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Summary

Purpose: To investigate the effects of formoterol (a beta2-adrenoreceptor agonist) on serum and peritoneal fluid VEGF, malondi-
aldehyde (MDA) levels, and on VEGF-stained cell counts in the ovaries and endometrium of rats with ovarian hyperstimulation syndrome
(OHSS) within the framework of immunohistochemical analysis. Materials and Methods: A total of 28 immature female Wistar rats were
randomly divided into four groups. Three groups were given ten IU pregnant mare serum gonadotropin/day on days 22-25 of life. They
were administered 30 IU hCG on day 26 of life to mimic OHSS. On days 26 and 27 of life, 24 mcg/kg/day formoterol in group 3 and
48 mcg/kg formoterol in group 4 were administered intraperitoneally per animal. Results: Although, there were no statistically signif-
icant differences between the groups in terms of serum and peritoneal fluid VEGF or MDA levels (serum VEGF: p = 0.281, peritoneal
VEGF: p =0.674, serum MDA: p = 0.543, peritonecal MDA: p = 0.506), there was a significant difference between the control and the
OHSS placebo groups (p = 0.013) regarding the VEGF in the ovarian cortex. There was a significant difference between the control and
the other groups in terms of ovarian stroma (p = 0.001), and there was also a statistically significant difference between the OHSS
placebo and the other groups regarding VEGF in the endometrium (OHSS placebo vs. control group p = 0.002, OHSS placebo vs. the
formoterol 24 mcg/kg group, p = 0.008, and OHSS-placebo vs. the formoterol 48 mcg/kg group, p = 0.001). Conclusions: Formoterol
represents a potential novel strategy for the management of OHSS. Further studies, including those examining the dosage of formoterol,

are warranted.
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Introduction

Ovarian hyperstimulation syndrome (OHSS) is observed
at a rate 0f 0.3% to 5% in in vitro fertilization (IVF) clinics as
an iatrogenic complication of controlled ovarian hyperstim-
ulation with gonadotropins and can lead to serious morbidity
and even mortality. Within the etiopathogenesis of OHSS,
fluid shifts into the extravascular space due to increased the
capillary permeability (CP) that results from the vasoactive
peptides [1-4]. Prevention and treatment strategies for OHSS
include cycle cancellation, coasting, intravenous albumin in-
fusion, low doses of hCG for triggering, the cryopreservation
of embryos, and the use of cabergoline [5]. Although there
are ample numbers of studies of the etiopathogenesis of and
preventive strategies for OHSS, OHSS remains one of the
most significant problems in IVF clinics.

McClure et al. [6] was the first to report that VEGF, also
known as the permeability factor, that is secreted by the
granulosa-lutein cells, causes the development of OHSS.
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Ensuing studies demonstrated that VEGF is an important
mediator that increases angiogenesis and stimulates en-
dothelial cell mitosis [7-10].

Malondialdehyde (MDA) is formed as the end-product
of prostaglandin biosynthesis and lipid peroxidation and is
used as an oxidative stress biomarker [11]. MDA levels
have been shown to be elevated in the myocardial infarc-
tion, atherosclerotic coronary diseases, type 2 diabetes mel-
litus, and in polycystic ovary syndrome during IVF [11-13].

Formoterol fumarate (FF) is used for asthma treatment
and is a highly efficient and long lasting beta2-adrenore-
ceptor (AR) agonist. It has been suggested that formoterol
fumarate plays an immunomodulatory role in Th-1 cy-
tokine-induced autoimmune disease by inhibiting Th-1
lymphocytes. The intraperitoneal administration of for-
moterol suppresses Th-1 cytokine [14].

Based on the above considerations, in the present study,
the authors sought to investigate the effectiveness of the
immunomodulatory beta-2 agonist FF on the serum, peri-
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Figure 1. — Dissection of the rats.

Figure 2. — Macroscopic appearance of the ova-
ries and uterus.

Figure 3. — Antral follicles in the ovarian tissue
(H&E x100).
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Table 1. — Comparison of variables including weight gain, ovarian weights, ascite presence, primordial follicle count,
antral follicle count, atretic follicle count, and corpus luteum count between the groups.
Variables Group 1 Group 2 Group 3 Group 4 p value
(Control) (OHSS placebo) (OHSS formoterol 24 mcg/kg) (OHSS formoterol 48 mcg/kg)
Weight gain (grams) 12.07 +10.73 25.35 +10.74 19.42 +10.67 17.42 +10.34 0.001
Ovarian weights (grams) 0.34 +£10.01 0.51 +=10.02 0.43 £10.03* 0.39 £10.01* 0.001
Ovarian volume (mm?®) 1.72 + 10.69 21.42+12.30 8.45+12.52 3.42 +£1.00 0.001
Ascite presence (%) - 100 28.6 14.3 -
Primordial follicle count 21.0 £ 103.65%¢  6.43 + £2.99° 5.43 £ 1.9 10.43 +16.18°¢ 0.001
Antral follicle count 39.71 £1£13.42  29.57 £f19.56  21.14 +18.89 21.86 £15.61 0.073
Atretic follicle count 8.00 £ f0.81>¢  4.14 +f1.06° 443 +f1.51° 5.86 £ f1.34°¢ 0.001
Corpus luteum count 8.00 £ f1.292>¢ 5214 +19.14* 51.14 +{17.89° 39.57 + £18.94°¢ 0.001

*There was no statistical difference between groups 3 and 4 in ovarian weight. a = The difference between groups 1 and 2 was statistically significant,
b = the difference between groups 1 and 3 was statistically significant, and ¢ = the difference between groups 1 and 4 was statistically significant.

toneal fluids, VEGF and MDA levels, and VEGF-stained
cell counts in the ovarian cortex and stroma and en-
dometrium in rats with OHSS within the framework of im-
munuhistochemical analysis.

Materials and Methods

Animals

A total of 28 immature female Wistar rats were maintained for
one week in the laboratory so that the experiments could begin with
23-d-old, 40 to 54 g animals. The animals were fed a standard diet
and allowed free access to water on a 12-hour light/12-hour dark
schedule. The study was conducted in conformity with the guide-
lines for the care and use of laboratory animals published by the
United States National Institutes of Health and the Animal Care and
Use Committee. This study was approved by the institutional ethics
review board (reference number 2014/0019).

The OHSS rat model

The model was induced in rats via the administration of pregnant
mare serum gonadotropin (PMSG), ten U, subcutaneously (s.c.)
for four days followed by hCG, 30 IU s.c. on the fifth day.

Experimental design

Twenty-eight rats were randomly divided into four groups.
The study included four groups of rats as follows: group 1 —
control group that was given 0.5 cc/day normal saline s.c. for
four days; group 2 — OHSS placebo that was given ten [U/day
PMSG s.c. for four days and 30 IU hCG s.c. on the fifth day to
mimic OHSS; group 3 — formoterol 24 mg/kg group that was
given ten [U/day PMSG s.c. for four days and 30 IU hCG s.c.
on the fifth day to mimic OHSS. Additionally, 24 mcg/kg/day
formoterol was administered intraperitoneally (ip) per animal
on the fifth and sixth days; group 4 — formoterol 48 mcg/kg
group that was given ten IU/day PMSG s.c. for four days, 30 IU
hCG s.c. on the fifth day to mimic OHSS. Additionally, 48
mcg/kg/day formoterol was administered ip per animal on the
fifth and sixth days.

Surgical procedure

On the 28" day of life, 48 hours after the hCG injection, all of
the rats were anesthetized via the intramuscular administration of
50 mg/kg ketamine hydrochloric acid and seven mg/kg xylazine
hydrochloric acid. The rats were weighed at the beginning of the

study and before surgery and also, both the right and left ovaries
of the rats were extracted to analyze the effects of formoterol on
weight gain. Intracardiac blood was drawn from the animals be-
fore surgery to measure the serum VEGF levels. A ventral midline
incision was made and peritoneal lavage with three ml saline was
performed to assess the VEGF levels in the peritoneal fluid. Bi-
lateral hysterectomy and salpingo-oophorectomy were performed
to evaluate the ovarian weights and for the histopathological ex-
amination (Figures 1 and 2).

Biochemical and histopathological evaluation

Formalin-fixed ovarian and endometrial tissues were embed-
ded in paraffin blocks, sectioned at five-mm thickness (four sec-
tions per sample), stained with hematoxylin and eosin and
anti-VEGF receptor 2 antibody, and examined under a light mi-
croscope. The primordial, antral, atretic follicles, and corpora
lutea were evaluated in the ovaries and the VEGF-positive stained
cells in the endothelium of the blood vessels in the cortices and the
stroma of the ovaries and the endometrium were investigated by
histological examination. The VEGF and MDA levels in the peri-
toneal fluid and arterial blood samples were quantitatively as-
sessed using commercially available enzyme-linked
immunosorbent assay kits according to the manufacturers’ in-
structions.

Statistical analyses

The statistical analyses were performed using the Statistical
Package for the Social Sciences version 15.0. The variables
are expressed as the means =+f the standard deviation (SDs).
The normalities of the distributions of the continuous vari-
ables were assessed with Shapiro-Wilk tests. The normally
distributed variables were examinated with one-way analyses
of variance followed by Tukey post-hoc tests, and the non-
normally distributed variables were analyzed with Kruskal—
Wallis tests and Mann-Whitney U-tests with post hoc
Bonferroni corrections. P values <0.05 were considered sta-
tistically significant.

Results

The weight gain was greatest in the OHSS placebo group.
There was a statistically significant difference between the
groups (p = 0.001). The ovarian weights were lower in the
control and formoterol treatment groups than in group 2;
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Figure 4. — VEGF-stained cells in the ovarian cor-
tex (x200).

Figure 5. — VEGF-stained cells in the ovarian
stroma (x400).

Figure 6. — VEGF-stained cells in endometrial
stromal tissue (x400).
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Table 2. — Comparison of the ovarian cortical and stromal VEGF, endometrial VEGF, serum and peritoneal VEGF lev-

els, and serum and peritoneal MDA.

Group Group 1 Group 2 Group 3 Group 4 p value
(Control) (OHSS placebo) (OHSS formoterol 24 mcg)  (OHSS formoterol 48 mcg)
Ovarian cortex VEGF* 99.14 £ £8.07° 156.57 + f47.80¢ 142.86 + £30.39 121.43 +126.24 0.013
Ovarian stromal VEGF 74.42 + £15.60**¢ 179.00 £ f17.37¢ 171.85 £ 117.90° 168.42 +£10.98¢ 0.001
Endometrial VEGF 76.71 £112.47% 12529 £ 27.474¢  82.86 £ 121.10¢ 57.00 + £25.41¢ 0.001
Blood serum VEGF (mcg/ml)  19.53 + {6.47 25,83 £17.22 25.30 £+ £6.00 24.67 £ 16.69 0.281
Peritoneal VEGF (mcg/ml) 22.35 £ f18.16 28.93 £17.17 23.52 £ 18.16 22.97 £16.98 0.674
Blood serum MDA** (ng/ml)  11.94 £ 2.66 13.37 £ £2.57 13.31 £11.88 12.30 + f1.58 0.543
Peritoneal MDA (ng/ml) 0.72 + 10.68 1.59 +f1.38 1.22 +11.20 0.91 +10.91 0.546

*VEGF: vascular endothelial growth factor; **MDA: malondialdehyde. a = The difference between groups 1 and 2 was statistically significant,
b = the difference between groups 1 and 3 was statistically significant, ¢ = the difference between groups 1 and 4 was statistically significant,
d = the difference between groups 2 and 3 was statistically significant, and e = the difference between groups 2 and 4 was statistically significant.

however, the difference between the formoterol treatment
groups was not statistically different (p = 0.066). There
were statistically significant differences between groups 1
and 2 (p = 0.001) and between the control and the for-
moterol treatment groups (p = 0.001, p = 0.001). The au-
thors also evaluated the ovarian volumes and observed that
the greatest increase in ovarian volume occurred in group
2 (21.42 + 2.30 mm?). The difference between the groups
was statistically significant (»p = 0.001). Peritoneal ascites
were present in all of the rats in group 2, they were present
in 28.6% (n= 2) of the group 3 and 14.3% (n= 1) of the
group 4 rats (Table 1).

When the antral follicles, primordial follicles, atretic fol-
licles, and corpora lutea counts were investigated by
histopathological examination, no statistically significant
difference between the groups in terms of antral follicle
count was observed (p = 0.073) (Figure 3). However, there
were statistically significant differences between the con-
trol and the other groups in the atretic follicle and corpus lu-
teum counts (p = 0.001) (Table 1).

Immunohistochemical analysis of the VEGF-stained cell
counts in the ovarian cortex and stroma and the en-
dometrium revealed that there was a significant difference
between the ovarian cortices of groups 1 and 2 (p =0.013).
Regarding the VEGF-stained cell counts in the stroma, the
differences between the control and the other groups were
statistically significant (p = 0.001) (Figures 4 and 5). The
highest VEGF-stained cell count in the endometrium was
observed in group 2 (125.29 + 27.47 cells), and the differ-
ences between group 2 and the other groups were signifi-
cant (group 2 vs. 1 p =0.002, group 2 vs. 3 p =0.008, and
group 2 vs. 4 p=0.001) (Figure 6). There were no signifi-
cant differences between the control and formoterol treat-
ment groups (p = 0.955 and p = 0.372) (Table 2).

There were no significant differences in the serum or
peritoneal fluid VEGF or MDA levels (blood serum VEGF
p = 0.281, peritoneal VEGF p = 0.674, blood serum MDA
p = 0.543, and peritoneal MDA p = 0.506) (Table 2).

Discussion

In the present study, the authors sought to determine the
effectiveness of the beta 2 agonist FF on the serum and
peritoneal fluid VEGF levels and to immunohistochemi-
cally analyze the VEGF-stained cell counts in the ovaries
and the endometrium in rats with OHSS. To the best of
the authors’ knowledge, there have been no previous re-
ports of the use of FF in any experimental animal OHSS
model, and the present study is the first to report that FF
might reduce the development of OHSS. The results of
the study demonstrated that FF treatment in the hyper-
stimulated rat model resulted in significantly lower ovar-
ian weights and volumes, antral follicle counts, atretic
follicle counts, and endometrial VEGF-stained cell count;
however, there were no significant differences in terms of
serum or peritoneal fluid VEGF or MDA levels.

It has been suggested that VEGF increases capillary
permeability by activating the VEGF receptor-2 (VEGFR-
2) [4, 15]. Other than VEGF, prostaglandins, cytokines,
the renin-angiotensin-aldosterone system, estradiol, prog-
esterone, the kinin-kallikrein system, and nitric oxide
have been implicated in the etiology of OHSS [16, 17].
There are studies in literature in which serum and peri-
toneal fluid VEGF levels have been shown to be reduced
by the above mentioned pathways, and these effects pre-
vented the development of OHSS [18-20]. Furthermore,
Yilmaz et al. [21] showed that FF reduces VEGF levels in
the peritoneal fluid of animals with induced endometrio-
sis. However, the present authors were unable to identify
a difference between the control and OHSS placebo
groups, and the FF treatment was observed to have no ef-
fect on the serum or peritoneal VEGF levels.

Gomez et al. [4] and Quintana et al. [22] reported in-
creased VEGF and VEGF-R expressions in the granulosa
cells of rats with OHSS, and Wang ef a/. [23] and Saylan
et al. [24] also evaluated VEGF expression in granulosa
cells and reported elevated VEGF expression in OHSS sit-
uations. In accordance with the literature, the present au-
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thors also observed that VEGF-stained cell counts were
higher in the OHSS placebo group than in the control
group. Moreover, the present authors also observed that
the treatment with FF reduced VEGF levels compared
with the OHSS placebo group, although this difference
did not reach significance.

Ozcakir et al. [18] reported that VEGF immunoreactiv-
ity is stronger in the endothelium of blood vessels, the cor-
pus luteum, and the stroma in OHSS groups compared
with control groups. In line with the findings of this study,
the present authors also observed VEGF-stained cell
counts were higher in the OHSS placebo group than in the
control group. The present results revealed that there was
a significant decrease in the VEGF-stained cell counts in
the endometrium due to treatment with intraperitoneal FF.
Vascularized receptive endometrium needs to be present
for successful implantation. It is known that VEGF regu-
lates endometrial vascularization by increasing angiogen-
esis [25]. Notably, FF might negatively affect
implantation because it decreased VEGF in the en-
dometrium.

Studies of female reproductive functions have particu-
larly shown that MDA levels are increased in unexplained
infertility and have argued that the MDA levels in follic-
ular fluid might be a potential marker for the prediction of
success in ART [26]. It is known that MDA levels are el-
evated in patients with PCOS who are undergoing IVF
[13]. It can be suggested that OHSS development will be
observed more frequently in patients with PCOS, and
therefore, MDA levels might be elevated in OHSS. How-
ever, in the present study, the authors were not able to ob-
serve a statistical difference between the groups in terms
of serum or peritoneal fluid MDA levels.

On the one hand, a potential weakness of the present
study is that the authors were not able to investigate the
effects of FF on serum estradiol and progesterone levels.
The strength of the present study is that they used an im-
munohistochemical approach to detect the effects of FF
on VEGF expression and also evaluated the effects of re-
duced VEGF secretion in the endometrium.

Based on the findings of the present study, the authors
showed that low-dose FF was as effective as high-dose
FF in the prevention of OHSS. They preferred to evaluate
the effects of FF on OHSS in a rat model, but they believe
the results might be applicable to humans in clinical prac-
tice.

In conclusion, FF prevents OHSS by reducing ovarian
weight and volume, although it does not reduce serum or
peritoneal VEGF levels. The potential of FF for the treat-
ment of OHSS requires confirmation of its efficacy, de-
termination of the optimal effective dose, and evaluation
of the effects of FF in humans. Further studies examining
the dosage and routes of FF administration in terms of a
potential novel strategy for the management of OHSS are
warranted.
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