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ARTICLEINFO ABSTRACT

Article type: Mllicit drug use is growing among young people, which is one of the major problems in today’s society
Review that can be associated with many medical issues, including infertility. Amphetamines, cocaine,
Article history: opioids, and marijuana are the most common and the most used illicit drugs worldwide. The purpose

of this review was to collect as much literature as possible about the impact of illicit drugs on male
fertility and summarize their valuable data. Original studies and reviews were collected by searching
the keywords “illicit drugs (all kinds of that) and male infertility”. The obtained information was also
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Keywords: categorized based on the content of the “Infertility in the Male” book. Almost all studies suggested
Amphetamines that taking all kinds of illicit drugs with the effects on different parts of the male reproductive system
Cocaine can result in subfertility or complete infertility in the consumers. Although the data in this field are
Mlicit drugs not decisive and there are some confounding factors in human studies, it can be inferred that the

Male infertility
Male reproductive system

use of any illicit drug with an effect on male sexual health reduces fertility potency. Therefore, it is
recommended that couples, who are planning to conceive, avoid taking any illicit drugs before and

Marijuana
Opioids

during treatment.

P> Please cite this article as:

Nazmara Z, Ebrahimi B, Makhdoumi P, Noori L, Mahdavi SAH, Hassanzadeh GH. Effects of illicit drugs on the structural and functional impairment
of testis, endocrinal disorders, and molecular alterations of the semen. Iran ] Basic Med Sci 2021; 24:856-867. doi: https://doi.org/10.22038/

ijbms.2021.53326.12002

Introduction

Infertility is defined as failure to achieve a pregnancy
after a year of unprotected intercourse. Considering the
growing number of infertile couples, and psychological,
social, and economic problems stemming from it, this
social-medical condition has intrigued researchers
in recent years. According to the latest reports,
more than 50 million couples worldwide suffer from
infertility. World statistics suggest male infertility is
2.5-12 percent, which accounts for 20-70 percent of
couples (1). Primary testicular disease (2), endocrine
impairment (3), erection and ejaculation disorders (4),
infection (3), and alteration of semen characteristics
(5) were considered as main factors in the etiology of
male infertility. Considering the effect of the niche of
the spermatozoa on their survival and function, spinal
cord injury (6), testicular trauma (7), stresses (8), and
drugs (9) have a special place in men’s sexual capacity.
The increasing growth of recreational drug use by
young people in reproductive ages around the world
has prompted researchers to investigate the adverse
effects of illicit drugs on fertility. However, few in vitro
and clinical studies have been conducted in this regard.

For writing of this manuscript, we made a list of
relevant keywords and phrases and then started
searching studies in PubMed, Scopus, and Web of

Science databases. The keywords that we used were:
Illicit drugs, Male infertility, Male reproductive system,
Amphetamines, Cocaine, Opioids, and Marijuana. In this
review study, the effects of various illicit drugs on each
of the infertility factors were elaborated separately.

Primary testicular disease, the most common cause
of male infertility

In contrast to women, in men, gametogenesis defects
are generally due to damage to the testicular tissue
and are rarely associated with pituitary dysfunction.
Primary testicular dysfunction results in reduction
or complete stopping of spermatogenesis (10).
Decreased testosterone production due to changes in
Leydig cell function is one of the conditions causing
the primary testicular disorder. Due to the reduced
rate of spermatogenesis, men develop oligospermia or
azoospermia. Although it is one of the most common
causes of male infertility, about 65% of cases are
idiopathic and asymptomatic infertile men (2).

Itshould be borne in mind thatthe disease isincurable
and there is no known treatment to increase sperm cell
numbers or change these conditions. Another important
feature of the disease is the progressive process of
decreasing quantity and quality of spermatozoa;
azoospermia may occur in cases of severe oligospermia
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due to primary testicular dysfunction (3). Therefore,
the prevention of primary testicular disease is the most
important clinical approach. Drug abuse and exposure
to its smoke can be potential contributors to the early
testicular disease in male infants and male offspring of
addicted parents (11). Although there are no laboratory
and clinical studies examining addicted fathers and the
sexual health of their offspring, the effect of morphine
on the reproductive system of mice was age-dependent
and its destructive effect has been reported more in
immature mice and pre-adolescence (12). Studies
on primary testicular disease are listed under three
subtitles: deficiency in Leydig cell function, structural
alterations of seminiferous tubules, and deficient
testicle functions. The impact of illicit drugs on primary
testicular disease is summarized in Table 1.

Deficiency in Leydig cell function

The alterations in Leydig cell activity is one of the
issues discussed concerning the primary testicular
disorder.

Amphetamines

The Ras signaling pathway, which is the mostimportant
hormone transport pathway, is blocked by protein kinase
A. Increased cyclic adenosine monophosphate (cAMP),
which acts through this protein kinase in the testis of the
amphetamine-treated rats, suggested the hypothesis of
inhibition of testosterone transduction and release from
Leydig cells in this group of rats (13).

Opioids
The results of Yilmaz et al. (1999) with the expression

of healthy Leydig cells in the testis tissue of young (30-
33 days old) Wistar rats treated with morphine showed
that the decrease in testosterone was due to impairment
of the Hypothalamus-Hypophyseal-Testicular (HPG)
axis, and testosterone is reduced through the brain’s
opioid system (14). This report indirectly ruled out the
possibility of an association between primary testicular
disease and morphine consumption. However, some
researchers believe that the direct effect of opioids on
testosterone levels is through opioid receptors in the
testes (15). Pro-opiomelanocortin (POMCs) -derived
peptides exist in the male reproductive tract of many
animal species. Beta-endorphin has been observed
as one of the major POMC-derived peptides in the
adult testis extract. The increase of this peptide in
mouse and hamster Leydig cells during adolescence
and afterward indicates a relationship between beta-
endorphin and steroid-producing capability (16). Due
to the lack of opioid receptors at the Leydig cell surface
and detection of opioid-binding regions in Sertoli cells,
it has been hypothesized that the Leydig cell-derived
opioids have a local effect on the regulation of steroids
production. However, the importance of this mechanism
and the function of opioid receptors in the production
of testosterone is not fully understood. In humans, the
decreased concentrationof LH-independenttestosterone
in male heroin and methadone consumers could be due
to the direct impact of the drugs on testicles (17). The
adverse effects of opioids could be observed even after
two years past withdrawal. Other observations reported
on the study included oligospermia, asthenospermia,
and sperm abnormal morphology plus an increase in
the number of immature sperm cells (18).

Table 1. Effects of illicit drugs on different species in primary testicular disease

Parameters Illicit drugs Species References
Marijuana Rat 88
Deficiency in Leydig cell function 52
Opioids Human
Amphetamines Mouse 89
Induced apoptosis in seminiferous tubules 30
Cocaine Human
Decreased diameter of seminiferous tubules Marijuana Dog 24
. .. 24
Decreased cell adhesions Marijuana Dog
Iranian Kerack Mouse 69
Methadone Rat 27
Reduced epithelial thickness 28
Tramadol Rat
Morphine Rat 29
30
Degenerated tubules Ecstasy Rat
. 19
Marijuana Vertebrates
Marijuana Mouse 88
Marijuana Dog 24
Deficient spermatogenesis and sperm functionality Marijuana Human 20,36
Heroin Mouse 15
Morphine Rat 29
Opioids Human 38
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Marijuana

The presence of endocannabinoid system elements
in the anterior pituitary and testicular tissues and the
function of exogenous cannabinoids through this system
alongside the destructive effect of marijuana on the HPG
axis, spermatogenesis, and sperm functionality have
been reported by some researchers (19). Decreased
luteinizing hormone (LH) and testosterone secretion
in cannabinoid receptor mutant mice and healthy
mice via anandamide (a receptor agonist) has been
shown. Cannabinoids with different origins can reduce
testosterone secretion which results in spermatogenesis
impairment. In humans, oligospermia was reported in
over one-third of marijuana consumers (20).

Structural alterations of seminiferous tubules
Changes in the microarchitecture of seminiferous
tubules lead to changes in the function of the tubules.

Amphetamines
A short-term injection of methamphetamine to mice
will induce apoptosis in seminiferous tubules (21).

Cocaine

A short-term or long-term cocaine abuse in immature
and mature rats resulted in decreased diameter of
seminiferous tubules, increased number of abnormal
seminiferous tubules with degenerated cells by 50%
to 60%, decreased cell adhesions, abnormal cellular
structures, decreased quantity of germ cells, and
reduced spermatogenesis (22). Other adverse effects
include the presence of vacuoles and lipid droplets,
giant mitochondria, and apoptosis in germ cells (23).

Marijuana

Adverse effects of cannabis on dogs include
basement membrane destruction, decreased diameter
of seminiferous tubules, and germ cells’ quantity and
quality reduction (24).

Opioids

Diameters of the seminiferous tubules and their
epithelial height are considered two essential factors
while studying the impact of toxins on spermatogenesis
(25). Reduced epithelial thickness in seminiferous
tubules was observed in rats treated using Iranian
Kerack which is a layman name used for a new type of
opioid (26). According to several studies, methadone
(27), tramadol (28) and morphine (29) have the same
impact on the seminiferous tubules in rats. In contrast,
a study of morphine impacts on Wistar rats by Yilmaz
et al. (1999) included a report on the normal structure
of seminiferous tubules (14). The most important
variables affecting the results of various studies include
the type and purity of opioids, treatment dose, treatment
duration, number of treatments per day and week,
routes of opiate consumption, species, age, weight, and
health conditions of the animal.

Rats undergone the ecstasy treatment were reported
with degenerated seminiferous tubules (30).

Deficient testicle functions
Major functionsofthetesticlesinclude steroidogenesis
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(testosterone in particular) and spermatogenesis (31).
The current section is conducted to study the adverse
effects of various illicit drugs on testicular function.

Cocaine

Rats treated with cocaine were observed with
deficient spermatogenesis, abnormal seminiferous
tubes, cellular destruction, cell sloughing, and abnormal
cellular structure (32). In human beings, cocaine abuse
can induce cellular death of testicles (30).

Marijuana

A 2 mg/kg injection of delta-9-tetrahydrocannabinol
(THC) to rats caused reduction in enzymatic functions
of Sertoli and interstitial cells. The fact that testicular
functions are deranged due to THC-induced decrease
of gonadotropin level is supported by gonadotropin
treatment which leads to improved enzyme functions
of testicles (33). Injecting a high dose of THC is
known to disturb several testicular enzymes such as
B-glucuronidase, Alpha-glucosidase, acid phosphatase,
and fructose-6- phosphatase (34). The outcome of
marijuana treatment on rodents included increased
abnormal morphologyinsperm cells, mitosis and meiosis
impairment during spermatogenesis, and increased rate
of deformed sperm cells (20). However, the presence of
cannabinoid receptors in sperm cells indicates the role
of these agents in normal sperm function (35). In human
studies, researchers (2015) reported the expression of
CB1 (a cannabinoid receptor) in testicles, vas deferens,
and sperm cells. Further in this study, it was determined
that marijuana can affect spermatogenesis and mature
sperm cells (36).

Opioids

opioid-induced hypogonadism has been reported
in animal experiments and clinical observations in a
comprehensivereviewarticle (37).Thepresenceofopioid
receptors in testicles may be related to hypogonadism.
Iranian heroin can impair spermatogenesis of mice, as
well (15). Morphine and the derived drugs will cause a
reduction in various cells of spermatogenesis cycles of
rats (29). In humans, long-term, intrathecal injection of
opioids would lead to hypogonadism, whereas androgen
therapy could significantly improve the symptoms. A
long-term, oral opioid consumption as to sedate non-
cancer, chronic pain will cause hypogonadism in male
consumers. Safarinejad et al. (2013) reported disturbing
gametogenesis in male opioid addicts (38). Additionally,
several authors have considered the presence of
enkephalins in sperm cells and the probable role of
these endogenous opioid peptides in spermatogenesis
(39).

Endocrinal causes

Only 2% of patients with abnormal spermogram have
been reported with an initial endocrine impairment as
the main cause of infertility (40). A healthy HPG axis
is essential to maintain balanced spermatogenesis.
Gonadotropin-releasing hormones (GnRH) are released
from the hypothalamus and induce a certain nucleus in
the anterior lobe of the pituitary gland which results in
gonadotropin secretion including follicle-stimulating
hormone (FSH) and (LH) (41). LH induces Leydig
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Figure 1. Opioids could inhibit the hypothalamus with either
decreased GnRH secretion or level of dopamine which results in HPG
impairment and abnormal spermatogenesis

HPG: hypothalamic-pituitary-gonadal; GnRH: gonadotropin-releasing
hormones

cells to release testosterone while FSH affects the
Sertoli cells which guard the developing sperm cells.
Therefore, the function of gonads may be disturbed by
a decrease of gonadotropin hormone secretion, lack of

proper reaction toward gonadotropins, or abnormal
non-gonadal endocrinal impacts on the HPG axis (3).
It could be assumed that numerous studies regarding
infertility found in addicted men are summarized in this
part. However, presented reports in this field indicate
obvious inconsistencies. The effect of illicit drugs on the
HPG axis is summarized in Table 2 and Figure 1.

Marijuana

Several authors have studied the presence of
cannabinoid receptors and their relation with
hypothalamus neurons, plus marijuana components
controlling GnRH release through the Gamma-
aminobutyric acid (GABA) system and some other
systems (42). According to these factors, the adverse
effects of the drugs may be due to a disturbance in the
HPG axis (43). A group of Japanese authors (2005)
have determined marijuana impacts being similar
to estrogens (44). This activity could restrain the
secretion of GnRH through negative feedback. Similarly,
a cannabinoid treatment in male rhesus monkeys can
lead to a decreased basic level of prolactin (PRL) (45). In
human studies, there are several controversial reports
in this field. Although the expression of cannabinoid
receptors in the anterior pituitary gland could account
for the impaired HPG axis and a consequential reduction
in LH and lower level of blood testosterone has been
reported by researchers studying marijuana addicts,
there can be found reports regarding the healthy HPG
axis in consumers (46).

Opioids

Although morphine treatment of rats can change the
medial eminence neurons (47), no structural change
is observed in the human HPG axis after consuming
opioids (48). The amount of PRL in the guinea pig (49)

Table 2. Effects of different kinds of illicit drugs on the parameters related to the HPG axis

Parameters Illicit drugs Species References
Marijuana Mouse 42
GnRH release Inhibition
Marijuana Rat 44
Prolactin Constant Opioids Human 51,53
Marijuana Human 55
Decreased Opioids Human 38,48
LH
Constant Opioids Human 51,52,53
FSH Constant Opioids Human 38,51,48,52,53
Estradiol Constant Heroin Human 53
Androstenedione Constant Heroin Human 52
Decreased Marijuana Human 55
- 38,51,48,52
Testosterone Opioids Human
Constant Heroin Human 53

HPG: hypothalamic-pituitary-gonadal; GnRH: gonadotropin-releasing hormones; Lh: luteinizing hormone; FSH: follicle-stimulating hormone

Iran ] Basic Med Sci, Vol. 24, No. 7, Jul 2021

859



Nazmara et al.

1J)7-MS

Drugs and infertility

and human beings (50) treated with opioids will show
a significant increase. Also, George has reviewed animal
experiments in his book Narcotic Drugs: Biochemical
Pharmacology, indicating that morphine will restrain
the pituitary gland’s gonadotropin secretion, LH
in particular. This pathway is intermediated by the
hypothalamus and a reduction of GnRH production or
release. Regarding human studies, researchers reported
a reduction of basic gonadotropin levels in heroin
administrations. GnRH treatment in this study indicated
that compared with the control group, the addicted
group showed a significantly lower response to the
used hormone. The relative blocking of gonadotropin
secretion in the pituitary level will induce the pituitary-
testicular to detect and a long-term discharge of GnRH,
which can be the reason for lower response to GnRH.
Safarinejad et al. (2013) determined reductions in
testosterone, free testosterone, and LH, plus a constant
level of FSH measured in opioid-addicted men (38). A
one-month spinal opioid injection resulted in decreased
testosterone and free testosterone level in patients but
no significant impacts were observed on PRL, LH, FSH,
and sex-hormone-binding globulin (51). A pilot study on
two detoxified male heroin addicts indicated that a 10
mg intravenous injection of heroin can cause arapid drop
of blood LH which is followed by a reduction of blood
testosterone after four hours, while the same injection
wouldn’t change the plasma level of FSH (48). A study
on male heroin addicts (1979) who consumed over 150
mg heroin per day illustrated that the level of blood
heroin has a negative relation with the concentration of
testosterone and dihydrotestosterone, while the level of
these two hormones will return to the initial stage when
the plasma heroin is reduced. This study did not provide
results indicating alterations in other gonadotropins
including androstenedione (A), LH, and FSH (52).
Another group of researchers reported constant levels
of estradiol, LH, FSH, PRL, and testosterone in heroin
addicts (53). Decreased testosterone and its relation
with opioids are described in two different pathways:
a) GnRH inhibition (30) or b) HPG axis impairment
due to opioid-induced PRL release (51). Opioids such
as heroin suppress the secretion of dopamine in the
hypothalamus, thus reducing the inhibition impact
of dopamine on the release of PRL from the anterior
pituitary gland. Therefore, a number of studies have
reported an increased level of PRL in narcotic consumers
(54). Although the existing data is not consistent, the
tolerance and duration period of study could be among
the reasons causing the differences in results (51).

The diversity among results could be attributed to the

Table 3. Effects of illicit drugs on erection and ejaculation in the human

age, lifestyle (i. e, financial status, education, nutrition,
and exercise) (53), clinical conditions, sampling
conditions (e. g, how much has it been since the last
consumption) (48), addiction conditions including
duration of addiction, simultaneous consumption of
various drugs that could lead to difficulties during
the recognition of medicine effects on each hormonal
change (55), drug purity, daily consumption, and the
variation among drug metabolisms.

According to these factors, it could be concluded
that despite the prominent adjusting role of
gonadocorticoids on sexual activities, the variable
depends on uncontrollable factors and its alteration will
not provide a convenient sexual health measurement.

Abnormalities found in other organs of the male
reproductive system

The male reproductive system consists of testicles,
an associated duct system, accessory sex glands, and the
penis (31).

Abnormalities of accessory sex glands

The accessory glands of the male reproductive system
include seminal vesicles, prostate, and bulbourethral
glands (31). Few studies have been conducted regarding
the impact of illicit drugs on accessory sex glands.

Marijuana
THC reduces the semen-production-related enzymatic
actions of the prostate in a dose-dependent manner (56).

Erection and ejaculation disorders

According to the reports, ejaculation disturbances
are found in 20-30% of men, which is common among
infertile men (4). This disorder could be categorized
into four classes consisting of premature ejaculation,
retarded ejaculation, retrograde ejaculation, and failure
of ejaculation (3).

Although it’s most likely that hormonal suppression is
the main reason behind the change in sexual behaviors
of the addicted men, erection disorders could play the
main role in reduced sexual behavior (57). Erection
failure is another common sexual issue among men from
which 10 to 20 percent of men suffer (58). The effect of
illicit drugs on erection and ejaculation is presented in
Table 3, briefly.

Marijuana

Adverse effects of cannabinoids on primates include
reduced sexual arousal and erection disorders which
remain even after withdrawal. In human studies some
authors have demonstrated that cannabis was related

Parameters Illicit drugs Species References
Erection disorders Marijuana Human 59, 60
Erection disorders Morphine Human 51
Ejaculation Marijuana Human 59
Reduced libido Marijuana Human 60
Heroin Human 51
Sexual activity Marijuana Human 61

860

Iran ] Basic Med Sci, Vol. 24, No. 7, Jul 2021



Drugs and infertility

1J7"MS

Nazmara et al.

to premature ejaculation (59), reduced libido (60) with
other erection disorders (59), along with a relationship
between cannabis and vascular disturbances of erection
affecting the endothelial function, while another study
(2010) found no significant relationship between
cannabis consumption and sexual activity (61).

Opioids

Increased intromission was observed in morphine-
treated rats as an inhibitor effect of opioids on sexual
reflexes (59). In human beings like tramadol, opioids
could affect male fertility when used as a painkiller
or to cure premature ejaculation. Some authors have
reported reduced libido, sexual inadequacy, and delayed
ejaculation in heroin or methadone-addicted men who
are withdrawing (62). Similarly, month-long spinal
injection of morphine and hydromorphone can result in
disorders of erectile function and reduced libido (51).

Microbiology of semen and infections of the male
reproductive system

Infections in the male reproductive system may
cause damage to male fertility directly or to the testis,
the vas deferens, and accessory sex glands (2). Clinical
symptoms of infections in the male reproductive system
include pain, fever, and blood presence in the semen.
The indication of clinically asymptomatic infection is
an increased number of leukocytes in the semen where
it is known as pyospermia or leukocytospermia (63).
Accumulating leukocytes in the semen is generally
an indicator of infection; however, it should be taken
into account that neutrophils are to be found in the
semen of elderly men diagnosed with benign prostate
enlargement. Leukocytospermia should be under
medical treatment all the same (3).

Opioids

Few reports have been presented microbiological
assessments on addicted men (64) plus
leukocytospermia in heroin administration (53) are
mainly studied in this field. According to the recent
hypothesis, leukocytospermia may result in infertility
through microenvironmental changes in semen. This
issue will be explained in the “molecular alterations of
semen and sperm” part.

Table 4. Impacts of illicit drugs on the parameters related to sperm

Semen analysis

A semen analysis or seminogram studies the most
important characteristics of semen and sperm which
include sperm motility, concentration, and morphology
standardized by WHO. The analytical results are affected
by sampling methods and measurement accuracies
(65). The impact of illicit drugs on seminogram has been
summarized in Table 4.

Marijuana

Abnormal sperm morphology has been reported in
rabbits and mice (66). Another adverse effect reported
in mice is the decrease in sperm concentration. In human
studies decreased semen volume, sperm concentration,
morphology, motility, and fertility characteristics of
sperm (30) along with sperm hyperactivity have been
reported in cannabis-addicted men. An in vitro exposure
to THC indicated decreased progressive motility and
spontaneous acrosome reaction in human sperm (67).
The expression of type I of the cannabinoid receptors and
fatty acid amide hydrolase in elongating spermatids and
spermatozoa indicated that endogenous cannabinoids are
included in spermatogenesis and sperm physiology (68)
which somewhat can account for the resulting changes.

Opioids

Heroin can cause a significant decrease in sperm
motility and viability (15). [ranian Kerack has destructive
effects on the mouse sperm characteristics including
sperm concentration, viability, progressive motility,
and morphology. Most observed abnormal morphology
consists of twisted tail and midpiece, pinhead, and
other head abnormalities (69). In humans, heroin
consumption may result in most abnormal morphology,
particularly in the head and tail of the sperm. There is a
directrelation between sperm morphology and duration
of addiction (53). Motility is another prominent sperm
parameter that is reduced under heroin impacts (53,
70). These two parameters could be alternated under
the impact of other opioids, as well (38).

Cocaine

decreased sperm count to under 20 million sperm
cells per ml will be observed through the initial two
years of cocaine abuse followed by decreased sperm

Parameters Ilicit drugs Species References
Marijuana Human 30
Abnormal sperm morphology Iranian Kerack Mouse 69
Opioids Human 38,53
Decrease in sperm concentration Iranian Kerack Mouse 69
Marijuana Human 30
Total
Heroin Human 53,70
Decreased sperm motility Marijuana Human 67
Progressive .
Opioids Mouse 15, 69
Opioids Human 38
Sperm viability Opioids Mouse 15,69
Decreased semen volume Marijuana Human 30
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Table 5. Molecular alterations of semen and sperm as a consequence of illicit drug consumption

Parameters

Ilicit drugs Species References
- Decreased al?Fl-ox1dant Opioids Human 38
3] . capability
g Free radicals
e Increased ROS Morphine Human (cell line) 74
Morphine Human (in vitro) 76
Decreased sperm motility Agonist of i receptors
Heroin Human 53,70
8 % and p receptors A st of 76
% ntagonist of ® receptors Naltrindole Human
3
ES
;:.; i Increased sperm motility Antagonist of p receptors Naloxone Human 76
£
3
B Decreased aminopeptidase .
N (mRNA, Protein) Heroin Human 70
Enkephalin
degrading enzymes Decreased enkephalinase Heroin Human 70
(mRNA)
Decreased expression of CatSper 1 - 4 mRNAs Iranian Kerack Mice 69
Histone-to-protamine Transition deficiency Heroin Human 53
Increased DFI % Opioids Human 38
2 Decreased protamine-2 (mRNA and Protein) Heroin Human 11
)
S
2 Increased HDAC1 Heroin Human 85
g
{% Decreased HDAC11 Heroin Human 85
Increased miR-122 Heroin Human 11
Decreased miR-125b-5p Heroin Human 11

motility and increased abnormal morphology in male
addicts who have been consuming cocaine for over four
years. These observations indicate that cocaine has
adverse effects on fertility (22).

Molecular alterations of semen and sperm-related
paper are gathered in Table 5, Figure 2, and Figure 3.

Free radicals in the semen

A misbalance among free oxygen and antioxidants
presentin the semen may resultin oxidative stress which
is the most known male infertility factor in males among
non-genetic reasons (71). Oxidative stress is induced
by increased production of reactive oxygen species
(ROS) (72). ROS is necessary for capacitation, acrosome
reaction, and fertilization. However, decreased removal
and production of ROS will result in DNA damage and
harm the integrity of the sperm plasma membrane thus
reducing fertility (73).

Opioids
opioid consumption can result in decreased
Reactive oxygen species (ROS)
—_ Acidity
Opioids Mlcmeml.mnmental alterations of CalSll)er l Sperm muﬁlitvl
changes in semen semen function ¢

Figure 2. Microenvironmental changes in the genital tract of opioid
addicts can lead to seminal pH alteration, and genetic abnormality in
spermatozoa affect sperm cell motility

862

antioxidant capability of semen and increased ROS
(38). Studies of the differentiated SH-SY5SY cells indicate
morphine being a ROS inducer and the amount of ROS
depends on the amount of morphine and incubation
time. The p-opioid receptor is the first site of action for
the most commonly used opioids and messenger RNA
(mRNA) level of the preceptor in these cells is decreased
according to morphine concentration. The decreased
transcript of this receptor is related to the increased
exogenous antioxidants and ROS of the cells (74). Thus,
in addition to bonding with the p receptor, morphine
also interferes with ROS production in cellular function.

Sperm plasma membrane

Studies of endogenous opioid receptors, enkephalin
degrading enzymes, and membrane channels have been
reviewed in this part.

Protamine-2 PmlﬂmilIC-Zl Decondensation of

ij-122] mRNA protein ¥ the spemn chromatin

Genes relatedto ~ Sperm l
sperm motility  motility

oit |

Heroin

Other genes ~ Sperm qualilyl
miR125b-5p]

HDACI mRNA|

Figure 3. Heroin can impair the sperm's genetic and epigenetic
factors related to nuclear condensation and motility, increased DFI
percentage, and alter the RNA profile transmitted to the fetus
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Endogenous opioid receptors

Endogenous receptors perform based on three
main receptors 4, ¥, and p. Endorphine and enkephalin
are endogenous peptides that are found in the male
reproductive system (75). The presence of receptors
for these peptides along the entire plasma membrane
of human sperm (head, midpiece, and tail) was first
discovered in 2006 by Agirregoitia et al. Also, the
expression of ¥ receptor in the cytoplasm was found.
Although 8 receptors were observed on the plasma
membrane, the mRNA expression level of this receptor
was unmeasurable in mature sperm cells (76). This
can indicate expression of this receptor during
spermatogenesis. Similarly, the presence of * and p
transcripts in the RNA profile of mature spermatozoids
can interfere with the development of primary zygotes.

Opioids

Incubation of human sperm using morphine (an
agonist of p receptors) will increase the number of
immotile sperm cells, while naloxone (antagonist
of u receptors) induces an increase in motile sperm
cells (76). Heroin is another agonist of p receptors.
Asthenospermia is considered the most significant
adverse effect of heroin on addicted men (53, 70), thus
one of the pathways of drug effects may be mediated by
endogenous receptors (70). Enkephalin is more likely to
bond with 8 receptors than to u receptors. High doses
of enkephalin will reduce motility, while a low dose is
necessary to retain sperm motility (77). It has been
claimed that enkephalin not bonding to the ® receptor
is due to the receptor being occupied by antagonists,
where the inhibitor effect of ® receptor antagonists
such as naltrindole on sperm motility is described. The
inhibitor effect of high enkephalin doses will justify the
attachment of this peptide to the p receptors. A low
dosage of morphine (0.1 uM) will reduce sperm motility
while the higher doses leave no effect (1-10 uM). In
these conditions, morphine will form bonds with p and
8 receptors, further inducing the ° receptor which is
necessary to retain sperm motility (76).

Enkephalin degrading enzymes

Two significant enzyme pathways that hydrolyze
enkephalin consist of glycine-phenylalanine hydrolase
performed by enkephalinase and cleavage of the
tyrosine-glycine bond by N aminopeptidase. The activity
of these two enzymes is much higher in the semen
compared with the rest of the tissues. The presence of
aminopeptidases N in the head, neck, and along the tail
of the sperm is identified as well as in different fractions
of semen. However, enkephalinase is found in a very
restricted area of a few sperm cells and fractions of
semen. The inhibition of the activity of the enzymes will
reduce sperm motility (78).

Opioids

A study reported reduced transcript and protein
of aminopeptidase N and reduced mRNA expression
level of enkephalinase in mature sperm cells of heroin-
addicted men. The reduction of aminopeptidase N was
found to be relevant to the duration of addiction (70).
The limited expression of the enzyme in certain regions
of capacitated sperm cells indicates the steady level of
aminopeptidase N in addicted and healthy men (70).
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Membrane channels

Ionic channels, calcium channels, in particular,
have a significant role in various stages of mammalian
fertilization including sperm capacitation, acrosome
reaction, and sperm motility (79). An example of calcium
transferring channels could be CatSper 1 to 4 (79) which
are exclusively expressed in sperm cells and have a
significant role in sperm function and motility. CatSper
1 to 4 form a tetramer that is located in the plasma
membrane of the principal piece of the sperm tail (80).

Opioids

Decreased expression of CatSper 1-4 mRNAs and
relation with the dose-dependent motility of mice
treated with Iranian Kerack was demonstrated (69).
According to the acidity alterations of semen in relation
to drug abuse (53) and the importance of pH in the
performance of this channel, it could be concluded that
semen pH alterations impact the channel function. An
increased opioid-induced ROS may cause opioids to
disturb protein expression, CatSpers included (69).

Sperm nucleus

Accurate chromatin packaging can affect morphology
and motility of sperm cells. Compared with the somatic
cell nucleus, the sperm nucleus is tenfold compressed,
mediated by histone protein replacement by protamines.
Factors affecting the procedure include histone
deacetylase enzymes (HDCA) which are included in the
decondensation of chromatin (81), along with correct
genes and proteins of protamines which eventually will
replace the histones (82). This transferring process is
an indicator of sperm nucleus maturation. About 80 to
85% of histone present in the mature human sperm is
replaced with protamine (83).

Opioids

According to the studies, consumption of different
opioids, heroin, in particular, is related to increased
nucleus maturation disorders (53) and DNA
fragmentation index (DFI) of sperm cells. Nazmara et al.
have studied the male infertility factors at the molecular
level as pioneers, considering the health of sperm heads
(the sperm nucleus) and protamine gene expression
and proteins, particularly. Reduced gene expression
and protamine-2 protein in sperm cells indicate heroin
affecting protamine production. Similarly, increased
expression level of HDAC1, decreased HDAC11
transcripts, and increased DF1% in male heroin addicts,
indicate that alterations in the HDAC1 expression level
will induce abnormal decondensation of the sperm
chromatin in heroin consumers, thus increasing the
risk of DNA damage (DFI). The increasing DF1% being
directly related to the number of HDAC1 transcripts
has confirmed the suggested hypothesis. There are few
reports regarding the deacetylase functions of HDAC11.
The ability of this enzyme to deacetylase histone
directly has not been yet confirmed (84). According to
the decreased transcription of HDAC11 and the negative
relation with DF1% and leukocytospermia, it has been
suggested that HDAC11 might not interfere with histone
deacetylation but functioning through its impact on the
immune system (84).
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The ribonucleic acid content of semen

MicroRNAs (miRNA) are considered one kind of
the most important non-coding small RNAs present
in the RNA profile of semen which regulate the gene
expression in spermatogenesis, taking part in successful
fertility with transport to the oocyte during fertilization
(85). Recently, these molecules have been used as novel
noninvasive biomarkers to identify various types of
infertility. The relation between the expression level
of miRNAs with fertility and fetus health has been
considered by several authors (86, 87).

Opioids

The study conducted on male heroin addicts indicated
an increased miR-122 expression level and its relation
to the decreased protamine-2 transcripts, along with a
decreased miR-125b-5p expression level and its relation

with increased HDAC1 transcripts. The results of these
studies revealed that heroin can affect the Ribonucleic
acid content of semen; also miRNAs have a regulating
role in gene expression as an epigenetic factor.

Conclusion

Narcotic drug use in childhood, pre-adolescent,
juvenile, and adulthood of men may lead to male
infertility. While clinical studies are limited by legal and
ethical restrictions and multiple drug consumption,
structural and functional impairment of testis,
endocrinal disorders, changes in sexual behavior and
semen analysis, as well as molecular alterations of
semen and spermatozoa have been reported in human
and animal studies (Figures 4 and 5). This narcotic
drug addiction can be considered one of the risk factors
in male infertility. Using these data for the cessation
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of drug consumption during infertility treatment can
increase fertility rates in reproductive medicine centers.
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