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1. Introduction  

ertility is one of the most important 

features of the family and infertility can 

be considered as a major challenge 

because it has social and economic 

consequences and costs. The decline in 

fertility and the increase in infertile couples in 

developed countries is a serious issue. Infertility has 

also increased in other human societies around the 

world. Infertility is not only a female problem, but 

also male factors are involved. It is nowadays believed 

that couples play nearly the same role in the causes of 

infertility (1-4). Male fertility depends on many 

factors e.g. the proper secretion of gonadotropins and 

the balance between androgens and other topical 

hormones necessary for spermatogenesis. In addition 

to all these factors, other environmental factors such 

as drug abuse should be included. Morphine abuse 

through central and environmental mechanisms 

damages the functioning of the reproductive system. 

Administration of morphine to the opioid system 

significantly reduces sex hormone levels, 

spermatogenesis, and adult sperm count in male rats 

(2). The effects of morphine on male reproduction and 

fertility have been well elucidated and it should be 

notified that among the mechanisms involved in the 

drug abuse, the dopamine dependence pathway 
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investigate the interaction of dopaminergic system with morphine-induced infertility. 
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mechanism is highlighted and also linked to this issue. 

Dopamine in the brain as a neurotransmitter plays an 

important role in controlling the endocrine system and 

sexual behaviors. Dopaminergic neurons are located in 

17 different A1-A17 groups in different brain regions. 

The cell body of these neurons is mainly located in the 

ventral tegmental area of the midbrain and the 

hypothalamus and their axons are sent to different 

areas of the brain. These neurons play an important 

role in controlling the endocrine system (5). The 

presence of dopamine receptors in the reproductive 

organs of rat and other mammalian sperms is an 

evidence of the role of dopamine in reproduction and 

fertility (6,7). Dopamine acts as a modulator of sperm 

motility, vitality, and physiological motility. 

Dopamine is therefore a modulator involved in the 

control of in vivo fertilization (6) and has a protective 

effect on sperm (7). Findings suggest that stimulation 

of peripheral dopamine receptors in seminal vesicles 

may play a role in semen release and tissue 

contraction. However, the mechanism of action of 

peripheral dopamine receptors in the male 

reproductive tract has not yet been elucidated (8). 

Sulpiride is a D2 dopamine receptor antagonist that 

has clinical application as well. In the present study, 

blockade of dopamine D2 receptors by the aid of 

sulpiride has been aimed to investigate its interaction 

with morphine. 

2. Materials and Methods 

2.1. Animals and experimental procedure 

The animals in this experimental study were male 

Wistar rats, housed in autoclaved cages at standard 

conditions at the Institutional Laboratory of Animal 

Care. The number of animals in each cage was two 

and was monitored during the test stages for nutrition 

and other environmental factors. The cages were 

cleaned once every two days and their water and food 

were monitored. Specific times were scheduled 

according to the plan and after passing the laboratory 

animal skills training course (under the supervision of 

an advisor) and were randomly assigned to different 

groups to receive the medication. Then, 48 adult male 

Wistar rats were used for the experiment and were 

randomly divided into eight groups of six after one 

week of adaptation to environmental conditions. 

Before the injection of the drug, the rats were weighed 

with an animal scale. One week after injection, each 

group was re-weighed and anesthetized using an 

anesthetic combination (ketamine 80% and xylazine 

20%). Blood was drawn from the animal's heart with a 

syringe under deep anesthesia. Blood samples were 

then transferred to clean and dry test tubes for serum 

preparation and centrifuged at room temperature (for 

blood coagulation) at 3000 rpm for three min after one 

h serum was removed by sampler and placed in clean 

vials and stored at -80 °C until hormonal testing. The 

testes were also separated and after measuring the 

testes' dimensions, the tissues were placed in fixative 

(10% formalin solution) for the rest of the 

experiments. A few days after the end of the 

experiment, serum levels of testosterone, FSH and LH 

were measured by Enzyme Linked Immunosorbent 

Assay (ELISA) kits. The tissue samples were stained 

by Hematoxylin-Eosin staining (9, 10). All 

experiments were in accord with the animal care 

protocol and verified by the local ethics committee. 

2.2. Statistical analysis 

All data were analyzed by analysis of variance 

(ANOVA) and p <0.05 was considered as significant. 

Further analysis by Tukey was done to determine if 

these groups were different from each other. 

3. Results 

3.1. Weight change of animals 

The weight of all animals was measured both at the 

start and at the end of the experiment and weight 

differences were calculated before and after the 

treatments. No significant changes were observed in 

any of the groups compared to the control group. 

3.2. Biometrics dimensions of the testis 

Biometrics dimensions for the testis in all groups 

were measured and recorded by calibrated ruler and 

kulis vernier before separating the tissues from the 

animal body at the end of the experiments. Testis 

dimensions in the morphine and sulpiride alone 

groups did not change significantly when compared to 

the control group (Figure 1). In the pre-injection 

group, the proportions of testicular morphine-induced 

seminiferous destructions significantly increased with 

increasing dose of sulpiride. Also, animals receiving 4 

mg/kg of the antagonist had the smallest testicular 

dimensions

 
Figure 1. Testicular dimensions in the pre-injection 

group of sulpiride to morphine.  
Reduction of testicular dimensions is evident in pre-

injection procedure. * Indicates significant difference 

(P<0.05) versus control group. Zero represents the control 

group. All data are expressed as mean± SEM. 
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3.3. Histological features 

Histological aspects of the seminiferous tubules and 

interstitial space in the control group were healthy and 

normal (Figure 2). 

 
Figure 2. The photomicrographs of the testis of saline 

group. The seminiferous tubules are evident. Scale bar 

is 100 µm. 

3.3. The effect of morphine on testicular tissue 

Morphine was injected i.p. at a dose of 5 mg/kg and 

the control group received 1 ml/kg of saline i.p. Tissue 

examinations show that morphine induced testicular 

damage as compared to the control group (Figure 3). 

 
Figure 3. Tissue photomicrographs of the morphine-

treated group. Destruction of seminiferous tubules is 

evident. Scale bar is 100 µm. 

3.4. Effect of sulpiride on testicular tissue 

Sulpiride alone was injected i.p. to animals at doses 

of 1, 2 and 4 mg/kg once. According to the 

observations, the testicular tissue of this group of 

animals was not significantly different from that of the 

control group (Figure 4). 

 
Figure 4. Tissue photomicrographs of the group 

treated with sulpiride alone, at doses of 2 mg/kg (top 

image) and 4 mg/kg (bottom image). No significant 

change was observed in comparison with the control 

group.  

3.5. The effect of pre-injection sulpiride on 

morphine 

Sulpiride was injected i.p. at doses of 1, 2 and 4 

mg/kg before pre-injection with 5 mg/kg of morphine 

(20 min interval). Seminiferous tubules were 

destroyed in this group, which increased with 

increasing dose of sulpiride (Figure 5). 

 
Figure 5. Tissue photomicrographs of the sulpiride-

treated group 1 mg/kg (top image) and 4 mg/kg 

(bottom image) compared to morphine (5 mg/kg). 

Increased degradation of the seminiferous tubules is 

evident with increasing doses of sulpiride.  
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3.6. Results of serum biochemical tests 

Serum levels of testosterone, LH and FSH were 

measured in all groups.  

3.6.1. Serum level of testosterone 

 In the morphine-treated group alone, the serum 

level of testosterone was significantly decreased. In 

the sulpiride-treated group, at higher doses, serum 

levels of this hormone were significantly altered. 

Following the Tukey test, it was found out that at 

higher doses of sulpiride, the serum testosterone level 

decreased. So, this effect was dose-dependent and the 

level of testosterone decreased as the dose increased. 

In the pre-injection group of sulpiride prior to 

morphine, the serum testosterone level significantly 

increased with increasing dose of sulpiride so that the 

highest serum level of this hormone was obtained in 

the sulpiride maximum dose. According to the results, 

the serum level of testosterone dose-dependently 

increased in this group (Figure 6). 

 

 
Figure 6. Serum levels of testosterone in all groups. 

Morphine (5 mg/kg) and sulpiride (1, and 2, and 4 

mg/kg) were i.p. injected alone or with morphine (5 

mg/kg). Serum testosterone depletion is evident in 

single injections and a significant increase in pre-

injection is achieved. Zero represents the control 

group. * Indicates significant difference (P <0.05 

(between the treated groups and control group). ** 

indicates significant difference P <0.01 (between the 

treated groups and control group). All data are 

expressed as mean ± SEM. 

3.6.2. Serum level of LH or FSH  

Data were analyzed by ANOVA. According to the 

figures below, no significant changes were observed 

in the levels of LH or FSH in either group (P> 0.05) 

(Figure 7). 

 
Figure 7. Serum levels of LH or FSH in all groups. 

Morphine (5 mg/kg) and sulpiride (1, and 2, and 4 

mg/kg) were i.p. injected alone or with morphine. 

Serum values of LH or FSH did not change 

significantly (P> 0.05). Zero represents the control 

group. All data are expressed as mean ± SEM 

4. Discussion 

We aimed to investigate the interaction effect of 

blocking of D2 dopamine receptor by sulpiride on 

morphine-induced infertility. Dopamine is one of the 

basic catecholamines in the biosynthesis pathway of 

other catecholamines, especially norepinephrine which 

is centered in the central nervous system (CNS), and 

epinephrine which is secreted peripherally as a 

hormone (from endocrine regions such as the central 

part of the adrenal gland). Although an important part 

of mood disorders is related to this factor, it is also 

implicated in male infertility because of its direct 

effect on the reward axis and the motivational-

emotional efficacy of this agent (5). 

Endogenous opioid peptides are small molecules 

that are naturally produced in the CNS and in various 

glands such as the pituitary and adrenal glands. Today 

we know that endogenous opioids are also produced in 

the testicles (11). Exogenous opioids in the brain bind 

to the same receptors as eendogenous opioids. These 
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peptides, as neurotransmitters, are involved in 

regulating physiological processes such as the release 

of hormones, neurotransmitter release, nutrition, 

gastrointestinal motility, respiratory activity, sexual 

behavior and pituitary function. These peptides 

include enkephalins, and endorphins, and dynorphins 

(12). 

According to the evidence, low dopamine 

concentrations (<10 μM) increase viability, tyrosine 

phosphorylation, and sperm motility by activation of 

the D2 receptor. High concentrations of dopamine (1 

mM) decrease tyrosine phosphorylation and sperm 

motility (6). 

GnRH neurons are regulated by dopaminergic 

agents, augmented serotonin, noradrenergic and 

endorphin. In particular, GnRH neurons are closely 

related to dopamine neurons in the hypothalamic 

aruate nucleus. Dopamine inhibits LH secretion by 

reducing GnRH secretion and also by directly 

affecting gonadotrophs. 

According to the results of biometrics, testicular 

dimensions decreased only in the sulpiride-treated 

groups before morphine as compared to the control 

group. Injection of sulpiride at a dose of 4 mg/kg as 

compared to control group had most significant effect. 

According to the results of histological studies, the 

destruction of seminiferous tubules in rats receiving 

morphine (5 mg/kg) was significantly higher than in 

the control group. Also, in the sulpiride-treated (1-4 

mg/kg) groups treated with morphine, tubule 

destruction was increased by increasing the dose of 

sulpiride. However, no significant change was 

observed in tubules with single dose of sulpiride (1-4 

mg/kg). 

Serum biochemical tests were performed on three 

hormones FSH, LH and testosterone. FSH and LH 

values were not significantly different from the control 

group in any of the experimental groups. But 

testosterone levels were significantly different in all 

groups as compared to the control group. In the groups 

treated with morphine and sulpiride, the level of 

testosterone was lower than in the control group dose-

dependently. In the sulpiride-treated group, only with 

increasing doses of the drug did the testosterone 

decrease more noticeably. But in the pre-injection 

group of sulpiride rather than morphine, testosterone 

levels increased so that the dose of testosterone 

increased as the dose of the drug increased. 

Opioids at the hypothalamic level also affect the 

reproductive axis by decreasing the levels of sex 

hormone and interfering with GnRH secretion, and 

consequently by the secondary reduction of FSH and 

LH secretion. The inhibitory effect of opioids is via 

the mu receptors in the pre-visual area of the 

hypothalamus. GnRH production is naturally inhibited 

by endorphins and is widely stimulated by opioid 

antagonists. Li and Pelletier found that opioids 

negatively regulate GnRH mRNA synthesis by in situ 

hybridization, thereby reducing GnRH biosynthesis 

(13). 

Research has also shown that morphine 

administration has an inhibitory effect on testicular 

enzymes such as hyaluronidase and acid phosphatase. 

This inhibition can be accomplished through direct 

effect on testicular peptide receptors and via the blood 

levels of gonadotropins. In the male reproductive 

system, the secretory glands and spermatogenic 

tubules are androgen-dependent, and the eradication of 

androgens causes the rapid destruction and apoptosis 

of spermatogenic tubules (epithelial cells), prostate, 

seminal vesicles, and other tissues become dependent. 

The most significant effect of testosterone on the male 

body is in the target tissues to increase protein 

production (14). Results from a 2015 study showed 

that chronic administration of morphine (5 mg/kg) i.p. 

reduced cell density in the walls of spermatozoon 

tubules and cells proliferated and irregularly; 

spermatogonia, primary spermatocytes, spermatids 

and Leydig were significantly reduced. These results 

are similar to the results of the present study from the 

perspective that the degradation of the seminal tubules 

in the morphine receiving group was only evident. 

The mechanism of action of sulpiride is to 

specifically block D2 dopamine receptors, which 

disrupts the dopamine control system on lactotrophic 

cells (prolactin secretor in the anterior pituitary) 

resulting in hyperprolactinemia (15). Prolactin plays a 

key role in regulating sexual and reproductive 

behavior and activity (16). In general, prolactin is the 

regulator of the hypothalamic-pituitary-testis axis. As 

mentioned earlier, testosterone synthesis is required 

for sperm production and supplementation and for 

enhancing secondary sexual characteristics and normal 

sexual behavior (17). These actions are controlled by 

pulsatile GnRH secretion by the hypothalamus as well 

as LH and FSH secretion from the anterior pituitary. 

High concentrations of prolactin have inhibitory 

effects in humans and animals. Hyperprolactinemia 

reduces GnRH secretion, thereby reducing the 

pulsatile LH secretion and to a lesser extent FSH (18). 

Debeljuk and colleagues investigated the effects of 

acute administration of sulpiride intravenously. They 

reported elevated serum prolactin levels but no 

significant changes in serum FSH and LH levels (19). 

In the present study, serum levels of FSH and LH 

were not significantly different in the sulpiride-treated 

groups. Although we have not yet measured serum 

levels of prolactin, it is likely to have increased (in the 

future we should assay). Oseko and his colleagues 

reported similar results. Based on their tests, oral 

administration of sulpiride increased serum prolactin 

levels in volunteers, but FSH and LH did not change 

significantly (20). 

In the group receiving sulpiride prior to morphine, 

testosterone levels increased with increasing dose of 

sulpiride (dose dependent). This was due to the 

interaction between the dopamine D2 receptor and the 
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opioid receptor at the testicular surface. In fact, it can 

be said that the morphine signaling pathway is 

different between the two states where the D2 

receptors are not blocked or blocked. In other words, 

the morphine signaling pathway is dependent on 

dopamine. Although extracellular testosterone levels 

increased, the tubules of the seminal vesicles were 

destroyed and testis size decreased. These results may 

be due to hyperprolactinemia caused by sulpiride pre-

injection, and the effect of prolactin on prolactin 

receptors in Leydig cells (reduced androgen binding 

proteins count). These effects may also be the result of 

blocking D2 dopamine receptors on testicular cell 

surface and eliminating its regulatory effects on 

spermatogenesis. Another possibility is that the 

binding pathway of proteins plays a role in dopamine, 

which, unlike dopamine, does not have the ability to 

take testosterone. All of these possibilities will need to 

be scrutinized in the future for clarification 
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