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A B S T R A C T  

Background and Objective: Uterus of rat with polycystic ovary (PCO) may 

show pathological features. We provided pathological evidence for the rat uterus 

with NO-induced PCO.    

Materials and Methods: Wistar rats (weighing 200-250 g) were kept 

diestrous to receive L-arginine (50 mg/kg) intraperitoneally (i.p.) for 9 days/once 

a day. Control group solely received saline (1 ml/kg, 9 days/once per day). At 

the end of the treatment period, all animals were surgically studied. The rats’ 
ovaries and uteri were examined biometrically and collected in 10% formalin. 

The pathological data were collectively determined. 

Results: The treated ovaries of rats showed polycystic characteristics when 

compared with the control. The uteri of treated rats also showed pathological 

changes as compared to those that belonged to the controls.  

Conclusion: The pathological aspect of rat uterus may be linked with the cystic 

characteristic of ovary in PCO model. This study provides pathological evidence 

for uterus of rat with PCO. 
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1. Introduction 

ne of the endocrine disorders of 

women is known as polycystic 

ovary (PCO) which is 

characterized by polycystic feature 

of ovary along with the 

hyperandrogenism and ovulatory dysfunction 

(1,2). Also, one who suffers from PCO may show 

a higher exhibition of pro-inflammatory agents 

such as nitric oxide (NO) (3).  

We have already shown that the chronic use of 

L-arginine, a precursor of NO, in rats with 

diestrous phase may induce the PCO alongside 

with lipid metabolism malfunction (3), the 

characteristics that mark the PCO syndrome 

(PCOS).  

Since, by reviewing of literature, the uteri of 

those suffering from PCO have not been much 

studied, we sought to evidence pathologically the 

PCO model’s uterus. In this work, the female 
Wistar rats were treated chronically with 

Larginine to provide the PCO model. Also, the 

experimental animals’ uteri were examined to 

provide valuable data representing the involve-

ment of NO in pathophysiology of the disorder.  

2. Materials and Methods  

2.1. Animals  

Wistar rats (body weight 200-250 g) were 

purchased from Pasteur Institute of Iran and were 

retained under standard conditions (21 ± 3°C and 

12-h light/dark cycle) with food and water ad 

libitum. All experiments were approved by local 

Ethical committee.  
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2.2. Drugs  

L-arginine (Merck Co., Germany) was injected 

i.p. for a 9-day period/ once per day. The vehicle 

(saline at 1 ml/kg, i.p.) was used in control group. 

2.3. Female Cycle Test 

Since female rats with 4-5 day sexual cycle are 

always in diestrous (4,5) unless in case of having 

mating with the male rat, so, the rats were kept 

virgin in the present study to avoid the change in 

female sexual cycle. 

2.4. Drug administrations  

Animals were randomly divided into the L-

arginine (50 mg/kg), and saline control (1 ml/kg) 

groups (n=6). They were injected the agent or 

saline intraperitoneally (i.p.) once a day during 

the 9 days period.  

2.5. Surgery procedure  

The treatment groups were anesthetized by an 

overdose of diethyl ether. Then, a midline 

incision in the lower abdomen area was 

performed. The ovaries and uteri were biometri-

cally examined and dissected out. They were 

collected in 10% formalin for histological 

examination.  

2.6. Histological investigation 

The collected tissues were processed and 

sectioned at a thickness of 3-4 µm. They were 

stained by Hematoxylin and Eosin (H&E) 

method (6). The thin sections were then 

dehydrated, cleared, and eventually mounted with 

entellane (Merck Co., Germany) and 

coverslipped. The prepared slides were evaluated 

with light microscope (Olympus, Japan) at 4-

40X. 

2.7. Image analysis 

The photomicrographs were assessed in areas 

of 100-µm
2
 with an aid of Image Tool program 

(UTHSCSA, version 2.03), the free image 

processing and analysis program for Microsoft 

Windows. 

2.8. Statistical analysis 

All data were first assessed by Kolmogorov-

Smirnov (K-S) to show the equality to analysis 

by variance (ANOVA). The ANOVA was then 

performed using SPSS software (version 13.0; 

SPSS, Inc., Chicago, IL), followed by post-hoc 

test. Statistical significance was considered at p< 

0.05. All data are expressed as Means ± SEM. 

The photos were examined in an area of 100-µm
2
 

using the Image Tool program. 

3. Results  

3.1. Histology 

The ovaries from the L-arginine-treated group 

(50 mg/kg, chronically) showed cystic formations 

(Fig. 1B) as compared to control samples (Fig. 

1A), the aspects certifying the polycystic ovary 

(PCO) example.  

The uteri samples of those received chronically 

L-arginine (50 mg/kg) (Fig. 1C) presented 

pathological evidence to those belonged to the 

controls (Fig. 1D). Due to activation of the L-

arginine-related metabolic pathway, the uterus 

wall revealed the aspects of swelling, the 

proliferation and angiogenesis, suggesting an 

inflammatory process involvement. 

3.2. Biometrical value (diameters of uteri)  

The uteri diameters were calculated in all 

groups. They showed changes in L-arginine-

treated group as compared to those obtained from 

saline group. The uteri of rats treated with L-

arginine showed a significant increase when 

compared with the control group (p<0.05) 

(Fig.2).  

4. Discussion  

This research study showed that chronic 

treatment of rats with a nitric oxide (NO) agent, 

L-arginine, induces the polycystic ovary (PCO) 

formation as well as the uteri inflammation.  

The pro-inflammatory NO participates in 

endocrine physiological and pathophysiological 

events (7). The enzyme nitric oxide synthase 

(NOS) produces the NO by the oxidation of 

terminal guanidino nitrogen of arginine (7). We 

have already demonstrated the NOS activation 

with NADPH-diaphorase (8). The molecule NO 

is well introduced as a local inflammatory 

generator (9). The present work also provides 

support for a functional role of the NO in the 

ovarian and uterine events. This plan further 

supports our previous study (8), denoting that 

http://en.wikipedia.org/wiki/Andrey_Kolmogorov
http://en.wikipedia.org/wiki/Vladimir_Ivanovich_Smirnov_(mathematician)
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Figure 1. Photomicrographs of ovaries and uteri from control (A, C), and L-arginine-treated (B, D) rats. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                  

(A) (B) 

(C) (D) 

Figure 2. The diameter of uteri in rats. X axis denotes the control and experi-

mental groups (n=6). Control was injected saline (1 ml/kg, i.p., 9 days/once per 

day). The experimental rats received L-arginine (50 mg/kg, i.p. for 9 days). 

Values are means ± S.E.M.* p < 0.05 vs. control (based on Post-hoc test). 
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hyperactivity of enzyme NOS due to chronic 

usage of L-arginine induces polycystic formation 

in treated rats’ ovaries. In agreement with this 
idea, it has been indicated that the presence of 

large cysts due to treatment by NO producer, L-

arginine, accords with common characteristics of 

PCOS (10). 

In addition of significant changes in feature of 

ovary, the uterus of the L-arginine-treated rats 

also showed differences as compared to the saline 

control group. These finding may suggest that the 

NO as a pro-inflammatory element may induce 

the inflammatory changes in uteri as well as 

ovaries. Although the exact effect of the L-

arginine in this study remained elusive, the 

metabolic pathway may involve the NO which is 

known as a short-lived cytotoxic mediator (11). 

By viewing of the uterus diameter that increased 

in L-arginine-treated rats, it appears that 

inflammatory processes play crucial role in 

reproduction at all levels from the follicles and 

ovarian function to the accessory sex organs (i.e. 

uterus). We aimed to involve the NO by chronic 

use of L-arginine in PCO and pathology of rats’ 
uteri. We have now evidenced that production of 

pro-inflammatory NO may induce significant 

change in the ovary and uterus parameters. It 

should be notified that role of NO in activation of 

NOergic neurons of the pelvic plexus has been 

previously shown (12). The NO has also been 

involved in the control of uterine smooth muscle 

via NOergic terminals (13). Based on our results, 

however, the exact mechanisms to involve the 

inflammatory processes in ovary and uterus 

events rest elusive.  

In conclusion, this study indicates the 

pathological evidence in reproductive system of 

Wistar rats with PCO. Because of activation of 

the L-arginine-related metabolic pathway, the 

uterus wall illustrated the aspects of swelling, the 

proliferation and angiogenesis, suggesting an 

inflammatory process involvement. 

Acknowledgments 

The authors are thankful to Mr Vahid 

Yeghaneh Kaffash for expert assistance in 

histology procedure. We also wish to thank 

Research Deputy at Shahed University and 

Neurophysiology Research Center of Shahed 

University. 

 

Conflict of interest 

The authors state that they do not have any 

conflict of interest. 

References  

1-Amowitz LL, Sobel BE. Cardiovascular consequences 

of polycystic ovary syndrome. Endocrinology and  

Metabolism Clinics of North  America 1999; 28: 

439-458. 

2-Dokras A. Cardiovascular disease risk factors in 

polycystic ovary syndrome. Seminars in  

Reproductive Medicine 2008; 26: 39-44. 

3. Apridonidze T, Essah PA, Iuorno MJ, Nestler JE. 

Prevalence and characteristics of the metabolic 

syndrome in women with polycystic ovary 

syndrome.The  Journal of  Clinical  Endocrinology 

and Metabolism 2005; 90: 1929–35. 

4. Maeda KI, Kura SO, Tsukamura H. Physiology of 

reproduction, in the laboratory Rat: the handbook of 

experimental animal. Hrinke CJ, Editor. London: 

Academic press 2000; 145-176. 

5. Mohammadzadeh A, Heidari M, Soltan Ghoraii H, 

Zarnani AH. Induction of endometriosis by 

implantation of endometrial fragments in female rats. 

Iranian Journal of Reproductive Medicine 2006; 4: 

63-67. 

6. Manneras L, Cajander S, Holmang A, Seleskovic Z, 

Lystig T, Lonn M, Stener-Victorin E. A new rat 

model exhibiting both ovarian and metabolic 

characteristics of polycystic ovary syndrome. 

Endocrinology 2007; 148: 3781–3791. 

7. Zackrisson U, Mikuni M, Wallin A, Delbro D, Hedin 

L, Brännström M. Cell-specific localization of nitric 

oxide synthases (NOS) in the rat ovary during 

follicular development, ovulation and luteal 

formation. Human Reproduction 1996; 11: 2667-

2673. 

8. Hassani F, Karami M, Jalali Nadoushan MR, Eftekhari 

Yazdi P. Nitric oxide-induced polycystic ovaries in 

the Wistar rat. International Journal of Fertility and 

Sterility 2012; 6: 111-116. 

9. Nakamura Y, Kashida S, Nakata M, Takiguchi S, 

Yamagata Y, Takayama H, and et al. Changes in 

nitric oxide synthase activity in the ovary of 

gonadotropin treated rats: The role of nitric oxide 

during ovulation. Endocrine Journal 1999; 46: 529-

538. 

 



 
 

 

 
31 

10. Legro RS. Polycystic ovary syndrome: the new 

millenium. Molecular and Cellular Endocrinology 

2001; 184: 87-93. 

11. Drapier JC, Wietzerbin J, Hibbs JB Jr. Interferon-γ 
and tumor necrosis factor induce the l-arginine-

dependent cytotoxic effector mechanism in murine 

macrophages. European Journal of Immunology 

1988; 18: 1587–1592. 

12. Burnett AL, Lowenstein CJ, Bredt DS, Chang TSK , 

Snyder SH. NO: A physiologic mediator of penile 

erection. Science 1992; 257: 401-403. 

13. Brännström M, Janson PO. The role of leukocytes 

and cytokines as paracrine regulators in the 

mechanisms of ovulation. In: Fujimoto S, Hsueh 

AJW, Strauss IH, editors. Frontiers in Endocnnol. 

Vol 13. New York: Ares-Serono Symposium Pub; 

1995; 225-233. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


