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ABSTRACT

Ovarian hyperstimulation syndrome (OHSS) is a complication that occurs during assisted reproductive techniques. In this
study, our aim is to study the effect of Infliximab (IFX) on oxidative stress in ovarian tissue in a rat model of ovarian
hyperstimulation syndrome.

A total of 32 immature female rats were divided into four groups randomly: Control, OHSS, OHSS+IFX, and IFX group.
OHSS and OHSS+IFX groups were administered 30 TU pregnant mare serum gonadotropin/day on days 22-25 of life and
30 IU hCG on day 26. Plus, intraperitoneal IFX was administered half an hour before hCG administration to the
OHSS+IFX group. On the 26th day, solely 7 mg/kg IFX was administered to the IFX group. 48 hours after administration
of hCG administration, the rats were sacrificed, and their ovarian tissues were sampled. The levels of MDA, AOPP, TSG
as well as catalase activity were measured in these ovarian tissues.

Ovarian tissue MDA and AOPP levels of the OHSS group were determined to be significantly higher compared to the
control and OHSS-IFX groups. Ovarian tissue catalase activity and TSG level of the control group was significantly higher
compared to the OHSS and OHSS-IFX groups. It was determined that although ovarian tissue catalase activity and TSG
level in the OHSS-IFX group were higher compared to the OHSS group, but it was not significant.

The results revealed that IFX could prevent oxidative stress in ovarian tissue induced by OHSS. These effects may be

mediated by the anti-inflammatory and antioxidant properties of IFX.
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Introduction

Ovarian hyperstimulation syndrome (OHSS) is a
rare but life-threatening iatrogenic complication of
controlled ovarian hyperstimulation for assisted
reproductive techniques by exogenous
gonadotropins. It is described by cystic expansion
in the ovaries and flow of protein-rich fluid from
the vascular area to the peritoneal cavity (1).

Reactive oxygen species (ROS) play a key role in
regulating oocyte maturation and fertilization. The
development and maturation of oocytes depend
on the dynamic balance between oxidant and
antioxidant production (2). ROS impact female
fertility by modulating a number of reproductive
performs. In healthy individuals, antioxidants and
ROS are in equilibrium, and when this equilibrium
is disturbed in favor of ROS, oxidative stress
consists. These product components, including

nucleic acids, proteins, lipids are
oxidative stress (3).

Infliximab (IFX) is used securely in diverse
inflammatory diseases (4). It has been stated that
IFX lowers oxidative stress in rats by reducing
lipid peroxidation and oxidant status, enhancing
antioxidant activities (5). It has been revealed that
IFX restores inflammation-induced tissue damage
in various tissues by inhibiting the production of
free oxygen radicals and TNF-alpha cytokines (6,
7).

In patients with OHSS, increased oxidative stress
is not only produced during IVF procedure, but
also by inflammatory factors during the
pathophysiological processes of OHSS. Oxidative
stress is accepted as a valuable parameter in the
achievement of controlled ovarian stimulation.
Hence, our aim in this study is to research the
effect of IFX treatment on oxidant/antioxidant
status in OHSS.
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Material and method

Animals: Immature female albino rats (Wistar
strain) were used in this study. All rats were
weighed 45-50 g and were 22 days old. Animals
were kept in steel cages in a temperature-
controlled room (22 * 2 °C) and a twelve-hour
light/dark cycle. The animals were fed ad libitum.
The study was conducted following the approval
of the Animal Experiments Ethics Committee
(Date: 29/04/2021; Decision number: 2021/04-
01).

Experimental Design: Thirty-two female rats, 22
days old, were divided into four groups randomly.

Control group was administered 0.1 mL of saline
intraperitoneally (IP) from Day 22 to Day 26.
OHSS group was administered 30 IU of pregnant
mare serum gonadotropin (PMSG) (Folligon,
5x1000IU+diluent, MSD,  Animal  Health,
Intervent International, Netherland) from day 22
to day 26 for 4 days and 10 IU of human
chorionic gonadotropin (Chorulon, 5 x 1500
IU+dilunet, MSD, Animal Health, Intervent
International, Netherland) on 26th day. Group 3
(OHSS+1FX): In this group, rats were
administered 30 IU PMSG from 22nd day to 26th
day for 4 days starting from 22nd day, and 10 IU
of human chorionic gonadotropin (hCH)
(Chorulon, 5th 1500 IU+dilunet, MSD, Animal
Health, Intervent International, Netherland) on
26th day and 7mg/kg IFX (Remicade, Janseen,
Belgium) was given half an hour before hCG
administration. Group 4 (IFX): IFX was
administered on 26th day.

All animals were anesthetized by intramuscular
administration of 50 mg/kg ketamine hydrochloric
acid (Ketalar; Eczacibasi Warner-Lambert llac
Sanayi, Levent, Istanbul, Turkey) and 7 mg/kg
xylazine hydrochloric acid (Rompun; Bayer, Sisli,
Turkey) 48 hours after hCG administration on
Day 28.

Tissue Homogenates: Ovarian tissue was
homogenized in 0.05 mm PBS with pH 7.4 and
centrifuged at 14000 RPM for 20 minutes. The
supernatant was stored at -40 degrees Celsius until
the assay day.

Biochemical Parameters: Ovarian tissue MDA
level was measured by the method identified by
Okhava et al. and MDA level was presented as
mmol/gt tissue (8). The AOPP level was worked
based on the method of Witko et al. and the
AOPP value was expressed as pmol/g tissue (9).
CAT activity was spectrophotometrically analyzed
at 240 nm according to the Lartillot method[10].

Total sulthydryl groups were analyzed based on
the Ellman method modified by Hu (11).

Statistical Analysis: The statistical analyzes were
applied using SPSS v.20. The results are presented
as the mean ¥ standard deviation (M £ SD). All
statistical comparisons were performed using one-
way ANOVA followed by Duncan's multiple
range post hoc analysis. The results were
considered significant at p < 0.05.

Results

Ovarian tissue Catalase activity and MDA, TSG
and AOPP levels are presented in Tablel. Ovarian
tissue MDA level was found to be significantly
higher in the OHSS group when compared to the
control and IFX groups (p<0.05). Ovarian tissue
MDA level was lower in the OHSS-IFX group
compared to the control group, but it was not
significant (p>0.05).

Ovarian tissue TSG level of the OHSS group was
found to be significantly lower than the control
group (p<0.05). Although the ovarian tissue TSG
level of the OHSS-IFX group was higher than the
OHSS group, but it was not significant (p>0.05).

Ovarian tissue catalase activity of the OHSS group
and OHSS-IFX group was determined to be
significantly lower compared to the control group

(p<0.05). Catalase activity of the OHSS-IFX
group was higher compared to the OHSS group,
though the difference was not significant
(p>0.05).

It was determined that the ovarian tissue AOPP
level of the control group was significantly lower
compared to the OHSS group (p<0.05). Ovarian
tissue AOPP levels of the OHSS group were
found to be significantly higher compared to the
OHSS-IFX and IFX groups (p<0.05).

Discussion

Numerous studies have investigated the potential
roles of reactive oxygen species in the etiology and
pathogenesis of OHSS. This paper reveals the
effect of IFX on oxidative stress in the ovarian
tissues of rats with simulated-OHSS. Lipid
peroxidation and AOPP levels in the ovarian
tissue of rats with simulated-OHSS were
significantly higher compared to the control
group. Catalase activity was significantly lower in
the OHSS group compared to the control group.
These data demonstrated that oxidative stress is
higher in the ovarian tissue of OHSS-stimulated
rats. Following IFX treatment, a decrease was
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Table 1. The Parameters Studied in Ovarian Tissue In Study Groups

Control

OHSS

OHSS+IFX IFX

MDA (nmol/gr 0.410£0.009b.c*

tissue)

TSG (mmol/gr 0.068%+0.004a
tissue)

AOPP (mmol/gr 8.22£0.63b
tissue)

Catalase (U/L) 546.75+57.182

0.43610.012a

0.038%0.007¢

11.83+1.23a

377.36+13.16¢

0.392+0.012¢ 0.418%0.008a,b

0.043%0.005¢ 0.052%+0.004b
7.18£0.59¢ 8.93+0.65b

397.461+20.65¢ 447.21167.74b

* Different letters on the same line represent statistical significance.
MDA: Malondialdehide; TSG: total sulthydryl groups; AOPP: advanced oxidation protein products; OHSS: over

hyperstimulation syndrome; IFX: infliximab

observed in oxidative markers, whereas an
elevation was observed in antioxidant parameters.
It can be suggested that IFX has antioxidant
properties and protects the ovarian tissue from
oxidative damage in cases with OHSS.

During IVF, ovarian stimulation induces supra-
physiological ROS production while elevated
estradiol concentration induces ROS production
and mitochondria dysfunction (12).
Superovulation increases ROS levels in the ovaries
of mice, which indicates that the ovaries are under
high levels of oxidative stress following
superovulation (13). Excessive formation of free
radicals, exceeding the protective effect of the
defense system, impacts lipids the most (14). Yet,
the activities of oxidant/antioxidants in the body
of living things must be in balance (14).
Unsaturated  bonds of  phospholipids  in
membranes and cholesterol readily react with free
radicals to generate peroxidation products (14).
The oxidative breakdown of unsaturated fatty
acids is termed lipid peroxidation and is
remarkably detrimental. The most famous product
of lipid peroxidation is MDA. Generally, it is
considered as the lipid peroxidation index and is
one of the end products of lipid peroxidation (14-
16). MDA concentration is directly proportional
to cellular damage induced by free radicals (15,
16). It was found out that MDA levels in follicular
fluids of women who underwent ovarian
stimulation via assisted reproductive techniques
were lower in the agonist group compared to the
antagonist group (17). Tulic et al. reported that
serum MDA and sulfhydryl groups were
significantly higher following ovarian stimulation
(18). Duraker et al.(19) revealed that patients with
severe OHSS had significantly higher serum MDA
levels compared to women under controlled
ovulation induction without symptoms of OHSS.
In a study conducted in rats, it was demonstrated
that the ovarian tissue MDA level was lower in the
control group compared to the superovulation

group; however, this was not significant (20). It
has been suggested that ovulation itself is an
oxidative stress response and superoxides
contribute to the ovulation process (21).
Consistent with the above-mentioned remarks, in
the present study, the MDA level in the ovarian
tissue of the OHSS group rats was found to be
significantly higher compared to the control
group.

AQOPP is produced by the action of chloramines
and hypochlorous acid produced by
myeloperoxidase in activated neutrophils during
oxidative stress. AOPP is considered a reliable
marker to predict the oxidative degree of proteins.
It is thought that AOPP is closely associated with
inflammation (9, 22). High serum AOPP levels
have been reported in women with PCOS. (23). It
has been demonstrated that the level of AOPP is
higher in the serum of patients with uterine
leiomyoma (24) and the peritoneal fluids of
patients with endometriosis (25). In their study,
Shu et al (20) revealed that the AOPP level in the
ovarian tissue of rats with OHSS was higher
compared to the control group, yet this level was
not significant. In our study, the AOPP level of
ovarian tissue was found to be significantly higher
when the OHSS group was compared with the
control group.

Total sulfhydryl groups (TSG) are part of the
antioxidant system and are also called thiols.
When reactive nitrogen species and reactive
oxygen species increase, TSG may be oxidized,
thus the antioxidant defense pool is reduced.
Hence, the TSG level reflects the whole-body
redox status. Its decrease is indicative of elevated
oxidative stress and conversely, its increased levels
are attributed to detoxification and cell repair of
the detrimental effects of ROS/RNS (26). In the
present study, ovarian tissue TSG level was
significantly lower in the OHSS group than the
control group. The low levels of TSG in the
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OHSS group may be due to decreased antioxidant
defense or increased oxidative stress.

Catalase is an intracellular antioxidant enzyme that

catalyzes hydrogen peroxide into water and
molecular hydrogen. If restricted glutathione
content or decreased glutathione peroxidase

activity occurs, this enzyme plays an important
role in the development of tolerance to oxidative

stress. It has been shown that serum catalase
activity is decreased in women with PCOS
compared to healthy women. (27). Catalase

activity is used as a clinical parameter to determine
systemic stress (28). Catalase has a great effect on
tissue protection against reactive oxygen species
(29). In the present study, ovarian tissue catalase
activity was found to be significantly lower in the
OHSS group than the control group.

Albeit the pathophysiological mechanism of
OHSS is not fully understood, there are two
components of OHSS, the first is ovarian

enlargement with multiple follicles, luteal cysts,
and stromal edema, and the second one is fluid
leakage from the intravascular compartment into
the third space (30). Cytokines such as TNF-u« are
mediators that play a role in increased vascular
permeability. Immune system mediators such as
TNF-a are considered to play a role in the
pathogenesis of OHSS.

The interaction between inflammation and
oxidative stress is well documented. TNF- « is
known to increase the production of ROS in many
tissues (31, 32). Thus, inflammation caused by
TNF-a may increase oxidative stress in OHSS.
Inhibition of TNF-o in OHSS patients could
reduce oxidative stress.

IFX is widely used in the treatment of various
inflammatory diseases. It has been demonstrated
that IFX inhibits TNF-o and reduces ischemia-
reperfusion injury in the intestine, liver, and
kidney. IFX reduces both cytokines that stimulate
tissue damage and tissue damage induced by TNF-
o, which increases ROS formation (33). It has
been reported that IFX captures free radicals and
inhibits inflammation (34). It has been put
forward that IFX could suppress oxidative stress
by enhancing antioxidant status (35), reducing
ROS production (36), and reducing oxidant status
and lipid peroxidation (5). It has been
demonstrated that IFX treatment reduces MDA
concentration in serum and ovarian tissue of rats
with ovarian ischemia/reperfusion injury than the
control group (37). In our study, AOPP and MDA
levels were found to be significantly lower in the
OHSS-IFX group than the OHSS group. It was
found out that although ovarian tissue catalase

activity and TSG level of the OHSS-IFX group
were higher compared to the OHSS group, though
this elevation was not significant. IFX treatment
could protect the ovaries from oxidative stress by
reducing the increased oxidative stress and
increasing the decreased antioxidant level in

OHSS.

The limitations of the study were that we did not
measure antioxidant and oxidant parameters and
TNF-a levels in follicular fluid and serum.
Besides, these parameters can be measured in both
follicular fluid and serum in further studies.

OHSS may adversely impact the delicate balance
between antioxidants and reactive oxygen species.
This may lead to oxidative stress in the ovaries.
IFX therapy could suppress oxidative stress and
eliminate oxidative stress induced by OHSS. The
antioxidant and anti-inflammatory properties of
IFX can be considered as a candidate for the
treatment of increased oxidative stress in OHSS.
Further studies should be carried out to
investigate the effects of IFX in OHSS patients.

Conflict of interest: The author declare that they
have no conflict of interest.

References

1. Hortu I, Karadadas E, Ozceltik G, Tavmergen E,
Goker ENT, Yigittutk G, et al. Oxytocin and
cabergoline alleviate ovarian hyperstimulation
syndrome (OHSS) by suppressing vascular
endothelial growth factor (VEGF) in an
experimental model. Archives of Gynecology and
Obstetrics 2021; 303: 1099-1108.

Lin E, Li Z, Huang Y, Ru G, He P. High Dosages
of Equine Chotionic Gonadotropin Exert
Adverse  Effects on the Developmental
Competence of IVF-Derived Mouse Embryos
and Cause Oxidative Stress-Induced Aneuploidy.
Frontiers in cell and developmental biology 2021;
8: 1847.

Youssef MA, Abdelmoty HI, Elashmwi HA,
Abduljawad EM, Elghamary N, Magdy A, et al.
Oral antioxidants supplementation for women
with unexplained infertility undergoing ICSI/IVE:
randomized controlled trial. Human Fertility
2015; 18: 38-42.

Monaco C, Nanchahal J, Taylor P, Feldmann M.
Anti-TNF therapy: past, present and future. Int
Immuno, 2015; 27: 55-62.

Tayman C, Aydemir S, Yakut I, Serkant U, Ciftci
A, Arslan E, et al. TNF-a Blockade Efficiently
Reduced Severe Intestinal Damage in Necrotizing
Enterocolitis. ] Invest Surg 2016; 29: 209-217.
Kurt A, Tumkaya L, Yuce S, Turut H, Cure MC,
Sehitoglu I, et al. The protective effect of

East ] Med Volume:26, Number:3, July-September/2021

478



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

infliximab against carbon tetrachloride-induced
acute lung injury. Iran ] Basic Med Sci 2016; 19:
685-691.

Mercantepe T, Kalkan Y, Tumkaya L, Sehitoglu I,
Mercantepe F, Yildirmis S. Protective effects of
tumor necrosis factor alpha inhibitors on

methotrexate-induced pancreatic toxicity. Adv
Clin Exp Med 2018; 27: 715-720.

Ohkawa H. Assay of lipid peroxidation in animal
tissues by thiobarbituric acid reaction. Anal
Biochem 1979; 95: 371-379.

Witko-Sarsat V, Friedlander M, Capeillere-Blandin
C, Nguyen-Khoa T, Nguyen AT, Zingraff |, et al.
Advanced oxidation protein products as a novel
marker of oxidative stress in uremia. Kidney
international 1996; 49: 1304-1313.

Lartillot S, Kedziora P, Athias A. Purification and
characterization of a new fungal catalase.
Preparative biochemistry 1988; 18: 241-246.

Hu M-L. [41] Measurement of protein thiol
groups and glutathione in plasma. Methods in
enzymology 1994; 233: 380-385.

12. Chou CH, Chen SU, Chen CD, Shun CT,
Wen WF, Tu YA, et al Mitochondrial
Dysfunction Induced by High Estradiol
Concentrations in Endometrial Epithelial Cells. ]
Clin Endocrinol Metab 2020; 105(1).

13. Nie X, Dai Y, Zheng Y, Bao D, Chen Q, Yin
Y, et al. Establishment of a Mouse Model of
Premature Ovarian Failure Using Consecutive
Superovulation. Cell Physiol Biochem 2018; 51:
2341-2358.

ORMANCI N, Fatmagil Y. Investigation of the
effect of vitamin E application on lipid
peroxidation and antioxidants in exercised horses.
Turkish Journal of Veterinary Research 2018; 2:
19-25.

Gutteridge JM, Halliwell B. The measurement and
mechanism of lipid peroxidation in biological
systems. Trends Biochem Sci 1990; 15: 129-135.
ALTINDAG F, Ozdek U. Protective Effects of
Chitosan and Chitosan Oligosaccharide on
Sodium Fluoride-Induced Testicular Damage in
Male Rats: A Stereological and Histopathological
Study. KAFKAS UNIVERSITESI VETERINER
FAKULTESI DERGISI, 2021; 27(2).

Thaker R, Mishra V, Gor M, Agarwal R, Sheth H,
Kapadia P, et al. The role of stimulation protocol,
number of oocytes retrieved with respect to
follicular fluid oxidative stress and IVF outcome.
Human fertility 2020; 23: 23-31.

Tuli¢ L, Vidakovié¢ S, Tuli¢ I, Curéié M, Stojnié J,
Jeremi¢ K. Oxidative Stress Markers in GnRH
Agonist and Antagonist Protocols in IVF. ] Med
Biochem 2017; 36: 163-170.

Duraker R, Guven EG, Dilbaz S, Mentese A,
Aydin S, Guven S. Oxidative stress status in
severe OHSS patients who underwent long
agonist protocol intracytoplasmic sperm injection

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

cycles. Clinical and Experimental Obstetrics &
Gynecology 2021; 48: 312-316.

Shu J, Xing L-L, Ding G-L, Liu X-M, Yan Q-F,
Huang H-F. Effects of ovarian hyperstimulation
on mitochondria in oocytes and eatly embryos.
Reproduction, Fertility and Development 2016;
28: 1214-1222.

Miyamoto K, Sato EF, Kasahara E, Jikumaru M,
Hiramoto K, Tabata H, et al. Effect of oxidative
stress during repeated ovulation on the structure
and functions of the ovary, oocytes, and their
mitochondria. Free Radic Biol Med 2010; 49: 674-
681.

Cakatay U. Protein oxidation parameters in type 2
diabetic patients with good and poor glycaemic
control. Diabetes & metabolism 2005; 31: 551-
557.

Moti M, Amini I, Ardakani SSM, Kamalzadeh S,
Masoomikarimi M. Oxidative stress and anti-
oxidant defense system in Iranian women with
polycystic ovary syndrome. Iranian journal of
reproductive medicine 2015; 13: 373.

Santulli P, Borghese B, Lemaréchal H, Leconte M,
Millischer AE, Batteux F, et al. Increased serum

oxidative stress markers in women with uterine
leiomyoma. PLoS One, 2013; 8: ¢72069.

Santulli P, Chouzenoux S, Fiorese M, Marcellin L,
Lemarechal H, Millischer AE, et al. Protein
oxidative stress markers in peritoneal fluids of
women with deep infiltrating endometriosis are
increased. Hum Reprod 2015; 30: 49-60.

Klisic A, Kavaric N, Vujcic S, Spasojevic-
Kalimanovska V, Kotur-Stevuljevic J, Ninic A.
Factorial Analysis of the Cardiometabolic Risk
Influence on Redox Status Components in Adult
Population. Oxid Med Cell Longev 2021; 2021;
6661940.

Opyebanji OG, Asaolu MF. Assessment of
antioxidant status of women with polycystic
ovarian syndrome. Asian Pacific Journal of
Reproduction, 2020; 9: 9.

Bausenwein ], Serke H, Eberle K, Hirrlinger J,
Jogschies P, Hmeidan FA, et al. Elevated levels of
oxidized low-density lipoprotein and of catalase
activity in follicular fluid of obese women. MHR:

Basic science of reproductive medicine 2009; 16:
117-124.

Mohammadpour M, Farjah GH. Protective Effect
of Crocin on Ovarian Ischemia-Reperfusion
Injury in Rats. Journal of Research in Applied and
Basic Medical Sciences 2020; 6: 199-206.

Kabukcu C, Vardar G. Insertion / deletion
polymorphism of angiotensin-converting enzyme
gene in ovarian hyperstimulation syndrome
patients. Pamukkale Medical Journal 2019; 12: 13-
22.

Sahin TD, Gocmez SS, Duruksu G, Yazir Y,
Utkan T. Infliximab prevents dysfunction of the
vas deferens by suppressing inflaimmation and

East ] Med Volume:26, Number:3, July-September/2021

479



32.

33.

34.

Dirik and Kémiiroglu / The Effect of Infliximab on Ovarian Hyperstimulation Syndrome

oxidative stress in rats with chronic stress. Life
Sci, 2020; 250: 117545.

Ayengin K, Alp HH, Huyut Z, Yiddium S,
Altundag F, Avci V. The effects of CoQ10
supplement on  matrix  metalloproteinases,
oxidative DNA damage and pro-inflammatory
cytokines in testicular ischaemia/reperfusion
injury in rats. Andrologia 2021; 53: e13839.

Kirbas A, Cure MC, Kalkan Y, Cure E, Tumkaya
1, Sahin OZ, et al. Effect of infliximab on renal
injury due to methotrexate in rat. Iranian journal
of kidney diseases 2015; 9: 221.

Cury DH, Costa JE, Irika K, Mijji L, Garcez A,
Buchiguel C, et al. Protective effect of octreotide
and infliximab in an experimental model of

indomethacin-induced  inflammatory  bowel
disease. Dig Dis Sci 2008; 53: 2516-2520.

35.

36.

37.

Habib R, Wahdan SA, Gad AM, Azab SS.
Infliximab abrogates cadmium-induced testicular
damage and spermiotoxicity via enhancement of
steroidogenesis and suppression of inflammation
and apoptosis mediators. Ecotoxicology and
environmental safety 2019; 182: 109398.

Aydin I, Kalkan Y, Ozer E, Yucel A, Pergel A,
Cure E, et al. The protective effect of infliximab
on cisplatin-induced intestinal tissue toxicity. Eur
Rev Med Pharmacol Sci 2014; 18: 2076-2083.
Abali R, Tasdemir N, Yuksel MA, Guzel S, Oznur
M, Nalbantoglu B, et al. Protective effect of
infliximab on ischemia/tepetfusion injuty in a rat
ovary model: biochemical and histopathologic
evaluation. European Journal of Obstetrics &
Gynecology and Reproductive Biology 2013; 171:
353-357.

East ] Med Volume:26, Number:3, July-September/2021

480



