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Serum level evaluation of CRP, IL- 22 and IL-35 in women
with polycystic ovary syndrome
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Background: Polycystic Ovarian Syndrome (PCOS) is the most well-
known endocrine condition among women, with 18- 27% prevalence.
PCOS is a pro-inflammatory state, certain cytokines are correlated with
women who have PCOS.

Objective: The study aims to estimate the impact of some inflammatory
mediators like CRP and interleukin 22 (IL-22) and interleukin 35 (IL-35)
on PCOS.

Methods: Eighty women, ranging in age from nineteen to forty,
were part of the study; thirty of these women had polycystic ovarian
syndrome, and thirty of these women had delayed childbearing. The
other twenty women were healthy. We analyzed the CRP, IL-35, and IL-
22 levels, after separating the serum by the ELISA method.

Results: The results showed a decrease in CRP, IL-22 and IL-35 in patients
with PCOS and in delayed childbirth women. Conclusion: In PCOS, we
notice an imbalance in inflammatory indicators such as CRP, I1L-22 and
IL-35, and in women who have delayed childbearing.
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INTRODUCTION

Polycystic Ovarian Syndrome (PCOS) is the most
well-known endocrine condition among women of this
generation with a prevalence 18- 27% [1]. Nevertheless,
this complicated and diverse endocrinopathy's aetiology
is still a mystery. In addition to insulin resistance and
irregular menstrual cycles, polycystic ovary syndrome
is characterised by hyperandrogenism. The risk of
complications such as infertility, insulin resistance, and
type 2 diabetes is higher in women who have Polycystic
Ovary Syndrome (PCOS) [2].

A pro-inflammatory state is PCOS. This condition of
persistent low-grade inflammation may be associated
with the onset of metabolic problems and ovarian
dysfunction. On top of that, research has linked PCOS to
certain cytokines in females [3].

A variety of immune cells release cytokines, which are
signaling protein molecules that influence the activity of
other cells. Because leukocytes, oocytes, and follicular cells
release these molecules in the ovary, cytokine levels are
altered in women with polycystic ovarian syndrome. Next,
we will look at the paracrine and autocrine pathways by
which cytokines regulate ovarian function. Inflammatory
indicators and polycystic ovary syndrome (PCOS) has
been the subject of few investigations, leaving much to
speculation. Understanding polycystic ovary syndrome
(PCOS) may so benefit from investigating the role of
cytokines in this endocrine condition [4].

One acute-phase protein that the liver produces in
response to inflammation-promoting chemicals such as
TNF-a and IL-6 (cytokines) is CRP, or C-reactive protein.
Inflammation prognosis is most strongly predicted by it.
In response to tissue injury or inflammation, the body
secretes C-Reactive Protein (CRP) into the circulation [5].

Though mostly secreted by subsets of T cells and
group 3 Innate Lymphoid Cells (ILC3s), the cytokine
Interleukin-22 (IL-22) is generated by both adaptive and
innate immune cells and targets epithelial cells [6]. For
the purpose of maintaining mucosal homeostasis and
immunity, it serves as a recursive connection. Improving
insulin sensitivity, preserving the gut mucosal barrier and
endocrine functioning, decreasing endotoxemia and
chronic inflammation, and regulating lipid metabolism in
liver and adipose tissues are just a few of the metabolic
benefits that I1L-22 has been shown. Prior research
indicated that insulin-like growth factor 22 (IL-22) levels
dropped in PCOS patients' blood and follicular fluid, and
that IL-22 treatment might alleviate insulin resistance,
normalize ovarian function, and end the irregular
menstrual cycle [7].

Interleukin-35 (IL-35) a heterodimeric cytokine, is the
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newest identified member of interlokin-12 cytokine family,
this family mediate diverse immunological functions [8,9].
IL-35 is produced by monocytes, smooth muscle cells,
Endothelial Cells (ECs), dendritic cells, and regulatory (T
and B) cells, IL-35 plays a powerful role in inflammatory
suppression and immunomodulatory functions [10]. IL-
35 is anti-inflammatory cytokine (immune-suppressive),
it decreases autoimmune disease and mediate many
immune pathways [11]. Our research area in this study
is to find the relationship between interleukins and their
effect on PCOS.

METHODS

The current study conducted during the period from
November 2022 to March 2023, involved eighty women
at the age of 19-42 years. These cases were selected from
The Kamal Al Samarrai Hospital /Baghdad, Iraq. The
participant women are divided into three groups, first
group 30 women with polycystic ovary syndrome (PCOS),
Second group 30 women with delayed childbirth, third
group 20 healthy women as control with regular menstrual
cycle and normal level of hormones test. Women with
PCOS have been checked medically by ultrasound waves to
confirm that they have PCOS by radiologist. The study was
approved by the ethics committee of Baghdad University,
carried out at the Department of Biotechnology, College
of Science, Baghdad.

Collecting blood sample: About 5 ml of venous blood
was withdrawn by a medical syringe from participant
women (patients and controls). The withdrawn blood
sample put in gel tubes after a while, they were placed in
a centrifuge at 3000 rpm for 10 minutes to separate the
serum to be frozen in multiple Eppendorf tubes to avoid
multiple thawing.

Laboratory methods: The serum level of CRP, IL-
22, and IL-35 was determined by using Enzyme Linked
Immunosorbent Assay (ELISA) by follow the instructions
of manufacturer for the kits (biont, China). Body mass
index calculated by this equation (BMI = weight (kg)/

length square (m?)).
Statistical analysis

Mean * Standard Division (SD), ANOVA Table (Duncan
test), Pearson'’s correlation was calculating for parametric
data. Median, 25%-75% percentile, Kruskal-Wallis,
Sperman’s correlation was calculating for non-parametric
data by using Statistical program: IBM SPSS V27.0.

RESULTS

The Median (25% - 75% percentile) age of the PCOS
group was 26.0 (22.0-29.25) years and 30.0 (25.75-36.0)
years in women with delayed childbirth compared with
27.0 (21.75-33.25) years in the control group as shown
in Tab. 1. The mean * SE body mass index (BMI) in the
PCOS group, 30.28 * 0.82 (kg/m?) was significantly higher
(p<0.05) than that in women with Delayed childbirth
26.94 + 1.31(kg/m?) and control group 26.19 * 1.08 (kg/
m?2) as shown in Tab. 1.

CRP serum level

The result showed decrease in C-reactive protein
CRP but not significant in PCOS compared with control,
women with delayed childbirth it showed the lowest
result between the study groups as showed in Tab. 2.

IL-22 serum level

The result of IL-22 showed the lowest level in delayed
childbirth women, and few in PCOS patient women but
not significant (p>0.05), in compared with control group
as explained in Tab. 3.

IL-35 serum level

The result of IL-35 showed significant decrease
(p<0.05) in PCOS women in compared with healthy
women, the results of delayed childbirth women as will
be showed in Tab. 4.

Tab. 1. Demographic charac- Parameters PCOS Delayed childbirth Controls
teristics of study groups. Age (Years)
Median (25% - 75% 26 (22.0-29.25) 30 (25.75-36.0) 27 (21.75-33.25)
percentile)
BMI (kg/m?)
Mean + SE 30.28 + 0.82 26.94 = 1.31 26.19 = 1.08
Tab. 2. CRP serum level in stud- |parameter Mean = SE
ied groups. PCOS Delayed childbirth Control
CRP (mgy/dl) 0.40 = 0.05 0.29 = 0.05 0.48 = 0.09
Tab. 3. Interleukin-22 level in |parameter Mean + SE
groups. PCOS Delayed childbirth Control
IL-22 (pg/ml) 72.61 = 11.84 58.97 = 10.75 80.80 + 22.41
Tab. 4. Interleukin-35 level in |parameter Median (25% - 75% percentile)
groups. PCOS Delayed childbirth Control
IL-35 (pg/ml) 0.31 (0.24-0.35) 0.35 (0.25-0.36) 0.36 (0.33-0.41)
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DISCUSSION

In this study 30 PCOS women were involved, the
median age was 26.0 years (range 22.0 - 29.25), which
close with Baracat, et al. 25.0 years (range 21.0-29.0)
[12]. Lower than results obtained by Monika Sarkar, et
al. 35 years [13], and M Jacewicz, et al 35 years [14] and
Katarzyna, et al 27.0 years [15]. PCOS appears and is
more common in women in the reproductive age, so with
age reproductive disorders decrease (like anovulation
and infertility) and turn into metabolic problems (such
as insulin resistance and type 2 diabetes). These changes
in the syndrome occur because of follicle loss and PCOM
disappearance [16].

In this current study, PCOS women participants
recorded a high level of BMI 30.28 + 0.82. This result
disagreed with Ashraf Ganie, et al. [17] and Ramezani,
et al. [18] who they reported slightly difference between
patient and control groups. But this result agreed with
Alsamarai, et al. [19] who reported same result with PCOS
women that have a high level of BMI than control. Obese
females are more susceptible to PCOS. Globally 38-88% of
females are either obese or overweight. Having a BMI>or
= 30 Kg/m? is termed as obesity. Hyperandrogenism
have close association with PCOS women that influence
deposition of fats in adipose tissue and in turn cause
obesity in affected women especially in abdominal area
[20].

In the present study low level of CRP was encountered
in PCOS patient, and lowest in women suffer from delayed
childbirth. These results disagreed with Rudnicka, et al.
[21] and Dabravolski, et al. [22] and Zhai and Pang [23]
who they report in their studies that CRP was elevated
in PCOS women than in without PCOS women. But
these results agreed with Kim, et al. [24] who showed
in their result decrease in CRP level compared to healthy
participant. Soares and partners also showed in their
results no difference in CRP level between study groups
[25].

Studies have shown that women with PCOS when
they take drugs to reduce the symptoms of the syndrome

ovary syndrome...

and reduce its impact, their CRP level decrease [22,26].

The current study found decrease in IL-22 serum
level in PCOS women (72.61 = 11.84 pg/ml) and lowest
in delayed childbirth women (58.97 = 10.75 pg/ml)
compared with control group (80.80 = 22.41 pg/ml)
(p>0.05). Our results compatible with the study of Qi, et
al. [7] that also have decrease in IL-22 in PCOS women.
This results incompatibles with Seren, et al. that indicated
no difference in IL-22 level between PCOS and healthy
at baseline of study [27]. Patients with polycystic ovary
syndrome may have a number of metabolic disorders
that impact several metabolic pathways. The lipids,
carbs, amino acids, steroid hormones, purines, bile
acid production, citric acid cycle and steroid hormone
metabolism are particularly disrupted in this condition
[28]. So, because IL-22 is produced by intestinal group 3
Innate Lymphoid Cells (ILC3), its affect by these metabolic
substances [6]. Qi X, et al. founds the therapeutic effect
of IL-22 on PCO syndrome, so they indicate the valid
treatment of IL-22 on PCOS patients [8].

In this study the results showed significant decrease
level of IL-35 in PCOS patient 0.31 (0.24-0.35) pg/
ml, in delayed childbirth 0.35 (0.25-0.36) pg/ml, and in
healthy women 0.36 (0.33-0.41) pg/ml (p<0.05). Our
study compatible with Nehir, et al. [29], in addition to
Zhai and Pang [23], where found decrease level of anti-
inflammatory cytokines in general among them IL-35,
PCOS patients show low levels of anti-inflammatory
cytokines. Low level of anti-inflammatory can cause
immunological infertility, when they elevated pregnancy
can happened and that showed in study on Iragi PCOS
women by Hantoosh, et al. [30].

CONCLUSION

The current findings showed decrease in CRP and IL-22,
in addition to IL-35 in PCOS patient and delayed childbirth
women. These inflammatory markers have correlation
with infertility and symptoms of the syndrome. Research
and further clarification is important to know more about
this syndrome and impact on the immune aspect.

1. Jamal AF, Ismael RA. Ultrasonographic prevalence of polycystic
ovarian morphology among women of reproductive age group.
Zanco J Med Sci. 2019;23(1).

2. Zehravi M, Magbool M, Ara I. Polycystic ovary syndrome and
infertility: an update. Int J Adolesc Med Health. 2022;34(2):1-9.

3. Ebejer K, Calleja-Agius J. The role of cytokines in polycystic ovarian
syndrome. Gynecol Endocrinol. 2013;29(6):536-40.

4. Abraham Gnanadass S, Divakar Prabhu Y, Valsala
Gopalakrishnan A. Association of metabolic and inflammatory
markers with Polycystic Ovarian Syndrome (PCOS): an update. Arch
Gynecol Obstet. 2021;303:631-43.

5. Aboeldalyl S, James C, Seyam E, et al. The role of chronic
inflammation in polycystic ovarian syndrome—a systematic review
and meta-analysis. Int J Mol Sci. 2021;22(5):2734.

6. Ouyang W, O'Garra A. IL-10 family cytokines IL-10 and IL-22: from
basic science to clinical translation. Immunity. 2019;50(4):871-91.

7. Qi X, Nie Q, Pang Y, et al. I.-22 and its interaction with amino

acid and glycolipid metabolite in polycystic ovary syndrome (PCOS)
patients. Chin Med J. 2022;135(10):1258-60.

8. Qi X, Yun C, Liao B, et al. The therapeutic effect of interleukin-22
in high androgen-induced polycystic ovary syndrome. J Endocrinol.
2020;245(2):281-9.

9. Choi J, Leung PS, Bowlus C, et al. IL-:35 and autoimmunity: a
comprehensive perspective. Clin Rev Allergy Immunol. 2015;49:327-
32.

10. Feng J, Wu Y. Interleukin-35 ameliorates cardiovascular disease
by suppressing inflammatory responses and regulating immune
homeostasis. Int Immunopharmacol. 2022;110:108938.

11. Egwuagu CE, Yu CR, Sun L, et al. Interleukin 35: Critical regulator
of immunity and lymphocyte-mediated diseases. Cytokine Growth
Factor Rev. 2015;26(5):587-93.

12. Baracat EC, Baracat MC, José M Jr SJ. Are there new insights for
the definition of PCOS?. : Gynecol Endocrinol. 2022;38(9):703-4.

13. Sarkar M, Terrault N, Chan W, et al. Polycystic Ovary Syndrome

-3


https://www.degruyter.com/document/doi/10.1515/ijamh-2021-0073/html
https://www.degruyter.com/document/doi/10.1515/ijamh-2021-0073/html
https://www.tandfonline.com/doi/abs/10.3109/09513590.2012.760195
https://www.tandfonline.com/doi/abs/10.3109/09513590.2012.760195
https://link.springer.com/article/10.1007/s00404-020-05951-2
https://link.springer.com/article/10.1007/s00404-020-05951-2
https://www.mdpi.com/1422-0067/22/5/2734
https://www.mdpi.com/1422-0067/22/5/2734
https://www.mdpi.com/1422-0067/22/5/2734
https://www.cell.com/immunity/fulltext/S1074-7613(19)30137-2
https://www.cell.com/immunity/fulltext/S1074-7613(19)30137-2
https://mednexus.org/doi/full/10.1097/CM9.0000000000001915
https://mednexus.org/doi/full/10.1097/CM9.0000000000001915
https://mednexus.org/doi/full/10.1097/CM9.0000000000001915
https://joe.bioscientifica.com/view/journals/joe/245/2/JOE-19-0589.xml
https://joe.bioscientifica.com/view/journals/joe/245/2/JOE-19-0589.xml
https://link.springer.com/article/10.1007/s12016-015-8468-9
https://link.springer.com/article/10.1007/s12016-015-8468-9
https://www.sciencedirect.com/science/article/pii/S1567576922004222
https://www.sciencedirect.com/science/article/pii/S1567576922004222
https://www.sciencedirect.com/science/article/pii/S1567576922004222
https://www.sciencedirect.com/science/article/pii/S1359610115000611
https://www.sciencedirect.com/science/article/pii/S1359610115000611
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=M.+Sarkar+et+al.%2C+%E2%80%9CPolycystic+ovary+syndrome+%28PCOS%29+is+associated+with+NASH+severity+and+advanced+fibrosis%2C%E2%80%9D+Liver+International%2C+vol.+40%2C+no.+2%2C+pp.+355%E2%80%93359%2C+Feb.+2020%2C+doi%3A+10.1111%2FLIV.14279.&btnG=

14.

15.

16.

17.

18.

19.

20.

21.

GinPolMedProject 01 (69) 2025: 001-004

(PCOS) is associated with NASH severity and advanced fibrosis. Liver
Int. 2020;40(2):355-9.

Jacewicz-Swiecka M, Wotczynski S, Kowalska 1. The effect
of ageing on clinical, hormonal and sonographic features
associated with PCOS—a long-term follow-up study. J Clin Med.
2021;10(10):2101.

Ozegowska K, Korman M, Szmyt A, et al. Heterogeneity of
endocrinologic and metabolic parameters in reproductive age
polycystic ovary syndrome (PCOS) women concerning the severity
of hyperandrogenemia—a new insight on syndrome pathogenesis.
Int J Environ Res Public Health. 2020;17(24):9291.

Louwers YV, Laven JS. Characteristics of polycystic ovary
syndrome  throughout life. Ther Adv Reprod Health.
2020;14:2633494120911038.

Ganie MA, Rashid A, Sahu D, et al. Prevalence of Polycystic
Ovary Syndrome (PCOS) among reproductive age women from
Kashmir valley: A cross-sectional study. Int J Gynecol Obstet.
2020;149(2):231-6.

Ramezani Tehrani F, Solaymani-Dodaran M, Hedayati M, et al.
Is polycystic ovary syndrome an exception for reproductive aging?.
Hum Rep. 2010;25(7):1775-81.

Alsamarai S, Adams JM, Murphy MK, et al. Criteria for polycystic
ovarian morphology in polycystic ovary syndrome as a function of
age. J Clin Endocrinol Metab. 2009;94(12):4961-70.

Batool S, Akhtar M, Khan SY. Correlation Between Serum Level
of Lymphokine (Interleukin-3) and Some Hematological Parameters
in Polycystic Ovarian Syndrome Suffering Females from Sargodha
Division, Pakistan. Punjab Univ J Zool. 2023;38(2):171-9.

Rudnicka E, Kunicki M, Suchta K, et al. Inflammatory markers
in women with polycystic ovary syndrome. BioMed Res Int.

22.

23.

24,

25.

26.

27.

28.

29.

30.

2020;2020(1):4092470.

Dabravolski SA, Nikiforov NG, Eid AH, et al. Mitochondrial
dysfunction and chronic inflammation in polycystic ovary syndrome.
Int J Mol Sci. 2021;22(8):3923.

Zhai Y, Pang Y. Systemic and ovarian inflammation in women with
polycystic ovary syndrome. J Reprod Immunol. 2022;151:103628.

Kim J, Choi SY, Park B, et al. Arterial stiffness measured by
cardio-ankle vascular index in Korean women with polycystic ovary
syndrome. J Obstet Gynaecol. 2019;39(5):681-6.

Soares GM, Vieira CS, Martins WP, et al. Increased arterial
stiffness in nonobese women with Polycystic Ovary Syndrome
(PCOS) without comorbidities: one more characteristic inherent to
the syndrome?. Clin Endocrinol. 2009;71(3):406-11.

Morin-Papunen L, Rautio K, Ruokonen A, et al. Metformin
reduces serum C-reactive protein levels in women with polycystic
ovary syndrome. J Clin Endocrinol Metab. 2003;88(10):4649-54.

Aksun S, Ersal E, Portakal O, et al. Interleukin-22/Interleukin-22
binding protein axis and oral contraceptive use in polycystic ovary
syndrome. Endocrine. 2023;81(1):54-7.

Rajska A, Buszewska-Forajta M, Rachon D, et al. Metabolomic
insight into polycystic ovary syndrome—An overview. Int J Mol Sci.
2020;21(14):4853.

Nehir Aytan A, Bastu E, Demiral |, et al. Relationship between
hyperandrogenism, obesity, inflammation and polycystic ovary
syndrome. Gynecol Endocrinol. 2016;32(9):709-13.

Hantoosh SF, Zageer DS, Al-Jumaili FT. Relationship between
Different Anthropometric Measurements and Interleukin-1p,
Interleukin-17, Interleukin-27 and Interleukin-35 Levels for Iraqi
Infertile Women with Polycystic Ovary Syndrome J Adv Med Pharm
Sci. 2018;19(4).



https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=M.+Sarkar+et+al.%2C+%E2%80%9CPolycystic+ovary+syndrome+%28PCOS%29+is+associated+with+NASH+severity+and+advanced+fibrosis%2C%E2%80%9D+Liver+International%2C+vol.+40%2C+no.+2%2C+pp.+355%E2%80%93359%2C+Feb.+2020%2C+doi%3A+10.1111%2FLIV.14279.&btnG=
https://www.mdpi.com/2077-0383/10/10/2101
https://www.mdpi.com/2077-0383/10/10/2101
https://www.mdpi.com/2077-0383/10/10/2101
https://www.mdpi.com/1660-4601/17/24/9291
https://www.mdpi.com/1660-4601/17/24/9291
https://www.mdpi.com/1660-4601/17/24/9291
https://www.mdpi.com/1660-4601/17/24/9291
https://journals.sagepub.com/doi/abs/10.1177/2633494120911038
https://journals.sagepub.com/doi/abs/10.1177/2633494120911038
https://obgyn.onlinelibrary.wiley.com/doi/abs/10.1002/ijgo.13125
https://obgyn.onlinelibrary.wiley.com/doi/abs/10.1002/ijgo.13125
https://obgyn.onlinelibrary.wiley.com/doi/abs/10.1002/ijgo.13125
https://academic.oup.com/humrep/article-abstract/25/7/1775/631467
https://academic.oup.com/jcem/article-abstract/94/12/4961/2597025
https://academic.oup.com/jcem/article-abstract/94/12/4961/2597025
https://academic.oup.com/jcem/article-abstract/94/12/4961/2597025
https://www.academia.edu/download/118771909/downloads.pdf
https://www.academia.edu/download/118771909/downloads.pdf
https://www.academia.edu/download/118771909/downloads.pdf
https://www.academia.edu/download/118771909/downloads.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1155/2020/4092470
https://onlinelibrary.wiley.com/doi/abs/10.1155/2020/4092470
https://www.mdpi.com/1422-0067/22/8/3923
https://www.mdpi.com/1422-0067/22/8/3923
https://www.sciencedirect.com/science/article/pii/S0165037822001577
https://www.sciencedirect.com/science/article/pii/S0165037822001577
https://www.tandfonline.com/doi/abs/10.1080/01443615.2018.1561654
https://www.tandfonline.com/doi/abs/10.1080/01443615.2018.1561654
https://www.tandfonline.com/doi/abs/10.1080/01443615.2018.1561654
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2265.2008.03506.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2265.2008.03506.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2265.2008.03506.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2265.2008.03506.x
https://academic.oup.com/jcem/article-abstract/88/10/4649/2845732
https://academic.oup.com/jcem/article-abstract/88/10/4649/2845732
https://academic.oup.com/jcem/article-abstract/88/10/4649/2845732
https://link.springer.com/article/10.1007/s12020-023-03360-4
https://link.springer.com/article/10.1007/s12020-023-03360-4
https://link.springer.com/article/10.1007/s12020-023-03360-4
https://www.mdpi.com/1422-0067/21/14/4853
https://www.mdpi.com/1422-0067/21/14/4853
https://www.tandfonline.com/doi/abs/10.3109/09513590.2016.1155208
https://www.tandfonline.com/doi/abs/10.3109/09513590.2016.1155208
https://www.tandfonline.com/doi/abs/10.3109/09513590.2016.1155208
https://www.researchgate.net/profile/Sundus-Hantoosh/publication/331658336_Article_noJAMPS47722_Original_Research_Article_Hantoosh_et_al/links/5c86fca3299bf1e02e285adb/Article-noJAMPS47722-Original-Research-Article-Hantoosh-et-al.pdf
https://www.researchgate.net/profile/Sundus-Hantoosh/publication/331658336_Article_noJAMPS47722_Original_Research_Article_Hantoosh_et_al/links/5c86fca3299bf1e02e285adb/Article-noJAMPS47722-Original-Research-Article-Hantoosh-et-al.pdf
https://www.researchgate.net/profile/Sundus-Hantoosh/publication/331658336_Article_noJAMPS47722_Original_Research_Article_Hantoosh_et_al/links/5c86fca3299bf1e02e285adb/Article-noJAMPS47722-Original-Research-Article-Hantoosh-et-al.pdf
https://www.researchgate.net/profile/Sundus-Hantoosh/publication/331658336_Article_noJAMPS47722_Original_Research_Article_Hantoosh_et_al/links/5c86fca3299bf1e02e285adb/Article-noJAMPS47722-Original-Research-Article-Hantoosh-et-al.pdf

