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 Abstract 

Objectives: To determine the efficacy of montelukast in comparison with cabergoline in the prevention of ovarian 

hyperstimulation syndrome (OHSS) in rats.

Material and methods: An experimental OHSS model was formed in 35 female Wistar rats. Rats (22 days old) 

were randomized into 5 groups, each containing 7 animals. The control group received no therapy; the mild OHSS 

group was administered pregnant mare serum gonadotropin (PMSG) 10 IU for 4 days, hCG 10 IU on the 5th day; 

the severe OHSS group received PMSG 10 IU for 4 days, hCG 30 IU on the 5th day. The montelukast group: 

received montelukast 10 mg/kg/day and the cabergoline group was administered cabergoline 100µg/kg/day via 

oral gavage for 6 days (days 22–27), in addition to those of severe OHSS. All groups were sacrificed on 28th 

day. Body weight, ovarian diameter and weight, vascular permeability, vascular endothelial growth factor (VEGF), 

semiquantitative VEGF receptor-1, and VEGF receptor-2 (VEGFR-2) immunohistochemistry were evaluated.

Results: Ovarian diameter and VEGF expression were significantly lower in the montelukast and cabergoline 

groups than in the severe OHSS group. While montelukast was more effective in limiting vascular permeability in 

the severe OHSS, cabergoline was superior to montelukast with respect to the limiting effect on increased body 

weight and VEGFR-2 expression.

Conclusions: The VEGF/VEGFR-2 interaction plays an important role in OHSS pathogenesis. Montelukast limits 

VEGF expression, and cabergoline reduces both VEGF and VEGFR-2 expressions; they are both effective therapies 

for the prevention of severe OHSS.
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Introduction

Materials and methods

Study design

 Streszczenie        

Cel: Ocena skuteczności montelukastu w porównaniu z kabergoliną w zapobieganiu zespołowi hiperstymulacji 

jajników (OHSS) u szczurów.

Materiał i  metoda: Model doświadczalny OHSS stanowiło 35szczurów rasy Wistar, płci żeńskiej. Szczury 

(22 dniowe) podzielono na 5 grup, każda zawierająca 7 zwierząt. Grupa kontrolna nie otrzymała żadnej terapii. 

Grupa z  łagodnym OHSS otrzymała gonadotropinę z surowicy ciężarnych klaczy (PMSG) w ilości 10IU przez 4 

dni, hCG 10IU w 5 dniu, grupa z ciężkim OHSS otrzymała PMSG 10IU przez 4 dni, hCG 30IU w 5 dniu. Grupa 

z montelukastem otrzymała montelukast w dawce 10mg/kg/dzień a grupa z kabergoliną otrzymała kabergolinę 

100µg/kg/dzień przez doustny zgłębnik przez 6 dni (dni 22-27). Wszystkie zwierzęta zabito w 28 dniu. Oceniono 

masę ciała, wymiar i wagę jajników, przepuszczalność naczyń, czynnik wzrostu śródbłonka naczyń (VEGF) oraz 

w immunohistochemii półilościowo receptor – 1 VEGF i receptor-2 VEGF.

Wyniki: Wymiar jajnika oraz ekspresja VEGF były istotnie niższe w grupach z monelukastem i  kabergoliną niż 

w grupie z ciężkim OHSS. Podczas gdy montelukast był bardziej skuteczny w ograniczaniu przepuszczalności 

śródbłonków w ciężkim OHSS, to kabergolina okazała się lepsza od montelukastu po uwzględnieniu ograniczającego 

efektu zwiększonej masy ciała i ekspresji VEGFR-2.

Wnioski: Wzajemne oddziaływanie VEGF/VEGFR-2 odgrywa istotną role w  patogenezie OHSS. Montelukast 

ogranicza ekspresję VEGF, a  kabergolina zmniejsza zarówno ekspresję VEGF jak i  VEGFR-2; obie terapie są 

skuteczne w zapobieganiu ciężkiemu OHSS.

 Słowa kluczowe: / VEGF / VEGFR-2 / kabergolina / 
      / montelukast / 



� � � � � � � � � � 	 
 � �  � � 	 � � � � � � � � � � � � � � � � � � � � � � �
568

� � � � �  � ! " # $ � % $ �
  ginekologia

DOI: 10.17772/gp/57814

Fatma Eskicioğlu et, al. Montelukast is effective in preventing of ovarian hyperstimulation syndrome; an experimental study.

& ' ( ) * + , - + , . � � � � / 0 1 / � 1 1 2 � 3 4

®

®

®

®

®

Histopathological evaluation

Biochemical Evaluation



� � � � � � � � � � 	 
 � �  � � 	 � � � � � � � � � � � � � � �� � � � � � � �
569

5 6 7 8 9 : 6 ; < = > 7 ? > 9
  ginekologia  

DOI: 10.17772/gp/57814

Fatma Eskicioğlu et, al. Montelukast is effective in preventing of ovarian hyperstimulation syndrome; an experimental study.

& ' ( ) * + , - + , . � � � � / 0 1 / � 1 1 2 � 3 4
Statistical Analyses

Results

Vascular permeability

 
Figure 1. Comparison of vascular permeability values between groups. Bars 
present mean±SD (standard deviation). p <0.05 versus severe OHSS group.

 
Figure 2. Comparison of  HSCORE values of vascular endothelial growth factor 
(VEGF) in the granulosa cells between groups. Bars present mean±SD (standard 
deviation).  p<0.05 versus severe  OHSS group.

 
Figure 3. Comparison of  HSCORE values of vascular endothelial growth factor 
receptors (VEGFR-1 and VEGFR-2) in the granulosa cells between groups. Bars 
present mean±SD (standard deviation). p<0.001 versus severe  OHSS group.
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Discussion

Table I. Evaluated parameters in the groups (excluding histopathological evaluation).@ A B C D A EF B G H I J K E L M N O OF B G H I O P Q P D P M N O OF B G H I J A B C P E R S T CF B G H I @ T U P D V A E K B PF B G H IW A L X Y P K V Z C [ \ F V I ] ^ _ ` a ] _ b ` c _ d a ] _ e ] f _ f a ] _ ^ ] ` _ e a f _ g ] ` _ ` a f _ dW A L X Y P K V Z C [ h F V I e ` _ c a g _ ^ e ] _ ` a d _ b e d _ c a d _ ` e i _ e a ] _ g e ] _ i a ` _ cW A L X Y P K V Z C j T K B F V I f ` _ g a ` _ ` f ] _ i a ` _ e f e _ i a ` _ ]M Q T D X Y P K V Z C F k V I f ` ` _ e a ` b _ ] f e f _ ] a ] e _ ` f f ^ _ e a ] ^ _ ] f f b _ i a ` b _ `M Q T D X L K T k P C P D F k k I g _ b a ` _ d g _ c a f _ el T m n R E T D o P D k P T U K E K C XF p Q T B m W E R P k J q \ r r V I f _ i a ^ _ ] f _ e a ^ _ ]s t u t t v w x v w y w z u w { t y | w t z } ~ s � y u t z { t v { { w � � t u � � z � � � � t v � t z � � x w v y u � | � � t u � � z y � z { v � | w � � � ~ ~ � �
Table II. HSCORE values of vascular endothelial growth factor (VEGF) and  receptors   (VEGFR-1 ve VEGFR-2) in the granulosa cells. @ A B C D A EF B G H I J K E L M N O OF B G H I O P Q P D P M N O OF B G H I J A B C P E R S T m CF B G H I @ T U P D V A E K B PF B G H Il p j � ` e f _ e a f ] d _ ^l p j � � [ \ ] ` a ] _ el p j � � [ h ` g b a f ^ _ cs t u t t v w x v w y w z u w { t y | w t z } ~ s � y u t z { t v { { w � � t u � � z � � � � t v � t z � � x w v y u � | � � t u � � z y � z { v � | w � � � ~ ~ � �
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Figure 4. Control group: representative ovarian sections showing the immunolocalizations of VEGF (A), VEGFR-2 (B) and VEGFR-1 (C) (Original Magnification: 400x).

 
Figure 5. CMild OHSS (ovarian hyperstimulation syndrome) group:  representative ovarian sections showing the immunolocalizations of VEGF (A), VEGFR-2 (B) and VEGFR-1 
(C) (Original Magnification: 400x).

 
Figure 6. CoSevere OHSS (ovarian hyperstimulation syndrome) group: representative ovarian sections showing the immunolocalizations of VEGF (A), VEGFR-2 (B) and 
VEGFR-1 (C) (Original Magnification: 400x).

 
Figure 7. Montelukast group:  representative ovarian sections showing the immunolocalizations of VEGF (A), VEGFR-2 (B) and VEGFR-1 (C) (Original Magnification: 400x).
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Figure 8. Cabergoline group: representative ovarian sections showing the immunolocalizations of VEGF (A), VEGFR-2 (B) and VEGFR-1 (C) (Original Magnification: 400x).
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Conclusion
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