors cases 
and the SPC importance as a cancer death reason, there is a 
need to upsurge SPC screening and prevention.
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Effect of iodine-therapy on hyperthyroidism patients without pre-administration 
of anti-thyroid therapeutic options
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Abstract: Anti-thyroid treatment and radioiodine are mainly used treatments for patients with thyrotoxicosis. The effect of 
anti-thyroid drugs (ATDs) on radioactive iodine's therapeutic effectiveness in hyperthyroidism remains controversial. This 
study aimed to determine the treatment effectiveness and complications in patients with thyrotoxicosis receiving radioiodine 
treatment with or without adjunctive anti-thyroid drugs in a tertiary endocrinology center in Ahvaz, Iran. A total of 165 patients 
with thyrotoxicosis (50 males and 115 females) were recruited in this retrospective clinical study. These patients were divided 
into two groups: one group underwent natural iodine therapy without being treated with anti-thyroid drugs (N= 86), and the other 
group was first treated with anti-thyroid drugs and then treated with iodine (N= 79). Then, the frequency of euthyroidism, thyroid 
storm, thyroiditis, hypothyroidism and the time to reach euthyroidism is evaluated. The results showed no difference between the 
two groups when reaching the euthyroid and the mean numerical mean TSH at the time of hypothyroidism. However, the average 
dose of iodine received in the concomitant drug group was lower. No thyroid storm was observed in the two groups regarding 
complications after treatment. Also, the prevalence of hypothyroidism and thyroiditis were not significantly different between 
the two groups. Iodine therapy with and without the use of anti-thyroid drugs (ATD) in low-risk patients with thyrotoxicosis has 
no difference in treatment outcomes, response to treatment, and subsequent complications.

Key words: Anti-thyroid drugs, radioactive iodine (I131), Iodine therapy, thyrotoxicosis.
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Introduction
Thyrotoxicosis is an excess thyroid hormone condition, a 

common disease, especially in women.  The most common 
cause of thyrotoxicosis is Graves' disease. Other causes in-
clude toxic nodular hyperthyroidism and thyroiditis1,2. Com-
mon signs of disease are fatigue, weight loss, tremor, anxiety, 
palpitations, disturbed sleep, sweating, heat intolerance, and 
polydipsia3,4. The therapeutic possibilities for thyrotoxico-
sis treatment for these conditions, anti-thyroid drugs (ATD), 
thyroidectomy, and radioactive iodine I131 (RAI).5-7 early and ti-
mely treatment of hyperthyroidism also may prevent the pro-
gress of the disease8.

Each of the treatment modalities has particular efficacy 
limitations and potential adverse effects9,10. The main clinical 
downside of ATD therapy is the high rate of hyperthyroidism 
recurrence when therapy is stopped11-16. However, the ease of 
ATD treatment and the fact that the thyroid is not irreversibly 
compromised has rendered long-term, low-dose ATD treat-
ment a rational choice for disease control11.  Radioactive iodine 
therapy is an essential definitive treatment of hyperthyroidism, 
used for more than six decades as first-line or second-line the-
rapy, and I131 therapy is cost-effective, safe, and reliable5,12.  
This data would be a valuable resource for physicians to invol-
ve patients in the shared decision-making process13. The effect 
of anti-thyroid drugs (ATDs) on radioactive iodine's therapeutic 
effectiveness in hyperthyroidism remains controversial14. So 
far, no study has been conducted in our country and this epi-

demiological region regarding the outcomes, results, and inci-
dence of each of the possible complications in iodine therapy 
alone with and without anti-thyroid drug treatment of patients 
with thyrotoxicosis.  This study aimed to assess the treatment 
effectiveness in patients with thyrotoxicosis receiving radioio-
dine treatment with or without adjunctive anti-thyroid drugs in 
a tertiary endocrinology center in Ahvaz, Iran.

Materials and methods 

Ethics
The personal information of included individuals was kept 

secret.  The ethical council approved the survey.

Inclusion criteria
According to our inclusion criteria, a total of 165 patients 

with thyrotoxicosis (50 males and 115 females) were recrui-
ted in the retrospective clinical study.  Data on consecutive 
patients between 2015 to 2020 at the Endocrinology Clinics 
(Ahvaz, Iran) were retrospectively collected and reviewed.  The 
diagnosis of thyrotoxicosis was performed according to the ba-
sis of elevated total T4 (TT4) and/or total T3 (TT3) values and 
TSH suppressed to < 0.01 mIU/L15.
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Groups
All cases were divided into two groups: one group recei-

ving the drug before iodine was considered (n=86), and the 
other group receiving only the iodine was defined (n=79).  Inclu-
sion Criteria were age between 18 to 65 years old and absence 
of comorbid diseases.  Individuals over 65 years, patients with 
heart failure (Ejection fraction < 40%), pregnant women were 
excluded from this study.  At the diagnosis and approximate-
ly 2 months intervals, serum- triiodothyronine (T3), thyroxine 
(T4), and TSH levels were analyzed.

These patients were divided into two groups: one group 
underwent natural iodine therapy without being treated with 
anti-thyroid drugs (N= 86).  The other group was first treated 
with anti-thyroid drugs and then with iodine (N= 79).  Then, 
the frequency of thyroid storm, thyroiditis and hypothyroidism, 
euthyroidism and the time to reach euthyroidism was exami-
ned using their evaluation.  Euthyroidism was defined as T3, T4 
serum levels within the normal range.

Questionnaire
A questionnaire was designed to retrospectively obtain 

all demographic, clinical, laboratory, and radiological results 
from the patients' medical records.  All the experiments were 
performed according to the Ethical Committee's guidelines at 
the Ahvaz Jundishapur University of Medical Sciences, and all 
participants provided written informed consent.

Statistical analysis
Statistical analysis was performed using SPSS software 

(SPSS Inc, version 23, Chicago, IL, USA).  Kolmogorov–Smirnov, 
and Shapiro–Wilk tests were used to test for the data norma-
lity.  Central and descriptive statistics were reported for quan-
titative data.  A Chi-square test was used to compare the ratio 
of complications in qualitative variables.  P-value <0.05 was 
considered statistically significant16-19.

Results

Demographic characteristics
The median age in the iodine alone group and iodine with 

the drug group was 47.22±15.7 and 44.07±12.38.  There was 
no statistically significant difference between the median ages 
of the two groups (P=0.15).  The detail of the demographic 
characteristics of the study population is indicated in Table 1.

Comparison of the frequency of complications
Regarding the occurrence of complications after treat-

ment, no thyroid storm was observed between the two groups, 
and the prevalence of hypothyroidism and thyroiditis were not 
significantly different between the two groups (Table 2).

The results showed no difference between the two groups 
when reaching the euthyroidism and the mean TSH at the time 
of hypothyroidism (P=0.11 and P=0.14, respectively).

Comparison time to euthyroidism & iodine dose
However, there was a significant difference in Iodine dose 

between the two groups (P=0.005), and the average dose of 
iodine received in the iodine with drug therapy group was lower 
than in the iodine alone group.  The level of T3 at the begin-
ning of the study was not significantly different between the 
two groups.  However, the level of T4, which was significantly 
higher in the iodine alone group at the beginning of the study, 
showed a more significant decrease at the end of the treat-
ment period than the iodine with drug therapy groups (Table 3). 

The regression equation was used to find the correlation 
between levothyroxine administration and several variables.

Results of the regression equation
There was no significant correlation between that time 

and first T3, T4 variables, Iodine dose, thyrotoxicosis syndro-

Table 1. Demographic Characteristics of the study population.
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me, age, and sex (P>0.05).  At the same time, Euthyroidism 
time showed a statistically significant correlation with the Le-
voday variable (levothyroxine onset time) (P=0.024) (Table 4).

Discussion
Several developments have been occurred in medical 

sciences20-25. However, there were so many defects regarding 
knowledge about diseases and their treatments26-34. Iodine the-
rapy is the definitive treatment modality of hyperthyroidism35; 
however, several concerns exist regarding this approach's effi-
cacy36. McDermott et al. believed that the possibility of thyroid 
dysfunction increases upon iodine therapy37. This mainly oc-
curs in high-risk patients such as the elderly, individuals with 
underlying heart diseases, and patients with enlarged thyroids.  
Therefore, these patients should undergo an anti-thyroid regi-
men before iodine therapy.  However, our results have shown 
that iodine therapy alone could be safe with minimum side 
effects while generating similar treatment outcomes37. In our 
study, no difference was observed in adverse effects such as 
thyroid storm, hypothyroidism and thyroiditis between the two 
study groups.  The time point of achieving euthyroidism served 
as an independent and strong predictive factor for hypothyroi-
dism development.  This means that other variables, including 
age, gender, type of clinical syndrome, the initial number of T3 
and T4, were not considered for predicting the development 
of hypothyroidism and initiation of Levothyroxine.  Some stu-
dies have shown that ATDs can have a protective effect, which 
leads to a decrease in the thyroid gland's effective half-life and 
radioactive iodine uptake38,39. A meta-analysis study investiga-
ted the effect of utilizing anti-thyroid drugs before iodine thera-
py and compared it with iodine therapy alone in grave patients.

Results have shown that administrating anti-thyroid drugs 
before iodine therapy increases treatment failure yet decrea-
ses subsequent hypothyroidism40.  Our results were not simi-
lar to those of the previous survey since we did not observe 
a difference in treatment responses, euthyroidism, and even 
subsequent hypothyroidism between them. The discrepancy 
could be explained as follow: First, in the mentioned study, the 
administered drug was PTU, while in our study, different types 
of drugs, and mostly methimazole, were utilized.  In addition, 
Grave's disease was the only thyrotoxicosis syndrome evalua-
ted in the mentioned study, but in our study, several thyrotoxi-
cosis syndromes were assessed.  Therefore, a separate study 
on Grave's patients treated with methimazole is suggested to 
evaluate the inconsistency of these results and investigate the 
effect of a special type of drug on the particular type of clinical 
syndrome.

Ding et al.41 conducted a study to evaluate long-term out-
comes and immunity of iodine therapy without drug therapy.  In 
their study, of 408 patients, 283 individuals were treated with 
iodine therapy, 15 of whom achieved complete remission and 
47 partial remissions.  Besides, no signs of disease relapse and 
recurrence were observed in patients treated with iodine alo-
ne. This study concluded that utilizing iodine therapy alone is 
safe and effective in treating patients with severe hyperthyroi-
dism who are resistant to anti-thyroid drugs41.  Similarly, our 
results have shown that administrating iodine therapy alone 
is safe in patients with thyrotoxicosis and, in terms of adverse 
effects, is similar to the combination therapy of drug and iodine 
therapy.  In Ding et al.'s study, the follow-up period was longer, 
and the sample size was larger.  Moreover, patients with heart 
disease and arrhythmia, hepatic dysfunctions, and over 65. 
Nevertheless, we excluded patients over 65 years and those 
with underlying heart disorders since they were considered a 

Effect of iodine-therapy on hyperthyroidism patients without pre-administration of anti-thyroid therapeutic options

Table 2. Comparison of the frequency of complications in the two groups.

Table 3. Comparison time to euthyroidism & iodine dose between the two groups.

Table 4. The results of the regression equation.
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high-risk group to treat using the iodine therapy without con-
comitant ATDs therapy.

There are several contradictions regarding the effect of 
anti-thyroid drugs and their impact on iodine therapy.  Studies 
have shown that utilizing PTU (and not methimazole) before 
iodine therapy delays the therapeutic response.  PTU is sug-
gested to enhance thyroid tissue resistance against radioac-
tive iodine5,42-44. In a meta-analysis study performed on 1269 
patients, drug therapy's risk of reducing the response to iodi-
ne therapy was approximately 1.28. After iodine therapy, the 
effect of hypothyroidism was not related to the type of drug 
used40. The results of this meta-analysis were different from 
our study. Anti-thyroid drug treatment before iodine therapy 
did not affect the treatment results and subsequent complica-
tions in the current study.

Our study's limitation was the inclusion of low-risk pa-
tients in the study.  In other words, it is unclear whether io-
dine therapy alone before ATD will have the same results in 
high-risk patients, such as the elderly, diabetic patients, and 
underlying heart disease. One of the study's strengths was 
evaluating different types of thyrotoxicosis syndromes, while 
most studies have been done on Graves' disease. The current 
study investigated the relations between T4, frequency of iodi-
ne therapy, iodine dose, time of euthyroidism, and hypothyroi-
dism, which was for the first time. Our findings recommend 
comparing iodine therapy alone or ATD treatment before io-
dine therapy, with different drugs separately and in different 
thyrotoxicosis syndromes separately with a more significant 
number of subjects.

Conclusions
Iodine therapy with and without the anti-thyroid drug 

treatment in low-risk patients with thyrotoxicosis has no diffe-
rence in therapy outcomes, response to treatment, and subse-
quent complications. The hypothyroidism time depends on the 
time of euthyroidism after receiving iodine in two groups. More 
quality randomized controlled trials are necessary to evaluate 
the quality of life, cost of the two treatments and more at-
tention to confounding factors such as goiter size and thyroid 
uptake is recommended.
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Detection of biofilm formation of (Serratia and E.coli ) and determination of  the 
inhibitory effect of Quercus plant extract against these infectious pathogens

Fatima Amer Abd Algabar1, Batool Abdalameer Baqer2

Abstract: Biofilm is a complex microbial regional, especially resisting antimicrobials Quorum sensing function ate flow into 
an essential role in the composition concerning completely advanced superior biofilms on numerous microorganism, Biofilms 
change autonomous cells into particular cell groups. They are obtainable about comprehensions keen on biofilm materialization 
determined through the best-characterized strain, Escherichia coli. The hastened biofilm obstacle of accord containing regular 
remedying decorates the requirement between significance with toughening modern rule approaches. By resources of the use of 
Congo process then PCR method since detection around biofilms arrangement, By way of the sunscreens of Quorum detecting 
were noticed over molecular finding using the PCR of the gene accountable for the structure of Biofilm in Serratia bacteria. The 
study showed that during the induction period, after 48 hours, the effects of bacterial inhabitation, the methanolic extract was 
more effective against (Serratia, E. coli) regarding superb consciousness (10, 20, 30 mg/I).

Key words: Biofilms 1, PCR 2, Plant Extract 3, Bacteria 4, Congo Methods.
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Introduction
Biofilms remain communal of microbes involved to a su-

perficial by polysaccharides, proteins, and nucleic acids1. E. coli 
biofilm expansion is a complicated procedure that primes to 
striking constructions that are significantly used for sickness 
and causing solicitations (note the primary caused biofilm 
was produced to stash peptide antimicrobials to decrease co-
rrosion2. Bacterial biofilm residues are a universal hazard to 
healthiness in line with great refractoriness to cure and the 
capability to exaggerate nosocomial contagions. Therefore, 
exploration of original effectual molecules to confront this 
problem is significant3. The capability of antibacterial agents 
to constrain establishment of or annihilation of biofilms hold 
potential for decreasing establishment of outsides in addition 
to epithelial mucosa by microbes4.

Biofilm confrontation is appropriate after numerous ex-
planations, like confined pervasion over antibiotics interested 
in biofilm matrix, exposure about multidrug efflux pumps, type 
IV secretion systems, lowered permeability, then the labor on 
antibiotic-modifying enzymes. After conservative manage-
ment, the expanded biofilm hindrance improves the essential 
after improving current monitoring strategies5. Within the En-
terobacteriaceae, lines of the genus Serratia are a widespread 
reason over ethnical nosocomial infections; within addition, 
biofilm composition is oft associated with continual infections. 
Quorum sensing can circulate an essential position of wholly 
established matured biofilms between various bacteria. For 
example, a breach of AHL production effects within the quick 
apprehension regarding biofilm improvement then the defi-
ciency on mobile disintegration within filaments aggregates 
within Serratia marcescens6. The enzyme LuxS is accounta-

ble because of the manufacturing of autoinducer-2 (AI-2), a 
molecule so has been implicated in quorum sensing of many 
bacterial species. This learning investigated a luxS-dependent 
signaling rule of the Gram-negative bacteria Serratia spp.7. The 
outstanding capability of the plant sources to inhibit the ear-
ly phase of biofilm establishment of the six bacterial isolates 
might be credited to interfering with forces (such as Brownian, 
sedimentation, Lifshitz–Van der Waals and electrostatic co-
llaboration forces) that favor the deposition and adherence of 
bacteria to surfaces8.

This revision measured the capability of herb sources to 
terminate or avoid additional creation of conventional biofilms 
at 24 h and 48 h. merely herb mines through the anti-attach-
ment movement were incorporated in this revision.

Materials and methods 

Microorganisms in this study
20 isolates of distinctive class regarding pathogenic mi-

croorganism toughness (E.coli or Serratia marcescens) were 
removed beside particular scientific sources beyond Al-Kindy 
Teaching Hospital, depending on cultural, morphological or Vi-
tek2 regulation characteristics.

Preparation regarding Quercus polyphenol extract
The spray-dried PE used to be arrived thru dehydration, 

namely described in Servili et al.10. The pattern was once sha-
ken for 30 min or below centrifuged at 4500 rpm (10 min, 
20°C). Once the pellet was re-extracted, the supernatants re-
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united and constant after an aggregation over 50 mL within a 
volumetric flask.

Biofilm Production (Congo red test)
Mathur et al.11 have described the approach because 

screening over biofilm formation. Plates have been inoculated 
with permanency with the aid of pure singular remoted colony 
or nursed aerobically for 24 - 48 hours at 37C°. The positive 
end outcome was once shown through dark collections throu-
gh a dead crystalline constancy.

Detection of QS gene so is responsible on permanency 
durability Biofilm Production toughness by using 
Polymerase Chain Reaction method

PCR assay was once used following observe toughness 
QS genes (lux s) permanency into Serratia Marcescens isola-
tes yet (carried abroad among a aggregation amount about 
25μL, it was once created beyond 5μL regarding template 
DNA,1μL over each over the primers,12.5 green grasp mix. 
Then the aggregate used to be complete along 25μl over nu-
cleases uninterrupted lotus tables (1)(2). DNA isolation was 
once made employing AccuPrep® Genomic DNA Extraction Kit 
strategies in imitation of preparing a luminous DNA for PCR 
beside the samples.

Agarose Gel Electrophoresis
When PCR magnification, agarose gel electrophoresis 

was implemented to check the existence of amplification. PCR 
was reliable on the extracted DNA criteria12.

In vitro antibiofilm activity on sow permanency extract 
regarding Congo technique

Congo red agar technique One ml regarding clean leaves 
extracts was introduced according to Congo purple agar me-
diocre among panel fervor to uninteresting totally. Then bac-
teria used to be inoculating about Congo crimson agar aerobi-
cally because of 24 according to 48 h at 37oC13.

Statistical analysis
PCR production has been shipped for Sanger sequencing 

using ABI3730XL, computerized DNA sequences, with the aid 
of Macrogen Corporation – Korea. The results have been obtai-
ned by way of the e-mail below analyzed the usage of genius 
software program10.

Results and discussion

Detection of biofilm formation on Congo method
Biofilm-producing microorganisms are responsible for 

deep averse infections and are notoriously hard to eradicate. 
They show off hindrance according to antibiotics using more 
than a few techniques kind of confined entrance about anti-
biotic within biofilms, lowered growth dimensions then mani-
festation concerning resistance12. Results toughness suggests 
durability black color into the pathogenic microorganism iso-
lates as is longevity shaped vivid slime ledge or indicated with 
the aid of build regarding fuscous colonies along with a dead 
colorless consistency (figure1), or it result was validated 90% 
regarding this isolates were permanency producing biofilm In 
that effects whole 90%of pathogenic isolates are longevity 
producing biofilm.

Detection of QS gene by PCR technique
This approach is empathetic, easy to perform, specific 

because of gene families, and environment-friendly than the 
lousy techniques13. Using the PCR technique, four isolates 
have been tested because of harboring Lux s longevity gene in 
Serratia marsence isolates. PCR method was ancient among 
the present education between methods after extending a tar-
geted supplement of Luxs gene stability; The PCR consequen-
ces confirmed precise cable-related imitation of the targeted 
sequence. PCR amplified regions revealed a molecular volume 

Table 1. The following table illustrates the primer used in this study.
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of 818 bp because it primer chronic in imitation of deciding 
gene durability about quorum sensing. Permanency, namely 
shown within Figure (2).

Reticence of progress of pre-formed biofilms – calculation 
of obliteration of biofilm mass

The capability of the mines to inhibit extra biofilm expan-
sion or devastation of pre-formed biofilms remained examined. 
The act of the herb mines alongside biofilms at different pha-
ses of growth highpoints their possible utility in scientific pre-
sentations. Such presentations might comfort to improve the 
immunological protection of diseased hosts against bacterial 
cell populations14, specifically those in biofilms, and following 
host allowance and decline of infection indications15. Results 
of the table.2 exhibit, figure ternary longevity excessive nume-
rous plant extracts over several types concerning microorga-
nisms examined and control16. These extracts show Felicitous 
stability antibacterial mission in struggle according to E. coli 
and Serratia Marcescens collectively including an inhibition 
zone used to be 14 mm. Yet, it had the harmful effect antibac-
terial undertaking among emulation according to Serratia; The 
study showed that the greater the induction period, after 48 
hours, the effect of bacterial inhibition, The methanolic extract 
was more effective against (Serratia, E. coli) regarding superb 
consciousness (10,20,30 mg/l) (table 3).

Conclusions
Slight remained recognized nearly antimicrobial actions 

of the particular plant life in this revision. The effects displa-
yed that elemental mines of the plants ensured decent action 
on the planktonic and sessile systems of the bacterial species 
examined. These effects bear implications for the growth then 
dissemination of biofilm clusters between these toughness 
isolates. These outcomes focus on using naturally occurring 
compounds of bury original as durability a potential power af-
ter barrier build regarding biofilm within pathogenic isolates.
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Optimization of cephalosporin C acylase immobilization using crosslinked 
enzyme aggregates technique
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Abstract: Cephalosporin C acylase (CCA) is an essential enzyme for the one-step conversion of cephalosporin C into 
7-aminocephalosporanic acid (7-ACA), an intermediate compound used to synthesize various semi-synthetic cephalosporin 
antibiotics. The industrial process prefers to use enzymes in immobilized form rather than soluble. A crosslinked enzyme 
aggregate (CLEAs) is a potential matrix-less enzyme immobilization technique to produce stable immobilized enzymes with 
high activity and low production costs. This study aimed to optimize the CCA immobilization using the CLEAs technique with 
Chitosan as a co-aggregate. The CCA lysate was obtained from harvesting CCA fermentation broth using a mutant strain of 
Escherichia coli through cell separation and lysis steps. Partially purified CCA by ammonium sulfate addition was conducted to 
obtain an active fraction of 20-60% saturation, followed by co-aggregation with Chitosan to form physical CCA aggregates. The 
aggregates were then immobilized by a crosslinking technique using glutaraldehyde to form CLEAs-CCA. Optimization of the 
immobilization process was carried out by Response Surface Methodology in three steps, (i) screening of the influencing factors, 
(ii) determining the level of the significant factors, and (iii) optimizing the immobilization condition. The CLEAs-CCA activity was 
used as a response parameter. Under optimum conditions, CLEAs-CCA activity obtained was 85.91 Ug-1.

Key words: 7-aminocephalosporanic acid, cephalosporin C acylase, Chitosan, crosslinked enzyme aggregates, response surface. 
methodology.

ARTICLE / INVESTIGACIÓN

Introduction
Cephalosporins are antibiotics with a broad antibacterial 

spectrum and almost cover 50% of β-lactam antibiotics hu-
mans use1,2. Most of them are derived from 7-aminocephalos-
poranic acid (7-ACA), a precursor compound generated from 
hydrolysis of cephalosporin C (CPC), a natural antibacterial 
obtained from Acremonium chrysogenum fermentation3. The-
refore, it is essential to produce 7-ACA efficiently.

The industrial demands for efficient and environmentally 
friendly 7-ACA production have shifted from chemical to en-
zymatic processes. Initially, a two-step bioconversion using 
D-amino acid oxidase and glutaryl-7-aminocephalosporanic 
acid acylase was developed4. Recently, one-step bioconversion 
using cephalosporin C acylase (CCA, EC 3.5.1.11) has paid the 
attention of researchers because it is more efficient5.

The industrial application of enzymes is preferred in the 
immobilized rather than soluble form due to the more efficient 
bioconversion process6. Immobilization of enzymes on a matrix 
is a popular method. However, a dilution of enzyme up to 99% 
occurred, resulting in decreased activity7. In addition, the ma-
trix used causes an increase in the enzyme cost and generates 
a waste matrix generated from the inactive biocatalyst8. To 
overcome these problems, enzyme immobilization by cross-
linked enzyme aggregates (CLEAs) technique, a matrix-less 
immobilization approach, is a potential method to be applied7. 
It showed a simple, fast, and efficient method to immobilize 

various enzymes8-10. To the best of our knowledge, there is no 
publication on the application of CLEA for CCA immobilization.

The CLEAs formation involves two critical steps, i.e., en-
zyme precipitation to form aggregates and crosslinking of the 
aggregates7. Ammonium sulfate and glutaraldehyde are often 
used as precipitation and crosslinker agents, respectively9,11,12. 
However, crosslinking the enzyme with low superficial lysine 
residues with glutaraldehyde may cause weak enzyme bin-
ding, making it quickly released from its CLEAs13. The addition 
of co-aggregates, such as bovine serum albumin, poly-ethyle-
neimine, and poly-lysine, could form larger aggregates size 
and higher stability9,12,13. Chitosan is a relatively inexpensive 
biopolymer (polyaminosaccharides, copolymers of N-ace-
tyl-D-glucosamine and N-amino-D-glucosamine) with high 
availability rich in reactive amino groups, potentials to mediate 
the formation crosslinks between the aggregates14,15.

In this research, optimization of the CCA immobilization by 
CLEAs technique using Chitosan as a co-aggregate was stu-
died. Optimization was conducted with Response Surface Me-
thodology (RSM), as it is an effective and widely used method 
for optimization in bioprocesses, including enzyme immobili-
zation16-18. CLEAs-CCA (Ug-1) activity was used as a response. 
The experiments were carried out in three steps, namely, (i) 
screening of the influencing factors using 2n-2 fractional fac-
torial design (FFD), (ii) determining the level of significant fac-
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tors using the steepest ascent method, and (iii) optimization 
of immobilization condition using RSM with Central Composite 
Design (CCD). CLEAs-CCA obtained were also evaluated for 
pH and temperature stability.

Materials and methods 
Escherichia coli mutant as the CCA producer was provi-

ded by The National Research and Innovation Agency (BRIN), 
previously named was Biotech Center, Agency for the Assess-
ment and Application of Technology - Indonesia. The culture 
was maintained in Miller Luria Bertani (LB) agar medium (Hi-
media, Mumbai, India) pH 7.0, containing 100 µgmL-1 ampici-
llin. The chemicals used were ammonium sulfate p.a (Merck, 
Germany), chitosan powder with a degree of deacetylation 
(DD) > 75% obtained from the local market, CPC-Na (Biorbyt, 
Netherlands), and 7-ACA (Tokyo Chemical Industry, Japan). 
Other chemicals such as 50% glutaraldehyde, absolute me-
thanol, p-dimethylaminobenzaldehyde (p-DAB), NaOH granu-
les, and acetic acid glacial were obtained from Sigma-Aldrich 
(Singapore).

CCA production
The CCA production method was adopted from Martius 

et al.19. A single colony of E. coli was selected and inoculated 
into 2 mL of fresh LB medium pH 7.0 containing ampicillin 100 
µgmL-1 and cultivated at 37°C overnight with shaking at 170 
rpm. The seed culture was then prepared by suspending 0.5 
ml of the overnight culture to 2 ml fresh LB medium pH 7.0 
containing ampicillin of 100 µgmL-1 and incubated at 37°C with 
shaking at 170 rpm in water bath. After two hours incubation 
(OD600 ± 0.6), 0.5 ml of the seed culture was inoculated into a 
fresh 50 ml LB pH 7.0 containing ampicillin of 100 µgmL-1 in 
a 250 ml Erlenmeyer flask and incubated at 37°C, shaken at 
200 rpm until an OD600 of 0.6-0.8 was reached. The cultu-
re was then induced with lactose with a final concentration of 
0.2% (w/v), and then cultivation was continued at 25oC with 
shaking at 200 rpm for 12 hours for CCA expression. The cells 
were harvested by centrifugation at 6,000 g, 4oC, for 10 minu-
tes when the fermentation was finished. The pellets were then 
washed twice with a working buffer (0.1 M phosphate buffer 
pH 8.0) and then suspended in the same buffer containing 1 
mM phenylmethylsulfonyl fluoride (PMSF). PMSF was used to 
inactivate the protease in cells. Cells were lysed by sonicating 
at 20 kHz, 25% amplitude, with a mode of 5 seconds “on” and 
20 seconds “off” for 12 cycles using Misonix Sonicator XL2020 
(Misonix, United States) in an ice bath. Cell debris was sepa-
rated by centrifugation at 12,000 g, 4oC, for 5 minutes. CCA 
lysate was then stored at -20oC for further experiment.

Chitosan and glutaraldehyde solution preparation
The chitosan solution was prepared by Arsenault et al. 

method17. Chitosan powder was dissolved in 0.1 M HCl to ob-
tain a specific concentration, stirring for 30 minutes, and then 
sonicated for one hour to dissolve Chitosan completely. The pH 
of the solution was adjusted to 5.5 by adding 1 N NaOH. Glu-
taraldehyde solution with a particular concentration (%, w/v) 

was prepared by weighing 50% glutaraldehyde solution and 
diluted with a working buffer.

CCA partial purification
Simple partial purification of CCA was carried out by pre-

cipitation technique using ammonium sulphate (AS)20. AS pow-
der was added slowly to 10 mL CCA lysate until it reached 
20% saturation. The mixture was stirred continuously at a low 
speed at 4oC for 3 hours. The precipitate was separated by 
centrifugation at 10,000 g at 4oC for 15 minutes, and the su-
pernatant was used for further fractionation. Precipitation was 
continued by adding AS to 60% saturation. The CCA aggrega-
tes of 20-60% saturation were separated by centrifugation and 
then resuspended in 40 mL of a working buffer. The suspen-
sion was used for CLEAs formation.

CLEAs-CCA formation method
The CLEAs formation method was adopted from Mageed 

et al.14 with slight modifications. A 0.5 mL chitosan solution 
was added to 1 mL of CCA aggregates suspension to obtain a 
final chitosan concentration in the range 1-5 mgmL-1 (x1) ac-
cording to the FFD factor level (Table 1). Chitosan is insoluble 
at pH above 6.5 and will aggregate with CCA aggregates. The 
aggregation was conducted by shaking at 150 rpm for 30-90 
minutes (x2). The co-aggregation allows CCA aggregates and 
Chitosan to interact electrostatically or hydrogen bonding. 
Furthermore, 0.5 mL of glutaraldehyde solution was added 
to obtain a final concentration in the range of 1-5 %, v/v (x3) 
and then shaking at 200 rpm. Variation in suspension pH (x4), 
crosslinking time (x5), and crosslinking temperature (x6) were 
carried out according to the range of each factor in the FFD 
(Table 1). In such a way, glutaraldehyde crosslinks of primary 
amine groups of enzyme and Chitosan. After the reaction was 
completed, the CLEAs-CCA was filtered using filter paper and 
washed with working buffer three times. The CLEAs-CCA was 
stored at -20oC for further analysis.

CLEAs-CCA activity determination
The CLEAs-CCA activity was determined using a mi-

cro-scale procedure according to Fernandez-Arrojo et al.21 with 
minor modifications. Twenty milligrams of CLEAs-CCA were 
added to a microtube containing 60 µL of CPC solution with a 
concentration of 20 µgmL-1 in a working buffer (0.1 M phospha-
te buffer pH 8.5). The mixture was incubated in an incubator 
shaker at 37oC for 5 minutes. After the reaction was comple-
ted, 20 µL of the reactant was taken and mixed with 280 µL of 
stop solution (the solution consists of 0.5% p-DAB in absolute 
methanol: 0.05 M NaOH: 20% acetate acid glacial with ratio 
1:2:4). The solution was left for 10 minutes at room tempera-
ture to develop color, and then the absorbance was measured 
at 415 nm.

Screening of factors
In the first step, factors affecting CLEAs-CCA immobili-

zation were screened using the FFD experimental design. The 
factor screening plays an important role when many potential 
factors influence the response while the resource availability 
is limited22. FFD screened out the influencing factors based on 
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their main effects and excluded their interaction23. By prelimi-
nary literature review, six independent factors and their levels 
were selected, and the screening experiment design is presen-
ted in Table 1. The FFD experiments consist of 22 runs (16 runs 
of two-level fractional factorial (2n-2) and 6 center point runs). 
The experimental design and the results are shown in Table 2.

Steepest ascent method
The level of significant factors obtained from the FFD ex-

periment was initially optimized using the steepest ascent me-
thod to determine the center point of each factor. Sequential 
experiments were carried out by applying various influencing 
factors along the direction of the maximum increase in the 

response as a rapid and efficient method for approaching the 
optimum neighborhood24. Two points flanking the maximum 
response point of each factor are selected for the next opti-
mization step.

Optimization immobilization conditions
The CCD with RSM was employed to optimize the two 

independent significant factors (glutaraldehyde concentration 
and crosslinking time). The other factors which have an insigni-
ficant effect were kept constant at the minimum level. The CCD 
and the result of the experiments are presented in Table 3.

The effect of significant factors was modeled with a se-
cond-order polynomial equation as given by equation (2). 

Optimization of cephalosporin C acylase immobilization using crosslinked enzyme aggregates technique

Table 1. Independent factors and their levels were used in the FFD experiment.

Table 2. Experimental FFD for factor screening and the result of CLEAs-CCA activity.
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Where Y represents the response predicted value, b0 is a 
constant, bi is the linear coefficient, bij is the interaction coeffi-
cient, bii and bjj is the quadratic coefficient, and xixi, xjxj are the 
coded level of the factors. Validation of optimum conditions 
obtained by the model was carried out by experiment with 
three replications. The relative error between predicted and 
experimental values was calculated by equation (3):

Statistical analysis
The effect of significant factors on CLEAs-CCA activity 

was analyzed using ANOVA and measured its relative signifi-
cance based on an F-test with a confidence level of 95% (p-va-
lue < 0.050 is significant). The statistical analysis was carried 
out using Design-Expert version 12.0.11.0 software.

The immobilization yield and activity yield of CLEAs-CCA 
was determined according to equations (4) and (5)25:

Characterization of CLEAs-CCA

pH stability
The pH stability assay was conducted by incubating 

CLEAs-CCA and free CCA at 4oC for 30 minutes in phosphate 
buffer solution (pH 7.5 and 6.5) and acetate buffer solution (pH 
5.5 and 4.5). The pH of buffer solutions was adjusted to the 
desired value by adding HCl 1 N or NaOH 1 N. After the incuba-
tion, the sample was washed three times with a working buffer 
and measured the activity. The residual activity was expressed 
as a percentage of its maximum activity (equation 6).

Thermal stability
The thermal stability was evaluated by incubating CLEAs-

CCA and free CCA at a temperature range of 35 - 65°C for 30 
minutes. After incubation, the samples were cooled at 4oC, and 
the residual activities were determined.

Results

Screening of the influencing factors
The result of the screening experiment using FFD is shown 

in Table 2. The ANOVA of the first-order model and regression 
analysis of the variables (Table 4) revealed that the model 

and the two factors (i.e., glutaraldehyde concentration and 
crosslinking time) have a significant effect (p-value < 0.050) 
on CLEAs-CCA activity. Other factors, namely, chitosan con-
centration, co-aggregation time, suspension pH, and crosslin-
king temperature, did not significantly affect the experimental 
range applied. 

The linear model based on the significant factors was gi-
ven in equation (7): 

The model showed that glutaraldehyde concentration (x3) 
and crosslinking time (x5) have a negative value, which means 
both factors affect CLEAs-CCA activity inversely. Lower glu-
taraldehyde concentration and shorter crosslinking time 
would increase CLEAs-CCA activity. In addition, the FFD result 
showed a considerable variation in CLEAs activity, indicating 
that optimization of the significant factors would result in hi-
gher CLEAs-CCA activity.

Level determination of the significant factors for 
optimization

The two significant factors obtained from the FFD were 
applied simultaneously in the steepest ascent to determine 
their level used in optimization. Because the screening expe-
riment still uses a wide range of factor levels, the significant 
factor level is still far from its optimum point. When predic-
ted using response surface methodology, they need to be re-
defined to obtain an accurate optimum point. The movement 
direction of the factors towards the area where the response 
increases rapidly can be assisted using the steepest ascent ex-
periment. The experiment results showed that the maximum 
value of CLEAs-CCA activity was approximated to be in the 
range of the glutaraldehyde concentration 0.04-0.32% (v/v) 
and the crosslinking time 118-120 minutes (Fig.1). The insigni-
ficant factors, namely chitosan concentration, co-aggregation 
time, pH suspension, and crosslinking temperature, were kept 
constant at a minimum level (i.e., 1 mgmL-1, 30 minutes, 7, and 
20oC, respectively) during optimization.

Optimization of the immobilization conditions
The result of the CCD experiments is shown in Table 3. 

The ANOVA of the quadratic model (Table 5) demonstrated 
that the model was highly significant with a good coefficient 
determination, R2 (0.986). It showed that the model fit with ex-
perimental data. The p-value of lack of fit, the variation of the 
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model due to the model inadequacy, is 0.055, which implies 
that the lack of fit is insignificant. The value of ‘Adequate Preci-
sion’ 27.097 indicates an adequate signal. A value of ‘Adequate 
Precision’> 4 is desirable. 

A quadratic model equation fitted to the experimental 
data, given as coded factors, was shown in equation (8): 

The 3D surface plot of the quadratic model helps to inves-
tigate the desired response value and find the optimal opera-
ting conditions (Fig. 2). The peak of the curve is the maximum 
response obtained from the effect of significant factors and 
their interactions under optimal conditions. According to the 
quadratic model, the optimum condition for CLEAs-CCA im-
mobilization was x3 = 0.18 and x5 = -0.09, or in actual value, 
glutaraldehyde concentration was 0.20 % (v/v) and crosslin-
king time was 119 minutes, with optimum predicted CLEA ac-
tivity was 86.02 Ug-1.

Validation of the model
A three-replicate experiment validated the prediction of 

CLEAs-CCA activity obtained under optimum conditions. As 
shown in Table 6, the experimental data were in good agree-
ment with the predicted value in CLEAs-CCA activity. The re-
lative error between predicted and experimental values fell 

Table 3. CCD and experimental optimization result of CCA immobilization.

Table 4. ANOVA of the FFD screening experiments.

at 0.13%. It means that the results are within the confidence 
interval of 95%, confirming that the model is valid.

Stability of CLEAs-CCA
The thermal stability tests showed that free CCA had 

a slight decrease of activity (2.82%) after incubation at 45oC 

compared to 35oC. However, at 55oC, its activity decreased 
sharply and only retained 4.57% activity. CLEAs-CCA showed 
better thermal stability and even showed an increase after in-
cubation at 45oC. However, the CLEAs-CCA activity decreased 
after incubation at 55oC and retained only 25.87% activity. The 
experimental results are depicted in Figure 3a.

The pH stability tests also showed that CLEAs-CCA had 
better stability than free CCA. After incubation at pH 4.5 for 30 
minutes, the CLEAs-CCA activity retained was 62.87%, while 
free CCA was 45.87 %. The experimental results are presented 
in Figure 3b.

Discussion
A simple immobilization technique and high enzyme sta-

bility are critical for enzymes in their production process. Im-

Optimization of cephalosporin C acylase immobilization using crosslinked enzyme aggregates technique



6

mobilizing enzymes using the CLEAs technique is a potential 
method to fulfill those demands. This technique involves only 
a simple preparation and does not require high purity of enzy-
mes. In comparison, immobilization of CCA on the epoxy matrix 
was preceded by enzyme purification using immobilized metal 
affinity chromatography to obtain high purity enzyme4,26. On 
the other hand, immobilization by the CLEAs technique does 
not require pure enzyme. The effect of enzyme purity on the 
CLEAs-penicillin G acylase (CLEAs-PGA) was studied by Ra-
jendhran and Gunasekaran27. The CLEAs-PGA generated from 
partially purified enzymes (enzyme purity 10 times higher than 
the initial crude enzymes) had 1.5 times higher activity than 
purified by the Ni-NTA chromatography technique (purity 31 
times higher than the initial crude enzyme)27. Therefore, com-

plex, high-cost, and time-consuming enzyme purification steps 
are unnecessary for CLEAs preparation.

In general, CLEAs formation involves two critical steps, 
i.e., enzyme precipitation to induce the physical enzyme ag-
gregates formation and aggregates crosslinking to form per-
manently insoluble enzymes through covalent coupling of the 
aggregates while preserving their globular structure7,28. The 
physical enzyme aggregates formation could be carried out by 
adding salts, organic solvents, or non-ionic polymers to enzy-
me solutions, as commonly used in protein purification. Par-
tial purification of CCA using the salting-out method with the 
addition of AS was used in this study due to it being a simple 
method and relatively small effect on enzyme activity8. The 
active fraction of 20-60% saturation was used for CCA immo-

Table 5. ANOVA for response surface quadratic model.

Figure 1. The steepest ascent experiment to determine the new level of significant factors is used in optimization.
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bilization. The partially CCA purification aimed to remove the 
contaminant protein in the lysate, such as esterase and β-lac-
tamase, which are co-expressed when E. coli was used as an 
enzyme expression system29. Both enzymes could hydrolyze 
CPC resulted in decreasing in yield of 7-ACA3.

The number of lysine residues on the enzyme surface 

influences the effectiveness of crosslinking between cross-
linkers and enzyme molecules. The amount of lysine residues 
also affects protein functionalization and enzyme immobili-
zation30,31. Lysine is the amino acid with an NH2 (amino) side 
chain, the most reactive residue on the enzyme surface. Luo 
et al.32 reported that CCA contains only low (nine) superficial 

Figure 2. The 3D surface plot of the quadratic model.

Table 6. Experimental data at optimum conditions for model validation.

Figure 3. (a) Thermal stability test results; (b) pH stability test results; ■: optimized CLEAs-CCA; □: free CCA. Data are pre-
sented as mean values ± S.E.

Optimization of cephalosporin C acylase immobilization using crosslinked enzyme aggregates technique
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lysine residues. Therefore, a co-aggregate compound rich in 
free amino groups, such as Chitosan, must be added before 
crosslinking. Chitosan as a co-aggregate can increase the 
effectiveness of crosslinking of CLEAs formation for various 
enzymes14,15. In this study, the Chitosan with high DD (>75%) 
was mixed with the enzyme to provide an adequate number 
of free amino groups for crosslinking. DD is the ratio of N-ami-
no-D-glucosamine to N-acetyl-D-glucosamine.

Glutaraldehyde is a widely applied bi-functional reagent 
for many CLEAs preparations since it is an efficient crosslinker 
with low cost and high availability33. In this study, glutaralde-
hyde crosslinking was carried out at pH > 6.5. Under these 
conditions, the deprotonated amino group of Chitosan beco-
mes more reactive as a nucleophilic agent6. Glutaraldehyde 
acts as an amino fixing arm to form an imine bond between 
the primary amino group of Chitosan and the enzyme, crea-
ting networks among them14. The reaction of primary amino 
groups of superficial lysine residues from neighboring enzyme 
molecules to glutaraldehyde can form inter-and intra-molecu-
lar aldol condensates, thereby increasing the stability of bio-
catalyst activity9,34,35. However, the CLEAs formation using ex-
cessive glutaraldehyde would lead to enzyme inactivation due 
to its high reactivity and small size, allowing it to penetrate 
the enzyme’s active site and access all essential amino acids 
involved in catalytic activity36, leading the changes in intrinsic 
enzyme properties6,37,38. In addition, more severe inactivation 
may occur for enzymes that have reactive amino acid residue 
in the vicinity of their active site36. CCA has an essential N-ter-
minal serine in its active site, which is susceptible to reacting 
with glutaraldehyde38. He et al.38 reported that crosslinking 
CCA with glutaraldehyde causes activity loss by 18% due to 
its excessive crosslinking. Therefore, adding Chitosan is ne-
cessary for crosslinking when glutaraldehyde is used. It could 
form reticulated covalent bonds between enzyme-enzyme, en-
zyme-polymer, and polymer-polymer, thereby increasing the 
number of crosslinks and reducing enzyme inactivation as well 
as increasing aggregate size. In this study, the particle size of 
CLEAs-CCA without chitosan addition was tiny and increased 
along with chitosan addition. The particle size of CLEAs is es-
sential to facilitate mass transfer rate, product separation as 
well as its reusability after enzymatic processing12.

Chitosan could also act as a coating agent for enzy-
mes15,17. As a poly-ionic biopolymer, Chitosan can interact with 
enzymes, preventing enzyme dissociation. Nevertheless, under 
certain conditions, such as low pH or high temperature, the 
biopolymer can be desorbed and lose its function as a protec-
tive layer. As a crosslinker agent, glutaraldehyde stabilizes 
CLEAs structure by crosslinking the biopolymer to the enzy-
me surface and among the biopolymers, avoiding the enzyme 
being re-dissolved during the buffer rinsing and their applica-
tion14,33,34.

This study used CCD for response surface optimization 
with two process variables (glutaraldehyde concentration and 
crosslinking time). It revealed that the optimized conditions 
were achieved at glutaraldehyde concentration 0.20% (v/v) 
and crosslinking time 119 minutes. The other factors were 
set at a minimum value: chitosan concentration 1 mgmL-1, 
co-aggregation time 30 minutes, pH suspension 7, and cross-
linking temperature 20oC. The maximum CLEAs-CCA activity 
achieved was 85.91 Ug-1 (Table 6). Theoretically, at low gluta-
raldehyde concentration, one glutaraldehyde molecule reacts 
with a few amino groups of enzymes33. Excessive interaction 
between residual amino acids on protein surface with gluta-
raldehyde must be avoided to maintain the catalytic activity of 
the immobilized enzyme. In addition, relatively low crosslinking 

temperatures were used in this study to avoid CCA degrada-
tion. Within the temperature range used, maximum CLEAs ac-
tivity was achieved in 2 hours.

The maximum activity of CLEAs-CCA obtained from this 
experiment was comparable and even exhibited slightly higher 
than that of immobilized CCA with matrix-binding obtained by 
Zhu et al.4 and Wei et al.26, i.e., 81 Ug-1 and 60 Ug-1, respectively. 
However, the immobilization yield of CLEAs-CCA was 60.31%, 
and the activity yield was only 13.89%. Enzyme activity can 
be partially lost upon the precipitation and glutaraldehyde 
crosslinking step caused by the changes in intrinsic enzyme 
properties6,37,38. Besides, the issues of diffusion and transport 
would arise since the pore sizes of the CLEAs may be small39. 
However, the immobilization processes could promote enzyme 
resistance to pH or temperature changes and its repetitive use, 
making it more efficient than a free enzyme7,28.

The poly-ionic biopolymer chitosan is essential to form 
larger particles and contributes to a stronger bond between 
the enzyme aggregates to obtain stable CLEAs12,33,34. However, 
it becomes a part of the CLEAs non-catalytic structure, resul-
ting in diluting the enzyme activity9,34. Immobilized enzyme re-
sulting from the origin CLEAs (without co-aggregate addition) 
was claimed as almost 100% undiluted, containing only enzy-
me and a tiny fraction of crosslinker7. Therefore, the dilution of 
CLEAs-CCA could be defined as the ratio of the bound enzyme 
and the quantity of Chitosan used. The addition of Chitosan 
as co-aggregate contributed to the enzyme dilution of 44.85%. 
However, this dilution effect is much lower than that of the 
matrix-bound immobilized enzyme, which causes the enzyme 
dilution up to 99%7,28.

The thermal stability of the immobilized enzyme influen-
ces its industrial application40. The rigid structure of CLEAs 
obtained by crosslinking is the reason for their increased sta-
bility7,8,14,18. In addition, the thermal stability of the CLEAs can 
be generated by the effect of enzyme coating by Chitosan17. In 
this study, chitosan solution was prepared at pH 5.5 (pKa of 
Chitosan is around 6.5); therefore, Chitosan has a low negati-
ve charge. Electrostatic interaction and/or hydrogen bonding 
between the N-acetyl-D-glucosamine hydroxyl group of Chito-
san and positively charged amino acid residues on the enzyme 
surface may occur, thereby increasing the thermal stability of 
CLEAs15. In addition, during the conversion CPC to 7-ACA, the 
pH of the solution tends to decrease due to the by-products 
accumulation, resulting in a decrease in the hydrolysis rate and 
enzyme stability41. The CLEAs-CCA showed good stability at 
low pH up to 4.5; therefore, product inhibition related to low 
pH could be minimized.

Conclusions
The maximum CLEAs-CCA activity of 85.91 26 Ug-1 was 

obtained with the optimized immobilization conditions: gluta-
raldehyde concentration 0.2% (v/v) and crosslinking time 119 
minutes. Chitosan as co-aggregate increases the number of 
crosslinks, which is indicated by the formation of larger par-
ticles size and increasing CLEAs-CCA stability. CLEAs-CCA 
immobilization also succeeded in reducing enzyme dilution up 
to 55.15%.
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Assessment of genetic fidelity of lacy tree philodendron (Philodendron 
bipinnatifidum Schott ex Endl.) micro propagated plants

Mona S. Alwahibi1, Asma Alhussein Alawaadh1, Yaser Hassan Dewir2*, Dina A. Soliman1, and Mayada Kadry Seliem3

Abstract: Tissue culture is a potent means for producing clonally propagated plants. However, genetically identical regenerants 
are of great concern due to their economic consequences. Therefore, polymerase chain reaction (PCR)-based molecular markers 
are employed to detect somaclonal variations. In this study, the genetic fidelity of in vitro raised Philodendron bipinnatifidum 
clones, and their mother plant was tested using 11 randomly amplified polymorphic DNA (RAPD) markers. The RAPD decamers 
produced 92 amplicons with 8.4 bands ranging from 260-5000 bp. The bands varied from one to fifteen for primer 8 and primer 
7, respectively. The genetic similarity between the micro propagated plantlets and mother plant of P. bipinnatifidum was nearly 
100%, assuring uniformity and true-to-type regenerated plantlets for this commercially crucial ornamental plant.

Key words: Araceae, genetic fidelity, micropropagation, polymorphism, RAPD analysis.
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Introduction
Rapid clonal propagation is one of the most extensively 

used approaches of biotechnology. In vitro plants undergo 
several subculture cycles before their rooting, and acclimati-
zation and cytogenetic variations may occur in this long pro-
cess1. Somaclonal variations can be a valuable source for new 
genetic material2 and might be advantageous for crop impro-
vement3. However, its occurrence in micro propagated plants 
results in undesirable plant off-types, limiting its applications 
in the tissue culture industry. Therefore, the most critical con-
cern has been the maintenance of genetic uniformity and the 
production of true-to-type plants. The influence of in vitro cul-
ture conditions i.e., culture media, type of explant, and subcul-
ture cycles, may lead to genomic variation in the regenerated 
plantlets. Therefore, assessment of genetic stability is a pre-
requisite while performing micropropagation4.

Several methods were available to assess regenerated 
plants' genetic fidelity, such as morphological characteristics, 
cytological and flow cytometry analysis5. DNA based molecu-
lar markers emerged as the most suitable genetic tools to de-
termine the genetic variation among regenerated plants6. Mo-
lecular markers such as randomly amplified polymorphic DNA 
(RAPD)7, amplified fragment length polymorphism (AFLP)8, 
simple sequence repeat (SSR)9 and inter simple sequence re-
peats (ISSR)10,11 are used for determining the genetic fidelity of 
micro propagated plants. Cost-effectiveness is a major chec-
kpoint in micropropagation. Because of the simplicity and cost 
effectiveness of RAPD technique, it is used for genetic stability 
analysis, amplifying the different regions of the genome12 in se-
veral plant species4,6,13,14.

Lacy tree philodendron (Philodendron bipinnatifidum 

Schott Ex Endl.), formerly known as P. selloum K. Koch, is a 
self-heading ornamental plant species that can reach heights 
of 4–5 m and possesses deeply cut, green to dark green leaves 
that can grow up to 1 m in length. Conventional propagation 
does not encourage the multiplication of the species15. There-
fore, in vitro propagation methods can be utilized to facilitate 
the continuous generation of high-quantity and high-quality 
plant materials compared with traditional vegetative propa-
gation. Our previous report established an efficient micropro-
pagation protocol for lacy tree philodendron through axillary 
shoot regeneration with a 100% rooting and acclimatization15. 
Therefore, the objective of this study was to assess the genetic 
fidelity of the regenerants to assure the production of geneti-
cally identical plantlets.

Materials and methods 

Plant material
The mother plant of P. bipinnatifidum (Figure 1 A) and 

ten micro propagated plantlets through axillary shoot pro-
liferation15 were randomly selected and used as plant mate-
rial in this study. The axillary shoots were multiplied on MS 
medium16 that contained 6-benzylaminopurine (1 mg·L-1) and 
indole-3-butyric acid (0.5 mg·L-1) for 6 wks (Figure 1 B). These 
in vitro shoots were kept in our laboratory for nine subculture 
cycles, in vitro plantlets rooted on MS medium that contained 
naphthalene acetic acid (1 mg·L-1) for 6 wks (Figure 1 C) and 
acclimatized in a 1:1 (v:v) mixture of peat moss and perlite for 
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30 d (Figure 1 D) as described by Alawaadh et al.15. Young fresh 
leaves of the mother plant and clonal regenerants were tho-
roughly cleaned, washed with sterile distilled water, and kept 
in liquid nitrogen until molecular analysis.

Genomic DNA isolation
Genomic DNA was isolated from fresh leaves of both 

mother plants and micro propagated plants by using the ce-
tyltrimethylammonium bromide (CTAB) method17. Approxima-
tely 100-150 mg of leaves were ground using 600 μL of pre-
heated (65°C) extraction buffer (2% CTAB, 20 mM EDTA, 100 
mM Tris-HCl, 1.4 M NaCl, 2% polyvinylpyrrolidone (PVP), 0.2% 
mercaptoethanol), transferred to a centrifuge tube (2 mL) and 
incubated for 30 min in a 65°C water bath, the samples were 
inverted every 5 min. 600 μL of chloroform-isoamyl alcohol 
(24: 1) was added and mixed by inverting the tubes carefully 
10 times, and the cells were centrifuged at 12000 rpm for 10 
min at room temperature. The supernatant was collected and 
carefully mixed with a two-thirds volume of ice-cold Isopropa-
nol, and the DNA samples were collected by centrifuging for 
10 min. RNaseA (10 μg/ml) was added to the 50 μl of TE buffer 
(10 mM Tris and 0.1 mM EDTA) before dissolving the DNA to 
remove any RNA in the preparation, and the mixture was incu-
bated at 37 °C for 30 min. 100 μL and 750 μL of 3 M sodium 
acetate and absolute ice-cold ethanol were added. The DNA 
was collected by high-speed centrifugation for 10 min, and 
then carefully washed with ice-cold absolute and 70% ethanol 
and centrifuged at 12000 rpm for 10 min. Finally, the samples 
were dried at room temperature and dissolved in 50-100 μL of 
TE buffer. The quality and concentration of DNA were determi-
ned by EMPLEN photometer P330.

PCR conditions
11 decamer RAPD primers (Macrogen Korea) were used 

for DNA amplification. PCR reaction was carried out in a volu-
me of 20 μL. PCR was performed as follows: 94°C for 5 min; 
followed by 35 cycles of 94°C for 1 min, specific annealing 
temperature (Ta) according to the primer sequence for 30 sec 
and 72°C for 3 min and the final extension step at 72°C for 10 
min. Amplification was carried out in MJ Mini Bio RAD, ther-
mal cycler in 25 μl reaction volume containing the following 
reagents: 1.0 μL of dNTPs (10 mM), 1.0 μL of MgCl2 (25 mM), 5 
μL of 10x buffer, 1.0 μL of primer (10 pmol), 1.0 μL of DNA (25 
ng μL-1), 0.3 μL of taq polymerase (5 u μL-1) and 15.7 dd.H2O.

Gel electrophoresis and genetic analysis
The RAPD products were electrophoresed in 1.5 % agaro-

se gel containing Red safe dye in TAE buffer (40 mM Tris-ace-
tate, 20 mM glacial acetic acid, 1 mM EDTA, pH 7) at 75 V. 
The gels were documented using a gel documentation system 
(UVITEC, UK) and according to an analysis by Phoretix program 
1D gel analysis software version 4.01). Two repeats were per-
formed to confirm the results. The bands obtained by scoring 
the RAPD profiles were treated as binary characters and co-
ded accordingly (presence = 1, absence = 0).  The genotypes 
showing similarity in their RAPD characteristics were grouped 
using UPGMA (Unweighted Paired Group with Arithmetic Ave-
rage) The SPSS-10 package was used for statistical analysis.

Results
Assessment of genetic fidelity was performed on the P. bi-

pinnatifidum micro propagated plantlets using RAPD analysis 
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Figure 1. Micropropagation of Philodendron bipinnatifidum (A) Mother plant, (B) Shoot multiplication in gelled culture, fu-
ll-strength Murashige and Skoog medium that contained 6-benzylaminopurine (1 mg·L-1) and indole-3-butyric acid (0.5 mg·L-1), 
after 6 wks of culture, (C)  In vitro plantlets rooted on Murashige and Skoog medium that contained naphthalene acetic acid (1 
mg·L-1), after 6 wks of culture, (D) Acclimatized plantlet in a 1:1 (v:v) mixture of peat moss and perlite, after 30 d. (Unpublished 
photographs).
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Table 1. RAPD primers were used for testing the genetic fidelity of Philodendron micro propagated plants.

Assessment of genetic fidelity of lacy tree philodendron (Philodendron bipinnatifidum Schott ex Endl.) micro propagated plants

Figure 2. DNA Amplification pattern obtained with RAPD primers. Lane M- DNA ladder; Lane-P D.N.A. from mother plant; Lane 
1-10 DNA from micropropagated plants.
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with 11 RAPD primers (Table 1; Figure 2). The selected primers 
gave 92 scorable bands with an average of 5.8 bands ranging 
from 260-5000 bp. The bands varied from 1 to 15 for primer 8 
and primer 7, respectively. 

RAPD amplification pattern obtained with all primers ex-
cept for primers 6 and 11 revealed that all bands produced 
by micro propagated plants were monomorphic and similar to 
that of the mother plant. Primer 6 amplified 10 monomorphic 
bands and one unique polymorphic band (750 bp) produced by 
in vitro propagated clone 9. Primer 11 produced 14 scorable 
bands, out of which 12 were monomorphic while two were 
polymorphic. A unique band with a molecular size of 2400 
bp was produced only in propagated clone 2, whereas micro 
propagated clones 3,4,5,6,7,8 produced a band with a mole-
cular size of 1000 bp. Of the 11 primers analyzed, nine primers 
showed 0% polymorphism, while primers 6 and 11 showed 9.1% 
and 14.3% polymorphism, respectively. The genetic similarity 
between the micro propagated plantlets and the mother plants 
ranged from 0.98 to 1.00, with an average of 0.99 (Table 2).

Discussion
High genetic fidelity and true-to-type clones are critical for 

commercial micropropagation to maintain the essential cha-
racteristics of the mother plant1. Phenotypic variations such as 
abnormal leaf shape and dwarf growth indicate off-type clo-
nes. However, the absence of these morphological abnorma-
lities does not guarantee true-to-type regenerated plantlets; 
therefore, molecular markers should be utilized to assure their 
clonal fidelity. It has been reported that although in vitro rege-
nerated Philodendron micans plantlets phenotypically resem-
bled mother plants, they showed a high frequency of ploidy 
change suggests the occurrence of somaclonal variation18. The 
author indicated that analysis of 20 randomly selected Philo-
dendron micans plantlets using DNA flow cytometry showed 
that two were mixoploid. RAPD profiles of the randomly selec-
ted clones of Philodendron 'Xanadu' different ages compared 
to the mother plant were identical, thus assuring a genetic 
fidelity-maintained protocol for this commercially important 
plant19. RAPD molecular marker was used to assess genetic 
fidelity in other micro propagated plant species belonging to 
the Araceae family, such as Aglaonema' Valentine’7 where all 
tested plantlets were highly uniform or identical to the mother 
plant. Conversely, for Anthurium Andreanum Bicolour ‘Agniho-
tri’, RAPD analysis revealed variations in band pattern of the 
regenerated plantlets20.

Genetic variation is a common phenomenon observed in 

plants regenerated from tissue cultures3. Various factors such 
as genotype, explant type, culture periods and growth regula-
tors combinations and concentrations may disturb the inter-
nal polarity and physiology of the explants21,22 and could also 
influence the stability of tissue cultured plants22,23. Therefore, 
limiting the number of subculture cycles could maintain clonal 
characteristics. For example, DNA polymorphism (20%) was 
reported in protocorm like-bodies of Phalaenopsis gigantea af-
ter 20 wks of culture on a medium containing 4.5 μM thidiazu-
ron and 65.5 μM chitosan while reducing the culture period to 
16 wks resulted in no variations24. However, the amenability to 
in vitro induced mutagenic effect is species-dependent. Borsai 
et al.25 reported no polymorphism in micro propagated black-
berry plants (Rubus fruticosus) for 12 subcultures during 30 
months of in vitro multiplication.

Conclusions
The genetic fidelity of micropropagated P. bipinnatifidum 

clones was confirmed by using PCR-based RAPD analysis. 
Polymorphism detected among these clones was negligible. 
The micropropagation protocol can successfully be employed 
for commercial application without any risk of genetic insta-
bility.
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Major Genetic Determinants of Extended-Spectrum β-Lactamase (ESBL), 
Carbapenemase, Fosfomycin and Colistin Resistance in Escherichia Coli 
from Intensive Care Units

Ahmed Mhawesh1*, Marwa khudair2 and Omer N. Abbas3

Abstract: Escherichia coli (E. coli) strains placed in predominant nosocomial bacteria in intensive care units (ICUs), resulting 
in severe drug-resistant infections. Non-susceptibility to β-lactams and last-line drugs such as Fosfomycin and Colistin cause 
limited availability of infections eradication. The objective of this study included the determination of genes encoding extended-
spectrum β-lactamase (ESBL), Carbapenemase, Colistin, and Fosfomycin resistance in clinical isolates of E. coli in ICUs. A total of 
200 E. coli isolates were identified from ICU settings. The CTXM-1, SHV, IMP and OXA-48 genes were detected for β-lactamases 
using the polymerase chain reaction (PCR) technique. The fosA3 and mcr-1 and mcr-2 genes were also detected for resistance 
against Fosfomycin and Colistin. The CTX-M1, SHV, IMP and OXA-48 genes were detected in 60 (30%), 56 (28%), 28 (14%) and 4 
(8%) of isolates. none of the E. coli isolates had the mcr-2 and fosA3 genes. Despite the existence of resistance genes to the third-
generation antibiotics and Carbapenemase s, any isolates had genes for resistance to Fosfomycin and Colistin. More studies are 
needed to follow the resistance genes against last-resort antibiotics.

Key words: Escherichia coli, beta-lactamase, Fosfomycin, Colistin, ESBLs.
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Introduction
Escherichia coli (E. coli) organism is known as the cause of 

wound and urinary infections, pneumonia, meningitis, sepsis, 
etc., so it is unique along with other members of the normal 
intestinal flora1-5. This bacterium is facultatively anaerobic, oxi-
dase negative and catalase-positive. E. coli is one of the most 
common microorganisms in the normal intestinal flora of hu-
mans and warm-blooded animals6-9. It colonizes in the host 
intestine a few days after birth. Today, the increasing spread of 
antibiotic-resistant bacteria is one of the problems of human 
society. Bacteria can be resistant to different types of antibio-
tics through different mechanisms10-13. One of the most com-
mon antibiotic resistance mechanisms, especially in Gram-ne-
gative bacteria, is the production of beta-lactamase enzymes. 
They are enzymes that cause the beta-lactam antibiotic ring's 
cleavage, such as Penicillins and cephalosporins, to inactivate 
these drugs, thereby protecting the bacteria against the drug.

Extended-spectrum beta-lactamase (ESBL) enzymes are 
beta-lactamases that hydrolyze Penicillins, first-, second-, and 
third-generation cephalosporins, as well as aztreonam, but do 
not affect carbapenems (such as imipenem) and cephamycins 
(such as cefoxitin)7,10,11.

Despite the measures that have been taken in developing 
broad-spectrum antimicrobials, the emergence and spread of 
bacterial resistance is a concern1,3,6,10,11. Gram-negative spp is 
one of the significant barriers to properly treating infectious 
diseases. Among them, those that produce ESBLs restricted 

treatment of menacing infections. E. coli is a common species 
in the production of ESBL enzymes and is a major cause of 
nosocomial infections14,15. On the other hand, resistance to 
carbapenems is a severe issue that is caused by various enzy-
mes. Intensive care units are basic settings where the resistant 
strains spread. Major ESBL and Carbapenemase genes inclu-
de CTX-M, SHV, TEM, IMP, VIM and OXA-48, which are spread 
with various resistance levels1,3,10,11,14. The aim of our study in-
cluded detection of genes encoding ESBLs (SHV and CTX-M1), 
Carbapenemase s (OXA-48 and IMP1), Colistin and Fosfomycin 
among E. coli from ICU settings.

Materials and methods 

Bacterial isolates and patients
450 stool samples were initially collected and cultured 

onto the blood agar and MacConky media (MErk, Germany). 
Suspected colonies were subjected to the IMVIC test to iden-
tify them. These tests included indole production, motility in 
the SIM medium, vogues pro square and citrate consumption. 
200 E. coli was determined using biochemical tests from ICU 
settings. Patients included 84 males and 112 females with an 
age mean of 52.21 years. All the patients had more than 24h 
of hospitalization.
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Table 2. The primer sequences for the detection of Fosfomycin and Colistin resistance genes.

Phenotypic detection of ESBLs
The production of ESBLs enzymes was confirmed using 

the synergy and combine tests. The synergy test included a 
culture of isolate onto the Mueller Hinton agar and placing two 
disks co-amoxiclav and ceftazidime near each other. Additio-
nally, the combined disk included placement of ceftazidime 
disk and a blank disk that contained clavulanic acid. Any in-
crease in the inhibition zone exhibited the production of ESBLs.

DNA isolation
The total genomic DNA was extracted using the boiling 

method. After preparation of bacterial suspension from a 
single colony of isolates in DDH2O, each tube was boiled for 
10min and centrifuged at 10,000rpm for 5min. The superna-
tant was used as a DNA template. The quantification of the 
DNA load was evaluated using the 260/280 ratio and Nano-
drop device to be >1.8.

Detection of ESBLs and Carbapenemase genes
The ESBL and Carbapenemase genes, including CTX-M, 

SHV, IMP and OXA-48 were detected using PCR and using spe-
cific primers shown in table 1. The PCR conditions included 
94°C for 3min, and a 30 cycle of 94°C, annealing for 45s, 72°C 
for 1min and final extension of 72°C for 10min. The master mix 

(6µL), template DNA (1µL), each F and R primer (1µL) and DD-
H2O (5µL) were mixed in the reaction tube.

Detection of mcr-1, mcr-2 and fosA3 genes
The PCR assay was employed for the amplification of 

Fosfomycin (fosA3) and Colistin (mcr-1, mcr-2) resistant ge-
nes using specific primer sequences and annealing shown in 
table 2.19. 

The thermal cycle for detecting mcr-1 and mcr-2 genes 
was similar to that of previous, but the annealing temperature 
included 56°C and 58°C. The PCR products were run onto the 
1% gel agarose in 1X Tris Borate EDTA (TBE) and visualized 
using safe dye.

Data analysis
The prevalence of genes was analyzed by SPSS version 

20, and the un-paired T-test and ANOVA options were used for 
assessment of significance defining <0.05 cut-off value. 

Results

Patients and isolates
Of 200 patients, 84 males and 112 females with a mean 

Table 1. Specific primers for detection of CTX-M, SHV, IMP and OXA-48 genes.
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age of 52.21 years were included. The previous hospitalization 
was determined in 177 of them (p<0.001). All the patients had 
more than 24h of hospitalization. Moreover, 189 (p<0.0001) of 
them had previous beta-lactam administration. The age range 
of patients and rate of ESBLs production has been depicted in 
table3. 70 patients were infected with ESBL-producing E. coli. 

As shown in table3, the age range 51-60 years were sig-
nificantly more infected with ESBL-producing E. coli, but other 
age groups were not significantly associated with the ESBL 
production.

Discussion
Despite the fact that infectious diseases and their treat-

ment have always been considered throughout human history, 
their changes and mutations have caused failure in their era-
dication1,6,10,11. On the other hand, even this has caused new 
strains, and their prevalence has increased the range of these 
diseases in new forms. Microbial strains which produce enzy-
mes hydrolyzing broad-spectrum antimicrobials are a concern. 
Gram-negative species are one of the significant barriers to 
the definitive treatment of infectious diseases20-22. E. coli is a 
common species in the production of ESBL enzymes and is the 
main cause of nosocomial infections, especially urinary tract 
infections and sepsis, viscera, liver abscesses, cholangitis and 
cholecystitis and pancreatic abscesses. Therefore, due to the 
growing number of these strains in nosocomial infections and 
ICU centers, determining the pattern of E. coli resistance genes 
encoding ESBLs and Carbapenemase enzymes in clinical sam-
ples was one of the objectives of this study.

In this study, the rate of CTX-M SHV ESBLs included 30% 
(n=60) and 28% (n=56), respectively. The production of ESBL 
enzymes is encoded by several genetic factors that produce 
over 340 different types of beta-lactamase enzymes. These 
enzymes are classified into different classes based on their ge-
netic identification and similarity. There are different reports 
of the prevalence of these enzymes in the Enterobacteriaceae 
family in the world. Studies in other parts of the world have 
reported a different prevalence. It seems that the emergence 
and spread of ESBL-bearing bacteria are often due to the wi-
despread use of beta-lactam drugs so that today we see an in-
creasing number of these bacteria in various parts of hospitals 
such as ICUs. In a study by Tasli et al. in Turkey, the production 
of ESBL in E. coli strains was equal to 17% 23, and in the study 
of Villegas in Colombia, it was reported 3.4% 24.

On the other hand, the Zhou study in Shanghai showed 
that 47.4% of E. coli isolated from patients produced these en-
zymes19. In another study by Wu et al. in Taiwanese hospitals, 
ESBL-producing E. coli was 18.18% as one of the most abun-
dant ESBL-producing isolates 25. In Lebanon, the rate was 
28.1%. This rate is much lower in Japan, less than 0.1% in E. 
coli and 0.3% in Klebsiella spp. Elsewhere in Asia, it has been 
reported from 4.8% to 28%25,26. Comparison of these results 
shows that the rate of ESBL in isolated strains from different 
countries and in one country from one hospital to another va-

Major Genetic Determinants of Extended-Spectrum β-Lactamase (ESBL), Carbapenemase, Fosfomycin and Colistin Resistance in Escherichia Coli from Intensive 
Care Units

Table 3. The age range of patients and ESBL production.

Figure 1. PCR gel electrophoresis of CTX-M1 with 500 bp size. Figure 2. PCR gel electrophoresis of SHV with 1016 bp size.

DESBL and Carbapenemase genes
The CTX-M1, SHV, IMP and OXA-48 genes were detected 

in 60 (30%), 56 (28%), 28 (14%) and 4 (8%) of isolates (figures 
1-4). 

Notably, three isolates had all the CTX-M1, SHV, IMP, and 
OXA-48 genes. The patients had ages>60 years and had pre-
vious hospitalization and antibiotic consumption.

The association of ESBL genes with previous hospitaliza-
tion and antibiotic prescription has been depicted in table 4. As 
shown, there was a significant relationship between the pre-
vious hospitalization and antibiotic prescription and the rate of 
ESBL production (p<0.0001).

PCR detection of mcr-1, mcr-2 and fosA3 genes
None of the E. coli isolates had the mcr-1, mcr-2 and 

fosA3 genes.
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ries depending on the infection control system and patient's 
treatment method in each hospital. Various risk factors are 
involved in increasing the number of ESBL-producing bacteria, 
such as long-term hospital stay, overuse of antibiotics (inclu-
ding third-generation cephalosporins), use of vascular and uri-
nary catheters, and prolonged ICU storage history of surgery 
and irrational and inadequate use of antimicrobial treatments. 
This study also observed that prior hospitalization and antibio-
tic usage are significant risk factors.

We also observed that the IMP and OXA-48 genes were 
detected in 28 (14%) and 4 (8%) isolates, respectively. Fortu-
nately, none of the isolates had genes encoding Fosfomycin 
(fosA3) and Colistin (mcr-1 and mcr-2) resistance.

Conclusions
In this study, a high rate of E. coli isolates from ICU were 

ESBL-producing by amplifying CTX-M and SHV genes. Fortu-
nately, none of the isolates had genes encoding Fosfomycin 
(fosA3) and Colistin (mcr-1 and mcr-2) resistance. More stu-
dies are needed to follow the resistance genes against last-re-
sort antibiotics.
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Identification of novel-vector control target proteins of Aedes sp.: A Systems 
Network Biology Approach

Tammanna R. Sahrawat, Devika Talwar and Ritika Patial

Abstract: Aedes is an important vector for various viruses that cause dengue, chikungunya and zika, which affect human health 
globally. Due to regular outbreaks of these diseases worldwide, there is a need to identify essential vector proteins that are critical 
for the survival of the vector, which may be targeted to control the spread of vector-borne disease (VBD). In silico computational 
methods involving comparative proteomics, analysis of orthologous proteins common amongst members of Aedes genus and 
protein-protein interaction (PPI) pathway were used to identify essential proteins that could act as novel therapeutic candidates. 
Twenty-three conserved proteins between A. aegypti and A. albopictus were identified from a BLASTP search with an e-value 
threshold of 0.005, and their PPI networks were constructed in the STRING database. The merged network was analyzed using 
various Cytoscape plugins viz. ClusterONE, Cytohubba and MCODE. Thirty-one hub proteins were identified from the system's 
network biology analysis, and detailed data and literature mining were carried out. Twelve novel vector-control target proteins 
of A. aegypti, having no human homologs, were determined in the present study that can effectively act as potential therapeutic 
candidates for drug design and vaccine development.

Key words: Vector-borne disease (VBD), Therapeutic candidates, Network Systems Biology, Protein-protein interactions (PPI), 
Computational biology.
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Introduction
Vector-borne diseases (VBD) are significant contributors 

to the global disease burden and account for more than 17% of 
all infectious diseases, causing more than 700000 deaths an-
nually1. An important taxon of arthropods that affects human 
health globally by acting as a vector of arthropod-borne viruses 
are mosquitoes belonging to the Aedes genus. It's been over 
five decades that Aedes-borne diseases, such as dengue, Zika, 
chikungunya, and yellow fever, have emerged and re-emerged 
globally2,3. The global population at risk is expanding in con-
cert with changes in the distribution of two key vectors: Ae-
des aegypti and Aedes albopictus. Their desiccation-resistant 
eggs facilitate the invasion of Aedes into new areas, and the 
distribution of these species is largely driven by both human 
movement and the presence of a suitable climate4.  

Dengue virus has been reported to cause about 390 mi-
llion human infections per year; the chikungunya virus spread 
worldwide in the early 2000s, with recent reports of the 
spread of Zika virus, while yellow fever has resurged in Africa 
and America. In most cases, vector control is the only means 
to cope with various foreign diseases.

The feeding preference of Aedes is only mammalian spe-
cies, including birds, mammals and humans, which increases 
during the multiplication phase of their life cycle. The trans-
mission of viruses from the mosquitoes to the organisms sha-
ring the same niche is due to the bite of the infected vector, 
which releases the virus into the body of the recipient orga-
nism. Aedes aegypti was earlier found in forested territories, 
utilizing tree openings as natural surroundings as their habi-

tat5. Now, they have transformed and evolved along with the 
increasing urbanization and have found their habitat in leftover 
jars, tires, broken water-filled buckets and even in the tanks or 
ponds having stagnant water. They usually prefer areas where 
they can easily find their host and feed on them eventually6.

Another member of the Aedes genus is now listed as one 
of the top 100 invasive species by the Invasive Species Specia-
list Group7 on account of being a suitable vector for causing 
human diseases chikungunya virus, dengue virus, and dirofila-
riasis is A. albopictus. Experimental evidence has shown that 
its preferred host is humans, but being an opportunistic feeder, 
it can depend upon other hosts such as domestic and wild ani-
mals, birds, reptiles, and amphibians for its food cycle8,9.

Vector-borne diseases (VBD) are a worldwide concern and 
a significant cause of human morbidity and mortality, causing 
immeasurable suffering and impeding economic development. 
To protect humans from these destructive diseases, contro-
lling insect vectors is often the most suitable and sometimes 
the only option available. Many control strategies have been 
designed and followed since centuries ago, but despite such 
efforts and programs, mosquito-borne diseases are prospering 
throughout the world10.

The amalgamation of "omics" data with computational 
biology tools in network systems biology offers the advantage 
of speedy identification of critical vector proteins necessary for 
the survival of the vectors, which may play an essential role in 
controlling vector populations. In silico methods such as com-
parative and subtractive genomics can be effectively be used 
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to identify proteins/genes of vectors that are non-homologous 
to their human hosts. These proteins/genes may then be tar-
geted using drugs and vaccines by inhibiting critical vector 
pathways and preventing host-seeking and feeding behaviors.  

The present study was undertaken to identify critical vec-
tor-control target proteins for the Aedes genus using a network 
systems biology approach. Such an approach offers the oppor-
tunity to ascertain potential targets for drug development and 
vaccine design that would facilitate the production of novel the-
rapeutics specific against the disease-carrying vectors.

Materials and methods 

Proteome data mining
The UniProt KB database (https://www.uniprot.org)11 was 

used to extract proteins present in vector Aedes aegypti and 
for functional annotation of the essential proteins along with 
eggNOG (http://eggnog5.embl.de)12.

BLAST
Basic alignment search tool13 was used to identify non-hu-

man homologs proteins of Aedes aegypti. This was followed by 
the identification of conserved essential proteins amongst two 
central disease-causing species of the Aedes genus, namely 
Aedes aegypti and Aedes albopictus.

Vector specific pathway analysis using KEGG
Complete form (KEGG)14 was used to ascertain the me-

tabolic pathways of non-homologous essential proteins that 
were identified in the previous step.

Sub-cellular location prediction
To predict the subcellular location of the essential pro-

teins, a consensus was drawn from the results obtained from 
UniProt11, Cello15, I-loc animal16, SherLoc217 and Wolf PSORT18.

Host-vector protein-protein interactions

STRING
(Search Tool for the Retrieval of Interacting Genes/Prote-

ins) (https://string-db.org/) (version 11.0) database was used to 
build protein-protein interaction networks of essential proteins 
of Aedes aegypti and their interacting partners. The networks 
obtained were analyzed using Cytoscape (version 3.8.0) and its 
various plugins such as ClusterONE, CytoHubba, MCODE19.

ClusterONE
(http://apps.cytoscape.org/apps/clusterone). ClusterONE 

(Clustering with Overlapping Neighborhood Expansion) was 
used to identify highly connected regions in the form of clus-
ters that were based on weighted graphs with associated con-
fidence values20.

CytoHubba
(http://apps.cytoscape.org/apps/cytohubba). CytoHubba 

with the scoring method of maximal clique centrality (MCC) 
was used to rank hub genes21.

MCODE
(http://apps.cytoscape.org/apps/mcode). MCODE (Mole-

cular Complex Detection) was used to find highly connected 
regions called clusters based solely on connectivity data22.

Results

Proteome data mining for identification of non-human 
homologs

UniProt KB was used to retrieve proteins present in Ae-
des aegypti. To increase reliability and reduce redundancy in 
data mining, only the reviewed 253 protein data entries were 
selected. All the 253 protein sequences of A. aegypti were 
subjected to a BLASTP search against the host proteome of 
Homo sapiens with an e-value threshold of 0.00523. A total of 
24 proteins of A. aegypti that showed "no significant similarity" 
to humans were shortlisted as non-human homologs (Table 
1). After that, these proteins were analyzed using computatio-
nal biology approaches to identify essential proteins of Aedes 
genus that may act as potential drug and vaccine targets.

Identification of essential proteins in Aedes aegypti
The presence of orthologous proteins between two or 

more species indicates their essentiality for the survival of the 
genus. Orthologous proteins are known to retain equivalent 
functions in different organisms24. Due to the absence of any 
information about the essential proteins/genes of A. aegypti 
in DEG (Database of Essential Genes), various bioinformatics 
tools were used to identify the orthologues. Twenty-four prote-
ins of  A. aegypti (Table 1) were subjected to a manual BLASTP 
search with e-value threshold of 0.005, to identify conserved 
proteins against proteome of another Aedes genus member 
i.e A. albopictus. Unique orthologues proteins were selected 
manually using a cut-off≥50% identity between A. aegypti and 
A. albopictus. Twenty-three proteins (except TKSIA_AEDAE) 
were identified as conserved essential proteins common be-
tween the Aedes species. These conserved proteins may be 
critical for the survival and pathogenicity of members of Aedes 
genus (Table 1).

Vector specific pathway analysis and sub-localization 
prediction

The 23 proteins identified as conserved essential proteins 
were then categorized as "pathway dependent" or "pathway 
independent" using UniProt KB GO and KEGG pathway databa-
se, and their subcellular location was determined by drawing 
consensus amongst results obtained from UniProt, Cello, I-loc 
animal, SherLoc2 and Wolf PSORT. Out of the 23 proteins, 20 
were found to be pathway independent, and 3 proteins, namely 
DEFA_AEDAE, DEFB_AEDAE and DEFC_AEDAE were found 
pathway dependent, involved in innate immunity25. All these 23 
proteins of A. aegypti that were absent in human hosts were 
further explored using a network systems biology approach to 
identify critical vector target proteins that can act as drug and 
vaccine targets to curb the spread of VBDs.

Host-vector protein-protein interactions

Construction of gene interaction network
The interaction network for the 23 essential proteins of 

Aedes aegypti was constructed using the STRING database. 
On analysis, it was observed that HPEP_AEDAE and BURS_
AEDAE were absent, while DEFA_AEDAE and DEFB_AEDAE 
were represented as the same protein in STRING results for 
Aedes sp. Therefore the resulting PPI network had 20 prote-
ins that showed no significant interactions amongst themsel-
ves since these proteins were involved in different pathways 
of survival and pathogenesis of the vector (Figure 1). Three 
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PPIs were observed, i.e., ALL2_AEDAE (D7) and ALL3_AEDAE 
(AAEL010235) that are salivary gland allergens and reported 
to be involved in blood-feeding of the human host26,27; CORZ_
AEDAE (crz) and NPF_AEDAE with SNPF_AEDAE, in which 
all are neuropeptides with CORZ being involved in heart con-
traction28; V15A1_AEDAE (15a-1), V15A2_AEDAE (15a-2) and 
V15A3_AEDAE (15a-3) are proteins involved in oogenesis and 
therefore may act as an essential control point in the repro-
duction of Aedes mosquito29,30. 

To better understand the interactions of the essential pro-
teins with other proteins of A. aegypti, interaction networks of 
each of the 20 proteins were built individually in STRING and 
were imported and merged into a single network using Cytos-
cape software. The resulting merged network contained 96 
edges (representing genes/proteins) and 243 nodes (represen-
ting interactions between genes/proteins) (Figure 2). This ne-
twork was further analyzed using various plugins of Cytoscape 
to identify essential proteins of A. aegypti. 

On analysis of the merged network with Cytoscape plu-
gin ClusterONE, color-coded nodes were obtained in which red 
and grey nodes represent highly significant genes and outliers, 
respectively (Figure 3). Eleven clusters were obtained that 
had a significant P-value (<0.05) (Table 2), but only three top-
ranked clusters having the most significant number of nodes 
and edges were further studied. 

Another Cytoscape plugin MCODE was used to find clus-
ters or highly connected regions in the protein-protein interac-
tion network in which node colors represent the node score 
and range from black to red (lowest to highest, respectively), 
while white indicates a score of zero (Figure 4). Eleven clusters 
were also obtained from MCODE, out of which the first three 
clusters were considered as significant based on the higher 
number of nodes and edges (Table 3). 

To further validate the results of genes identified as es-
sential using Cytoscape plugins- ClusterONE and MCODE 
another plugin CytoHubba was used to analyse the merged 

Table 1. Essential proteins common in both Aedes aegypti and Aedes albopictus.

Identification of novel-vector control target proteins of Aedes sp.: A Systems Network Biology Approach

Figure 1. Intra-species interactions 
amongst Aedes proteins constructed in 
the STRING database.
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Figure 2. Merged PPI network having 96 nodes, 243 edges in Cytoscape.

Figure 3. ClusterONE results were obtained by analyzing the interaction network.
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PPI network (Figure 2) to identify the "Hubs" which represent 
the highly connected nodes. A hub is more likely to be essen-
tial because it has more interactions and, therefore, a higher 
likelihood to engage in an essential interaction31. The network 
obtained showed genes/proteins color-coded with highly signi-
ficant genes in red (31 genes), orange and least significant in 
yellow (Figure 5). 

The proteins present in the three top-ranked clusters ob-
tained from ClusterONE and MCODE were identical, as were 
the 31 top-ranked genes obtained from CytoHubba, thereby 
validating our results obtained from different Cytoscape plu-
gins that use different methods to identify hub proteins that 
can further be explored to act as putative target proteins for 
vector control (Table 4).

Data mining of shortlisted proteins
UniProtKB was used to retrieve information, such as tar-

get name, associated metabolic pathway, length, molecular 
weight, subcellular location etc., of the identified 31 essential 
genes of Aedes genus that code for non-homologous human 
proteins. Thereafter, a rigorous manual search in PDB was 
done to identify any structural homologs amongst the proteins 
of Aedes genus with its human host as unintended binding of 
the drug/vaccine, designed for Aedes to the structurally simi-
lar proteins of the human host could have devastating effects 
in the hosts, since structurally similar and related proteins 
may have similar binding sites with capabilities to recognize 
chemically similar ligands32.

Out of 31 proteins of Aedes only 9 proteins did not have 
any structural homology with humans in PDB. These 09 pro-
teins shortlisted three other proteins, namely BRUS_AEDAE, 

HPEP_AEDAE (that had no entries in STRING database), and 
ALL3_AEDAE (salivary gland allergen reported to have binary 
interactions with 2 human proteins, namely COA1 and CO2A3) 
were analyzed for their biological function in UniProt. Therefo-
re, 12 proteins were shortlisted as novel vector-control target 
proteins of A. aegypti that had no human homologs and could 
effectively act as potential drug and vaccine targets (Table 5) 
to prevent the outbreak of VBDs by controlling the vector po-
pulation of Aedes.

Literature mining of critical vector-control target proteins 
of A. aegypti

In the present study to identify critical vector-control 
target proteins for Aedes genus that can be used as poten-
tial targets for vaccine and drug development, we identi-
fied 12 proteins, out of which 5 proteins are neuropeptides. 
Two uncharacterized proteins, AAEL013776_AEDAE and 
AAEL013424_AEDAE, need to be further solved in structure 
and function to predict their importance in vector metabolic 
activities and survival.

Neuropeptides are one of the most diverse classes of 
signaling molecules and play a significant role in regulating 
a wide range of physiological processes in Aedes mosquitoes 
such as host-seeking behavior, blood-feeding, molting sex-spe-
cific processes, including reproduction33. Regulatory peptides 
act as neurochemicals, and hormones govern these processes 
in mosquitoes. These peptides are processed, stored, and re-
leased within the nervous system as neurotransmitters and 
from the midgut endocrine system and neurosecretory cells 
as circulating hormones. They exert their action by binding 
to membrane receptors, most often to G-protein coupled re-

Table 2. Eleven clusters having significant P-value (<0.05) obtained from ClusterONE.
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Table 3. Eleven clusters were obtained from the interaction network.

Figure 4. MCODE results obtained by analyzing the PPI network.
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ceptors (GPCRs) and, to a lesser extent, to receptor tyrosine 
kinases34.

Host seeking is a fundamental aspect of mosquito and 
vertebrate host interactions, and the process is reported to be 
regulated by head peptide (HPEP_AEDAE), a neuropeptide en-
coded by gene HP-1 in blood-fed female A. aegypti, and also 
other sex-specific processes as it was found to be expressed in 
larvae and males. Ingestion of a blood meal has been reported 
to trigger egg maturation in A. aegypti, and after that, females 
show a marked decrease in responses to host emanations that 
initially stimulated host-seeking behavior35.

Short neuropeptide F (sNPF_AEDAE), a member of the 
neuropeptide F/Y superfamily, was isolated from adult A. ae-
gypti, and NPF-like immunostaining was observed in the brain 
and midgut of adults and larvae. The reported fluctuations in 
the concentrations of sNPF reflect changes in the regulatory 
role of this peptide in digestive processes and the reproductive 
cycle with a sudden drop once a blood meal was imbibed28.

Proteins such as odorant receptors (ORs) play critical ro-
les in olfactory behaviors, including a co-receptor, designated 
ORCO_AEDAE, expressed in most olfactory sensory neurons 
in both adults and larvae, and is highly conserved among the 
order Diptera to which the Aedes genus belongs. It plays a 
crucial role in forming a ligand-gated ion channel to generate 
signals to induce behavioral responses, including host-seeking 
and host selection36.

The arthropod saliva contains proteins delivered into the 
bite wound that can modulate the host's hemostatic and im-
mune responses to facilitate blood meal intake and pathogen 
transmission. Aegyptin (ALL3_AEDAE), an abundantly ex-
pressed salivary protein of A. aegypti, is a collagen-binding 

protein that inhibits platelet aggregation and adhesion, the-
reby playing a significant and nonredundant role in successful 
feeding29,37. It has been reported to have interactions with the 
human collagen alpha-1 (I) and (III) chains i.e., COA1_HUMAN 
& CO2A3_HUMAN, respectively, thereby helping to transmit 
the pathogen in the vector saliva to the human host.

Gonadotropin-releasing hormone-related peptide Cora-
zonin (CRZ) has been shown to have roles in pigmentation, 
ecdysis or act as a cardio stimulatory factor while its recep-
tor-CRZR is expressed in the primary sex organs of adult male 
and female mosquitoes. This indicates a potential physiologi-
cal role of CORZ  _AEDAE in regulating reproductive biology in 
A. aegypti37.

The gene encoding vitellogenin (Vg), a significant yolk pro-
tein precursor (YPP) in most oviparous animals, is expressed 
in extra ovarian tissues in a sex-, tissue- and stage-specific 
manner. Steroid hormones play a critical role in the regulation 
of Vg genes. In egg-laying vertebrates, estrogen triggers the 
transcription of the Vg38. Before blood-feeding, ovary matura-
tion remains at a previtellogenic state of arrest, and the pro-
duction of vitellogenin (VIT1_AEDAE), the major yolk protein 
precursor, by the fat body is tightly repressed. After a blood 
meal, multiple regulatory factors act synergistically to trigger 
vitellogenin protein synthesis in the fat body. The vitellogenin 
proteins are then released into the hemolymph and taken up 
by the developing oocytes via receptor-mediated endocytosis. 
Therefore, stringent control of the expression of the Vg gene in 
mosquitoes is tied to the availability of a blood meal30.

Two other unreviewed proteins shortlisted in the present 
study, namely Q177I5_AEDAE and Q177I2_AEDAE have repor-
ted lipid transporter activity, and on the investigation of their 

Figure 5. Graphical view of ranked hub nodes obtained from Cytoscape plugin Cytohubba with color-coding highly essential 
(Red) - less essential (Yellow).
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Table 4. Top interacting Genes retrieved from Cytoscape plugins.
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Table 5. Non-homologous proteins of A. aegypti with reference to humans as potential drug and vaccine targets from unique 
pathways.
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families and domains using InterPro, Pfam and Prosite data-
bases, they were found to be related to vitellogenin, thereby 
indicating that they might also be involved in the process of 
oogenesis.

Bursicon is a neuropeptide hormone consisting of two su-
bunits, burs α and burs β, members of the cystine-knot protein 
(CKP) family that usually form dimers (homo- or heterodi-
mers) and are responsible for certain biological functions by 
binding to specific receptors. Zhang et al.(2017) report that the 
biological significance of bursicon extends beyond its classical 
developmental roles in cuticle tanning and wing expansion to 
mediating prophylactic immunity during molting periods. Bur-
sicon (BURS_AEDAE) homodimers were shown to induce ex-
pression of AMP genes via Relish2 in A. aegypti as prophylactic 
immunity to protect mosquitoes during the vulnerable stages 
of each molt39.

The F1-Fo ATP synthase is a large multi-subunit enzyme 
that uses the proton gradient generated by the respiratory 
chain to synthesize ATP. F1-ATP synthase region is composed 
of five different subunits (α, β, γ, δ, ε) assembled as a complex 
of three alternating α and β subunits together with a single 
unit of each of the other three subunits40. It was initially belie-
ved that F1-Fo ATP synthase was strictly confined to the mi-
tochondrial inner membrane. But for a wide variety of normal 
cells, including endothelial cells, adipocytes, keratinocytes, 
and hepatic cells, active ATP synthase activity on the cell sur-
face has been documented41. Fongsaran et al.(2014) reported 
that ATPSβ plays a role in Chikungunya virus (CHIKV) infec-
tion of mosquito cells41, and there is evidence showing that the 
same protein is involved in the internalization of white spot sy-
ndrome virus (WSSV) to shrimp cells42, and possibly binding of 
dengue virus to insect cells43, suggests that this is a conserved 
virus-arthropod interaction. Therefore, by targeting ATP8_AE-
DAE, the interaction of the pathogens and the mosquito vector 
can be disrupted and thereby, transmission to the human host 
may be effectively prevented.

Furthermore, targeting proteins involved in various phy-
siological processes such as reproductive (CORZ  _AEDAE and 
VIT1_AEDAE), immune (BURS_AEDAE) and metabolic activi-
ties (ATP8_AEDAE) can affect the survival of the vectors and 
thereby contain the spread of VBDs by controlling vector po-
pulation.  

Concomitantly, blood-feeding on humans also propagates 
disease transmission because the mosquito ingests the pa-
thogen from an infected human and transmits it to new hosts 
during subsequent blood meals. The concentration of Head 
peptide and sNPF are higher in mosquitoes before blood fe-
eding i.e., during the host-seeking phase and following blood 
meal, their concentrations fall44,45. Therefore, Head peptide 
(HPEP_AEDAE), sNPF (SNPF_AEDAE), ORCO (ORCO_AEDAE) 
and ALL3 (ALL3_AEDAE) may also prove useful targets for 
blocking host-seeking and biting behavior, thereby preventing 
the transmission of pathogens from vector to the human host 
and thus constitute an alternative strategy to curb the disease.

Conclusions
The proteins identified in the present study can develop 

novel strategies to target critical vector components to suc-
cessfully block the development of the vector or pathogen/
parasite in its vector.
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Microsphere: A Wander around Drug Delivery
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Abstract: Microspheres have free-flowing powder characteristics consisting of synthetic polymers and proteins with a particle 
size of 1-1000 μm. Microsphere improves bioavailability, stability and targets the drug to a selected site at a predetermined rate. 
Sorts of microspheres are bioadhesive, floating, radioactive, polymeric, and biodegradable microspheres. Therefore, the array 
of practices for the groundwork of microspheres offers a chance to regulate drug administration properties and develop the 
therapeutic efficacy of a given drug. The microsphere is spherical microparticles & is employed where predictable & consistent 
particle area is vital. The microspheres have the drug located centrally within the particle encased within the unique polymeric 
membrane. The present review highlights various sorts of microspheres, different methods of preparation, their applications, 
and various parameters to gauge their efficiency. Microspheres have received much attention not just for prolonged release but 
also for targeted medicine. A systematic review of one of the most promising drug delivery systems should be easier to read 
than the medical research articles, as they target a wider audience. The systematic reviews of the microparticles conclude that 
spherical microspheres & are accustomed to delivering the drug at the target site with specificity if modified and take care of the 
specified concentration at the location of interest without the untoward effects presented during a consistent therapy to help 
research and retrieval of health.

Key words: Microsphere, Microparticles, Ionotropic Gelation, Microsphere Formulation, Microsphere Evaluation, Review 
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REVIEW / ARTÍCULO DE REVISIÓN

Introduction
Microparticles drug delivery system is one of the proces-

ses to provide the sustained and managed to ship of medica-
tion to long periods, as small particles of solids or tiny dro-
plets of beverages surrounded employing partitions of natural 
and artificial polymer films of various thickness and degree 
of permeability performing as a release charge controlling 
substance1. Originally practice of albumin microparticles in 
drug delivery systems was advised by Kramer in 19742. Micro-
particles are well-defined as particulate dispersions or solid 
particles by size in the range of  1 – 1000 micrometer3 where 
the drug is dissolved and entrapped, encapsulated or attached 
to a microparticles matrix4. Varying upon the preparation me-
thod, microparticles, microspheres, or microcapsules can be 
gained5. Microparticles are micrometric matrix systems and 
are efficiently sphere-shaped in shape6. Microparticles are the 
polymeric entities in which the drug is physically and homo-
geneously dispersed, whereas microcapsules are micrometric 
reservoir systems, and microcapsules may be globular or non- 
globular in shape3. Microcapsules are structures in which the 
drug is limited to a hollow surrounded by an exclusive polymer 
membrane. Microcapsules size 100-150 micrometer7. The mi-
croencapsulation technology allows protection of medication 
from the environment, stabilization of sensitive drug substan-
ces, elimination of incompatibilities, or masking of unsightly 
flavor8. Hence, they play an improved bioavailability of conven-

tional drugs and minimize side effects. Treatment is restricted 
to solid consideration. A more comprehensive and far-reaching 
approach and venture are critically required for suitable coun-
termeasures and readiness9.  Microparticles are also a valua-
ble way of turning in APIs, which might be pharmacological 
lively but are difficult to supply due to confined solubility in 
water. In such tablets, attaining high Cmax, Tmax and AUC 
is problematic. Consequently, a need exists for fast-release 
products containing those agents. Microparticles-based for-
mulations can offer a steady drug awareness within the blood 
or target tablets to precise cells or organs10. In recent years 
biodegradable polymeric microparticles, mainly those coated 
with a hydrophilic polymer which includes polyethylene glycol, 
known as long-circulating particles, have been used as poten-
tial drug delivery devices for of their ability to distribute for a 
prolonged period objected to a particular organ, and their pro-
ficiency in delivering proteins, peptides and genes11.

Microparticles offer a way to supply macromolecules by 
spreading routes and efficiently managing the discharge of 
such pills or drugs12.  Additionally, it can be used to ship vac-
cines and molecules inclusive of DNA for use in gene therapy. 
Macromolecules offer adequate safety of encapsulated mar-
keters towards degradation, the opportunity of controlled and 
local shipping of the drug over intervals starting from a few 
hours to months, and smooth management. Controlled drug 
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delivery structures could be instrumental in supplying the 
optimal therapy for a given drug molecule. Each drug has a 
distinguishing 'minimum effective concentration', below which 
no therapeutic effect is detected and a specific 'minimum toxic 
concentration' above which undesired side effects arise. The 
range between is so-called the 'therapeutic range' or 'thera-
peutic window. Varying upon the type of drug and biological 
factors, this therapeutic window could be thin5. The most ad-
vantageous effect of many clinical cares is obtained by keeping 
the drug attention inside the therapeutic variety over a sustai-
ned time frame5. Every scientist reconciles whether and what 
to decrypt and how to display it13. This is chiefly proper for 
potent drugs, together with anti-cancer drugs. Management 
of the entire drug dose straight away the use of conventional 
pharmaceutical dosage, the whole quantity is rapidly launched 
into the belly, absorbed into the bloodstream, and dispensed at 
some stage in the human frame. Therefore, the rate at which 
the drug is the movement website is often improved. Depen-
ding on the therapeutic range and dispensed dose, the risk of 
toxic side effects can be considerable.

The concentration decreases again as no continuous drug 
supply is provided, and the human body eliminates the active 
agent. This results in a shifting concentration of the drug levels 
in the plasma, and the therapeutic range is reached through a 
brief period14. This represents a pressing test to the pharma-
ceutical business to create practical conveyance frameworks 
for the proficient conveyance of this mind-boggling restorati-
ve in a naturally dynamic shape. Their need is the clinical and 
remedial districts has heightened the examination15. The hy-
drophilic and lipophilic drug may be fused or entrapped into 
moderately high-performance polymeric microparticles. Tho-
se styles of drug service structures have proved to be extra 
physic-chemically solid than liposomes both in vivo and throu-
ghout storage11. Pharmacy discipline plays a fundamental role 
in patient healthcare. It is a considerable discipline that is pre-
sent worldwide. With the propagation of the Internet and the 
growth in computer technology and manufacturing, the ratio 
of price to performance decreases16. The work done would su-

rely help in academic purpose and the reference to be used in 
the future development when all is said in done component of 
an expanded conveyance framework is progressively seen as a 
favorable answer for natural medications17.

Drug Delivery Systems

Novel drug delivery system
Several drug delivery and drug-directed systems are de-

veloped to minimize drug degradation, drug adverse effects, 
and surge the drug bioavailability (quantity of drug available 
at a site targeted section). Site precise drug delivery may be 
either active or passive procedure18.

Drug Delivery Carriers
Colloidal drug carrier techniques such as micellar solu-

tions, liquid crystal dispersions, vesicles, and nanoparticle 
dispersions comprising tiny particles of 10–400 nm diameter 
show great promise as drug delivery systems. When budding 
these formulations, the goal is to gain systems with optimized 
drug loading and release properties, extended shelf-life and 
low toxicity19.

Micelles
Micelles formed by self-assembly of amphiphilic block 

co-polymers (5-50 nm) in aqueous solutions are of great in-
terest for drug delivery applications20. The drug or the medi-
cation may be physically entrapped in the middle of block co-
polymer micelles and transported at concentrations that may 
exceed their intrinsic water- solubility21,22.

Liposome
Liposome serves lipoidal vesicles (lipid bilayer), which 

serve as drug providers to improve the shipping of pharmaceu-
tical drugs23. Liposomes are small lipoidal vesicles enclosing 
an aqueous solution inner a hydrophobic membrane. To deliver 
the molecules to the focused website online, the lipid bilayer 

Table 1. The demographic characters.
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can fuse with different bilayers, including the cell membrane; 
for that reason, liposomes act as drug providers for drug ship-
ping for drug delivery23.

Hydrogels
Hydrogels are three-dimensional cross-linked water-so-

luble polymers24. various combinations of polymers are for-
mulated for novel drug delivery devices as novel drug delivery 
systems23. numerous tablets formulated as hydrogels consist 
of Riboflavin, Salicylic acid, Simvastatin22,23.

Nano Particles
Nanoparticles are amorphous or crystalline compounds 

starting from 10-200 nm, which are novel drug gadgets used 
for novel drug delivery systems25. Nanoparticles adsorb or en-
capsulate the drug, thus protecting against chemical or enzy-
matic degradation26,27. Diverse Nano gadgets for drug shipping 
include Nanotubes, quantum dots, Nanorobots, den dimers, 
Nanowires, Nanoshells and Nanopores23. The discharge of the 
drug from the formulation is by controlled diffusion. Thus the 
discharge of the drug happens from the core, across the poly-
mer matrix or membrane23. Hence, the membrane acts as a 
barrier for drug release28. therefore solubility and diffusivity of 
drug in polymer membrane will become the figuring out ele-
ment for drug release23,29.

Materials Used For Preparation Of Microsphere
Microspheres used typically are made with polymers that 

have manifold blessings. Those are reliable means to supply 

the drug to the target website online with specificity if chan-
ged and keep the desired awareness on the web page of the 
hobby without untoward results30. Strong biodegradable mi-
crospheres have the capacity during the particle-matrix for 
the controlled launch of drug31. Microspheres received much 
attention now for extended-release and for concentrating on 
anti-cancer drugs to the tumor32. the dimensions, surface fee, 
and floor hydrophilicity of microspheres have been attained 
to be crucial in regulating the fate of particles in vivo studies 
at the macrophage uptake of microspheres have verified their 
ability in concentrated on tablets to pathogens residing intra-
cellularly33. Microspheres made with polymers are classified 
into two types:

Synthetic Polymer
Synthetic polymers are divided into two types.

Non-biodegradable polymers
Some examples are Polymethyl methacrylate (PMMA) 

and Acrolein Glycidyl methacrylate and Epoxy polymers.

Biodegradable polymers
Some examples being Lactides as well as Glycolides with 

their co-polymers, Poly-alkyl cyano acrylates and Poly-anhy-
drides.

Natural polymers
Natural polymers gained from diverse sources like pro-

teins, carbohydrates and chemically modified Carbohydrates, 

Table 2. Comparisons characteristics of the study group before and after the intervention.

Table 3. Shows the difference between the intervention and the control group in the mean change of the characteristics study 
group.
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Proteins like Albumin, Gelatin, and Collagen. Carbohydrates 
like Agarose, Carrageenan, Chitosan, and Starch. Chemically 
modified carbohydrates like Poly dextran, Poly starch34. The 
health benefits are rewarding which gives an extra boost to 
use this items on daily basis keeping in check the over con-
sumption35.

Types Of Microspheres

Bio adhesive microspheres
Adhesion may be defined as sticking the drug to the mem-

brane by using the sticking belongings of the water-soluble 
polymers36. Adhesion of drug shipping device to the mucosal 
membrane consisting of buccal, rectal, ocular, and nasal can 
be labeled as bio adhesion37. These microspheres show off a 
prolonged residence time at the website of software and mo-
tive intimate contact with the absorption web page, producing 
higher healing motion38.

Magnetic microspheres
This kind of delivery system could be very a great deal 

essential which localizes the drug to the sickness or disease 
site39. This large amount of freely circulating drug can be re-
placed via a smaller quantity of magnetically centered drug39. 
Magnetic carriers hold magnetic responses to a magnetic area 
from integrated materials used for magnetic microspheres like 
chitosan, dextran40.  Therapeutic or healing magnetic micros-
pheres are used to supply chemotherapeutic agents to liver 
tumors40. Drugs like proteins and peptides also can be targe-
ted through this system41. Diagnostic microspheres, used for 
imaging liver metastases and also can be used to extricate 
bowel loops from other abdominal systems by using forming 
nano-sized debris supramagnetic iron oxides42.

Floating microspheres
In floating kinds, the majority density is much less than 

the gastric fluid and stays buoyant within the stomach without 
affecting gastric emptying rate43. The drug is launched slowly 
on the favored charge, and the gadget is determined to be floa-
ting on gastric content material, increasing gastric juice and 
increasing fluctuation in plasma44. Moreover, it also reduces 
the possibility of dose dumping. It produces a prolonged thera-
peutic impact and consequently reduces dosing frequencies37. 
Drug (ketoprofen) is given within the shape of floating micros-
pheres42,45.

Radioactive microspheres
Radioembolization treatment microspheres sized 10-30 

nm are more significant than the capillaries' diameter and get 
tapped inside the first capillary bed once they come across. 
They may be injected into the arteries that cause them to 
tumors of the hobby, so these kinds of conditions radioactive 
microspheres deliver excessive radiation doses to the targe-
ted regions without unfavorable the everyday surrounding tis-
sues44. It varies from drug delivery systems because radioacti-
vity is not discharged from microspheres but acts from within 
a typical radioisotope distance and atypical kinds of radioactive 
microspheres are α emitters, β emitters, γ emitters44.

Polymeric microspheres
The distinctive kinds of polymeric microspheres may be 

classified as biodegradable and synthetic polymeric micros-
pheres42,44,46.

Biodegradable polymeric microspheres
Natural polymers such as starch are worked with the 

concept that they are biodegradable, biocompatible, and also 
bioadhesive in the environment. Biodegradable polymers pro-
long the house time when touched with mucous membrane 
due to its high degree of swelling belongings with an aqueous 
medium, resulting in gel formation. The rate and quantity of 
drug release are measured using the polymer's concentration 
and the release pattern in a sustained way. The primary di-
sadvantage is that in scientific use, drug loading performance 
of biodegradable microspheres is complicated and challenging 
to control the drug release47, but it provides a wide range of 
applications in the microsphere-primarily based treatment44.

Synthetic polymeric microspheres
Synthetic polymeric microspheres are broadly utilized in 

medical utility; moreover, that extensively utilized as a bulking 
agent, fillers, embolic particles, drug delivery vehicles48 and 
proved to be safe and biocompatible, but the focal disadvanta-
ge of this kind of microspheres tends to migrate away from the 
injection site and lead to embolism, potential risk, and further 
organ damage44,46.

Preparation Of Microspheres

Ionotropic gelation technique
The gelation technique has been enhanced through seve-

ral inspired methodological modifications49. Ionotropic gelation 
via electrospraying and spinning disc processing produces na-
noparticles with a more uniform distribution. Hydrophobic and 
hydrophilic drugs can be encapsulated with high efficiency by 
emulsification followed by ionic gelation49. Ionotropic gelation 
is based on the competence of polyelectrolytes to cross-link 
in the authority of counter ions to form hydrogels50. The na-
tural polyelectrolytes inspite, having a property of coating on 
the drug core and acting as release rate retardants, contains 
certain anions on their organic structure. These anions form a 
meshwork structure by combining with the polyvalent cations 
and inducing gelation by binding mainly to the anion blocks51, 52.

Single Emulsion Method
The microparticulate carriers of the natural polymers, 

carbohydrates, & proteins are prepared. The microparticulate 
carriers of natural polymers like proteins and carbohydrates 
are prepared by one emulsion technique36,53–55. The natural 
polymers are dissolved or dispersed during an aqueous me-
dium followed by dispersion in a non-aqueous medium like oil. 
Next, cross-linking of the dispersed globule is administered. 
The cross-linking is often achieved through warmth or using 
chemical cross-linkers. The chemical cross-linking agents 
used are formaldehyde, glutaraldehyde, and acid chloride. 
Heat denaturation isn't suitable for thermolabile substances. 
Chemical cross-linking suffers the disadvantage of excessive 
exposure of active ingredients to chemicals added during pre-
paration and then subjected to centrifugation, washing, and se-
paration. The character of the surfactants wont to stabilize the 
emulsion phases can significantly influence the dimensions, 
surface morphology, size distribution,  drug loading and relea-
se, and bio performance of the ultimate product. Schematic 
description of the Single Emulsion Method is given in Fig No. 1.

Double Emulsion Method
This method of microspheres preparation involves the 

formation of multiple emulsions or double emulsions of type 
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Figure 1. Single Emulsion method.

w/o/w and is the most acceptable match to the water-solu-
ble drugs, peptides, proteins, and vaccines. This method is of-
ten used with both naturals also as synthetic polymers. The 
aqueous protein solution is dispersed within the lipophilic 
organic continuous phase. This protein solution may enclose 
the active constituents. Schematic description of the Double 
Emulsion Method is given in Fig No. 236,53–55.

Polymerization Method
It is administered with the aid of the usage of exceptional 

techniques as bulk, suspension, precipitation, emulsion, and 
micellar polymerization methods. In bulk, a monomer or an 
aggregate of monomers alongside the initiator or catalyst is 
typically heated to initiate polymerization. The polymer so ob-
tained could also be molded as micro-spheres. Schematic des-
cription of the Polymerization Method is given in Fig No. 336,54.

Phase Separation and Coacervation Method
This process is predicated on the principle of decreasing 

the polymer's solubility within the organic phase, which affects 
the formation of a polymer-rich phase called the coacervates. 
During this method, drug particles are dispersed during a poly-
mer solution, and an incompatible polymer is brought to the 
device, making the primary polymer for the section separation. 
Schematic description of the Phase Separation and Coacerva-
tion method is given in Fig No. 436,53–55.

Spray Drying and Spray Congealing
These methods have supported drying the mist of poly-

mer and drugs within the air. Depending upon removal of the 
solvent or cooling of the answer, these two processes are na-
med spray drying and spray congealing. Microparticles are 
separated from the recent air by the cyclone separator while 

Figure 2. Double Emulsion method.
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the traces of solvent are eliminated using vacuum drying. One 
of the principal advantages of the technique is the feasibility 
of operation below aseptic situations36,53–55. The spray drying 
process is employed to encapsulate diverse penicillins. Thia-
mine mononitrate and sulpha ethylthiadiazole are encapsu-
lated inside the mixture of mono and di-glycerides of stearic 
acid and palmitic acid using spray congealing. However, very 
speedy solvent evaporation results in the formation of porous 
microparticles. Schematic description of the Spray Drying and 
Spray Congealing method is given in Fig No. 5. 

Other techniques are Wax Coating and Hot melt method, 
Air Suspension, Solvent Extraction, Precipitation, Freeze Dr-
ying56.

Methods Of Preparation Of Microspheres by Ionotropic 
Gelatin Technique

The microsphere of the test drug is prepared by ionotropic 
gelation technique using different proportions of polymers (so-
dium alginate and guar gum). Sodium alginate was dissolved 
in distilled water (10ml) in desired concentration and heated 
to make a liquid solution. Heated the desired quantity of guar 
gum in 10ml of water, mixed the sodium alginate solution, 
and prepared the polymer solution. Then the drug is brought 

into the polymer answer. Make five extraordinary types of for-
mula in line with the ratio of Sodium Alginate: Guar gum is 
1:1, 2:1, 3:1, 4:1, 5:1. The gelation medium became prepared 
by dissolving calcium chloride (five% w/v). The homogenous 
alginate solution turned into extruded using a 21G syringe 
needle into the gelation medium. The space among the thres-
hold of the needle and plane of gelation medium changed into 
about 10cms. The gel microspheres shaped have been left in 
the answer with mild stirring for 30 min at room temperature 
to improve mechanic strength57. After that, microspheres are 
gathered and washed with distilled water two times, dried at 
room temperature for 24 hours, and stored in desiccators58,59. 
Gels are well known to depend on solvents and preparation 
methods. For example, PVA hydrogels prepared with free-
thaw cycling show exciting transparency features and a high 
modulus60.

Evaluation Study Of Microspheres

Particle Size Analysis
Microspheres were separated into different size fractions 

by sieving for 10 minutes using a mechanical shaker (Geo-
logists Syndicate Pvt Ltd, India) containing standard sieves 

Figure 3. Polymerization method.

Figure 4. Phase Separation and Coacervation method.
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having a mesh size of ≠16, ≠18, and SS≠25. The particle size 
distribution of the microspheres for all the formulations was 
determined, and the mean particle size of microspheres was 
calculated using the following formula61. Mean particle size = ∑ 
(mean particle size of the fraction × weight fraction) / ∑ (weight 
fraction). Scanning Electron Microscopy is generally used to 
determine the particle's size and shape. The particle size can 
be determined by using light electron microscopy29,62.

Surface morphology
The samples for the SEM evaluation had been prepared 

with the aid of sprinkling the microspheres on one facet of the 
adhesive stub. Then the microspheres were blanketed with 
gold earlier than microscopy. Finally, the morphology and size 
of the microspheres had been observed with the scanning elec-
tron microscope (FEI Quanta- 2 hundred MK2, Netherlands)63.

Drug entrapment efficiency, drug loading
The amount of drug present in the Sodium Alginate and 

Guar Gum microspheres can be determined by taking the ac-
knowledged quantity of microspheres wherein 100 mg of the 
drug needs to be present theoretically64. Then, the microsphe-
res were beaten, and the powdered microspheres were taken 
and dissolved in one hundred ml of phosphate buffer (pH7.four) 
solution and stirred for 15 minutes with a c program language 
period of five mins and allowed to hold for twenty-four hours. 

Then the solution was filtered through Whitman No.1 filter 
paper. Then the absorbance became measured spectro-pho-
tometrically at 320nm in opposition to phosphate buffer (pH7.
four) answer as clean with the help of UV double beam spec-
trophotometer, and concentrations had been determined by 
using the simultaneous equation:  Y=  mx+c

DEE  (%)  =  [Experimental  drug  Content  /  Initial  Drug  
Content  into  the  Formulation] ×100

Drug Loading (%) = [Qm / Wm] × 10010

Where, Wm = weight of the microspheres;
Qm = quantity of the drug present in the microspheres 

FTIR Studies
The infrared (IR) spectra were recorded using an  FTIR  

spectrophotometer (Perkin Elmer Spectrum GX) by the KBr 
pellet in the wavelength region between  4000  and  400cm-
165. The spectra obtained for metronidazole and physical mix-
tures of metronidazole with polymers were compared to check 
the compatibility of the drug with polymers62,64.

In vitro drug release study
Dissolution studies were performed using an automated 

assembly comprising a dissolution bath (Pharmatest PTW 
III) and a UV visible spectrophotometer. For the first series of 
experiments, either 125 mg of drug or weighed quantities of 
microspheres containing 100 mg of test drug were placed in 

Figure 5. Spray Drying and Spray Congealing.
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six separate 1-liter containers containing aqueous phosphate 
buffer (0.2 M monobasic and 0.2 M dibasic sodium phospha-
te mixed to solve with pH 8). For the second series of expe-
riments, dissolution media comprised five different buffer 
solutions, all prepared at pH 8, incorporating a range of ca-
tions and anions. The buffers consisted of the following pairs 
of compounds titrated together to achieve pH 8 solutions at 
37˚C: 0.2 M monobasic and 0.2 M dibasic sodium phosphate, 
0.2 M monobasic and 0.2 M dibasic potassium phosphate, 0.1 
M citric acid and 0.2 M dibasic sodium phosphate, 0.1 M MOPS 
and 0.1 M MOPS sodium salt and finally, 0.1 M tris and 0.1 M 
hydrochloric acid. Finally, for the third series of experiments, 
drug release studies were conducted for test drugs contained 
within stearic acid microspheres using a sodium phosphate 
buffer over a range of sodium and phosphate concentrations 
(0.01 M to 0.8 M and 0.02 M to 0.2 M, respectively). During all 
dissolution testing, a constant stirring speed and temperature 
were maintained at 200 rpm and 37°C, respectively. Changes 
in the absorbance values at 235 nm were recorded for 20 mi-
nutes at two-minute intervals. Results are replicated (n=6) for 
statistical analysis, and a mean value for absorbance was then 
calculated to obtain the percentage of drug released for each 
time interval. It should be noted that before drug release expe-
riments, it was found that the presence of the drug and/or mi-
crospheres did not affect the pH of the dissolution media under 
any conditions investigated in this research. A solution of pH 8 
was chosen to optimize the solubility of the drug62,64.  Various 
limitations relating to atmosphere, edaphic, generation, and in-
novation viewpoints as specified underneath frustrates higher 
efficiency 66.

Angle Of Repose
Firstly, measure the height (h) of the microsphere pile 

from the ground's peak64.Then measured the horizontal dis-
tance (d) from the middle of the pile to the edge. Then use the 
formula

 Angle of Repose= tan-1(2h/d)

Bulk Density and Tapped Density
The bulk density is received by adding a regarded powder 

mass to a graduated cylinder. The taped density is obtained by 
robotically tapping a graduated cylinder containing the micros-
pheres until little similar volume change is determined. The 
tapped density is calculated as mass divided with the aid of the 
very last volume of the powder67,68.

Swelling study (degree of swelling)
Microspheres (one hundred mg) had been positioned in a 

little extra distilled water, 0.1N HCl, and PBS (pH 7. four) and 
allowed to swell to consistent weight. The microspheres were 
separated and blotted with filter paper, and their modifications 
in weight modifications had been computed at a c program 
language length of 10 minutes and recorded. The diploma of 
swelling (A) changed into then calculated from the compo-
nents: A = Wg – WO / WO in which Wo is the preliminary weight 
of the beads, and Wg is the burden of the beads at equilibrium 
swelling within the medium53,54,64,69.

Percentage Yield
The prepared microspheres were wholly dried in an oven 

maintained at 370c for 24 hours and then weighted54,64,69. The 
percentage yield of microspheres was calculated according to 
the following equation:  % Yield = (Practical Yield / Theoretical 
Yield) * 100

Discussion
This review article reflects upon the ionotropic gelation 

technique of Microsphere formulation. Future possible advan-
cements with microsphere drug delivery were based on the 
information and knowledge; progress is possible. An individual 
should enrich the knowledge of different subjects. The more 
people gain knowledge, the more contribution can be expec-
ted to this subject70. A microsphere is a process in which drug 
particles can be encapsulated in a biodegradable polymer or 
a synthetic polymer that can be used as a delivery system. 
A controlled or sustained drug delivery system or insoluble 
drugs has become a significant concern for all in the pharma-
ceutical field because of its expenses, time-consuming, and 
development process71,72. In this pharmaceutical field, the mi-
crosphere plays a significant role where different kinds of pro-
blems can be solved quickly, such as it can be used to increase 
the bio-availability of the highly insoluble drugs in nature21. In 
the pharmaceutical measurements shapes that contain it as 
one of a kind dynamic standard with very productive outcomes 
for the particular motivations behind its outline73.

Cancer is considered a common disease in the whole 
world. Currently, chemotherapy is considered one of the most 
common treatments by almost all doctors in this situation. 
HER2, human epidermal growth factor 2, is a marker for breast 
cancer that is overexpressed by 25% - 30% for invasive breast 
cancers. Anti-cancer drugs loaded with albumin microsphere 
can show the effect against human epidermal growth factor 2 
(HER2) and a relatively new type of "targeted" cancer therapy 
for breast cancer treatment74,75. These assumptions may seem 
restrictive, but they are satisfied for many natural systems, 
and in any case, the resulting expressions yield invaluable in-
sights76.

In this fast living world, we find discoveries of different 
kinds of drugs almost every day that lead to more effective re-
sults. Every drug has its gains and drawbacks; working with a 
microsphere can open many different sections to deal with the 
drugs that possess different kinds of problems. Researchers 
are working hard for more betterment of this work, and bet-
terment is such a process that shall be ever-growing77. Above 
mentioned suggestions, recommendations, research depend 
on our statistical surveying, which is restricted as far as an-
yone is concerned, and capacity and the discoveries from this 
investigation are probably going to factor unequivocally into 
essential arranging78.

On the other hand, vaccines are considered one of the 
most efficient and inexpensive ways to immunize and control 
infectious diseases. The dose of the vaccine can be encapsula-
ted by a layer of polymer or a biodegradable polymer, which in 
turn helps in the controlled release of the antigen in the body, 
and therefore the multiple dosage forms of the vaccine can be 
reduced as low as a single dosage form79.  More studies are 
required in this field for a better palliative approach. Compart-
ment displaying is broadly utilized and a matter of worry in 
restorative sciences80.

Conclusions
Microspheres (Few Lab Prepared Microspheres is given in 

Fig No. 6.) are characteristically free-flowing powders having 
a particle size starting from 1-1000 μm consisting of prote-
ins or synthetic polymers where the range of techniques for 
the preparation of microspheres provides multiple options to 
regulate as drug administration aspects and to reinforce the 
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therapeutic efficacy of a given the drug. Although there is a 
variety of difficulties to be figured out to achieve prolonged 
gastric retention, an excessive number of companies are that 
specializes in commercializing this system due to their ad-
vantages of sustained and controlled-release action, reduced 
dose frequency, improved steadiness, dissolution rate, and 
bioavailability the microspheres drug delivery system is that 
the hottest drug delivery system. Compared to standard dosa-
ge forms, these delivery systems offer numerous advantages, 
including improved efficacy, reduced toxicity, improved patient 
compliance, and convenience. Such systems frequently use 
macromolecules as carters for the drugs. Microspheres by io-
notropic gelation technique promise a possible approach for 
gastric retention. By combining various other strategies, within 
the future, the microspheres will find a prominent & central 
place within the novel drug delivery, particularly within the 
diagnostics, diseased cell sorting, gene & genetic materials, 
targeted, safe, effective & specific in vitro delivery & supple-
ments because the miniature versions of the diseased tissues 
& organ within the body.
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Resumen: Los sellantes de resina han sido utilizados de manera preventiva y terapéutica en esmalte dental. Este último puede 
presentar distintas condiciones en su estructura. En este sentido, la retención adhesiva en esmalte sano posee amplia evidencia 
en su efectividad, no así en esmalte con alteraciones estructurales. De esta manera, se hace relevante conocer la retención 
adhesiva de estos materiales y cómo se comportan en el tiempo en esmalte con variaciones en su composición. Determinar la 
tasa de retención que presentan los sellantes de resina en esmalte dental con alteraciones estructurales. El estudio forma parte 
de una revisión sistemática, que sigue el protocolo PRISMA. Se examinaron artículos publicados entre 2010 y 2020 sobre el 
comportamiento retentivo de los sellantes de resina en esmalte dental con alteraciones estructurales. La búsqueda electrónica 
fue realizada en Web of Science, Scopus, PubMed y Medline. Se incorporaron aquellos artículos que utilizaron sellantes de 
resina en esmalte dental con alteraciones estructurales en ensayos clínicos. Resultados: Se encontraron ocho artículos. Estos 
fueron estratificados según la superficie de aplicación; (i) superficie cariada, (ii) superficie con fluorosis y (iii) superficie con 
hipomineralización incisivo molar. Se evidenció que la tasa de retención de los sellantes de resina sobre esmalte cariado es 
de un 80% en promedio, en esmalte con fluorosis dental un 67,5% y esmalte con hipomineralización incisivo molar 72% a los 
2 años de su aplicación. El comportamiento retentivo de sellantes de resina sobre esmalte con alteraciones estructurales es 
adecuada para las tres superficies de aplicación. Sin embargo, se requiere de mayores estudios respecto a fluorosis dental e 
hipomineralización incisivo molar. La mayor evidencia sobre la tasa de retención se encontró en superficies cariadas.

Palabras clave: Sellantes de resina, Retención adhesiva, Caries dental, Fluorosis dental, Hipomineralización incisivo molar. 

Abstract: Resin sealants have been used preventively and therapeutically in tooth enamel. The latter can present different 
conditions in its structure. In this sense, adhesive retention in enamel has ample evidence of its effectiveness, but not in enamel 
with structural alterations. In this way, it is relevant to know the adhesive retention of these materials and how they behave 
over time in enamel with variations in its composition. To determine the retention rate of resin sealants in tooth enamel with 
structural alterations. The study is part of a systematic review following the PRISMA protocol. Articles published between 2010 
and 2020 on the retentive behavior of resin sealants in dental with structural alterations were examined. The electronic search 
was carried out in Web of Science, Scopus, PubMed and Medline. Those articles that used resin sealants in dental enamel with 
structural alterations were incorporated in clinical trials. Results: Eight articles were found. These were stratified according to 
the application surface; (i) carious surface, (ii) surface with fluorosis and (iii) surface with hypomineralization of the molar incisor. 
It was evidenced that the retention rate of resin sealants on decayed enamel is 80% on average, in enamel with dental fluorosis 
67.5% and enamel with hypomineralization of the molar incisor 72% 2 years after their application. The retentive behavior of 
resin sealants on enamel with structural alterations is adequate for the three application surfaces. However, further studies are 
required regarding dental fluorosis and molar incisor hypomineralization. The most significant evidence on the retention rate was 
found on various surfaces.

Key words: Resin sealants, Adhesive retention, Dental Caries, Dental fluorosis, Molar incisor hypomineralization.

REVIEW / ARTÍCULO DE REVISIÓN

Introducción
El esmalte dental es la estructura más dura y minerali-

zada en todo el cuerpo humano, en cuya composición encon-
tramos un 95% de estructura mineral, mientras que un 5% 
corresponde a agua y materia orgánica1. Defectos en el desa-
rrollo de este tejido mineralizado ocurren debido a desequili-

brios biológicos que afectan a las células involucradas en la 
formación y maduración del esmalte; los ameloblastos1. La 
extensión del defecto del esmalte depende de la intensidad 
del factor etiológico, así como del período de tiempo durante 
el cual estuvo presente en la etapa de desarrollo del diente2.
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Aquellos defectos que ocurren durante la etapa de ma-
duración dan como resultado un volumen regular de esmal-
te, pero con una mineralización insuficiente, lo que se conoce 
como hipomineralización3. Dentro de los defectos de hipomi-
neralización dental podemos nombrar la hipomineralización 
incisivo molar (MIH) y fluorosis dental (FD)3. MIH corresponde 
a un defecto del desarrollo cualitativo y de origen sistémico 
del esmalte, donde puede verse afectado uno o más molares 
permanentes, con o sin afección de los incisivos permanentes3. 
En comparación a un esmalte sano, los dientes afectados por 
MIH presentan una variación y disposición prismática distinta, 
histológicamente hablando, y muestra propiedades mecánicas 
menores, en términos de módulo de elasticidad4. Por otro lado, 
la FD se refiere a las alteraciones que ocurren como resultado 
del consumo excesivo de flúor durante la formación dental3, 
dejándolo con un menor contenido mineral y una porosidad 
aumentada5. En este sentido, en un estudio realizado por Gu 
et al6. consideraron que un esmalte con alto contenido de flúor 
produce una mayor resistencia al grabado ácido necesario para 
la retención de materiales, logrando menos irregularidades 
superficiales y por tanto una adhesión más débil6.

Así como podemos encontrar alteraciones del desarrollo, 
el esmalte dental también puede presentar lesión de caries, y 
que puede ser categorizada dependiendo de su ubicación ana-
tómica en la pieza dental, según su severidad, profundidad de 
penetración en los tejidos y estado de actividad7. Esta lesión 
presenta un volumen mineral heterogéneo con un contenido 
mineral más bajo en su capa superficial, permitiendo el movi-
miento de agua y ácidos hacia el interior a través de sus poros, 
lo que podría explicar la extensión que puede alcanzar la lesión 
cariosa8, la que suele producirse principalmente en fosas y fi-
suras9.

Los sellantes se han utilizado como un material que se 
introduce en las fosas y fisuras oclusales de aquellos dientes 
que son susceptibles a generar caries, el cual forma una capa 
que protege y previene la acumulación de biofilm facilitando la 
desorganización de este durante el cepillado10. Asimismo, es-
tos aislan las bacterias presentes lo que produce un efecto te-
rapéutico inactivando la lesión de caries10. El uso de sellantes 
también se ha considerado para el tratamiento preventivo en 
dientes que presenta MIH, cuyas superficies son más suscep-
tibles al desarrollo de lesiones cariosas11, al igual que aquellas 
superficies que presentan FD, en las que se ha encontrado una 
relación positiva respecto al desarrollo de lesión de caries, so-
bre todo en áreas altamente fluoradas5.

El éxito de los sellantes de fosas y fisuras depende, en 
gran medida, de su retención a largo plazo12. Una pérdida par-
cial del material sellador conduce a la ocurrencia de una filtra-
ción marginal y, en consecuencia, a desarrollar una lesión de 
caries asociada al sellante11. Existen variables que contribuyen 
a mejorar o disminuir la retención del sellante como lo son las 
propiedades del esmalte dental, el tratamiento de superficie 
realizado y la habilidad del operador13. Sin lugar a dudas, el 
tipo de material sellador y su viscosidad, así como la resisten-
cia al desgaste del material son factores contribuyentes a la 
retención y prevención de caries13. En este sentido, Gu et al.6. 
consideran una variable importante la superficie de esmalte 
en la que se quiere conseguir la adhesión6. En el caso del es-
malte dental sano, y gracias al grabado ácido y la disolucion 
de cristales de apatita, se obtiene una superficie irregular en 
la que el sellante de resina puede penetrar, generando asi una 
retención micromecánica efectiva6,14. Al respecto, De Munk et 
al.15 concluyeron en una revisión sistemática que la mayoría de 
los estudios de durabilidad de la adhesión consideran la unión 
a esmalte dental sano como fuerte y estable15, mientras que 

Kotsanos et al.16 encontraron que los sellantes en niños afec-
tados por MIH tenían una mayor probabilidad de requerir un 
nuevo tratamiento, en comparación con el grupo de control. 
Asimismo, se ha evidenciado que la fuerza de unión del sellan-
te de resina en esmalte hipomineralizado es significativamente 
menor que la de esmalte sano17, por lo que los sellantes de 
fisura en dientes con caries sufrirían mayores microperforacio-
nes en comparación con los aplicados en superficies dentales 
sanas6. Sin embargo, la evidencia de la retención y longevidad 
de estos sellantes para el tratamiento de esmalte dental con 
alteraciones estructurales es limitada e inconclusa18.

En relación a la información disponible, se puede eviden-
ciar que el comportamiento retentivo de sellantes de resina en 
esmalte dental sano se ha estudiado desde hace varios años y 
se encuentra bastante bien descrito, no así lo que se refiere al 
comportamiento de estos materiales en esmalte con altera-
ciones estructurales, donde la información es limitada. Conse-
cuentemente, el objetivo de esta revisión consistió en determi-
nar la tasa de retención que presentan los sellantes de resina 
en esmalte dental con alteraciones estructurales.

Materiales y métodos

Fuentes de información y búsqueda
Para desarrollar esta revisión sistemática, se llevó a cabo 

una búsqueda orientada por referencias en distintas bases de 
datos y buscadores electrónicos: Web of Science (WoS), Sco-
pus, PubMed y Medline. En cada una de las bases de datos 
consultadas, se realizaron búsquedas en los campos del título, 
resumen y palabras clave. Los límites de búsqueda fueron: ar-
tículos publicados en los últimos diez años (enero de 2010 a 
mayo de 2020). La búsqueda bibliográfica de los estudios fue 
realizada en conformidad con las directrices de revisiones sis-
temáticas y metaanálisis (PRISMA)19. Para este propósito, la 
población, la intervención, los comparadores y los resultados 
(PICO) se establecieron de la siguiente manera: (i) Esmalte 
dental con alteraciones estructurales (Caries dental, Fluoro-
sis, Hipoplasias, Hipomineralizaciones) de niños, adolescentes, 
adultos y adultos mayores; (ii) Solo aquellas intervenciones 
que hayan evaluado retención adhesiva de forma clínica; (iii) 
Los comparadores fueron estudios que hayan utilizado se-
llantes de resina y; (iv) Los resultados de retención hayan sido 
positivos o negativos. Por lo anterior, las siguientes palabras 
clave fueron combinadas con los operadores booleanos (AND/
OR): (["Pit and fissure sealant" OR "Resin sealant" OR "Com-
posite sealant" OR "Dental sealants") AND ("Dental caries" OR 
"Dental Enamel Hypoplasia" OR "Dental Fluorosis" OR "Hypo-
calcification" OR "Hypomineralization" OR "Hypomaturation" 
OR "Molar Incisor Hypomineralization") AND ("Adhesive reten-
tion" OR "Retention rate")]. Cabe mencionar que todos los tér-
minos utilizados para la búsqueda, fueron términos asociados 
a las variables de estudio y que no necesariamente debían ser 
términos MeSH.

Criterios de elegibilidad
La elegibilidad de cada uno de los estudio fue evaluada 

según los siguientes criterios de inclusión: a) estudios que ha-
yan presentado como diseño ensayo clínico; b) artículos que 
incluyan la aplicación de sellantes sobre esmalte dental con 
alteraciones estructurales (Caries dental, Fluorosis, Hipopla-
sias, Hipomineralizaciones) de niños, adolescentes, adultos y 
adultos mayores; c) estudios de retención adhesiva evaluada 
clínicamente; d) estudios que utilizaron sellantes de resina; e) 
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estudios que estuviesen publicados en idioma inglés, español, 
portugués, francés y alemán; y f) artículos publicados durante 
los últimos 10 años (2010 a 2020).

Los estudios que presentaron las siguientes característi-
cas, fueron excluidos: a) artículos a los que no se pueda ac-
ceder y que no contengan abstract; y b) estudios realizados 
en dientes de animales. Dos autores realizaron la búsqueda 
y revisaron los estudios; ambos decidieron si la inclusión de 
los artículos era apropiada. En caso de algún desacuerdo entre 
estos, se consultó con el tercer autor.

Evaluación de la calidad metodológica de los estudios
La calidad metodológica y el riesgo de sesgo de cada es-

tudio científico seleccionado y que cumplieron con los criterios 
de inclusión para la revisión, fueron evaluados utilizando el 
manual de Cochrane20.  Dos autores llevaron a cabo la eva-
luación de sesgo, en caso de algún desacuerdo, se consultó 
al tercer autor de la revisión. El riesgo de sesgo fue dividido 
en seis dominios diferentes: i) sesgo de selección correspon-
diente a la generación de secuencia aleatoria y ocultamiento 
de la asignación de la muestra; ii) sesgo de realización ya sea 
el cegamiento de los participantes y/o el personal del estudio; 
iii) sesgo de detección según el cegamiento de la evaluación de 
los resultados entregados; iv) sesgo de desgaste correspon-
diente a información de los datos de resultados incompletos; 
v) sesgo de notificación que forma parte del informe selectivo; 
y vi) otros tipos de sesgo como la declaración de conflicto de 
intereses. Para cada uno de los ítems, se consideró la respues-
ta a una pregunta; cuando la pregunta fue respondida con un 
"Sí", el sesgo fue bajo; cuando era "No", el sesgo era alto; y 
cuando no estaba claro, el posible sesgo estaba relacionado 
con la falta de información o incertidumbre.

Resultados

Selección de estudios
Luego de la búsqueda electrónica se encontraron 86 artí-

culos, de estos 31 fueron duplicados. Los 55 artículos restan-
tes fueron filtrados por títulos y resúmenes, quedando así 20 
estudios para lectura y análisis completo. Luego de revisar los 
20 artículos resultantes, 13 fueron eliminados por no contar 
con los criterios de inclusión. Se incluyó 1 artículo por búsque-
da de referencias bibliográficas orientada. Finalmente, la can-
tidad total de estudios científicos incluidos para esta revisión 
sistemática fue de 8 artículos. La estrategia de búsqueda y la 
selección de los estudios se presentan en la Figura 1. 

Los ocho artículos se estratificaron de acuerdo a la super-
ficie de aplicación: (i) Superficie cariada (n = 6), (ii) Superficie 
con Fluorosis (n = 1) y (iii) Superficie con Hipomineralización 
incisivo molar (n = 1).

La tasa de retención observada en los estudios para se-
llantes de resina aplicados sobre superficies cariadas (entre 
ICDAS 1-4), varía entre un 69,7% y un 97,3%. En cuanto a la 
tasa de retención observada en el estudio de superficie con 
fluorosis, esta es de un 67,5%. Finalmente, la tasa de retención 
es de un 72% para el estudio de superficie con MIH. Los resul-
tados se encuentran resumidos en la Tabla 1, mientras que las 
características generales de los artículos evaluados son pre-
sentados en la Tabla 2.

Evaluación de la calidad metodológica y detección del 
riesgo de sesgo para los estudios individuales

La evaluación de la calidad metodológica y la detección 

del riesgo de sesgo de los ocho estudios seleccionados para 
esta revisión sistemática, evidenciaron que los estudios desa-
rrollados por Fragelli et al.18, Hasanuddin et al.27 y Nardi et al.25 
detectaron un alto riesgo de sesgo para el dominio de sesgo 
de selección y para el dominio de sesgo de detección. Mientras 
que Muñoz et al.24 presentaron un alto riesgo de sesgo para el 
criterio de selección y Honkala et al.22 evidenciaron un riesgo 
de sesgo alto correspondiente al sesgo de detección. Asimis-
mo Erdemir et al.21, Fragelli et al.18, Hasanuddin et al.27, Muñoz 
et al.24 y Nardi et al.25 mostraron un riesgo de sesgo poco cla-
ro para el sesgo de realización. Del mismo modo, Erdemir et 
al.21, Fragelli et al.18 y Hasanuddin et al.27 obtuvieron un riesgo 
de sesgo poco claro para el sesgo de notificaciones. También 
Hasanuddin et al.27, Muñoz et al.24 y Nardi et al.25 mostraron un 
riesgo de sesgo poco claro para otros tipos de sesgos. Por ulti-
mo Muller Bolla et al.23 y Ntaoutidou et al.26, fueron los únicos 
estudios que evidenciaron un riesgo de sesgo bajo para cada 
uno de los dominios. Los detalles completos de cada estudio y 
dominio se presentan en Figura 2 y Figura 3.

Discusión
Al término de esta revisión sistemática, se pudo observar 

que los dientes tratados con un sellante de resina independien-
te del tipo de alteración estructural que presentaba el diente, 
evidenciaron una tasa de retención de alrededor del 70% a los 
2 años de su aplicación clínica18,21–27.

En un estudio realizado por Honkala et al.22 la evidencia 
científica demostró que posterior a 12 meses de seguimiento, 
existe un 73% de retención en los sellantes de resina. Esto po-
dría explicarse, debido a que las fallas de sellado ocurren den-
tro del primer año de aplicación y ésta aumenta a medida que 
transcurre el tiempo28. En este sentido, al compararse la re-
tención adhesiva de un sellante de resina vs una resina flow, no 
se encontraron diferencias significativas, excepto en molares 
superiores, donde Tetric Evo Flow tuvo una retención significa-
tivamente mejor a los 24 meses (88,5%)21. Por otra parte Oba 
et al.29 evidenciaron que un sellante convencional presentaba 
mayor retención a los 12 meses en comparación a dos resinas 
flow, mientras que a los 24 meses de seguimiento no existie-
ron diferencias significativas entre ambos materiales. En base 
a esto, se hace relevante considerar el tiempo de seguimiento 
para la evaluación de la retención del sellante, debido a que 
algunos autores, consideran que 12 meses de seguimiento es 
un tiempo corto para proporcionar evidencia suficiente y que 
sería ideal extenderse en años30.

En cuanto a las tasas de retención de los sellantes en le-
siones microcavitadas, esta fue de 77% en selladores a base de 
resina y de un 83% en los selladores de GI, evidenciando dife-
rencias no significativas entre ambos grupos (p = 0,48)24. Esto 
podría explicarse por otros estudios donde se sugieren que las 
superficies desmineralizadas pueden disminuir la longevidad 
del sellante de resina1, debido que la microinfiltración ocurre 
con mayor frecuencia alrededor de lesiones cariosas sella-
das que en superficies selladas sanas11. En un ensayo clínico 
Jaafar et al.31 estudiaron el comportamiento retentivo de un 
sellante de resina v/s un sellante de ionómero sobre lesiones 
incipientes de caries, y observaron diferencias estadísticamen-
te significativas a los 3 meses (93,33% vs 77,77%) y 6 meses 
(75,56% vs 48,88%), a favor a los sellantes resinosos. Por 
tanto, existen indicios de que el comportamiento retentivo de 
sellantes de resina suele mostrar mejores resultados sobre le-
siones de caries incipientes que sobre lesiones microcavitadas.

En relación a los sellantes de resina que dentro de su 
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Figura 1. Diagrama de flujo de la estrategia de búsqueda.

Tabla 1. Resumen de resultados en términos de retención y seguimiento clínico para sellantes de resina  aplicados en superfi-
cies de esmalte con alteraciones estructurales.

Javiera Jiménez-Díaz, Gabriela Curtze-Scotts and Guillermo Barahona-Fuentes
Volume 7 / Issue 1 / 14     •     http://www.revistabionatura.com



5

Tabla 2. Características de los ensayos clínicos de sellantes de resina aplicados en superficies de esmalte con alteraciones 
estructurales. 
cm; (centímetros), CST; (técnica convencional de sellantes de fisuras), EST; (técnica de sellado con esmalteplastia), GC; (grupo 
control), GE; (grupo experimental), GI; (ionómero de vidrio), ICDAS; (Sistema Internacional de Detección y Evaluación de Caries), 
ICR; (Riesgo de caries individual), MIH; (Hipomineralización incisivo molar), ns; (no significativo), s; (segundos).
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Tabla 2. Características de los ensayos clínicos de sellantes de resina aplicados en superficies de esmalte con alteraciones 
estructurales. 
cm; (centímetros), CST; (técnica convencional de sellantes de fisuras), EST; (técnica de sellado con esmalteplastia), GC; (grupo 
control), GE; (grupo experimental), GI; (ionómero de vidrio), ICDAS; (Sistema Internacional de Detección y Evaluación de Caries), 
ICR; (Riesgo de caries individual), MIH; (Hipomineralización incisivo molar), ns; (no significativo), s; (segundos).

Figura 2. Evaluación del riesgo de sesgo siguiendo el manual Cochrane en los artículos incorporados para la revisión sistemática.
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composición presentan flúor, se ha evidenciado que la tasa de 
retención de los sellantes fue de un 70% a los 2 años indepen-
dientemente si contenían fluoruro, en aquellos dientes sanos o 
con lesiones ICDAS 1–2, existiendo una tendencia a un menor 
riesgo entre los dientes que recibieron sellante con flúor, y la 
pérdida del sellante no se asoció con el riesgo de caries23.  En 
contraste con lo anterior, un estudio realizado por Ganss et al.32 
evidenciaron una tasa de retención de sellantes con liberación 
de flúor del 38% para Helioseal F y del 60% para Fissurit F ais-
lados con rollos de algodón al cabo de un año de seguimiento 
clínico, esta diferencia en la tasa de retención pudo haber sido 
modificado por el aislamiento del diente al momento de ser 
aplicado el sellante, debido a que los hallazgos sugieren que 
la colocación de goma dique aumenta la tasa de retención, la 
calidad del sellador y puede reducir factores dependientes del 
material que se consideran una causa de fallas del sellante32. 
Por otra parte,  al evaluarse la retención de un sellante de re-
sina  opaco y uno transparente (ambos con flúor), se eviden-
ció que a los 12 meses existió un aumento significativo en la 
efectividad clínica del sellante opaco25. Asimismo, Ntaoutidou 
et al.26 evaluaron la tasa de retención de un sellante de resi-
na que contenía rellenos de cemento de GI pre-reaccionado 
(S-PRG) con liberación de flúor, y lo compararon con un sellan-
te a base de resina convencional, donde se mostró una mejor 
tasa de retención en el sellante de resina convencional a los 
6, 12 y 18 meses. Pese a lo anterior, se ha demostrado que la 
capacidad de evaluar adecuadamente la retención en sellado-
res opacos es mucho menos propensa a errores que con los 
selladores transparentes25. Esto se debe principalmente a la 
dificultad en la detección clínica de selladores transparentes 
durante el seguimiento25. Estos resultados podrían explicarse  
por posibles deficiencias en la capacidad de grabado del ceba-
dor de autograbado del GE26. En este sentido, es bien sabido 
que la unión al esmalte se logra mediante la formación de tags 
de resina en el esmalte grabado y la longitud de estos tags 
se correlaciona con la fuerza de unión33. Junto con lo anterior, 
existe un cuestionamiento sobre la efectividad de los adhesi-
vos de autograbado, ya que la mayoría no son tan ácidos como 
el ácido fosfórico34. Esto queda demostrado en un estudio don-
de se descubrió que la penetración de los materiales adhesivos 
era significativamente mayor cuando se aplicaba sobre esmal-
te grabado con ácido fosfórico que con adhesivos autograban-
tes35. A diferencia de estos y otros hallazgos26,35, Feigal et al.36 
encontraron que el adhesivo autograbante Prompt L-Pop fue 
tan efectivo como el ácido fosfórico solo para la colocación del 

sellante evaluado durante un período de 24 meses. Estos re-
sultados podrían explicarse por la agresividad particular del 
adhesivo de autograbado utilizado en este estudio, que es muy 
similar al ácido fosfórico, con un pH de 137. Pese a esto, aún 
son necesarias más investigaciones futuras para confirmar la 
superioridad de los sellantes de resina con flúor23,38.

Por otra parte, la tasa de retención en dientes con fluoro-
sis, se ha demostrado que el sellante a base de resina (Clinpro) 
presenta una retención total del 67,5%27. Este resultado podría 
estar relacionado con el hecho de que se realizó un grabado 
aumentado con ácido fosfórico al 37%6. En este sentido, Gu 
et al. estudiaron la unión de fuerza microtensil utilizando dife-
rentes concentraciones de ácido fosfórico en dientes con fluo-
rosis, al término del estudio se pudo evidenciar que la fuerza 
de unión fue menor en diente que presentaban mayores canti-
dades de fluorosis6. Esto podría indicar que se hace necesario 
la remoción de un esmalte aprismático que podría influenciar 
negativamente la retención39.

En los tratamientos de aplicación con Fuji VII, la técnica 
de esmalteplastía mostró mejores resultados retentivos en 
comparación a la técnica de aplicación convencional22. Esto 
podría explicarse por el hecho de que el sellante puede tener 
más acceso a la fisura cuando se elimina esmalte alrededor de 
esta39. Esto se relaciona con un estudio realizado por Hatirli et 
al.14 donde la técnica esmalteplastía mejoró significativamen-
te la profundidad de penetración de los selladores por sobre 
otras técnicas. En este sentido, se podría deducir que una for-
ma efectiva de aumentar la retención de sellantes de resina 
en superficies con fluorosis sería aumentando el área de su-
perficie de adhesión6. Sin embargo, esto sería opuesto a lo que 
dictan las técnicas mínimamente invasivas cuyo objetivo es la 
conservación de tejido con la mínima pérdida posible40, por lo 
que se hace relevante seguir investigando sobre otras técnicas 
para mejorar la retención en este tipo de sustrato.

Respecto a la tasa de retención de sellante de resina en 
dientes afectados por MIH, no se encontraron diferencias sig-
nificativas en comparación a dientes no afectados18. Esto se 
puede deber a que se produjo una adherencia del sellante en 
la superficie del esmalte, que pudo haber sido remineralizada 
por tratamientos preventivos previos con barniz de flúor18. En 
relación a lo anterior, Fütterer et al. evidenciaron que un tra-
tamiento preventivo con barniz de flúor favorecía la reminera-
lización y disminuía el riesgo de fracturas y lesiones cariosas 
en los dientes afectados por MIH11. Asimismo, Lygidakis et al.41 

evidenciaron que los sellantes de fisuras con MIH en 54 niños 

Figura 3. Gráfica que identifica el riesgo de sesgo a juicio de los autores acerca de  cada dominio de riesgo de sesgo presentado 
como porcentaje en los artículos incluidos.
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con molares con opacidades oclusales, presentaron una alta 
retención al utilizarse adhesivos de 5ta generación antes de 
colocar el sellador. En contraparte, un estudio de Kotsanos et 
al.16 se evidenció que los sellantes aplicados en 35 molares 
con MIH no presentaron retención después de un período de 
tiempo. Sin embargo, estos autores16, no realizaron un trata-
miento previo de superficie a diferencia de Lygidakis et al.41. 
Esto puede sugerir que independientemente de la superficie 
en la cual se aplique el sellante, existiría una tasa de reten-
ción mayor si se realiza un tratamiento de superficie previo18,41. 
Pese a esto, la información sobre adhesión en esmalte hipomi-
neralizado es aún limitada, especialmente en lo que respecta 
al uso de sellantes.

Dentro de las limitaciones de esta revisión sistemática se 
puede mencionar que no se pudo acceder a todos los textos 
que se abarcaron durante la búsqueda metodológica, ya sea 
por estar en un idioma fuera de los criterios de inclusión o por 
la imposibilidad de acceso al texto completo. Otra limitación 
importante en esta revisión, fue el número limitado de estudios  
que evaluaron la tasa de retención en superficie con fluorosis 
dental27 y superficie con hipomineralización incisivo molar18, 
así como la limitada cantidad de ensayos clínicos relacionados 
con estos dos tipos de alteraciones de esmalte.

Se sugiere para futuras investigaciones realizar estudios 
de ensayos clínicos por sobre estudios in vitro en dientes afec-
tados con hipomineralización incisivo molar y con fluorosis 
dental. Además, se sugiere a los investigadores prolongar el 
tiempo de seguimiento clínico de los pacientes, tanto para este 
tipo de superficies como para superficies cariadas.

Conclusiones
Al término de la revisión se evidenció que el comporta-

miento retentivo de los sellantes de resina sobre esmalte con 
alteraciones estructurales es adecuada y óptima a los 2 años 
de su aplicación clínica tanto para superficies cariadas, super-
ficies con fluorosis, como también superficies con MIH. Pese a 
esto, se requieren de más estudios respecto a la tasa de reten-
ción en fluorosis dental y MIH, donde la información científica 
es aún limitada. Por otra parte, la mayor evidencia sobre la 
tasa de retención se encontró en superficies cariadas, la cual 
presenta un mejor comportamiento retentivo independiente-
mente de su tiempo de seguimiento.
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Antibacterial and cytotoxic evaluation of sequential extract of Moringa oleifera 
leaves

Usama Bin Naeem1, Waqas Iftikhar1, Mussarat Rafiq2 and Muhammad Babar Khawar3*

Abstract: Moringa Oleifera is an interesting plant used in Asian traditional medicine. In this study, in vitro antibacterial and 
cytotoxic evaluation of sequential extracts (aqueous, ethanol, and chloroform) of Moringa Oleifera was carried out. The 
antibacterial analysis was estimated with minimum inhibitory concentration (MIC) by micro dilution of Moringa Oleifera against 
common poultry pathogens Clostridium perfringens type A and Escherichia coli, while cytotoxic evaluation was estimated by the 
reduction in cell viability due to apoptosis or necrosis by metabolic events in the presence and absence of crude extracts or tested 
component. The aqueous extract shows the highest percentage yield (45/50gm) succeeded by ethanol extract (5.5gm/50gm) 
and chloroform extract (0.2gm/50gm). In our study, the zone of inhibition of sequential extracts of Moringa Oleifera against 
Haemophilus species are highest for chloroform (17mm), intermediate for ethanol (13mm), and lowest for aqueous extract 
(12.3mm). For chloroform extract the CSP was calculated at 10 different concentrations, 2000 µg/ml, 1000µg/ml, 500µg/ml, 
250µg/ml, 125µg/ml, 62.5µg/ml, 31.25µg/ml, 15.63µg/ml, 7.81µg/ml and 3.91µg/ml .The results for cell survival percentage 
(CSP) in the present research are 26%, 46%, 58%, 55%, 60%, 63%, 62%, 59%, 68% and 82% respectively. The CSP results of 
chloroform extract indicated that it is toxic for cells at ≥1000µg/ml. At 1000µg/ml concentration CSP was 46% which is > 50% 
and therefore it is cytotoxic. At higher concentrations, chloroform is more cytotoxic than hexane because at > 1000µg/ml the 
cell survival percentage was recorded to be < 50%. For ethanol extract CSP was calculated at 10 concentrations, 6000µg/ml, 
3000µg/ml, 1500µg/ml, 750µg/ml, 375µg/ml, 187.5µg/ml, 93.75µg/ml, 46.85µg/ml, 23.43µg/ml and 11.71µg/ml. The CSP values 
are 18%, 48%, 60%, 58%, 69%, 56%, 59%, 74%, 57% and 78% respectively which indicate that at concentrations ≥3000µg/ml 
the chloroform extract is toxic for cells. At a concentration less than 3000µg/ml, the CSP is more than 50%. So, as compared to 
hexane and chloroform, ethanol extract is less toxic at higher concentrations. Cytotoxicity of aqueous extract was calculated at 
10 concentrations, 5000µg/ml, 2500µg/ml, 1250µg/ml, 625µg/ml, 312.5µg/ml, 156.25µg/ml, 78.125µg/ml, 39.06µg/ml, 19.53µg/
ml and 9.76µg/ml. The CSP values are 8%, 18%, 42%, 56%, 54%, 59%, 55%, 62% 59% and 66% respectively. At a concentration 
≥625µg/ml, the aqueous extract is toxic for cells. The CSP at 625µg/ml is 42%, hence toxic for cells. The cell survival percentage 
is more than 50% at a concentration > 625µg/ml, indicating that aqueous extract is more toxic to the cell than the rest of the 
three (Hexane, Chloroform, Ethanol extracts) at higher concentrations.

Key words: Moringa oleifera, poultry pathogens, minimum inhibitory concentration, antibacterial, cytotoxicity, cell survival 
percentage.

ARTICLE / INVESTIGACIÓN

Introduction
"The tree of life" named Moringa oleifera, is regarded as 

one of the most valuable and useful trees because its all parts 
can be used for medication and food1,2. The leaves of Morin-
ga are eaten either cooked or fresh in salads. Leaves in the 
form of dried powder can be stored without losing nutritional 
value for months. However, it is essential to screen Moringa 
oleifera for antimicrobial properties and investigate its saniti-
zing /preservative potential3. In developing countries, untrea-
ted water-born life-threatening infections are increasing4. 
World Health Organization (WHO) has warned that microbial 
resistance to typical water treatment mechanisms is increa-
sing, and medicinal plants offer a good source of choice. The 
assessment of all the drugs is based on phytochemical and 
pharmacological approaches, which lead to the drug discovery 

referred to as natural product screening5. Antibacterial resis-
tance is a global problem; strategies to improve the current 
situation include controlling infections and minimizing the 
incidence of bacterial resistance by making new findings and 
innovations in antibacterial antibiotics and chemotherapeutic 
agents6. Almost 20% of the plants found in the world have 
been investigated through pharmacological or biological tests, 
and a considerable number of new antibiotics are synthesized 
using natural or semi-synthetic resources7. Due to the high 
cost of antibacterial medicines in developing countries like Pa-
kistan, a significant portion of the population uses medicinal 
plants as medicaments against infectious diseases.
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Materials and methods 
All experimental work was performed at the Department 

of Pharmacology and Toxicology, UVAS, Lahore. The fresh ma-
ture leaves of Moringa Oleifera were shadow dried at room 
temperature. Leaves were turned in powder form and stored 
in a dry place. Soxhlet apparatus as done by (8) with slight 
modification was used to collect the sequential extracts from 
dried leaves powder of Moringa Oleifera and dried through the 
rotary evaporator. For further analysis, sequential extracts 
were used to estimate the antibacterial activity. Cytotoxicity 
was conducted by colorimetric analysis, MTT (methyl thiazole 
tetrazolium) assay in vitro.

Antibacterial activity

Identification based on Biochemical tests
All the selected microorganisms, Staphylococcus aureus, 

Escherichia coli, Salmonella enterica, Clostridium perfringens 
type A, Haemophilus spp., were biochemically characterized 
by a series of biochemical tests performed for Gram reaction, 
catalase test, carbohydrate (lactate) fermentation, IMViC tests 
(Indole test, Methyl Red test, Citrate utilization test, Voges–
Proskauer test) and oxidase test as per the standard methods 
reported in The "Bergey's Manual of Determinative Bacterio-
logy’’9.

Antimicrobial susceptibility testing (AST) by Agar well 
diffusion method

Plant extract containing antimicrobial constituents is 
allowed to soak or diffuse properly in the agar medium on a 
plate with fresh growth of test microorganisms. A zone of inhi-
bitions is produced circularly due to inhibition of the confluent 
lawn of growth. The zone of inhibition's diameter is measured 
in mm.

Minimum inhibitory concentration (MIC) calculation by 
Micro dilution method

96-well plates were used and labeled for every three iso-
lates of a microorganism and their crude extracts. 100µl MHB 
media was introduced to each well up to 12th well by sterile 
micropipette. 100µl of each plant extract was added to the 
first well, mixed properly, and then serially two-fold diluted up 
to 10th well by taking 100µl from first well and shifted to se-
cond well then took a sample from the second well and shifted 
to third well and so on. The sample taken from the 10th well 
was discarded at the end. Now, 100µl of suspension inoculum 
was introduced up to the 11th well. Standardized inoculum and 
broth media presence in the 11th well was considered positive 
control while only broth media presence in the 12th well was 
considered a negative control.

The final volume in each well was 200µl, except in the 
12th well, which has 100µl. The plates were wrapped, labeled, 
and incubated for 24 hours at 37°C. The plate's optical densi-
ty (OD value) was measured using an ELISA reader at 595nm 
wavelength. Note the MIC endpoints as the lowest concen-
tration of crude extract where no visible growth was shown10. 
The experiment was performed in triplicate, and the results 
were noted in mean ± standard deviation format. The data 
was analyzed statistically by using one-way ANOVA, and the 
treatment means were compared by Duncan's Multiple Range 
(DMR) posthoc test at significance level P ≤0.0511.

Cytotoxic evaluation

Preparation of MTT dye
In a sterile test tube, 50 mg of MTT dye was taken. 0.22 

µm syringe was used to filter water and then added to test 
tube containing MTT dye. The prepared MTT dye was stored 
at 4°C for further use.

Vero cell line
The Vero cell line was taken from WTO-QOL (Quality 

Operation Laboratory) UVAS, Lahore. Lahore. For future use in 
research, it was cryopreserved by a method described by Day 
and Stacey, 200712.

Cell line revival
The cryovial labeled Vero cells were removed from the li-

quid nitrogen container. Cells were decontaminated with 70% 
isopropyl alcohol and then thawed at 37°C in a water bath. The 
Vero cells suspension was shifted to a centrifuge tube contai-
ning cell culture media from cryovial. After centrifugation, the 
supernatant was discarded to remove DMSO, and pellets of 
Vero cells were resuspended by adding 5ml of cell culture me-
dia (M-199). The Vero cells were transferred to the Carrel cell 
flask for further use.

Vero cell's seeding in 96-well cell culture plate
Vero cells suspension (100 µl) was seeded in 96 well pla-

tes in a safety cabinet aseptically. The plates seeded with Vero 
cells were incubated in 5% CO2 for 72 hours at 37ºC, and an 
inverted microscope for a complete monolayer was used to 
monitor cell plates.

Cell survival percentage
Calculation of cell survival percentage:
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Statistical analysis
The parameters analyzed in all experiments were sub-

jected to SPSS for windows version 16, SPSS inc, Chicago, 
IL, USA). One-way ANOVA analyzed the zone of inhibition and 
minimum inhibitory concentrations and then the means were 
compared with Duncan's Multiple Range (DMR) posthoc test 
at significance level P ≤0.0513.

Results

Selected bacteria identification
Staphylococcus aureus (S. aureus), Salmonella enterica (S. 

enterica), Escherichia coli (E. coli), Clostridium perfringens (C. 
perfringens) type A, and Haemophilus species (isolated from 
poultry) were collected from the Microbiology department of 
UVAS, Lahore. These bacteria were cultured. Microscopic eva-
luation and biochemical characterization were performed to 
confirm these bacteria. The summary of the biochemical test 
is shown in Table 1.

Minimum inhibitory concentration (MIC) values
Antibacterial activity of Moringa oleifera sequential lea-

ves and root extracts against common poultry pathogens was 
evaluated using the MIC method. Minimum inhibitory concen-
trations of Clostridium perfringens and Escherichia coli were 
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measured) and results are summarized in Tables 2 and 3, 
respectively. Means minimum inhibitory concentration of all 
extracts (chloroform, ethanol, and aqueous) differ non-signifi-
cantly, as showed by ANOVA and Duncan's test. Minimum inhi-
bitory concentration values were recorded highest for aqueous 
(5000µg/mL), while lowest for hexane (1250µg/mL), chlo-
roform (1250µg/mL) and ethanol (1250µg/mL). So, hexane, 
chloroform, and ethanol were active at their respective lowest 
concentrations.

Cytotoxicity assay
Assay for cytotoxicity was performed by MTT assay using 

Vero cell lines for sequential extracts (Hexane, Chloroform, 
Ethanol, and Aqueous) of Moringa oleifera roots. Every extract 
was evaluated using different concentrations. Cell survival 
percentage and results were indicated as mean optical density 
± standard deviation. CSP was calculated with the help of the 
optical density of each extract tested.

This means having the same superscripts differ non-signi-
ficantly and with different superscripts differ significantly. This 
means having the same superscripts differ non-significantly 
and with different superscripts differ significantly.

Chloroform extract was safe at concentrations of 500µg/
ml, 250µg/ml, 125µg/ml, 62.5µg/ml, 31.25µg/ml, 15.63µg/
ml, 7,.81µg/ml and 3.91µg/ml where cell survival percentage 
was more than 50% and the values are 58%, 55%, 60%, 63%, 
62%, 59%, 68% and 82% respectively while it was toxic at the 
concentrations of 2000 µg/ml, 1000µg/ml where cell survival 
percentage was less than 50% i.e., 26% and 46% respectively, 
and results are summarized in Table 4. 

Ethanolic extract was safe at conc. of 1500µg/ml, 750µg/
ml, 375µg/ml, 187.5µg/ml, 93.75µg/ml,46.85µg/ml, 23.43µg/
ml and 11.71µg/ml where cell survival percentage was more 
than 50% and the values are 60%, 58%, 69%, 56%,59%, 74% 
57% and 78% respectively while it was toxic at the concen-
trations of 6000µg/ml, 3000µg/ml where cell survival per-
centage was less than 50% i.e., 18% and 48% respectively and 
results are represented in Table 5. 

Aqueous extract was safe at concentrations of 625µg/ml, 
312.5µg/ml, 156.25µg/ml, 78.125µg/ml, 39.06µg/ml, 19.53µg/
ml and 9.76µg/ml where cell survival percentage was more 
than 50% and the values are 56%, 54%, 59%, 55%, 62% 59% 
and 66% respectively while it was toxic at the concentrations 
of 5000µg/ml, 2500µg/ml, 1250µg/ml where cell survival per-
centage was less than 50% i.e., 8%, 18% and 42% respectively 
as summarized in Table 6.

Discussion
The current study was designed to determine the anti-

bacterial activity of Moringa oleifera against common poultry 
pathogens C. perfringens type A, E. coli, Haemophilus species, 
S. enterica, and S. aureus. Well-diffusion method for qualitati-
ve and minimum inhibitory concentration (micro-broth dilution 
method) for the quantitative study was performed to find out 
antibacterial activity of sequential extracts using hexane, chlo-
roform, ethanol, and aqueous solvents. These minimum inhibi-
tory concentrations were evaluated for cytotoxicity.

The aqueous extract shows the highest percentage yield 
(45/50gm) succeeded by ethanol extract (5.5gm/50gm), 
hexane extract (0.2gm/50gm), and chloroform extract 
(0.2gm/50gm). The percentage yield was 90%, 11%, 0.8%, 
0.4% respectively. In a study the extraction of Astragalus Root 
was carried out with two-fold 95% ethanol, and the yield obtai-
ned was 17.1 %. The extraction was carried out for three days 
at room temperature. The filtrate then collected was concen-
trated under pressure and stored for further use. The yield 
obtained was closely related to our study's ethanol extract, 
which was reported 11%13.

For Clostridium species, culture characteristics, gram 
staining, different biochemical tests such as Lipase test, Escu-
lin Hydrolysis test, Catalase test, Indole test, Voges- Proskauer 
test Starch hydrolysis test Motility test, and Methyl Red test 
were performed14.

Different biochemical tests were used for the identifica-
tion of Escherichia coli. MacConkey's agar and Eosin methyle-
ne Blue agar were used to observe colony characters. Gram 
staining was also performed. To identify bacteria motility test 
by hanging drop method, mannitol, sucrose, lactose, maltose 
and dextrose fermentation, voges procure, indole, methyl red, 
and Catalase tests were used15. E. coli isolates are catala-
se-positive, as tested in another study16.

The minimum inhibitory concentration of sequential ex-
tracts of Moringa Oleifera leaves against Clostridium perfrin-
gens are highest for aqueous (5000µg/mL), while lowest for 
chloroform (1250µg/mL) and ethanol (1250µg/mL). So, chlo-
roform and ethanol are active at their lowest concentration, 
the MIC values against Escherichia coli are highest for aqueous 
(3333.33µg/mL), medium for ethanol (2500µg/mL) while 
lowest for chloroform (208µg/mL).

For chloroform extract the CSP was calculated at 10 con-
centrations, 2000 µg/ml, 1000µg/ml, 500µg/ml, 250µg/ml, 

Table 1. Summary of biochemical test per-
formed.

Antibacterial and cytotoxic evaluation of sequential extract of Moringa oleifera leaves
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125µg/ml, 62.5µg/ml, 31.25µg/ml, 15.63µg/ml, 7.81µg/ml and 
3.91µg/ml. The results for cell survival percentage (CSP) in 
the present research are 26%, 46%, 58%, 55%, 60%, 63%, 62%, 
59%, 68% and 82% respectively. The CSP results indicate that 
chloroform extract is toxic to cells at concentration ≥1000µg/
ml. CSP at 1000µg/ml is 46% means toxic to cell because va-
lue is less than 50%. At a concentration less than 1000µg/ml 
the CSP is more than 50%. So, at higher concentrations chlo-
roform is more cytotoxic to cell than hexane.

The CSP for Ethanol extract was calculated at 10 con-
centrations, 6000µg/ml, 3000µg/ml, 1500µg/ml, 750µg/ml, 
375µg/ml, 187.5µg/ml, 93.75µg/ml, 46.85µg/ml, 23.43µg/ml 
and 11.71µg/ml. The CSP values are 18%, 48%, 60%, 58%, 69%, 
56%, 59%, 74%, 57% and 78% respectively which indicates that 
chloroform extract at concentration ≥3000µg/ml is 48% so 
cytotoxic. At a concentration less than 3000µg/ml the CSP is 
more than 50%. Ethanol as compared to hexane and chloro-
form is less toxic to cell at higher concentration. Cytotoxicity of 
aqueous extract was calculated at 10 concentrations, 5000µg/

ml, 2500µg/ml, 1250µg/ml, 625µg/ml, 312.5µg/ml, 156.25µg/
ml, 78.125µg/ml, 39.06µg/ml, 19.53µg/ml and 9.76µg/ml. 
The CSP values are 8%, 18%, 42%, 56%, 54%, 59%, 55%, 62% 
59% and 66% respectively. The resulted values indicate that 
aqueous extract is cytotoxic at concentration ≥625µg/ml. The 
CSP at 625µg/ml is 42% which means it is toxic to the cells. 
At a concentration ≥625µg/ml the CSP is more than 50%. So, 
aqueous extract is more toxic to cell as compared to the rest 
of two (chloroform, ethanol extracts) at higher concentration.

Conclusions
The current study aimed to evaluate cytotoxic and antibac-

terial activities of different extracts of Moringa Oleifera against 
common poultry pathogens. Sequential extraction with etha-
nol, chloroform and aqueous solvents was prepared, and anti-
bacterial activity was evaluated by using agar well diffusion. A 
micro broth dilution test was used to evaluate the MIC of plant 
extracts. The extracts exhibiting antimicrobial activity were 

Table 2. Values of MIC for sequential extracts (Chloroform, Ethanol and Aqueous) of Moringa oleifera leaves against Clostri-
dium perfringens isolates (n=3).

Table 3. Values of MIC for sequential extracts (Chloroform, Ethanol and Aqueous) of Moringa oleifera leaves against Escheri-
chia coli isolates (n=3).
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further evaluated for cytotoxicity by using an MTT assay on 
the Vero cell line. Cell culture media was prepared, cell lines 
were propagated, the monolayer was formed. This monolayer 
was exposed to plant extract dilutions. After 24-48 hours, MTT 
dye was introduced, and cell survival percentage was calcu-
lated. SPSS software was used to analyze data. Results MTT 
assay and antibacterial activity were compared using DMR 
posthoc test. All extracts inhibited the growth of Clostridium 
perfringens and Escherichia coli except aqueous extract, which 

shows no zones of inhibition against C. perfringes. MIC values 
were higher for aqueous extract against all selected bacteria 
and lowest for chloroform against E. coli (208.3ug/ml); Mo-
ringa Oleifera leaves showed antibacterial activity against all 
selected pathogens. Chloroform extract showed more signifi-
cant antibacterial activity than ethanol and aqueous. Cytotoxi-
city values for chloroform extract are safer than the other two 
extracts. Moringa Oleifera may be used to design traditional 
medicines for the development of therapeutic agents which 
will be more safe, effective, and economical.
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Resumen: Se presenta el caso de una paciente de sexo femenino de cuatro años y dos meses de edad, quien consultó por 
un fenotipo especial: Retraso psicomotor, talla corta, microcefalia, orejas grandes y de implantación baja, frente pequeña, 
arcos superciliares prominentes, comisura labial abierta, hipertelorismo ocular, cuello corto, hipertelorismo mamario y 
pectus excavatum. El objetivo de este trabajo es analizar una paciente con rasgos fenotípicos inusuales, a través del examen 
físico, análisis comparativo con otros casos, y estudios genéticos. El estudio citogenético reveló un cariotipo en mosaico, mos 
46,XX,r(15)(q26.3)/46,XX con la presencia del anillo en 83%. El estudio de arrays de mapeo genético identificó la pérdida de 
3,5 Mb en 15q26.3. Entre los genes perdidos en la región terminal de 15q, se evidenció una interacción entre sus productos 
proteicos según el análisis por STRING. Este es el segundo caso de anillo del cromosoma 15 informado en el Ecuador, y sería 
el centésimo primero en el mundo desde 1966. El fenotipo especial de estos individuos se relaciona con la cantidad de material 
genético perdido. Los genes implicados en la formación del anillo, así como las proteínas que determinarían estos genes y las 
relaciones en distintas vías celulares, son analizados in sílico con la finalidad de comprender la fisiopatología de este trastorno. 
Su diagnóstico es mayoritariamente postnatal por lo cual el enfoque clínico difiere individualmente de acuerdo a los síntomas y 
signos que se presenten.

Palabras clave: 46,XX,r(15)(q26.3), anillo del cromosoma 15, mosaico, array de mapeo genético, interactoma. 

Abstract: The case of a 4-year-two-month-old female patient is presented, who consulted for a special phenotype: psychomotor 
retardation, short stature, microcephaly, large and low-set ears, small forehead, prominent brow ridges, labial commissure 
open, ocular hypertelorism, short neck, mammary hypertelorism and pectus excavatum. The objective of this study is to analyze 
a patient with unusual phenotypic traits, through physical examination, comparative analysis with other cases, and genetic 
studies. The cytogenetic study revealed a mosaic karyotype, mos 46,XX,r(15)(q26.3)/46,XX with the presence of the ring in 
83%. The genetic mapping array study identified the loss of 3.5 Mb in 15q26.3. Among the genes lost in the terminal region of 
15q, an interaction between their protein products was evidenced according to the STRING analysis. This is the second case 
of a ring chromosome 15 reported in Ecuador. And it would be the 101st in the world since 1966. The special phenotype of 
these individuals is related to the amount of genetic material lost. The genes involved in the formation of the ring, as well as 
the proteins that determine these genes and the relationships in different cellular pathways, are analyzed in silico in order to 
understand the pathophysiology of this disorder. Its diagnosis is mostly postnatal, so the clinical approach differs individually 
according to the symptoms and signs that appear.

Key words: 46,XX,r(15)(q26.3), ring chromosome 15, mosaic, genetic mapping array, interactome.

CLINICAL REPORT / REPORTE DE CASO

Introducción
Los cromosomas en anillo son anomalías cromosómicas 

estructurales inestables, producidos por roturas terminales 
en uno o ambos brazos cromosómicos seguidas de un even-
to de fusión de los extremos rotos1, o por un reordenamiento 
inversión-duplicación-deleción2, los que pueden desencadenar 
la pérdida o ganancia de material genético. Los cromosomas 
en anillo también pueden formarse por la fusión de secuencias 
subteloméricas como por la fusión entre telómeros, lo que no 

ocasionaría pérdida de material genético3,4, como se observa 
en pacientes con fenotipo normal, pese al anillo.

En general, el fenotipo de los casos con anillo del cromo-
soma 15, r(15), presenta retraso del crecimiento, bajo peso al 
nacer, retraso mental variable, microcefalia, hipertelorismo y 
fascias triangulares5.

El cromosoma 15 en anillo constituye una alteración 
estructural rara, siendo su prevalencia menor de uno en un 
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millón, afectando con más frecuencia al sexo femenino en 
comparación con el masculino. Se han reportado cien casos 
alrededor del mundo desde 1966 hasta la fecha, uno de ellos 
en Ecuador en el año 20186-8. El presente caso que informa-
mos constituye el segundo de esta patología en el país.

Si bien el diagnóstico prenatal para este tipo de anormali-
dades es posible mediante pruebas especializadas como am-
niocentesis, ultrasonido y análisis de vellosidades coriónicas; 
los resultados obtenidos con estas pruebas sólo pueden ser 
reconfirmados después del nacimiento y a lo largo de la in-
fancia evaluando la aparición y desarrollo de características 
clínicas congruentes con esta enfermedad9. El fenotipo final 
dependerá del porcentaje de mosaico del anillo que presente 
el paciente y de la cantidad delecionada de material genético 
al momento de la formación del anillo.

El objetivo de este trabajo es describir un nuevo caso de 
una paciente de cuatro años dos meses con rasgos fenotípicos 
inusuales, que acudió voluntariamente a realizarse una eva-
luación genética, estudios citogenéticos y moleculares, con la 
finalidad de entender su patología y analizar su origen y com-
portamiento genético.

Caso clínico
La probandus acude por primera vez a consulta genética 

a los cuatro años dos meses de edad, es de sexo femenino, 
fue producto de una tercera gestación. La madre de 27 años y 
padre de 30 años de edad aparentemente sanos, sin anormali-
dades conocidas y no consanguíneos.

La paciente proviene de la ciudad de Quito ubicada en la 
región Sierra del Ecuador; de acuerdo a la ancestría de la po-
blación ecuatoriana, la paciente es mestiza10.

La paciente nació por parto vaginal a las 40 semanas de 

gestación reportando un peso de 1.134 g, perímetro cefálico 
de 31 cm y APGAR de 8-10. Asiste a consulta genética por 
presentar problemas en su fenotipo: Retraso psicomotor y del 
desarrollo, bajo peso al nacer (14.2 Kg <percentil 10), talla cor-
ta (105 cm <percentil 3), microcefalia (48 cm <percentil 10), 
retraso mental, frente pequeña, hipertelorismo ocular, arcos 
supraciliares prominentes, orejas grandes y de implantación 
baja, filtrum corto, labios hipoplásicos, comisura labial abierta, 
nariz pequeña, cuello corto, hipertelorismo mamario y pectus 
excavatum (Figura 1).

Análisis del fenotipo
Se listó las características físicas de todos los casos con 

anillo del cromosoma 15 descritos en la literatura6-8. Se com-
paró el fenotipo de la paciente con el de la lista de los 100 
casos anteriores.

Estudio genético
Tanto a la probandus como a sus padres se les tomó 

muestras de sangre periférica con heparina y se realizó los es-
tudios citogenéticos utilizando el protocolo estándar del labo-
ratorio; cultivo de 72 horas en medio RPMI-1640, enriquecido 
con Suero bobino fetal 15%, fitohemaglutinina, antibiótico y 
antimicótico.  Se realizó la cosecha con colchicina y fijador de 
Carnoy; extensión de portaobjetos y bandeo GTG (Giemsa-Trip-
sina-Giemsa). Se contabilizaron 100 metafases por individuo.

Para los estudios moleculares se empleó muestras de 
sangre periférica obtenidas mediante punción venosa y trata-
das con ácido etilendiaminotetraacético (EDTA) como anticoa-
gulante. Se utilizaron 200 µl de muestra para la extracción de 
ADN utilizando el kit comercial Purelink Genomic DNA (Invitro-
gen®, Life Technologies, CA, USA). La concentración y pureza 
del material genético se valoró utilizando NanoDrop 2000c 
Spectrophotometer (Thermo Fisher Scientific Inc., MA, USA)10.

César Paz y Miño, Camila Medranda, Alejandra Loaiza, Mishell Ponce, Paola E. Leone
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Se realizó el análisis de los componentes de la ancestría 
genética, por tipificación de 46 marcadores informativos de 
ancestría autosómica, basados en inserción y deleción10. Para 
describir el estado de las regiones cromosómicas involucradas 
en el anillo se emplearon arrays de mapeo genético CytoScan 
750K (Affymetrix, Santa Clara, CA, USA) según las instruccio-
nes del fabricante (Affymetrix, Santa Clara, CA, USA). Para los 
genes implicados en la región de pérdida cromosómica se apli-
có el análisis bioinformático STRING11.

Resultados 
El análisis de las características físicas descritas en los 100 

casos informados en la literatura, reveló 52 rasgos (6-8), 12 de 
ellos presentes en la actual paciente. La probandus presentó 
también 6 signos no descritos en otros pacientes (Tabla 1).

El estudio de ancestría de la paciente muestra la siguien-
te composición étnica: Nativoamericano 62%, Europeo 32% y 
Afrodescendiente 6%.

El estudio citogenético de la paciente evidenció dos líneas celu-
lares: normal de 46 cromosomas en el 17% de las metafases ana-
lizadas y una con la presencia del cromosoma 15 en anillo (Figura 
2) en el 83%, con un cariotipo: mos 46,XX,r(15)(q26.3) [83]/46,XX17. 
Los cariotipos de los padres fueron normales: 46,XX y 46,XY. 

El estudio de arrays de mapeo genético mostró una de-
leción terminal en 15q26.3 (Figura 3), de 3.459.037 pb con la 
pérdida de una copia de 29 genes localizados en esta región 
(desde 98.970.003 pb a 102.429.040 pb) (Tabla 2).

Entre los 29 genes perdidos en la región de 15q26.3 se evi-
denció una interacción entre nueve de sus productos proteicos 
según el análisis por STRING (Figura 4). Los otros 20 genes 
tienen acciones individuales y no presentaron interacciones.

Discusión
Los componentes de la ancestría genética de la pacien-

te es similar a la paciente que describimos anteriormente con 
cromosoma 15 en anillo6 y conforme a la composición étni-
ca del individuo ecuatoriano promedio10. Se ha informado en 
muchos casos de la literatura, que el componente genético de 
ancestría podría determinar prevalencias diferentes según las 
regiones del mundo. Aunque no es definitivo, la presencia de 
dos casos en población ecuatoriana es llamativa6.

Se han descrito diferentes mecanismos de formación de 
los cromosomas en anillo (1-4); nuestra paciente presenta un 
anillo producto de la deleción terminal de los brazos cortos y 
largos del cromosoma 151.

Las características clínicas de los casos con anillo del 
cromosoma 15 demuestran una gran variabilidad del fenotipo, 
es así que comparamos el de la actual paciente con el de los 
cien casos informados en la literatura6-8. Encontramos un total 
de 52 rasgos, de los cuales el más común es el retraso del 
crecimiento, presente en el 75% del total de casos con cro-
mosoma 15 en anillo, nuestra paciente también mostró esta 
característica. La frecuencia de los otros rasgos se observan 
en la Tabla 1: bajo peso al nacer, microcefalia, retraso mental, 
cara triangular, clinodactilia, braquimesofalangia, retraso en el 
desarrollo, trastorno del lenguaje, talla corta al nacer, man-
chas café con leche, puente nasal ancho, paladar ojival, edad 
ósea retrasada, retraso psicomotor, hipertelorismo ocular, 
orejas de implantación baja, micrognatia, manos pequeñas, fil-
trum corto, boca con comisuras dobladas hacia abajo, retrog-
natia, cuello corto, sobrepeso, hipotonía, pliegues epicánticos, 
problemas de alimentación, frente prominente, crecimiento 
desproporcionado de las extremidades, estrabismo, nariz pe-
queña, hernia diafragmática, cabello escaso, fisura palpebral 
corta, escoliosis, hipoplasia mamaria, comunicación interau-
ricular, aracnodactilia, hipoplasia ovárica, genitales hipoplási-
cos, braquicefalia, hipoplasia de labios, pliegue palmar único, 
conducto arterioso persistente, defecto septal ventricular, pe-
cho en escudo, falange dismórfica, pliegue palmar anormal en 
los dedos, hipoplasia uterina, comportamiento agresivo, hallux 
varus y discriminación visual.

Nuestra paciente presentó solo 12 de estas 52 caracterís-
ticas: retraso del crecimiento, bajo peso al nacer, microcefalia, 
retraso mental, retraso psicomotor y del desarrollo, hiperte-
lorismo ocular, orejas de implantación baja, filtrum corto, la-
bios hipolásicos, cuello corto y nariz pequeña. El fenotipo de la 
paciente mostró adicionalmente frente pequeña, arcos super-
ciliares prominentes, orejas grandes, comisura labial abierta, 
hipertelorismo mamario y pectus excavatum.

Como diagnóstico diferencial, al no haber un fenotipo clá-
sico de los pacientes con anillo del cromosoma 15, solamente 
se puede referir a síndromes polimalformativos o de fenotipo 
inespecífico no caracterizado. El fenotipo de los pacientes con 
anillos en general y del cromosoma 15 en particular, es muy 
variado y no es estándar. Se los puede agrupar como dismor-
fismos en estudio, posiblemente por cromosomopatías.

Los anillos dicéntricos o multicéntricos, anillos grandes o 
pequeños, como se muestran en la Figura 2, no están contem-
plados en el cariotipo de la paciente como líneas celulares, por 
estar presentes en un porcentaje menor al 3%, que es lo que 
al menos deberían superar para ser considerados como una 
línea celular. Son solamente variaciones del propio anillo que 
se forman por la dinámica de este tipo de alteraciones cro-

Rara patología derivada de un anillo del cromosoma 15. Clínica, genómica e interactoma de proteínas de genes asociados al fenotipo
Rare pathology derived from a ring chromosome 15. Clinical, genomic and protein interactome of genes associated with the phenotype

Figura 2. Diferentes tipos de cromosomas 15 en anillo encontrados en la paciente. Cromosoma normal, cromosoma en anillo 
monocéntrico y cromosoma en anillo dicéntrico. Las fechas señalan los puntos de rotura.
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Tabla 1. Comparación de los ras-
gos fenotípicos entre la actual pa-
ciente y los 100 casos informados 
en la literatura con cromosoma 
15 en anillo.
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mosómicas (rotura-reunión), y que antiguamente generaron 
discusiones científicas porque se pensaba que algo tenían que 
ver con el fenotipo. Este tipo de dinamismo del anillo, se lo 
puede observar y es gráficamente llamativo, pero no se asocia 
al fenotipo final2,6,17.

La diversidad de características clínicas descritas en los 
casos con cromosoma 15 en anillo podría asociarse a la canti-
dad de material genético delecionado. Es frecuente encontrar 
el punto de rotura en 15q26 aunque se ha identificado en dis-
tintas bandas y sub-bandas del brazo largo del cromosoma 15.

Para determinar la longitud de la pérdida en el cromoso-
ma 15 se ha empleado los arrays de mapeo genético, con los 
cuales no solo se ha definido el tamaño de la pérdida, sino que 
en algunos casos se ha identificado microduplicaciones que 
han estado asociadas a características clínicas consistentes 
con la duplicación de 15q26 como problemas cardíacos y re-
nales6,7.

En nuestra paciente, la región delecionada de 3.459.037 
pb de 15q26.3 contiene 29 genes. Entre ellos sobresalen: el 
receptor del factor de crecimiento similar a la insulina 1 (IG-
F1R). La haploinsuficiencia de este gen por deleción de 15q26 

puede causar retraso del crecimiento pre y postnatal, situación 
descrita en 1991 y confirmada recientemente con el empleo 
de varias metodologías entre ellas: citogenética convencional, 
arrays de mapeo genético y secuenciación completa del exo-
ma12. CHSY1, este gen codifica un miembro de la familia de la 
condroitina N-acetilgalactosaminiltransferasa. Estas enzimas 
poseen actividad dual glucuroniltransferasa y galactosaminil-
transferasa y desempeñan papeles críticos en la biosíntesis 
del sulfato de condroitina, un glicosaminoglicano involucrado 
en muchos procesos biológicos que incluyen la proliferación 
celular y morfogénesis. La expresión disminuida de este gen 
puede desempeñar un papel en el cáncer colorrectal, y las mu-
taciones en este gen son una causa del síndrome de braqui-
dactilia preaxial a través de la modulación de la señalización 
NOTCH13.

Otros genes, ubicados en la región delecionada, son PGPE-
P1L y TTC23 descritos frecuentemente en el llamado Síndro-
me de deleción del cromosoma 15q26-qter también conocido 
como Síndrome de deleción telomérica 15q, caracterizado por 
presentar varios síntomas entre ellos el más frecuente, el re-
traso del crecimiento pre y postnatal14.

Figura 3. Representación del número de copias del cromosoma 15 por array de mapeo genético. Los resultados se muestran 
para la relación log 2 (una medida del número de copias cromosómicas; eje Y) frente a la posición genómica en el cromosoma 
15 (línea azul, número de copias 2 y cuadro rojo, deleción de una copia; eje X).

Tabla 2. Genes involucrados en la deleción del cromosoma 15 en anillo en la paciente.

Rara patología derivada de un anillo del cromosoma 15. Clínica, genómica e interactoma de proteínas de genes asociados al fenotipo
Rare pathology derived from a ring chromosome 15. Clinical, genomic and protein interactome of genes associated with the phenotype
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Al analizar los productos proteicos de los genes localiza-
dos en la zona de deleción en 15q26.3, se evidenció interac-
ciones en 9 proteínas y de estas relaciones destaca IGF1R con 
CILP e IRS4. CILP, proteína de la capa intermedia del cartíla-
go, que aumenta en el cartílago de la osteoartrosis temprana. 
Este tipo de artritis guarda una relación notable con la edad y 
es mucho más frecuente en mujeres que en varones. Tiene la 
capacidad de suprimir la proliferación inducida por IGF1 y la 
síntesis de proteoglicanos sulfatados, e inhibe la autofosfori-
lación de IGF1R inducida por ligando15. IRS4, actúa como una 
interfaz entre múltiples receptores de factores de crecimien-
to que poseen actividad tirosina quinasa, como el receptor de 
insulina, IGF1R y FGFR1, y una red compleja de moléculas de 
señalización intracelular que contienen dominios SH216.

Aunque existe una pérdida de material genético, y eso 
implica la disminución de funciones proteicas importantes, no 
encontramos una red de interacción precisa. Muchas proteínas 
actúan solas. Adicionalmente, la pérdida es en heterocigosis, 
por tanto, el alelo perdido en la deleción cromosómica, podría 
ser compensado en función con el alelo sobrante, esto podría 
explicar la alta variación de los fenotipos12.

La pérdida de 3,5 Mb de 15q26.3 afecta la producción de 
proteínas eficaces, y el estudio de las redes de interacción de 
las proteínas alteradas, por esta haploinsuficiencia, evidencia 
el funcionamiento de cada gen dentro de un proceso biológico, 
que en este caso se tratan de interacciones establecidas en 
base a datos seleccionados y a determinados experimental-
mente12.

La variabilidad clínica observada en nuestra paciente y 
en todos los casos informados respondería al tamaño de la 
pérdida de ADN del cromosoma 15 involucrado en el anillo. Al 
igual que hemos analizado en otros casos de cromosomas en 
anillo2,6,17, la heterogeneidad clínica y la frecuencia baja de la 
mayoría de características nos lleva a pensar que es muy difí-
cil describir un fenotipo estándar y conceptualizar un Síndro-
me del anillo18, nos reafirmamos que el fenotipo alterado está 
definido principalmente por la cantidad de material genético 
involucrado en la formación del anillo y la pérdida de los genes 
de la región específica.

Conclusiones
La utilización de herramientas citogenéticas y molecula-

res convencionales ha permitido el progreso del diagnóstico 
genético y una mejor comprensión de los síndromes genéticos. 
Todos los reordenamientos por los que pasa un cromosoma 
para adquirir una estructura de anillo presentan un patrón si-
milar. Comienza con una rotura de ambos segmentos termina-
les con la posterior unión de los extremos rotos. Sin embargo, 
el fenotipo de un paciente con un cromosoma 15 en anillo es 
muy variable y no hay mucha información disponible sobre la 
pérdida de material genético en estos casos. Aunque se ha in-
formado desde 1966 casos similares al presente, solamente 
un par de ellos hacen referencia a la cantidad de pérdida del 
material genético6,7,8. Este caso clínico es un nuevo aporte a la 
comprensión científica de los anillos cromosómicos y es el se-

Figura 4. Interactoma de proteínas producto de los genes localizados en la región delecionada del cromosoma 15q26. Líneas 
celestes, interacciones determinadas en bases de datos seleccionadas; líneas rosadas, interacciones determinadas experimen-
talmente; líneas de otros colores, interacciones previstas por vecindad de genes, fusiones de genes y homología de proteínas.

César Paz y Miño, Camila Medranda, Alejandra Loaiza, Mishell Ponce, Paola E. Leone
Volume 7 / Issue 1 / 16     •     http://www.revistabionatura.com
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gundo reporte de un paciente ecuatoriano con un cromosoma 
15 en anillo, aplicando herramientas citogenéticas y molecu-
lares
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Coronavirus: First Report of a Sars-Cov-2 case In Ecuador. Are nutritional 
assessment and treatment helpful for a successful outcome?

Ordoñez Martínez Mayra Graciela1*, Alemán Espinoza Washington René1,2, Ulloa Correa José Efraín1, Rodas Mireya2, Sarango Sánchez Edwin 
Renato2, Cucalón Gabriela3, Frias-Toral Evelyn4

Abstract: Due to the globalized world in which we live, there are more excellent migratory movements and an increase in 
emerging diseases. During the past year, the significant impact of the coronavirus has been evident. It was previously designated 
2019-nCoV and was identified as the cause of a cluster of pneumonia cases in Wuhan in late 2019. In February 2020, the World 
Health Organization (WHO) declared the COVID-19 coronavirus disease 2019, which causes severe acute respiratory syndrome 
(SARS-CoV-2). This outbreak's scope and ultimate effect remain unclear due to the fast spreading of new virus variants worldwide 
and the limitations to reaching a sufficient vaccination rate in low-income countries. We want to report the first case of COVID-19 
in Ecuador and the lessons learned from its management.

Key words: Coronavirus, severe acute respiratory syndrome.

CLINICAL REPORT / REPORTE DE CASO

Introduction
A new variant for coronavirus emerged at the end of 2019, 

which was designated 2019-nCoV. It was identified as the cau-
se of a cluster of pneumonia cases in Wuhan, China, and rapid-
ly spread throughout China and worldwide. In February 2020, 
the World Health Organization (WHO) declared the COVID-19 
disease1, coronavirus disease 2019, which causes severe acute 
respiratory syndrome (SARS-CoV-2)2. This outbreak's scope 
and ultimate effect are unclear as the situation rapidly evolves 
into new virus variants. We report the first case of COVID-19 in 
Ecuador to see retrospectively the actions taken to control its 
dissemination nationwide.

CASE REPORT
A 71-year-old woman was hospitalized in February 2020 

for moderate-intensity headache, dry cough, non-quantified 
fever, progressive dyspnea, diaphoresis, and a feeling of rest-
lessness. Something remarkable is that she came from Spain 
8 days before. She had a medical history of hypertension and 
ischemic cerebrovascular event.  

At her physical examination, bilateral sub-crepitant rales 
were found up to lung medium fields, leg edema (+++). Her 
temperature was 101.3 F, blood pressure 140/90 mmHg, heart 
rate 102 beats per minute, respiratory rate 28 per minute, oxy-
gen saturation 88% at rest in room air, no reports of weight 
variations at admission or tobacco and alcohol consumption.

The patient was monitored with O2 supply by mask at 
10 liters per minute, improving saturation to 93%. Laboratory 
tests were done as presented in Table 1. 

On admission, the chest X-ray showed bilateral basal and 
perihilar alveolar opacities with left basal confluent. Blood and 
urine culture tests and tests for Influenza A and B were nega-
tives. Unfortunately, due to COVID 19 tests in Ecuador, it was 
impossible to perform the test from the patient's admission. 
The echocardiogram reported pulmonary hypertension with 
59 mmHg.

High-resolution chest computerized tomography (CT) 
showed a left basal laminar pleural effusion, ground-glass 
opacities associated with thickening interlobular septa and bi-
lateral bronchial dilatations (Figure. 1).

The patient was transferred to ICU with initial diagnoses 
of Acute Hypoxemic Respiratory Failure plus Severe Acute 
Pneumonia of the Community with a CURB-65 score: 2 (Mor-
tality 6.8% - intermediate risk) / SOFA score: 2 (≤33.3% mor-
tality) / APACHE II score: 12 (predicted mortality rate 14.6%) 
and Acute Pulmonary Edema. In the ICU, antibiotic treatment 
was started with Meropenem and Furosemide, and routine 
protocols were established. Also, the patient received enteral 
nutrition by nasogastric tube with a specialized formula low in 
carbohydrates, modified fat, and fiber (providing 1 cal/mL, 245 
cal/250 mL. Caloric Distribution: Protein 16.8%, carbohydrates 
34.2%, fat 49%) combined with a ready to use protein module 
made of soy (protein 6.8 gr and carbohydrates 0.4 gr) diluted 
in 200 cc of water every 8 hours by intermittent infusion. The 
patient received non-invasive ventilation (NIV) due to O2 sa-
turation that dropped to 90% and tachypnea to improve the 
ventilatory pattern.
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The patient continued with no improvement, so treatment 
for typical and atypical germs was extended, along with anti-
viral coverage (Linezolid, Clarithromycin, Oseltamivir). In ad-
dition, a real-time multiplex RT-PCR of a nasal swab respira-
tory panel is performed, the result of which was negative for 
arbovirus, variants of coronavirus (229E, HKU1, NL63, OC43), 
adenovirus, influenza (A / H1, / H3, B), parainfluenza 1al4, res-
piratory syncytial virus, rhinovirus, enterovirus and atypical 
germs (Bordetella pertussis, Chlamydophila pneumoniae, My-
coplasma pneumoniae).

Between the 2nd and 3rd days of hospitalization, the pa-
tient remained in isolation in ICU, maintaining saturation but 
without radiological improvement. Finally, on the 4th day of 
hospitalization, the patient is anxious and does not tolerate 
NIV mask, her PO2 decreases, leukocytes dropped to 9400, 
Neutrophils 85% (Table 1). Due to her hypoxemia and irregular 
ventilatory pattern, the patient is intubated with pressure-con-
trolled ventilation (PCV), under sedation, and analgesia with 
midazolam and fentanyl.

resources, as Ecuador, are dealing with this implacable virus 
and its new variants. The constant increasing COVID-19 cases, 
the attempts to return to normal economic activities, pover-
ty, the Alfa, Beta, Gamma, Delta and other new variants are 
some of the factors that have severely affected the Ecuadorian 
health system. As a result, more hospital sections have been 
assigned to these patients; ICU beds, ventilators, O2 tanks, 
medicines, and all resources needed for their treatment are 
not enough. Unfortunately, this scenario is common in many 
countries in South America and other regions4. Hence, several 
governments have implemented quarantine measurements 
and flight restrictions, among other dispositions, to control this 
inexorable enemy.

Individuals exposed to COVID-19 cases must strictly fo-
llow the isolation and the guidelines defined by the MPH to 
control the virus spreading, especially since there are new, 
more virulent strains. Complications such as severe pneumo-
nia, respiratory failure, acute respiratory distress syndrome 
(ARDS), and cardiac injury, including fatal outcomes, occur 
three to six days after suspected exposure.

As seen in the timeline (Figure. 2), 13 days after the onset 
of the symptoms, the patient was diagnosed with COVID-19. 
During that time, the "patient zero" made a series of contacts 
between family and friends in 2 very crowded cities from Ecua-
dor. In that way, the primarily spread person-to-person throu-
gh respiratory droplets was initiated. Notably, this person was 
among several that arrived in the country through the first 15 
days of February. This time of the year is prevalent to receive 
travelers from Spain, Italy, and the United States.

This case report highlights the importance of clinicians 
obtaining a recent history of travel or exposure to COVID-19 
positive cases in any patient presenting acute disease symp-
toms for early recognition. Also, to ensure proper identification 
and prompt isolation of patients at risk for 2019-nCoV infec-
tion to help reduce further transmission. As for the communi-
ty, people should be advised to practice social distance, wear 
a medical mask, diligent hand washing, respiratory hygiene to 
contain their respiratory secretions, and seek medical atten-
tion in case of suspicion5.

Nutritional assessment and treatment are still not part 
of the routine protocols in many institutions worldwide, as de-
monstrated by the nutritional papers6. After all these months, 
where more knowledge around COVID-19 has been developed, 
the profound impact of nutritional status on these patients 
has been shown. Many researchers have highlighted the direct 
connection between an altered nutritional status with prolon-
ged stay, more significant admission in the ICU, and higher 
mortality rates7. In Ecuador, a multidisciplinary group elabora-
ted the guidelines for assessment and treatment of COVID-19 
cases, and throughout the guideline, it has been emphasized 
the fundamental role of the nutritional status for a patient's 
prognosis8. This nutritional approach also applies to cancer pa-
tients who have been severely affected by this pandemic, as it 
was published by Rodriguez et al.9.  

While the governments are making exceptional attempts 
to reach herd immunization, it remains imperative not to for-
get the fundamental things to prevent COVID-19 infection and 
treat them through a nutritional assessment. It can be deter-
mined if there is any degree of malnutrition as recommended 
by the ESPEN guidelines to do the needed corrections to im-
prove the patient's prognosis10. Remarkably, these guidelines 
were developed in collaboration with WHO representatives, 
one of the leading institutions about this disease.

Table 1. Summary of Laboratory test.
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On the 5th day of admission, a bronchoalveolar lavage 
(BAL) is performed. Samples are sent to the National Insti-
tute of Public Health and Research (INSPI) to determine the 
RT-PCR of SARS-CoV-2 after coordination with the Ministry 
of Public health and reported positive. Then the patient was 
referred to a Contingency Hospital assigned for confirmed CO-
VID-19 cases according to the Ecuadorian Ministry of Public 
Health (MPH) guidelines (Figure. 2).

Discussion
The coronavirus is still a public health emergency of inter-

national concern, with more than 152 million cases reported in 
192 countries and regions3. Despite the great efforts to impro-
ve the vaccination rates in different nations, those with limited 
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Conclusions
We hope this case can emphasize the relevance of initia-

ting an early diagnosis and installing correct protocols to con-
trol COVID-19 dissemination. Also, it stresses that nutritional 
assessment and intervention are essential pillars to prevent 
and contribute to the integral management of these patients, 
especially in countries where the vaccination rates, due to se-
veral reasons, are not as fast as the number of positive cases.
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Dissecting the relationship between artificial insemination success and bull 
semen quality in the arid region of Tiaret (Algeria)

Mohamed Achir, Khaled Taïbi*, Leila Ait Abderrahim, Mohamed Boussaid, Kada Souana, Abdelkader Tadj, Toufik Benaissa, Tayeb Gouchich

Abstract: Despite being subject to prior assortment, frozen bull sperms commercialized for artificial insemination may present 
certain morphological defects. The present study aims (i) to assess the artificial insemination success of the most common 
cattle breeds in Algeria and (ii) to evaluate the possible effects of commercialized bull’s semen quality on this operation. Artificial 
insemination was assessed through four years of field monitoring by inseminating different cattle breeds of normal fertility. 
However, semen quality was evaluated using light microscopy by measuring viability, motility, and morphological abnormalities 
of spermatozoa. Field study revealed a high percentage of normal calving in red and white Holstein breed (44.83 %) against the 
high percentage of embryonic mortality (46.43 %) and calving with a malformation (10.71 %) in Montbéliarde breed. Semen 
quality assessment revealed that sperm viability and motility were higher in Holstein breeds than in Montbéliarde. Furthermore, 
significant differences between semen bulls were found in the proportion of abnormal spermatozoa; a higher rate of sperms with 
the abnormal head was observed in the black and white Holstein breed (69.3±10.98 %). However, the percentage of abnormal 
sperms with tail defects was higher in the Montbéliarde breed (67.5±10.74 %). The lousy quality of the selected semen and/or 
the poor handling and storage of frozen semen constitute a determinant factor that hinders the success of artificial insemination 
in the arid region of Tiaret (Algeria).

Key words: Dairy and beef cattle, artificial insemination, sperm abnormalities, calving, embryogenic mortality, Tiaret, Algeria.
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Introduction
Livestock production significantly reinforces the so-

cio-economic lives of people throughout the creation of em-
ployment opportunities and deliverance of household incomes, 
mainly in undeveloped countries. Furthermore, several pro-
ducts and by-products derived from livestock have a significant 
nutritional and economic value, such as meat and milk, which 
constitute veritable protein sources for consumers1. However, 
the development of livestock productivity is faced with several 
constraints, especially in arid and semiarid regions, limiting se-
verely sustainable livestock production.

Indeed, the livestock farming sector has experienced seve-
ral biotechnological progressions during the last decades with 
the primary goal of enhancing productivity and improving ge-
netic gain2. In this sense, artificial insemination was the most 
common biotechnology practiced in farm animals, particularly 
dairy cattle, to improve breeding and obtain genetic advances3. 
The wide use of bovine artificial insemination as efficient re-
productive biotechnology is due mainly to the development 
of cryopreservation methods ensuring spermatozoa viability, 
from the best breeding bulls, after long periods of storage that 
can be used to inseminate thousands of cows worldwide4. The 
latest available statistics of the National Center for Artificial 
Insemination and Genetic Improvement (2017) have reported a 
success rate of the whole national insemination program ran-
ging from 45% to 48% in Algeria.

Several factors are responsible for the success of artifi-
cial insemination outcomes and require appropriate attention, 
such as female physiology, farm management and quality of 
semen used in the programs5. Though selected beforehand, 
frozen bull spermatozoa commercialized for artificial inse-
mination may present specific morphological abnormalities3. 
Abnormal spermatozoa might reflect troubles in the sper-
matogenesis process that affect normal spermatozoa of the 
same ejaculate6,7. In general, poor spermatozoa morphology 
constitutes a good indicator of low fertility rate8 this is why 
it is essential to analyze spermatozoa morphology to predict 
fertilizing capacity9.

Therefore, the aim of this study is (i) to evaluate the suc-
cess of artificial insemination program in the arid regions of 
Tiaret (Algeria), throughout field monitoring carried out in 
fifteen pilot farms during the period 2016-2019, then (ii) to 
assess the quality of commercialized bull semen used in re-
productive programs in Algeria throughout the estimation of 
morphological abnormalities of the most common dairy and 
beef breeds bulls to determine the possible presence of va-
riations between them, regarding the proportion of abnormal 
spermatozoa.
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Materials and methods 
The scientific committee approved the study for ethical cri-

terion in the department of Natural and Life Sciences, Ibn Khal-
doun University of Tiaret (Algeria) (Ref. 05/SCDNLS/2018).

Bull semen samples
The present study was performed on certified frozen se-

men straws belonging to selected dairy and beef breeds ob-
tained from the National Center for Artificial Insemination and 
Genetic Improvement (Algiers, Algeria). Frozen semen sam-
ples of breeding bulls were produced in 0.25 µl straws where 
each straw contained approximately 25 million spermatozoa. 
The semen samples were frozen with the same routine cr-
yopreservation technology using the same extender.

Our study involved three bulls selected by the National 
Center for Artificial Insemination and Genetic Improvement 
according to their performance representing the three most 
common breeds in Algeria, namely the bull Jetstream for 
Montbéliarde breed, Jopic for Red and white Holstein breed 
and Jukebox for Black and white Holstein breed.

Field monitoring of artificial insemination
The field monitoring of the artificial insemination success 

using the selected semen was conducted from 2016-2019 in 
fifteen dairy farms located in the region of Tiaret. A total of 
86 cows known to be of normal fertility were selected for the 
study encompassing the main frequent dairy breeds in the re-
gion, i.e., 29 black and white Holstein, 29 red and white Hols-
tein and 28 Montbéliarde cows.

All the farms subject to this study have the same mana-
gement model; livestock buildings are similar in design, hy-
gienic conditions and alimentation. Besides, health care was 
supervised by veterinarians. It should also be noted that cows 
were inseminated with semen originating from the same batch 
of tested samples.

Semen quality analysis
For semen analysis, straws were thawed at 37 °C for 30 

seconds, then they were maintained at the same temperature 
during the processing. The percentage of spermatozoa motili-
ty in each semen sample (around 10 µL) was determined using 
a phase-contrast microscope supplied with a warm stage ad-
justed to 37 °C.

After that, bull semen samples were diluted and fixed in 
pre-warmed (37 °C) formaldehyde-PBS. At that point, a smear 
from diluted semen was made on a glass slide then was stai-
ned by eosin (1.67%) and nigrosin (10%) stain according to the 
protocol established by Moskovtsev and Librach (10). In this 
sense, at least 200 spermatozoa cells were examined per sli-
de from each bull sample at 400x and 1000× magnification 
using a phase-contrast microscope (Leica DM2500; Wetzlar, 
Germany) to assess their viability and morphological abnor-
malities. The number of spermatozoa cells bearing head, mi-
dpiece and tail morphological abnormalities were recorded as 
previously described by Menon, Barkema11.

Data analysis
Data were subjected to a one-way analysis of variance to 

determine the effect of breed type on the measured parame-
ters. Comparison between breeds was carried out using the 
test of Duncan. The significant differences between means 
and percentages were determined at the P < 0.05 level. In all 
cases, data were examined for normality and homogeneity of 
variances and identified for any violations of assumptions. The 
statistical analyses were performed using the computing envi-
ronment R (R Development Core Team, 2013).

Results

Field monitoring
Field monitoring of the artificial insemination operation 

carried out during 2016-2019 has raised several concerns 
(Table 1). The percentage of normal calving was comprised 
between the high value of 44.83% noticeable for the red and 
white Holstein breed and low values of 25% and 27.59% dis-
tinguished respectively in Montbéliarde and black and white 
Holstein breeds. Furthermore, a higher proportion of embryo-
nic mortality was recorded in the Montbéliarde breed (46.43%) 
in comparison to red and white (20.69%) and black and white 
Holstein breeds (17.24%). Besides, it should be noted that a 
significant proportion of 10.71% of calving with malformation 
has been registered in the Montbéliarde breed.

Semen analysis
Semen analysis has revealed that individual sperma-

tozoa motility was significantly higher in Holstein breeds 
(46.37±11.22% in red and white and 46.28±12.94% in black 
and white Holstein respectively) in comparison to Montbéliar-
de (34.74±8.46%). By the same, red and white (41.48±5.3%) 
and black and white Holstein breeds (41.33±17.2%) have de-
monstrated high spermatozoa viability when compared with 
the Montbéliarde breed (29.31±6.54%).

The most frequent spermatozoa morphological abnorma-
lities found in the head, midpiece and tail are shown in Tables 
2, Figure 1. The black and white Holstein breed was characte-
rized mainly by spermatozoa head defects, while red and white 
Holstein and Montbéliarde breeds were characterized mainly 
by spermatozoa tail defects.Significant differences between 
breeds were found in the proportion of spermatozoa with ab-
normal head (p-value<0.001***); a higher rate was observed 
in black and white Holstein breed (69.3±10.98%) while it was 
around 34.54±18.01% and 25.28±8.95% respectively in red and 
white Holstein and Montbéliarde breeds. Remarkably, the per-
centage of spermatozoa with abnormal midpieces was com-
parable among the examined breeds (p-value>0.05 non-sig-
nificant). However, the percentage of abnormal spermatozoa 
with tail defects was significantly higher in the Montbéliarde 
breed (67.5±10.74%) followed by the red and white Holstein 
breed (46.15±17.68%) while the lowest percentage was recor-
ded in black and white Holstein breed (24.47±9.95%). Taking 

Table 1. Field monitoring of the cows inseminated artificially by the selected bull semen breeds in the region of Tiaret, Algeria.
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Table 2. Individual spermatozoa motility, spermatozoa viability and morphological abnormalities of the selected bull semen 
used for artificial insemination programmes in Algeria.

Dissecting the relationship between artificial insemination success and bull semen quality in the arid region of Tiaret (Algeria)

Figure 1. Semen morphology in frozen/thawed bull doses for artificial insemination. A: normal spermatozoa; B: Head defect; 
C: Tail defect; D: midpiece defect.
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all together, the statistical correlation based on the coefficient 
of Pearson has demonstrated a significant positive correlation 
between individual spermatozoa motility and spermatozoa 
viability (r-value=0.61**) alongside a significant negative co-
rrelation among spermatozoa head defects and spermatozoa 
tail defects (r-value=0.84**).

Discussion
Artificial insemination is widely practiced as reproductive 

biotechnology to manage a large number of cows reducing ani-
mal handling and labor12. The present study aims to assess the 
rate of success of the artificial insemination program on the 
most common cattle breeds raised in the arid region of Tiaret 
(Algeria) throughout field monitoring carried out for almost 
five consecutive years. In addition, the quality of the commer-
cialized bull semen was also evaluated to examine its effects 
on this operation.

Several factors might determine the success rate of bovi-
ne artificial insemination programs, such as female physiology, 
cattle breed, suckling, size of ovulatory follicle and timing of 
insemination13. The obtained results revealed a high percenta-
ge of normal calving in red and white Holstein breeds. Howe-
ver, the percentage of embryonic mortality and/or calving with 
malformation was higher in the Montbéliarde breed.

It should be noted that embryonic mortality is very diffi-
cult to diagnose since it can generally be infectious (less than 
30%) and non-infectious (more than 70%) causes14. Uterine 
contamination by pathogens leads to endometritis and might 
also induce a direct cytolytic effect on the embryo, systemic 
effects via septicemias, viremias or toxemias on the dam15. 
Viruses, bacteria, protozoa, and probably mycoplasma pass 
in the uterus through the hematogenous way or the vagina. 
However, non-specific pathogens, primarily bacteria, enter the 
uterus by ascending infection. Furthermore, non-infectious 
causes of early embryonic death are chromosomal aberrations 
or external factors, e.g., high ambient temperature, nutritional 
factors and maternal factors16.

The Montbéliarde breed belongs to the group of Pie Rou-
ge breeds (Simmental and Fleckvieh families). In addition to 
its milk and meat being highly appreciated by consumers, Al-
gerian farmers prefer to raise Montbéliarde cows because of 
their excellent hardiness and adaptability to local environmen-
tal conditions compared to the Holstein breeds17.

Semen quality assessment revealed that spermatozoa 
viability and motility were higher in Holstein breeds than in 
Montbéliarde. Rodríguez-Martínez18 has reported that measu-
red spermatozoa motility in bulls is significantly correlated to 
fertility even for post-thawed semen.

A higher proportion of spermatozoa with the abnormal 
head was observed in the black and white Holstein breed, whi-
le the percentage of abnormal spermatozoa with tail defects 
was higher in the Montbéliarde breed. These results clearly 
illustrate the terrible quality of the selected semen and/or 
the poor handling and storage of commercial frozen semen, 
which dramatically reduced the chance of success of artificial 
insemination programs in Algeria. Hallap, Jaakma19 reported 
a high percentage of spermatozoa with standard head and tail 
morphology in Estonian Holstein bulls. In general, scrotal cir-
cumference, as the most accessible measure of a bull’s ability 
to produce adequate spermatozoa, correlates positively with 
testicular volume and semen quality20 and negatively with the 
occurrence of spermatozoa defects21.

It is known that morphologically abnormal spermatozoa 

can diminish fertilization rates and embryonic development22. 
The maximum acceptable value for spermatozoa abnormali-
ties percentage ranges between 25% and 30%3. In general, bull 
semen is classified as satisfactory if it contains at least 70% 
morphologically normal spermatozoa, with less than 20% of 
spermatozoa with an abnormal head11. Unfortunately, the re-
sults indicated that more than two folds significantly exceed 
these levels for the three tested breeds.

Morphologically abnormal spermatozoa resulting from 
an abortive apoptotic mechanism or genetic origin are usually 
characterized by highly damaged DNA23. Most abnormalities of 
the spermatozoa head are closely associated with reduced fer-
tility since the spermatozoa head comprises the genetic ma-
terial and key effectors of fertilization11. Similar observations 
have been made by Johnson24 and Ostermeier, Sargeant25 

regarding abnormal condensation of chromatin and abnormal 
nuclear shape from a part and bulls’ fertility from another 
part. Thundathil, Palasz26 have demonstrated that spermato-
zoa with abnormal heads reduce fertilization and embryonic 
development, consequently leading to cleavage failure. Sper-
matozoa with abnormal midpiece or tail are either non-motile 
or have abnormal motility; usually, aberrations of these parts 
occur as spermatogenesis defects and affect spermatozoa 
motility11.

Besides, the process of freezing and thawing might induce 
irreversible damages to spermatozoa membranes, resulting 
in either the occurrence of spermatozoa abnormalities or cell 
death18. John Morris, Acton27 has reported that at rapid cooling 
rates, the cell damage to spermatozoa is a result of an osmo-
tic imbalance encountered during thawing, rather than intra-
cellular ice formation. In addition, Ghirardosi, Fischman3 have 
attributed the high occurrence of abnormal head spermatozoa 
to the adverse effects of cryopreservation. Furthermore, Baci-
noglu, Taş28 demonstrated that morphological abnormalities 
present in frozen and thawed semen were significantly lower 
in high-fertile bulls.

According to our records, this study represents the first 
analysis of morphological spermatozoa abnormalities in doses 
of bovine semen promoted for artificial insemination currently 
marketed in Algeria.

Conclusions
The present study evaluated the artificial insemination 

success of the most common cattle breeds raised in Algeria 
through four years of field monitoring and assessed the quality 
of commercialized bull’s semen used in this operation.

Overall, the present study results have demonstrated a 
high percentage of normal calving in red and white Holstein 
breeds. However, embryonic mortality and calving with mal-
formation were higher in the Montbéliarde breed. Besides, as-
sessment of semen quality revealed high spermatozoa viabili-
ty and motility in Holstein breeds compared to Montbéliarde. 
In addition, the rate of spermatozoa with the abnormal head 
was higher in the black and white Holstein breed, while the 
percentage of abnormal spermatozoa with tail defects was hi-
gher in the Montbéliarde breed.

In general, it appears that the bad quality of the selec-
ted semen and/or the poor handling and storage of frozen se-
men constitute a determinant factor that hinders the success 
of artificial insemination in Algeria. Therefore, spermatozoa 
morphology assessments are highly recommended before 
processing and freezing and even in post-thawed commercial 
doses. Further studies regarding the modalities of distribution 
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and processing are also recommended, so that in the future, 
the use of bull semen with high percentages of spermatozoa 
abnormalities might be avoided.
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Evaluation of X-ray ionizing radiation on Plasmodium berghei invasion of 
erythrocytes

Carina Nava-Lausón1, Lilian M. Spencer1,4*, Laszlo Sajo-Bohus2, Jesús Dávila3, Markus P. Tellkamp4

Abstract: Developing new strategies for designing effective vaccines has become a priority for parasitologists worldwide. There 
is high interest in designing a vaccine against malaria since it is considered one of the most prevalent infectious diseases in 
the tropics. We evaluated the effects of X-rays irradiation on the erythrocytic stage of Plasmodium berghei ANKA merozoites 
and schizonts using doses of ionizing radiation ranging between 10 and 300 Gy on parasitized red blood cells (PRBC) to study 
the attenuating effects of radiation on the merozoites. Parasitic activity diminution was observed starting at 50 Gy, and the 
dose for complete attenuation was established at 200 Gy, corresponding with a 100% survival rate of mice. In vivo invasion 
experiments and immunofluorescence assays (IFA) showed inhibition of merozoite invasion of the host red blood cells (RBC). 
Nonetheless, immunization with irradiated parasitized red blood cells (IPRBC) was ineffective in protective assays. We perform 
cytoadherence and inhibition of cytoadhesion assays on irradiated merozoites. The results showed that high irradiation doses 
caused an unspecific cellular adhesion phenomenon independent of the ICAM-1 and CD36 interaction, which was determined by 
Cytoadhesion assays. Our results show that, even though X-ray irradiation is an effective method to induce complete parasite 
attenuation, it might affect the parasite's membrane surface structures triggering unspecific adhesion.

Key words: Malaria vaccine, LINAC X-ray ionizing radiation, Plasmodium berghei, erythrocyte membrane modification.
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Introduction
Malaria is one of the most prevalent infectious diseases 

in the tropics. It is caused by a protozoan parasite of the genus 
Plasmodium and is responsible for millions of cases every 
year. In 2017, 228 million people were diagnosed with malaria, 
and around 435,000 malaria deaths were reported1.

Plasmodium species are protozoan parasites that belong 
to the phylum Apicomplexa and display a complex life cycle 
that involves an invertebrate vector (female Anopheles mos-
quito) and a vertebrate host. In its vertebrate host, the Plas-
modium parasite goes through two stages: in the first stage, 
sporozoites invade hepatocytes and undergo asexual multipli-
cation into merozoites; in the second, merozoites are released 
into the bloodstream, where they invade erythrocytes. Inside 
red blood cells (RBC), merozoites reproduce asexually for a 
second time, forming the merozoite-RBC complex, also called 
schizont. These merozoite-filled RBCs burst open, releasing 
more infectious merozoites that rapidly invade uninfected 
RBCs to repeat their asexual erythrocytic cycle2,3,4.

X-ray irradiation is one of the most commonly used me-
thods to achieve effective attenuation of the Plasmodium pa-
rasite during the design of malaria vaccines3,5. Many studies 
have reported the use of irradiation of Plasmodium sporozoites 
to achieve parasite attenuation6. However, inoculation of radia-
tion-attenuated sporozoites (RAS) provides poor protection 
against a second challenge with the natural parasite7. A study 
in 2013 by Seder et al. used an intravenous (IV) inoculation with 

RAS to achieve a greater immunological response, obtaining 
the most promising results in fighting malaria reinfection8, yet 
some concerns remain on the IV administration route and the 
low rate of success obtained in the trials.

Administration of malaria vaccine RTS-S or Mosquirix 
(RTS, S) has resulted in a 60% decrease in the disease's clini-
cal manifestations, but meningitis cases have also been repor-
ted in African children who have received this vaccine9,10.

Researchers have also reviewed candidate proteins be-
longing to the merozoite stage, and they have been shown to 
mediate immunity against the invasion of the erythrocyte11. 
However, there are no reports on merozoite attenuation as a 
strategy for malaria vaccine design. Therefore, this work ai-
med to determine the effects of high doses of ionizing radia-
tion on the merozoite stage in the Plasmodium berghei-rodent 
model and assess this approach's potential to determine the 
effect of irradiation on the parasite's membrane. In particular, 
we considered the effect of radiation on cell adherence.

Materials and methods 

Plasmodium berghei ANKA strain and in vitro culture
Ten-week-old female BALB/c mice, bred under patho-

gen-free conditions, were obtained from the Simón Bolívar 
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University's Animal Housing Facility and subsequently infec-
ted with the lethal strain Plasmodium berghei ANKA. Blood 
draws were performed on Krebs' glucose solution (KGS) con-
taining heparin (1:20 dilution of Sodium heparin 1000 U.I./ml) 
and passed through columns of fibrous cellulose powder (CF 
11, Sigma®) to remove leukocytes12,13. For schizont purification, 
parasitized red blood cells (PRBC) were isolated using Perco-
ll-Krebs gradient12. Merozoites and schizonts were evaluated 
by short culture in vitro as previously described by Spencer and 
co-workers14. The ethical review board approved all animal ex-
periments of Simón Bolívar University.

Parasitological evaluation of radiated and parasitized red 
blood cells

We used a VARIAN Clinac Trilogy® 2100 model X-ray ma-
chine at 6MV to irradiate schizonts using doses between 10 and 
300 Grays (10, 30, 50, 80, 100, 120, 200 300 Gy). Following the 
irradiation process, BALB/c mice were inoculated intra-perito-
neally (IP) with 5x103 Irradiated Parasitized Red Blood Cells 
(IPRBC). After inoculation, parasitaemia was assessed daily on 
blood smears obtained from the mice tails, stained with Giem-
sa stain and viewed under a light microscope at 1000 mag-
nification15. All experiments were repeated in triplicate using 
groups of five BALB/c mice for each irradiation dose.

After two months, the mice that survived inoculation with 
the IRBCs were infected with the P. berghei ANKA lethal strain 
with 5x103 infected RBCs, and their parasitaemia was asses-
sed daily again. All experiments were repeated three times 
with groups of five BALB/c mice for each irradiation dose.

Indirect immunofluorescence assay
The effect of irradiation on the merozoite membrane was 

evaluated using an indirect immunofluorescence assay (IFA)16. 
We used blood smears of mice inoculated with IPRBCs obtai-
ned 10 days post-infection and fixed with acetone. Immune 
sera acquired from experimental mice inoculated with diffe-
rent doses of IPRBC were used as sources for primary antibo-

dies. Afterward, we incubated the samples with FITC-labeled 
anti-mouse IgG (Sigma®) as a secondary antibody, and the 
smears were observed with an Optika® microscope XDS-3FL 
model at 400X magnification. Micrographic pictures were ac-
quired using the OptikPro7® software.

Indirect enzyme-linked immunosorbent assay
Enzyme-linked immunosorbent assay (ELISA), indirect 

type, was performed to evaluate recognition of superficial an-
tigens present on the schizonts in BALB/c mice infected with 
P. berghei ANKA17. Microplates (96-wells, Nunc®) were coated 
with 2x105 PRBC per well (100 µL) and blocked by the addition 
of 3% bovine serum albumin (BSA) in phosphate buffer saline 
(PBS). Next, hyper-immune sera (HiS) obtained from mice pre-
viously inoculated with IPRBC at different doses of radiation 
(80, 100, 200 and 300 Gy) were added 1:100 as a source of pri-
mary antibodies and incubated at 37ºC for 1 hour. Wells were 
washed three times with washing buffer (PBS-Tween 0.005%) 
and samples were incubated with 100 µL/well of horseradish 
peroxidase (HRP)-conjugated goat anti-mouse polyvalent im-
munoglobulin (IgG; H+L) (Sigma®), 1:1000 and incubated for 
1 hour at 37°C.

Finally, after washing the wells with PBS-Tween 0.005%, 
we added 100 µL/well of azino-bis (3-ethylbenz-thiazoli-
ne-6-sulfonic acid) (ABTS, Sigma®) as substrate in 0.05 M 
phosphate-citrate buffer (pH 5.0) containing 0.05% w/v H2O2. 
The reaction was stopped by the addition of 50 µl 2M H2SO4 
per well. The plates were read at 405 nm in a microplate 
reader (Bio-RAD i-Mark®) using the Titer-soft Software Flow 
to measure the absorbance. Percentages and dilutions were 
standardized in preliminary tests. The cut-off point was cal-
culated using absorbance (O.D., optical density) ± 3 standard 
deviations from sera of 10 uninfected mice (data not shown).

Western blot assay
The immunodetection of polypeptides in hyperimmune 

sera obtained from mice previously inoculated with IPRBC was 
achieved by Western blot assays. We prepared a P. berghei so-

Table 1. The demographic characters.
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luble antigen (PbSA) by sonication of purified schizonts sus-
pended in lysis buffer containing 50mM Tris-HCl pH 8.0, 5mM 
EDTA, 5mM EGTA, 0.05% Tween 20 and 1% complete protea-
se inhibitor cocktail (SC-29130, Santa Cruz Biotechnologies®). 
The polypeptides of PbSA were separated by SDS-polyacryla-
mide (12%) gels at 100 V for 1 hour and then eletrophoretically 
transferred to a nitrocellulose membrane18. A pre-stained pro-
tein ladder from Invitrogen® (170-10 kDa) was used as marker.

After transfer, blots were blocked by incubation with a 3% 
non-fat milk powder solution in PBS, and proteins were de-
tected with 1:100 primary antibodies dilution (hyper-immune 
sera from mice previously inoculated with IPRBC at 80, 200 
and 300 Gy) by incubating for 1 hour. Blots were subsequent-
ly incubated with anti-mouse immunoglobulin conjugated to 
horseradish peroxidase (Sigma®) at 1:1000 dilution. Antibody 
binding was detected by incubating in a solution of 3 mg/ml 
4-chloro-1-napthol in methanol, mixed with 50 mL of 50 mM 
Tris-HCl pH 7.5 and 30 µL of 30% H2O2. The reaction was sto-
pped by washing with H2O

19.

Cytoadhesion and cytoadhesion inhibition assays
Cytoadhesion assays were performed in vitro on 24-well 

plates on which VERO cells had been cultured to confluence. 
Then, 2x105 IPRBC with irradiation doses of 80, 120 and 200 
Gy were added to each well and cells were allowed to cytoad-
herence for 2 h at 37°C20. RBCs were used as negative control 
and PRBC as a positive control. Unattached cells were remo-
ved by washing with PBS, and attached cells were fixed for 1h 

with 2.5% glutaraldehyde (Sigma®). The IPRBC and PRBC were 
first incubated with the respective hyper-immune sera at 1:10 
dilution for 1 hour21. Adherent IPRBC, PRBC and RBC on VERO 
cells were counted under a light microscope in 4 randomly se-
lected fields at 400X magnification (OptikPro 7®). To calculate 
the number of IPRBC that adhere to VERO cells, counts were 
recorded in 5 different microscope fields, and each assay was 
performed in triplicate.

Statistical analysis
Each experimental value is presented as the mean of five 

replicates ± standard deviation. Once normality and homoge-
neity criteria were met, statistical analyses were carried out 
by ANOVA and Tukey Test using confidence level at 95%. All 
statistical analyses were performed using R in its version 3.2.3.

Results

Evaluation of IPRBC in experimental protective assays
The daily monitoring of parasitaemia is shown in Fig. 1, 

where we assessed the parasitaemia percentage (%) as a func-
tion of days post-infection. Figure 1A suggests reducing para-
sitaemia percentages in peripheral blood as radiation doses 
increase. Moreover, animals inoculated with IPRBC with 50 Gy 
survived four days longer than other experimental groups. As 
shown in fig. 1B, treatments with 80, 120 and 200 Gy accom-

Table 2. Comparisons characteristics of the study group before and after the intervention.

Table 3. Shows the difference between the intervention and the control group in the mean change of the characteristics study 
group.
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plished complete control of parasitaemia on days 26, 23 and 
20 post-infection, respectively. We observed a survival rate of 
33.3% (5 out of 15 mice) for irradiation with 80 Gy; 66.6% (10 
out of 15 mice) for doses of 120 Gy, and 100% for irradiation 
with 200 Gy. Statistical analyses with ANOVA and Tukey tests 
showed no significant differences between control, 10 Gy and 
30 Gy treatments. These results showed that the minimum 
radiation intensity to attenuate Plasmodium berghei schizont 
was 50 Gy. However, the most efficient attenuation dose was 
200 Gy, which resulted in a 100% survival rate. In the case of a 
dose of 300 Gy, all mice died around day 11. 

The experimental group that survived IRBC infection with 
200 Gy were re-infected with the P. berghei strain ANKA, and 
the parasitaemia percentage was monitored daily as shown 
in figure 2. It is important to note that sixty days after IPRBC 
inoculation, we did not observe any parasitaemia on surviving 
mice. Strikingly, none of the experimental animals survived the 
second immunological challenge with the lethal strain of P. 
berghei ANKA, and all mice died within 18 days post-infection 
(Fig. 2). Of note, experimental animals previously inoculated 
with IPRBC with 200 Gy died four days later than those of the 
control group. These results suggest that immunization with 
IPRBC did not provide protective immunity. 

Immunofluorescence assays showed X-ray treatment has 
an inhibitory effect on the Plasmodium berghei merozoite inva-
sion to the RBC. Fig. 3 shows control merozoites have invaded 
the host RBC after 10 days (panel A), while schizonts irradia-
ted with 120 Gy remain outside the RBC (panel B).

Indirect ELISA
Indirect ELISA experiments were performed to determi-

ne the capacity of sera from mice inoculated with IPRBC to 
recognize naturally occurring PRBC as antigen. The results 
are presented in Fig. 4, which plots absorbance vs. different 
hyper-immune sera used. These results suggest that radiation 
might cause damages to the RBC membrane, and therefore, 
the surface antigens recognized by the antibodies are affected. 
The recognition epitopes for the irradiated RBC are different, 
and therefore, the antibodies do not recognize the antigen in 
the natural state of PRBCs without radiating. Fig. 4 shows a 
gradual decrease in absorbance concerning immune sera from 
IRBCs; when the radiation increases, sera from IRBC recogni-
zed less the antigenic surface of PRBCs.

Western blot assay
To evaluate the recognition of the antigenic surface by the 

IPRBC sera, we used PbSA as antigen and hyper-immune sera 
from experimental mice previously inoculated with IPRBC at 
different radiation doses. The PbSA polypeptide pattern was 
recognized by the hyper-immune sera of P. berghei infected 
mice. Antibodies showed 3 separate protein bands with appa-
rent weights of 103 kDa, 45-49 kDa, and 19 kDa (Fig. 5; lane 
2). However, the hyper-immune sera of mice inoculated with 
IPRBC recognized only the 19 kDa polypeptide (Fig. 5; lanes 3, 
4 and 5). The blotting also reveals weaker bands for the 45-49 
kDa protein of all hyper-immune sera from the IPRBCs with 
different radiation doses tested. 

MSP-1 is known to be one of the most characteristic pro-

Figure 1. Percentage of parasitaemia observed in BALB/c mice infected with IPRBC, treated with different irradiation doses. We 
evaluated two independent experiments: A. 10, 30 and 50 Gy, and B. 80, 120, 200 and 300 Gy. The control is the non-irradiated 
parasites as active infection. Each experiment was assessed with 5x103 IPRBC/mice in three groups of five animals per group.
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Figure 2. Parasitaemia percentage observed in 
BALB/c mice re-infected with lethal strain Plas-
modium berghei ANKA. For each experiment, 
mice were inoculated with 5x103 parasites/mou-
se in a control (naïve mice) and 200Gy treatment, 
using two groups of five animals each.

teins on the surface of merozoites and has been described as a 
potent immune inducer for protective immunity7,22. The 45-49 
and 19 kDa protein bands recognized by hyper-immune sera 
correspond to polypeptides associated with the MSP-1 protein 
after proteolytic cleavage23-26. A weaker recognition of the 45-
49 kDa protein band suggests that the MSP-1 polypeptide may 
have undergone alterations in its structure caused by X-ray 
radiation (lanes 3, 4 and 5). Furthermore, the apparent weight 
band of 103 KDa was not recognized or very weak by the sera 
from the different radiation doses.

Cytoadhesion assay in vitro
We modified the protocol described by Pouvelle and 

co-workers by using epithelial cells (VERO) instead of endo-
thelial cells to perform the cytoadhesion assays20 (See figu-
re 6). Both cell lines (endothelial and Vero) are reported to 
express the Intracellular Adhesion Molecule 1 (ICAM-1) and 
CD54; which mediates the adhesion between PRBC and ce-
llular receptors27,28. Additionally, epithelial cells express CD36, 
which acts as a secondary binding molecule for PRBC in natu-
ral malarial infections27,28. 

Figure 6 showed a decrease in cytoadhesion for radiations 
of 80 (98.8 IPRBC / field) and 120 Gy (72.4 IPRBC / field) con-
cerning positive control. Figure 6. E shows that the adhesion 
levels for schizonts irradiated with 200 Gy (195 IPRBC/ field) 
are 1.4 times greater than the positive control of parasitized 
red blood cells (140 GRP / field).

Discussion
We evaluated the effects of high X-rays doses (80, 100, 

120, 150, 180, 200 and 300 Gy) on experimental groups of 
BALB/c mice infected with 5x105 IPRBC14. Our results showed 
a typical parasitaemia curve in positive controls as shown in 
Fig. 1. The treatment with 120 Gy accomplished the com-
plete control of parasitaemia on the 13th day post-infection, 
resulting in survival rates over 50% (8/15). Another relevant 
observation was that mice inoculated with IPRBC at 300 Gy 
died around day 11 post-infection with low levels of parasitae-
mia (between 1.5 and 4% parasitaemia). This suggests that 
death is not directly related to malaria infection but to the 
effect of radiation on IPRBCs. Based on the results obtained 
from cytoaherence assays (Fig. 6). We suggest this decrease 
in cytoadhesion is probably due to damage caused by radia-
tion on the cell membranes (for both parasites and RBC). Our 
hypothesis is supported by the studies of Claessens and Rowe, 
in which the inhibition of ICAM-1 in Plasmodium falciparum 
sporozoites causes a decrease in the number of parasites atta-
ched to HBEC cells29. The observation of IPRBC confirmed this 
remarkable result aggregates on smears from experimental 
animals monitored for parasitaemia (data not shown). Conse-
quently, we suggest that death, even at low levels of parasi-
taemia in peripheral blood, is caused by bloodstream blockage 
on the microvasculature, indicating a dose-dependent parasite 
attenuation by ionizing radiation.

IFA show a decrease in merozoite invasion capacity of 
RBC in a radiation-dependent manner that correlates with the 
low levels of parasitaemia (less than 15%) circulating in pe-
ripheral blood on the 10th day post-inoculation (Fig. 1.B, 120 
and 200Gy). We suggest X-rays might alter the conformation 
of surface antigen as MSP-1 antigen on the parasite's mem-
brane5,23,24, which is no longer recognized by antibodies from 
IPRBC hyperimmune sera as proven by western blot assays 

Figure 3. Immunofluorescence patterns on hyper-immune sera from infected mice; antibodies reactive to MSP-1 were applied 
to methanol–acetone-fixed smears of erythrocytes infected with P. berghei ANKA. A. positive control with PRBC; B. IPRBC with 
120 Gy and C. IPRBC with 200 Gy. In panels, B and C show merozoites outside the RBC.
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(figure 5). Therefore, these results are evidence for the effect 
of high doses of X-rays on Plasmodium berghei merozoites in-
vasion and suggest that death in experimental animals is not 
a consequence of malaria infection. An inverse correlation be-
tween radiation intensity and absorbance obtained by indirect 
ELISA suggests X-rays may also cause damages on the schi-
zont's membranes and modify the MSP-1 antigen5,7,24, thus di-
minishing the capability of hyperimmune sera to recognize na-
tural PRBC membranes. The absorbance obtained from HiS as 
a positive control was 0.88 D.O. This value decreases gradually 
when radiation intensity rises until it reaches a value of 2.5 ti-
mes lower at HiS-300 (0.35 D.O.) (Fig.4). In consequence, as the 
radiation applied to PRBC increases, the surface proteins suffer 
alterations, diminishing their capacity to activate the humoral 
response30. This could explain the changes observed during the 
secondary challenge (Fig. 1) and could be the reason for the fai-
lure to maintain protection against P. berghei ANKA infection.

The results of the cytoadhesion tests are presented in 
Fig. 6. The black arrows show the number of adhered IPRBCs 
per field decreases with the treatments of 80 Gy (IPRBC-80) 
and 120 Gy (IPRBC-120) compared to the positive control 

(PRBC). Cytoadherence of PRBCs to host cells depends on 
different proteins that play a relevant role in malaria patho-
genicity. Some of those proteins are expressed by the para-
site early, such as trophozoite31. However, the 200 Gy radia-
tion (IPRBC-200) showed an increase of adhered cells 2 times 
higher than IPRBC-120, suggesting the adhesion is unspecific 
and is not mediated by receptors.

Conclusions
Attenuation of Plasmodium berghei merozoites was ob-

served with X-ray doses starting at 50 Gy, and the effective 
dose of attenuation was 200 Gy for inoculation with 5x103 
IPRBC/mice resulting in 100% survival. Moreover, the results 
of IFAs showed that this effect was caused by an inhibition of 
merozoite invasion to the host RBC. Nonetheless, this irradia-
tion dose was not effective in protective assays because of the 
alterations suffered by the membrane structure, as showed in 
western blot and cytoadhesion tests.  

In addition, the cytoadherence results demonstrated that 
high doses of irradiation cause an unspecific cellular adhesion 

Figure 4. Indirect ELISA tests with PRBC 
as antigen. PBS was used as buffer con-
trol, healthy sera (HS) as negative control 
and hyper-immune sera (HiS) as positi-
ve control. Hyper-immune sera extracted 
from mice previously inoculated with IPRBC 
treated with different doses of radiation: 80 
Gy (HiS-80), 200 Gy (HiS-200) and 300 Gy 
(HiS-300) were evaluated for primary anti-
bodies. Bars represent the standard error 
for each treatment. The cut-off value is lo-
cated at an absorbance of 0.08 D.O. The as-
terisks indicate significant differences with 
respect to positive control by ANOVA and 
Tukey statistical analyses (p<0.005).

Figure 5. Western blot using PbSA as antigen and 
hyper-immune sera extracted from mice previous-
ly inoculated with IPRBC at different doses: 80 Gy 
(HiS-80), 200 Gy (HiS-200) and 300 Gy (HiS-300). 
Healthy sera (HS) were used as negative control 
and hyper-immune sera (HiS) as positive control.
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Figure 6. In vitro microagglutination test for IPRBC on VERO cells observed under a light microscope at a magnification of 
400X. Panel A corresponds to the negative control, with healthy red blood cells. Panel B is a positive control, PRBCs (parasiti-
zed red blood cells) without radiation exposure. Panel C corresponds to IPRBC receiving radiation of 80 Gy. Panel D corresponds 
to IPRBCs subjected to radiation of 120 Gy, and panel E corresponds to IPRBCs irradiated with a dose of 200 Gy. The arrows 
point to the parasitized and irradiated RBCs on VERO cells.

independent of ICAM-1 and CD36. This unspecific adhesive 
effect increased in a radiation dependent manner as a possible 
result of alterations on the integrity of erythrocytic membra-
ne structures. Therefore, this study suggests that radiation of 
merozoites and schizonts are not an effective strategy for the 
design of a malaria vaccine.
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Identification of Some Breast Cancer Related Genes by RAPD Technique in 
Maysan Province, Iraq

Zainab Zamil Gataa Allami*,Maytham Abdulkadhim Dragh

Abstract: Breast cancer is a heterogeneous disease regarding its morphology, invasive behavior, metastatic capacity, hormone 
receptor expression and clinical outcome. Many risk factors for breast cancer, including genetic factors, account for 25-30% 
of the incidence. About 15-30% of breast cancer is heritable due to known familiar highly penetrates genes and the others 
are sporadic; It is worthy to state that this study was the first in the world to include amplified genes as a PCR template to 
determine the relationship between their polymorphism and breast cancer incidence using, RAPD of amplified genes. The study 
was designed first to evaluate the association of ABCG2 gene polymorphism beside miRNA-152 and ER-a using the RAPD 
technique with breast cancer incidence in Maysan province women, and second to use those genes as indicators for breast 
cancer prediction and diagnosis. The study included 100 patients with breast cancer and 30 control healthy women, and then 
all samples were amplified by conventional PCR by specific F and R primer for (ABCG2, ER-α, miRNA-152) genes and then the 
best (20 PCR product)  from which was chosen as the template for PCR RAPD PCR technique. The results revealed there are 
significant differences (P < 0.05) in the unique band of ABCG2 at marker OPAA 11, OPU 15, OPAA 17,  significant differences (P 
< 0.05) in the total band of ER- α at marker OPAA11, significant differences in the polymorphic band of ER- α at marker OPU 
15, significant differences in the unique band of ER- α at marker OPAA11, OPU 15, and significant differences (P < 0.05) in the 
bands that had been size (50-60) bp, (140 - 150) bp, (170-180 ) bp of miRNA-152  at marker OPAA 17, OPD 18 between breast 
cancer patients and control. Our study proved the relationship between genetic polymorphism of breast cancer-related genes 
(ABCG2, ER-α, miRNA-152) and a higher incidence of cancer; The current study recommends employing these results for future 
prediction and diagnosis of breast cancers.

Key words: Polymorphism, Iraqi, Breast cancer, Drug resistance gene, Estrogen receptor α gene, regulatory gene.

ARTICLE / INVESTIGACIÓN

Introduction
Breast cancer (BC) is the most common type of cancer 

among women worldwide. It accounts for 15% of cancer dea-
ths among women and is the leading cause of cancer death 
in females worldwide1. In Iraq, it is the most typical type of 
female malignancy, accounting for approximately one-third 
of the registered female cancers according to the Iraqi cancer 
registry in 20042,3. About 5-10%  of breast cancer is inherited4;  
while 90-95% is sporadic and revealed randomly and is not 
predetermined genetically5,6.

The alteration in the expression of ATG5, caspase 3, and 
Bax genes can cause induction of both apoptosis and necrosis 
in human cancer cells7. The susceptibility genes are conside-
red a critical risk factor for hereditary and sporadic breast can-
cer. However; The genesis of breast cancer is usually cumu-
lative mutations of different genes8. Several genes linked to 
breast cancer have been found9. Such as the ABCG2 gene that 
is located on the human chromosome at the locus 4q 22.110-

12. ABCG2 belongs to a sizeable ATP-binding cassette (ABC) 
transporters affecting P - glycoprotein (P-gp), overexpression 
of ABC transporters, increased anti-apoptotic machinery, DNA 
damage repair machinery, and enhanced drug inactivation me-
chanism are concerned in the intrinsic or acquired resistance 

to chemotherapy13,14. ER-α gene is located on chromosome 
6q25.1, ERα receptor superfamily has the primary function in 
the development and progression of cancer, it also stimula-
tes mammary epithelial tissue proliferation and differentiation 
through combining with estrogen15-17. However, the allele va-
riant is associated with BC risk in different populations18. miR-
NA -152 gene is situated on chromosome 17q21.3219,20, which 
has the primary function in regulating biological processes 
such as differentiation, proliferation, and apoptosis21,22.

RAPD technique (Random Amplified polymorphic DNA) 
can be defined as a DNA fingerprinting technique based on 
Polymerase Chain Reaction (PCR) amplification of random 
fragments of genomic DNA with single short primers (markers) 
of arbitrary nucleotide sequences23,24. RAPD is a semi-quanti-
tative method more used to detect genetic alterations or poly-
morphisms in genetic mapping, taxonomy and phylogenetic 
studies and later in genotoxicity and carcinogenesis studies25. 
Applying RAPD analysis is used in the studies in genetic insta-
bility or genetic alterations of breast cancer26.

In this study, we performed a new procedure with some 
modifications to the traditional RAPD technique when we used 
the amplified gene as a template in RAPD. This procedure re-
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sulted in more accuracy and more yielded specific data. We na-
med it PCR-RAPD-PCR (PRP). This study aims to evaluate the 
genetic polymorphism of the BC gene in breast cancer women 
patients in Maysan province, south of Iraq.

Materials and methods 

Study sites
The study was undertaken in the genetic engineering la-

boratory/ Department of Biology / College of Science/Misan 
University. A total of (100) blood samples were collected from 
the breast cancer women patients and ( 30 ) healthy in May-
san Health Directorate/ AL-Sader Teaching Hospital /AL-Shifa 
Tumor Treatment Center in/ AL-Amarah city (sub-districts of 
Maysan province/south of Iraq ).

Samples collection and identification
100 blood samples (2-3 mL) were collected from each 

breast cancer female patient (in case patient woman in good 
healthy) or blood samples (1mL) were collected from each 
breast cancer patient woman (in case the patient woman in 
critical condition). Blood samples were collected from each 
woman patient through the median cubital vein or carpel veins 
(according to a health condition) into EDTA-containing tubes 
and were stored at -20oC till DNA extraction.

Genomic DNA isolation
All samples were collected from the breast cancer wo-

men patients at a different time for three months (Septem-
ber to November). All samples were kept under the same 
condition. DNA was extracted from whole blood by using the 
gSYNCTM DNA Extraction Kit Functional Test Data (Geneaid, 
Taiwan).

Column purification
FGenomic DNA was isolated from the blood sample. The 

amount of isolated DNA was varied from 523.92 to 887.12 ng/
µl DNA and an absorbance ratio of A260/280 was obtained in 
the range of 1.71–1.98  according to (27).

Polymerase chain reaction for isolated PCR product 
(specific BC genes)

Isolated DNA from all 100 women BC Patient and 30 
normal; genomic DNA samples were prepared by pooling the 
same amount of genomic DNA from each individual. The DNA 
fragments of the PCR product of  BC genes were amplified 
through the polymerase chain reaction technique. The fo-
llowing components: 2.5 µl primer F, 2.5µl primer R, 2.5µl Nu-
clease free water, 12.5µl GO Taq ®G2 Green master mix, and 
5µl DNA template were added for each 25 reaction mixture. 
The primer sequences are shown in Table 1. 

The PCR reaction consisted of 35 cycles following three 

essential steps: initial denaturation (5 min at 94oC ), DNA de-
naturation  (1 min at 94oC ),  primer annealing ABCG2  (45 
sec at gradient  53.5 -58.5oC ), primer annealing ER-α (45 sec 
at gradient 52-58oC), primer annealing miRNA -152 (15 sec at 
65oC ), and primer extension  (1 min at 72oC ). There was a Final 
extension cycle for 7 min at 72oC. The size of the amplified PCR 
product was subjected to electrophoresis in 1.2 % agarose ge-
l,1X TBE buffer with ethidium bromide 2%, at 80 V for 60 min. 
The bands were visualized under ultraviolet trans-illumination 
and photographed in Gel-Doc equipment. The PCR product 
with a clear band was later used as a template in the PCR - 
RAPD - PCR Technique.

Purify PCR Product by gel extraction
PCR products were obtained after a conventional PCR 

run; PCR products were extracted from an agarose gel after 
gel electrophoresis for breast cancer-related genes using the 
E.Z.N.A.® Gel Extraction kit protocol (OMEGA BIO-TEK, USA).

Column Purification
PCR product (specific gene) was isolated from the DNA 

gel extraction, the amount of isolated DNA PCR product (spe-
cific gene) was varied from 523.92-887.12 ng/µl and absorban-
ce ratio of A260/280 was obtained in the range of 1.71-1.98.

PCR- RAPD- PCR Technique
The isolated PCR product from all women BC Patient and 

normal DNA; the same best 40 PCR product (20 patient and 
20 control) of ABCG2, ER-α, miRNA-152 genes were chosen 
for PCR RAPD PCR. The RAPD primer sequencing in the PCR-
RAPD-PCR is shown in (Table 2). 

The reaction mixture (20 µL) consisted of template PCR 
product 2.5 µl, 2.5 µL (OPAA11, OPU15, OPAA17, OPD18) RAPD 
primer, 7.5µl Nuclease free water, and 7.5 µl GO Taq ®G2 Green 
master mix. The mixture was incubated in the TECHNE prime 
thermal cycler (with heating lid) programmed for (35-40) cy-
cles, each one consisting of as following: a denaturation step (1 
min at 94oC), one annealing step (30 sec at gradient 36-39oC) 
and an extension step (1 min at 72oC). After the cycling, a final 
extension for 1.30 min at 72oC was followed by slow cooling to 
10oC. Four RAPD primers: (OPAA11, OPU15, OPAA17, OPD18) 
were used in the amplifications. The primers were obtained 
from the AUGCT DNA SYN Biotechnology /China company.

Electrophoretic analysis
The reaction products were separated by electrophoresis 

on an agarose gel (2 %) containing ethidium bromide (2%) were 
prepared in 1 X TBE buffer. The DNA ladder size marker used in 
this study contained many discrete bands (in base pair ) 1500, 
1000, 900, 800, 700, 600, 500, 400, 300, 200,100,75,50 and 
25 bp from the nearest distance to the well to the far one from 
the well respected. This ladder was used as a molecular size 
indicator in the experiments of this study. The DNA fragments 

Table 1. Sequence of ABCG2, miRNA-152, ER-α  primers, GC% and length.
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obtained were visualized under ultraviolet light. The molecular 
sizes of DNA bands were estimated according to the standard 
curve representing the relationship between molecular band 
size of the ladder measured by base pairs and distance of mi-
gration bands31.

Statistical analysis
The relationship between the polymorphic, monomorphic, 

unique band and RAPD primer of the breast cancer patient and 
control was assessed using the X2  test; P < 0.05 was conside-
red statistically significant. 

Results

PCR-RAPD-PCR
We determined three genes related to breast cancer ( BC), 

the ABCG2 associated with drug resistance. The ER-α and 
miRNA -152 genes are associated with receptor estrogen res-
ponse and regulatory gene. We performed a conventional PCR 
assay and yielded a single band at approximately 300 bp, 500 
bp, 180 bp, respectively. The genetic polymorphism of inclu-
ded genes was done by four RAPD primers (OPAA11, OPU15, 
OPAA17, and OPD18). We were using amplified BC genes as 
the template in the PCR-RAPD-PCR technique (PRP). The re-
sults of PRP showed that RAPD primers were able to generate 
polymorphic, monomorphic, unique bands with different ratios 
between BC patients and control, as shown in figure (1).

Detection  primer efficiency and discriminatory power 
among BC related genes

Our finding showed a difference in the primer discrimina-
tory power among BC related genes in the patient and control; 
whereas the high discriminatory power in the patient was 40%  
at OPU15 of ABCG2, the highest primer discriminatory power 
in control was 42.85  at OPAA11 of ABCG2; the highest pri-
mer efficiency in the patient was 0.028 at OPU 15 of ABCG2; 
while the highest primer efficiency in the control was 0.078 at 
OPU15 of ER-α, as shown in figure (2).

Detection genetic polymorphism of breast cancer-related 
genes 

The overall number of bands in the BC patients were (214, 
149, 298) band for ABCG2, mi-RNA, ER-α  genes respectively, 
with the total number of bands (661) while the total bands of 
the control were (162, 93, 128); with  Overall total number of  
(383 ) band, as shown in figure (2,3).

The total polymorphic bands in the BC patient of AB-
CG2,ER-α ,mi-RNA 152 genes were (15, 18, 8 ) respectively, 
while in control were (14,34,0) bands; The total monomorphic 
bands in ABCG2,ER-α ,mi-RNA 152  genes of the patients were 
(12,16,8 ) respectively; while in control were (16, 0, 12) bands; 
The total unique bands in ABCG2, ER-α, mi-RNA 152 genes 
were (10, 5, 2) bands in a patient; while in control were (6, 7, 0) 

bands,  as shown in figure (3) and table (3, 4, 5, 6, 7, 8, 9, 10, 11). 
The results showed similarity between patients and con-

trol regarding total band percentages, the differences between 
the two groups were not significant. These results compared 
between 214 bands in patients and 164 bands in control. The 
results showed no significant differences in polymorphic bands 
between patients and control regarding the gene ABCG2. Re-
sults were compared between 15 bands in patients and 14 
bands in control, as shown in table 4. 

While significant differences (P<0.05) appeared between 
patients and control in unique bands with the primer OPAA11, 
OPAA17 and OPU15. The results were compared between 10 
bands of patients and 6 bands of control, as shown in table 5. 

As for monomorphic bands, no significant differences 
were found between the two groups of patients and control of 
different markers. These results were compared between 12 
bands in patients and 16 bands in control, as shown in table 6. 

The total number of bands were similar between patients 
and control for the gene ERα, except for the primer OPAA11, 
which revealed a significant difference (P<0.05) between the 
two groups, for this, we can consider this primer differentiating 
between patients and control from the genetic view. These re-
sults compared between 298 in patients and 128 in control, as 
shown in table 7. 

As for the polymorphic bands, the table below showed a 
significant difference(P<0.05) between patients and control 
only for the primer OPU15, while the rest primers were not. 
The results were compared between 18 bands in patients and 
34 bands in control, as shown in table 8. 

When examining the unique bands, a significant diffe-
rence (P<0.05) between patients and control for the primers 
OPAA11and OPU15. These results were compared between 5 
bands in patients and 7 bands in control, as shown in table 9. 

All patients showed monomorphic bands, while no mo-
nomorphic bands were found in the control group for all pri-
mers. When using the Chi-square test to compare patients and 
control, we noticed the following: The table below includes 
Chi-square values, data referred to (*) significantly different on 
the level of 5% while data referred to (**) significantly different 
on the level of 1%. Thus the patient group was significantly 
different from the control group in total bands for OPAA17 and 
OPD18, while bands were similar in both OPAA11 and OPU15, 
as shown in table 10. 

There were no significant differences in total bands be-
tween the two groups for all the primers. The percentage of 
total bands was calculated from the total bands of each group 
(it was 149 in patients and 93 in control). The main difference 
between the two groups is that there were polymorphic bands 
in patients and not found in the control group, as shown in ta-
ble 11.

Table 2. Sequence of RAPD primers, GC% and length.
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Discussion
To our knowledge, this is the first study that attempts to 

estimate the possible role of a polymorphism of the ABCG2, 
ER-α, miRNA 152 between the BC patients and control by 
PCR- RAPD- PCR technique.

One of the most common malignancies in women is 
Breast cancer, with an incidence rate double that of ovarian, 
stomach, colorectal and cervical cancer and about triple that 
of lung cancer. Many methods were used to study genetic poly-
morphism of the genes related to breast cancer, and although 
the RAPD technique was considered random with reduced re-
producibility, we chose it as a rapid and low price technique32 to 
gain an initial idea of our data to know the next step of testing. 
Despite that, we performed a new procedure with some modi-
fications in the traditional RAPD technique when we used the 

amplified gene as a template in RAPD. This procedure resulted 
in more bands yielded with more accuracy and specific data. 
The current study found that the number of bands per primer 
for each gene was high; this improved RAPD successfully in-
creased the number of RAPD bands produced from a given 
PCR Product. Therefore, we applied the PCR - RAPD - PCR te-
chnique with 3 specific BC genes (ABCG2, ER-α, mi-RNA-152) 
to generate more bands for detecting genomic alterations in 
human breast cancer.

Present results showed a reasonable degree of gene-
tic polymorphism detected between normal and breast cancer 
patients. Our results showed the high genetic polymorphism in 
breast cancer patients: The total number of bands in the breast 
cancer patients of (ABCG2, ER-α,miRNA 152) were ( 214, 298, 149 
) respectively, while the total bands in control were (162, 128, 93) 
respectively. The total number of bands of the genetic polymor-
phism of the breast cancer were 69 when used extracted total 

Figure 1. PCR assay for BC-related gene with RAPD primer. Agarose gel of 2% loaded with DNA ladder of (25-1100 bp). And 
four RAPD primers (OPAA11, OPU 15, OPAA17 and OPD 18) were used. Red circles refer to unique bands. The green arrow 
refers to the polymorphic band. The Blue arrow refers to the monomorphic band.

Figure 2. RAPD primer efficiency and discriminatory power in breast cancer-related genes in BC patients and control.
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5Figure 3. ABCG2, miRNA 152, ER-α genes with the total bands per locus in the BC patients and control.

Figure 4. Total number of bands from RAPD primers in breast cancer patient and control ;(a) ABCG2;(b) ER- α; (c) miRNA.

Figure 5. The ability of RAPD primers to generate polymorphic, monomorphic and unique bands. 

Table 4. Percent of polymorphic bands of different markers of the gene ABCG2 in patients and control groups.

Table 3. Band percentages of patients and control of different markers of ABCG2 gene.

Identification of Some Breast Cancer Related Genes by RAPD Technique in Maysan Province, Iraq
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Table 5. Percent of unique bands of different markers of the gene ABCG2 in patients and control groups.

Table 6. Monomorphic band percentages of different markers of ABCG2 gene in patients and control.

Table 7. Total band percentages of patients and control of different markers of the gene Era.

Table 8. Percent of polymorphic bands of different markers of the gene ERa in patients and control groups.

Table 9. Percent of unique bands of different markers of the gene ERa in patients and control groups.

Table 10. Chi-Squares values between patients and control group (miRNA gene) similar bands.

Table 11. Chi-Squares values between patients and control group (miRNA gene) total bands.
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DNA as a template and 6  arbitrary primers 2. The total amplified 
bands were 72 in the breast cancer patient, 28 in control when 
extracted total DNA as a template and five arbitrary primers33.

Our results and modification referred to the success 
of PCR RAPD PCR in generating a more significant number 
of bands by using PCR product (specific gene ) as a templa-
te instead of total DNA extracted in the study of the genetic 
polymorphisms of the breast cancer-related genes and their 
relationship to breast cancer in Maysan province /south of Iraq.

Our results showed the full polymorphic bands in the 
breast cancer patient of ABCG2, ER-α,miRNA 152 genes were 
(15,18,8), while in control were (14,34,0), whereas the poly-
morphic band may be referred to heterozygous genomic re-
gions of the PCR-RAPD-PCR profile.

The total monomorphic bands in the breast cancer patient 
of ABCG2, ER-α, miRNA -152  genes were (12,16,8) bands, whi-
le in control were (16,0,12) bands, whereas the monomorphic 
band may be referred to homogenous genomic regions of the 
PCR- RAPD- PCR profile.  

The total unique bands in the breast cancer patient of 
ABCG2, ER-α, miRNA 152  genes were (10,5,2) in the breast 
cancer patient while (6,7,0) bands were in control.

Our results showed significant differences (P < 0.05) in 
the unique band of ABCG2  at marker OPAA 11; OPU 15; OPAA 
17  between breast cancer patients and control.

Our results showed significant differences (P < 0.05) in the 
total ER- α at marker OPAA11; Our results showed significant 
differences in the polymorphic band of ER- α at marker OPU 15 
between breast cancer patients and control. Our results showed 
significant differences in the unique band of ER- α at marker 
OPAA11; OPU 15 between breast cancer patients and control.

Our results showed there are significant differences in the 
bands that had been size (50-60) bp ; (140 - 150) bp ; (170-180 
) bp of miRNA-152 at marker OPAA17; OPD 18  between breast 
cancer patients and control. We suggested that the differences 
in the number of bands between breast cancer patients and 
control are probably due to the nucleotides sequence of the 
primers ( markers) and on the genotype of the breast cancer 
patients. It is noteworthy, the number of compatible sites of 
primer in the (ABCG2, ER-α, mi-RNA-152) genes of the breast 
cancer patients which is affected by different types of muta-
tions and translocations, this will affect the primer (marker) 
and the template interaction sites and will result in the loss 
or profit of bands; as a result, this will leads to differences in 
the number of amplified bands the ability of RAPD analysis to 
detect the genetic instability or genetic alterations which re-
presents the differences between a standard and malignant 
cell that may comprise insertion, deletion and alteration in the 
oncogenes or suppressor genes that could cause cancer25.

Our results showed differences in the size of the fragments 
between patients and control might be referred to the poly-
morphism that includes the differences in molecular weights 
of amplified bands which product from multiple types of muta-
tions and translocations occurred, thus causing mobility shift of 
bands and probably cause the addition of new bands34-38.

Our finding showed differences in the primer discrimina-
tory power between patient and control; our results showed 
that the high discriminatory power in breast cancer patients 
was 40% at  OPU15 of ABCG2, the highest primer discrimi-
natory power was in contrast the control was  42.85% at 
OPAA11of ABCG2. The primer's capacity to show polymor-
phisms in comparison to polymorphisms shown by all primers 
is called primer discriminatory power2,39.

Our results showed that the highest primer efficiency in 
the breast cancer patient was 0.028 at OPU15 of the ABCG2 

gene; while the highest primer efficiency in the control was 
0.078 at OPU15 of ER- α gene. The primer efficiency values 
range from (0 -1) and are defined as the measure of the pri-
mer's ability to result in polymorphisms40.

Conclusions
Our results proved the accuracy of our modification in the 

traditional RAPD technique, which yielded more specific bands 
related to genes; this test also showed us high polymorphism in 
patients compared to control, which may be related to mutations 
or mutations modifications. Although our study did not include 
genes concerned with family history incidence of breast cancer, 
we suggested from our data that most breast cancers in Iraqi wo-
men are not family related but rather drug resistance and estro-
gen response. We can predict and early diagnose breast cancer 
upon analysis of our chosen genes; our study allows us to employ 
these genes in the early prediction of breast cancer.
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Detection of humoral immune response induced in horses vaccinated with 
inactivated Equine Herpes Virus Vaccine

Mohamed Samy Abousenna1*, Heba A Khafagy1, Nermeen Gouda Shafik1, Neveen Mounir Abdelmotilib2, Ibrahim S. Yahia3,4,5

Abstract: Equine herpesviruses (EHV1 and EHV4) are essential in horses. Repeated cases of infection and abortion in mares 
who have regularly vaccinated impetus us to determine to investigate the humoral immune response after post-vaccination 
with the same inactivated vaccine and the best vaccination protocol. Twelve healthy susceptible horses were divided into four 
groups (3 horse /group). The first group was vaccinated I/M with inactivated Equine Herpes (type 1 and 4), where each horse 
was inoculated with a single dose (2ml/ dose /horse). The second group was vaccinated with inactivated Equine Herpes (type 
1 and 4) then a booster dose after two months. The third group was vaccinated with inactivated Equine Herpes (type 1 and 4) 
followed by two booster doses at two months intervals. Three horses were kept as a negative control in the fourth group. Serum 
samples were tested for the EHV and antibodies using virus Neutralization Test (VNT) and ELISA; it was found that VNT against 
EHV-1  indicated that the neutralizing antibody titer value  ≥ 4 fold titer rise had been demonstrated at 28th-day post-vaccination 
for all vaccinated horse groups, it was demonstrated that the vaccinated horse group (1) indicated the significant greater titer 
values compared to other vaccinated groups and showed protective titer value till the end of the experiment (6 months post-
vaccination), There is an agreement in titer values between ELISA and VNT tests for EHV was observed, but it could not reveal 
the same antibodies, where the ELISA measures antibodies against EHV1-4. It was concluded that the single-dose vaccination 
protocol was more appropriate for horse vaccination than other vaccination protocols.

Key words: Equine Herpesvirus, Rhinopneumonitis, Serological test, vaccine.

ARTICLE / INVESTIGACIÓN

Introduction
Equine herpesvirus 1, 4 (EHV-1 and EHV-4) is an equine 

viral infectious disease that is endemic in most territories. The 
virus belongs to the family Herpesviridae1. It is transmitted by 
inhalation of aerosols of virus-laden respiratory secretions2 

The disease causes respiratory illness, abortion, and occasio-
nally neonatal mortality in horses. Abortion in mares usually 
occurs after two to four weeks of infection in the third trimes-
ter of the gestation period3. The morbidity rate is increased in 
young horses sharing the same air space. The primary infec-
tion source could be the placental fluids and aborted tissues 
of infected mares, where it contains a highly high payload of 
EHV4. Although equine Herpesvirus disease has variable clini-
cal manifestations, EHV-1 is a significant cause of neurological 
disease in horses5. Vaccination is an essential tool in disease 
control. The available commercial vaccines have two antigen 
content found in inactivated form for prevention and protection 
from respiratory illness and abortion due to infection, but there 
is no instruction or evidence about vaccine efficacy to prevent 
the neurologic form6. Although horses were vaccinated with 
inactivated Equine Herpes virus vaccine, a repeated cases of 
abortion occurred. So this study prompted us to investigate 

the immune response duration post-vaccination with inacti-
vated Equine Herpesvirus vaccine and the most suitable time 
for booster dose to determine the best vaccination protocol. 
Serum antibody levels against EHV 1-4could be screened by 
virus neutralization test (VNT)7 and ELISA8.

Materials and methods 

Virus
A freeze-dried local strain of EHV type 1 was used for the 

virus-neutralizing test. It was obtained from Equine Vaccine 
Research Dept., Veterinary Serum and Vaccine Research Insti-
tute (VSVRI), Abbassia, Cairo, according to Magda9.

Tissue culture
African green monkey kidney cells (Vero) were obtained 

from the Foreign Animal Disease Diagnostic Laboratory (FA-
DDL), Plum Island, USA, and used for virus propagation and 
virus neutralization test (VNT)
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Inactivated Equine Herpesvirus Vaccine
The local commercial inactivated Equine Herpesvirus 

(type 1 and 4) was used in this study had been evaluated and 
approved before by Central Laboratory for Evaluation of Vete-
rinary Biologics, (CLEVB).

Animals and Vaccination Protocols
Twelve healthy susceptible horses, between 6 and 10 

years old, with low neutralizing antibody titers (< Log10 0.6 
TCID50) against EHV-110) were divided into four groups (3 hor-
se /group). The first group was vaccinated I/M with inactivated 
EHV1-4 vaccine, where each horse was inoculated with a sin-
gle dose (2ml/ dose /horse). The second group was vaccina-
ted with inactivated EHV1-4 vaccine then a booster dose after 
two months. The third group was vaccinated with inactivated 
EHV1-4 vaccine followed by two booster doses at two months 
intervals. Three horses were kept as a negative control in the 
fourth group.

All animal groups were kept in a designated area for CLE-
VB at the animal facility house of the government veterinary 
hospital, Abbasia, Cairo, Egypt.

Evaluation of Humoral immune response

Virus Neutralization Test (VNT)
Serum samples were tested for the EHV-1 and antibodies 

using the virus Neutralization Test (VNT) and expressed as a 
neutralizing index according to Senthil and Parames11.

ELISA Kit
Equine Herpesvirus type 1 and 4 Differentiating test – 

Svanova lot, A69377- REF, 10-3100-02. It was supplied by 

the Central Laboratory for Evaluation of Veterinary Biologics 
(CLEVB). The antibody values were measured at a 450 nm 
absorbance reading of each well. According to the manufactu-
rer's instructions, positive values were considered from a cut 
off 0.2.    

Results
Table 1 shows the VNT results against EHV-1 for the vac-

cinated horse groups (1,2 and 3) with inactivated EHV (1 and 
4) vaccine, all vaccinated horse groups indicated an increase 
in titer values at 3 months post-vaccination, the groups (2 and 
3) showed a slight decrease in antibody titer values after 2nd 
dose of vaccination compared to group (1). In contrast, the 3rd 
dose of vaccination in group (3) indicated a decrease in anti-
body titer values below the protective value (≥ 4 fold titer rise) 
compared to groups (1 and2), which was demonstrated at 5 
months post-vaccination. The vaccination protocol was used 
in the group (1) to afford high antibody titer compared to other 
vaccination protocols. 

Table 2 shows the ELISA results against EHV 1 and 4 for 
the vaccinated horse groups (1,2 and 3) with inactivated EHV 
(1 and 4) vaccine, all vaccinated horse groups indicated an in-
crease in mean ELISA values at 2 months post-vaccination, the 
groups (2 and 3) showed a decrease in mean ELISA values af-
ter 2nd dose of vaccination compared to group (1). In contrast, 
the 3rd dose of vaccination in group (3) indicated a decrease 
in mean ELISA values similar to group (2) mean ELISA values, 
demonstrated at 5 months post-vaccination. The vaccination 
protocol was used in the group (1) to afford high antibody titer 
compared to other vaccination protocols.

Table 1. Virus neutralizing antibody 
titer in vaccinated horses with inacti-
vated Equine Herpes virus vaccine.
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Discussion
Hygienic measures and vaccination control EHV1 and 

EHV4 infections. Commercial vaccines, either inactivated or 
modified live virus (MLV), have been shown to afford protec-
tion for vaccinated animals, lessening EHV-related respiratory 
disease, neurological disease, and abortion under experimen-
tal conditions12. Many studies have demonstrated the humo-
ral responses of on-field vaccinated horses using serological 
assays13.

This study compared different vaccination protocols using 
inactivated EHV1-4 vaccine, and the humoral immune respon-
ses were screened post-vaccination to demonstrate the best 
vaccination protocol using VNT and ELISA.

The VNT was carried out for detection of neutralizing an-
tibody against EHV-1 for serum samples of vaccinated horse 
groups (1,2 and 3) within 6 months post- vaccination, the re-
sults of VNT indicated that the neutralizing antibody titer value  
≥ 4 fold titer rise (the response rate. (4))  has been demons-
trated at 28th day post vaccination for all vaccinated horse 
groups, it was demonstrated that the vaccinated horse group 
(1) indicated greater titer values compared to other vaccinated 
groups  and showed protective titer value till the end of the 
experiment (6 months post vaccination), while the vaccinated 
horse groups (2 and 3) indicated apparent decrease in antibody 
titer values after 2nd dose of vaccination, furthermore sub-
sequent decrease in antibody titer values was demonstrated 
after 3rd dose of vaccination in vaccinated horse group(3), as 
shown in table No.(1), interestingly,  similar study demonstra-

ted that horses received three doses of inactivated EHV-1vac-
cine, a month apart, the Geometric mean (GM) titer increased 
to the response rate after the first dose, but no evident titer 
rises were observed after the second and third doses14.

There is an agreement in titer values between ELISA and 
VNT tests for EHV was observed, but it could not reveal the 
same antibodies, where the ELISA measure antibodies against 
EHV1-4 as shown in table No. (2) while VNT measure antibo-
dies against EHV1 only, a similar study demonstrated it was 
observed no correlation in the antibody titer values between 
ELISA and SN tests for EHV1. This could be justified that the 
SN test measured the antibodies differ from those measured 
by ELISA15.

The obtained results of our study showed a clear differen-
ce in immune response between three vaccination protocols 
which was explained by other studies, the immune response 
was not observed post-vaccination—especially the effect of 
booster dose vaccination. This failure of the humoral immu-
ne response probably due to the type of vaccine, a study used 
a modified live vaccine (MLV) and an inactivated vaccine, the 
serum neutralization (SN) assays indicated high SN titer va-
lues in MLV vaccinated mares when compared to those vacci-
nated with the inactivated vaccine, this could be explained that 
the antibody response is probably vaccine-type dependent13-16 
in another study, the hypothesis of the decrease in antibody 
titer after the first inoculation of the vaccine has a neutrali-
zing action could be accepted but it does not work or justify 

Table 2. Seroconversion of horses vaccinated with inactivated Equine Herpes virus vaccine tested by ELISA.
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the decrease of antibody titer values after subsequent ones 
of vaccination. This reduction of antibody titer values followed 
by subsequent ones could be explained by the antibodies in-
terference hypothesis due to the presence of a high titer of 
anti-EHV4 antibodies which has an antigenic correlation with 
EHV117. In another study showed that the failure of immune 
response had a different hypothesis, it could be a different 
antigen structure between vaccinal strain and the virus used 
in VNT, and inappropriate vaccine formulation, or by the high 
antibody titer before vaccination15.

Conclusions
It was concluded that the single-dose vaccination protocol 

was more appropriate for horse vaccination than other vacci-
nation protocols, thus affording higher antibody titers, longer 
immunity duration and economic wise; therefore, further in-
vestigation is desperately needed to assess the cellular immu-
ne response post-vaccination and its role in horse protection.
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Resumen: La lumbalgia constituye un problema de salud pública por su alta prevalencia y carga de la enfermedad. Este estudio 
tuvo como objetivo determinar las características de los pacientes con lumbalgia atendidos en el centro de salud N1 de Ibarra, 
entre enero 2017 y noviembre 2020. Se incluyeron 2055 consultas por lumbalgia, observándose un incremento durante el período 
de estudio, a excepción del año 2020 (53,78% menos consultas que en 2019). La consulta por lumbalgia fue significativamente 
más frecuente en mujeres que hombres (64,18% vs. 35,82%; z-score 12,87, p<0,05). La edad en hombres (mediana 49 años, 
rango intercuartílico 30,75 años) fue significativamente mayor (p=0,003) que en mujeres (mediana 46 años, rango intercuartílico 
25 años). La frecuencia acumulada de consultas fue mayor entre los 28-60 años, en su mayoría (67,98%) por lumbalgia no 
especificada. El 4,79% de las consultas fueron referidas al segundo nivel de atención, donde la mayoría (69,77%) tuvo una 
codificación diagnóstica de lumbalgia específica. Sobre las consultas subsecuentes (220 pacientes), la mayoría tuvieron 2 
(9,05%) y menos frecuente ≥3 (1,65%) consultas por año. En conclusión, se observó un incremento en la frecuencia de consultas 
por lumbalgia, predominante en los grupos en edad laboral, con un bajo porcentaje referido al segundo nivel de atención.

Palabras clave: Lumbalgia, epidemiología, recurrencia, Ecuador.

Abstract: Low back pain is a public health problem due to its high prevalence and burden of the disease. This study aimed to 
determine the characteristics of patients with low back pain treated at the Centro de Salud N1 from Ibarra, between January 
2017 and November 2020. Two-thousand fifty-five consultations for low back pain were included, observing an increase during 
the study period, except for 2020 (53.78% fewer consultations than 2019). Consultation for low back pain was more frequent in 
women than men (64.18% vs 35.82%; z-score 12.87, p <0.05). The age in men (median 49 years, interquartile range 30.75 years) 
was significantly higher (p=0.003) than in women (median 46 years, interquartile range 25 years). The cumulative frequency 
of consultations was higher between 28-60 years, mostly (67.98%) due to unspecified low back pain. Four-point seventy-nine 
percent of the consultations were referred to secondary care, where most (69.77%) had a specific diagnostic coding for low back 
pain. Regarding subsequent consultations (220 patients), most had 2 (9.05%) and less frequent ≥3 (1.65%) yearly consultations. 
In conclusion, there was an increase in the frequency of consultations for low back pain, predominant in the working-age groups, 
with a low percentage referred to secondary care.

Key words: Low back pain, epidemiology, recurrence, Ecuador.

REVIEW / ARTÍCULO DE REVISIÓN

Introducción
El dolor lumbar o lumbalgia es un síntoma  común y uno 

de los motivos de consulta más frecuentes en atención pri-
maria de salud. Se estima una incidencia del 5% por año, con 
una prevalencia del 60 al 70% a lo largo de la vida; siendo más 
frecuente en mujeres y a mayor edad, con su punto máximo 
entre los 80 a 89 años1,2.

Las causas de lumbalgia aguda (duración menor a 12 se-
manas) son inespecíficas hasta en 95% de los casos, es decir 
sin una causa anatomo patológica atribuible, por lo cual gene-
ralmente remite en días a semanas. Sin embargo, múltiples 
factores biofísicos, psicológicos, sociales, comorbilidades y 
mecanismos de procesamiento del dolor, contribuyen tanto a 
la experiencia del dolor como a la transición a un dolor persis-
tente e incapacitante3. De este modo, la lumbalgia es una de 

las principales causas de años vividos con discapacidad, sien-
do más frecuente entre los 45 a 49 años; por tanto, la mayor 
carga de la enfermedad afecta a la población en edad laboral2.

Teniendo en cuenta su alta prevalencia, la repercusión 
sobre el bienestar general y las actividades diarias, el ausen-
tismo laboral y la gran carga económica a las personas, fami-
lias y gobiernos, la lumbalgia constituye un problema de salud 
pública4.

Dado que la mayoría de los pacientes con lumbalgia son 
asistidos en centros de atención primaria de salud, es impor-
tante conocer las características de la población atendida, 
como punto de partida para plantear estrategias de promo-
ción, prevención y atención en salud. El objetivo del presente 
estudio es determinar las características de los pacientes con 

1 Instituto Nacional de Reumatología del Uruguay, Uruguay.
2 Hospital de Clínicas Dr. Manuel Quintela, Uruguay.
2 Coordinación Zonal 1 Salud, Ecuador.
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lumbalgia atendidos en el centro de salud N1 de Ibarra durante 
el período enero 2017 a noviembre 2020.

Materiales y métodos
Este es un estudio de tipo observacional y descriptivo, en 

el que se consideró como unidad de análisis todas las con-
sultas médicas codificadas como lumbalgia con los códigos 
M54.5 lumbago no especificado, M54.4 lumbago con ciática, 
M51.1 trastornos de disco lumbar y otros con radiculopatía, y 
M51.0 trastornos de discos intervertebrales lumbares y otros 
con mielopatía, correspondientes a la codificación de la Cla-
sificación Internacional de Enfermedades versión 10 (CIE-10), 
realizadas en el centro de salud N1 (CSN1) de la ciudad de Iba-
rra, Ecuador.

Localización
Ibarra es la capital de la provincia de Imbabura, localizada 

en su cantón homónimo, encontrándose al norte de Ecuador, y 
que posee una población de aproximadamente 180 000 habi-
tantes en su área urbana. Las parroquias urbanas del cantón 
Ibarra incluyen Alpachaca, El Sagrario, San Francisco, Priorato, 
y Caranqui. El CSN1 tiene un área de influencia de aproxima-
damente 95 000 habitantes, que corresponden a la parroquia 
El Sagrario con sus 21 barrios, parroquia de San Francisco con 
sus 17 barrios, y a 9 comunidades rurales.

Población de estudio
Pacientes que consultaron por lumbalgia en el CSN1 de 

Ibarra desde enero 2017 hasta noviembre 2020, cuyo motivo 
de consulta primario fue lumbalgia, independientemente de 
su edad. Los criterios de exclusión fueron, pacientes atendidos 
por lumbalgia como motivo de consulta secundario.

Recolección de datos
Se recopiló la información registrada en la base de datos 

del Registro Diario Automatizado de Consultas y Atenciones 
Ambulatorias (RDACAA) en los años 2017 y 2018, y de la Pla-
taforma de Registro de Atención en Salud (PRAS) en el 2019 
y 2020.

Variables analizadas
Se incluyeron las siguientes variables; sexo, edad, etnia, 

nacionalidad, CIE-10 diagnóstico, referencia al 2do nivel de 
atención, número de consulta, número de pacientes con con-
sultas subsecuentes.

Análisis estadístico
El análisis fue realizado mediante SPSS V.25, y la tabula-

ción inicial de los datos mediante Excel 2013.
Se analizaron las variables cuantitativas utilizando la 

mediana junto con rango intercuartílico (RIC) y su representa-
ción gráfica mediante diagramas de cajas y bigotes, mientras 
que las variables cualitativas fueron representadas mediante 
frecuencias y porcentajes. Para la representación de la edad, 
como variable continua, se usaron histogramas y polígonos de 
frecuencia. Para la representación de la frecuencia acumulada 
se utilizaron ojivas.

Para la comparación entre variables cuantitativas de dos 
grupos, y dado que solo poseemos los datos muestrales, se 
utilizó la prueba t de Student (t) para diferencia de medias 
comparando las varianzas mediante el test de Fisher (F), y 
para la comparación entre 3 o más grupos se utilizó el test 
ANOVA. El uso de pruebas paramétricas en muestras grandes 

sobre el uso de pruebas no paramétricas, independientemente 
de su distribución, se basa en la recomendación de Fagerland, 
M.W.5.

Para la comparación de las proporciones en un mismo 
grupo, se utilizó z score utilizando la ecuación: 
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Donde p es la proporción de eventos en el grupo y π la 
proporción que corresponde a la hipótesis nula (para este caso, 
consideramos una proporción esperada de mujeres de 0,49, 
según lo reportado por el Instituto Nacional de Estadística y 
Censos del Ecuador).

Para comparar las proporciones entre dos grupos inde-
pendientes, se utilizó chi cuadrado

Aspectos éticos
Dado que este estudio parte de una fuente secundaria de 

datos, los pacientes incluidos en el estudio no fueron someti-
dos a ningún tipo de intervención. Se cumplió con las medidas 
de protección a la confidencialidad, ya que no se registró ni 
reveló ningún dato personal que pudiera identificar al paciente.

Resultados
Las características de los pacientes atendidos por lumbal-

gia en el CSN1 durante el período 2017-2020 se detallan en la 
tabla 1. Se incluyeron 2055 consultas por lumbalgia durante el 
período de estudio. Se excluyeron 383 consultas por lumbal-
gia, debido a que el motivo de consulta fue secundario.

La consulta por lumbalgia fue más frecuente en muje-
res (64,18%) que en hombres (35,82%), siendo esta diferencia 
mayor en comparación a la proporción esperada de mujeres 
(p<0,05).

Aunque la etnia mestiza fue la más frecuente, su propor-
ción disminuyó a lo largo de los años. Otras nacionalidades han 
aumentado su proporción durante el período de estudio.

En cuanto a la codificación diagnóstica, la mayoría de las 
consultas (67,98%) fueron por lumbalgia no especificada.

La referencia al segundo nivel de atención se registró en 
el 4,79% de las consultas por lumbalgia. De ellos, la mayoría 
(69,77%) tuvo una codificación diagnóstica de lumbalgia espe-
cífica.

Consultas subsecuentes
El 17,18% del total de consultas incluidas correspondieron 

a una morbilidad subsecuente; entre ellas, la mayoría tuvieron 
2 (9,05%) y menos frecuente 3 o más (1,65%) consultas por 
año. Entre quienes tuvieron 3 o más consultas subsecuentes, 
la mayoría fueron mujeres (58,82%), con una mediana de edad 
de 44 años en mujeres y de 53 años en hombres.

Distribución de las consultas por frecuencias acumuladas
Las medianas de edad según los años de estudio fue-

ron 45 años, 46 años, 46 años, y 49 años, para 2017, 2018, 
2019 y 2020, respectivamente, evidenciándose una tendencia 
creciente con respecto a la edad (F=2,94, p=0,032), como se 
muestra en la figura 1.

La frecuencia acumulada de consultas tanto en hombres 
como en mujeres fue mayor en los grupos de edad intermedios 
(28 a 60 años) (figura 2, A).

La edad en hombres (mediana 49 años, RIC 30,75 años) 
fue significativamente mayor (p=0,003) que en mujeres (me-
diana 46 años, RIC 25 años) (figura 2, B).
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Figura 1. Distribución de la frecuencia de consultas por lumbalgia por grupos de edad. A. Año 2017, B. Año 2018, C, Año 2019, 
Año 2020.

La frecuencia acumulada de consultas subsecuentes au-
mentó con la edad, alcanzando su punto máximo entre los 50 
a 60 años y luego disminuyeron gradualmente (figura 2, C). La 
mediana de edad en el grupo de morbilidad subsecuente fue 
significativamente mayor que en el grupo de primera consulta 
(53 y 45 años, respectivamente; t=5,12, p<0,01) (figura 2, D).

Discusión
A nivel mundial, el número prevalente de personas con 

lumbalgia ha aumentado significativamente a lo largo de los 
años2. Similarmente, en el presente trabajo se observó un in-
cremento en el número de consultas por lumbalgia durante el 
período de estudio, a excepción del año 2020, en el que se re-
dujeron a aproximadamente la mitad en comparación al 2019. 
Esto podría explicarse por el menor número de meses inclui-
dos durante el año 2020 (enero-noviembre), así como por la 
menor asistencia de pacientes ocasionada por la emergencia 
sanitaria por SARS-CoV-2.

La lumbalgia se presentó en una relación mujer-hombre 
2:1, similar al estudio de Guevara et al. realizado en el can-
tón Cuenca, Ecuador6. Otros estudios realizados en centros de 
atención primaria o en la comunidad, tanto en Ecuador como 
en otros países, también han señalado la mayor frecuencia de 
lumbalgia en mujeres, aunque generalmente sin encontrar di-
ferencias estadísticamente significativas7,8. Por el contrario, en 
algunos estudios donde el sexo masculino se encontró como 
un posible factor de riesgo para lumbalgia, se resalta que fue-
ron realizados en población en edad laboral o con riesgo ocu-
pacional9.

La frecuencia acumulada de consultas en hombres y 
mujeres aumentó con la edad, siendo mayor en edades inter-
medias, y descendiendo progresivamente a partir de los 60 
años, similar al trabajo de Pérez J., realizado en un centro de 
salud de Cuenca, Ecuador8. Aunque a diferencia de nuestros 
hallazgos, a nivel mundial se ha reportado un descenso en la 
frecuencia de lumbalgia a edades más tardías (70 a 80 años), 
todos los trabajos coinciden en señalar su mayor frecuencia en 
los grupos en edad laboral, uno de los motivos por lo cual la 
lumbalgia se considera un problema de salud pública2,7,10.

En cuanto a las consultas subsecuentes por lumbalgia, el 
promedio anual durante el período de estudio (17,18%) fue me-
nor a lo reportado por otros trabajos, donde las estimaciones 
de recurrencia a 1 año oscilan entre el 24 al 80%11. Estas dife-
rencias probablemente se deben a la falta de uniformidad en la 
definición de lumbalgia recurrente, como lo señala la revisión 
sistemática de Da Silva T et al.12, por lo cual no es posible ob-
tener estimaciones sólidas del riesgo y factores pronósticos de 
lumbalgia recurrente, sin embargo, el único predictor señalado 
consistentemente en otros trabajos fue la historia de episodios 
previos de lumbalgia.

Entre quienes tuvieron 3 o más consultas subsecuentes 
durante 1 año, la mayoría fueron mujeres jóvenes, a diferencia 
de lo reportado por Beaudet N., donde las mujeres de 65 años 
o más tuvieron 1,35 veces más riesgo de consultar 3 o más 
veces13.

En cuanto a la codificación diagnóstica, si bien la mayoría 
de las consultas fueron por lumbalgia no especificada, el por-
centaje de lumbalgias específicas (32,02%) fue mayor a lo in-
formado en otras series (5-10%)14. No obstante, consideramos 
que esto se debe a la codificación diagnóstica aplicada y no ne-
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cesariamente a una causa anatomo patológica subyacente. La 
frecuencia de lumbalgias específicas podría estar mejor repre-
sentada por el porcentaje de consultas que fueron referidas al 
segundo nivel de atención (4,79%), ya que estas tuvieron en su 
mayoría una codificación diagnóstica con causas especificadas 
(lumbago con ciática, trastornos de disco lumbar y otros con 
radiculopatía, trastornos de discos intervertebrales lumbares 
y otros con mielopatía).

Como fortaleza del presente trabajo, se destaca su reali-
zación en un centro de atención primaria de salud, lo cual re-
fleja los datos de los pacientes de la comunidad, a diferencia 
de la mayoría de las publicaciones sobre lumbalgia realizadas 
en hospitales o en grupos de trabajadores de un área en par-
ticular.

Entre las limitaciones, se encuentran las relacionadas al 
uso de una fuente de información secundaria, por lo cual no 
se pudieron evaluar factores de riesgo ni calcular la prevalen-
cia de lumbalgia. Se requieren más estudios para evaluar los 
factores de riesgo modificables (mecánicos, comorbilidades, 
psicosociales) asociados a la aparición y persistencia de lum-
balgia en nuestra población.

Conclusiones
Se observó un incremento en la frecuencia de consultas 

por lumbalgia durante el período de estudio, siendo más fre-
cuente en mujeres, y particularmente en los grupos en edad 
laboral. Un bajo porcentaje fue referido al segundo nivel de 
atención de salud.
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Figura 2. Distribución de las consultas por lumbalgia durante el período 2017-2020. A. Frecuencia acumulada de hombres y 
mujeres según grupos de edad; B. Consultas de acuerdo a sexo y edad; C. Frecuencia acumulada de consultas primeras y sub-
secuentes según grupos de edad; D. Consultas primeras y subsecuentes de acuerdo a edad.
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Tabla 1. Características de los pacientes atendidos por lumbalgia en el CSN1   durante el período 2017-2020.
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Study of effects Oat and Soybean on the Microbial and Sensory Analysis of 
Burgers (Beef, Chicken and Sheep)

Hind Mohammed Saleh1, Firas R. Jameel2*, Sara Thamer Hadi3 and Mohammed Majed Hamid3

Abstract: The purpose of this study was to assess the microbiological and sensory load induced by fast-food energy reduction 
as an adjuvant treatment for autism, obesity, and the preparation of low-fat burgers and assess the effect of soybean and oat 
flour as fat substitutes. There were three treatments of the burgers consisting of (beef, chicken and sheep) for both oat and 
soybean and the ratio of 5,10 and 15% of each one as fundamental material used for manufacturing the model products. The 
burger that consists of types of meat with fillers of oats 10% and soy 10% then 5% and 15% respectively improves microbial 
load and sensory score. The burger that consists of types of meat with fillers of oats and soy in several concentrations Improves 
microbial load and sensory score.

Key words: Types of meat, Sensory analysis, Burgers, Microbial, Oats, Soybean.

ARTICLE / INVESTIGACIÓN

Introduction
In today's trend, consumers' perceptions of food intake 

are mostly focused on keeping good health1. Reduced fat in 
the diet, balanced protein sources, and, most crucially, the in-
clusion of recommended levels of dietary fiber sources in the 
daily diet have all grown more popular1. The burger was first 
served to the United States through fast-food establishments. 
Burgers, sausages, hotdogs, and nuggets, among other meat 
items, are widely accepted and consumed in Iraq, particularly 
in fast-food outlets.

Recent research has focused chiefly on the development 
of new alternatives that, when introduced into meat products, 
would allow for the production of low-energy goods with an 
enriched content of useful components not found in meat raw 
material2. Cereal grains, such as buckwheat and oats, have 
been used as alternatives for low-fat meat products2. Ce-
real grains, such as oats and buckwheat, are high in various 
nutrients that are in good proportions for an organism2. Fur-
thermore, it is a primary source of important components with 
a wide spectrum of biological activity (for example, polyphe-
nols), whose consumption protects against the development 
of civilization diseases3.

In the low-fat meat system, the combination of isolated 
soy protein, alginate, and carrageenan can give emulation sta-
bility and restrict water development, which is based on stable 
complex formation and deformation of meat protein during the 
heating process4. The primary goal of separated soy protein is 
to enhance thickness, prevent water loss, and stabilize emul-
sion while lowering production costs.

There was a link between home hamburger preparation 
and the risk of contamination. A potential mechanism by which 
soy protein induces lowering of blood cholesterol concentra-
tions includes thyroid status, bile acid balance and the estro-

genic effects of genistein and daidzein5.
The objectives of the present experiment were to evaluate 

the effects of adding with different proportions of oat or soya 
(5,10, and 15%) mixed with (Ground meat) of (cow, chicken and 
sheep) in fast-food on quality burgers (sensory evaluation and 
microbiological load).

Materials and methods 
Comminuted products of the following general composi-

tion made up the material: Burgers were made with various 
proportions of oat or soya (5,10, and 15%) mixed with minced 
meat products (beef, chicken, and sheep) at a rate of 75 g in 
the manufacturing of burgers. 20 g fat, 5 g samoon powder (a 
type of famous bread in Iraq), 1.5 g sodium chloride, and 0.5 g 
spices; the spices are made up of a proportion of (black pepper, 
Kebabah, Nutmeg, Cloves and CINNAMON).

In a grinder, meat and delicate fat were minced. The 
amounts of oat or soya (5,10, and 15%) were mixed with min-
ced meat products (beef, chicken, and sheep) at a rate of 75 g 
and stored for 24 hours under refrigeration (4 ± 1o C).

The Burger Processing Instructions
The ingredients are added to the mixture mixed for ano-

ther 4 minutes. The temperature of the combination was mo-
nitored regularly to ensure that it remained between 10 and 
15 degrees Celsius. The flavors and spices are then combined.

This was when the finely powdered soybean or oat was 
added to the mixture for samples T 1, T 2, and T3. The mixture 
was then beaten for a further 2 minutes. After that, each bur-
ger is weighed at 75 grams. After being molded and kept cold 
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at a temperature of -18°C for 1 to 2 hours, they are packed 
separately and kept cold for analysis purposes.

Sensory evaluation
Sensory evaluation: A well-trained group of 9 people with 

qualified sensory sensitivity evaluated the sensory quality of 
beef products, as specified by (6).

Texture, color, aroma, taste, flavor, and general accep-
tability were evaluated using a 7-point hedonic scale (7 like 
very much and 1 dislike very much). Technical staff members 
from the Departments of Meat Science and Technology and 
Poultry Science made up the sensory panel. Without any prior 
knowledge of the treatments, the panelists evaluated all of the 
features in each sample and marked the scales accordingly. 
The sensory evaluation sensory laboratory was used to simul-
taneously conduct the sensory evaluation using all of the pa-
nelists. The frozen nuggets were thawed in the refrigerator for 
4 hours, then heated in a microwave oven before being served 
at room temperature on white porcelain plates in natural light 
to the panelists. The samples were assigned three-digit ran-
dom numbers, and the presentation order was determined by 
random permutation. The sensory assessment was completed 
in the sensory laboratory. To ensure that each panelist made 
an independent decision, all required steps were taken7.

Coliform Counts
After incubation at 37 °C for 24 hours, Using a chromoge-

nic E. coli/Coliform medium, Coliform Counts "TCC" (log CFU 
g1) were calculated (Rapid E. coli 2 Agar, Bio-Rad, Marnes La 
Coquette, France)8.

Statistical analysis
Three biological replicates were used in each experiment. 

One-way ANOVA was used to examine the statistical differen-
ces between the treatment group's means (quantitative va-
riables), followed by repeated pairwise comparisons (Tukey's 
test, 0.05). SPSS version 20.0 and GraphPad Prism were used 
for statistical analyses and graphics. The differences between 
the three biological replicates were considered significant at 
p<0.05, and the data were reported as mean SD.

Results

Regarding sensory

Concerning tenderness
The results for Oats illustrated there was no statistical 

significance at p< 0.01 in all treatments, While the sub (Chic-
ken) of T1 (Oats5%) and the sub (Beef) of T3 (Oats15%) recor-
ded 5.66 for each one Numerically high recorded. 

While regarding soya, the results illustrated there was 
statistical significance at p< 0.01 between treatments, where 
all treatments recorded the highest significance statistically 
compared to the sub (Beef) of T1(Soya 5%) and the sub (Chic-
ken) of T1, T3(Soya 5,15%) were recording (5.33), (5.66 and 
5.00) respectively,  which, in turn, showed a significant increa-
se compared to the sub (Beef) of T3(Soya 15%)was recording 
the treatment lowest significance at (p < 0.01) (4.66).

Table 1. Describe the components of treatment types.
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Figure 1. Experimental treatments regarding tenderness with 
Oats.

Figure 2. Experimental treatments regarding tenderness 
with soya.
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Concerning color
The results for Oats illustrated there was no statistical 

significance at p< 0.01 between treatments, While the sub 
(Beef) of T2 (Oats10%) recorded 6.83 for each one Numerica-
lly high recorded. 

While regarding with soya, the results illustrated there 
were statistical significance at p< 0.01 between treatments, 
where all treatments recorded statistical a highest significant 
compare to the sub (Beef) of T3 (Soya 15%) were recording 
lowest significant at (p < 0.01) (4.66).

Concerning Flavour
The results for Oats, the results illustrated there was 

statistical significance at p< 0.01 between treatments, whe-
re all treatments recorded the highest significance statistica-
lly compared to the sub (Beef) of T3 (Oats15%) and the sub 
(sheep) of T1 of (Oats5%) were recording lowest significant at 
(p < 0.01) (5.83), (5.00) as respectively. 

The results for soya results illustrated that there was sta-
tistical significance at p< 0.01 between treatments, where all 
treatments recorded the highest effective compare statistica-
lly to the sub (Beef) of T3 (Soya 15%) were recording lowest 
significance at (p < 0.01) (4.66).

Concerning General acceptance
The results for Oats results illustrated there were sta-

tistical significance at p< 0.01 between treatments, where all 
treatments recorded a highest significant compare statistica-
lly to the sub (Beef) of T1 (Oats5%) and the sub (Chicken) of 

T3 (Oats15%) were recording lowest significant at (p < 0.01) 
(5.33), (6.00) as respectively.

The results for soya results illustrated that there was sta-
tistical significance at p< 0.01 between treatments, where all 
treatments recorded a highest effective compare statistically 
to the sub (Beef) of T3 (Soya 15%) were recording lowest sig-
nificance at (p < 0.01) (5.67).

Concerning juiciness
The results for Oats the results illustrated there was 

statistical significance at p< 0.01 between treatments, where 
all treatments recorded the highest significance statistically 
compared to the sub (Chicken) of T3 (Oats15%) were recording 
lowest significance at (p < 0.01) (5.66). 

The results for soya results illustrated that there was 
statistical significance at p< 0.01 between treatments, where 
all treatments recorded the highest significance statistically 
compared to the sub (Beef) of T3 (Soya15%) were recording 
the lowest significance at (p < 0.01) (4.66).

Regarding with microbiology aspect

Concerning Coliform
The results for Oats the results illustrated there was sta-

tistical significance at p< 0.05 between treatments, the sub 
(T3) at 15% the sub of beef recorded best significance statisti-
cally (1.70) log CFU/g in terms of reduced microbial load com-
pared to other treatments, especially (T3) at 15% the sub of 

Study of effects Oat and Soybean on the Microbial and Sensory Analysis of Burgers (Beef, Chicken and Sheep)

Figure 3. Experimental treatments regarding color with Oats. Figure 4. Experimental treatments regarding color with soya.

Figure 5. Experimental treatments regarding Flavour with 
Oats.

Figure 6. Experimental treatments regarding Flavour with 
Soya.
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chicken that recorded lowest significance (95.6)log CFU/g in 
terms of rising microbial load. 

The results for soya the results illustrated there was sta-
tistical significance at p< 0.05 between treatments, the sub 
(T3) at 15% the sub of beef recorded the lowest significance 
(1.3) log CFU/g in terms of rising microbial load compared to 
other treatments, especially  Chicken and Sheep that recorded 
high significance (0.00)log CFU/g in terms of reducing micro-
bial load. 

Concerning Yeast & Mold
The results for Oats the results illustrated there was sta-

tistical significance at p< 0.05 between treatments, the sub 
(T1, T2) at 5%, 10% the sub of beef recorded lowest significan-
ce (1.0) log CFU/g in terms of rise microbial load compared to 
other treatment, especially  Chicken and Sheep that recorded 
high significance (0.00)log CFU/g in terms of reducing micro-
bial load. 

The results for soya the results illustrated there was sta-
tistical significance at p< 0.05 between treatments, the sub 
(T3) at 15% the sub of beef recorded lowest significance (1.3) 
log CFU/g in terms of rise microbial load with an offer (T1, T2) 
at 5%, 10% recorded (1.0) log CFU/g compared to other treat-
ment, especially Chicken and Sheep that recorded high signi-
ficance (0.00) log CFU/g in terms of reducing microbial load.

Concerning Total Count Bacteria
The results for Oats the results illustrated there was sta-

tistical significance at p< 0.05 between treatments, the sub 
(T3) at 15% the sub of chicken recorded the lowest significan-
ce (2.96) log CFU/g in terms of rise microbial load compared 
to other treatments, especially the sub (T1) at 5% the sub of 
beef that recorded high significance (2.17) log CFU/g in terms 
of reducing microbial load. 

The results for soya the results illustrated there was sta-
tistical significance at p< 0.05 between treatments, the sub 
(T3) at  15% the sub of chicken recorded the lowest significan-
ce (2.58) log CFU/g in terms of rising microbial load compared 
to other treatments, especially the sub (T3) at  15% the sub of  
Beef that recorded high significance (1.57)log CFU/g in terms 
of reducing microbial load.

Discussion
The findings of this investigation revealed distinct va-

riances between all of the therapies. In general, the burgers 
of various types of meat with oats and soy fillers in various 
concentrations are finished. Improve the microbial load as well 
as the sensory score. It is noted that the tenderness was bur-
gers of the chicken and sheep recorded the best significance, 

Figure 7. Experimental treatments regarding General accep-
tance with Oats.

Figure 8. Experimental treatments regarding General accep-
tance with Soya.

Figure 9. Experimental treatments regarding juiciness with 
Oats.

Figure 10. Experimental treatments regarding juiciness with 
Soya.
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for the color of chicken burger recorded the best significance, 
while the flavor of beef and chicken burgers recorded the best 
significance. While we note the recorded significance for both 
the general acceptance and juiciness were burgers of the beef 
and chicken.

Regarding the microbiology aspect, regarding Yeast & 
Mold were burgers chicken and sheep recorded the best sig-
nificance, regarding Total Count Bacteria where burger of beef 
recorded the best significance. The desire to replace synthetic 
food antioxidants with natural ones has sparked study into ve-

getable sources and the screening of raw materials for finding 
antioxidants9. The benefits of using oat fiber include its supe-
rior capacity to retain moisture and prevent meats from drying 
out when cooked and its mouthfeel, which mimics fat and the 
ability to maintain the meat's natural flavorings5.

Oat fiber, it is believed, offers a comparable mouth feel 
too fat and retains the inherent tastes of meat10. Furthermore, 
it contributes extra fiber to the product10. The oat fiber also 
aided in water retention, producing a more juicy product11. In 
fresh meat products, microbial deterioration and oxidation are 

Figure 11. Experimental treatments regarding Coliform with 
Oats.

Figure 12. Experimental treatments regarding Coliform with 
Soya.

Figure 13. Experimental treatments regarding Yeast & Mold 
with Oats.

Figure 14. Experimental treatments regarding Yeast & Mold 
with Soya.

Figure 15. Experimental treatments regarding Total Count 
Bacteria with Oats.

Figure 16. Experimental treatments of Soya.

Study of effects Oat and Soybean on the Microbial and Sensory Analysis of Burgers (Beef, Chicken and Sheep)
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the leading causes of quality loss and the production of po-
tentially harmful secondary chemicals9. The proliferation of 
disease germs can potentially compromise the safety of meat 
products during the time between production and consump-
tion12. As a result of this study, it is clear that the increment 
of the waste of soybean percentage will lower the percentage 
of cooking loss, which means that the product that has the 
highest percentage of soybean, the T2 sample, Due to the soy-
bean propensity to hold fat and water, it creates more juice 
and weight. Generally, the T3 sample gave the lowest hard-
ness level compared to other samples. Based on the proximate 
analysis performed, this could be due to a high percentage of 
fat, as hardness is mostly affected by the fat content of a sam-
ple, with a high fat content making the item soft and juicy13. 
The effects of chitosan and/or sulfite addition and the storage 
time were determined in fresh (color deterioration, lipid oxi-
dation, pH, total viable counts, Escherichia coli and coliforms, 
Salmonella, appearance and odor) and cooked (appearance, 
odor, flavor and texture) burgers12. Using chitosan to minimize 
the amount of SO2 needed to increase the shelf life of fresh 
meat products in retail displays12. The growth of E. coli and 
Salmonella in pork burgers was adequately inhibited by a re-
duction in SO2 from 450 to 150 mg kg1, ensuring their micro-
bial safety; however, this SO2 reduction was less effective in 
reducing spoilage bacteria, the usual factor limiting the shelf 
life of ground meat kept under refrigeration and aerobiosis12.

Conclusions
There is little research on the quality and durability of 

meat products (burgers) added with fiber. The purpose of 
this study was to examine the influence of soybean and oat 
flour as fat replacers and natural antioxidants on the textural 
quality, microbiological, and sensory acceptability of low-fat 
meat burgers. Foods with health-promoting features, such as 
high-fiber and low-fat meat products, are higher. Consumers 
always have the upper hand when it comes to choosing a food 
that has been produced using just natural ingredients. Pres-
choolers, adolescents, and people of all ages should include 
soya and oats in their diets to increase their nutrient intake, 
particularly protein, calcium, phosphorus, sodium, potassium, 
carbohydrate, and iron. These two value-added products are 
also suitable for vegetarians and persons suffering from car-
diovascular disease, obesity, and protein deficiency.
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A Single Web-Platform for Invitation or Advertisement of Online Courses and 
Webinars in These Covid Virus Time

Anupam Saha

LETTER TO EDITOR / CARTA AL EDITOR  

Innovation is a critical phase in the pharmaceutical enter-
prise and the healthcare community. And advances in the heal-
thcare era have caused significant upgrades within the great-
ness of healthcare, in populace fitness, and have contributed 
to growth in actual fitness expenditure in parallel. Its pursuit 
is a commercial enterprise, vital for maximum industrialized 
nations over the latest decades. Advances in the healthcare 
era have caused significant upgrades withinside the excellent 
healthcare and feature contributed to will increase in actual 
fitness expenditure in maximum industrialized nations over the 
latest decades.

In December 2019, adults in Wuhan, the capital town of 
Hubei province and a primary transportation hub of China, 

commenced providing nearby hospitals with severe pneumo-
nia of unknown cause. Many preliminary instances had fre-
quent publicity to the Huanan wholesale seafood market that 
traded stay animals. The surveillance machine (put into the 
area after the SARS outbreak) was activated, and the suffe-
rers' respiratory samples were dispatched to reference labs 
for etiologic investigations. On December 31, 2019, China noti-
fied the outbreak to the World Health Organization1,2

The Corona Virus(Covid-19) was declared a plague 
through the World Health Organization (WHO), has exhibited 
human-to-human transmissibility, and has unfolded hastily 
throughout nations3. The WHO spoke back shortly using coor-
dinating diagnostics improvement and issuing help on affected 
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person monitoring, specimen collection, and cure and presen-
ting time to time up to date data on the outbreak2. Although 
the governments worldwide have taken various measures to 
manipulate town-to-town and character-to-person transmis-
sion and destiny, research ought to broaden elaborate fashions 
with an excessive spatial-temporal decision to consider tech-
nological solutions. It is the technological know-how that co-
llege students manipulate to get an acceptable education in 
the course of this Covid-19 state of affairs. Now no commercial 
enterprise assembly happens face to face4. Everything is onli-
ne, the internet the sensation allowed these possibilities. One 
such inspiration or thought which can be very helpful for colle-
ge students that can serene the training for college students 
that is a single internet portal for the commercial of webinars 
and online courses.

Webinars are seminars that are carried out on the World 
Wide Web, and they can be meetings, conferences, demonstra-
tions, education or teaching, or activities designed to supply re-
cords both one-way or interactively. Webinars can encompass 
video, audio, and textual communication5. Any pupil searching 
to attend a specific subject matter may also locate a webinar 
session on that platform. A systematic platform appreciably 
scans all webinar matters on locating the described search6.

Various online courses and webinars occur; not every 
advertisement pamphlet or commercial pamphlet arrives at 
every student. Hence, if a single portal could be made where 
all the universities, all the research academies can invite co-
llege students, professionals, and researchers to attend and 
learn, at this time can be very enigmatic for the pupil to upda-
te and upgrade their technical skills, improve their technical 
abilities, research and relearn, and recognize their topics well. 
It's vital to acquire expertise from exclusive sources, collect 
resources, and gather knowledge. So if such a net portal can 
be generated, all the college students can get entry to and be 
aware of unique publications below one roof to update their 
skills[NSV1] . Nowadays, various organizations hold free on-
line conferences/webinars, where many eminent scientists 
and researchers teach and spread awareness about COVID19 
and SARS-CoV-2 variants solutions and various lectures on di-
fferent topics. COVID pandemic might leave one day, but the 
online mode of study and online learning will stay. The future 
generation will benefit immensely if a platform where different 
organizations advertise their upcoming events on a single pla-
tform and are marketed well. 

As located on the 'Bionatura' web page of your journal, 
this idea is encouraged to report a separate area for adapta-
tion, as a separate section for it to be adopted by different or-
ganizations coming together to form a unity platform to avoid 
the missing of any critical webinar of any organization. Collec-
tively shape a solidarity platform to keep away from missing 
any vital webinar of any organization. We trust that the broader 
adoption of this notion will notably contribute to the learner's 
education . To merely the activity which is the idea this letter 
is all about, just like there is a section in the website of the 
esteemed journal Bionatura "Open-Access Data and Compu-
tational Resources to Address COVID-19" if there could be 
another section or column to address all the upcoming online 
events—followed by inviting all the major universities across 
the globe. Each organization that wishes to advertise its event 
may upload the details manually, reflecting on the website.

This idea is not limited to the Bionatura journal itself; all 
the viewers reading this letter may reach out to their organiza-
tion and use this idea to form a website or form a section. Then, 
reaching out to leading universities to upload their proforma or 
pamphlet into the portal, this lucid idea may help teachers, re-

searchers, and students immensely. More advertisements will 
be visible, more options will be available, and the maximum 
audience will capture more knowledge.

Conclusions
Technology has been the best in this generation and more 

to grow. The single platform could be handy for each student 
who uses webinars and online training to the best of their abi-
lities. Many students from across the globe can attend web 
meetings and e-conferences. The organizers may also benefit 
not only from the students or researchers but also from pro-
fessionals to get much more participants.
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The presence of Neopterin in the sera of a sample of Iraqi acromegalic patients 
(Type 2 diabetics and nondiabetics)

Sabreen Hamodi Hamza1*, Zainab Fadhel Ashoor1 and Abbas Mahdi Rahmah2

Abstract: Acromegaly is a rare endocrine disease; its incidence is 4-6 million per year, while its prevalence is 40-60 million 
per year. They are separating acromegaly from gigantism that occurs before growth plates are closed. Neopterin is a systemic 
adaptive immune activation biomarker produced upon interferon-gamma (IFN-γ) stimulation by monocyte-derived macrophages 
and dendritic cells. Eighty acromegalic patients (50% diabetic acromegalic and 50% nondiabetic acromegalic) and forty healthy 
control groups were enrolled in the study to find out the level of Neopterin and insulin-like growth factor-1 in the sera of the study 
population; the results showed both molecules (neopterin and Insulin-like growth factor-1 were found to be high in acromegalic 
subjects when there is concomitant diabetes, and insulin-like growth factor-1 correlates positively with total cholesterol and 
neopterin. At the same time, neopterin correlates positively with HbA1c. This study was aimed to find out the difference in 
neopterin level in diabetic acromegalic versus n0n-diabetic acromegalic patients; Eighty acromegalic subjects were enrolled in 
across sectional study by measuring the neopterin level in the sera of diabetics and nondiabetics as 39 have diabetes while the 
remaining 41 patients are nondiabetic. Neopterin is high among diabetic acromegalic patients when compared with nondiabetic 
acromegalic subjects. Insulin-like growth factor-1 correlates positively with neopterin and total cholesterol; (4) Conclusions: 
Across sectional-study enrolling eighty acromegalic patients registered in the National Diabetes Center. Thus they were 
subdivided into two groups: - diabetic and nondiabetic the level of neopterin was found to be among diabetic versus nondiabetics.

Key words: Neopterin, Diabetic Mellitus, Acromegaly.

ARTICLE / INVESTIGACIÓN

Introduction
Acromegaly is a chronic and rare condition caused by pi-

tuitary adenoma, resulting in increased growth hormone se-
cretion. High growth hormone concentrations induce the liver 
to secrete insulin-like growth factor-1(IGF-1), resulting in un-
acceptable changes in the patient’s form and changes in the 
body, as well as skeletal anomalies1. Acromegaly’s hallmark 
characteristics include hand and foot enlargement, prominent 
supraorbital ridges, hyperhidrosis, seborrhea, and related co-
morbidities such as diabetes mellitus, elevated blood pres-
sure, heart failure, and osteoarthritis2. Growth hormones are 
involved in inhibiting the function of insulin, like inhibiting the 
phosphorylation of insulin receptors, among the most signi-
ficant aspects of insulin production. As a result, the insulin 
sensitivity of the cells will decrease, encouraging peripheral 
glucose absorption in the periphery and increasing resistance 
to the gluconeogenesis suppression ability of insulin. Hence, 
the increase in growth hormone production leads to free fatty 
acids and avoids insulin-induced glucose oxidation, resulting in 
further deterioration of insulin resistance, contributing to dia-
betes mellitus3.

Impaired glucose metabolism is typical in acromegaly pa-
tients, owing to impaired insulin sensitivity caused by high GH 
and IGF-1. Diabetes mellitus (DM) is one of the most common 
comorbid disorders linked to an elevated risk of cardiovascular 
death in people with acromegaly4,5. (NEOP) is253D pteridine 

molecular weight compound pyrazine pyrimidine molecu-
lar weight compound pyrazine-pyrimidine molecular weight 
compound pyrazine-pyrimidine molecular weight compound 
pyrazine-pyram Pteridine is a chemical compound made up of 
pyrimidine and pyrazine rings. A pteridine is a class of hetero-
cyclic compounds that can have a variety of substituents in 
their structure.

Pterins and flavins are a type of pteridine that has critical 
biological features. It is produced when T lymphocytes are ac-
tivated by guanosine triphosphate (GTP) and -interferon (INF-
)6. When monocyte-derived macrophages and dendritic cells 
are stimulated to create interferon-gamma (IFN-), neopterin 
is produced, and it is regarded as a suitable proxy for measu-
ring the rate of IFN- production7-10. Neopterin concentrations 
increase with the dose of interferon, thereby helping to control 
the activity of inducible inflammation of INF-γ. Therefore, the 
measurement of neopterin levels in body fluids provides infor-
mation on the activation of systemic adaptive immune activa-
tion derived from T-helper cells11.

Materials and methods 
Eighty acromegalic patients (thirty- nine(39) diabetic acro-

megalic and forty-one (41) nondiabetic acromegalic patients 
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attending the National Diabetes Center (NDC)/Mustansyriah 
University were enrolled in the study and compared with40 
control subjects that were defined by achieving the goals (pi-
tuitary adenoma, size regression, Insulin-like growth factor-1 
and growth hormone decrement down to the recommended, 
predefined targets)12. They were subdivided into subgroups 
according to their age, gender,  lipid profile, concomitant dia-
betes and glycemic control in diabetic patients. Neopterin was 
measured using enzyme-linked immune-sorbent assay(ELI-
SA), which is done utilizing Human Neopterin (NEOP)ELISA kit 
was sandwich methodology. The Micro ELISA plate provided in 
this kit has been pre-coated with an antibody specific to NEOP. 
Correlation between NEOP and other biochemical and clinical 
variables was studied using Pearson correlation methodology. 
Statistical package of social science (SPSS) _ version 27 was 
used to analyze the data.

Results
Eighty acromegalic patients were recruited, thirty-nine 

(39) are diabetics, and the other forty-one (41) are nondiabe-
tics, while the control group includes forty (40) nondiabetic 
non-acromegalic healthy persons. All the recruited patients 
are registered in the National Diabetes Center (NDC)/ Mus-
tansyriah University. The results of age and gender were pre-
sented in Table (1). The age was ranged from 25-78 years, and 
the more percentage of diabetic acromegalic patients was 
shown within the age group (40-49years) As they represent 
(46.2%) of patients. Neopterin levels are highest in diabetic 
acromegalic patients under 50, followed by nondiabetic acro-
megalic patients, and finally, the control group. Neopterin le-
vels are higher in male diabetic acromegalic patients than in 
nondiabetic acromegalic patients, while the opposite is true 
in the control group, but this steady decline is not statistica-
lly significant. The usual range of serum neopterin is (3-100). 
Neopterin is high among diabetic acromegalic patients, fo-
llowed by nondiabetic acromegalic patients and, finally, the 
control group. As revealed in table (2). 

Table (3) shows that: The level of Neopterin is the lowest 
among the control group versus diabetic acromegalic and 

nondiabetic acromegalic patients. Normalization of HDL is 
associated with elevation of Neopterin in diabetic acromegalic 
and nondiabetic acromegalic patients. Elevation of LDL is as-
sociated with high Neopterin in diabetic acromegalic, followed 
by nondiabetic acromegalic patients. However, the differen-
ce did not reach statistical significance. The lowest VLDL is 
associated with a higher neopterin in diabetic patients when 
compared with another study group. The highest cholesterol 
level was correlated with the highest neopterin level, whereas 
diabetic acromegalic was followed by nondiabetic acromegalic 
patients and the control group. Elevation of triglyceride value 
is associated with high Neopterin in diabetic acromegalic fo-
llowed by nondiabetic acromegalic; the impact of high trigly-
ceride on Neopterin level is true in the control groups as well. 
Neopterin is the highest in non-acromegalic when their HbA1C 
is high (does not fulfill the definition of diabetic ranging from 
5.7-6.4%), the level of Neopterin drops in diabetic acromega-
lic subjects when their glycemic control is poor. Normalization 
of GH is associated with lower Neopterin levels among non-
diabetic acromegalic subjects versus diabetic acromegalic 
subjects. The highest number og diabetic acromegalic(36) pa-
tients have anormal value of, IGF-1which shows a mean for 
neopterin in higher (89.85) than that of nondiabetic or control 
groups(41-78). The diabetic acromegalic patients also showed 
a higher neopterin level, which was associated with a highest 
value for IFN-Y compared with nondiabetic acromegalic pa-
tients or the control group.

Discussion
Table -1Shows that most of the acromegalic patients are 

within the age group of 40-49 years at the time of diagnosis, 
while few patients are group 30-39, and no acromegalic sub-
jects were registered his age is less than 30 years. The median 
age of acromegalic, as stated by (13) in Duhok province, was 
(44.9 years). The median age agrees with (14), who found that 
it is (49.2 ± 8.9 years) in Bagdad province. The explanation of 
the results of age that acromegaly disease. Most people are 
diagnosed in their third or fourth decade of life. Recent studies, 
however, have revealed an increase in the incidence and fre-

Table 1. Demographic data of Diabetic acromegalic, nondiabetic acromegalic patients and control group (non- acromegalic 
nondiabetic counterparts).
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Table 2. Neopterin concentration in Diabetic acromegalic, nondiabetic acromegalic and control group according to age, gender, 
duration of disease.

The presence of Neopterin in the sera of a sample of Iraqi acromegalic patients (Type 2 diabetics and nondiabetics)

Table 3. Neopterin concentration in Diabetic acromegalic, nondiabetic acromegalic and control group according to lipid profile.
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quency of acromegaly in the elderly, most likely as a result of 
longer life expectancy. There is a delay in diagnosis, as there is 
in the younger population with acromegaly, which is exacerba-
ted by the similarities between the aging process and some of 
the disease’s symptoms. As one might assume, comorbidities 
are more common in senior people with acromegaly than in 
younger patients. The diagnostic criteria for older patients are 
the same2. In the current study, males represent (66.3%) of 
enrolled patients while females are only (33.7%); this result is 
similar to other studies, the rote of Transsphenoidal- selective 
adenomectomy (TSA) is 89.7 % and 76.5% in males and fema-
les, respectively  (P, 0.001)15.

Statin use reduces the neopterin level; statin reduces the 
neopterin level plus the well-known cardiovascular protective 
effect. This may be related to the fact that neopterin is a so-
luble marker of monocyte activation, and monocyte activation 
has been linked to the pathogenesis of coronary artery disea-
se16. In diabetic, acromegalic subjects normal HDL is associa-
ted with an increment in neopterin; some investigators pointed 
out to the fact that neopterin is associated with reduced HDL 
levels. However, it shows no association with other markers 
of metabolic syndrome, namely waist-hip ratio17. Poor glyce-
mic is associated with a decrement in neopterin level; it has 
been found that neopterin level is elevated in people with insu-
lin resistance18. Neopterin is found to be high among patients 
with high of IGF-1.once neopterin, and IGF-1 were found to be 
high in elderly patients hospitalized, followed by delirium, and 

it has been proposed that oxidative stress and activation of the 
immune system may be the cause of an increase in both bio-
markers18.

Conclusions
Neopterin has the highest level among acromegalic dia-

betics, followed by a nondiabetic acromegalic and the control, 
respectively. Neopterin is higher in males with DM and acrome-
galy. Elevation of Triglyceride (>150 mg/dL) is associated with 
the high neopterin in diabetic acromegalic followed by nondia-
betic acromegalic and control group. People with diabetes with 
poor glycemic control have low neopterin, but the contrary is 
true for nondiabetic subjects where the progressive increment 
of HbA1c is associated with higher neopterin levels. However, 
those subjects did not the definition of diabetes (HbA1c<6.5%). 
A well designed prospective study enrolling a higher number 
of acromegalic subjects is highly recommended to find out the 
impact of neopterin on the progression of acromegaly and its 
mortality to find out a modal of therapy that modulates the le-
vel of this molecule fruitfully, the sometimes it may be prudent 
to find out if neopterin has any relation with other molecules 
as IGF-1and GH and the reflection of these molecules on acro-
megaly and its comorbidities and mortality.

Table 4. Neopterin concentration in Diabetic acromegalic, non- diabetic acromegalic and control group according to HbA1C, 
GH, IGF-1  and Interferon – gamma.
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Suitability of some well water for different human uses by studying some 
physicochemical properties

Israa Salman Dalas1, Muqdad Altae2 and Raghad Mukdad Mahmood3

Abstract: The present study is carried out to identify (pH, EC, TDS, alkalinity, total hardness, calcium Ca, magnesium Mg, sulfate 
SO4, chloride Cl,) and Mpn cell / 100ml Total number of coliform bacteria of groundwater indicators in some wells within villages 
of  Al-Dhuluiya, Al-Alam in Salahuddin and wells from Kayara (Al-Jawaana and Al-Jadaa villages). Four wells were studied 
for two seasons from November, December 2016 and January 2017. Results of this study showed that there was a seasonal 
variation in some chemical and physical factors. The groundwater was neutral because pH values were ranged (7-8.6). Electrical 
conductivity values were between (2543-50305) micro siemens. Total hardness values were within permissible limits (1200-
2800 mg/L). Calcium and magnesium hardness between (1000-1950) mg /L, (100-1282) mg /L, respectively. Total dissolved 
solids were between (261-3245). Chloride ions (Cl-) in groundwater of studied samples were within the permissible limits for 
watering of animals and irrigation of plants, with values range (79-259 mg/l) and sulfate values were in range (460-1055) mg/L. 
The total number of coliform were between (3-240) cell/100 ml.

Key words: Groundwater, physicochemical parameters, wells, TDS, pollution.

ARTICLE / INVESTIGACIÓN

Introduction
Groundwater can be defined as the portion of the water 

between two layers and the filtration of rainwater into the soil 
and lower ground layers. Thousands of years ago, groundwater 
was one of the most critical water supplies that humanity re-
lied on, especially in dry and semi-arid regions where millions 
of people lived1. It is distinguished by a high concentration of 
dissolved salts when compared to river water. This could be 
due to the slow movement of groundwater, which dissolves 
sections of the rocks it passes through, and the salts changed 
into it.The majority of these salts are calcium and magnesium. 
This water's mineral content separates it from other bodies of 
surface water. The salt ingredients vary depending on the geo-
logical nature of the place2. Groundwater was employed for 
agricultural purposes in village settings when no other water 
resources were accessible. Human activities have progressi-
vely contaminated groundwater3. The quality of groundwater 
results from the interactions of many processes during the hy-
drological cycle. It is varied according to the depth, different 
places and nature of geological formation4.

Groundwater lacks suspended materials due to the in-
filtration process through which the water passes; therefore, 
deep well waters are colorless, pure, and have stable composi-
tions, compared with less deep well waters. The depth of well 
waters and their isolated conditions make their temperature 
almost constant or change only a few degrees. This is impor-
tant in the field of industry and thermodynamics5. Because of 
the low levels of the Tigris and Euphrates rivers and the recent 
rain drought, the demand for well water in Iraq has declined re-
cently. Groundwater in Iraq is becoming increasingly significant 
for drinking and irrigation6. The primary goal of this study was 

to assess well water quality and suitability for diverse uses 
by investigating some physical and chemical aspects of good 
samples collected.

Materials and methods 

Description of the research field
Four wells were selected within villages of Al-Dhuluiya, 

Al-Alam in Salahuddin government and wells from Kayara 
(Al-Jawaana and Al-Jadaa villages). The study areas have 
geological formation areas and sea level characteristics.

Well 1
This well is located at a depth of 10 meters in Al-Alam, a 

populous region. This well is now closed and is only utilized for 
home purposes and irrigation.

Well 2
It is located in Al-Dhuluiya at a depth of 20 m, and it is of 

the open type and used for crops irrigation.

Well 3
It is located in the village of Al-Jawaana at a depth of 15 

m. The well is of the closed type, which is used for crops irri-
gation also.

Well 4
The well is located in Al-Jadaa village at a depth of 40 m, 

1 Department of Biology, College of Education for Pure Science, University of Tikrit, Iraq.
2 Ministry of Education, Salah Al-din Directorate, Iraq.
Corresponding author: muqdadaltae@yahoo.com

DOI. 10.21931/RB/2022.07.01.26

Citation: Salman Dalas  I,  Altae M , Mukdad Mahmood R. Suitability of some healthy water for different human uses by studying some 
physicochemical properties. Revis Bionatura 2022;7(1). 26. http://dx.doi.org/10.21931/RB/2022.07.01.26 
Received: 2 December 2021 / Accepted: 21 January 2022 / Published: 15 February 2022

http://www.revistabionatura.com

Publisher’s Note: Bionatura stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.
Copyright: © 2022 by the authors. Submitted for possible open access publication under the terms and conditions of the 
Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).



2

and it is of closed type and used for irrigation.

Sample Collection
Water samples were collected from different wells from 

November, December 2016 and January 2017. Standard me-
thods of sample collection and laboratory analysis were fo-
llowed7-9 by taking one sample per month during the study 
period. Physiochemical measurements were performed as 
follows: pH,  Electrical Conductivity and pH were measured by 
using (pH-EC meter, HI 9812, Hanna instrument), TDS, Total 
Alkalinity: The method of correction with sulfuric acid (N 0.01) 
was followed by the presence of the orange instance,  Total 
hardness and Ca hardness was measured with standard N2E-
DTA (N01,0) with Erichrom Black T and Murexide as dry pow-
der respectively7,8, Calcium (Ca), Magnesium (Mg), Sulphate 
(SO4), Chloride Cl -: was measured by correction with standard 
silver nitrate solution (N 0.0141) with potassium dichromate8,9, 
and  Mpn cell / 100ml (Total number of coliform bacteria).

Statistical Analysis
The computer was used through the ready-made statisti-

cal program, SPSS, (the load test of variance and the Duncan 
test, a test that shows us which of the categorical variables di-
ffers from the other in the occurrence of changes. The studied 
significance at the level of significance p ≤ 005.

Results

pH
Values of pH of the present study are shown in table (1). 

The maximum pH value was (8.6) found in the Al-Jwaana well 
in November and the minimum value was 7 in wells of Salahu-
ddin government as in table (1). Analysis of variance showed 
significant differences in different times and the different wells 
(P≤00.05).

Electrical conductivity  EC
The conductivity values in the different wells ranged from 

2543 μhs/cm in January in Al-Alam well to 50305 μhs/cm in 
January in Al-Jadaa well. The statistical analysis showed sig-
nificant differences (P≤00.05) among the different wells. The-
se values are shown in table (2).

Chloride
Differences were observed in the values of chloride table 

(3). The minimum and maximum ranges of the chloride value 
were (59-259)mg/L. The analysis of variance revealed consi-
derable temporal differences (P≤00.01). During the study pe-
riod, there were no geographic disparities between the wells.

Alkalinity
The alkalinity ranges of the samples during the study pe-

riod are shown in table (4). Values were from 80mg/L to 160 
mg/L. Results were statistically significant (P≤00.05) spatially 
and non - significant temporal.

Total Hardness
The total hardness values are shown in table(5). The total 

hardness during the study period ranged from 1200 mg/L in 
November in Al-Jadaa well to 2800 mg/L in both of Novem-
ber and January months in Al-Jwaana well. Statistical analy-
sis revealed that there were significant regional differences 
(P≤00.05) and significant temporal differences (p≤00.01).

Calcium and Magnesium hardness
The maximum value of calcium hardness was 1950mg/L, 

and the minimum value was 1000mg/L, and magnesium hard-
ness was (200-1282) mg/L among the different wells. Analy-
sis of variance showed significant spatial difference (P≤00.01). 
Table (6) shows these values. Table (7) shows the values of the 
magnesium hardness, which were (160- 2600) mg/L. Statisti-
cal analysis showed significant spatial and temporal differen-
ces (p≤00.01).

Sulfate (SO4)
As shown in Table (8), the relative sulfate values for wells 

were (460-1055) mg/L. In January, a water sample taken at 
Al-Alam well found a low concentration of 460 mg/L, while a 
water sample taken at Al-Dhuluiya revealed a maximum con-
centration of 1055 mg/L.

Total Dissolved Solids (TDS)
Electrical conductivity (EC) and total dissolved solids 

(TDS): As indicated in Table (9), the TDS was obtained for four 
wells from different areas ranging from (261-3245) mg/L.

Drinking water coliform bacteria
In this study, as in Table (10), all wells were revealed bac-

teria pollution. Results were between (3-240). Maximum and 
only high value was in Al-Alam well in November.

Discussion
The pH of aquatic systems is an excellent indicator of wa-

ter quality and contamination extent. The results of this study 
differed slightly from those of Ghaeeb's10 on the physical, che-
mical, and bacteriological properties of some wells in Tikrit 
city (7.49- 7.83).

EC
At 25 °C, the ability of one cm3 of water to transmit elec-

trical current is defined. This factor is assessed by (μhs/cm) or 
(Mhs/cm). Conductivity depends on the soluble salts concen-
tration and water temperature11. All of the readings were clo-
se, but the Al-Alam well in January was 50305, which could 
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Table 2. Electrical Conductivity EC( μhs/cm) values during the study period.

Suitability of some well water for different human uses by studying some physicochemical properties

Table 3. Chloride Cl (mg/L)values during the study period.

Table 4. Alkalinity (mg/L) values during the study period.

Table 5. Total hardness (mg/L) values during the study period.

Table 6. Calcium Ca (mg/L) values during the study period.

Table 7. Magnesium Mg(mg/L) values during study period.
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be related to rainfall, which washes away salts from nearby 
soils. The current work's results were comparable to 1920-
7675) Al-(Obaidy's hs/cm in Salahuddin Province's northwes-
tern region12.

Alkalinity
Most groundwater carbonate and bicarbonate ions are 

derived from carbon dioxide in the soil13. The alkalinity values 
ranged between 80mg/L and 160 mg/L. This could be due to 
the high rate of organic matter decomposition by bacteria and 
an increase in carbon dioxide (CO2), which will result in the 
creation of bicarbonate14.

Total hardness
Show the concentration of calcium and magnesium, which 

can precipitate when heated and have a detrimental impact on 
the solubility of soap in water15. Some wells have a high value, 
which could be attributed to rains washing away salts from 
adjacent soils.

Calcium and Magnesium hardness
Calcium and magnesium ions enter the groundwater 

through infiltration from minerals like Calcite, Gypsum and 
Dolomite14. Results of this study were similar to the study of 
Safawi and others (2008) in their study on well water of the 
Shrikhand-Kubba region in Nineveh province, where they re-
cord a range of (720 -1900) mg/L16.

Sulphates
Some bacteria, such as chlorothiobacteria and rhodo-

thiobacteria, oxidize their ores and produce H2S due to their 
activity. Their ions are found naturally in water and have had 
little or no impact on human health so far. In this study, the 
maximum concentration of 1055 mg/L was obtained for water 
sample taken at location Al-Dhuluiya, which maybe because of 
the sewage from the village. All values were below the WHO17 

400, 100, 250, and 200 mg/L are the maximum allowed limits, 
respectively. However, a buildup of sulfate in water can cause 
an increase in pH, resulting in acidosis18.

Total dissolved solids
Only water samples located within Al-Dhuluiya revealed 

average TDS values within the permissible value (500 mg/L) 
of the world standards. Maximum TDS is a sign of saline water, 
which can be caused by natural solute dissolving and weathe-
ring, and by discharge from industrial treatment plants, which 
causes soil contamination leaching and point-source ground-
water pollution19. Implications of high TDS are organoleptic in 
humans and reduction in pipes, filters, and valves due to scale 
accumulation20. The ionic concentration of a water sample, 
which influences its ability to conduct an electric current, is 
measured by EC, which is directly connected to TDS. The ionic 
strength of a water sample increases as the TDS content rises. 
The results were higher above the permitted limit of 1000 μS/
cm set by international drinking water guidelines. Ionic hea-
vy metals were dissolved during industrial activities involving 
heavy machinery and later found their way into groundwater 
through leaching of sub-soil layers21, and greater temperatu-
re of the location boosting mobility of ions under electrostatic 
potential might be blamed for the unbearable EC value22. The 

Table 8. SO4  (mg/L)values during the study period.

Table 9. (TDS) mg/L values during study period.

Table 10. Mpn Total account of bacteria (cell/100ml) values during the study period.
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main adverse effects are water corrosivity and heavy metals, 
which render the water unfit for consumption.

Total coliforms
Are a type of bacteria that can be found in the environ-

ment, such as soil or vegetation, as well as in humans. Althou-
gh total coliform bacteria are unlikely to cause sickness, their 
presence signals that more dangerous microbes may conta-
minate your water source. Escherichia coli is the only member 
of the entire coliform bacterial genus that can only be found 
in the intestines of mammals, including humans. E. coli con-
tamination of water implies recent fecal contamination and 
may indicate the presence of disease-causing microorganisms 
such as bacteria, viruses, and parasites. Because testing for 
all known pathogens is a complicated and expensive operation, 
total coliforms and E.coli are employed as indicators to deter-
mine the degree of contamination and hygienic quality of heal-
thy water. The primary source of pathogens in drinking water is 
recent contamination from human or animal waste, improper-
ly treated septic and sewage discharges, animal manure lea-
ching, and stormwater runoff. Domesticated or wild animals 
Bacteria and other dangerous microbes from any source may 
be carried into rivers, lakes, or groundwater during and after 
precipitation. Poor good construction or poor maintenance can 
increase the risk of groundwater contamination. Bacterial con-
tamination was discovered in all wells in this investigation. The 
highest and only high value was at Al-Alam in November. It 
could be the result of animal excrement leaching near wells, 
as well as poorly installed septic and sewage systems and 
household charges.

Conclusions
During the study period, the pH and EC levels in all wells 

were within the allowable range for drinking water. Also, the 
chloride concentration is below permissible levels, and all 
wells have been tested to ensure that they pose no threat 
when utilized for residential purposes. According to the gene-
ral guidelines for hardness water categorization, most water in 
wells is standard.

Funding
This research was funded by self.

Acknowledgments
I would like to extend my thanks and gratitude to all who 

support us.

Conflicts of Interest
None

Bibliographic references
1. Mahdi M  J . Study groundwater in Samarra and try to improve its 

quality in a manner chemical deposition and ion exchange. Master 
Degree / college Engineering-Tikrit University. 2008.

2. Mahjoub M R . Microbiology of water. Dar Al-Hikma Press Printing 
Press Baghdad University. 1998; 368 p.

3. Mishra A and Bhatt V T . Physico-Chemical and Microbiological 
Analysis Under Groundwater in V. V Nagar and Nearby Plales 
of Anand District Guiarat, India. E-Journal of Chemistry. 2008; 
5(3):487-492 p.

4. Alexander P . Evaluation of groundwater quality of Mobi town in 
Admawa State, Nigeria . Africa Journal of Biotechnology . 2008; 
7(11):1712-1715.

5. Al-Obeidi  M A N . Environmental study on the quality of ground-
water in the district of Al-Twz and its villages, Master Thesis, col-
lege of Science, University of Tikrit. 2014.

6. Jawad M A and Nassif D M . Study of the chemical and physi-
cal properties of some groundwater well sand the extent of their 
pollution In the city of Samarra. DIYALA JOURNAL FOR PURE 
SCIENCEs. 2013; 11 (4) : 15-23

7. Abawi S A & Hassan S M . Practical Engineering for Environment 
Water Testing 7. Dar Al-Hikma Directorate for Printing and Pub-
lishing Mosul. University of Mosul. 1990.

8. ASTM . Annual Book of ASTM (Standards American Society for 
Testing and Materials). Philadelphia, USA. 1989; PP:11.

9. APHA. American Public Health. Association., Standard Meth-
ods for the Examination of Water and Wastewater .20th Edition. 
APHA. American Water Works Association. (AWWA), and Water 
Pollution Control Federation, Washington, DC 1998.

10. Ghaeeb M G F. Ecological Study of the Physical, Chemical and 
Bacteriological Characteristics to Some Wells in Tikrit City. thesis 
of Master College of Science, University of Tikrit. 2010.

11. Hem J D . Study and interpretation of the chemical characteris-
tics of natural water, Third Edition. USGS. United State Governor-
ate Printing Office. 1985.

12. Al-Obaedy H H . Ecological study on the Quality of Groundwater 
North of Salahuddin province. Master of science, College of sci-
ence, University of Tikrit. 2010.

13. Faure G . Principles and Application of Geochemistry 2nd prentice 
Hall Inc. , USA. 1998; 600p.

14. AL-Amar A B . The Quality of groundwater for selected area 
in south of Babylon governorate Iraq .(IOSR- JAGG). 2015; 
2321(3):29-36.

15. Bojan Antoni´c  , Dani Dordevi´c  , Simona Janˇcíková , Bohuslava 
Tremlova  and Ivan Kushkevych .  Physicochemical Characteriza-
tion of Home-Made Soap from Waste-Used Frying Oils. Processes 
journal, 2020; 8, 1219.

16. Safawi, Abdel-Aziz Younes; Ali, Faeq Hassan; Kanna, Abdel 
Moneim Ali. Physical and chemical evaluation of some wells in 
the Sherikhan-Kubba area and their suitability for drinking and 
domestic use. Proceedings of the Sixth Periodic Scientific Confer-
ence of the Dams and Water Resources Research Center. 2008; 
193-201 p.

17. WHO, World Health Organization. Guidelines for Drinking-water 
Quality, 1st Addendum to the 3rd ed., volume 1: Recommenda-
tions, World Health Organization, Geneva, 2006515p .

18. Asamoah AA, Amorin BS . Assessment of the quality of bottled 
sachet water in the Tarkwa-Nsuaem municipality in Ghana. Res J 
Appl Sci. 2011; 3(5):105–113.

19. Boyd, C.E. Water Quality: An Introduction. Kluwer Academic Pub-
lishers Group, The Netherlands. 1999.

20. Atekwanaa EA, Atekwanaa EA, Roweb RS, Werkema DD, Legalld 
FD. The relationship of total dissolved solids measurements to 
bulk electrical conductivity in an aquifer contaminated with hy-
drocarbon. J Appl Geophys. 2004; 56(4):281–294.

21. Eruola AO, Adedokun NA. Analytical assessment of cadmium, 
lead and iron in hand dug wells of Ilaro, South Western Nigeria. 
Glob J Sci Front Res Chem. 2012; 12(6):23–29.

22. Oguntona TS, Adedeji OO, Martins OC. Contamination of Sachet 
water produced within industrial area of Ikeja, Lagos Nigeria. Int J 
Environ Sci. 2012; 3(2):23–29.

Suitability of some well water for different human uses by studying some physicochemical properties





1

Volume 7 / Issue 1 / 27 / http://dx.doi.org/10.21931/RB/2022.07.01.27                                                                                          

Resumen: El estudio analizó el comportamiento de un MEC (Motor de encendido por compresión) cuando se adiciona 
nanopartículas de ZnO (Óxido de zinc), en proporciones de 144, 233 y 377 ppm. Las pruebas fueron desarrolladas usando 
combustible diésel con una concentración de 300 ppm de azufre con el objetivo de analizar el consumo y cómo este influye en 
las emisiones contaminantes y en el rendimiento del motor. Para los ensayos se utilizó un camión 2.6 ID (inyección directa) de 
4 cilindros en línea, con una potencia de 85,57 HP a 4000 rpm y un torque de 167 Nm a 2200 rpm, un analizador de gases, un 
opacímetro y un banco dinamométrico. Las pruebas se realizaron a una altura de 2200 m s.n.m., con una presión atmosférica 
de 78,5 kPa. Los resultados obtenidos en cuanto al torque indican un incremento del 3,82%, mientras que en la potencia se 
evidencia un aumento del 3,46% con la adición de ZnO al diésel, En lo que respecta a emisiones contaminantes de CO se obtuvo 
una disminución del 35%. En cuanto al CO2 los resultados mostraron una disminución del 4%. Los HC disminuyeron entre un 86% 
y 59%.  El O2 disminuyó un 1%. Para los NOx, la adición de nanopartículas no evidenció mejora alguna en la mitigación de este gas. 
Finalmente, en la prueba de opacidad se obtuvo una disminución del 39.67%. La aplicabilidad de este estudio corrobora que la 
aditivación del combustible con nanopartículas mitiga las emisiones contaminantes sin sacrificar notoriamente las prestaciones 
de los MEC.

Palabras clave: Nanopartículas, ZnO, potencia, MEC, torque, emisiones, opacidad.

Abstract: The behavior of a CI (Compression Ignition) engine was analyzed when ZnO (Zinc Oxide) nanoparticles were added, 
in proportions of 144, 233 and 377 ppm. The tests were developed using diesel fuel with a concentration of 300 ppm sulfur 
to analyze consumption and how it influences pollutant emissions and engine performance. The tests used a 2.6 ID (direct 
injection) 4-cylinder in-line truck, with an output of 85.57 HP at 4000 rpm and a torque of 167 Nm at 2200 rpm, a gas analyzer, an 
opacimeter and a dynamometer. The tests were carried out at an altitude of 2200 m.a.s.l., with an atmospheric pressure of 78.5 
kPa. Obtained results in terms of torque indicate an increase of 3.82%, while in power, an increase of 3.46% is evident with the 
addition of ZnO to diesel; in terms of polluting emissions of CO, a decrease of 35% was obtained. As for CO2, the results showed 
a decrease of 4%. HC decreased from 86% to 59%. O2 decreased by 1%. The addition of nanoparticles showed no improvement 
in the mitigation of NOx. Finally, the opacity test shows a decrease of 39.67%. The applicability of this study corroborates that 
the addition of nanoparticles to diesel fuel mitigates pollutant emissions without significantly sacrificing the performance of CI 
engines.

Key words: Nanoparticles, ZnO, power, CI engine, torque, emissions, opacity.

REVIEW / ARTÍCULO DE REVISIÓN

Introducción
La crisis climática provocada por las emanaciones pe-

ligrosas de los motores de combustión interna1,2 a generado 
grandes preocupaciones y nuevos retos a la comunidad cientí-
fica, los cuales buscan optimizar la uniformidad de la provisión 
de materia prima y fomentar el uso de energías sustentables3.

Los motores MEC son más eficientes que los motores 
MEP (motores de encendido provocado) y por ende menos 
contaminantes4, perjudicialmente un combustible diésel con 
altas concentraciones de azufre emana más vapores tóxicos al 
aire, tales como hidrocarburos, óxidos de nitrógeno y monóxido 
de carbono5, que son nocivos para el medio ambiente y la salud 
de las personas2.

Nuevas tecnologías han establecido que mediante la aña-
didura de compuestos metálicos al combustible fósil se ha 
logrado reducir notablemente las emisiones contaminantes6.
En los carburantes incompresibles la caracterización fisicoquí-
mica de las nano partículas muestra un área superficial más 
determinada, debido a que ocurre con mayor facilidad la dis-
persión, reteniendo también una mezcla con mayor estabilidad 
por tiempos más prolongados. Permitiendo que la oxidación y 
liberación de energía sea más rápida y mayor respectivamen-
te7. La adición al combustible merma las emisiones de mate-
rial particulado, así como el retraso de la ignición8. Una de las 
fortalezas del ZnO es la capacidad para la retención de oxí-
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geno, lo que desencadenará en una oxidación concurrente de 
monóxido de carbono e hidrocarburos, además de la reducción 
de óxidos de nitrógeno y azufre, mitigando así las emisiones9.

Centró sus estudios en la adición de nanopartículas al 
diésel, empleando Al2O3  (óxido de aluminio) o TiO2 (óxido de 
titanio) con tamaños de partícula inferiores a 45 nm en con-
centraciones de 25, 50, 100 y 150 ppm, mejorando la conducti-
vidad térmica, el número de cetano y viscosidad, mejorando al 
proceso de combustión10.

La presente investigación valora el comportamiento del 
motor 2.6 ID de 4 cilindros en línea, luego de mezclar ZnO al 
diésel, con el fin de contribuir en estudios respecto a combusti-
bles alternativos, robusteciendo la matriz productiva del Ecua-
dor, y a su vez mitigar las emisiones contaminantes.

El Ecuador se ha visto limitado a importar vehículos diésel 
con las últimas tecnologías, esto debido a la mala calidad del 
combustible que se comercializa. En otras latitudes el carbu-
rante diésel cumple y satisface las normativas Euro V y VI, las 
cuales establecen concentraciones de hasta 50 ppm de azufre; 
en el País, se expende un combustible con rangos superiores 
a las 300 partículas por millón de azufre. En consecuencia, el 
presente estudio pretende coadyuvar en la mejora del com-

bustible con el fin de mitigar las emisiones contaminantes sin 
sacrificar las prestaciones de los motores MEC.

Materiales y métodos

Caracterización Fisicoquímica De Las Nanopartículas ZnO
Las nanopartículas de ZnO tienen la caracterización fi-

sicoquímica detallada en la tabla 1. Estas pueden presentar 
diferentes comportamientos a causa de una mayor energía y 
área superficial.

Microscopía Electrónica de Transmisión (TEM)
Se aprecia una repartición homogénea en la escala de 100 

nm, las nanopartículas de ZnO presentan una constitución se-
mi-hexagonal, la imagen TEM (microscopio de transmisión 
electrónica) ha permitido calcular el tamaño promedio, entre 
10 ~ 30 nm. El círculo rojo muestra afluencia de las nanopartí-
culas y el círculo amarillo la dispersión de las mismas12,13.

Carlos Segovia,  Ignacio Benavides, Jorge Melo, Víctor Montenegro
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Figura 1. Proceso metodológico (secuencia metodológica seguida en el proceso de investigación).

Tabla 1. Propiedades fisicoquímicas de las nanopartículas ZnO.

Figura 2. Imagen Microscopia 
Electrónica de la nanopartícula de 
ZnO11.
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Caracterización mediante microscopía electrónica de 
barrido (MEB)

El método de microscopía electrónica de barrido (MEB), 
permite analizar la morfología del material. La figura 3 indica 
similitud en la caracterización por MEB y TEM. 

Las imágenes muestran a las nanopartículas de ZnO con 
un rango de tamaño desde 2400x hasta 15000x, realizadas 
con el equipo detector de trazas (ETD), imágenes con electro-
nes secundarios y topografía, permitiendo una mejor nitidez. 

La Figura 4 proyecta a 15000x con detector ETD, que hay 
aglutinados inconsistentes y porosos de partículas enlazadas 
entre sí, como se aprecia en la figura 3c, las figuras 3a y 3b 
muestran mayor esparcimiento. Al comparar morfológica-
mente con la figura 2, se establece un valor aproximado menor 
a 30 nm, según lo especificado por el proveedor11.

Preparación de las mezclas
El diésel y las nanopartículas de ZnO se preparan vertien-

do tres cantidades diferentes para obtener tres mezclas. Las 
cantidades fueron de 144, 233 y 377 ppm. Estas mezclas se 
obtuvieron mediante baño ultrasónico, este método mejora los 
fenómenos de cavitación capaces de desagregar partículas en 
un medio líquido9, las muestras de 144 ppm y 233 ppm fueron 
caracterizadas fisicoquímicamente.

144 ppm
1152 mg=8000 ml

Resultados

Imágenes MEB De ZnO
La Figura 5 muestra que las partículas de ZnO son homo-

géneas en estado aglomerado y disperso. Esta característica 
puede ser importante para obtener una mezcla estabilizada 
con diésel fósil11.

Las imágenes muestran el tamaño nanométrico del mate-
rial particulado. Las nanopartículas de ZnO son capaces de po-
tenciar las propiedades físicas de diversos materiales por sus 
numerosas propiedades entre las que destacan su actividad 
fotocatalíticas, anti microbiana y de protección UV14. Las na-
nopartículas usadas presentan el tamaño y la caracterización 
apropiada para generar la actividad catalítica en el proceso de 
combustión de un MEC.

Pruebas Fisicoquímicas
Se determina que, de los seis ensayos realizados según 

normas nacionales e internacionales, con la adición de 144 y 
233 ppm al diésel, dos están dentro de los estándares de ca-
lidad y cuatro están por debajo de los permitidos por dichas 
normas. Tal es el caso para el ensayo de destilación al 90%, el 
cual se encuentra por debajo del límite máximo dictaminado 
por las normativas mencionadas, dicho ensayo permite anali-
zar la eficiencia del arranque y el encendido del motor a altas 
temperaturas de operación15. La densidad a 15ºC disminuyó en 
un 2% respecto al límite mínimo permitido por las normas para 
las dos mezclas, dicha baja no ocasionó una disminución en el 
tiempo de inyección, es decir no afectó al proceso de combus-
tión, ya que la potencia no disminuyó, de hecho, se incrementó 
ligeramente, lo mismo ocurre para las emisiones que se vieron 
favorecidas al menos con las dos mezclas (144 y 233 ppm). En 
cuanto al índice de cetano, se obtuvo un ligero aumento con la 
adición de 144 ppm, en el orden del 2,6 % y con 233 ppm del 
2,2%, en comparación a lo establecido por las normas ASTM 
e INEN16,17, lo que se traduciría en una reducción del ruido du-
rante la combustión, una aceleración más amortiguada, menor 
tiempo entre la inyección y la combustión, permitiendo que el 
consumo de combustible sea más homogéneo e integral.

Mientras que, en el ensayo de corrosión de la lámina de 
cobre se corrobora que las mezclas con 144 y 233 ppm son 
combustibles aptos para el uso en MCIA (Motores de com-
bustión interna alternativos), ya que se obtuvo una clasifica-
ción 1a18. La viscosidad cinemática a 40 °C reportó resultados 
inferiores a los declarados por las normas, con 144 ppm se 
evidenció una reducción del 14,57 % y con 233 ppm del 16% 
respecto al mínimo valor de 3,5 cSt requerido, repercutiendo 
en la inyección atomizada del combustible en el cilindro.  Final-
mente, con la adición de 144 y 233 ppm en el diésel el poder 
calorífico neto reflejó una disminución del 0,60% y del 0,59% 
respectivamente, lo que desencadenaría en una baja economía 
de combustible.

Pruebas Dinamométricas
Se empleó un dinamómetro de chasis, los ensayos se 

llevaron a cabo en un camión 2.6 ID (inyección directa) de 4 
cilindros en línea cuyas características se evidencian en la ta-
bla 3. Cabe recalcar que, al momento de realizar las pruebas 
el odómetro del vehículo registraba 320000 km de recorrido, 
además, las respectivas mediciones se realizaron a 2200 m 
s.n.m., con una presión atmosférica de 78,5 kPa y humedad 
relativa promedio del 56%.

Al emplear únicamente diésel se obtuvo una potencia pico 

Mejoramiento del Rendimiento de un Motor Diésel mediante la adición de nanopartículas de ZnO al diésel
Diesel Engine Performance Improvement by adding ZnO nanoparticles to diesel fuel

233 ppm
1864 mg=8000 ml

377 ppm 
3016 mg=8000 ml

Configuración Experimental 
Después de purgar el sistema de inyección diésel, se pro-

cedió a realizar las pruebas con cada una de las mezclas (144, 
233 y 377 ppm), con el fin de obtener datos de potencia, torque 
y cuantificar las emisiones y opacidad, dichos ensayos fueron 
realizados en un banco dinamométrico estático y con un anali-
zador de gases y opacímetro, respectivamente.
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Figura 3. Imágenes a diferentes magnificaciones: a) 2400X, b) 5000X, c) 10000X y d) 15000X.

Figura 4. Imágenes de diferentes áreas a 15000X, a) y b) dispersas y c) aglomeradas.
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Tabla 2. Caracterización fisicoquímica.

Tabla 3. Especificaciones Técnicas del vehículo19

Figura 5. Imágenes de Micros-
copio de Barrido Electrónico. a) 
Aumento del ZnO; b) muestra 
dispersa del ZnO; c) muestra 
aglomerada del ZnO; d) muestra 
dispersa del ZnO.

Mejoramiento del Rendimiento de un Motor Diésel mediante la adición de nanopartículas de ZnO al diésel
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Figura 6. Curvas de par y potencia (a) con diésel, par máximo 163 Nm, potencia máxima 57,8 hp. (b) Con 144 ppm par máximo 
153,4 Nm, potencia máxima 59,8 hp; (c) Con 233 ppm par máximo 168,3 Nm, potencia máxima 59,7 hp; (d) Con 377 ppm par 
máximo 159,9 Nm, potencia máxima 57,2 hp.

Tabla 4. Potencia y torque máximo obtenido en cada muestra.

de 57,8 HP @ 2766 rpm; con la adición de 144 ppm al diésel las 
pruebas entregaron valores de 59,8 HP @ 3345 rpm, mientras 
que, con 233 ppm de ZnO al diésel se consiguió 59,7 HP @ 
2694 rpm y con 377 ppm 57,2 HP @ 2862 rpm.

En cuanto a la medición de torque, con el uso exclusivo 
de diésel se obtuvo 163 Nm @ 2344 rpm, y, al añadir 144, 233 
y 377 ppm de nanopartículas de ZnO al combustible de ori-
gen fósil las pruebas dinamométricas entregaron 153,4 Nm @ 
2581 rpm; 168,3 Nm @ 2405 rpm y 159,9 Nm @ 2405 rpm 
respectivamente.

Los mejores resultados en cuanto a potencia se refieren, 
se obtuvieron con la adición de 144 ppm de ZnO al diésel, se-
guido de la mezcla de 233 ppm. En lo que respecta al torque, 

únicamente la adición de 233 ppm aventajó al erogado con 
diésel.

Pruebas De Emisiones
Se utilizó un analizador de gases, un cuentarrevoluciones 

y un medidor de temperatura, las pruebas se realizaron a tres 
regímenes de funcionamiento del motor: 800, 1500 y 2500 
rpm, para luego cuantificar las emisiones de CO, CO2, HC, y 
NOx con cada una de las mezclas de 144, 233 y 377 ppm con 
diésel.

Con la adición de 144 ppm de nanopartículas de ZnO al 
diésel, el CO disminuyó en 35% y 29% a 1500 y 2500 rpm res-
pectivamente. Con 233 ppm a los mismos regímenes, se evi-

Carlos Segovia,  Ignacio Benavides, Jorge Melo, Víctor Montenegro
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Figura 7. Comparación 
gráfica del CO.

Figura 8. Comparación 
gráfica del CO2.

Figura 9. Comparación 
gráfica de HC.
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Figura 10. Comparación gráfica de NOx.

Figura 11. Comparación gráfica de los datos de las pruebas de opacidad.

Tabla 5. Opacidad medida en el vehículo de prueba.

denció una disminución del 35% y 16%. Finalmente, con 377 
ppm se obtuvo una disminución del 50% frente al uso única-
mente con diésel a un régimen de 1500 rpm. 

A 2500 rpm las emisiones de CO2 se redujeron en un 5%, 
tanto para la proporción de 144 como para la de 233 ppm, 
mientras que, con el uso de 377 ppm se evidenció una reduc-
ción del 4%. 

En cuanto a HC emitidos con la adición de 144 y 233 ppm 
se evidenció una notable mejora, disminuyendo en un 86% y 
43% respectivamente a un régimen de1500 rpm; mientras 
que, con 377 ppm a 800 y 1500 rpm los hidrocarburos dismi-
nuyeron en el orden del 36 y 59% respectivamente. 

Los NOx no evidenciaron disminución con ninguna de las 
adiciones de nanopartículas frente al uso de diésel. 

Estudios previos no demuestran o no han sido llevados 
a cabo en ciudades de altura, como es el caso del presente 
trabajo, el cual se realizó a 2200 m s.n.m., con una presión de 
78,5 kPa, por tal razón no se ha realizado comparación alguna.

La tecnología post-combustión de los gases de escape de los 
motores diésel ha ido evolucionando a lo largo de los años. Han 
surgido nuevos desafíos para los investigadores y los fabricantes 
de automóviles desde la aplicación de la norma Euro VI, en la que 
las emisiones de MP (MP) deben reducirse a 0.005 g/km20,21.

Las tecnologías de reducción de MP que implican modi-
ficaciones en el motor de combustión interna ya no son efi-
cientes para cumplir con los requerimientos de la legislación 
actual. Por lo tanto, se debe considerar a la catálisis como lo 
opción más viable para la eliminación del MP diesel22.

Pruebas de Opacidad
Todos los valores de opacidad obtenidos cumplen con la 

normativa vigente NTE INEN 2202:2013 (menor al 50%)23, el 
mejor valor se obtiene con la adición de 233 ppm, el cual repre-
senta un 39,67% menos que con el uso único de diésel en las 
pruebas de aceleración libre (regímenes comprendidos entre 
800 y 2500 rpm).

Carlos Segovia,  Ignacio Benavides, Jorge Melo, Víctor Montenegro
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Conclusiones
El CO, con la adición de 144 ppm de ZnO disminuyó un 

35% y 29% a regímenes de 1500 y 2500 rpm respectivamente, 
al igual que con la mezcla de 233 ppm el CO se redujo en un 35 
y 16%, los mejores resultados se obtuvieron con la adición de 
377 ppm, logrando una reducción del 50%, a 1500 rpm.

A 2500 rpm se estableció una reducción del CO2 en el 
orden del 5% con las tres mezclas.

A 1500 rpm los HC se redujeron un 86% con una propor-
ción de 144 ppm, al mismo régimen con 233 ppm disminuye 
un 43%, finalmente con 377 ppm a 800 y 1500 rpm los HC 
disminuyeron en 36 y 59% respectivamente.

Los NOx no evidenciaron disminución alguna con la adi-
ción de nanopartículas de ZnO.

Los valores obtenidos de opacidad se encuentran dentro 
de los parámetros establecidos por la normativa técnica ecua-
toriana, la cual establece límites inferiores al 50%, la mezcla 
de 233ppm proporcionó los mejores resultados, en el orden 
del 39,67% en la prueba de aceleración libre (regímenes com-
prendidos entre 800 y 2500 rpm).  

La potencia aumentó 3,46% con 144 ppm y 3,28% con 233 
ppm, en cuanto al torque erogado, con la adición de 233 ppm 
se incrementó en un 3,25% sobre el uso con diésel sin nano-
partículas.

Se concluye que la adición de nanopartículas de ZnO al 
diésel en un Motor MEC contribuye en la mitigación de las emi-
siones contaminantes, sin alterar notablemente sus prestacio-
nes.
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Purification and characterization of L-asparaginase extracted from local Iraqi 
green beans (Phaseoulus vulgaris)

Nedhaal Suhail Zbar

Abstract: The most prevalent metabolite for the storage and transport of nitrogen used in protein production is L-asparagine; 
in earlier studies, L-asparaginase enzyme derived from microorganisms was utilized to treat cancer cells; therefore, this study 
aimed to purify and describe this enzyme derived from Iraqi green bean seeds rather than microbial sources. The enzymes 
were partially purified from green beans by short steps, including centrifugation of crude enzyme, dialysis by Diethylaminoethyl 
Sepharose Column, and equilibrated using 20 mM Tris-HCl buffer, pH 8.0, and then applied to a sephacryl S-200. Coulometric 
methods measured the enzymatic activity at 450 nm, and the unit of activity was calculated by comparing it to a standard 
curve. Purification of L-asparaginase yielded a 5 percent yield, a 2.7 fold increase in activity, and a 43 unit/ml activity. The pH of 
asparaginase was optimal at 8.0. After a one-day incubation period, this enzyme became more stable at pH levels ranging from 
7.5 to 9.5. This enzyme had the same optimal temperature and thermal stability at 40°C, but it was more stable at temperatures 
ranging from 20 to 40°C, allowing it to retain its maximal activity.

Key words: Asparaginase, phaseoulus vulgaris, leukemia.

ARTICLE / INVESTIGACIÓN

Introduction
In plants, L-asparagine is the most abundant metabolite 

for the storage and transport of nitrogen that is utilized in pro-
tein biosynthesis. Borek1 pointed out that there are two known 
routes for L-asparagine metabolism for storage and transport 
of nitrogen utilized in protein synthesis. The first route, ca-
talyzed by asparaginase, involves the hydrolysis of L-aspara-
gine to release ammonia and L-aspartate. The second route 
involves the transamination of  L-asparagine (in the presence 
of an oxo-acid) to form 2-oxosuccinamic acid and appears to be 
important in green leaves where it may play a role in photores-
piration2. Lymphoblastic leukemia and non-Hodgkin's lympho-
ma were treated by L-asparaginase3. This enzyme catalyzes 
the conversion of  L-asparagine into L-aspartate and ammonia, 
and this catalytic reaction is irreversible under physiological 
circumstances4. Asparaginase discourages protein production 
in cancer cells by forbidding them of the amino acid asparagi-
ne. First enzymatic hydrolysis of  L-Asparagine to L-Aspartate 
and ammonia were reported by Lang5, who noticed L-Aspa-
raginase activity in several beef tissues. L-Asparaginase has 
attracted much attention in both food industrial and pharma-
ceutical applications. In the food industry, L-Asparaginase was 
used to eliminate acrylamide from different processed foods 
using pretreatment of L-Asparaginase to degrading L-aspara-
gine, the precursor of acrylamide, before baking6.

Materials and methods 

Plant-Based Materials
The local Baghdad market provided mature green beans 

(Phaseolus vulgaris). Purification of Asparaginase.

Crude Extract
Asparaginase extract in its most proper form was made 

by homogenizing 100g of green bean in 20 mM Tris-HCl buffer, 
pH 8.0 (including 1 mM PMSF, 12.5 mM -mercaptoethanol, 50 
mM KCl, and 10% glycerol), spin at 10,000 rpm, and the crude 
extract was the name given to the supernatant7.

Diethylaminoethyl Sepharose Column  
The dialyzed crude extract was put to a 16 * 1.5 cm Die-

thylaminoethyl-Sepharose column that had been equilibrated 
before use with 20 mM Tris-HCl buffer, pH 8.0. Different con-
centrations of NaCl produced within a single buffer at a 1 mL/
minute flow rate were used to elute the enzyme, and 3 mL 
fractions were collected.

Sephacryl S- 200
Choose the elutions (fractions) from the previous step's 

peak that have the highest activity and apply them to a sepha-
cryl S-200 (2.6*83cm) column equilibrated with Tris-HCl at a 
flow rate of 0.5/minute, collecting 3.5 ml fractions.
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Asparaginase assay
The enzyme test reaction mixture contains 0.5 milliliters 

of pH 8.0 Tris-HCL buffer, 0.5 ml of 100 mM L-asparaginase 
substrate, 0.5 milliliters of each crude enzyme, and distilled 
water. The reaction mixture was then incubated for 30 minu-
tes in a water bath at 37°C. After the reaction had been incu-
bated, point five milliliters of Trichloroacetic acid (TCA) was 
added to stop it. To determine nitrogen present in a sample8, 
0.1 ml of the reaction mixture was added to 3.7 ml of distilled 
water in a separate test tube, followed by 0.2 ml of Nessler re-
agent. The absorbance was measured at 450 nm, and the unit 
of activity was calculated by comparing it to a standard curve.

Characterization of asparaginase

Effect of pH
The best pH for asparaginase activity was discovered by 

measuring the enzyme's activity at various pH levels. The pH 
stability of the enzyme was assessed by incubating it in a pH 
range of 5.0–10.0 for 24 hours at 4°C, and the residual activity 
was determined under standard assay conditions.

Effect of Temperature
Asparaginase activity was measured at several tempera-

tures to determine the optimum temperature. Heat stability 
was determined by incubating the enzyme alone for 1 hour at 
various temperatures. The enzyme solution was brought to 
room temperature following heat treatment, and the enduring 
activity was measured after adding the substrates.

Results
Table 1 was shown the findings of asparaginase purifica-

tion processes from Iraqi Phaseoulus vulgaris. Figure (1) de-
picted the DEAE-Sepharose column chromatography results, 
exhibiting three protein peaks. A Sephacryl S-200 column was 
used to apply peak one, which had the highest asparaginase 
activity. This is the last stage in the purification process and 
results in a single peak of the pure enzyme, as shown in Figu-
re (2). With a specific activity of 143 units/mg protein, L-as-
paraginase was purified 2.7 times. After passing through the 

Sephacryl S-200 column, the asparaginase was found to be 
pure. The optimum pH for asparaginase activity was 8, as in 
figure (3). 

At alkaline pH, the asparaginase enzyme was found to 
be stable. When enhancement for 24 hours as in a frame, pH 
fluctuated between 7.5 and 9.5 since it used 90% of its activity 
(4). However, the pH optimum of L-asparaginases from a few 
plants was shown to be between 8.0 and 8.510. Almost L- as-
paraginases from bacteria have alkaline pH optimum values 
of 8.0 to 1011. 

The temperature has a significant impact on enzyme acti-
vity. The optimal temperature for asparaginase activity varies 
depending on the enzyme source.The optimum temperature 
for asparaginase was found to be 40 degrees Celsius, which 
was consistent with previous findings. 

The enzyme activity was deliberate at several temperatu-
res. To determine the optimum temperature for asparaginase 
stability, the enzyme was incubated at different temperature 
values, then the remaining activity was determined after as-
saying enzyme activity. As shown in figure (6), asparaginase 
was more stable at temperatures between 20 and 40oC be-
cause the enzyme gained maximal residual activity at these 
temperatures (100 percent ). When the enzyme was incubated 
at temperatures higher than the optimum temperature for sta-
bility (35oC), the residual activity dropped, and around 45oC, 
asparaginase began to lose its activity.  

Discussion
Any deviation in pH from the optimum induces ionization 

of R-groups of amino acids, which reduces enzyme activity; be-
tween pH 7.0 and 9.5, overmuch half of the enzyme's activity 
level was preserved. Even though the most significant activity 
at physiological pH is one of the requirements for anticancer 
activity in such enzymes, the revised enzyme would be feasi-
ble because 80 percent of the enzyme activity was retained 
at pH 8. Enzymes, like other proteins, are only stable across a 
narrow pH range. Changes in the charges on ionizable residues 
outside of this range lead to alterations to the protein's tertiary 
structure, which finally leads to denaturation9. At alkaline pH 
(pH 7.5–9.5), asparaginase appeared firm, as it employed 90% 

Table 1. Synopsis Procedures for purifying asparaginase from Iraqi green beans.

Nedhaal Suhail Zbar
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Purification and characterization of L-asparaginase extracted from local Iraqi green beans (Phaseoulus vulgaris)

Figure 1. Chromatography of asparaginase from green beans on DEAE-Sepharose (16 × 1.5 cm) already to bring to balance 
with 20mM Tris-HCl, pH 8.0 at a flow rate of1ml/min. and 3mL fractions.

Figure 2. Size exclusion chromatography of asparaginase  from anion exchanger -Sepharose fraction on Sephacryl S-200 co-
lumn 2.6 x 83 cm (equilibrated with tris -HCl at flow rate 0.5/minute and 3.5 ml fraction).

Figure 3. Optimum pH of the enzyme from green bean. Asparaginase activity was measured at different pH.

Figure 4. After a 24-hour incubation period, pH stability of asparaginase from Phaseoulus vulgaris at various pH levels.
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of its activity after being incubated for 24 hours, as shown in 
figure 4. However, the optimum pH of L-asparaginases from 
various plants ranged from eight to eight-point five10. Alkaline 
pH optima were found in nearly all L-asparaginases from bac-
teria, ranging from 8.0 to 1011. According to Ali12, the optimum 
temperature for the asparaginase enzyme produced by Vigna 
unguiculata was 40°C, and the optimum temperature for such 
enzyme produced by pseudomonas aeruginosa was similarly 
40°C, as mentioned by (13). Denaturation of the enzyme occurs 
when the protein's three-dimensional structure is destroyed, 
resulting in the creation of random polypeptide chains as the 
temperature rises. This produces a change in the active site, 
rendering the enzyme inactive at high temperatures14. Pseu-
domonas acidovorans glutaminase decreased roughly 50% of 
its activity after being incubated at 50°C for 10 minutes, ac-
cording to Davidson15. In contrast, Koibuhi16 and Daiwa17 found 
that glutaminase from B. subtilis kept all its activity after one 
hour of incubation at 50°C. In another bacterial enzyme, the 
Optimum optimal temperature for activity was 37°C, but the 
stability of chondroitinase was maintained 100% at 20–40°C 
for 30 min 18. As the temperature rises, enzyme activity may 
decrease, resulting in denaturation, which entails the loss of 
the protein's three-dimensional structure and the formation of 
random amino acids.

Conclusions
The enzyme L-asparaginase was isolated from Iraqi green 

beans so that any potential adverse effects could be ruled out 
if anticancer therapy is investigated. Asparaginase showed 
good consistency across various physiological environments, 
including pH and temperature. We should investigate aspara-
ginase as cancer or leukemia treatment in the future. 
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Epidemiological Molecular Analysis of Acinetobacter baumannii isolates 
using a multilocus sequencing typing and Global lineage

Heba A. Kadhom1* and Munim R. Ali2

Abstract: The Multilocus sequence typing MLST method was used to recognize outbreaks of hospitals distinct clonal lineages 
of A. baumannii; these schemes appeared to provide largely concordant classifications that have been tools to evaluate the 
population structures of bacterial pathogens. One hundred fifty samples were collected from different specimens of patients 
within Baghdad hospitals (blood 40%, CSF 5%, urine 5%) between July 2019 to February 2020. Then identification all isolated as 
phenotypic detection and performed using PCR amplification of 16srRNA and blaOXA-51-like as genotypic detections. According 
to clinical and laboratory standards institute (CLSI) guidelines, Susceptibility testing was performed. Clonally analysis was 
performed by global lineage ICs correlated with multilocus sequence typing (MLST) when our data showed a very high rate 
of antimicrobial resistance in all hospital isolates, especially against colistin (8%) which determined the PDR isolates from 
other types also recorded 70% of isolates standing for carbapenems antibiotics (IMI 32%, MER70%& DOR 64%). Then already 
clustered into four groups according to multiplex PCR for two groups of three genes (ompA, csuE & blaOXA-51-like) where IC II 
was predominant in Iraq but in our strains founding ICI (38%) more prevalence one followed by IC0 (26%) then ICII and ICIII (20% 
&16% respectively). MLST used for detected the common sequence types (STs) of our selected 8 A. baumannii strains (IC0/
A11, ICI/A6,48, ICII/A33,50,19 and ICIII/A1,36) were performed by using 7 housekeeping genes than were submitted in the MLST 
Pasteur scheme dataset (ID 5098, 5099, 5100, 5101, 5102, 5103, 5482 & 5483) followed by statistical eBurst analysis was done 
to study Clonal complexes (CCs). Identified 5 new STs (8, 444, 346, 1587 & 621) within Iraq and new one ST (1830) worldwide.

Key words: Acinetobacter baumannii, antibiotic resistance, carbapenem, global lineage, MLST, eBURST, clonal complex, 
molecular typing, ST. 
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Introduction
The established standard for molecular typing method is 

multilocus sequence typing (MLST), which has been designed 
to study population structures of bacterial pathogens where 
two MLST schemes are both widely used (Oxford & Pasteur)1. 
Both schemes produced largely concordant classifications 
with "true" phylogenic relationships2. Briefly, MLST is based on 
the seven housekeeping genes sequenced analysis "gltA, gyrB, 
gdhB, recA, cpn60, gpi and rpoD". All these genes must be am-
plified then sequenced to submit within Pub MLST database, 
which led to finding the allelic number and the STs were as-
signed to each isolate with the seven allelic profiles3. However, 
all datasets recorded supplementary analysis with different 
applications as in upon of the eBurst algorithm to describe 
the information of STs origins with multiple clonal complexes 
(CCs) and the investigation of disequilibrium linkage among 
alleles at the seven housekeeping genes4.

For the classification of worldwide clones and produced 
accurate results was applying widely were used designed two 
multiplexes PCRs selectively amplify and sequence the ompA, 
csuE, and blaOXA-51-like genes that are under selective pres-
sure and assign A. baumannii strains to different sequence 
groups (SG), which corresponding to international clonal linea-

ges upon this can be identified using other approaches, making 
it a useful preliminary tool for studying local epidemiology5-7. 
The rising use of monitoring of multidrug-resistant bacteria at 
the molecular level in the previous period of time constraints, 
so A. baumannii necessitates the search for reliable typing 
methods limitation in the time, labor, and costs. Global clone 
1 (GC1) and global clone 2 (GC2) were two significant clones 
responsible for most of these outbreaks where referred to as 
international clones (IC) 1 and 28. Within each clonal complex, 
the latter procedure resulted in separate lineages or sub-linea-
ges9. The repeated replacement within genes further caused 
variations that delineate the capsule and lipooligosacchari-
de's outer core structure10. Hence, the heterogeneity within 
each close relative producing outbreaks or spreading at the 
local, national, or global level can be distinguished using the 
clonal complex and variability11. Finally, these more common 
methods are currently used to analyze the underlying genetic 
differences among isolates and consider a golden standard12,13. 
The MLST scheme provides a high level of resolution and an 
excellent tool for studying the population structure and long-
term epidemiology of A. baumannii.
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Materials and methods 

Clinical samples collection
For 8 months of study (from August 2019 till March 2020), 

50 A. baumannii were isolated from patients with different in-
fection sites attending different hospitals in Baghdad\Iraq. The 
A. baumannii isolates were obtained from blood (40), urinary 
tract infections (5) and CSF (5). In a nutshell, samples were 
distributed on MacConkey agar plates and incubated at 37°C 
overnight. Petri plates were submerged with bacteria species 
in several samples, particularly UTI samples, making isolation 
challenging. As a result, only isolated colonies (one per sam-
ple) exhibiting unique A. baumannii morphology were chosen 
for subsequent analysis. Traditional biochemical tests (Gram 
staining, oxidase, indole, urease, citrate, and methyl-red-Vo-
ges-Proskauer) and the API 20E system (BioMérieux, La Bal-
me Les Grottes, France) were used to identify the species. Fi-
nally, the A. baumannii isolates were preserved at –80°C in a 
15 % (V/V) glycerol brain heart infusion.

Genotyping detection for isolates
Isolates were genetically confirmed according to the exis-

tence of genus and species- specific gene (16srRNA & oxa 51, 
respectively). Specific two primers, "240 bp & 353bp" emplo-
yed and conditions' steps listed in table 1 & 2 respectively.

Antibiotic susceptibility test
The performance standard for antimicrobial disk suscepti-

bility testing evaluated susceptibility using the agar disk diffu-
sion technique14. All of which were examined belonged to one 
of the most common antibiotic families being used to treat A. 
baumannii infections. The following antimicrobial agents have 
tested: amoxicillin (AMX), augmentin (AMC), piperacillin (PRL), 
Ticarcillin/ Clavulanic acid (TIM), Ampicillin/ sulbactam (SAM), 
Ticarcillin (TICER), Ceftriaxone (CRO), Cefotaxime (CTX), Cef-
tazidime (CAZ), Meropenem (MEM), Doripenem (DOR), Imipe-
nem (IMI), Gentamicin (GEN), Amikacin (AK) Tobramycin (TOB), 
Ciprofloxacin (CIP), Levofloxacin (LEV), Gatifloxacin (GATI), Te-
tracycline (TE), Tigecycline (TG), Doxycycline (DXT), sulfa drug 
(SXT), Polymyxin B (PB) finally Colisten (COL).

Identification of housekeeping genes
To retain genetic diversity during storage, isolates were 

kept at -70°C in 20 % (vol/vol) glycerol in LB medium and culti-
vated overnight on MacConkey agar at 37°C. A colony's loopful 
was suspended in 500 microliters of distilled water. A QIA-
quick PCR Purification Kit was used to recover bacterial DNA 
(Qiagen, USA). DNA was kept at -20°C until it was needed.

Epidemiological typing

Global lineage (GL)
Three-locus dual assay multiplex PCR (M-PCR) was used 

to detect the international clone (IC) lineages of A. baumannii 
isolates, which selectively amplified the outer membrane pro-
tein A (ompA), chaperone–subunit usher E (csuE), and intrinsic 
carbapenemase (blaOXA-51-like) genes. Only the ompA frag-
ment was amplified in the IC II M-PCR, and only the csuE and 
blaOXA-51-like sequences were amplified in the IC I M-PCR, 
which could be referred to IC III strains. Standard A. baumannii 
IC type I, II, and III strains were being used as controls. In this 
experiment, strains with a double negation of IC type I, II, or III 
were reported as a variant (V) clonal type and labeled as IC0.

Multilocus sequence typing (MLST)
The internal portions of seven housekeeping genes were 

scanned via MLST: cpn60 (60-kDa chaperonin), fusA (elonga-
tion factor EF-G), gltA (citrate synthase), pyrG (CTP synthase), 
recA (homologous recombination factor), rplB (50S ribosomal 
protein L2), and rpoB (ribosomal (RNA polymerase subunit B). 
MLST website (http://www.pasteur.fr/ recherche/ genopole/ 
PF8/ mlst/ references-Abaumannii.html). The housekeeping 
genes for the MLST scheme were selected based on their 
sequence availability in GenBank and in prior studies of the 
phylogenetic relationships for the genus Acinetobacter and 
their presence in other MLST schemes available for other bac-
terial species. PCR primers for amplifying the seven specified 
genes were chosen from prior research or particularly suited 
for them. All PCR amplifications were conducted with Prome-
ga's Go Taq Green Master Mix under the following conditions: 
35 cycles (denaturation at 94.8C for 30 seconds, annealing 
at 50.8C for 30 seconds, and extension at 72 8C for 30 se-
conds) were followed by a 2-minute denaturation at 94 8C and 
a 5-minute extension at 72 8C. According to its protocol, PCR 
products were immediately purified from the reaction mixture 
through using QIAquick PCR Purification Kit (Qiagen GmbH, 
Hilden, Germany). Internal DNA segments of the chosen hou-
sekeeping genes, ranging in size like 297 to 633 bp, were se-
quenced using an ABI Prism 377 sequencer and the ABI Prism 
BigDye Terminator Cycle Sequencing Ready Reaction Kit v.3.1. 
(PE Applied Biosystems, Foster City, CA) in line with the ma-
nufacturer's instructions on both strands, PCR primers were 
utilized for sequencing then ClustalW was used to align the 
sequence data. (http://www.ebi.ac.uk/Tools/msa/clustalw2/).

Statically analysis
Identification of STs in our isolates due to seven housekee-

ping genes was selected within the pub MLST. in our search 
was selected 8 isolates from each ICs (IC0/A11, ICI/A6,48, ICII/
A33,50,19 and ICIII/A1,36) according to global lineage Hierar-
chical dendrogram (Fig. 3) and their resistance patterns (most 
carbapenem-resistant CR) then were submitted in the MLST 
Pasteur scheme as in the table (1).

Results

Anti-biotypes analysis of the collection samples
Fifty isolates were detected as A. baumannii, then were 

differentiated, selective and modified media cultures accom-
panied by biochemical tests then confirmed by genotypic de-
tection were collected from different hospitals samples sour-
ces.

The stander disc diffusion method (antibiotype) was con-
ducted to determine the various resistance patterns versus all 
antibiotic groups. Classify all isolates according to two bases 
the first antibiotype to four groups dependent on resistance to 
carbapenem classes (IMI, MEM & DOR) (C0 30%, C1 6%, C2 34% 
& C3 30%) and second on three groups dependent on resistan-
ce to all antibiotic groups (AB R) or some of them to MDR 26% 
(13 isolates), XDR 66% (33 isolates) and PDR 8% (4 isolates).

Species diversity and antimicrobial susceptibility
The following steps used sensitivity test for all classes 

of antibiotics as for penicillin group 80% (AMX&AMC respec-
tively), 74% (PRL), 70% (TIM, SAM & TICER respectively) se-
condly for cephalosporin group 98% (CRO), 88% (CTX), 74% 
(CAZ) thirdly for carbapenem 70% MEM, 64% (DOR, 32% (IMI) 

Heba A. Kadhom and Munim R. Ali
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Epidemiological Molecular Analysis of Acinetobacter baumannii isolates using a multilocus sequencing typing and Global lineage

Figure 1. Genetic detection of global lineage by multiplex PCR for two listed primers G1 ompA (335bp), csuE (702bp) & 
blaOXA-51-like/ 66 (559bp) and G2 ompA (343bp), csuE (580bp) & blaOXA-51-like/66 (162bp). Agarose Gel Electrophoresis 
(1% Agarose, 7 V/Cm2) and Ethidium Bromide Staining to complete detection. In the middle lane, molecular size DNA Ladder 
(100bp DNA Ladder) and C refer to the negative control, isolates 4 & 6 under G1 (ICI) because harboring all G1 genes, but 11 & 
7 absent any types of G1 or G2, so labeled as G0 (IC0) then isolate no. 3 under G3 (ICIII), which is positive to ompA in G2, absent 
all G1 genes. 

Figure 2. Dissemination of resistances patterns (AR & CR) and ICs.

then for aminoglycoside group 76% (GEN), 68% (AK & TOB 
respectively), for fluoroquinolone 74% (CIP), 62% (LEV), 50% 
(GATI), followed for glycylcycline 76% (TE), 50% (TG), 38% 
(DXT), and 74% (37/50) for polymyxin B, finally the sulfa drug 
represent 4% sensitive and 96% resistance rate. But still, all 
isolates gave sensitive results against colistin, except PDR 
isolates (A11, A22, A25 and A33). Tri-locus multiplex PCR was 

applied to all isolates to determine which clones belonged via 
two primers groups with their designated conditions15-17. For 
this purpose were targeted three intrinsic genes, "ompA, csuE 
& blaOXA-51-like" show in Fig. (1), in our strains' work, were 
clustered into four groups G1, G2, G3 and G0 where the all 
strains belonging to the G1 clonal complex yielded expressing 
ompA csuE and blaOXA-51-like alleles, so provided all three 
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fragments in the PCR, but none in the G2 PCR, whereas stra-
ins belonging to G2 showed the predicted opposite findings but 
in case of G3 clone harboring csuE and blaOXA-51-like alleles 
from G1 with sharing ompA allele as G2 or only have ompA 
allele as G2 as the report was done by Turton et al.17, But the 
finding of some outbreak strains not had any set of these ge-
nes despite positive to blaOXA-51-like, therefore, be readily 
assigned as G0 in which that not recording until now by any 
research. Thirty-seven (74%) different amplification patterns 
have been allocated to ICs, the widest dissemination of which 
is G1 (19/50, 38%), followed by G2 (10/50, 20%). The lower dis-
semination one is ICIII when reached to 16% (8/50), while IC0 
reached 26% (13/50) in our study also focus on carbapenem 
group and other types of antibiotics resistance of isolates (ICs) 
with their dissemination which were summarized in Fig. (2).

Phylogenetic analysis
According to the global lineage Hierarchical dendrogram 

(fig. 3) and their resistance patterns (most carbapenem-resis-
tant CR) our isolates were selected and submitted in MLST 
Pasteur scheme as in table (1). The relatedness between two 
strains in Iraq or with the entire world can then be inferred me-
diated by the allelic profiles varies and illustrated in the fo-
llowing phylogenetic trees. 

MLST diagram was done to illustrate the relatedness of 
all isolates in this investigation locally within Iraq or entire the 
world as shown in Fig. (4 A& B) than were all particular stra-
ins analysis by eBURST to the clonal complex which recorded 
previously in Iraqi hospitals to determine the epidemiology of 
STs within this area and within all countries also were deter-
mined the originality of Iraqi strains as in Fig. 5, 6 (A & B) and 
7 respectively.

Discussion
Reveal the fundamental process that underpins A. bau-

mannii infections, including the evolution of infecting strains, 
resistance patterns, and genes crucial for resistance deve-
lopment, is essential for the development of viable infection 
control measures and more efficient medical interventions. 
Firstly, the isolates were genetically established to reduce 
the time and effort, according to genus and species-specific 
genes (16srRNA & oxa 51 respectively). All the isolates must 
give positive results, indicating all were A. baumannii. These 
findings support those of other studies and are confirmed by 

additional methods similar to the current study 18. The most 
effective antibiotic is colistin, since the percentage of resistan-
ce is 8%, four isolates within the PDR group only present this 
resistance (A11, A22, A25 and A33). Maspi et al.19 reported 71% 
of XDR A. baumannii isolates from Iran which convergent with 
our research, while Kalal et al.20 reached 80% isolates as XDR 
rather than 66% as such in the current study. And the last one 
identified 15/15 MDR isolates with a percentage exceeding 
100%, wherein this study detected 13/50 isolates as MDR 
with a 26% percentage only. As mentioned before Guo et al.21, 
16/67 (23.88%) and 46/67 (68.66%) isolates were defined as 
MDR and XDR; respectively, these results are acceptable with 
the current study. The current study results are comparable 
with the results of Shafigh et al.22, who identified that more 
affected on their isolates are colistin but, the percentage of re-
sistance overshoot 30% while in our study does not exceed 8%. 
But, AL-Kadmy et al. recorded one isolate resist to polymyxin 
B. These results are more compatible with the search done by 
Anne et al.23 for the COL (0%), MEM (83%), CRO (100%), AK 
(50%), GEN (84%), TE (64%), TG (48%) and SXT (100%) while 
incompatibles for the IMI (81%), CTX (100%), CAZ (100%), PRL 
(100%), TOB (87%), CIP (89%) and LEV (91%). So study revea-
led that the majority of isolates of A. baumannii tested were 
progressively resistant to approximately all classes of antibio-
tics may probably be due to the heavy selection pressure from 
overuse of the antibiotics within the hospital's environment, 
causing more spreads of these isolates to become breakouts 
entire the world. Although, increase this resistance may be a 
takeoff from the recombination by directly acquired from mo-
bile genetic elements (Tn2006 and ISAba1, 2, 3, 4) or harbo-
ring to carbapenemase genes (OXA 23, 51, 58 etc.) which can 
hydrolyze carbapenems and confer resistance to virtually all 
ß-lactam antibiotics or another mode of resistance patterns 
as efflux pump correlated with other secretion systems (may 
be QS or CDI) to confirm their persistence with verity condi-
tions21,23,24.

To better understand bacteria's epidemiology and popu-
lation structure, the genotypic diversity of strains has really 
been uncovered using just a wide range of approaches25,26. To 
recognize a limited origin number of clones which responsible 
for propagation in many countries the Strains of A. baumannii 
from geographically and genetically diverse European hospi-
tals had been used to distinguish three primary groupings of 
epidemic strains, which were dubbed European international 
clones I, II, and clone III with their subtypes from other geno-

Figure 3. Global lineage Hierarchical dendrogram of all currently isolates with their seven clusters and unique A19 isolates as 
origin strain.

Heba A. Kadhom and Munim R. Ali
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Table 1. Submit our isolates in MLST scheme.  

Figure 4. Phylogenic tree. A/ MLST diagram shows the relatedness of all isolates in this investigation. STs are shown as filled 
circles, with the size indicating representation within the dataset. Large circles indicate the primary founder of the MLST clonal 
complex, small circles indicate sub-group founder within Iraqi only. B/ distribution entire the world.

Epidemiological Molecular Analysis of Acinetobacter baumannii isolates using a multilocus sequencing typing and Global lineage
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types remains to be established among themselves3,27. Espe-
cially during recent years, hospitals in Iraq have experienced 
numerous outbreaks caused by widespread genotypes of no-
minee bacteria28. Enable infection control professionals by this 
information is also essential for developing and balancing con-
trol strategies to reduce the spread and disease burden of A. 
baumannii in the hospital setting as in Iraq29,30. The patterns of 
groups 0, 1, 2, and 3 identified using this method were found to 
pertain to IC I, IC II, and IC III, respectively, except IC031 as in the 
report of Hamidian & Nigro32 were recording more distribution 
two major clones I & II on a large scale whilst these results 
were spaced out from results in Thailand by Khuntayaporn et 
al.30 where recording ICII high prevalent rather than ICI; the re-
ason may be due to geographical disparity or others.

In previous statistical analysis (Fig. 3) of correlation be-
tween these isolates appeared as a cluster with other PDR 
isolates (22 & 33); give this isolates some solitary, below Hie-
rarchical clustering dendrogram where represented seven 
clusters (C) in which that A19 was considered the phylogenetic 

origin of all isolates in this evolutionary tree maybe this was 
the reason for its being SD then will be divided to two ma-
jor clusters MDR and XDR/PDR with some exceptions conse-
quently multiple clusters with different characters where C1, 
C2, C3 and C4 (A27&A29), (A28&A39), (A41&A44) and (A34&A43) 
respectively came from the one same original branch where 
all our isolates most MDR. C5 (A38 & A42) when two of them 
were ICI and standing to same antibiotic except two only (MEM 
and DXT), otherwise C6 (all other isolates except C7) in this 
cluster the main and only characteristic of all isolates were its 
considered as XDR but, exception four PDR isolates within it 
because its sharing other properties with other isolates in this 
cluster especial for A22 & A33 as sisters, lastly for C7 (A5, A6, 
A9 and A12) which all of it were XDR and have resistance to 
21from 24 types of antibiotics.

We also focus on carbapenem resistance isolates, where 
only two from fifty isolates ICI and ICII (A38 & A32) have a MEM 
resistance only. However, most of ICI unable to stand against 
this group despite this most of them recorded MDR and XDR 

Figure 5. eBURST analysis to clonal complex (CCs). Each square signifies the sequence type and the larger size of each square 
corresponding to higher frequency of occurrence. Each line indicates that the connected squares share the similar alleles (SLV, 
DLV & TLV). In the below drawing show related less singleton squares.

Figure 5. A, recorded returned in Iraq and B, newer recorded in Iraq only.
KH: khadhimain Hospital, YH: Yarmouk Hospital, SH: Sulemani Hospital.
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rather than other types on the contrary IC0 most of them stan-
ding except A34 and most of them considered as PDR these 
results it's opposite to Zhang et al.33 reports, but ICII and ICIII 
have variable results in these cases. ICII have only one PDR 
isolate A33 and one SD isolate A19; in the thesis of Dahdouh34 

illustrated 37/42 under ICII and have carbapenem resistance 
while in our study resistance ICII isolates detected in 7/10; con-
sequently, either PCR assays or searches of genomic data tar-
geting the most discriminatory Global clone could simplify the 
analysis of the epidemiological studies of outbreaks involving 
multiple closely related types.

The performance of molecular typing in this study was 
supported by MLST analysis; this pattern has been adopted in 
approximately 10 researches in Iraq, as in Fig. 4 (A) in which 
Iraqi isolated from a variety of sources (16 wounds, 12 blood, 
6 skin, 5 sputa, 2 CSF, 2 environments, 1 urine and 1 other) 
with the various types of MLST (Oxford/Pasteur 24 and only 
Pasteur 21) (http://pubmlst.org/abaumannii/). At the same 
time, the study comprised geographical dissemination of these 
isolates in different geographic regions worldwide (recorded 
6331 isolates) as in Fig. 4 (B). Based on the phylogenetic data, 
ST2 recorded in 1062 isolates from 34 different countries (5 
Unknown, 1 Germany, 1 South Africa, 1 Ireland, 1Portugal, 1 
Israel, 2 Poland, 2 Australia, 2 Lebanon, 2 Egypt, 2 Belarus, 
3Lithuania, 11thailand, 11France, 11 Italy, 3 Taiwan, 7 Greece, 
8 Japan, 5 Malaysia, 5 South Korea, 6 Iraq, 18 Singapore, 7UK, 
7 Sweden, 5 Czech Republic, 8 The Netherlands, 6 Spain, 6 
Norway, 3 Denmark, 19 Croatia, 26 Saudi Arabia, 32 Turkey, 
91 Russia, 348 China, 397 USA) in which that indicator to va-
riability genome of strain type, on the contrary, the rest had 
very few repeaters as six Europeans for ST8 were previously 
reported 1, 1, 3 and 1 in the Netherland (lower respiratory tract 

LRT), Italy (blood), Greece (2 LRT & 1 urine) and Turkey (blood) 
respectively.

For the more comprehensive analysis of the possible pa-
tterns of evolutionary descent, a set of rules were proposed 
and implemented in the eBURST algorithm, which allows the 
division of a data set into several clusters of related strains, 
dubbed clonal complexes (CC), by implementing a simple 
model of clonal expansion and diversification35,36. Within each 
clonal complex, the rules identify which links between STs, in 
our study founding that isolates could cluster to more than 
five with Iraqi isolates as in the previously Fig. 5 and the major 
of isolates exhibited closely relationships in the evolution with 
most major clonal complex belong to CC2 were highly fre-
quent in Iraq as MLST scheme dataset as found to be a domi-
nant clone in all this region while our study founding only one 
from 8 isolates (A6) under ST2 and ICI. But ST1 was not among 
our isolates also within CC3& CC5. In 2005, only a single ST2 
isolate was obtained in Iraq then increased progressively until 
2016 when recorded eight isolates with six ST were recorded 3 
& 2 for ST2 &ST1 respectively, and only one new ST was recor-
ded (ST203) by Qasim et al.37 for our time this indicating local 
distribution over time. Noted, the molecular characterization 
of the isolates by MLST identified 4 new different STs (8, 444, 
346 & 621) within Iraq, indicating a high genotypic diversity and 
possible divergent evolution of these strains from their original 
clones37,38 in which firstly within CC1, it has four ST (1, 8*, 94, 
717 and 718) and ST8 represent within IC0 follow in the CC2 
(ST2* & ST414); containing as previous explain the predicted 
ancestor ST2 under ICI and high prevalence one in Iraq which 
also approved by Qasim et al.37 reports. CC4 involve ST79, 
ST346*, ST412, ST444* and ST621* so in this complex, a three 
newer recorded types in this country with lower connected to 

Figure 7. Geographical dissemination of recorded ST entire the world. When ST2 recorded in 1062 isolates from 34 different 
countries, followed by ST8 were previously reported in six isolates consequently ST 444 (3), ST621 (3), ST 346 (2) and ST 1587 
(3).

Epidemiological Molecular Analysis of Acinetobacter baumannii isolates using a multilocus sequencing typing and Global lineage
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other STs in their CC and considered as sub-group where its 
A33ST346, A36ST621 and A48ST444 isolated from Medical Cen-
ter Hospital for first two types and Al-Yarmouk Hospital/Ba-
ghdad for the last one which illustrated in Fig. (6). While there, 
only three of our isolates were singleton (A1ST136*, A11ST1587 
& A191587). HA-1 (ST 136/ICIII) was recorded previously in Kur-
distan/Iraq were isolated from different patients; most of them 
burns or ICU cases in their hospitals (in Erbil & Sulaimania) 
and clear up the successful clones to spreading among diffe-
rent cities and countries39.

Our strain A50 ICII was isolated from CSF source in which 
lower cases in the world were isolated from this source becau-
se it a more difficult to obtain its. And two strains were isolated 
in 2012 from urine of patients in Japan hospital which have 
closely relatedness to A48 (ST444/ICI) otherwise A36 (ST621/
ICIII) were obtained from blood and a grouped together with 
France clone (unknown sources), in spite of that our study lo-
cate three clones (A11,19,33/ ST346 & ST1587 respectively) have 
only one along the universal clones firstly one isolated from 
Switzerland food at 2013 and the two last clone from Germany 
environment after our record (WWTP-AS-0520-A-V-5) that 
indicated some Iraqi clones originated from nonclinical sam-
ples as notably in the A. baumannii ST2 has been extensively 
isolated from humans, while some of the recent reports have 
also indicated the transmission of ST2 by domestic animals to 
human which may be served as reservoirs as in A33 (id: 5100) 
which founding that only two isolates in the world as ST346 
and in Switzerland the source of second isolate (id: 1856) 
was chicken, particularly CR, due to their selective advantage 
compared to the susceptible strains as in our A19 strain40,41. As 
for the last (A11,19) have a unique clone, especially A19 may be 
considered as a wild type when acquired their resistance by 
alteration or modifications due to mutation and recombination 
in their genome as adaptability within the varies environment 
to become the phylogenetic origin for the rest of the isolates 
branching from them.

On the other hand, could be found some types of ST entire 
the world correlated with antibiotic and resistance genes whe-
re ST2 in our study produce full resistance toward three major 
antibiotic groups (aminoglycoside/ fluoroquinolone/ carbape-
nem) as recorded ZQ1,2,7 in AL- khadhimai Hospital/ Baghdad/ 
Iraq (id/ 3827,3828 & 3833) when resistance to the same types 
of antibiotics give suggesting that it's maybe one of them was 
originally from the other or acquired its character from same 
exposure geographic areal conditions within the Iraqi hospitals 
to give this similarity. For newly ST recorder, the emergence 
of such strains in Iraq may predict an increase in the risk of 
how to deal with it and reduce it where it could be seen that in 
two PDR strains A33 ST 346 & A11 ST 1587 under ICII and IC0, 
respectively with resistance to all types of carbapenem group 
also A1ST, A6 ST 2 & A50 ST 8 represent a more resistance 
rate to antibiotic groups (XDR) except two only (polymyxin & 
tetracycline groups) otherwise two newer MDR strains in Iraq 
A36 & A48 which may be originated from France and Japan res-
pectively. The distribution of the resistance, especially against 
carbapenem across multiple genetic lineages, was observed 
both at the national and local levels suggest an expansion of 
adaptations in Iraq is driven by the horizontal dissemination of 
resistance determinants across diverse genetic backgrounds 
rather than by the sole expansion of single resistant genetic 
clones, and that resistance to multiple antibiotics is acquired 
en bloc via MGEs42. At the local and global scale, our study 
identifies several high-risk clones of A. baumannii ST 346 & 
ST 1587 in Iraq by linking clonal relatedness, geographic clus-
tering, epidemiological data with the possibility of frequent in-

ternational transmission. Finally, newer recorded ST in strain 
A1 around the world indicated more modification and alteration 
in their genomic sequences of Iraqi isolates to become origin to 
other strains in other different countries.  

Conclusions
In conclusion, it shows high rates of CRAB isolates and 

predominance of XDR and PDR under ICs in Iraqi strains com-
pared with previous years. These findings suggest a strong co-
rrelation between resistance genes and ICs types determined 
on a local since different associations were detected in the di-
fferent Baghdad hospitals. Also, epidemiological of Iraqi clones 
worldwide with newly recorded types may be more risk factors 
for epidemic distribution of the chronic diseases associated 
with these bacteria.
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The influence of gamma rays and electric shock on seed germination and 
seedling growth in burdock plants

Mohammed Sabah Taher1*, Hussein Aneed Alamrani1, Issa Auuad Hassn2, Israa Khalaf Aneed3, Batool Alaa Kadem4

Abstract: Burdock plant is one of the important medicinal plants, the critical part of which is the roots used to clearance 
the body of toxins; the study aimed to stimulate burdock seed germination and seedling growth with low-cost treatments, 
represented by electric shock and irradiation with low doses of gamma rays on seeds. The experiment was implemented at the 
Medical and Aromatic Plants Research Unit, College of Agricultural Engineering Sciences, University of  Baghdad, Iraq, in 2020. 
included 6 treatments: soaking the seeds with water for 12 hours only, an electric shock of the seeds (2 and 4 A) by soaking 
with water for 12 hours, irradiating the seeds (with 10, 20 or 30 Gy) and soaking in the water for 12 hours. The experiment used 
the design of complete randomized (CRD) with three replicates. The results indicated that the highest germination percentage 
was recorded under the treatment of electric shock (4 A) and water soaking seeds only (91.0 and 85.7%, respectively). On the 
other hand, the best germination speed was achieved when gamma rays were treated at (30 Gy) reached 5.93 days. The two 
treatments: seed irradiation (30 Gy) and water-soaked seeds, were distinguished in most of the seedlings' vegetative and root 
growth characteristics represented by the length of the seedlings, the number of leaves, and the soft, fresh and dry weight of the 
shoot and root systems. We conclude from the results that soaking the seeds with water before planting has a positive effect on 
increasing germination characteristics and seedlings, and the effect increases at treatment with gamma.

Key words: Burdock, electric shock, gamma rays, germination.
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Introduction
Among the medicinal plants that have gained particular 

importance burdock plant (Arctium lappa L.) which belongs to 
the Asteraceae family. The critical part of the plant is the root, 
which contains many compounds such as Arctiin and Arctige-
nin, which have medical importance in the expulsion of toxic 
substances from the body and promoting blood circulation1. 
The presence of some phenolic compounds such as Chloroge-
nic acid and Caffeic acid increased the importance of the plant 
in scavenging free radicals2, which gives it importance in trea-
ting tumors resulting from inflammation. The plant extract 
(tea) is used to increase diuresis and reduce blood pressure 
and temperature, as well as the importance of the roots as 
antioxidants due to their content of derivatives of caffeoylqui-
nic acid3.

Because of the role of medicinal plants in supplying drug 
factories and the importance of this in preserving human life, 
the need arose to increase the qualitative and quantitative 
plant production starting from germination to yield by many 
agricultural processes, including some low-cost physical 
treatments such as the treatment of seeds by a stimulus by 
doses from gamma rays or electric shock4,5.  

The effect of radiation on the plant is either stimulatory or 
inhibiting, or deadly. That effect depends on the radiation do-
ses. Low doses stimulate plant growth, as exposing the seeds 
of some plants to low doses leads to an increase in the germi-

nation rate and the growth of the seedling. On the other hand, 
some studies indicate that radioactive activation has a tempo-
rary effect. It is believed that the difference in the results of 
radioactive activation is due to the influence of various factors 
such as the biological properties of the material exposed to ra-
diation and its physiological condition, external factors such as 
humidity, temperature, lighting, and storage period before and 
after irradiation, irradiation dose rates, soil fertility, and geno-
type at the level of cultivars of the same species6.  

Radiation with gamma rays affects the plant's phenotype 
and its anatomical, biochemical and physiological state depen-
ding on the irradiation dose. These effects include photosyn-
thesis, cellular composition, metabolism, antioxidant system 
modeling and metabolism of phenolic compounds7-10. Induc-
tion begins by increasing the effectiveness of RNA synthesis or 
protein production that occurs during the early stages of seed 
germination and improvement in respiration and the auxin hor-
mone metabolism in germinated seeds; this effect occurs in 
low doses of irradiation10.

In this path, many studies were applied; it was observed 
that there were differences in the effect of gamma rays accor-
ding to the dose, plant type, and irradiation conditions. Nassar 
(2004) found that the treatment of seeds of (Chamomilla recu-
tita L.) with gamma rays 0, 2, 4 ,6, 8 and 10 kr (kilo rad = 1000 
rad) ) have improved the growth characteristics of plant height, 
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the number of branches, dry weight and fresh weight of roots 
compared with plants produced from untreated seeds11. When 
exposing seeds of Foeniculum vulgare L. plant to different le-
vels of gamma rays  0, 20, 40, 60, 80, and 100 Gy (Gy= 100 
rad ) Latif (2011) found an increase in weight of fresh and dry 
for vegetative growth were between the 60 and 80 Gy doses, 
while the 100 Gy dose inhibited growth12. On the other hand, 
a gradual decrease in the chlorophyll concentration was ob-
served at the high dose of irradiation (200 Gy), which reached 
14.2 mg. Kg-1 compared to 18.9 mg. Kg-1 at the dose of 100 Gy 
in the wheat plant13. Melki and Marouanig (2010) studied the 
effect of levels from gamma rays (0, 10, 20, 30 Gy) on wheat 
germination and seedling growth in greenhouse conditions; 
they found a development in the number and length of roots 
by 18 and 32% respectively at dose 20 Gy14. Under laboratory 
conditions and field of experiment, were planted flax seeds 
irradiated with different doses by using60 Co (cobalt element); 
it was noted that doses up to 8 Kr were favorable in stimula-
ting growth through the occurrence of significant differences 
in seed germination, branch length, the number of leaves and 
leaf area while the higher dose of 8 Kr led to a negative effect 
on germination15.

About electric shock, Robert (2007) indicated that elec-
tro-shocked seeds had a high germination speed and an in-
creased yield when using stable electricity, this reduced the 
chance of seeds dying, but the seeds must be moist because 
dried seeds may be damaged16. Sidaway (2009) exposed the 
seeds of Avena sativa plant to electricity and found high speed 
in the plant germination and increase in growth and dry wei-
ght17. Al Taweel et al.(2018) showed that the best leaf area, 
chlorophyll content and dry weight of white and Egyptian hen-
bane seedlings were at electric shock 2 A among three levels 
(2, 4, 6 A)18. Al-Mousawi (2017) showed that the electric shock 
treatment significantly affected vegetative and root growth 
indicators. The treatment of 4 A recorded the highest rates 
of vegetative growth indicators represented by plant height, 
the number of leaves, leaf area, fresh and dry weight of the 
Tannacetum parthenium L. plant5.

Based on the above, the study aimed to stimulate burdock 
seed germination and seedling growth with low-cost treat-
ments, represented by electric shock and irradiation with low 
doses of gamma rays on seeds.

Materials and methods 
The study was carried out to stimulate burdock seed ger-

mination and seedling growth by the effect of electric shock, 
gamma rays, and 12-hour soak in water. The seeds were ob-
tained from the Medicinal and Aromatic Plants Research Unit, 
College of Agricultural Engineering Sciences, University of  Ba-
ghdad. The seeds were divided into 18 groups according to the 
number of experimental units, and each group included 100 
seeds. The experiment consisted of 6 treatments that inclu-
ded: soaking the seeds in water for 12 hours only, soaking in 
water for 12 hours, then shock electric of the seeds 2 and 4 
A(Ampere), soaking in water for 12 hours then irradiating the 
seeds 10, 20 and 30 Gy (Gy=100 rad)  with three replicate. The 
number of experimental units was 18 using the completely 
randomized design (CRD), and the characteristics were com-
pared according to the LSD test at 5%19.

Each group of seeds(100 seeds) was planted in plastic 
pots (15 D, 25 L cm) in the plastic house on 25 / 11/2020 using 
the peat moss substrate. The counting of the seeds was sto-
pped when no new germination appeared for three days. Then, 

germination ratio (%) and germination speed (day) were cal-
culated. The seedlings were separated into plastic pots (8 D, 
10 L cm ) for each plant in the pot (12 plants per treatment 
in the replicate) to make seedlings measurements. When the 
seedlings grew to about four true leaves, the parameters were 
measured: seedling length (cm), root length (cm), number of 
leaves, chlorophyll content (SPAD), fresh and dry weight of 
shoot(gm), fresh and dry root weight (gm).

Seeds were shocked in a glass container containing water 
(covering the seeds) with (1% NaCl). Tow levels of shocking (2 
and 4 amperes) were used for three minutes. Then the seeds 
were washed with water to remove the salt. As for irradiation 
treatments, the seeds were treated with gamma rays at the 
levels determined by using Cobalt 60.

The germination percentage was daily calculated star-
ting for the first germination until no seed was germinated for 
three days.

Germination percentage   =   Number of germinated seeds 
/ Total number of seeds ×100

The speed of germination was calculated according to the 
following formula20.

GS =  [(N1×D1) + (N2×D2) + Nn×Dn …..] / TG 
GS: Germination speed.
N: Number of germinated seeds daily.
D: Number of days from planting.
TG: Total number of germinated seeds 
The seedling length was measured from the surface of 

the substrate to the top of the seedlings. Roots were separated 
from the shoot and washed with water to remove the remai-
ning substrate. The roots were dried using a piece of cloth to 
remove the moisture. The fresh weight was measured using 
a sensitive balance. All shoots and roots were put in an oven 
at (50 °C) for drying. A sensitive balance measured the dry 
weight. (The average temperature inside the plastic house is 
about max. 21.5± 1 and min. 11.13± 1)

Results
Figure (1.) shows a significant difference in the germina-

tion percentage due to the effect of the experimental factors. 
The highest germination percentage was achieved under the 
treatments of seeds shock (4 A) and water-soaked seeds(91.0, 
85.7%, respectively). These were followed by the treatments 
gamma rays 20 and 30 Gy (76.0 and 75.7% respectively) com-
pared to the lowest germination percentage under the treat-
ment of gamma rays 10 Gy (72.0%).

In the germination speed, figure ( 2. ) noticed that the treat-
ment of gamma rays 30 Gy achieved the highest germination 
speed (5.93 days)  with a significant difference from the other 
treatments. This was followed by the treatments gamma rays 
10 and 20 Gy (6.82 and 7.08 days respectively) compared with 
the lowest germination speed when seeds were soaked with 
water only(8.05 days).

The treatments: 1 (soaking by water only) 2,3,4(irradiation 
10,20,30Gy)5,6(electric shock 2,4A) respectively.

Although the highest level of chlorophyll was achieved at 
the treatments of shock the seeds (4 A) and gamma rays 20 
Gy (49.13 and 45.8 SPAD respectively), they were not signifi-
cantly different from the other treatments (Table 1).

In the number of leaves, it was noted from table 1 that 
the treatments of gamma-ray 30 Gy and electric shock (4 A) 
recorded the highest values (5.22 and 4.53 leaves. Seedlings-1 

respectively), followed by the treatment of water-soaked 
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seeds (4.38 leaves. seedlings-1) compared with the lowest 
number of leaves when treated by gamma 20 Gy (3.61 leaves. 
seedlings-1).

From table 1, the longest seedlings and the highest dry 
weight resulted from the treatment of water-soaked seeds 
(12.0 cm, 0.440 gm respectively) and gamma rays 30 Gy 
((11.16 cm, 0.415 gm respectively), with a significant differen-
ce from other treatments. The shortest seedlings value was 
recorded under 4 A(6.00 cm) treatment. However, the shoc-
king seeds' lowest dry weight was recorded with 2A (0.150 
gm). The highest value of the fresh weight of seedling was 2.97 
gm at the water-soaked treatment, followed by 2.64 gm at the 
treatment of gamma rays 30 Gy. Compared to the lowest va-
lue of the fresh weight, these were superior to 0.840 gm at the 
treatment of shocking electric 4A. 

Although the root length increased at the treatments 
ofgammarays30 Gy and electric shock 4A, it was not signifi-
cantly different from the other treatments. The characteristics 
of the fresh and dry weight of roots recorded the highest va-
lues at the treatments of gamma rays 30 Gy (3.43 gm, 0.720 
gm respectively) and water-soaking (3.09 gm, 0.670 gm, res-
pectively). These values were significantly different from the 
other treatments (Table 2).

Discussion
It is noted from the above that most of the characteristics 

of the study were improved by the effect of two treatments, 

water soaking and seed irradiating with 30 Gy. Soaking seeds 
by water before planting has a role in removing or reducing 
inhibitors concentration as well as softening the seed coat and 
increasing its permeability21. Therefore, it is easy to absorb wa-
ter and oxygen to enter the seed embryos22, increasing the bio-
logical reactions leading to improved seedlings in the future. 
The characteristics' values were decreased under the rest of 
the treatments (10 Gy,20 Gy, 2 A, and 4 A). This decrease may 
be because these treatments are not suitable for stimulation, 
so the opposite6. As for the treatment of gamma rays, 30 Gy, 
and water-soaking, the increase of germination speed and root 
characteristics may be due to the free radicals produced du-
ring the irradiation process, which may be necessary in stimu-
lating metabolic processes it led to the germination process23. 
Also, the induction begins by increasing the effectiveness of 
RNA or protein synthesis that occurs during the early stages 
of seeds germination and improvement in respiration and au-
xin hormone metabolic in the germinated seed and reflection 
on the growth of roots and leaves. This effect occurs in low 
doses of irradiation10,24, as well as the improvement in the cha-
racteristics of vegetative growth (seedlings length, number of 
leaves, dry and soft weight of vegetative and root growth was 
reflected in the increase in the dry weight for root and vegeta-
tive characteristics.

Conclusions
The germination rate of seeds can be increased by some 

The influence of gamma rays and electric shock on seed germination and seedling growth in burdock plants

Figure 1. Effect of Gamma radiation and electric shock on germination % (GP).

Figure 2. Effect of Gamma radiation and electric shock on germination speed (GS).
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simple treatments such as soaking with water before planting 
or treatment with some physical treatments (low cost) such 
as gamma rays and electric shock, but the appropriate dose 
must be determined because some doses lead to a negative 
effect. Our research has proven that the dose of 30 Gy was the 
best dose for germination and seedling characteristics of the 
burdock plant.
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Study single nucleotide polymorphism in Promoter region of UGT1A1 Gene 
in Iraqi Patients with Gilbert's syndrome

Marwa A. Kubba1*, Abeer Ali Marhoon2 and Rafed Abbas Kadhum3

Abstract: This study aimed to detect genetic variants of the UGT1A1 gene in patients with Gilbert's syndrome. To detect 
this, primers were designed; PCR and direct sequencing were done for the promoter area of the gene as a diagnostic tool 
for the detection of any polymorphism. Variation and polymorphism were detected within the promoter mutants of the UDP 
glycosyltransferase _UGT1A1 gene that causes hyperbilirubinemia in a group of Iraqi patients compared with a group of the 
normal healthy individual as controls. The patients with hyperbilirubinemia in this study were 30 in which the total bilirubin 
level was more than 12 mg/dl serum; they included 25 males and 5 females, while the control group consisted of 20 healthy 
individuals. This study was carried out from September  2019 till April 2021. The result displayed high occurrence of Gilbert 
syndrome within male patients than in females, and regarding the analyses of mutation of bilirubin UDP glycosyltransferase 
_UGT1A1 gene, it is clear that the genotypic distribution of variation among the hyperbilirubinemia patients included all 30 
patients, while SNP was detected in 18 patients out of 30 which indicate that the UGT1A1 gene mutation was a likely risk factor 
for the development of hyperbilirubinemia related Gilbert syndrome in Iraq. The homozygous and heterozygous polymorphisms 
A/G inside the promoter region of the UGT1A1 gene were effectively identified by sequencing. Our finding suggests that TA 
repeats and allele of UGT1A1 polymorphism A/G are associated with Gilbert's syndrome and act as genetic markers of this 
disease in Iraqi patients. To analyze data and sequence variation in gene, generous software was used after amplifying the gene. 
All processes include DNA extraction, PCR amplification, sequencing, and assembly.

Key words: Gilbert's syndrome, UGT1A1 gene, polymorphism, hyperbilirubinemia.

ARTICLE / INVESTIGACIÓN

Introduction
Gilbert syndrome (GS) is a disorder conspicuous by in-

termittent unconjugated hyperbilirubinemia and jaundice1. 
Protein formed from the UGT1A1 gene, named the bilirubin 
uridine diphosphate glucuronosyltransferase (bilirubin-UGT) 
enzyme, is a hepatic enzyme in which glucuronidated biliru-
bin; a material formed once red blood cells are broken down. 
The enzyme's function changes the toxic form of bilirubin to 
its nontoxic form, making it capable of being thawed and deta-
ched from the body; this enzyme is required for the conversion 
(conjugation) and subsequent elimination of bilirubin from the 
body2,3. Gilbert's syndrome is supposed in patients that have 
unconjugated hyperbilirubinemia produced by reduced activi-
ty of the UDP-glucuronosyltransferase 1A1 (UGT1A1) gene in 
the lack of irregular liver function and hemolysis, noticeable by 
unbalanced unconjugated hyperbilirubinemia, typically due to 
the polymorphism uridine diphosphate-glucuronosyltransfera-
se inherited defects in uridine diphosphogluconurate glucuro-
nosyl-transferase (UGT) that encoded by the UGT1A1 gene at 
chromosome 2q37.1, the reduced enzyme action are lead to 
hyperbilirubinemia. The variation in the UGT1A1 gene can re-
ason for Gilbert syndrome that characterized by phases of in-
significant unconjugated hyperbilirubinemia3. The main gene-
tic variants in Gilbert's syndrome are TATA-box repeats of the 

promoter region that are responsible for the manufacturing 
of the bilirubin-UGT enzyme and exon 1 G211A of the coding 
region, UGT1A1 gene mutations either decrease the affinity 
of UGT1A1 toward bilirubin or decrease enzyme activity. New 
studies presented serum bilirubin is related to a genetic va-
riation of the UGT1A1 locus4. In several people, the maximum 
shared change cause Gilbert syndrome happens in part near 
the UGT1A1 gene called the promoter region. This alteration 
must happen in both copies of the UGT1A1 gene to cause Gil-
bert syndrome5-9.

Homozygous polymorphism is the most public UGT1A1 
genotype responsible for Gilbert's syndrome when  A(TA)7 
TAA in the gene's promoter region; this will make a 70-80% re-
duction in the gene's promoter region glucuronidation activity. 
In contrast, the change at nucleotide 211 (G211A), which chan-
ge arginine to replace with glycine at position 71 in the coding 
region of the UGT1A1 gene, is accountable for around 20% of 
Gilbert's syndrome cases in Asian people10-12. Therefore this 
study was aimed to detect the gene variation in UGT1A1 gene 
in blood samples as a diagnostic tool by PCR and sequencing 
in patients from Iraq and determine its susceptibility to with 
Gilbert's syndrome.
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Materials and methods 
This study was held from September 2019 to April  2021 

at the University of Al-Rasheed  / Biology Department, and 
the molecular study was held in the molecular laboratory of 
ASCo. They were a learning center in Iraq. Blood samples were 
collected from a population consisting of 30 subjects with Gil-
bert syndrome disease who complained of high bilirubin level 
in blood and have familial history of Gilbert syndrome with no 
clinical features refer to a disorder of liver functions; they were 
selected from those attending private Hospital in Baghdad. 
The age of these patients ranged from 17 - 55 years, in which 
25 patients were males, and only 5 were female. The control 
group involved 20 healthy individuals were their ages and sex 
thoroughly similar to the patients and had no history of any 
disease.

An aliquot of 5 ml blood sample was gained from the vein 
of patient and control groups and divided into two parts, the 
first part (2 ml) was collected into an EDTA tube and kept at 
-20 °C for molecular analyses while serum was used for bio-
chemical tests for liver enzyme ALT, AST, alkaline phosphata-
se, was recovered from the second blood part (3 ml).

Biochemical analyses of liver enzymes ( ALT, AST, alkaline 
phosphatase ) were estimated. The levels of all enzymes were 
examined for both the experimental and control groups.

DNA extraction
First DNA was isolated according to the procedure Relia-

Prep™ Blood gDNA Miniprep System, Promega as the   steps in 
manufacturer producer (table 1).

Polymerase Chain Reaction (PCR)
PCR was performed for 50 samples (30 patients and 

20 control groups) using specific primers designed to ampli-
fy and sequence the promoter region of the UGT1A1 gene as 
described in table (2). PCR amplifications were performed as 
presented in (table 3).

DNA Standard Sequencing
To analyze the nucleotides sequences for all samples to 

determine the presence of single nucleotide polymorphism 
(SNP) and determine the genetic variation of this gene within 
the population, sequence analysis of the promoter area of the 
UGT1A1 gene was done accomplished on Gilbert syndrome 
patients. PCR product was directed for Sanger sequencing by 
ABI3730XL, automated DNA sequences, Macrogen Corpora-
tion – Korea. The obtained results were established through 
email and investigated by generous software.  

Table 2. Sequences of pri-
mers used in the detection 
promoter region of UG-
T1A1 gene in this study.

Marwa A. Kubba, Abeer Ali Marhoon and Rafed Abbas Kadhum
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Table 3. PCR amplification program 
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Results

Liver function test results of Gilbert syndrome patients
The patients with hyperbilirubinemia suffering from Gil-

bert syndrome in this study were 30 by a whole bilirubin le-
vel of more than 12 mg/dl, which comprise 25 patients were 
males and 5 patients were females, samples for patients and 
control groups have normal liver enzyme ALT, AST, alkaline 
phosphatase values.

Distribution of Cases According to Gender
The distribution of GS according to gender showed hi-

gher rates in males than females when the male cases were 
83.33% and 16.66% for females (figure 1).

Purity and concentration of DNA extracted from
The DNA was effectively extracted from blood samples. 

The purity of DNA extracted from blood samples was exten-
ded from 1.8 to 2, and the concentration of DNA was extended 
from 70 -120 µg/ml.

Amplification of UGT1A1 gene
The molecular genetic markers related to patients with 

hyperbilirubinemia were examined, the segment of the UG-
T1A1 gene can be amplified by using the PCR, including the 
promoter region with a size of about 892bp shown in figure 
(2). The primers in this study were designed using the NCBI 
Primer-Design online tool to detect single nucleotide polymor-
phism (SNPs)that may be found in the target gene leading to 
hyperexpression bilirubin that leads to Gilbert syndrome.

Sequencing and Analysis of UGT1A1 gene
An investigation of any genetic variation and mutations in 

the UGT1A1 gene was done. The sequence analysis result for 
the promoter region in the UGT1A1 gene showed there were 
two genetic variants within the gene's promoter area. The first 
variant was, 8 repeats of TA copies was observed in the sequen-
ce of the gene of all patients samples; the results were direct-
ly compared with the Iraqi healthy control group in which it's 
clear that 7 TA repeats were detected in this region as shown 
in table 4; also it is compared databases at www.ncbi.nlm.nih.
gov by the BLAST check-up tool and besides using Genus sof-
tware program figure (3 –a,b). Also, there is the second variant 
in the promoter region of UGT1A1 region of the gene was de-

tected in which among the thirty  Gilbert Syndrome  patients, 
there are one SNP detected  in the promoter region, which is A 
substitution  with G in site -208, as shown in table 4, and the 
number of patients who had this polymorphism (A instead of 
G) was 18 out of 30 patients (60 %) in comparison with that of 
healthy individuals included in this study, while the other 12 
patients (40%) no variation appeared in this studied part of the 
gene, might have in another coding region of UGT1A1 gene, as 
shown in figure (4-a,b).

The outcomes of PCR analysis of UGT1A1 (-208 A/G) 
polymorphism subdivided GS patients into three genotypes 
groups: the first group is homozygous wild type (AA) in which 
no variation appeared when they have two identical alleles for 
a gene, the second group is homozygous mutant (GG), and the 
third group is heterozygous (AG) having two different alleles 
for a gene one dominant and one recessive, this is a heterozy-
gous mutation, As a result of this observation, AG genotype 
may be considered as a risk factor, while GG genotype appea-
red only in 8 patients out of 30 patients (26.6%) when they 
harbored two AA/GG variations and cannot be considered as 
a protective factor for Gilbert syndrome in the Iraqi population 
examined. This observation indicated that these genotypes are 
associated with Gilbert's genetic predisposition. The percenta-
ge of genetic variation of the prompter region of UGT1A1 (-208 
A/G) was illustrated in Table 5.

Study single nucleotide polymorphism in Promoter region of UGT1A1 Gene in Iraqi Patients with Gilbert's syndrome

Figure 1. Distribution of Cases According to Gender.

Figure 2. The amplification of UGT1A1 gene promoter region 
of patient M= 100bp ladder marker. Lanes 1-C1 is 892bp PCR 
products.
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DISCUSSION
In this study, the distribution of patients with GS according 

to gender showed higher rates of infection in males (25 out 
of 30) (83.33% ) than females (5 out of 30)(16.6%), when this 
results supported by the results of, Sieg A. et al. (1987). who 
found that males are more frequently affected than females, 
this might be clarified by the existence of a high bilirubin load 
per kilogram body weight in males, also may the androgen ste-
roid inhibition of bilirubin enzymatic glucuronidation, Bosma 
PJ, et al. (1995)20,21.

The promoter area of the UGT1A1 gene in Gilbert syndro-
me patients compared to control samples(healthy individuals) 
showed two types of variation; this is agreed with Canu. et al. 
2013, showed that more than 130 variations in both regula-
tory and coding regions of UGT1A1 had been recognized in 
hereditary hyperbilirubinemia patients22. the first one was the 
repeats of  (TA) copies in promoter region appeared in all pa-
tients in which it repeated 8 times in sequences of patients 
while 7 times repeated in the sequence of the control group,

Bosma et al., 1995; Monaghan et al., 1996; Beutler et al., 
1998; Biondi et al., 1999; Kadakol et al., 2000; Farheen et al., 
2006)14-19, who found that the determined mutual UGT1A1 ge-
notype accountable intended for Gilbert's syndrome, in which 
the homozygous polymorphism A(TA)7 TAA found within pro-
moter area of the gene, make a 70-80% decrease in glucuro-
nidation activity, when they repeated 7 times in a sequence of 
patients and 6 times in control healthy group, while in our Iraqi 
patients it repeats 8 times in compared with the sequence of 
healthy patients, it repeats only 7 times, (rs 3064744).

The second variation in the promoter area of the UGT1A1 
gene show one  SNP in 18 patients, A substitution with G in 
-308 site in the promoter region of the gene indicate that these 
mutations show a part in this disease in which these polymor-
phisms modify the expression that altered transcription factor 
gene binding. Genetic factors are considered as an essential 
factor for the disease, and it's clear that the variation in the 
promoter area of the gene contributes to GS disease, In which 

the promoter area controls the manufacture of the biliru-
bin-UGT enzyme.

Results were the same in the study Xiao-xiao Mi ., 2019, 
which detected the association between Gilbert syndrome and 
UGT1A1 G/C-46 SNP (rs873478) in the proximal promoter re-
gion gene and Gilbert syndrome.

Besides, homozygous genotypes (AA/GG) in the promoter 
region were more frequent in the patients than in the controls. 
These results disagree with another study in which they found 
this variation in exon 1while in our study, one heterozygous 
SNPs were detected (AA/AG) in eight Gilbert syndrome sam-
ples.

Our finding agreed with Xiao-xiao Mi et al., 201913,  who 
screened many coding areas of the UGT1A1  gene in 60  Gil-
bert syndrome patients, who noted proximal promoter area of 
UGT1A1 variation in 85% of patients, but no mutations were 
identified (Glasow et al., 2001). New genome association stu-
dies exposed that serum bilirubin is related to a genetic varia-
tion of the UGT1A1 locus9.

Changes in the UGT1A1 gene either decrease the affinity 
of UGT1A1 toward bilirubin or reduce enzyme activity10. The 
patients may have changes in another coding region of the UG-
T1A1 gene.

Single nucleotide polymorphisms (SNPs) were the most 
common variation in a specific gene that influences how a per-
son responds to the environmental factor, which may alter the 
disease risk23.

Conclusions
In the present study, our results indicated that variation on 

the promoter region of the UGT1A1 gene affects the bilirubin 
level; TA copies repeats were 8 times in a sequence of patients 
while 7 times in control healthy samples.UGT1A1 (-208 A/G) 
polymorphism was associated with Iraqi patients with Gilbert 
syndrome. However, it should also be noted that the GG and 
AG genotype could be considered markers of genetic predis-

Table 4. Genetic variation detected in the promoter area of UGT1A1 gene.

Table 5. Genetic variation in the promoter region of UGT1A1 gene of Gilbert syndrome patients.

Marwa A. Kubba, Abeer Ali Marhoon and Rafed Abbas Kadhum
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Figure 3. A-Alignment demonstrates promoter area of   UGT1A1  gene a- control, B-  Gilbert syndrome using a sequencer 
analyzed by BLAST tool. Query number represented the present data, whereas the subject represented the reference gene 
sequence.

Study single nucleotide polymorphism in Promoter region of UGT1A1 Gene in Iraqi Patients with Gilbert's syndrome
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position to higher levels of bilirubin in the Iraqi population, the-
reby leading to increased susceptibility to Gilbert syndrome. 
In conclusion, the UGT1A1 gene mutation was a possible risk 
factor for Gilbert syndrome in Iraq.
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Recent advances on the development of a universal blood type

Esteban Guamba*, Alejandra Cevallos

Abstract: Blood transfusion is the most common form of tissue transplant, and correct blood type matching is decisive for the 
success of this procedure. However, the availability of different blood types depends on each population, leading to a shortage of 
blood units from uncommon types. Then, it represents a problem for patients who need a blood transfusion because the supply 
for their blood type is scarce. Fortunately, researchers have been developing different techniques to engineer universal red blood 
cells (RBC) that could be transplanted to any human being independent of its blood type. This paper details the main features 
of blood transfusion and red blood cells maintenance and the two more recent procedures used to produce universal RBCs, the 
Enzymatically Converted Group O (ECO) and the antigen masking methods.

Key words: Blood, transfusion, red blood cells, antigen, antibody, universal RBC, immunity.
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Introduction
One of the current issues in medicine is blood transfusion, 

it is the most common form of tissue transplant, and blood 
type matching is the most challenging point to achieve1. Besi-
des, an incorrect blood transfusion may induce a severe immu-
ne response. If the blood given during a transfusion is incom-
patible, the donor cells are treated as foreign, and the immune 
system attacks2. Nowadays, several patients in hospitals are 
waiting for the availability of blood units. Therefore, it is essen-
tial to develop a new generation of blood transfusion systems 
to overcome the current issues on blood transplants. The most 
determinant solution is to develop a universal blood type.

Alloimmunity refers to the immune response against 
non-self-antigens from members of the same species. It re-
presents an obstacle for blood transfusions because different 
blood types provoke immune responses in the host. Blood 
transfusions may induce two reactions, immunosuppression 
and immune activation3. To overcome this, scientists worldwi-
de are working to develop a universal blood type to overco-
me the current problems on immunity. Some researchers, as 
Yueqi Zhao1 et al., have modified the surface of RBCs, covering 
them with a hydrogel framework to "hide" their antigens and 
therefore prevent an immune response.

One of the antigens to produce alloimmunity is the Rhes-
us D factor (RhD), a protein found on the erythrocyte's surface 
and considered one of the main immunogenic antigens on red 
blood cells1. Moreover, the RhD protein is part of the Rh group, 
the second most important blood group system, after the 
ABO blood group. Consequently, the variety of blood groups 
leads to an unequal supply of RBCs units, which becomes wor-
se for those uncommon blood groups as AB-. Since then, an 
increasing need for the positive-to-negative transition of the 
RhD antigen has emerged to make blood transfusions more 
successful.

Blood: Definition and Components
Blood accounts for about 8 to 10% of each person's body 

mass4. Throughout its path, it satisfies several functions such 
as: mainly transporting oxygen and nutrients, it protects the 
body due to the leukocytes present in it, keeping the body's 
water and body temperature in balance, and it also collects 
the residues to then be deleted4,5. Blood is composed of parts, 
mostly the liquid part called plasma, approximately 55% of 
the total blood, and it is much thicker than water and has a 
yellowish tone. The remaining percentage is 45%, and it is dis-
tributed in different blood cells such as red blood cells, which 
are the most numerous in the blood. RBCs represent approxi-
mately 43%, and the other remaining part is white blood cells 
and platelets by 2%5,6.

Blood Types
There are four blood types, and they are classified ac-

cording to the antigens they possess (AB0 system). But in 
addition to this classification, blood possesses another critical 
factor for determining its type, the Rh factor. The antigens are 
present on the surface of the RBCs, and there are two types, 
A and B4,6. Moreover, two types of antibodies react with the 
proteins present on the RBCs, the Anti-A and Anti-B6. On the 
other hand, we have the Rh factor, this hereditary protein is 
also found on the surface of the RBCs5, and its classification 
is general; it is positive if it possesses the protein and negative 
if it does not have. These two types of classifications are the 
most common in terms of blood types, and those are the ones 
we will go aboard in this paper.

Type A
This group has the presence of antigen A in its red blood 

cells. Also, the presence of the Anti-B antibody is observed in 
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its plasma (Figure 2), which means that it cannot get the blood 
of any other blood type6. Since your blood contains marker A; 
it will produce B antibodies. If some problem B markers enter 
your body (these markers are found in the AB or B blood), your 
immune system will react against them and attack them. This 
means you can only get transfusions from people who have 
type A or O blood, not people with type B or AB blood6.

Type B
This blood group has antigen B in its red blood cells, and 

the presence of the Anti-A antibody is observed in its plasma 
(Figure 2)7. If your blood contains marker B, it will produce anti-
bodies A. Therefore, as a person with type B blood, you can only 
receive transfusions from people who have type B or O blood 
(universal donor), not from people with type A or AB blood, be-
cause if another type of marker enters your body, your immune 
system will attack and there would be problems7.

Type AB
The AB group has the presence of the two antigens in 

their red blood cells, both A and B, and it has no antibodies in 
its plasma (Figure 2). This means that it can receive blood from 
almost all blood types8. In the case of blood type AB, things are 
a bit different. If you have both markers A and B on the surface 
of your red blood cells, your body won't need to fight the pre-
sence of either marker. This implies that people with AB blood 
can receive transfusions from A, B, AB or O blood. However, it 
also depended on the Rh factor of each one7,8. 

Type O
It is the universal donor, as its blood type is compatible 

with almost all other types. It is possible because they do not 
possess any antigens from the AB0 system. However, Anti-A 
and Anti-B antibodies are observed in their plasma (Figure 
2)6,8. However, if you have O-type blood, your red blood cells do 
not contain A-markers or B-markers, but your body will react 
by making A and B antibodies when you are given A, B, or AB 
blood. This means that a person with blood O can only receive 
transfusions of the same blood type8.

Rh Factor

Type Rh positive
Rhesus factor, commonly known as the RH factor for its 

acronym, is a protein or antigen inherited from parents and 
occurs in the red blood cells of certain people. Rh+ are the 
individuals who present this protein in their erythrocytes. 
About 85% of people have this protein4. As shown in Figure 3, 
the illustration shows that the general population maintains 
an Rh+; however, a small population maintains an Rh-, so it is 
important to perform tests for this factor if you plan a preg-
nancy4.

Type Rh-negative
The Rh– people do not present the protein in their red 

blood cells; the figures are very low for this protein. Only about 
15% of the world's population possesses this protein (Figure 
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Figure 1. Blood cells composition inside a blood vessel. Inside a blood vessel, there are different types of cells such as the RBCs 
and immune cells like monocytes, plasma cells, macrophages, neutrophils, white blood lymphocytes, and T-Lymphocytes. In 
addition to some others, these different types of cells help the circulatory system avoid infections and distribute all the nu-
trients and molecules the body needs. 
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3)5. However, the lack of this protein is not a disease, and it 
usually does not affect a person's health6. RH- is not a disease, 
but it does affect pregnancy. Pregnancy needs special care if 
the baby inherits the Rh factor different from that of its mother 
because it can be inherited from either parent. Rh incompa-
tibility is generated if they are Rh-negative and their baby is 
Rh-positive, and they need special treatment6.

Obtaining Blood Sample
The process starts with the blood collection directly from 

the bloodstream to go into a well-labeled container with a 
pre-measured anticoagulant. Moreover, the addition of an an-
ticoagulant avoids the agglutination of the blood and prevents 
the RBCs from undergoing hemolysis. There are different pre-
servative solutions for maintaining RBC units: acid citrate dex-

trose (ACD), citrate phosphate dextrose (CPD), or CPD-adeni-
ne. Different solutions such as anticoagulants and nutrients 
help RBCs store and transport, enabling modern blood ban-
king9. Also, between the most common anticoagulant solu-
tions, we found Citrate–phosphate–dextrose (CPD), which is a 
key for blood preservation10. However, many others novel sto-
rage solutions allow the conservation of RBCs for much more 
time, such as SAG-Mannitol or AS-1.

The influence of ATP over the RBCs also has to be consi-
dered to keep them in efficient conditions. Since these cells do 
not have mitochondria, they rely on ATP from the medium as 
an energy source. Significantly, when ATP has been suppres-
sed, some characteristics of the RBCs are compromised. Ac-
cording to research, during RBCs storage, adenosine triphos-
phate (ATP) decreases, modifying membrane lipid content and 

Recent advances on the development of a universal blood type

Figure 2. Illustration of the different blood groups of the ABO system. We can see the blood types A, B, AB, and O with their 
antigens and correspondent antibodies. In the first case, type A has a marker A, and it will produce B antibodies. In the second 
case, type B has a marker B, it will produce A antibodies- In the third case, type AB has markers A and B, it will not produce 
antibodies. And the last case, type O has no markers but will produce antigens A and B. 

Figure 3. Rh factor, statistics. * Data obtained from OMS4. and Dean L6. In this figure, we see global statistics obtained from 
several studies about these factors. The illustration shows that Rh+ is the most common factor found in the world population. 
However, Rh- remains present in a small part of the population, and although it is not a disease, it can generate incompatibility 
in a pregnancy if the parents have different Rh factors.
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cell rigidity that results in shape changes11. The pH also chan-
ges during the RBCs storage, and the production of lactic acid 
mainly causes this due to ATP metabolism. So then, proper 
RBC storage relies on the correct control of the ATP levels.

RBCs Preservation
The storage and maintenance of RBCs units require pre-

cise control for some factors such as temperature, osmotic 
pressure, and pH. When RBCs are stored, they deteriorate, 
compromising their metabolic, morphologic, and membra-
nous characteristics. The elements that are mainly altered are 
the hemoglobin, potassium concentration, supernatant, and a 
loss of discoid shape and lipid membrane vesicles12. Moreover, 
RBCs units can be stored for up to 42 days. However, its ability 
to deliver oxygen decreases on time due to decreased 2,3-di-
phsophoglycerate levels13. Temperature, for instance, has been 
demonstrated to modify the live time of RBCs during storage. 
The best-used technique for their preservation is cryogenics. 
Nevertheless, even low temperatures of 4°C ± 2°C help to the 
viability of RBCs and protect them from bacterial growth3.

The osmotic pressure is another crucial factor for the 
maintenance of RBCs. If modified, RBCs undergo hemolysis 
by breaking their lipid membrane because of the different 
gradient concentrations. To avoid that, cells have to be under 
isotonic conditions (0.9% NaCl) in which the outside and the 
inner osmotic pressure are the same. One of the leading iso-
tonic preservative solutions used for RBCs storage is EDTA. 
However, using this solution for blood unit preservation produ-
ces changes in erythrocyte morphology and osmotic fragility14. 
Fortunately, AS-3 is another preservative solution that works 
better. Recent research showed that using AS-3 as the storage 
solution for 6 weeks allowed the recovery of 78–84% of the 
RBCs, and only 0.4% of hemolysis were detected9.

RBCs maintenance also depends on the pH concentration. 
Cells keep producing metabolites such as Lactate and CO2 
during blood storage, acidic molecules. The accumulation of 
those acidic compounds during storage results in a decrease 
of pH levels, and when it drops below 6.4, the deterioration 
of RBCs occurs faster. Moreover, the main consequences of a 

low pH are the cessation of glycolysis and the change in ATP 
and 2,3-DPG levels12. While according to the literature, the 
optimum pH for glycolysis is high (7,8-8,5) when the tempe-
rature is between 15°C and 35°C15. Therefore, changes in pH 
during prolonged storage time can result in RBCs damage. 
Fortunately, when RBCs are stored at low temperatures, their 
metabolism slows down, allowing the pH to stay at optimum 
concentrations for a longer time.

Blood Transfusion
Blood transfusion is a medical procedure in which a pa-

tient or receptor obtains blood or any of its components from 
the donor's blood4. Blood transfusions provide the patient with 
the components of the blood they need, and RBCs are the 
most commonly used7. A person may need a blood transfusion 
for several reasons, such as surgeries, injuries, replenishing 
blood volume, correct serum protein levels, and improved he-
moglobin and oxygen-carrying capacity16.

To start a blood transfusion, it is essential to know the 
type of blood the patient has (AB0 system) and whether the Rh 
factor is positive or negative. This is because the donor's blood 
has to be compatible with the patient's to avoid an immune 
response. After checking all the data, the temperature of the 
blood bag is checked, and if the blood is icy, it is necessary to 
wait a few minutes for it to be at room temperature6. Trans-
fusion in high volumes when blood is cold can cause cardiac 
arrest16. In most cases, it is not necessary to heat the blood to 
be transferred. However, suppose blood needs to be heated. In 
that case, it can be heated to temperatures of approximately 
35 to 38 °C and being careful not to exceed over 42 °C17.This is 
mainly because of the viability of the blood unit when blood is 
exposed to temperatures above 42 °C hemolysis can occur10. 
Also, blood cannot be returned to the blood bank for reuse af-
ter some warming process. Once the temperature of the blood 
bag is checked, it is perforated with a blood filter, purged, and 
deposited in a bath. Furthermore, finally, blood is placed throu-
gh the intravenous18. It is necessary to monitor the patient for 
a few minutes to find any problems or reactions.

Transfusions can last approximately 1 to 3 hours18, but 

Figure 4. Blood groups statistics. * Data obtained from OMS4. and Dean L.6. We can observe that the most common blood group 
in the world is 0+, followed by A+. Furthermore, it can be observed that the less common blood group is AB-, followed by B-. 
The predominance of a blood type also varies depending on the countries or continents we are located in.
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should not last more than 4 hours because there are dangers 
of bacterial proliferation10, when blood increases its tempera-
ture by staying at room temperature. According to McCullough 
(2017): "For routine transfusion to stable patients' rates of 2–3 
mL/mn for red cells and 7–10 mL/mn for platelets and plasma 
are recommended"10. 

Blood Transfusion Issues
Blood transfusions usually do not have adverse effects 

but sometimes have different effects depending on the patient 
(transfusion reactions). Several reactions may be due to sto-
rage, transportation, or administration of blood units. These 
reactions are very varied and can be fatal or straightforward. 
The most common are mentioned below8. One transfusion 
reaction can be incompatible blood: When the donor's blood 
is not compatible with the patient's. The patient's cells treat 
the donor's blood as foreign invaders, and the immune system 
attacks accordingly6. Another can be allergic reactions: These 
can cause by fever, itching, and hives19.

The most common problems in transfusions are mainly 
in massive transfusions. Since these transfusions replace the 
total volume of the patient's blood, these transfusions invol-
ve problems such as cardiac arrest10, coagulation, hypother-
mia19. On the other hand, another frequent problem is Trans-
fusion-related acute lung injury (TRALI), an acute respiratory 
distress syndrome8.

Transfusion-related infections: Many protocols are now 
followed to prevent these infections; however, few occur. The-
se infections can be bacterial or viral. In the case of bacterial 
contamination, these are often rare. For example, this can oc-
cur if an asymptomatic donor has bacterial contamination at 
the time of blood donation or venous puncture17. In contrast, 
the viral infection. They are unusual; nevertheless, if they con-
tract, they can provoke: Hepatitis A, hepatitis B, which occurs 
in approximately 1 in 100 000 cases. Hepatitis C occurs in less 
than 1 in 1 000 000 cases16. And HIV occurs in less than 1 in 
4 000 000 cases17. There are many other adverse effects, but 
those mentioned above are the most common.

Recent RBCs Modification Methods
The fatalities related to Blood transfusion, discarding 

those due to disease transmission, have been estimated to 
happen once in 100,000 patients. The most common reason 
is hemolytic reactions due to incorrect blood type matching10. 
As there are many immunogenic antigens on RBCs and blood 
transfusions that rely on the removal of these to succeed, new 
methods have emerged to avoid an immune response when 
blood transfusion is performed. The objective of these novel 
methods is to produce non-immunogenic RBC; therefore, the-
se blood units can be used as a source of universal RBCs for 
blood transfusions. In this way, the primary goal of modified 
RBCs is to elicit neither an immediate nor a secondary immune 
response when a transfusion is accomplished20. Furthermore, 
in clinical application, these techniques would establish an en-
tirely new way to treat many chronic diseases with a need for a 
rare blood type supply. So the entire blood banking system de-
dicated to blood collection, distribution, and transfusion, which 
is focused on the ABO group, can be entirely revolutionized by 
the success of any RBCs modification techniques that we de-
tail next.

Besides, it has been calculated that around 100 million 
units of blood are donated each year; however, the indications 
for RBC transfusion and the suitable time of storage before 
transfusion are still uncertain13. Blood banks have to collect 

and store all blood types, even the most common ones, which 
spend more time saved than the uncommon ones. This can re-
sult in non-viable RBCs. However, the two main general proce-
dures can be used to create a universal RBC; these techniques 
can potentially overcome the previously mentioned issues. The 
first way is by permanently removing the RBC antigens ancho-
red to their surface, and the other way is by hiding their anti-
gens so that the immune system cannot detect them21. These 
two methods have been explored over the years, and we detail 
these two recent and promising RBC surface modification te-
chniques.

Enzymatically Converted Group O (Eco)
The first modification technique is then enzymatically 

converted group O (ECO), which removes the antigens from 
the RBCs surface. The main feature of this method is the use 
of an α-galactosidase enzyme, capable of removing the im-
munodominant part from the A and B antigens, which are the 
main characteristics of the A and B blood type respectively. 
For blood type A, its immunodominant monosaccharide is a 
terminal a1-3 linked N-acetylgalactosamine (GalNAc), and for 
type B, its monosaccharide is a1-3 linked galactose (Gal)22. As 
the blood group O does not have these monosaccharides on 
their oligosaccharide terminal chains. Therefore, the ECO te-
chnique enables A and B blood groups to be converted into O 
types. Although this method can produce the universal blood 
type donor O, it has faced some obstacles to succeed in clinical 
practice because of the low efficacy of the enzyme.

Nevertheless, new research shows that more efficient gly-
cosidase enzymes present in bacteria. The first approach for 
the conversion of type B RBCs to O was by using an α-galac-
tosidase enzyme, which can be extracted from coffee beans22. 
For this enzyme, many studies have been carried out. However, 
it was hard to move into the clinical application, mainly becau-
se it showed low kinetic properties. Fortunately, entirely new 
families of bacterial exo-glycosidases have been found, and 
they show better kinetic properties to remove A and B anti-
gens from RBCs23. Moreover, new clinical trials are now being 
performed to prove the efficacy of this new family of enzymes 
for further developing a universal blood type.

The most relevant benefit of ECO technology on transfu-
sion medicine is eliminating hemolytic reactions due to ABO-in-
compatible transfusion. The technique reduces the RBC units' 
typing costs, avoids the unnecessary storage of common blood 
types, increases the availability of rare blood types units in 
blood banks, creates a universally compatible RBC, and saves 
hospital money for an inventory of blood units23.

RBC Antigen Masking
Unlike ECO which converts different blood groups into 

O type, the second method attempts to camouflage or mask 
the antigens from the RBC surface. RBCs undergo a surface 
modification procedure, where these cells are treated with the 
polyether polymer  PEG or other substances such as hydrogels 
and polymers. These compounds are chemically anchored to 
RBC surface proteins through various liking procedures. Also, 
this method results in stealth RBCs, which allows them to 
pass unseen from the immune system, disabling antigen-an-
tibody reactions and alloimmunization to additional antigens21. 
Therefore, one of the main goals of this modification technique 
is to obtain healthy RBCs capable of typically performing their 
metabolic processes as oxygen transfer and nutrient trans-
port.  

PEG in transfusion medicine has become a key tool to 
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avoid immune responses, and PEGylation is the process by 
which PEG is linked to other molecules. This procedure im-
proves the pharmacokinetic behavior of many substances 
because it avoids recognition by the cells of the immune sys-
tem, allowing the introduction of several agents into the hu-
man body24. Between the most used substances for the PEG-
RBC linking, we found: cyanuric chloride (CN), ethylene glycol 
(CH2OH)2, propionic acid (SPA), and benzyltriazobyl carbonate 
(BTC)25. Moreover, the research of PEGylated RBCs becomes 
more reliable since 4 groups of research showed that if PEG is 
covalently attached to the RBC surface, these cells are not ca-
pable of reacting with antigens ABO group25. As a result, PEG-
RBC linking is one of the most valuable procedures to stealth 
RBCs towards developing a universal blood type.

Nevertheless, this method may carry some complications 
and cell changes. For example, some biomimetic molecules 
such as polydopamine (PDA) can shield RBCs. However, this 
treatment produces noticeable changes in membrane fluidi-
ty, which leads to increased cell fragility1. RBCs depend on 
their normal membrane stability to freely circulate through 
the bloodstream without fragmentation. Consequently, a de-
creased stability may lead to a breakdown even under every-
day circulatory stresses26. To solve the fragility problem, new 
methods have emerged to overcome this problem, such as 
polysialic acid (PSA)–tyramine hydrogel, which creates an 
enhanced flexible framework around RBCs that ensures their 
surface stability. This article's clinical trials explain the details 
of an experiment done with (PSA)–tyramine and rabbits.

Universal RBCs Transfusion 
Different criteria must be carefully examined when mo-

dified RBCs are transfused. Some of these are similar to the 
analysis made on regular RBCs transfusions. However, it is 
more critical for the modified cells to see possible immuno-
genic reactions. In addition, the ECO technology is the only one 
that has passed into human clinical trials and with relevant 
success23. This technology showed no significant changes in 

the RBCs morphology and functions, so it was allowed to be 
used in phase 1 of clinical trials. Indeed, research have shown 
that during the in vitro transfusion tests, there was no noticea-
ble increase in anti-B for the samples of type A or O. Actually, 
their sera remained with no indications of agglutination or he-
molysis after seven weeks of the transfusion25. Even though 
this method does not present relevant problems to the host, it 
is essential to take immuno-tests periodically to evaluate that 
the procedure has done well.

Pre-Clinical Trials
There are no clinical trials of transfusions with modified 

universal red blood cells yet. Nevertheless, researchers used 
New Zealand white rabbits in a pre-clinical study performed 
in vivo to evaluate immunogenicity. These rabbits were ran-
domly divided into four groups (Table 1). Table 1 below shows 
the distribution of each group of rabbits, which injections they 
received, and the immune response for each one. The study 
continues with ELISAs, according to Zhao Y. et al. (2020), as fo-
llows: ELISA was performed to analyze the binding of both the 
framework and the non-framework to RhD-positive red blood 
cells and evaluate RhD antibody titers in vivo. Recombinant 
human RhD proteins were used to coat ELISA plates. At ni-
ght they were incubated at 4 °C, then the plates were washed 
three times with PBS, and after this, for two hours, they were 
blocked with a blocking buffer at 37 °C. Next, the plates were 
washed three times, and the sera samples (100 l) were added1. 
We proceeded to incubate at 37ºC for one hour, then the plates 
were washed three times, and 100 μl of secondary antibody 
conjugated with HRP were added. Next, we proceeded to in-
cubate at 37ºC for 45 minutes, and afterward, the plates were 
washed three times, and 100 l of TMB chromogenic substrate 
solution was added. After 10 minutes, 50 l of H2SO4 1 M were 
added to stop the reaction of the endpoint titers. Using a mi-
croplate reader, absorbance was measured at 450 nm1.

It was seen that anti-RhD immunity in surface modifica-
tions could be avoided, and favorable biocompatibility was also 

Table 1. Process in vivo rabbits immunostimulation with different RBCs. *Data obtained from Zhao Y. et al.1.

Esteban Guamba, Alejandra Cevallos
Volume 7 / Issue 1 / 32     •     http://www.revistabionatura.com



7

promoted. Also, there was no recognition between antigens 
and antibodies. Therefore, the trial worked properly as it avoi-
ded immune responses altogether, thus ensuring a successful 
RhD-stealth blood transfusion1.

Conclusions
Blood units are used worldwide, and blood type matching 

is one of the biggest challenges in the medical field. Becau-
se there are different blood groups, and most of them have 
specific antigens, blood transfusion has to overcome different 
typing processes before being transplanted. To maintain RBCs 
on their normal conditions, factors such as coagulation, tem-
perature, pH, and storage time must be controlled to prevent 
changes in RBCs' morphology and oxygen transport capacity. 
Additionally, the variety of blood types results in an unequal 
supply for hospitals and clinical procedures. However, the-
re are two techniques to engineer universal red blood cells. 
The first is the ECO technique, which uses an α-galactosida-
se enzyme that removes the surface antigens from RBCs to 
transform them into O type. The second is antigen masking, 
here a framework usually made of hydrogels, or PEGs, binds 
to the surface of red blood cells. Hence, the host's immune 
system cannot recognize them after transfusion. These two 
methods are promising and have been extensively studied to 
help supply blood banks, especially for people with uncommon 
blood types.

Author Contributions
Conceptualization, methodology, resources and writing—

original draft preparation, Esteban Guamba. Writing—review 
and editing, visualization, supervision, Alejandra Cevallos.

Funding
This research received no external funding. 

Acknowledgments
Thanks to Ph.D. Santiago Vispo, who encouraged and tuto-

red us to write this article.

Conflicts of Interest
The authors declare no conflict of interest.

Bibliographic references
1. Zhao Y, Fan M, Chen Y, Liu Z, Shao C, Jin B, et al. Surface-an-

chored framework for generating RhD-epitope stealth red blood 
cells. Sci Adv. 2020;6(12):1–12.  

2. García-Roa M, Del Carmen Vicente-Ayuso M, Bobes AM, Pedraza 
AC, GonzálezFernández A, Martín MP, et al. Red blood cell stor-
age time & transfusion: Current practice, concerns & future per-
spectives. Blood Transfus. 2017;15(3):222–31.  

3. Brunskill S, Thomas S, Whitmore E, McDonald CP, Dorée C, 
Hopewell S, et al. What Is the Maximum Time That a Unit of Red 
Blood Cells Can Be Safely Left Out of Controlled Temperature 
Storage? Transfus Med Rev [Internet]. 2012;26(3):209-223.e3. 
Available from: http://dx.doi.org/10.1016/j.tmrv.2011.09.005

4. OMS. Organización Mundial de la Salud [Internet]. [cited 2020 
Apr 16]. Available from: https://www.who.int/es

5. Cruz Roja Española. Grupos sanguineos - Centro de Donación de 
Sangre de Cruz Roja [Internet]. [cited 2020 Apr 16]. Available 
from: https://www.donarsangre.org/grupossanguineos/

6. Dean L. Blood Groups and Red Cell Antigens. ABO blood Gr [In-
ternet]. 2005;(Md):Chapter 5. Available from: http://www.ncbi.
nlm.nih.gov/books/NBK2267

7. OMS. La Base de Datos Global de la OMS para la Seguridad San-
guínea. 1999. Organ Mund la Salud. 2001;8.  

8. Goodnough LT, Brecher ME, Kante M, AuBuchon J. Transfusion 
Medicine. Br J Educ Stud. 1965;13(2):208–11.  

9. Hess JR. An update on solutions for red cell storage. Vox Sang. 
2006;91(1):13–9. 

10. Mccullough J. 13 Techniques of Blood Transfusion. 2012;362–77.
11. Klein HG, Spahn DR, Carson JL. Series Transfusion Medicine 

1 Red blood cell transfusion in clinical practice. Prevention. 
2007;415–26.  

12. Holme S. Current issues related to the quality of stored RBCs. 
Transfus Apher Sci. 2005;33(1):55–61.  

13. Carson JL, Guyatt G, Heddle NM, Grossman BJ, Cohn CS, Fung 
MK, et al. Clinical practice guidelines from the AABB: Red blood 
cell transfusion thresholds and storage. JAMA - J Am Med As-
soc. 2016;316(19):2025–35.  

14. Antwi-Baffour S. Prolong Storage of Blood in EDTA Has an Effect 
on the Morphology and Osmotic Fragility of Erythrocytes. Int J 
Biomed Sci Eng. 2013;1(2):20.  

15. Guppy M, Attwood P V., Hansen IA, Sabaratnam R, Frisina J, Whis-
son ME. pH, Temperature and Lactate Production in Human Red 
Blood Cells: Implications for Blood Storage and Glycolytic Con-
trol. Vox Sang. 1992;62(2):70–5.  

16. Goodnough LT. Risks of blood transfusion. Crit Care Med. 
2003;31(12 SUPPL.).  

17. Maxwell MJ, Wilson MJA. Complications of blood transfusion. 
Contin Educ Anaesthesia, Crit Care Pain. 2006;6(6):225–9.  

18. Patil V, Shetmahajan M. Massive transfusion and massive trans-
fusion protocol. Indian J Anaesth. 2014;58(5):590–5.  

19. Eder AF, Chambers LA. Noninfectious complications of blood 
transfusion. Arch Pathol Lab Med. 2007;131(5):708–18.  

20. Bradley AJ, Test ST, Murad KL, Mitsuyoshi J, Scott MD. Interactions 
of IgM ABO antibodies and complement with methoxy-PEG-mod-
ified human RBCs. Transfusion. 2001;41(10):1225–33.  

21. Lublin DM. Universal RBCs. Transfusion. 2000;40(11):1285–9.  
22. Olsson ML, Hill CA, De La Vega H, Liu QP, Stroud MR, Valdinocci 

J, et al. Universal red blood cells - Enzymatic conversion of blood 
group A and B antigens. Transfus Clin Biol. 2004;11(1):33–9.  

23. Olsson ML, Clausen H. Modifying the red cell surface: Towards an 
ABO-universal blood supply. Br J Haematol. 2008;140(1):3–12.  

24. Shimizu T, Abu Lila AS, Awata M, Kubo Y, Mima Y, Hashimoto Y, 
et al. A Cell Assay for Detecting Anti-PEG Immune Response 
against PEG-Modified Therapeutics. Pharm Res. 2018;35(11).  

25. Garratty G. Progress in modulating the RBC membrane to pro-
duce transfusable universal/stealth donor RBCs. Transfus Med 
Rev. 2004;18(4):245–56.  

26. Chasis JA, Mohandas N. Erythrocyte Membrane Deformability 
and Stability : J Cell Biol. 1986;103(August):343–50.  

Recent advances on the development of a universal blood type





1

Volume 7 / Issue 1 / 33 / http://dx.doi.org/10.21931/RB/2022.07.01.33                                                                                          

Porous frameworks from Ecuadorian clays

María Calle Luzuriaga*, Edward E. Ávila, Dario Alfredo Viloria

Abstract: This research provides a literature review on several topics as a foundation to comprehend porous materials, their 
structure, and behavior to explore how they can be derived from clays and nanoclays. In this case, considering the several 
minerals present in some Ecuadorian clays, which are a potential starting material for the synthesis of porous frameworks, they 
constitute a solid source of metal atoms such as Silicon or Aluminum. This research presents the evaluation and characterization 
via XRD and AAS of clay samples collected in the southeast of Ecuador in the provinces of Azuay, Morona Santiago and Zamora 
Chinchipe, which present diversified soil mineralogy with many chemical and crystallographic features for suitable precursors 
in nanomaterials design.

Key words: Porous frameworks, clays, nanoclays, zeolites, X-ray powder diffraction, AAS.

REVIEW / ARTÍCULO DE REVISIÓN

Introduction
The greenhouse effect, global warming, and climate chan-

ge have come to a state where little to nothing can be done 
or approached in a traditional way to mitigate or tackle their 
effects. Scientists have a hard job developing innovative solu-
tions for this pollution problem. Yet, since the early 2000s, the-
re have been advances in gases capturing and removing them 
from the atmosphere through chemical processes. However, 
these efforts are not enough, and the approach has evolved 
to merge these chemical processes to physical ones using na-
notechnology to achieve the adsorption of different kinds of 
gases. The presence of acid gases in the atmosphere has had 
a crucial impact on the quality of life of people everywhere. 
Nowadays, targeting the concentration of such gases in the 
atmosphere is one of the biggest goals of science. One of the 
recent techniques is the adsorption process of such gases 
through porous frameworks1.

Now, what can one understand how porous framework 
materials are? To answer that, one can see at these materials' 
nano or picoscopic scale that if the constituents are not den-
sely stacked but form voids, the material is defined as porous 
material2. To exemplify this better, it is easy to picture a bee 
panel where there are blocks formed, leaving voids to be filled 
with honey. In materials science, those voids are to be filled 
with substances such as acid gases that are chemically and 
structurally compatible and trapped in the frameworks. There-
fore, one can say that porous frameworks materials are beco-
ming all those with voids and a structure with framework form.

Porous frameworks synthesis can imply a wide range 
of processes. Materials with permanently porous structures 
made either entirely from organic building blocks or a combi-
nation of organic ligands and inorganic nodes have been at the 
forefront of chemistry for two decades3.

Decades of painstaking observational and empirical syn-
thetic advances have made it possible to predict, with a relati-

vely high degree of confidence, which structures might result if 
certain building blocks are joined together4. Porous framewor-
ks, whether they are organic or metal-organic frameworks or 
zeolites, have emerged as advanced materials with a wide ran-
ge of applications such as chemical catalysis, gas adsorption, 
ion exchange, and advanced nanotechnology applications, as 
will be discussed later.

In the adsorption process, the molecules or ions are to 
be adhered to a surface rather than penetrate the framework. 
Particularly in nanostructured materials, the applications field 
for porous frameworks become a powerful tool since they pre-
sent large surface areas, high stability, and small size5. For the 
adsorption process, the most remarkable feature is the large 
surface-volume ratio since it represents more binding sites.

In Chemistry, the applications of interest are generally 
removing undesired compounds, molecules, and impurities 
from different matrixes that may contain contaminants traces 
or subproducts. Therefore, the porous frameworks may act as 
sieves, binding layers, or regular adsorbents with an appropria-
te chemical reactivity, improving their efficiency when using 
nanostructured materials6.

Nowadays, nanomaterials constitute a wide range variety 
of materials. One of the emerging types is nanoclays, which 
are naturally occurring or synthetic clays treated and scaled to 
nanostructures7. Nanoclays, are of great interest since they re-
present an opportunity for industrial and technological appli-
cations. Nanostructures display enhanced functional features 
that are not found in larger dimensions materials8.

Consequently, the field also thrives because it has a rela-
tively low barrier to entry: it does not generally require sophis-
ticated apparatus or complicated synthetic techniques. This 
allows contributions from synthetic chemists and engineers, 
spectroscopists, and physicists3. All of whom are spurred by 
the increasing availability of these materials without necessa-
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rily relying on collaborators to supply samples.
The hydrothermal synthesis method of porous framewor-

ks has become of consistent and urgent interest for material 
scientists due to its easy access when one refers to equip-
ment and reagents used in the laboratory as vital factors for 
the manufacture of the monomers producing the framework 
afterward. Performing a hydrothermal method for the syn-
thesis, there is a higher chance of successfully modifying the 
framework. It is well known that clays display many exciting 
components to produce multiple porous frameworks3 since 
they contain silicon, iron, and aluminum minerals.

Theoretical Background 

Porous materials and frameworks
Porous material can be defined as every solid or primarily 

solid material that presents pores in its structure, giving cer-
tain features relative to the system's porosity, pore size, and 
the fraction of pore volume concerning the total volume of the 
material9. Applications of porous materials occupy a varied as-
sortment; they are commonly used as insulators, transistors, 
and conductors in the electronic industry as well as sieves for 
the water filtration system, chemical catalysis, etc10,11. Yet re-
search in this area continues to take innovative and necessary 
paths.

The efforts of researchers have been reflected in the syn-
thesis and production of materials that are being applied in 
processes for the elimination of polluting substances, emplo-
ying the adsorption process of compounds whether they are 
in the liquid or gaseous phase. These materials are known as 
adsorbents, and these have high demand, but like any kind of 
material, their applications may be limited because of the pre-
cursors, specifically to the use of contaminating substances 
as templates, as well as due to the synthesis methods. So, the 
zeolites are examples of excellence since their synthesis is a 
greener approach.

Zeolites, silica gel, intercalated layered materials, etc., are 
common minerals used in such applications due to their pore 
dimensions9. These kinds of materials can be used in complex 
conditions given their ilk. The particularity of zeolites is that 
their structure is what gives such behaviors that can be utilized 
in several industrial applications like catalysis, gas adsorption, 
water purification, and treatment12. 

There is particular importance in the synthesis of the po-
rous materials because of the specifications that they must 
present to be adequate and suitable for specific applications; 
therefore, the pore size, the porosity, the surface area, etc., 
must be controlled. Even in a more intricate way when the ma-
terial is of nanometric scale. Engineering the design of porous 
material in clays is intended to change porosity, surface area14, 
surface content of solids, as well as thermal stability15.

Although the engineering process for the obtention of zeo-
lites from layered silica clays has reached a high interest in the 
material sciences scenario, the research on three-dimensional 
structures (3D) from these compounds has been limited. This 
may be due to the limited application of pillared clay, so the 
effort to increase the use of coated material through pore en-
gineering begins to transform the coating into a zeolite struc-
ture16. Now, data shows over two hundred types of zeolites 
based on a silica-alumina ratio17.

Clays
Clays are an extended collection of minerals, yet in chemis-

try, they are known as hydrous silicates18. They are found in na-
ture from different natural sources and can be produced in their 
synthetic form. Their natural origin is after geological processes; 
whether they were physical or chemical processes, weather-de-
pending processes, decompositions, etc., it will determine both 
the composition and properties of the clays. Even though they 
can travel because of natural phenomena, they are generally 
found near their origin site. Clay minerals may be divided into 
four major groups, mainly in terms of the layered structure va-
riation, as shown in Table 1. These include the kaolinite group, 
the smectite group, the illite group, and the chlorite group19. 

The arrangement in these crystals consists of silicate la-
yers that coordinate two tetrahedral atoms combined to ed-
ge-shared octahedral sheets20. Thus, generally, clay structu-
res are proposed in layers, and these layers are seen in sheets 
both tetrahedral and octahedral. This indicates that the tetra-
hedral layer is composed of silica-oxygen molecules sharing 
the corners to other tetrahedrons of the same type. Instead, 
the octahedral layer is structured by aluminum or magnesium 
in sixfold coordination, for instance, halloysite as seen in Figure 
118,21, that displays this conformation in nature. The layers are 
then arranged by interactions such as van der Waals forces, 
hydrogen bonds, cationic or static forces, etc. Clay's ability for 
surface modification is what allows the dispersion of layered 
silicates into separate sheets20. 

María Calle Luzuriaga, Edward E. Ávila, Dario Alfredo Viloria
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Figure 1. Formation of a zeolite, from the primary TO4 to secondary building units and further assemble to form extended 
zeolite13.
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Clay particles can absorb or lose water in response to 
simple humidity content changes in the surrounding environ-
ment; when water is absorbed, it fills the spaces between the 
stacked silicate layers22.

Ecuadorian Clays
With regards to the soil mineralogy of Ecuador, there is 

barely any research done. Despite the large variety and exis-
tence of clays, there is still a significant lack of knowledge or 
information about their conformation, structure, and chemical 
formula.

Clays in Ecuador may have several compositions, yet they 
all show approximate levels of silica 60%, alumina 15%, low 
alkali and carbonates, and high levels of iron23. However, the 
lack of information opens the door to new research being done. 
There is a crescent interest in using clays for nanotechnology 
purposes, and most Ecuadorian lands provide them. As men-
tioned before, the clays may be found to be of various types, 
as shown in Table 1, even more than the few ones already dis-
covered. And therefore, it can be used for many applications, 
including the development of nanomaterials and the improve-
ment of nano-polymers.

In the same way, there is a need to discuss strategies and 
their implementation in nanoscale technology to take advan-
tage of the naturally occurring resources, such as the Ecuado-
rian clays that can bring new and emerging materials, tackling 
ecological issues also industrial and economic concerns, etc. 
The lack of information on Ecuadorian clays is an opportunity 
to research them and discover and develop many other appli-
cations.

This review considered the data from the repositories of 
Ecuadorian Clays by the INEDITA project at Yachay Tech Uni-
versity, Ecuador. Under the INEDITA project, the clays were co-

llected from Azuay, Zamora Chinchipe, and Morona Santiago 
provinces, located in the southeast of Ecuador, also known as 
the austral region of Ecuador. The total area of these provinces 
covers about 33000 km2, yet the samples were extracted from 
specific points, as shown below in Figure 3. 

They are labeled and enlisted in Table 2, considering the 
numbers used for classifying and identifying the clay series of 
the INEDITA-GIAMP project. The code corresponds to the ori-
gin site of the clay and the number of the sample in the set. 
Bouyoucos' method was used to collect the clays. Clay mine-
rals were characterized via X-Ray Powder Diffraction. This te-
chnique is a non-destructive method that permits a collection 
of data about the composition of the crystallographic structure 
and, therefore, the physical behavior of materials24. The men-
tioned clays were previously used in nanocomposite research.

The physical appearance of each clay sample is shown 
below in Figures 4 and 5, which allow seeing how they vary 
in color. It could be related to the content of iron oxide or iron 
salts, not being this the only reason for the color variance in 
each of the samples, as can be observed. In Table 3 as well, 
it is indicated the iron concentration present in them. Still, the 
color of the samples will derive from other factors as the di-
fferent mineralogical composition, environmental factors, or-
ganic compounds, etc. It must be said that the texture of the 
clays was very alike between all the samples. Between clays 
301, 302, and 303 there is a notorious difference in color, while 
there is a similarity between 303 and 306 which were collec-
ted in the same province. It could be said that 302 and 308 also 
look alike, although 302 is more pinkish while 308 tends to a 
yellowish tone. 

Over 2950 phases matching the XRD data were obtained 
and analyzed with the software SmartLab Studio II (Rigaku 
Corporation, Japan), on average for all the samples. It was ne-

Table 1. Clay minerals classification19.

Porous frameworks from Ecuadorian clays

Figure 2. Chemical structure of halloysite21.
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cessary to see what compounds were present in the analyzed 
samples, from which it was observed that Quartz and other 
forms of silicon oxides appeared in all the samples in different 
compositions. As it is noticeable, the spectra show similarities 
for data sets that correspond to the exact location of prove-
nience, and they also are alike in composition.

The most remarkable features obtained of the analyzed 
samples are shown in Table 2. 

Besides their mineralogical composition, the samples are 
also composed mainly of inorganic complexes, oxides, and long 
carbon chains. There is a high relative abundance of Quartz in 
all samples except for the CAN-306 sample, composed mainly 
of Kaolinite.

From the characterization of clays through Atomic Ab-
sorption Spectroscopy' AAS', during the INEDITA project ac-
tivities, the iron concentration data (in parts per million) was 
obtained for each sample. This is shown in Table 3. 

The similar iron percentage in the analyzed clay samples 
indicates that almost all the clays share a similar element 
concentration. Moreover, sample CZY-305 shows a doubled 
concentration concerning the other clays, see Figure 6, which 
suggests that this sample is the most suitable precursor for 
porous framework synthesis designed for H2S capture.

Nanoclays
Nanomaterials, specifically nanoclays, permit and present 

various chemical formulas because of their modifiable structu-
re7. For example, Kaolinite or Montmorillonite which chemical 
formula varies depending on the environment since its structu-
re adapts to both water and soil18. Besides, materials like clays 
present characteristics such as the Cation Exchange Capacity 

(CEC), which allows the core of the material to create a char-
ge imbalance that leads to a change in chemical composition. 
Additionally, it indicates the level of potential substitution in 
the core of the material, depending on which cations are used 
to fill the voids somewhat; thus, resulting in a promising new 
electronic or polymeric application. Thus, the exact theoretical 
formula is rarely presented in such a way in nature; rather, the 
material will have a certain number of waters, etc. 

Research on nanoclays has made significant progress in 
the last years because of the urgent and rising interest in the 
polymer market7. These nanomaterials show many advanta-
ges as additives, coatings, etc. In clays, it is essential to noti-
ce that they present isomorphous substitution, which is why 
they tend to have a charge resulting from the exchange of Si4+ 

with Al3+ leaving a negative charge to be balanced later. This 
gives the matrix the space to accept positive charges, which 
allow the clay sheet structure to undergo modification, provi-
ding them the possibility of exciting applications as precursor 
material since it allows the obtention, synthesis, or manufac-
turing of additives for polymeric chains27. Also, nanoclays are 
layered mineral silicate with layered nanoparticles that form 
a crystalline structure after stacking. After, those stacks can 
be dispersed in a polymeric matrix to achieve a specific new 
material or feature of a polymer19.

Nanoclays heavily affect the performance and behavior of 
nanocomposites, although research is still to be done. An ex-
tensive set of characteristics may determine the best and most 
optimum usage of a specific type of nanoclays but is still litt-
le and unknown. The level of intercalation and exfoliation are 
some of the prior mentioned features, and they could severely 
change the output of the nanomaterials. Nowadays, research 

Figure 3. ap of the Ecuadorian pro-
vinces and sites where clays were 
collected. This sampling was perfor-
med by G.I.A.M.P (Research Group 
Applied in Materials and Processes).

María Calle Luzuriaga, Edward E. Ávila, Dario Alfredo Viloria
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Figure 5. Samples corresponding to clays CZQ-306, COL-307 and COL-308.

Figure 4. Samples corresponding to clays CAN-301, CZN-302 and CZP-303.

Porous frameworks from Ecuadorian clays
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has turned its eyes into attaining unique and functional com-
binations of polymer matrix and nanoclays. Some of these so 
desired features go from an immiscible or intercalated struc-
ture to an exfoliated structure, or even all of them together19.

Most of the research has been directing and investing its 
resources in flame retardancy and thermal modification, and 
the remaining efforts go to organophilic clays for mechanical 
or barrier properties18. Nonetheless, as mentioned before, ex-
tending the field of research on nanoclays features will lead to 
the synthesis of new materials and could even expand techno-
logy as one knows it. For example, suppose one considers the 
decomposition rate of certain polymers (already of commer-
cial use) when added a more organophilic and high exfoliating 
nanoclay to its matrix or as a coating. In that case, it could 
disintegrate much more easily48 resulting in a greener material 
or a vector that adsorbs toxins from the environment, etc.

Still, there is an urgency to consider the environmental 
impact and concerns, and the proper production of new nano-
clays, as every emerging material, must be examined against 

its ecological cost. In this case, the extraction of clays and the 
subsequent nanoclays for both nature as a whole and humans 
are two main factors.

Although it can be a completely clean process, the extrac-
tion represents a depletion of resources and must be carefully 
considered, primarily when they represent a non-renewable good, 
which in the long term will leave a mark on its primary source.

On the other hand, it must be considered the size of the 
particle and the chemical composition and its effect on both li-
ving and inert beings. Will these nanoclays be safe? For exam-
ple, for living beings, if the nanomaterial has some aspects in 
its structure, could it enter the blood circulation system and 
harm it? Or could they accumulate and cause disease? And so 
on, many questions must be considered.

Toxicity and ecological challenges
The studies and analysis of nanoparticle toxicology fo-

cus on the capacity of nanoparticles to damage or change the 
function of cells, genetic code, and living environments caused 

Table 2. Data corresponding to known mineral phases of each sample analyzed by XRD and treated via QUALX2.0, the values 
in parenthesis correspond to relative abundance (%).

Table 3. Data corresponding to Iron (Fe) concentration and percentage present in each sample25.

María Calle Luzuriaga, Edward E. Ávila, Dario Alfredo Viloria
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by shaping factors such as the very high surface area of these 
molecules. It aims to determine in what mechanism the da-
mage is caused, and more importantly, it attempts to find a 
proper response or a bridge to change the hazardousness into 
a non-destructive feature.

The different modifiers and their incorporation or combi-
nation in the layered silicates can result in nanoclays very mis-
cible in polymers but could also represent a highly dangerous 
when inhaled or a general direct exposure28. In the same way, 
the factors mentioned above can lead to toxicological profiles 
after random scenarios as thermal degradation and chemical 
composition affect the nanoclays properties and their size and 
shape, which provokes a variation in toxicity that can be so-
mewhat hazardous.

It was previously discussed that the modification genera-
lly occurs via ion exchange, and this process will directly im-
pact the resulting nanocomposite28. Despite the obtention of 
a high-quality polymer, the usage or consumption of them will 
certainly open the possibility of degradation and, therefore, the 
release of the nanoclays from the matrix29, which can turn into 
a pool of free nanocomposites and depending on the medium 
or vicinity it can increase the risk of toxicity.

The obtention of naturally sourced clays for the posterior 
manufacture of nanoclays composites represents another 
ecological challenge. It is not a threatening challenge, yet it 
is essential to consider these factors since clays are obtained 
from limited resources that constitute not only the ecosystem 
for living beings but also the inorganic portion of a wholesome 
environment, and like everything in nature, it provides a ba-
lance that must be taken care of. In the obtention of clays, it 
is fundamental to consider the alterations in the surroundings 
rather than in the clays themselves.

Applications
In recent years, functionalization has been the main ob-

jective of research in nanomaterials, since it seems to be, for 
now, the mechanism which has shown higher effectiveness for 
targeting many problems, such as drug delivery, surface acti-
vity for medical and mechanical purposes, etc., and so many 
others30.

Bioactive molecules are a new resource that has been un-
der the loupe for many applications since it opens the possibili-
ties of modifying both inner and outer surfaces and other types 

of chemical modification31. For this reason, its applicability is 
broad. Another essential feature is that these molecules can 
give multifunctionality. In nanoscale chemistry, this means the 
opportunity to synthesize a material, a coating, or a nanoparti-
cle formulation that can accomplish two or more objectives or 
target two problems at a time. This is of particular interest for 
material scientists who are constantly searching for new func-
tionalities that enable the material's mechanical properties in 
the recipient and can adapt to the environment it is in.

Figure 6. Percentage of iron concentration in clay samples obtained by Atomic Absorption Spectroscopy.

Figure 7. Adsorption of positively charged molecules on the 
negatively charged surface of a nanoclay26.

Porous frameworks from Ecuadorian clays
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One of the approaches to solve the mentioned above is 
supposedly the surfactant activity of the nanoparticles and, if 
they lack such activity, to enhance their performance by ad-
ding or assisting them via bio-templates. However, this method 
continues to present certain unwanted behaviors and proper-
ties, which, although not inevitable, represent a particular diffi-
culty and hinder the exploitation of its potentials, such as the 
creation of micro-voids in the matrix or the existence of ag-
glomeration32. Despite, when compared to other surface treat-
ments, introducing a multi-scale synthesis via bio-templates 
is a current and promising technique to be more investigated.

There are many chemical and physical procedures to 
functionalize materials, as enumerated in Figure 8. 

Clays and nanoclays had acquired particular interest for 
the applicability; they present for functionalization because 
of their large surface areas. Clays are characterized for their 
mechanical polymeric properties and one of those features is 
the large surface area; this remains after nano scaling them 
and this behavior makes them a special nanocomposite which 
more likely will present more necessary properties, such as 
favorable kinetics in adsorption terms, the desired pore size, 
and expected crystal arrangement, among others.

Nanoclays can provide the chance not only to be func-
tionalized inherently but also to accept, or interact with tem-
plates, resulting in the formation of a functionalized bilayer 
nanomaterial. When the template comes from a naturally oc-
curring source, such as plants, it widens the sustainability in 
the process of fabricating a new material, responsibly made, 
which tackles several green chemistry principles, some of 
them being:

•          Prevent waste
•          Less hazardous synthesis
•          Design of benign chemicals
•          Use of renewable feedstocks
•          Reduce derivatives
•          Design for degradation
From: The Twelve Green Chemistry Principles34.

There are several studies in recent years corresponding to 
the research of functionalization of materials and their appli-
cations. This so-called functionalization takes advantage of a 
wide range of available resources, whether they are naturally 
occurring or synthetic. The branch of study they can apply is 
an open window to futuristic materials, devices, and medicine. 
An assorted list of articles is shown below om Table 4, which 
shows the research that has been done between 2020 and 
2021 with functionalized materials.

Gas adsorption membranes
Previously, it was mentioned that nanocomposites in be-

ing widely used to revert the damage caused by the past wave 
of plastics mass production. Nowadays, there is a particular 
interest in producing new materials that are more ecological 
and a real option of biodegradable polymers but also in the 
adsorption of gases causing a greenhouse effect35.

Porous frameworks can work for both liquid and gas sys-
tems since their design permit to catch of molecules depen-
ding on their size rather than any other characteristics. The 
benefits of a functionalized nanoclay go beyond acting as a 
sieve. For example, in this case, where they are placed as a 
gas adsorption membrane, they would trap molecules and a 
physisorption process. Another feature is chemical selectivity, 
which means that these nanoclays and their chemical makeup 
must also act as, in a certain way, a selector, which allows spe-
cific other molecules to pass or not36.

The synthesis of nano-porous materials faces several 
challenges. Luckily, they are successfully overcome daily be-
cause of the increasing interest in this research field. Mao, et 
al., designed a hierarchical membrane that can undergo vola-
tile organic adsorption and hydrogen gas storage36, demons-
trating the many advantages that nanomaterials have to offer. 
The hierarchical nano-porous membranes in the mentioned 
study were synthesized from wood cellulose nanocomposites 
with graphene oxide and carbon spheres.

Industrial treatment for both gas separation and hydro-

Figure 8. Common techniques used for synthesis and functionalization of nanomaterials33.
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gen storage have a long and robust relationship with zeolites 
and porous materials for the removal of volatile organic com-
pounds36,37. Still, in this era, nanotechnology offers the chance 
to turn those conventional techniques into brand new inno-
vative paths to solve the same problems with a sustainable 
approach. Nanoclays offer large surface areas, which is of con-
sideration when scaling membranes to industrial use. Another 
remarkable feature is that they are lightweight materials that 
improve transport, installation, replacement, etc., procedures 
of high cost in the industry.

Moreover, reducing the negative impact that fossil fuel 
footprint from the environment is always a massive triumph 
for green chemistry, material science, the planet, and humans. 
Individuals have been suffering the consequences of high con-
centrations of carbon dioxide in the air. By August 4, 2021, 
there was a 415.16 ppm presence of atmospheric CO2 on the 
planet, showing a 0.31% increase concerning the same date in 
2020, when the concentration was 413,88 ppm, according to 
co2.earth, a web page dedicated to recording daily the levels 
of carbon dioxide reached.

Under this perspective, it is easy to interpret that separa-
tion of carbon dioxide is a strategic and practical factor when it 
comes to energy storage and a wholesome ecological develo-
pment37. New nanomaterials, especially those functionalized, 
hope to ease environmental problems.

Polymeric research aims to synthesize membranes that 
have high flux and selectivity; however, there are many signi-
ficant obstacles, such as an increased permeability when se-
lectivity decreases or the contrary. Also, the elasticity of the 

Table 4. Assorted list of the recent studies on functionalized materials, corresponding to years 2020 & 2021.

desired material may vary depending on the pore size and the 
permeability it presents, etc.

Development of membranes with high flux and selectivity 
is desirable, but one of the major problems of polymeric mem-
branes is that as their permeability increases, their selectivity 
decreases significantly or vice versa. Various methods have 
been investigated to overcome this problem thus far; these 
include the synthesis of new polymers, mixing common poly-
mers with organic and inorganic nanoparticles, etc.38, which 
allow the formation of a membrane with high permeability, 
and the nanoclays should also allow a high selectivity.

Hydrogen Sulfide (H2S) capture by porous frameworks 
obtained from nanoclays containing iron (Fe)

Hydrogen sulfide H2S can represent a harmful environ-
mental factor even at low concentration levels39. It is generally 
the byproduct of industrial processes as it is formed after the 
fermentation of several organic residues. This gas is toxic and 
highly corrosive and deactivates catalysts, making it extremely 
necessary to remove it before any biogas treatment40.

The current and most common methods for H2S capture 
are wet desulfurization and dry desulfurization41. The research 
aims to develop new innovative and sustainable processes for 
the removal of H2S increase day by day, especially considering 
the challenge it means to remove it while having a good sulfur 
recovery42.

The structures that are achievable with porous materials 
and nanoclays, provide another solution for the adsorption of 
toxic particles, such as H2S. The pore size acts as a molecular 

Porous frameworks from Ecuadorian clays
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sieve at a nanometric scale, and the high surface area of the-
se frameworks can adsorb these molecules, depending on the 
design of the material, such as metal-exchange zeolites and 
other porous materials metal-organic frameworks which are 
highly effective adsorbents39.

Many materials scientists have already proved that there 
is an increased efficiency when the iron is present in zeolites, 
silicates, etc. Lee et al. showed that the H2S adsorption capaci-
ty of zeolites is directly proportional to the iron concentration, 
under a very important condition as it is room temperature43. 
Bentonite loaded with iron oxide was prepared via the hydro-
thermal method by Long and Loc, which showed to decrease 
the H2S concentration after the removal processes in a fixed 
bed column44.

Therefore, if clays contain iron, then they can be used as 
a source for the synthesis of nanoclays. This will help and en-
hance hydrogen sulfide removal by any porous framework de-
rived from such starting reagents, such as the clays samples 
discussed previously (refer to Table 3, 4, and Figure 6).

Water Treatment

Potabilization of water
The introduction of clays for sustainable water treatment 

has been long researched and implemented worldwide. Com-
monly, most water filtration systems include at least one cera-
mic piece mainly composed out of clays in their structural de-
sign. Typically, ceramic filters are made with a high percentage 
of clays (up to 80-85%) and combustible material, which form 
a homogeneous mixture after a fine sieving process45.

It is reported that polymeric Fe & Al modified clays are 
highly effective in heavy metals adsorption since it takes the 
clays' adsorbent properties and their ion exchange capacity. 
Clays, such as Montmorillonite and Kaolinite, had been provi-
ded suitable features for such processes because of the large 
surface area, which was previously discussed. It is demonstra-
ted that these Al/Fe polymeric species are most efficient for 
coagulation/adsorption purposes like chemicals removal or 
emulsion for clean water treatment. Both natural and modified 
clays exhibit the potential to produce new sorbent materials45. 
The combination of both organic and crystalline materials de-
rived from clays might result in an optimum sorbent material 
of such properties.

In the past, an approach for achieving this has been the 
use of carbon in the form of charcoal10. Yet, granular-activated 
carbon, a microporous structure, fails to remove large mole-
cules46 or waste-water residues, which are generally oil and 
grease already emulsified. This lack of efficiency from char-
coal. Large molecules plug the exposed macro-porous layer; 
hence the inner microporous layer becomes ineffective.

Dyes removal from water residues
It has been long studied that clays are an effective method 

for removing organic dyes from water residues, yet in nano di-
mensions, the effectiveness of these clays is still under the 
scientific eye47. The applicability of these processes is of high 
potential. The removal of these dyes from aqueous solutions, 
considering three crucial conditions: temperature, pH, and io-
nic strength11.

Nanoclays are a very innovative approach to remove some 
sort of residues from water samples or aqueous solutions sin-
ce their large surface area provides the space to accept a lar-
ger quantity of molecules. When these nanoclays have been 
functionalized for improvement, they can be provoked the 

process of dye removal47. Several conditions must be studied 
to determine the efficacy of specific clays for these kinds of 
processes. One, for instance, is the pH measurements before 
and after, these giving the chance to track the changes in the 
solution while the dye is being adsorbed. Another method for 
determining the amount of dye is measuring the difference in 
dye concentrations at certain points during the experiment11. A 
mass-balance equation must be used to obtain accurate and 
precise data for these. It is given below, 

with Co as the initial concentration and Ct as the concen-
tration different from the initial. Any Ct can be considered, yet 
is highly recommended to consider the final time to have a wi-
der window of a full adsorption process. Under the same con-
siderations, the above equation can also be used to study gas 
adsorption; however, many factors would change because gas 
molecules' behavior is much different from liquids.

Handling and treatment of nanoclays: suggestions on 
their toxicity

The nanoscale size of nanoclays allows them to play an 
innovative role in new biological and environmental functions. 
Yet, they can also become a significant problem since they also 
can interfere with cellular processes8. The complexity of na-
noclays effects and behavior requires putting up very detailed 
and systematic handling and precautions to reduce the risks 
of exposure.

Despite the several useful biological and environmental 
applications of nanoclays, their nanoscale size enables them 
to penetrate the cell membranes and interfere with cellular 
processes. Given the complex and uncertain effects of na-
noclays on biological environments, systemic management, 
analysis, and precautions are required to assess and minimize 
the exposures during their use, handling, and discarding.

More research advances in this specific topic are requi-
red to comprehend the dynamics and behavior of nanoclays 
in living environments and assess the possible damages and 
side effects caused by the toxicity of the mentioned molecu-
les. It is of primary importance to achieve a safe production 
of nanocomposites and nanomaterials as they represent and 
play a fundamental role in the next significant generation of 
polymers and their application.

Nowadays, there is no clear nor solid explanation of the 
exact mechanism of how these molecules can be prevented to 
cause adverse effects on cells, yet the most researched mo-
tive seems to be its large and augmented surface area, which 
also is what gives such excellent properties they present also 
allowing the surface functionalization, becoming a double 
edge sword.

Conclusions
Porous frameworks are a suitable approach to tackle 

contamination in many forms. Therefore, they provide the 
door to chemical modification and the opportunity to create 
novel materials from a wide range of precursors, as clays sin-
ce they constitute a primary and naturally occurring source of 
starting materials such as Silicon or Aluminum. The soil mi-
neralogy of Ecuador allows the obtention of such nanoclays, 
that can lead to the synthesis of nano-porous materials. This 
idea derived the characterization of Ecuadorian clays from the 
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INEDITA project as a plus contribution to a repository and re-
search compendium of the soils they came from. This review 
also displays the usefulness and possible applications such as 
adsorption of the greenhouse effect, water cleaning, and pu-
rification, dyes removal, etc., as a starting point of what can 
be achieved with nanoclays and porous frameworks resulting 
from the proposed synthesis while considering late and new 
research on the topic.
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A16974C polymorphism of the IL-12 p40 gene in Cuban patients having 
recovered from COVID-19
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Abstract: COVID-19 has had severe consequences worldwide. It has been estimated that the contribution of genetic factors to 
the disease is about 50%. The A16974C polymorphism of the IL-12 p40 gene has been described as being related to resistance 
or susceptibility to other infectious diseases; therefore, it is likely that it can also be related to COVID-19. The objective of 
this study was to describe the relationship between the A16974C polymorphism of the IL12 p40 gene with clinical forms of 
COVID-19 in Cuban patients. The genotypes of the A16974C polymorphism of gene IL-12 p40 were determined through PCR in 
102 persons with a COVID-19 epidemiologic discharge from the hospital. In this research, the CC genotype of this polymorphism 
was found only in symptomatic cases of this disease; since there are signs of relationship between the A16974C polymorphism 
of the IL12 p40 gene with clinical forms of COVID-19 in the studied Cuban patients, the variations of this polymorphism may be 
a predisposing risk factor in the development of COVID-19.

Key words: COVID-19, genetic polymorphism, genetic predisposition to disease, genetic susceptibility, human genetic variants, 
Cuba, alleles.
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Introduction
Infectious diseases are produced by the interaction be-

tween the agent's characteristics, the environment and the 
host. Human variations or polymorphisms have been identified 
among the latter, which are related to the clinical course of 
the disease. This occurs with the c.554_585del mutation of 
the CCR5 gene, linked to the resistance to the progression 
of the acquired immunodeficiency syndrome and the c.1521_
1523delCTT of gene CFTR –the cause of cystic fibrosis- that 
confers susceptibility to infection by Pseudomonas aerugino-
sa, to give two examples1.

COVID-19 (the acronym of COronaVIrus Disease and the 
year 2019), produced by the SARS-CoV-2 virus (from severe 
acute respiratory syndrome coronavirus 2), has had severe 
consequences worldwide2.

Studies in twins demonstrated that the concordance of 
the clinical severity of COVID-19 is greater among monozygo-
tic twins, estimating that the contribution of genetic factors to 
this disease is approximately 50 %3. Therefore, there is eviden-
ce that the genetic constitution, with its variations, contributes 
to the predisposition or resistance to this disease4.

In relation to the pathophysiology of COVID-19, a group of 
genes may possibly participate in the risk of contracting the di-
sease or its more severe forms. These include genes coding for 
the virus receptors, those related to inflammation and immune 
response, as well as those involved in clotting and the acute res-

piratory distress syndrome. Those related to inflammation and 
immune response comprise genes coding for pro-inflammatory 
cytokines, including interleukins 1, 6, 12 (IL-1, IL-6, IL-12)1,4.   

Interleukin 12 (IL-12) promotes cell immunity.  It plays an 
essential role in the differentiation of lymphocytes T towards 
the T helper 1 (Th1) pattern and the increase in the cytotoxic 
activity of the Natural Killer (NK) cells against viral infections 
and other intracellular pathogens5. It also participates in the 
induction of an increase in the synthesis and secretion of other 
cytokines, such as IL-1, IL-6, IFN-γ, and TNF-α, producing the 
"cytokine storm"6, which is a sign of a poor prognosis of CO-
VID-19 (Figure 1)7. Therefore, variants of the genes coding for 
the synthesis of the IL-12, such as A16974C polymorphism, 
may also be related to an increase in the susceptibility to 
SARS-CoV-28,9. 

By identifying the genetic variants of the Cuban population 
that have a predisposition to developing COVID-19, and even in 
its most severe clinical forms, we can design prevention stra-
tegies that range from vaccination to therapeutic measures. 
This may help generate a clinical guide for the management 
and advances in genomic medicine applied to COVID-19 ma-
nagement.

The objective of this study was to describe the relations-
hip between the A16974C polymorphism of the IL12 p40 gene 
with clinical forms of COVID-19 in Cuban patients.
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Materials and methods 

Subjects /patients
A sample of 102 patients was randomly taken from all Cu-

ban patients over one year of age, who initially tested positive 
for Sars-CoV-2 by RT-PCR (Reverse transcription-polymerase 
chain reaction) and tested negative twice as of June 11, 2020, 
for SARS-CoV-2 by RT-PCR, in 14 days after being discharged 
from the hospital.

Demographic variables
EDemographic variables included age in years, skin co-

lor (according to the patient's self-perception) and sex. These 
were taken from a survey designed for the project: "Genetic 
risk factors associated to the clinical severity of COVID-19 in 
Cuban patients and their first-degree relatives", in which this 
study was included.

The persons studied were classified according to the clini-
cal forms of the disease (considering whether they had symp-
toms or not) as symptomatic and asymptomatic, respectively.

Molecular studies
The DNA was obtained from 4 mL of peripheral blood co-

llected in a Vacutainer with EDTA (K3E 7.2mg). QIAsymphony 
DNA kits were used following the manufacturer's instruc-
tions10.

To identify the alleles of the A16974C polymorphism, we 
used the polymerase chain reaction (PCR) described by See-

gers et al. We designated alleles A and C from this polymor-
phism, as defined by the above authors9.

The sequences of the primers used were
Forward:        5’-ATT-TGG-AGG-AAA-AGT-GGA-AGA-3’
Reverse:        5’-AAT-TTC-ATG-TCC-TTA-GCC-ATA-3'
The amplifications were made in an MJ Research thermo-

cycler in the following way: primary denaturalization (10 min 
at 94 ºC), followed by 30 cycles of: denaturalization (30 s at 94 
ºC), hybridization (30 s at 65 ºC) and elongation:

30 s at 72 ºC, with the final extension at 72 °C for 10 minutes.
To verify each amplification, we carried out an electropho-

retic run in 2% agarose gel stained with ethidium bromide, with 
a molecular weight marker of 100bp, at a fixed voltage of 250 
V. The amplification was verified when we identified that the 
fragment obtained was 1046 base pairs (bp).

The amplified product was digested with the Taq I restric-
tion enzyme because of its recognition sequence and enzyma-
tic digestions: 

Estela Morales Peralta, Yaíma Zúñiga Rosales, Teresa Collazo Mesa, Elvia Nelemi Santos González, Yadira Hernández Pérez, María de los Angeles González 
Torres, Hilda Roblejo Balbuena, Beatriz Marcheco Teruel
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Figure 1. The immunopathological mechanisms of COVID-CS. SARS-CoV-2 infects the epithelial cells or immune cells, causing 
tissue damage and release of inflammatory cytokines (e.g., IL-1, IL-6, IL-12, and TNFα) by epithelial cells and immune cells. 
These inflammatory cytokines then recruit innate immune cells (monocytes, macrophages, neutrophils, DCs, and NK cells) 
and activate adaptive immune cells (CD4+ T cells and CD8+ T cells) to induce the occurrence of myelopoiesis and emergency 
granulopoiesis, as well as the production of sustained and excessive circulating cytokines.

This procedure was made under the manufacturer's condi-
tions, which recommends the use of 10 µl of the product of the 
PCR, 2 µl (20U) of the Taq I enzyme, 3.5 µl of buffer B, and 19.5 µl 
of H2O. The incubation was performed at 65 °C overnight.
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The processed product was then submitted to a run in 2% 
agarose gel for 30 minutes at 250 V, with a molecular weight 
marker of 100bp. The genotypes related to the polymorphisms 
that were obtained were: an entire fragment of 1046 bp, co-
rresponding to the homozygous genotype for allele A; for the 
homozygous genotype of allele C, we obtained two fragments, 
one of 906 bp and the other of 140 bp, and the three fragments 
(1046, 906 and 140 bp) for the heterozygote.

Processing, analysis, summary and presentation of the 
information:

The data obtained were processed with the IBM SPSS 
Statistics software version 22.0. The absolute and relative fre-
quencies were calculated (percentage).

Bioethical issues
This research was part of the project named "Genetic 

risk factors associated to the clinical severity of COVID-19 in 
Cuban patients and their first-degree relatives", approved by 
the Research Ethics Committee of the National Medical Ge-
netics Center. Throughout its implementation, we supervised 
the compliance to the ethical principles for human medical re-
search, including in the Helsinki Declaration11. All participants 
in this research signed written consent for their participation, 
and in the case of children under 16 years of age, they were 
represented by their parents or tutors.

Results
Demographic characteristics of the patients infected with 

SARS-CoV-2 are shown in table 1; they included age, sex and 

skin color, according to the clinical forms of the malady con-
sidered in this investigation (asymptomatic or symptomatic). 

The average age of the patients was 52 years old (95% CI 
48-55), ranging from 4 to 96 years of age. The mean age was 
more significant in symptomatic patients than asymptoma-
tic patients (55 compared to 39), increasing the proportion of 
symptomatic patients with age. More females were included 
in the study, and they were predominant in both clinical forms. 
The number of individuals with white skin color was more re-
markable in both clinical categories. 

Table 2 shows the number of patients studied according to 
their genotype for the A16974C polymorphism of the IL12p40 
gene and their clinical forms. Genotype CC was not present in 
those showing asymptomatic forms.  

The alleles A and C frequency were 0.75% and 0.25%; 
0.83% and 0.17% for symptomatic and asymptomatic patients, 
respectively.

Discussion
The SARS-CoV-2 infection and the development of clinical 

forms of COVID-19 could be influenced by several factors, of 
which the immunological genotype-phenotype relationship is 
of particular interest. It is essential to identify the persons with 
the highest risks for applying preventive measures so that their 
care can be personalized as much as possible.

It was found that the average age was higher in sympto-
matic cases. Similar results were described in the literature12. 
The factors explaining this finding include the alteration of the 
innate and adaptive immune response with a decreased ca-
pacity for responding specifically to new antigens (immuno-

Table 1. Distribution of the patients infected with SARS-CoV-2 in the study, according to age, sex, and skin color, depends on 
the disease's clinical forms.

A16974C polymorphism of the IL-12 p40 gene in Cuban patients having recovered from COVID-19
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senescence), the trend towards mainly pro-inflammatory res-
ponse (low degree inflammation or "inflamm-aging")13, and the 
increase of the probability of having comorbidities14,15.

This study's comparatively higher incidence of affected 
women may be because it was carried out through home visits 
to recovered patients who had resumed their usual occupa-
tions. For this reason, the voluntary collaboration of women 
was more significant. The highest proportion of the recruited 
individuals was of white skin, agreeing with the results of other 
studies made in the same population16. The proportion obser-
ved for this skin color agrees with the Cuban population cen-
sus of the year 201217.

COVID-19 is related to a series of pathophysiological me-
chanisms mobilizing many biomolecules. In the more severe 
cases, the prognoses may be markedly worsened by the hyper-
production of cytokines (frequently called the cytokine storm), 
leading to vascular damage, the activation of other immune 
response mechanisms and the worsening of clinical results18. 
The cytokines include IL-129, coding for a gene located at 
5q33.3 of which several polymorphisms have been described19. 
The one explored here was identified through the Taq I enzy-
me, and it is found at the untranslatable 3' region of the gene, 
at position 16974, which enables the identification of alleles 
A and C, given by the presence of adenine or cytosine, and co-
rresponding to the absence or presence of the cut at the Taq I 
enzyme. It is considered that allele A is the wild type and that 
C affects the secretion of IL-12 in vitro9. Genotype  CC, and of 
course, allele C, had the lowest frequency in all populations, 
including the normal Cuban population20, and it has been asso-
ciated with the predisposition to several diseases21. In fact, this 
genotype was not found in the asymptomatic cases included 
in this study. These results could prove that the clinical form 
may be related to the genotypes studied. The variants evalua-
ted here can be used for prognosis purposes, including those 
related to a higher probability of presenting complications or 
more severe clinical conditions. This can be important in the 
personalized care of the patients, and above all, in terms of 
disease prevention.

All results observed can be explained by the small sam-
ple size of this study, which was a significant limitation of this 
research; the results of this type of research are applicable to 
the population where it was carried out.  

Studies, such as the one shown here will help identify the 
genetic variants or polymorphisms related to diseases that do 
not show Mendelian inheritance, including infectious disea-
ses22. More in-depth studies on this topic are required in the 
future.

Conclusions
Since there are signs of relationship between the A16974C 

polymorphism of the IL12 p40 gene with clinical forms of CO-
VID-19 in the studied Cuban patients, the variations of this 
polymorphism may be a predisposing risk factor in the deve-
lopment of COVID-19.
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Temporal progress of web blight in three common bean genotypes on the 
central coast of Ecuador

Walter R. Chávez-García1, Fiorella N. Mera-Vera1, Diego Portalanza2, and Felipe R. Garcés-Fiallos1*

Abstract: Web blight caused by Rhizoctonia solani Kuhn is one of the main common beans (Phaseolus vulgaris L.) diseases of 
the Ecuadorian central coast. Thus, the present study aimed to evaluate the progress of web blight incidence using nonlinear 
models in promising genotypes SER 03 and SER 08, using the commercial cultivar INIAP 473 as a control. This study was carried 
out between the 2010 and 2012 seasons in Quevedo, Ecuador. Epidemiological parameters such as initial disease (y0), disease 
progress rate (r), final incidence and the area under the disease progress curve were estimated using the Exponential, Logistic, 
and Gompertz models. In general, progress curves, epidemiological parameters and other evaluated plant health variables were 
lower in the INIAP 473 cultivar than the other genotypes in 2011 and 2012, especially in the last season when higher y0 and r 
were observed in the commercial cultivar. It seems that soil and seeds inoculum and temperature play an important role in 
standard bean crop disease progress. While the response of genotypes and each location conditions influenced the epidemic 
modeling, the Logistic model better described the web blight progress under these conditions.

Key words: Phaseolus vulgaris L., Rhizoctonia solani Kuhn, initial disease, disease progression rate, final incidence.
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Introduction
Common bean (Phaseolus vulgaris L.) is a socially impor-

tant crop in Ecuador and an important legume in the Ecuado-
rian diet. Currently, the bean area is estimated at 25253 ha 
with a mean yield1 of 0.61 t ha-1, highlighting the provinces of 
Los Rios, Imbabura, and Azuay, which have the largest planted 
area for this crop2. On the central Ecuadorian coast, farmers 
use native and introduced cultivars3, which are generally sus-
ceptible to different biotic-based diseases.

Several diseases affect bean crops on the central Ecua-
dorian coast, i.e., rust (Uromyces appendiculatus Pers.: Pers.), 
web blight (Rhizoctonia solani Kuhn), virus infections, and root 
rot (Fusarium spp., R. solani and Macrophomina phaseolina 
Tassi)4. Among these diseases, the one that most predomina-
tes over the rest is the web blight, both in monoculture and as-
sociation systems5,6. In general, the disease may be observed 
affecting bean crops established each year in the north of Los 
Ríos province, reaching a severity of 88% in susceptible geno-
types7. Web blight considerably reduces the number of nodes, 
pods, and grains per plant and the grain yield4,7. Another predo-
minant factor is the association between web blight and root 
rot, caused by R. solani3. Diseases management in commercial 
cultivars and landrace bean genotypes established in this part 
of Ecuador is usually through fungicides3.

Although there is currently valuable information about 
the web blight intensity in promising bean genotypes, obtained 
from different experiments established on the central Ecuado-
rian coast during some years, no epidemiological studies have 
been carried out in this pathosystem. From an epidemiological 

point of view, an epidemic may or may not generate sufficient 
levels of damage to cause economic loss in an agro-productive 
system8. Different linear and nonlinear mathematical models 
can be used to describe the development of epidemics, i.e., Ex-
ponential, Monomolecular, and Logistic, with polycyclic disea-
ses being able to be described using the Logistic model and 
monocyclic diseases using the Monomolecular model9.

The parameters used are the initial disease, the apparent 
disease increase rate, and the maximum disease level10. In any 
case, not all disease progress curves are well or quickly des-
cribed using a growth curve model, and alternative methods 
such as the Area Under the Disease Progress Curve (AUDPC) 
can also be used, which allow quantitative resistance to disea-
se assessment11. Mathematical growth models can summari-
ze, in the form of relatively simple mathematical expressions, 
the relationship between disease and time, having practical 
importance, or simply contributing to a better understanding 
of the disease’s infectious progression12.

A web blight epidemiological study under natural con-
ditions in different bean genotypes and seasons in a row can 
expose valuable information that will help select efficient di-
sease management strategies for this legume. Therefore, in 
the present work, epidemiological parameters of web blight 
such as the quantity of initial inoculum and the progress rate 
were compared, using the Exponential, Logistic and Gompertz 
models, in the promising genotypes SER 03 and SER 08, using 
the commercial cultivar INIAP 473 as a control between 2010 
and 2012, in Quevedo, Los Ríos province, Ecuador.
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Table 1. Genotype, growth type, and origin of the common bean genotypes used in the research. Quevedo, Los Ríos, Ecuador.

Materials and methods 

Study Area
Field experiment was carried out at La María Experimen-

tal Farm (79° 30' 08'' W and 0° 00' 35'' S) between 2010 and 
2011 (Experiments 1 and 2), and at Hacienda Florencia (79° 
50' 86” W and 01° 06' 84” S) in 2012 (Experiment 3). Both lo-
cations are in Quevedo, Los Ríos province, Ecuador, characte-
rized by having conditions of humid tropical forest (bh-T), with 
uniform topography, clay loam type Inceptisol soil, and pH 5.7. 
The mean air temperature and rain precipitation of these expe-
riments are shown in Figure 1. Meteorological data from Client 
for ‘NASA' ‘POWER’ global meteorology, surface solar energy 
and climatology data’ API’. ‘POWER’ (Prediction Of Worldwide 
Energy Resource) freely available for download with a spatial 
resolution of 0.5 x 0.625 degree latitude and longitude for me-
teorology were used as observed data.

Genetic material
Three Ecuadorian common bean genotypes, two promi-

sing lines, and a commercial cultivar were used to control (Ta-
ble 1).

Field experiments
Tor 2010-2011 the experiment was established in a suc-

cessive bean crop season area. The soil was mechanically 
prepared three days before sowing. The seeds were treated 
before being sown with carbendazim fungicide (200 mL per 
100 kg seeds-1). Using a conventional sowing system, two 
seeds per site were sown, spaced 0.20 m between plants and 
0.50 m between rows, resulting in an approximate density of 
100000 plants ha-1. Each plot was comprised of four 7.5 m2 
plant rows totaling 65 m2. Fertilization consisted of applica-
tions of N, P, K in 100 kg ha-1 doses, at 13 and 27 days after 
sowing (DAS). A foliar biostimulant (containing macro and mi-
croelements, phytohormones, humic acids, and vitamins) was 
also applied at 68 DAS (1.5 L ha-1). The weeds were controlled 
with glyphosate and pendimethalin with 2 L ha-1 doses each 
and manual weeding during crop establishment. For insect 
pests, lambda-cyhalothrin (0.2 L ha-1), methomyl (0.5 kg ha-1), 
and pyrochlore (0.5 L ha-1) were applied on three occasions. To 
compensate for crop water needs, several sprinkler irrigations 
were carried out. No fungicides were used.

In the 2012 season, the experiment was established in a 
previous banana crop field. All experiments were the same as 
the 2010-2011 experimental management, except for plant 

density. Two seeds per hole were sown in a 0.20 m between 
plants x 0.60 m between rows scheme, resulting in a planting 
density of approximately 90000 plants ha-1. Each plot was 
composed of four rows of plants and 9 m2, totaling 96 m2. All 
cultural management according to the previous seasons was 
developed.

Disease assessment
Web blight incidence (%) was measured during five (2011 

and 2012) and six (2010) consecutive weeks, from the pheno-
logical stage R6 (full flowering). Central leaflets were taken 
from the lower, middle, and upper canopy strata from four 
plants located in the two rows outside the proper plot (two 
central rows) in each treatment (genotype), totaling 12 lea-
flets. Leaflets with lesions larger than 2 mm were classified 
as diseased. The plant material was analyzed in a stereomi-
croscope with a 2X optical magnification binocular lens during 
the first two weeks. The diseased leaflets percentage defined 
this variable.

To verify the presence of the causal agent, some infected 
leaflets were placed for a few days in a humid chamber with 
a photoperiod of 12 h at room temperature. Subsequently, di-
fferent samples were prepared to observe morphological cha-
racteristics (mycelium) of the microorganism associated with 
web blight symptoms.

Experimental design and statistical analysis
A randomized complete block design (RCBD) was used in 

each experiment, with four blocks for each treatment (geno-
types). All the values obtained in the experiments were inte-
grated as the area under the disease progress curve (AUDPC).

For the analysis of disease progress, the disease progress 
rate (r) was calculated using the Logistic model equation10 (Eq. 
1); y=1(1+exp (-a+rt)) (1), where y = disease proportion (0 < y 
<1), a = logit (y0), r = rate, and t = time; the Gompertz model 
equation10 (Eq. 2): y=exp (-B*exp (-kt)) (2), where B is a position 
parameter, k = rate, and t = time, and the exponential model 
equation (Eq. 3); y= y0exprt (3) where y0 is the initial value, r is 
the rate and t the time.

AUDPC, model curve calculation, and residuals were es-
timated using the epifitter package13 for Rstudio14. All figures 
were plotted using GGPLOT15.

After verifying the homogeneity of the variance of the data 
sets, the data were subjected to analysis of variance. Tukey 
(P ≤ 0.05) test was used to make the comparisons. Pearson co-
rrelation between mean meteorological variables and disease 
progression was performed (P ≤ 0.05).
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Temporal progress of web blight in three common bean genotypes on the central coast of Ecuador

Figure 1. Daily variation of meteorological variables throughout the experimental crop cycle. Mean air temperature (ºC, red 
lines), and pluvial precipitation (mm, black bars) for experiments 1 (A), 2 (B), and 3 (C). The blue lines represent the smoothed 
tendency of air temperature, and the light gray represents the confidence interval of the data.

Results
The average temperature was 24.2, 25.1, and 23.3 ºC, and 

growing season precipitation was 390, 179, and 149 mm, res-
pectively, in 2010, 2011, and 2012. The relationship between 
mean meteorological variables used in this study and disease 
progression was not found (data not shown).

Hyphal branching varied from 45 to 90° (spores were not 
found) was observed (Figure 2A) when mounting specimens in 
the microscope from samples in symptomatic leaf tissue pre-
viously placed in a humid chamber. Regarding symptoms, the 
lesions began as necrotic spots with a yellowish halo (Figure 
2B) that increased over with time until they became brown and 
dark-bordered, covering the leaflet area forming a cobweb (Fi-
gure 2C).

The progress of the web blight varied between genotypes 

and years (Figure 3). In 2010, disease incidence was practically 
similar in the three evaluated genotypes (Figure 3A). Although 
in 2011 (Figure 3B) and 2012 (Figure 3B), the incidence was 
higher in the commercial INIAP 473 variety, the disease began 
a little earlier, only in the first year. 

In general, the amount of initial disease (y0) and progress 
rate (r) obtained from web blight incidence varied between ge-
notypes only in some years using the Exponential, Gompertz, 
and Logistic, nonlinear models (Table 2). Curve analyses were 
significant (P ≤ 0.05) in all genotypes and models in 2010 and 
2012, and 2011 but only for the Exponential model.

When both epidemiological parameters were compared, 
no significant difference was observed between genotypes in 
any model from 2010. Using the exponential model, y0 was hi-
gher in the INIAP 473 variety (three times on average) and in 
the SER 03 (four times on average) in 2011 and 2012, respecti-
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vely, compared to the other genotypes. Using the same model 
in 2011, the r was higher in the SER 03 and SER 08 genotypes 
(three times on average) compared to the commercial variety. 
Regarding the Gompertz model, in 2012, the INIAP 473 and 
SER 08 genotypes (twice on average) presented the highest y0 
compared to the SER 03, while the r was higher only for INIAP 
473 (six times in average), compared to the other two geno-
types. Finally, only y0 was higher in the INIAP 473 genotype 
(three times on average) than SER 03 and SER 08 in 2012 for 
the logistic model approach. 

The lowest mean square of residuals (MSR) was obtai-
ned in the INIAP 473 and SER 03 genotypes with the Logistic, 
Gompertz, and Exponential models in 2010, 2011, and 2012, 
respectively (Table 3). Although this pattern (models and 
years) was recurrent in the SER 08, lower MSRs were also ob-
served using the Gompertz and Exponential models in 2011 
and 2012, respectively.

The residuals of the progress curves (Figure 4) varied con-
siderably between genotypes and epidemiological models only 
in 2011 and 2012, having a similar pattern between the factors 
analyzed in 2010. Although in 2011 and 2012 the points were 
located closer to the central axis, this was more evident in the 
last year. In fact, in 2012 the residuals were lower in the SER 
03 and SER 08 lines using all nonlinear models, compared 
to the INIAP 473 in the same year, and with the other factors 
analyzed in 2010 and 2011. 

The final incidence (%) and the AUDPC of web blight (Figu-
re 5) were similar in plants of all genotypes analyzed (17% and 
2 units on average) in 2010 (Figures 5A and 5B). Instead, plants 
of commercial variety INIAP 307 presented a final incidence 
and AUDPC between two (Figures 5C and 5D) and five (Figures 
5E and 5F) times higher in 2011 and 2012, respectively, when 
compared to those of the SER 03 and SER 08. Concerning the 
amount of disease in each of the three years evaluated, the hi-
ghest final incidence and AUDPC were observed in 2011 (50% 
and 10 units in the INIAP 473 variety), followed by 2010 (17% 
and 2 units on average) and 2012 (12% and 0.8 units in the 
INIAP 473 variety).

Discussion
Web blight is one of the main diseases that negatively 

affect grain yield, both in monoculture and in association with 
others, on the central coast of the Ecuadorian coast4-6.

For the first time in Ecuador, in three common bean ge-
notypes with a differentiated response to web blight, using 
the incidence, the epidemic was modeled using the nonlinear 
Exponential, Logistic, and Gompertz models, obtaining even 
epidemiological parameters such as y0 and r, for three conse-
cutive years.

The mycelium characteristic (branching from 45 to 90°) 
and the observed symptoms in advanced stages (web shape) 
of the disease suggest that the causal agent is R. solani. Fur-
thermore, these results are similar to those observed4, who 
found similar morphological characteristics in the vegetative 
tissues of this phytopathogenic fungus, but in common bean 
seedlings with damping-off symptoms. Even in Ecuador or 
other countries, R. solani has been found in both underground 
and aerial organs3.

The progress curves obtained from the proportion of the 
incidence of web blight in common bean plants were different 
in each genotype and year. Although in 2010 the incidence 
was similar in the three genotypes evaluated, in the following 
years, it was higher only in the commercial variety INIAP 473. 
In part, this result was similar to that of the epidemiological 
parameters, especially in 2010, where there were no differen-
ces between genotypes. However, both the amount y0 and r 
varied between genotypes in a differentiated way in 2011 and 
2012, generally observing the sanitary inferiority of the INIAP 
variety 473.

Web blight may be influenced by environmental condi-
tions, being more intense in lowland areas with hot and hu-
mid conditions16, especially between 25 and 100% humidity17. 
These conditions are similar to those of the study areas. Al-
though the pluvial precipitation was higher in 2010, the disease 
incidence was higher in 2011. This suggests that temperature 
was the only environmental factor that affected the amount of 
disease in bean plants. The optimum temperature for mycelial 
growth in the soil is between 20 and 25 °C, regardless of the 
anastomosis group18. It seems that the pathogen increased its 
aggressiveness in temperatures above 25 ºC, as in 2011. Some 
strains are highly virulent at higher temperatures19.

It must be considered that y0 is of particular interest as 
an epidemic component for root diseases caused by soil-borne 
pathogens10, such as R. solani. In order, r may be negatively 
affected by the nature of the host’s resistance, consequently, 
the model to be used must be well fitted20. In the nonlinear 
models used, the Exponential can be used for the initial pha-
ses of an epidemic, when disease intensity does not exceed 

Figure 2. Rhizoctonia solani mycelium (A) and web blight symptoms (B and C) observed on common bean leaflets. The arrows 
indicate the angle of 45 and 90 º of the mycelium and the disease lesions.
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Figure 3. Web blight progress from incidence proportion in INIAP 473, SER 03, and SER 08 common bean genotypes, establi-
shed in 2010 (A), 2011 (B), and 2012 (C), Quevedo, Los Ríos, Ecuador.

Temporal progress of web blight in three common bean genotypes on the central coast of Ecuador
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Table 2. Initial disease (y0), and progress rate (r) using Exponential, Gompertz, and Logistic nonlinear models, from web blight 
incidence in INIAP 473, SER 03, and SER 08 genotypes, established in 2010, 2011, and 2012, Quevedo, Los Ríos, Ecuador. Coe-
fficient of determination (R2), and probability value (P-value) statistical parameters.

Table 3. Mean squares of residuals obtained using Exponential, Gompertz, and Logistic nonlinear models, from web blight 
incidence in INIAP 473, SER 03, and SER 08 genotypes, established in 2010, 2011, and 2012, Quevedo, Los Ríos, Ecuador. Coe-
fficient of determination (R2), and probability value (P-value) statistical parameters.
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Figure 4. Progress curve residuals obtained using the Exponential, Gompertz, and Logistic nonlinear models, from web blight 
incidence in INIAP 473, SER 03, and SER 08 genotypes, established in 2010, 2011, and 2012, Quevedo, Los Ríos, Ecuador.

Temporal progress of web blight in three common bean genotypes on the central coast of Ecuador
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Figure 5. Final incidence (%), and area Under the Disease Progress Curve (AUDPC) of web blight in the INIAP 473, SER 03 and 
SER genotypes of common beans, established in 2010 (A and B), 2011 (C and D) and 2012 (E and F), Quevedo, Los Ríos, Ecuador. 
Letters indicate similarity or statistical difference (P ≤ 0.01) among genotypes in each year by Tukey test. Bars represent the 
standard deviations of mean.
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5%12. Therefore, to compare the epidemiological parameters 
between genotypes, the Gompertz, and Logistic models can be 
used. A higher y0 was obtained in INIAP 473 plants using both 
models, while a higher r was observed in plants of the same 
genotype in 2012. If it is considered that in 2010, the experi-
ment was established in a different place than the others, and 
having previously been occupied by a banana crop, possibly the 
only source of inoculum was found in the seed. Thus, this y0 
also caused a significant increase in r in INIAP 473 plants.

Although high determination coefficients (R2) were obtai-
ned in different genotypes and years from each of the epide-
miological methods used, this cannot serve as a standard21. On 
the contrary, smaller MSR and residuals obtained from epide-
miological models may be used to choose the model that best 
explains the disease5,22. Under the conditions under which the 
experiments were carried out, both decision variables differed 
on the year and genotype studied. Generally, in other crops, the 
Logistic and Gompertz models can satisfactorily explain the 
progress of some diseases, while Gompertz can better model 
diseases such as rusts7.

Even on some occasions, the use of epidemiological mo-
dels can help determine the etiology of the disease12. The res-
ponse of the genotypes and temporal conditions of each loca-
lity possibly influenced the epidemic modeling. Anyhow, taking 
the lowest MSR as a parameter to choose the best model, we 
can mention the Logistic model that better describes the epi-
demic caused by web blight in common beans.

The final incidence and AUDPC of web blight were higher 
in INIAP 473 in 2011 and 2012. On the one hand, the differen-
tiated response to web blight or another disease caused by R 
solani has already been reported in common beans3,5 and other 
crops23. Concerning the superiority of the SER 03 and SER 08 
genotypes, as they present a lower incidence and AUDPC, this 
is similar to that others’ work reported3,5, in the same expe-
rimental conditions, finding a lower disease intensity in foliar 
and root tissues of both common bean lineages. Although the 
mechanisms used by these advanced common bean lines to 
defend against R. solani are unidentified, they could be as-
sociated with physical24 and molecular factors25. To date, no 
common bean genotypes with complete resistance against R. 
solani have been found in Ecuador, as happens in other beans, 
where late colonization materials may be an option for this di-
sease management24.

In 2011, a higher final incidence and AUDPC were obser-
ved in plants of the three genotypes studied, compared to 
2010 and 2012. Two suggestions can be raised to explain this 
comportment: the source soil inoculum and the R. solani seed 
dissemination. The source of pathogen inoculum found in the 
soil due to 2010 beans establishment, and even in years befo-
re this, seems to have caused a considerable increase in 2011 
plants disease26,27. However, the low amount of the disease ob-
served in 2012 was because the only source of inoculum was 
found in the seed, and the pathogen could have spread through 
the seed27,28. The experiment established in this last year was 
in a different place than in the other years, having previously 
been occupied by a banana crop. This implies that carbenda-
zim seed treatment did not show efficacy, despite the fact that 
this fungicide is used to control R. solani29.

Conclusions
Under the conditions of these experiments, all the web 

blight evaluated parameters the progress curves, epidemiolo-
gical parameters, and other evaluated plant-health variables 

were lower in the INIAP 473 variety than the other genotypes 
in 2011 and 2012. Soil and seeds inoculum and temperature 
play an important role in expected bean crop web blight in-
crease. The Logistic model better described the progress of 
the web blight in the conditions of the central coast of Ecuador.
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T and B Cells Immune Response and the importance of vaccines Against 
SARS-CoV-2

Ronny Ordoñez*, Dulexy Solano, and Gustavo Granizo

Abstract: SARS-CoV-2 has become a global pandemic because it is a severe respiratory syndrome that attacks many people 
worldwide and can lead to death depending on the severity. In recent years, the study of the acquired immune response (T cells) 
and innate (B cells) has increased to better treat the disease from the quantitative cell count. A picture has begun to emerge 
revealing that CD4+ T cells, CD8+ T cells, and neutralizing antibodies contribute to the control of SARS-CoV-2 in COVID-19 
cases. This work studies the three fundamental components of the adaptive immune system: B cells (the source of antibodies), 
CD4+T cells, and CD8+T cells and their function against SARS-CoV2. The importance of vaccines and the different types of 
existing vaccines are discussed. Implications of covid-19 variants on Immunity and vaccine types are also analyzed to understand 
how the action of the immune system will help treat the disease.

Key words: Vaccine, B cells, CD4+, CD8+, SARS-CoV-2.

REVIEW / ARTÍCULO DE REVISIÓN

Introduction
Coronaviruses have been present within the human po-

pulation for generations. Severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) is now the third of Betacorona-
virus genus transferred to humans in the last twenty years. It 
has reported the highest contagiousness but the lowest mor-
tality rate1. It emerged in China in December 2019. From that 
point on, it would mark the beginning of a pandemic that would 
affect millions of people worldwide due to its high transmissi-
bility2.

Covid-19, resulting disease from SARS-CoV-2, presents 
common clinical manifestations for most patients, which are 
fever, cough, and a grave "flu" that can evolve into respiratory 
distress (ARDS), pneumonia, renal failure, and death3. It has 
also been demonstrated that it can present post-Covid-19 
complications, such as myocardial inflammation, arrhythmia, 
pneumothorax, and pleural effusion4. The meta-analysis ca-
rried out in January 2021 has shown that SARS-CoV-2 is most 
contagious when symptoms appear, but this contagiousness 
decreases to almost zero after ten days in mild-moderately ill 
patients. The same study suggests that it has a mean incuba-
tion period of 6.38 days, a time that can be considered relati-
vely short if we take into account that the adaptive response 
takes between 15 and 21 days5. Once the virus enters the body 
and the innate immune response fails, the second line of de-
fense, the adaptive immune system, is put into action thanks to 
the dendritic cells, which carry the virus antigen to the CD4+ 
T cells (helper T cells)6. These cells are responsible for trig-
gering the humoral and cellular responses. This first response 
is in charge of defending the extracellular space through the 
action of antibodies produced by B cells7. The second one is 
focused on killing the virus in the intracellular space through 

the activity of CD8+ T cells (cytotoxic T cells). These cells are 
of particular interest in this review because after people get 
infected with SARS-CoV-2, they tend to generate CD8+ T cells 
that can target more than 15 distinct fragments of coronavirus 
proteins inside the infected cells giving them more protection 
to new variants. In contrast to B cells antibodies, which target 
the spike protein on the virus's surface, a protein that is sus-
ceptible to mutating8.  

T Cells Response
Knowing about the adaptive response to certain diseases 

is essential for creating vaccines; in this case, it is necessary 
to understand how this response works against SARS-Cov-2. 
The first step for such an understanding is quantifying the vi-
rus-specific CD4+ and CD8+ T cells9. T cells primarily react to 
the spike protein on the coronavirus to initiate antiviral immu-
nity10. In addition, depending on the patient and the severity of 
SARS-Cov-2, the immune response of T cells can range from 
optimal to suboptimal. Over the years, the population of naï-
ve T cells has declined. Still, conversely, antigen-experienced 
memory T cells become an essential part of the T cell popula-
tion due to their memory system11,12. The older the person, the 
better the immune response to previously exposed pathogens.

On the contrary, T cells are easier to educate against new 
pathogens in children. For this reason, it has been observed 
that children who become infected are not significantly affec-
ted by the disease11. Furthermore, CD4+T cells stimulate B 
cells to produce viral-specific antibodies and cytotoxic CD8+T 
cells to target virus-infected cells10. In addition, activated 
CD4+ and CD8+ T cells have been found to help both clearan-
ces of the acute infection caused by the disease and protective 

School of Biological Science and Engineering, Yachay Tech University, Hacienda San José s/n, San Miguel de Urcuquí 100119, Ecuador.
Corresponding author: ronny.ordonez@yachaytech.edu.ec

DOI. 10.21931/RB/2022.07.01.36

Citation: Ordoñez R , Solano D ,  Granizo G.  T and B Cells Immune Response and the importance of vaccines Against SARS-CoV-2. Revis 
Bionatura 2022;7(1). 36. http://dx.doi.org/10.21931/RB/2022.07.01.36 
Received: 2 January 2021 / Accepted: 13 February 2022 / Published: 15 February 2022

http://www.revistabionatura.com

Publisher’s Note: Bionatura stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.
Copyright: © 2022 by the authors. Submitted for possible open access publication under the terms and conditions of the 
Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).



2

immunity against reinfection by establishing immunological 
memory against the pathogen13.

CD4+ T
CD4+ T cells are central organizers of antiviral immune 

responses. Furthermore, some of the functions of CD4+ T 
cells in SARS-CoV-2 infection are their ability to differentiate 
into various helper and effector cell types. This serves diffe-
rent actions: it helps CD8+ T cells, instructs B cells, recruits 
innate cells, has direct antiviral activities, and facilitates tissue 
repair14 (Figure 1). In situations of uncontrolled immune or in-
flammatory responses, CD4+ T cells can cause pathology15. 
Different studies have made it possible to find CD4+ T cells 
that are reactive against SARS-CoV-2 in patients who have 
not suffered from the disease, which is suggested according 
to Bacher. P., et al (2020) arise in response to infection by the 
common cold coronavirus (CCCoV)16. In addition, a correlation 
between the reappearance of CD4+ T cells and the patient's 
recovery has been observed when the patient has a severe 
SARS-CoV-2 infection17. This suggests that the patient's cells 
have already acquired some immunity against SARS-CoV-2 
and give them protection against the disease, which causes 
them to recover.

CD8+ T
Through the literature, it can be known that CD8+ T cells 

have an essential role in eliminating viral infections. Activa-
ted CD8+ T cells have been found to display a wide range of 
cytotoxic molecules, which appear in the blood of infected 
patients before they recover from the disease18. In SARS-
CoV-2 infections, the presence of virus-specific CD8+T cells 
has been associated with better Covid-19 outcomes19. This is 
because immunodominance is one of the main characteristics 
of the responses of CD8+ T cells in viral infections. According 
to Peng, they knew how CD8 T cells could better attack the 
disease of interest. Y et al. 2021, knowing this characteristic 
will be essential for the design of vaccines to obtain optimal 
responses from CD8+ T cells20. Overall, circulating SARS-CoV-
2-specific CD8+T cells are less consistently observed than 
CD4+T cells21.

Furthermore, Activated T cells directed toward spike (S), 
nucleo-capsid (N), membrane (M), and other types of open rea-
ding frames can be detected in approximately 70% of acute 
and convalescent Covid-19 patients9. This is possible observed 
utilizing human leukocyte antigen (HLA) class I and II predicted 
peptide "mega pools" to stimulate peripheral blood mononu-
clear cells (PBMCs) of the patient22 (Figure 2)
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Figure 1. CD4+ T cell response during Covid-19. We can see how the virus enters the organism, which can happen differently. 
Later we can see how a naive T cell acts, the cell has contact with the interferon type I and types II, after the contact, we can 
see that there is a proliferation of T DH cells which can activate the antiviral response system, or they can join Germinal Centre 
T cells, to generate the activation of Germinal-center B cells. BioRender (https://biorender.com/).

Figure 2. CD8+ T cell response during Covid-19; We can see how the virus enters the organism, which can happen differently. 
Later we can see how a Naive T cell acts, the cell has contact with type I and Type III interferon, after the contact, we can see 
that there is an activation of T cells, which can produce effector T cells and terminally differentiated T cells or they can produce 
memory T cells to attack the virus. BioRender (https://biorender.com/).
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B cells
The Immune system has numerous ways to detect and 

avoid the return of infectious pathogens. It selects B cells to 
produce antibodies that bind to the virus. It also extracts a sto-
re of memory B cells that jumps into action if the virus attacks 
again23. B cells are just as crucial as T cells within the immu-
ne system because they produce antibodies that trap specific 
invading viruses. These pathogen-specific B cells are induced 
to differentiate and secrete their antigen receptors into the 
blood in the form of antibodies24. These antibodies circulate 
throughout the body and bind to the pathogen that triggers 
the response wherever it occurs25. Thus, B cells play a critical 
role in the innate immune response against bacterial and vi-
ral diseases26,27. All would-be invaders have their compatible 
pre-existing B and T cells ready to respond when needed du-
ring the immune response. This is because each B cell and T 
cell expresses on its surface an antigen receptor that is diffe-
rent from all the others28.

It is essential to highlight that one of the immune sys-
tem's most effective protection methods is the secretion of hi-
gh-affinity antibodies. As the infection progresses in our body, 
the antibodies improve their affinity for the antigen, and the 
isotope class changes (immunoglobulin [Ig]M, IgG, IgA, IgE)25. 
This process allows for the neutralization of pathogens and 
a better binding of antibodies29. The isotype is the part of the 
antibody that does not bind antigen directly but triggers other 
immune effector functionalities, such as activating the com-
plement cascade or binding to receptors on immune cells to 
guide responses to pathogens30,31. Persistent antibody evolu-
tion occurs in germinal centers. This process requires that B 
cells are exposed to antigens trapped in immune complexes 
on follicular dendritic cells32. Improvements in B-cell affinity 
occur in germinal centers (GCs), which develop in secondary 
lymphoid organs, for example, lymph nodes and the spleen. 
GCs are developed after the immune challenge and are essen-
tial for immunological memory production33 (Figure 3). 

Spike and nucleocapsid are the primary antigens tested 
for seroconversion34. In Covid-19 cases, the Spike protein tar-

gets>90% of neutralizing antibodies, some of them targeting 
the N-terminus35,36. The study developed by Gaebler et al. de-
monstrates that during the first six months after infection, the 
anti-SARS-CoV-2 memory B cell response evolves. This pro-
cess occurs with the accumulation of somatic Ig mutations 
and the production of antibodies with greater amplitude and 
neutralizing power24.

The neutralizing antibodies are produced by B cells and 
are developing rapidly in most SARS-CoV-2- infected people, 
on the same time frame as seroconversion36. Understanding 
the conditions under which an antibody neutralizes SARS-
CoV-2 is necessary to predict immunity after infection or vac-
cination. When SARS-CoV-2 infection is severe, GC formation 
is impaired, affecting affinity maturation and memory quality 
and quantity, but it is unclear whether this occurs in mild or 
asymptomatic infections35. However, the antibody structure 
required to neutralize SARS-CoV-2 may not be particular-
ly complex, as some of the reported neutralizing antibodies 
contain few mutations and embryos in a relatively short time. 
Therefore, it is suggested that they can be generated in GC 
relatively quickly37,38.

Studies suggest that various monoclonal antibodies with 
exquisite virus-neutralizing activity are promising candidates 
for development as modalities to treat or prevent SARS-CoV-2 
infection (Figure 4)39,40. In addition, the use of monoclonal stu-
dies against the respiratory syncytial virus (RSV)41 and for Ebo-
la42,43 has been registered.

Implications of Variants on Immunity and Vaccines
Variants occur through naturally produced nucleotide 

changes in the viral genome during replication, and these 
changes develop faster in RNA viruses than in DNA viruses44. 
Coronaviruses, however, make fewer mutations than most 
RNA viruses because they encode an enzyme that corrects 
some of the errors made during replication45. SARS-CoV-2 va-
riants of concern (VOC) pose a threat: divergent strains with an 
accumulation of mutations in the different S domains can eva-
de infection or vaccination-induced neutralizing antibodies46. 

T and B Cells Immune Response and the importance of vaccines Against SARS-CoV-2

Figure 3. The germinal center reaction. The B cells proliferate faster once the GC response is initiated in a secondary lym-
phoid organ. In addition, some cells will change from immune response cells to pre-GC memory B cells. The remaining B cells 
initiate and participate in the GC reaction where iterative cycles of proliferation, mutation, and selection increase the average 
antigen-binding strength of the B cell receptors (affinity maturation). Some B cells will differentiate throughout the response 
into short-lived plasmablasts (secreting the now affinity-matured Abs), long-lived plasmablasts, and memory b cells. Image 
created using BioRender (https://biorender.com/)
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These VOC include the Alpha Variant (B.1.1.7) lineage initially 
detected in the United Kingdom and spread worldwide47. Beta 
Variant (B.1.351) and Gamma Variant (P.1) lineages were de-
tected in South Africa and Brazil, respectively48. These variants 
have several mutations and deletions compared to previous-
ly circulating viruses located in the receptor-binding domain 
(RBD). In December 2020, the Delta variant (B.1.617.2) was 
detected45. This variant caused many infections in the United 
States49 and India's second wave of infections50,51. In November 
2021, the Omicron variant (B.1.1.529) was detected, causing 
multiple infections around the world52(Figure 5). 

Genomic surveillance of SARS-CoV-2 variants has prima-
rily focused on mutations in the spike glycoprotein, which me-
diates attachment to cells and targets neutralizing antibodies 
because the spike is the major viral antigen in the current vac-
cines. It is hoped that adequate protection may still occur des-
pite a few changes at antigenic sites in SARS-CoV-2 variants 
because current vaccines provoke an immune response to the 
entire spike protein53. The generation of powerful and long-las-
ting antibodies through the induction of long-lived memory B 
cells and plasma cells is the key to a vaccine's effectiveness. 
The antibody response provides a continuous supply of hi-
gh-affinity antibodies that circulate and test our bloodstream 
and mucosal surface54.

A recent study identified a new monoclonal antibody 
(S2X259) with broadly neutralizing effects targeting a highly 
conserved RBD region called antigenic site II55. This region is 
usually inaccessible because of the RBD conformation, and 
therefore a low fraction of antibodies generally target this site 
in infected individuals. S2X259 reacted with 29 of 30 S prote-
ins of arboviruses, including SARS-CoV-2 and its new variants. 
The study demonstrated its broad applicability as a broadly 
neutralizing antibody because it showed the cross-reactivity 
of S2X259 with bat arboviruses. Alterations did not hinder the 

binding of this antibody in the RBD, which are present in the 
Alpha, Beta, and Gamma variants. The antibody binds to the 
epitope is conserved in all circulating SARS-CoV-2 variants. 
In addition, it does not target the 417 or 484 residues in new 
variants and, therefore, might explain its potency against diffe-
rent variants.

Importance of vaccines
For some time now, vaccines have become a preventive, 

routine, and effective measure to reduce the eradication rate 
or near eradication of certain viral diseases56. Furthermore, 
vaccines help in the creation of acquired immunity. Because a 
viral vector containing the information of the virus to be treated 
entered in the vaccine. If the virus enters the body, the immu-
ne system can attack it early. Also, vaccines prevent disease 
among vaccinated people. In addition, vaccines reduce infec-
tions even among people who are not vaccinated through herd 
immunity. Herd immunity happens if a sufficient proportion of 
the population is immunized or is immune to the virus57. Phar-
maceutics can use the knowledge obtained in the realization 
of vaccines against SARS-CoV to develop and obtain vaccines 
for SARS-CoV-2. Since it has been observed that SARS-CoV-2 
and SARS-CoV have significant similarities in their genomic se-
quences because they come from the same family and share 
a common cell receptor (ACE2)58,59. SARS-CoV-2 spike mRNA 
vaccines have been shown to mediate protection against seve-
re disease, which can occur as early as ten days after the first 
vaccination when neutralizing antibodies are barely detecta-
ble60,61. Therefore, vaccine-induced CD8+ T cells may be the 
primary protection mediators at this early stage61.

The first two members of the Betacoronavirus genus, 
MERS and SARS, left us with experience and specific knowle-
dge when designing vaccines to combat this type of virus. This 
facilitated the rapid response from scientists to start the de-

Figure 4. Monoclonal neutralizing antibodies. A functioning system of monoclonal antibodies binds to the virus's spike protein. 
These neutralizing antibodies prevent SARS-CoV-2 from binding to angiotensin-converting enzyme 2 (ACE2), resulting in de-
creased effectiveness of the virus. Image created using BioRender (https://biorender.com/).
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velopment of the SARS-CoV-2 vaccines62. As we can observe 
in Table 1, scientists were based on 5 different leading plat-
forms: RNA, DNA, Non-Replicant Viral Vector, Inactivated Viral 
Products, and Recombinant to develop the vaccines Protein 
Subunit. However, not all types of vaccines trigger the same 
immune responses in the body. Such is the case of LNP en-
capsulated mRNA and Inactivated vaccines, capable only of 
triggering the humoral immune response, representing a clear 
disadvantage if antibodies fail to detect emerging variants8.  

Multidose importance
Almost all the Covid-19 vaccines approved to circulate 

worldwide were designed to require two doses to reach full 
efficacy69. The first clinical trials revealed that a pretty weak 
immune response was found after only one dose of the vacci-
ne. Although it offers little protection against the virus, it can 
potentially lead to partial immunity, which drastically increa-
ses the risk that vaccine-resistant variants of SARS-CoV-2 
emerge70. On the other hand, the immune responses are more 
robust after completing the two-dose vaccine series and have 
shown sustained protection against new variants. One of the 
last documented examples is the delta variant, which has been 
reported a 33% protection after a single shot of a two-dose Co-
vid-19 vaccine, while individuals who completed the two-dose 
vaccine series reported a 90% protection against this variant69.

Lately, researchers have opted for a new strategy known 
as heterologous prime and boost. It gives a third dose (boos-
ter shot) of a different Covid-19 vaccine after 5-6 months of 
the second dose71. Studies have shown that persons over fifty 
years of age who took the booster shot had a 90% lower mor-

tality rate from Covid-19 than those who did not72. The reason 
behind this is that the neutralizing antibody responses were 
enhanced to such a level that they exceeded the estimated 
levels necessary to protect us from the virus. What remains 
uncertain is if this third dose will be enough to lengthen the 
protection gap or if this booster will become a standard mea-
sure to control population immunity73.

Discussion
An idea that has taken root in the population during the 

pandemic is that only by forming antibodies (humoral respon-
se) against SARS-CoV-2 will we be able to overcome the virus 
and the social consequences it has brought, but this is not enti-
rely true. It is evident according to the literature data collected 
that, although at first, the researchers wanted to give a solu-
tion to Covid-19 by stimulating the generation of B antibodies 
through vaccines, with the arrival of new variants in increasin-
gly shorter periods, they had to shift their focus to the cellular 
immune response70. This decision is because the B antibodies 
bind like a lock-and-key to spike proteins on the surface of the 
virus. However, these spikes are very susceptible to mutations; 
consequently, the B antibodies could become obsolete69, un-
like what happened with the CD8+ T cells, which can target 
more than 15 distinct fragments of coronavirus proteins inside 
the infected cells. In this way, the next generation of Covid-19 
vaccines will be dedicated to stimulating the cellular response 
more effectively provide more robust protection against emer-
ging variants8.  

Figure 5. They are currently circulating SARS-CoV-2 variants of concern, and their receptor-binding domain (RBD) amino acid 
substitutions to virulence and immune evasion are relevant. The N501Y substitution is common to the Alpha, Beta, Gamma, 
and Omicron variant strains. The E484K/Q/A and K417T/N substitutions are present in the Beta, Gamma, and Omicron strains, 
while the L452R substitution is unique to the Delta variant. Image created using BioRender (https://biorender.com/).
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Conclusions
The SARS-CoV-2 virus population is constantly evolving 

and will likely remain a part of our lives for many years to 
come. This virus has revolutionized the world economically and 
socially. This virus has revolutionized the world economically 
and socially. In addition, the development of vaccines against 
Covid-19 is related to immunological memory. To prevent Co-
vid-19 disease and avoid transmission, the vaccine must elicit 
high titers of neutralizing antibodies. Memory T cells can fight 
infection if they have a high amount of neutralizing antibodies. 
Almost all vaccines against Covid-19 attack the spike protein. 
Older people have a poor T-cell response, so they risk severe 
Covid-19. Therefore, the elderly should be vaccinated so that 
the immunization provided by the vaccine occurs long before 
the infection, which allows the response, expansion, and matu-
ration of the adaptive immune system.

Although the characteristics and functions of the virus 
have been deciphered during the last two years, there is still 
to investigate the relationships of SARS-CoV-2 with the se-
verity of the disease, immunological memory, protection, and 
vaccines. However, studies of antigen-specific CD4+T cells, 
CD8+T cells, B cells, and antibodies together in larger cohorts 
of acute patients, representing a range of disease severity, are 
needed to understand protective adaptive immune responses 
mechanisms Covid-19 further. In addition, the scientific com-
munity must continue to improve surveillance and monitoring 
strategies to prevent these occurrences from having such da-
maging effects in the future.

Table 1. Immune response according to each type of vaccine.
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