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ABSTRACT		
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Background and objective: Polycystic ovary syndrome
(PCOS) can be induced in Wistar rats by over production of
nitric oxide (NO). This study evaluated the efficacy of naloxone
on the breeding characteristics of rats suffering from nitric oxide
induced PCOS.

Date of publication: August 2015

Materials and methods: Twenty-four female Wistar rats
(200–250 gm) were kept as virgin under standard conditions.
They were divided into four groups (n = 6). One group of the
animals received L-arginine (50 mg/kg) intraperitoneally (i.p.) for
9 days/once a day. Another group was administered naloxone
hydrochloride (0.4 mg/kg, i.p.) prior to injection of L-arginine.
The third group was injected solely naloxone. Control group
received saline solution (1 ml/kg, i.p.). After the treatments, all
female rats were coupled with the intact males. They were then
separated by observation of vaginal plaques; it was considered
as day 0 of pregnancy. Eventually, they were operated on days
18 to 19 of the gestation to collect the animals’ ovaries. The
samples were studied for pathological evidence. The fetal
number and weight along with the fetal crown-rump length
(CRL) were measured.
Results: The ovaries obtained from the L-arginine treated group
had large cysts with thickened granulosa cell layer in contrast
to those of the control or naloxone treated rats (p < 0.0001). The
number of fetus though showed a decrease in the L-arginine
treated rats (3 ± 1), but the fetal weight or fetal CRL did not
change (p > 0.05).
Conclusion: This study may clearly illustrate the polycystic
characteristics in the L-arginine treated group. It may particularly
display the breeding efficacy of naloxone in rats with PCOS.
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Introduction
About 11 to 15% of women in reproductive age suffer
from polycystic ovary syndrome (PCOS). This syndrome
is associated with several symptoms, such as irregular
menstruation, amenorrhea, ovulation-related infertility,
polycystic ovaries and hyperandrogenism.1 Other signs
of the disorder are hyperinsulinemia, glucose intolerance, abnormal blood lipid levels, obesity,2 and insulin
resistance.3 The insulin resistance is linked with impaired
production/release of endothelium-derived nitric oxide
(NO).4 The NO, a paracrine messenger, participates in
several physiological and pathophysiological events in
the endocrine organs. This small, diffusible, lipophilic
free-radical gas is produced from the oxidation of terminal guanidino nitrogen of arginine by the action of nitric
oxide synthase (NOS) enzyme.5,6 The local inflammatory
generator NO mediates significant and diverse signaling
functions nearly in every organ system; it is involved in
the induction of the PCOS, a disorder which is alleviated
by anti-inflammatory naloxone.6-9 This famous opioid
antagonist has been previously described may have
reinforcing effect and abuse liability under conditions.10
The drug naloxone clearly affects the NOS activity in
the brain areas of Wistar rats.11 This narcotic drug when
using collectively with L-arginine, the NO precursor,
shows a beneficial effect on the PCOS’ signs.8 The drug,
therefore, may have the potential to affect the symptoms
of the PCOS disorder; a hypothesis needs to be clarified.
This work treated the female Wistar rats by naloxone
jointly with L-arginine to signify the NO involvement in the
PCOS. We evaluated the effectiveness of naloxone on the
breeding quality of rats suffering from NO-induced PCOS.
We planned to show the improvement effect of naloxone
on the breeding values as well. Beside the evaluation of
the breeding quality of naloxone, the blood samples of the
animals were analyzed for the cardiometabolic outcomes.

Materials and Methods
Animals
In this experimental study, 24 females Wistar rats (weighing 200–250 gm, purchased from Pasteur Institute of Iran)
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were retained under standard conditions in accordance
to the guides for the care and use of laboratory animals.12
The animals were kept under proper temperature (21 ±
3°C) and 12-hour light/dark cycle with food and water
ad libitum. All experiments were approved by the local
ethical committee at Shahed University (Document No:
554/169264/9202).

provided by photomicroscope (Olympus) were assessed
in 100-µm2 units under magnifi- cation 4 to 40× using
an Image Tool program (UTHSCSA, version 2.03, USA),
the free image processing and analysis program for
Microsoft Windows to provide quantification for 100 µm2
units. The differences between experimental and control
unit level were obtained using t-test analysis.

Female Cycle Test

Blood Parameter Assay

Female rats with 4 to 5 days sexual cycle are always in
diestrous13,14 unless they mated with the males. Thus, the
rats kept virgin and did not expose to the males, were
chosen for studying. Furthermore, the animals’ vaginal
smears were examined by Papanicolaou smear test during
the entire experiment and determined as diestrous.

Up to 24 hours after the completion of the experiments,
the rats were anesthetized by intraperitoneally (i.p.) injection of ketamine (100 mg/kg) and xylazine (20 mg/kg).
With ethical consideration, the rats’ heart blood samples
were collected to assess the sera parameter profile. The
samples were kept under room temperature for at least
30 minutes; they were then centrifuged at 3000 to 5000 gm
for 15 minutes. The level of low-density lipoprotein (LDL)
was measured based on competition binding using the
enzyme-linked immunosorbent assay (ELISA) and read
by an ELISA reader.

Experimental Procedure
The drugs were L-arginine (Merck co., Germany), naloxone hydrochloride (Tolid Daru Co., Tehran), ketamine and
xylazine (Veterinary Organization, Iran). The drugs were
administered under the following program:
The animals were randomly divided into four groups
(n = 6 per group); one group of them received single
L-arginine (50 mg/kg, i.p., 9 days/once daily), and another
group was injected naloxone (0.4 mg/kg, i.p.), and the
third group was administered naloxone 30 minutes
prior to the L-arginine. The control group exclusively
received saline solution (1 ml/kg, i.p.). Drug doses and
duration of study periods accorded with our previous
experiences. The treated rats were coupled with the intact
males ‘Coupling of rats’ by ending of drug adminis
tration procedure. Following observation of vaginal
plaques and subsequently to the smear test, they were
isolated and graded day 0 of pregnancy. They eventually
passed surgery on days 18 to 19 of gestation; midline
incisions in the rats’ lower abdomen areas were performed to expose the reproductive organs. The control
and the experimental rats’ ovaries’ dimensions were
exactly scaled with Collis under binocular objectives. The
ovaries samples were then dissected out and collected in
10% formalin for histological analysis. The fetuses were
additionally carefully examined to provide the nece
ssary data. The fetal number and weight, and the fetal
crown-rump length (CRL) were measured. For histological investigations, the fixed samples provided in 10%
formalin were processed with tissue processor through
paraffin embedding. The serially sections (3–4 µm)
were prepared and stained by means of hematoxylin
and eosin (H&E) method.15 After the dehydration the
sections were eventually mounted with entellan (Merck
Co., Germany). The prepared slides were evaluated by
light photomicroscope (Olympus) at 4 to 40×. The photos
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Statistical Analysis
Initially, the data were evaluated by Kolmogorov-Smirnov
(K–S) to determine a normal distribution. The analysis
of variance (ANOVA) was performed using statistical
package for the social sciences (SPSS) software (version
13.0; SPSS, Inc., Chicago, IL). Tukey-Kramer’s Post hoc
test was used to calculate differences between groups.
Statistical significance was considered at p < 0.05. All data
are expressed as mean ± SEM.

Results
Female Cycle
The female sexual cycle phase of rats was indicated as
diestrous. In this phase, the cell type abundant in the
smears were the round nucleated epithelial cells.

Histology
The ovaries of control rats treated with saline had mature
follicles (Fig. 1A). The ovaries collected from the L-arginine
treated group (50 mg/kg) exhibited large cysts with
thickened granulosa cell layer or large cystic follicles
with scant granulosa cells (Fig. 1B). However, the samples
of rats administered naloxone (0.4 mg/kg) prior to the
L-arginine (50 mg/kg), illustrated significant (t = 3.656,
sig (2-tailed) = 0.004) attenuation of cysts (Fig. 1C). This
group, moreover, exhibited mature follicular appearance
in contrast to the solely L-arginine group. Also, the single
naloxone group had mature follicles (Fig. 1D).
The quantified results for the images analyses are
presented (F = 23.629, p < 0.0001).
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Breeding Values (Fetal Number, and Fetal
Crown-Rump Length, and Fetal Weight)
Number of fetus was calculated in all groups and found
that there was a significant difference between the
L-arginine group and all of the others groups (F3,20 =
4.042, p = 0.022) (Fig. 2). This breeding value in group
treated L-arginine was less than the other groups.
Crown-rump length of fetus was determined for further evaluation of breeding characteristic in the rats. This
parameter had no difference (p > 0.05) in the groups (Fig. 3).
Weight of fetus was indicated for further calculation
of breeding feature in the rats. The weights of the fetuses
was not changed (p > 0.05) in the groups (Fig. 4).

Serum Agent Levels
The analysis of data for LDL serum level indicates a signi
ficant change (F3,20 = 6.523, p = 0.003) which is shown in
Figure 5.

Discussion
This research plan was designed to indicate the naloxone
effect on polycystic changes induced by L-arginine in

the ovary. We aimed to indicate associated reductions
in breeding efficiency.
Present study concisely demonstrated the following
findings: fall in number of fetus (3 ± 1) in the L-arginine
treated Wistar rats along with the presence of the large
cyst formation in the rats’ ovaries (Fig. 1B) and a high level
of LDL (Fig. 5) as a main metabolic outcome of PCOS.
To discuss about the high numbers of cysts in the
L-arginine treated samples the present study may pro
perly suggest a role for free-radical NO in the breeding
events. The NO which is formed by L-arginine in the
presence of NO synthase (NOS),5 as an important paracrine messenger, participates in endocrine physiological
and pathophysiological events.5 This local inflammatory
generator7 as previously been shown by other researchers
mediates the ovulatory process and regulates the function of corpus luteum.16-19 We may additionally intro
duce a functional role for the molecule in the follicular
events in view of the fact that the polycystic aspect in
this study was observed in treated rats’ ovaries recei
ving the continual usage of the L-arginine. Moreover, the
present findings may confirm our previous study8 that
demonstrated the hyperactivity of enzyme NOS after

A
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Figs 1A to D: Panels show the ovaries of four groups of rats: control (A) single L-arginine, (B) naloxone plus L-arginine (C) and naloxone alone (D). Bars beside the samples show the mm values. The arrows and notes in each picture signify the desired characteristics
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Fig. 2: Figure indicates the number of fetus in rats. X-axis denotes
the control and the experimental groups. Control group was saline
injected (1 ml/kg, i.p., 9 days/once per day). The experimental
groups were single L-arginine (L-Arg: 50 mg/kg, i.p., 9 days)
or single naloxone (NLX: 0.4 mg/kg, i.p., 9 days) or L-arginine
(50 mg/kg, i.p., 9 days) plus naloxone (0.4 mg/kg, i.p., 9 days)
recipients. Naloxone was injected 30 minutes prior to L-arginine
in the naloxone plus L-arginine group, values are written as mean
± SEM.*p < 0.05 vs control (Tukey Post hoc test)

Fig. 3: Figure indicates the crown-rump length (CRL) of fetus.
X-axis denotes the control and the experimental groups. Control
rats were solely injected saline (1 ml/kg, i.p., 9 days/once per day).
Other rats received single L-arginine (L-Arg: 50 mg/kg, i.p., 9 days)
or single naloxone (NLX: 0.4 mg/kg, i.p., 9 days) or L-arginine (50
mg/kg, i.p., 9 days) collectively with naloxone (0.4 mg/kg, i.p.,
9 days). Naloxone was injected 30 minutes prior to L-arginine (50
mg/kg). Values are given as mean ± SEM

Fig. 4: the fetal weight. X-axis denotes the control and experi
mental groups. Control group was only injected saline (1 ml/kg,
i.p., 9 days/once per day). The experimental rats were recipients of
single L-arginine (L-Arg: 50 mg/kg, i.p., 9 days) or single naloxone
(NLX: 0.4 mg/kg, i.p., 9 days) or L-arginine (50 mg/kg, i.p., 9 days)
plus naloxone (0.4 mg/kg, i.p., 9 days). In the naloxone-L-arginine
group, the naloxone was injected 30 minutes prior to the L-arginine.
Values are presented as mean ± SEM

Fig. 5: This figure illustrates the numbers of fetuses both in the
control and experimental groups. Control rats were injected saline
(1 ml/kg, i.p., 9 days/once per day). The experimental groups were
administered single L-arginine (L-Arg: 50 mg/kg, i.p., 9 days), single
naloxone (NLX: 0.4 mg/kg, i.p., 9 days), L-arginine (50 mg/kg, i.p., 9
days) plus naloxone (0.4 mg/kg, i.p., 9 days). Naloxone was injected
prior (30 min) to the L-arginine in the later. Values are indicated as
mean ± SEM. **p < 0.01 vs control (Tukey Post hoc test)

repeated injections of L-arginine. In accord, it has recently
been indicated that the guanidino-substituted analog of
L-arginine known as asymmetrical dimethylarginine
(ADMA)20,21 mediates the adverse vascular effects. Thus,
the findings of present plan may properly appear the risk
profile of PCOS. Considering that the ADMA is elevated
in patients with PCOS,22 the achievement can be similarly
implied for the L-arginine over usage.
The polycystic feature along with a decreased bree
ding aspect (Fig. 2) and increased LDL level (Fig. 5) may

redirect us to the PCOS. But other signs of the syndrome,
such as the hyperandrogenism and hyperinsulinemia
did not emerge in this model. So, we may involve the
mentioned above metabolic factors in the pathophysio
logy of the disorder. In view that the production of large
cysts due to treatment by NO producer, L-arginine, was
significantly reduced in the L-arginine plus naloxone
recipients, we notify that the drug may possess various
pharmaceutical properties to suppress the low-grade
inflammatory disease PCOS.23
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For discussion of the breeding values, we may affirm
that despite of insignificant change in fetal weight
or CRL (Figs 3 and 4) the number of the fetus in the
L-arginine treated mothers was low when compared with
the control and naloxone groups (Fig. 2). Regarding the
findings, we may introduce the proinflammatory NO as
a cause of infertility. The NO may activate inflammatory
processes in the ovary to produce this effect. However,
the anti-inflammatory naloxone reversed the decline
in fertility probably by affecting the endocrine and
metabolic parameters related to the PCOS. To explain
the metabolic effect, we give notice that the naltrexone
reduces the food intake in cases with android obesity,
hyperinsulinemia, insulin-resistance.24 Such metabolic
abnormalities have also been reported previously due to a
link between opioids and PCOS-related insulin response
to glucose load.25,26 Similar abnormalities have been
additionally indicated in the animal model PCOS.27-29
This study may further show the NO overproduction as
harmful for Wistar rat reproduction. The NO as a shortlived cytotoxic mediator has been related to the atresia
of follicles.30 Also, in view of our result the inflammatory
processes have crucial role in reproduction at all levels
from the follicles and ovarian function to the accessory
sex organs (i.e. uterus).
We, furthermore, expected to involve the NO in fetal
weight loss or deformity of the fetus. However, the NO
production caused insignificant change in the parameters.
By reviewing of previous data, the NOergic neurons of
the pelvic plexus31 involve in uterine smooth muscle
change via NOergic terminals.32 Based on our results,
a more complex mechanism may normalize the fetal
development in the uterine cavity. Because despite the
main effect of NO on the breeding rate, we did not show
the noticeable change in the developmental parameters.
In conclusion, we demonstrated the involvement of
inflammatory agents in reproductivity of Wistar rats.
The NO-induced infertility was improved with an antiinflammatory opiate antagonist, naloxone. We evidenced
that the fetal development is less sensitive to the inflammatory events. Available trials are now scarce, and we
recommend for future research and clinical work.
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