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Abstract
Objective: Ovarian hyperstimulation syndrome (OHSS) is one female reproductive disorder that can occur after 
administration of injectable hormonal drugs to stimulate ovulation. Betaine (BET) is an intracellular biomolecule with 
anti-inflammatory and tissue protective effects. There is no information about its effects in an experimental model of 
OHSS. The current study aims to investigate the possible effects of BET on abnormal expressions of vasoconstrictor 
proteins and ovarian histological changes in an experimental OHSS rat model.     
Materials and Methods: In this experimental study, 30 adult female rats (two months old) were randomly divided into 
six groups (n=5 per group): i. Control, ii. OHSS [10 IU sc equine chorionic gonadotropin (eCG) for 4 days followed by 
30 IU sc human chorionic gonadotropin (hCG) on the fifth day], iii. OHSS+BET (200 mg/kg/day, orally for seven days), 
iv. OHSS+Cabergoline (CAB, 100 mg/kg/day, orally for six days), v. BET, and vi. CAB. Expression levels of vascular 
endothelial growth factor (VEGF), cyclooxygenase-2 (COX-2), and blood levels of oestradiol (E2) and progesterone 
(P4) were measured at the end of the experiment. The ovaries were studied for histomorphological changes.  
Results: Induction of OHSS altered tissue histology, including an increase in the number of corpora lutea and atretic 
follicles, and decreased the number of follicular reserves. In this group, we observed increased expressions of the 
VEGF and COX-2 proteins, and increased serum E2 and P4 levels. Administration of CAB and BET significantly 
attenuated all molecular and histological alterations observed in the OHSS animals.     
Conclusion: Our findings, for first time, indicate the beneficial effects of BET to reduce OHSS complications in patients 
by reducing the expressions of vasoactive proteins and improving changes to the ovarian tissues. The findings are 
similar to CAB and can be a new avenue for future research on BET.
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Introduction

The ovaries are paired structures that contain immature 
ovum that can develop into mature eggs and acquire the 
ability to fertilise (1). Approximately 10% of patients who 
undergo in vitro fertilization (IVF) cycles, embryo transfer, 
stimulation of ovulation, or intrauterine insemination 
develop ovarian hyperstimulation syndrome (OHSS) (2-
4). Clinical manifestations of this complication include 
extensive accumulation of fluid in the extracellular spaces 
and condensation of blood due to leakage of fluid from the 
arteries, and this can be associated in advanced-stage renal 
impairment, hypervolemic shock, thromboembolism, and 
respiratory distress (5, 6). This syndrome is caused by 
increased expression and secretion of vascular endothelial 

growth factors (VEGF) and cyclooxygenase 2 (COX-2) (5, 
7-10). Therefore, the use of compounds that inhibit VEGF 
secretion can play an effective role in the prevention of 
OHSS (8,11,12) Cabergoline (CAB), a low-dose dopamine 
receptor (Dp-R2), inhibits vascular permeability and can 
be used as a prophylactic treatment for OHSS syndrome 
(12-16). Trimethylglycine, also known as betaine (BET), 
is synthesised in the inner mitochondrial membrane and 
functions as an osmoprotectant and methyl group donor 
in various cellular pathways in mammals (17). BET may 
have a functional role in female reproductive health and 
fertility. Recent findings indicate that BET can inhibit 
retinal vascularisation by suppression of VEGF and COX-
2 expressions (17, 18). Currently, the effects of BET on 
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the molecular and histological changes observed in animal 
models of OHSS are unknown. The current study aims 
to investigate the effects of BET on the expressions of 
vasoactive proteins and histological changes induced by 
experimental OHSS in rat ovaries and compare its effects 
with CAB, an effective drug used to manage OHSS 
complications. 	

Materials and Methods
Animals and treatment assignments 

A total of 30 female, two-month-old unmated Wistar 
rats (weights: 150-200 g) were acquired from the Animal 
House of the Faculty of Veterinary Medicine, Shahid 
Chamran University, Ahvaz, Iran. The animals were kept 
under a constant room temperature of 20 ± 11°C, humidity 
of 40-50%, and a 12-hour light/dark cycle. The rats were 
fed pelleted food (Pars, Tehran, Iran) for one week to 
allow them to adjust to their new environment.

The animals were weighed and randomly divided 
into six groups (n=5 per group), as follows: group I 
(control) rats were given 0.9% normal saline (0.1 ml/
kg, sc) for five days. From day 0 of the assessment, 
the rats received a daily oral dose of 1 mg/kg normal 
saline for ten days. Group II (OHSS) rats received sc 
injections of equine chorionic gonadotropin (eCG, 
IBSA, Montagnola, Switzerland) dissolved in 0.1 ml of 
0.9% normal saline (10 IU) for 4 days. On the fifth day, 
they received an sc injection of 30 IU human chorionic 
gonadotropin (hCG; Darou Pakhsh, Tehran, Iran) (19). 
Group III (OHSS+BET) OHSS rats were given 200 mg 
of oral BET (betaine anhydrous, Sigma, USA) two days 
before the eCG administration, for seven days. Group IV 
(OHS+CAB) OHSS rats, from the first day of the test, 
were given 100 µg/kg/d oral CAB (Shahredaru, Iran) 
dissolved in 5% glucosaline for six days (19). Group V 
(BET) rats were given 200 mg of oral BET for seven 
days. Group VI (CAB) rats received 100 µg/kg, oral 

CAB dissolved in 5% glucosamine for five days.
As described previously, OHSS induction was 

confirmed by an increase in the delta value of body weight 
and elevation of the oestradiol (E2) and progesterone (P4) 
hormones. 

This research was approved by the Ethics Committee 
of Shahid Chamran University, Ahvaz, Iran 
(EE/99.3.02.38347/scu.ac.ir). Figure 1 presents the 
research design.

At the end of trial period, the rats in all groups were 
weighed and euthanised with ketamine and xylazine (100 
mg/kg+10 mg/kg). Serum samples were taken by heart 
puncture and stored at -20°C until hormone analysis. 
Both ovaries of each rat were removed and weighed. 
One ovary was fixed in 10% formalin buffer for the 
histological analyses, and other ovary was stored at -70°C 
for molecular analysis.

Histological evaluations

The tissues were cut into 5 µm sections and stained 
with haematoxylin and eosin (H&E, Merck, Germany) 
(20). Histomorphometric studies were performed using a 
light microscope (Olympus BH-2, Japan) equipped with 
a Dino-Eye lens (AM7023, Taiwan) and DinoCapture 2.0 
imaging software at 200× magnification. 

Ovarian histological changes to the ovarian diameter 
(mm), the follicular reserve count, number and diameter 
of the corpora lutea (µm), number of atretic follicles 
and vascular reserve were evaluated, in addition to 
assessments of hyperaemia, haemorrhage, mononuclear 
cell infiltration, and interstitial tissue oedema. Counts 
were performed in 10 microscopic fields of view from 
each ovary and given a score between 0 and 3 for the 
ovarian tissue changes: 0 (unchanged), 1 (lowest), 2 
(lowest moderate), and 3 (most change) (21). 

Fig.1: Schematic diagram of the treatment protocol. BET; Betaine, CAB; Cabergoline, VEGF; Vascular endothelial growth factor, COX-2; Cyclooxygenase-2, 
and OHSS; Ovarian hyperstimulation syndrome. 

BET and OHSS



Cell J, Vol 26, No 4, April 2024261

Abbasi et al.

Biochemical analyses
The serum levels of P4 (ng/ml) and E2 (pg/ml) were 

measured by an ELISA Kit (Alpine, USA) according to 
the manufacturer’s instructions. 

Evaluation of vascular endothelial growth factor and 
cyclooxygenase 2-expressions

The protein expressions of VEGF and COX-2 in the 
ovaries of the experimental animals were determined by 
Western blot analysis.  The frozen tissues were lysed in 
200 μl lysis buffer (50 nM tris-HCl, 150 mM NaCl, 0.1% 
Triton X-100, 1 mM NaF) supplied with protease inhibitor 
cocktails (Sigma-Aldrich, MO, USA) for 30 minutes on 
ice. Primary antibody VEGF (Abcam, Cambridge, UK, 
Art No: ab46154) and COX-2 (Abcam, Cambridge, UK, 
Art No: ab179800) were incubated with an appropriate 
secondary antibody [goat anti-rabbit IgG, Abcam: 
ab133470 (618)]. β2-microglobulin (B2M, Abcam, 
Cambridge, UK, Art No: ab214769) was used as the 
calibrator protein. ImageJ software (National Institutes 
of Health, Bethesda, MD, USA) was used to analyse the 
optical density of the protein bands. A control group was 
the calibrator group (21).

Statistical analysis
Data were analysed by Graphpad Prism software 

(version 5.0.4, Graphpad Software, Inc., San Diego, 
CA, USA). Data are presented as mean ± SEM. Bilateral 
ANOVA was performed and Tukey’s post hoc test was 
used for multiple comparisons. Statistically significance 
differences between the different experimental groups 
were determined, as follows: *; P<0.05, **; P<0.01, ***; 
P<0.001, and ****; P<0.0001.

Results
Analysis of body weight changes

Table S1 (See Supplementary Online Information at 
www.celljournal.org) displays the weight changes in the 

groups. Statistical analysis revealed that the delta value 
of body weight (final weight-initial weight) showed a 
significant increase in the OHSS group compared to 
the control group. The delta body weight in the OHSS 
group treated with CAB showed a significant decrease 
compared to the OHSS group treated with BET (P<0.01). 
The weight changes in the BET and CAB groups were 
similar to the control group. 

Analysis of hormones in serum
Figure 2 illustrates the serum concentrations of E2 and 

P4 in the study groups. There was a significant increase 
in serum E2 and P4 levels in the OHSS group compared 
with the control group (P<0.0001). The CAB treated 
group had a decrease in E2 and P4 levels compared to the 
BET treated group (P>0.05). 

Analysis of protein expressions in the ovaries
Figure 3 shows the VEGF and COX-2 protein expressions 

in the ovarian tissues for all of the study groups. Our 
results showed a significant increase in VEGF and COX-
2 protein expression in the OHSS group compared with 
the control group (P<0.0001). The OHSS+CAB group 
showed a significant decrease (P<0.0001) in VEGF and 
COX-2 expressions when compared between the two 
treatment groups. The OHSS+BET group also showed 
a significant decrease in VEGF (P<0.01) and COX-2 
(P<0.001) expressions.

Analysis of ovarian morphometry
Our results revealed that ovarian weight and diameter 

significantly increased in the OHSS group compared to 
the control group (P<0.0001). The ovarian diameters 
after treatment with BET (P<0.001) and CAB (P<0.001) 
were significantly lower compared to the OHSS group. 
Our results indicated that the ovarian weight was lower 
in the BET-treated group compared with the CAB-treated 
group (P<0.01). Figure 4 shows the results of ovarian 
anatomical analysis.

Fig.2: E2 and P4 serum levels in the study groups. E2; Oestradiol, P4; Progesterone, OHSS; Ovarian hyperstimulation syndrome, BET; Betaine, CAB; 
Cabergoline, ****; P<0.0001, ##; P<0.01, ###; P<0.001, &; P<0.05, $; P<0.05, and $$; P<0.01.

https://www.celljournal.org/jufile?ar_sfile=4064939
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Fig.3: Quantitative results of VEGF and COX-2 protein expressions in ovarian tissues of the studied groups. VEGF; Vascular endothelial growth factor, COX-
2; Cyclooxygenase-2, OHSS; Ovarian hyperstimulation syndrome, BET; Betaine, CAB; Cabergoline, ****; P<0.0001, ####; P<0.0001, &; P<0.05, &&; P<0.01, 
$$; P<0.01, and $$$; P<0.001.  

Fig.4: Comparison of the protective effect of BET and CAB on morphometrical changes in the study groups. OHSS; Ovarian hyperstimulation syndrome, 
BET; Betaine, CAB; Cabergoline, ***; P <0.001, ###; P <0.001, &; P<0.05, &&; P<0.01, $$; P<0.01, and $$$; P<0.001. 
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Analysis of histological parameters
Histological analysis revealed that the control group 

showed a normal ovary with normal follicles (Fig.5A). 
OHSS induction caused the tunica albuginea tissue 
around the ovary to become thinner. In the OHSS 
group, there was an increase in the atretic follicles, 
and the number and diameter of corpora lutea in 
the ovarian cortex, and a decrease in the number of 
follicular reserves. Also, in the OHSS group, the 
ovarian stroma and lutein cells of the corpus luteum 
had numerous blood vessels, and the nuclei of the 
lutein cells of the corpus luteum were dense and 
pyknotic. The medullary part of the ovary of the OHSS 
group had hyaline casts and numerous dilated blood 

vessels. Oedema, hyperaemia, and haemorrhage were 
also observed (Fig.5B). These changes were reduced 
after treatment with CAB or BET compared to the 
OHSS group (Fig.5C, D). Ovaries in the BET and CAB 
groups showed a tissue structure similar to the control 
group (Fig.5E, F). 

The results of the histomorphometric analysis of 
the ovaries are presented in Figure 6. The numbers 
and diameter of the corpora lutea and numbers of 
the atretic follicle in the OHSS group were higher, 
and the follicular reserve count was lower than the 
control group (P<0.001). Treatment with CAB or BET 
significantly reduced all histomorphometric changes 
observed in the OHSS group.

Fig.5: These figures show the histological images of ovaries in the study groups (H&E stain, 100× magnification, scale bar: 50 μm). A. The control group, 
B. OHSS, C. OHSS+BET, D. OHSS+CAB, E. BET, and F. CAB groups. Superficial lining tissue of the ovary (arrowhead), primordial follicle (white arrow), 
primary follicle (black arrow), thickening of the connective tissue wall around the follicle (green arrow), hyperaemia in the corpus luteum (red arrow), and 
hyperaemia in the ovarian stroma (star) are shown. G. Histomorphometric changes. Data are presented as mean ± SEM from 10 sections per rat and five 
animals per group. H&E; Haematoxylin and eosin, CL; Corpus luteum, OHSS; Ovarian hyperstimulation syndrome, BET; Betaine, CAB; Cabergoline, ****; 
P<0.0001, ###; P<0.001, &&&; P<0.001, and $$; P<0.01. 
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Fig.6: Comparison of the protective effects of BET and CAB on tissue changes in the study groups. OHSS; Ovarian hyperstimulation syndrome, BET; Betaine, 
CAB; Cabergoline, ***; P<0.001, ###; P<0.001, &&&; P<0.001, $; P<0.05, and $$; P<0.01. 

Discussion
Increasing access to in vitro fertilisation has assisted 

numerous women worldwide who otherwise would not be 
able to achieve a normal pregnancy. However, an increased 
risk of OHSS is a potential side effect of this treatment 
(4, 22-25). OHSS syndrome increases the expression and 
secretion of VEGF, and the expression of VEGF receptors 
from stimulated ovaries; this, in turn, creates increased 
vascular permeability and ovarian disorders (5, 9). Women 
with OHSS have evidence of significantly increased body 
weight, and ovarian weight and diameter (4, 7, 26, 27). 
The present study showed a significant increase in delta 
values of body weight, and ovarian weight and diameter 
in the OHSS group. We observed that BET and CAB 
treatment attenuated the elevated levels of body weight, 
and ovarian weight and diameter. Numerous researchers 
have previously shown that CAB can be used to attenuate 
OHSS clinical symptoms (12, 13, 16, 19, 25, 28, 29). 
According to our findings, induction of OHSS resulted 
in several histological changes in the ovarian tissue, 

which included increased numbers of atretic follicles, 
increased diameter and number of the corpora lutea, 
decreased follicular reserve count, and increased numbers 
of blood vessels in the corpora lutea and ovarian stroma. 
These changes have been previously reported by many 
researchers and support our findings (30, 31). The results 
of the current study showed that administration of CAB 
or BET significantly attenuated the histological changes 
induced by OHSS, which supported the results of previous 
researches. We observed significantly increased VEGF and 
COX-2 protein expressions in ovaries of the OHSS group 
compared to the control group (25, 32). Treatment of OHSS 
group with CAB or BET significantly downregulated the 
increased VEGF and COX-2 protein expressions. Thes 
findings agreed with previous studies (19, 25, 33) that 
reported significant increases in serum levels of E2 and P4 
in OHSS animals. Various studies have shown that CAB 
administration to an experimental OHSS model reduced 
the increased levels of E2 and P4 (7, 12, 13, 19). Although 
CAB administration reduces OHSS complications and 
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is a definitive drug to prevent OHSS, it does have side 
effects (headache, peripheral oedema, shortness of breath, 
bleeding from the nose), contraindications (breastfeeding, 
cardiovascular problems, pulmonary and respiratory 
problems, high blood pressure), and drug interactions 
(vascular contraceptives, oral contraceptive pills, blood 
pressure-lowering drugs) (11, 14). 

BET is a natural compound that is released in 
biological systems for protection against environmental 
osmotic and oxidative stressors (34, 35). BET appears 
to decrease VEGF protein expression and suppress new 
vascularisation in the ovaries of rats (17, 36-38). To the best 
of our knowledge, there are no reported results that show 
the benefits of treatment with BET compared with CAB 
in reducing the side effects of OHSS. Our results indicate 
that BET reduced VEGF and COX-2 protein expressions 
along with attenuation of vascularisation in cortical 
tissue and ovarian medulla of an OHSS animal model. 
In the BET-treated group, the increased body weight, 
and microscopic and macroscopic ovarian changes from 
OHSS were reduced, and this was similar to CAB, as an 
efficient drug for attenuation of OHSS complications. In 
comparison between the two treated groups, BET group 
had evidence of increased improvements in the effects on 
all molecular and histological changes compared with the 
CAB group. 

Conclusion
Our results show a wealth of evidence to support the 

effectiveness of BET in reducing OHSS complications. 
We noted that BET administration reduced the vasodilator 
protein (VEGF and COX-2) expressions, improved 
ovarian steroidogenesis, and mitigated the histological 
alterations associated with OHSS. Further research is 
needed to optimise BET dosages and administration 
route. Additionally, ongoing monitoring and long-term 
studies are crucial to ensure the safety and efficacy of this 
treatment in OHSS patients.
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