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Background: Opium, as the most widely known opioid in the world, has significant effects
on reproductive organs, which can affect fertility and influence the next generation. This study
was performed to investigate the effects of opium administration on histological changes and
spermatogenesis indexes in the testis of adult male rats.

Methods: A total of 50 adult male Wistar rats were used. Animals were divided into 5 groups
(n=10). Control (intact), Vehicle (received saline for 7 and 14 days) and Opium (received 2
mg/kg opium i.p. For 7 and 14 days) groups. Sample of testes were stained by H&E, thenthe
number of spermatogonia, spermatocytes and Leydig cells were counted and
spermatogenesisindexes which included tubular differentiation index (TDI), spermatogenesis
index (SI), repopulation index (RI) and means of seminiferous tubules diameter (MSTD)
were determined.

Results: In opium groups, the number of seminiferous tubules cells and spermatogenesis
decreased compared with the control group (P<0.001). Moreover, the results showed that
TDI, S, Rl and STD parameters significantly decreased in 71" and 14™days, compared with
the control group (P<0.001).

Conclusion: The data showed the adverse effects of opium administration (for 7 and 14 days)
on spermatogenesis and its indexes in rat testis tissue. The underlying mechanisms need
further investigation.
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Introduction

Opium is the dried latex obtained from the unripe seed
capsules of the poppy plant, Papaver somniferum, which
contains up to 40 alkaloids, including morphine (8-17 %),
codeine (0.7-5 %), thebaine (0.1 -2.5 %), papaverine (0.5-1.5

%) and noscapine (1-10%) (1). Previous studies showed that
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Iran has the highest rate of opium (2.8% of Iranians over age
15) addiction in the world (2). The precise estimate of the
number of substance users in Iran is not possible, however,
using indirect estimations, the total number is estimated to be
more than two millions (3). Moreover, despite the increased use

of a wide range of new synthetic and psychoactive drugs, the
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use of opioids, continues to be a major drug problem globally
and it is reported that over the last decades, the rate of opioid
misuse among teenagers is increased (4). The United Nations
office on drugs and crime reported that about 16.5 million
people, 0.4% of the world’s adult population, aged 15 or older
use opiates such as heroin and opium (5).

Opiate use is more prevalent in males and people who are
younger than 30 years of age (6). A recent study conducted in
Kerman province in southeast Iran, has shown that 11.5% of
the male individuals abuse opiates (7). Menati et al reported that
6.0% of high school and university male students under age of
20 were using opium (2). Short term use of opium may result
in periods of sleep or insomnia and long term opioid use could
be associated with serious adverse effects and physical
dependence (8). There are many reports showing that, opium
and its derivatives have exerted important physiologic effects
on multiple organ systems including brain (9), cardiovascular
(10,11), pulmonary (12), renal (13), liver (14) and reproductive
organs (15-17). Opioids can interfere with hypothalamic—
pituitary—gonadal axis (HPG axis) activity inhibiting the
secretion of GnRH and suppression of luteinizing hormone
(LH), follicle-stimulating hormone (FSH) release and the
subsequent reduction in testosterone levels and abnormal
spermatogenesis in long-term opioid abusers (18-20).

Opioids may regulate some of the processes involved in
reproductive function including sperm motility (21). Moreover,
opium consumption is associated with significant decrease in
sperm DNA integrity, sperm concentration and sperm quality
(20). These structural and functional changes can be caused by
two possible synergistic mechanisms of action, oxidative stress
and apoptosis. Oxidative stress which is caused by elevation of

lipid peroxide production, damages cellular macromolecules
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including lipids, proteins,and DNA. It changes gene expression
and pushes the cells toward apoptosis (19,,22).

Most previous studies reported the effects of specific
opioids on reproductive function and since opium comprises
several alkaloids, this study was designed to investigate the
effects of opium administration on histological and

spermatogenesis indexes of testes in adult male rats.

Materials and Methods

All animal experimental procedures and protocols of the
study were approved by the Ethics Committee for Animal
Experiments of Kerman University of Medical Sciences. A
total of 50 adult male Wistar rats, weighing 250-270 g, were
provided by the Kerman Neuroscience Research Center.
Drinking water and commercial animal feed were available in
standard pellet form. The animal room was maintained at
approximately 22 °C and 50% relative humidity with a 12 h
light/dark cycle.

After the acclimatization period, the animals were
randomly divided into 5 groups (n = 10), group | control
(intact), groups 11 and 111 vehicle (received saline for 7 or 14
days) and groups IV and V opium (received dose of 2 ml/kg for
7 or 14 days). All groups of animals received treatment by
intraperitoneal injection. Opium was dedicated by Counter
Narcotics Headquarters in Kerman Province (Iran). Based on
their information, the origin of opium was Helmand in
Afghanistan. It was dissolved in fresh saline (1 mg opium per 1

ml normal saline) by Heat Shaker.

Histological studies
The left testes of rats were rapidly removed and fixed at

room temperature in phosphate-buffered saline (PBS; 0.1 M
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Sodium phosphate, 0.14 M NaCl, pH 7.4) containing 3.7%
paraformaldehyde for 30 minutes and then fixed in 10% neutral
buffered formalin for 48 h. Testes tissues were washed through
graded concentrations of ethanol. Then, the samples were
dehydrated, cleared and embedded in paraffin wax. Serial
transverse sections were cut at 5 mm thicknesses by a rotary
microtone, and stained with hematoxylin and eosin (H&E). The
sections were examined using light microscope to investigate
the spermatogenesis process. For histological study, the
number of spermatogonia, primary and secondary
spermatocytes and Leydig cells were counted and compared
with control group. For spermatogenesis indexes, tubular
differentiation index (TDI), spermatogenesis index (SI),
repopulation index (RI) as a measure of the length of total
colonies per testis and the mean seminiferous tubule diameter
(MSTD) were examined.

For measuring TDI, SI and RI, 200 seminiferous tubule
cross sections were scored. The TDI is the percentage of tubules
containing three or more differentiated spermatogenic cells
more advanced than primary spermatogonia (i.e., secondary
spermatogonia, spermatocytes, or spermatids) and is a measure
of survival and differentiation of the stem, type A
spermatogonia. The RI is the ratio of active to inactive
spermatogonia cells. For the SI, the ratio of seminiferous
tubules containing sperm to the tubules without sperm was

calculated and MSTD of each testis was measure by Image

Tools 2 (23,24).
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Statistical analysis

The data of the spermatogenesis indexes and the number of
seminiferous tubules cells were presented as mean + SEM and
analyzed by one-way ANOVA coupled with Dunnett’s post
hoc analysis to determine the significance of the results. The
level of statistical significance was set at P < 0.05. All data were

processed by SPSS software 20.

Results

Considering the examination of testicular tissue samples,
the results showed normal seminiferous tubules in control
group and spermatogonia, primary and secondary
spermatocytes exhibited normal arrangement in different stages
of spermatogenesis in vehicle groups. In opium groups,
especially in those with 14 days of treatment, the structure of
testes and seminiferous tubules cells underwent significant
changes.

Opium treatment for either 7 or 14 days caused a significant
decrease in spermatogonia cells and an increase in damaged

spermatogonia cells (Figure 1).

Histological Changes

In opium groups, drug did not significantly decrease the
testis weight compared with the control group. In histological
examination, numerous structural changes were observed in the
opium groups receiving opium especially in those with 14 days
of treatment, compared with the control group. Spermatogonia
and primary and secondary spermatocytes decreased
significantly (P<0.001), but opium had no significant effect on
Leydig cells (Table 1).
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Table 1. Effects of 7 and 14 days of subacute opium on testis weight and structure in male rats

= £ & & =
g s8 2 =i 5 =% F =% 3 =3 3
£ Sz £ % S g % g 3 £
r.% * s * g * * & *
=3 QD
Control 1.62+0.03 - 67.10+0.64 - 66.00+0.94 - 66.40+0.73 - 11.39+0.26 -
Vehicle
1.56+0.05 0.96 64.50+0.60 0.89 61.60+0.99 012 65.10+0.92 082 10.56+0.39 0.88
(7 Days)
Vehicle (14
Daye) 1.46+0.03 0.84 65.70+0.96 0.63 64.60+0.93 0.81 63.70+1.24 019 10.97+0.37 0.76
ays,
Opium
1.59+0.05 0.78 56.60+0.79 0.001 57.60+0.69 0.001 57.90+0.67 0.001 10424043 0.81
(7 Days)
Opium
(14Days) 153+0.03 0.78 50.60+0.45 0.001 51.00+1.01 0.001 50.00+0.58 0.001 10.33+0.48 0.73
ays

Rats received opium (2 mg/kg) intraperitoneally for either 7 or 14 days.
Vehicle group received saline. Control rats received no treatment.

Data are the Mean + SEM of 10 rats in each group. * compared with control group

Spermatogenesis Indexes decrease in TDI, Sl and RI in experimental groups compared

The results showed that, the spermatogenesis indexes have with the control group (p<0.001). The seminiferous tubular

been affected by opium treatment, including a significant diameter decreased in those with 14 days of treatment by opium
(Table 2) (Figure 1).

Table 2. Effects of 7 and 14 days of subacute opium on spermatogenesis indexes structure in male rats

<
o o o o
0] wn
: sd E =®2 § =52 i o g
3 5] ] ] = 5]
* * * 3 *
Control 70.60+0.83 - 68.70+0.94 - 70.70+0.56 - 301.10+1.37 -
Vehicle
68.80+0.68 050 67.90£3.05 092 67.80+0.79 071 303.40+1.13 0.89
(7 Days)
Vehicle (14 Days) 68.20+0.66 022 65.90+0.84 0.70 67.40+0.82 0.29 29350+1.94 0.66
Opium
60.90+0.97 0.001 60.40+0.54 0.001 59.40+0.99 0.001 282.30+2.10 0.03
(7 Days)
Opium
52.00+0.79 0.001 53.70+0.84 0.001 51.30+0.56 0.001 279.30+1.06 0.02
(14 Days)

Rats received opium (2 mg/kg) intraperitoneally for either 7 or 14 days.
Vehicle group received saline. Control rats received no treatment.

Data are the Mean + SEM of 10 rats in each group. * compared with control group
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Figure 1. Optical microscopy of testis sections; Normal spermatogenesis is seen in the control group (A) and vehicle group (B); Nearly all lineage of

spermatogonia cells are damaged and their number is decreased in opium groups either in 7 Days (C) or 14 Days (D) (H & E. x400).

Discussion

The results of this study showed that consecutive
administration of opium for either 7 or 14 days caused
significant histopathological changes in testis structure and
spermatogenesis indexes in adult male rats. The structural
abnormalities of testes were indicated with a significant
decrease in the number of spermatocytes and primary and
secondary spermatogonia and a significant decrease in
spermatogenesis indexes including TDI, SI, Rl and MSTD,
which is in complete agreement with previous studies

(15,16,,19,25,26).

Nematollahi-Mahani et al reported that opium dependence
and cigarette smoking decrease semen volume and sperm
quality in male partners of infertile couples (25). In agreement
with our results, other researchers reported that tramadol
administration is associated with a significant decrease in
hormone, hormone,

luteinizing follicle-stimulating
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testosterone, total cholesterol and significant increase in
prolactin and estradiol plasma levels, as well as oxidative stress
and histological abnormalities on testicular tissues of adult male
rats (15).Previous studies confirmed that opioids use is
associated with a significant decrease in gonadotropins,
testosterone and weights of testes, partial weights of prostate
and seminal vesicle in adult male rats (16). A recent study
indicated that naltrexone, an opioid growth factor (OGF)
inhibitor, improved the microscopic indices of spermatogenesis
such as tubular diameter and germinal epithelium height in
diabetic mice (26).

Opium-induced testes structural abnormalities in our study
is comparable with the results reported by Bhoir et al indicating
degenerative changes in spermatogonial cells, primary
spermatocytes, secondary spermatocytes and spermatids in
heroin-treated male rats (27).

Mohammadzadeh et al

reported impairment in

preimplantation development as well as a significant decrease
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in the rate of blastocyst formation and increase in apoptosis
induction in survived embryos of Kerack-addicted Mice (28).

Moreover, opioids cause similar adverse effects on female
reproductive system. Opioid abuse could be associated with
hypogonadism, oligomenorrhea, amenorrhea and infertility in
women (29,30). Eyvazzadeh et al indicated that Endogenous
opioids play an important role in the GhRH secretion and
carbohydrate metabolism in women with polycystic ovary
syndrome (PCOS) (31).

The underlying mechanisms of opioid-induced adverse
effects on reproductive functions including suppression of
gonadotropins and testosterone and significant decrease in
spermatogenesis indexes (TDI, SI, Rl and MSTD) are not
determined yet. However it could be mediated through several
mechanisms including increased MDA level with decreased
gene expression of the antioxidant enzymes, opioid-induced
increased apoptosis, overproduction of nitric oxide and
oxidative stress caused by elevation of lipid peroxidation
products (15). In addition, opioid growth factor (OGF) may be
involved in the growth and differentiation of the spermatocytes
and related cells (26). Grachev et al reported that k-Opioid
Receptor may be involved in the suppression of the GnRH

pulse generator in rats (32).
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