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ABSTRACT
OBJECTIVES: The opioid system may exert positive direct and/or indirect effects on spermatogenesis at mul-
tiple levels including the levels of the central nervous system and at the testes/sperm levels. However, long 
term opioid use could be associated with several reproductive complications that place the users at risk of hy-
pogonadism and even infertility. There is little available information regarding the contribution of opioids and 
their apoptotic effects on testis Sertoli cells. Here, the effects of DAMGO (mu opioid receptor’s agonist), DP-
DPE (delta opioid receptor’s agonist) and DYN 1-9 (kappa opioid receptor’s agonist) on Sertoli cell viability and 
apoptosis were investigated. 
METHODS: Cultured Sertoli cells were exposed to each agonist (0.1–100 μM, for 24 or 48 hours) and their 
apoptotic effects were investigated.
RESULTS: Cell viability was decreased and apoptosis was increased in the cells exposed to DAMGO in a con-
centration-dependent manner, while in the cells exposed to DPDPE, no signifi cant changes were observed. In 
cells exposed to DYN 1-9, the viability did not signifi cantly change, however apoptosis increased signifi cantly, 
following the exposure to the high concentration of DYN 1-9. 
CONCLUSION: These data suggest that mu and Kappa, but not delta receptors mediated apoptosis in Sertoli 
cells may be involved, at least in part, in testicular homeostasis and/or reproductive dysfunction (Tab. 1, Fig. 3,
Ref. 52). Text in PDF www.elis.sk
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Introduction

The opioid system is the key mediator in cell biological com-
munication, containing receptors for endogenous and exogenous 
opioid peptides. The opioid peptides exert their physiological ac-
tions at both central and peripheral levels through 3 main classes of 
opioid receptors: the mu-opioid receptor (MOR), the delta-opioid 
receptor (DOR) and the kappa-opioid receptor (KOR), which are 
distributed in various organs and tissues (1–2). Evidence of the 
widespread presence of opioid peptides and receptors in different 
tissues of the male reproductive system indicates that opioids may 

participate in the regulation of reproductive function. The opioid 
system can participate in the regulation of male reproductive sys-
tem at multiple levels including: the levels of the central nervous 
system (particularly through the hypothalamic-pituitary-gonadal 
axis), the testes level and sperm level (3). The presence of mu, 
delta and kappa opioid receptors on human and rodent sperm and 
Sertoli cells has been previously reported (4–5). In spite of the 
role of opioid peptides in regulating testicular function, long term 
opioid use, however is associated with several reproductive com-
plications that place the users at risk for hypogonadism and even 
infertility (6–9). The direct and indirect effects of opioid peptides 
on the testes, including a decreased production of sperm, testicu-
lar interstitial fl uid, testosterone and other sex hormones, demon-
strated that opioid system might contribute to male reproductive 
dysfunction (6–11). Opioid system can lead to completely different 
and paradoxical effects on sperm count and motility (12–16), sperm 
modifi cation (17–18) and other reproductive factors depending on 
opioid receptor subtypes, affi nity, expression/localization patterns 
and opiate concentration level (3). 

Opioid peptides have also been reported to infl uence cell 
proliferation and apoptosis. Morphine-mediated apoptosis has 
been identifi ed in endothelial, immune, neuron, and cancer cells 
through its mu receptors (19-23). Morphine can also augment tes-
tis cell apoptosis (24). However, anti-apoptotic effects of opioids 
have also been reported mainly through activation of delta opioid 
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receptors (25–27). Since preserving the delicate balance between 
cell survival and death is of the extreme importance for the proper 
development of testicular cells and subsequent fertility, a better 
understanding of the implication of the opioid system in these 
processes may contribute to clarify the role of opioid peptides on 
testicular homeostasis and even etiology of many cases of infer-
tility in patients taking opioid medications and in opiate abusers. 
As most of the previous works have been focused on the effect of 
opioids on testicular germ cells and sperm, there is little available 
information regarding their effects on the Sertoli cells. Given that 
the precise mechanism underling opioid mediated reproductive 
dysfunction has yet to be fully elucidated and no studies have 
examined the modulation of apoptosis and cell-cycle regulation 
by opioid peptides in testicular Sertoli cells, this study has been 
performed. In the present study, the effects of different concentra-
tions of mu, delta and kappa opioid receptors’ selective agonists on 
Sertoli cell viability and apoptosis were investigated to determine 
whether opioids may contribute to testicular homeostasis and/or 
reproductive dysfunction.

Material and methods

Cell line and culture conditions
The Mus Musculus Sertoli cell line, TM4 (purchased from Pas-

teur Institute, Tehran, Iran) was used in all experiments. The TM4 cells 
were cultured in Dulbecco’s Modifi ed Eagle’s Medium (DMEM)–
F12/hepes media (Atocel, Austria) supplemented with fetal bovine 
serum, Horse serum, penicillin and streptomycin, in tissue fl asks 
maintained at 37°C in a cell incubator, as previously reported (28). 

Cell viability (MTT assay)
Cell   viability was determined using the MTT 

 (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) 
 reagent powder (Sigma M5655-1G,Germany) according to the 
manufacturer’s protocol (28). In order to determine the effect of 
different opiates, in each of duplicate cultures, TM4 cells for two 
different exposure periods were seeded to two separate 96-well 
culture plates at a density of 5×103 cells/well. The cells of both 
plates (for each duration period) were seeded at the same time, 
with the same density. After a stabilization period of 24 h, the me-
dium was aspirated from each well and replaced with an opiate 
containing medium for treatment wells and a free fresh medium 
for control wells. Cells were treated with different opioid recep-
tor agonists (Bachem AG, Bubendorf, Switzerland), including 
MOR selective agonist (D-Ala2,N-Me-Phe4,glycinol5)-Enkephalin 
acetate salt (DAMGO), DOR selective agonist (D-Pen2,D-Pen5)-
Enkephalin (DPDPE) and KOR selective agonist Dynorphin A 
1-9 (DYN 1-9) at concentrations of 0, 0.1, 1, 10 and 100 μM 
(4 wells each agonist/concentration, total number of 64 treatment 
wells; and the control group of 10 wells). After 24 h, the cells of 
24 h exposure period were used for MTT assay, according to the 
manufacturer’s instructions, but the cells of second plate (48 h 
exposure subgroup) were treated for an additional 24 h exposure 
period. Following MTT assay, the absorbance and optical density 
(O.D.) were measured with a micro plate reader at 570 nm. The 

percentage of viable cells was calculated as followed: Percent-
age specifi c viability = A/B × 100, where A= OD570 of the treated 
sample, B = OD570 of the controls. 

Cell apoptosis (TUNEL assay)
In another set of experiments, TUNEL(Terminal Deoxynu-

cleotidyl Transferase-Mediated dUTP end Labeling) assay was 
performed using in situ cell death detection Kit PoD (Roche, 
Germany) for in situ detection of apoptotic cells. Following the 
primary MTT experiments and analysis, two intermediate and 
subtoxic concentrations of 1 and 100 μM for each agonist were 
considered for the next phase of the study. TM4 cells for two dif-
ferent exposure periods were seeded to two separate 96-well cul-
ture plates at a density of 5×103 cells/well (3 wells each agonist/
concentration, total number of 18 treatment wells; and control 
group of 6 wells). After a stabilization period of 24h, the medium 
was aspirated from each well (in both 24 and 48h exposure plates) 
and replaced with an opiate containing medium for treatment wells 
and a free fresh medium for control wells. At the end of exposure 
duration periods, TUNEL assay was performed according to the 
manufacturer’s instructions (29). After mounting, the slides were 
examined by a light microscope.

Cell counting and apoptotic index determination
Apoptotic index was determined according to previously re-

ported protocols (29). Accordingly, apoptotic Sertoli cells were 
counted at 40x magnifi cation after which the mean number of 
apoptotic cells in the 10–15 microscopic fi elds was calculated. 
Apoptosis was expressed as the number of apoptotic cells per 
number of total nuclei counted in the same microscopic fi eld. The 
apoptotic index was determined for each group as followed: Apop-
totic index = number of apoptotic cells /total number of cells × 100.

Statistical analysis
The data were presented as the mean ± standard error derived 

from two determinations in duplicate cultures. All data were nor-
mally distributed according to the Kolmogorov–Smirnov test. One-
way ANOVA followed by Tukey’s HSD post-hoc test was performed 
to compare the differences in cell viability for each agonist, using 
GraphPad Instat (version 3.05) statistical analysis software. Data 
related to cell apoptosis was analyzed for three factors of “groups” 
(opioid agonists and control), “concentration” and “exposure dura-
tion”, using three-way ANOVA. For the comparison of the apoptotic 
index within the experimental groups at each time point (24 or 48 
h), baseline ANOVA was also performed, followed by Tukey’s post-
hoc test, when required. Two-group comparison of apoptotic index 
between 24 and 48 hours exposure periods were performed using 
unpaired t-test. The level of signifi cant difference was set at p < 0.05. 

Results

Effects of MOR, DOR and KOR agonists on Sertoli cell viability 
(MTT assay)

First, data of each exposure time was separately analyzed. 
There was no signifi cant difference between 24 and 48 hours 
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opioids exposure in cell viability in the most MTT experiments. 
Therefore, 48-hour exposure data was not presented in this report. 
According to our results, in cells exposed to DAMGO, the viability 
decreased (in comparison to the control group) as concentration of 
DAMGO increased, however signifi cant changes were only found 
in cells exposed to higher concentrations of DAMGO (10 and 100 
μM) (Fig. 1A). Accordingly, cell viability signifi cantly decreased 
from 99.93 ± 2.73 % in the control group to 77.4 ± 7.42 % and 
72.8 ± 7.1 %, in cells exposed to 10 and 100 μM DAMGO, respec-
tively (p < 0.01). DAMGO decreased the viability and inhibited 
proliferation of TM4 cells in a concentration-dependent manner 

with IC50 values of 4×10–3M (CompuSyn) (Fig. 1B). However, 
no signifi cant changes were observed in cells exposed to either 
DPDPE or DYN 1-9 (data not presented). 

Effects of MOR, DOR and KOR agonists on Sertoli cell apoptosis 
(TUNEL assay)

Following our primary observation that DAMGO decreased 
the viability and inhibited proliferation of TM4 cells with IC50 val-
ues of 4×10–3 M, on the basis of these results and in order to con-
fi rm or modify the initial fi ndings, in another set of experiments 
we planned the Tunnel Assay using intermediated and subtoxic 
concentrations of 1 and 100 μM for each agonist, in two exposure 
times of 24 and 48 h. Accordingly, cultured TM4 cells were ex-
posed to 1 or 100 μM of DAMGO, DPDPE and DYN 1-9 for 24 
or 48 hours and the number of apoptotic cells was then assessed 
using TUNEL staining and the effect of three independent vari-
ables of “groups”, “concentration” and “exposure duration” was 
analyzed by using three-way ANOVA.

The results of three-way ANOVA indicated a signifi cant inter-
action among variables on apoptotic index. Accordingly, the effect 
of “group” was signifi cant (F(2,154) = 25.79, p < 0.001), the effect 
of “concentration” was signifi cant (F(1,154) = 3.53, p < 0.05), and 
the effect of “exposure duration” was also signifi cant (F(1,154) = 
31.32, p < 0.001). Interaction of “group” × “concentration” and 
interaction of “concentration” × “exposure duration” were not sig-
nifi cant, however interaction of “group” × “exposure duration” was 
signifi cant (F(2,154) = 6.88, p = 0.001). Interaction of “group” × 
“concentration” × “exposure duration” was not signifi cant.

A

B

Fig. 1. The effect of MOR selective agonist (DAMGO) on TM4 cell 
viability. A: Comparison of the effects of different concentrations of 
DAMGO on TM4 cell viability following 24 hours exposure period. ** 
represents p < 0.01 compared to the control group (one-way ANOVA). 
B: Line plot showing the normalised cell viability of TM4 cells in the 
presence of DAMGO. As the concentration of DAMGO increased, 
cellular viability decreased and eventually reached to approximately 
72 % of control level at concentration of 100 μM. All results are pre-
sented as the mean ± SEM derived from two determinations in du-
plicate cultures.

Fig. 2. The effect of opioid receptors selective agonists on TM4 cell 
apoptosis following 24 h exposure period. Comparison of the effects 
of two concentrations of MOR selective agonist (DAMGO), DOR se-
lective agonist (DPDPE), and KOR selective agonist (DYN1-9) on the 
apoptotic index of TM4 cells following 24 hours exposure period. *** 
represents p < 0.001 and ** represents p < 0.01 compared to the control 
group,  represents p = 0.03 compared to DAMGO 1 μM (baseline, 
one-way ANOVA). In order to show the most relevant results (differ-
ence between opioid groups and control), not all signifi cant changes 
are shown. All results are presented as the mean ± SEM.
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For the comparison of apoptotic index within the experimental 
groups at each time point (24 or 48 h), baseline ANOVA was also 
performed as followed:

Opioid-induced apoptosis following 24 h exposure period
In 24 h exposure subgroup, baseline ANOVA showed a sig-

nifi cant difference in the number of TUNEL positive cells and 
the apoptotic index between the control group (cells exposed to 
agonist free medium) and agonist-exposed groups (p < 0.0001) 
(Fig. 2). According to our results, the apoptotic index signifi cantly 
increased from 13.86 ± 1.38 % in the control group to 28.92 ± 3.3 
% and 38.78 ± 2.22 %, in cells exposed to 1 and 100 μM DAMGO, 
respectively (p < 0.001). In respect to DPDPE-exposed groups, no 
signifi cant changes in apoptotic index were observed in comparison 
to the control group. However, in cells exposed to higher concentra-
tion of DYN 1-9 (100 μM), apoptotic index signifi cantly increased 
in comparison to the control as shown in Figure 2 (p < 0.01).

Opioid-induced apoptosis following 48 h exposure period
Similar to the results of 24 h exposure period, in 48 h expo-

sure subgroup, a signifi cant difference was found in the number 
of TUNEL positive cells and apoptotic index between the control 
and agonist-exposed groups (p < 0.005) (Fig. 3). Apoptotic index 
signifi cantly increased from 22.06 ± 3.15 % in the control group 
to 32.08 ± 3.1 % in cells exposed to 1 μM DAMGO, and 35.25 ± 
1.52 % in cells exposed to100 μM DAMGO (p < 0.01). No sig-
nifi cant changes in the apoptotic index were observed again in 
DPDPE-exposed groups. In cells exposed to higher concentration 
of DYN 1-9, apoptotic index signifi cantly increased in comparison 
to the control as shown in Figure 3 (p < 0.05).

A comparison between the effects of 24 and 48 hours exposure 
periods of two concentrations of DAMGO, DPDPE and DYN1-9 
on apoptotic index of TM4 cells has been summarized in Table 1. 

Discussion

In the present study, cell viability and apoptosis were investi-
gated in TM4 Sertoli cells, exposed to mu, delta and kappa opioid 
receptors’ selective agonists to clarify whether opioids acting on 
Sertoli cells may contribute to testicular homeostasis and/or re-
productive dysfunction. The main fi ndings were that the cell vi-
ability decreased and apoptosis increased in cells exposed to MOR 
selective agonist, DAMGO, in a concentration-dependent manner. 
There were no signifi cant changes observed in the viability and 
apoptosis of cells exposed to DOR selective agonist, DPDPE. In 
cells exposed to KOR agonist, DYN 1-9, the viability did not sig-
nifi cantly change, however apoptosis increased signifi cantly in the 
cells exposed to higher concentration of DYN 1-9.

Endogenous opioids are present in the male reproductive sys-
tem and are involved in the local control of testicular function. 
However, a growing body of evidence in humans and experimental 
animals indicates that long-term opioid abuse or opioid therapy 
leads to reduced sex hormone and sperm production, hypogonad-
ism and male infertility. Endocrinopathy effects of opioids begin 
as soon as an opioid is taken and the prevalence of opioid-induced 
hypogonadism in patients taking chronic opioid therapy could be 
as high as 90 % (7, 30–31). 

It is indicated that the opioid system can produce a certain 
degree of testicular dysfunction directly and/or indirectly by dis-
rupting the HPG axis, sperm production, motility and modifi cation 
and adversely affects endocrine function of testis and spermato-
genesis. In spite of intensive studies on opioids-induced injury in 
testis, little is known about the effects of opioids on isolated Sertoli 
cells. Moreover, the question is still unanswered as to whether or 
not the opioid effects on testis Sertoli cells are due to a direct ac-
tion of the opioids or may be due to altered hormone levels, which 
are necessary for the support of spermatogenesis and function of 
testis somatic cells. 

Apoptosis is indicated as an important mechanism, by which 
opioids may be involved in testicular homeostasis or enhance toxi-

Fig. 3. The effect of opioid receptors selective agonists on TM4 cell 
apoptosis following 48 h exposure period. Comparison of the effects of 
two concentrations of MOR selective agonist (DAMGO), DOR selective 
agonist (DPDPE), and KOR selective agonist (DYN1-9) on apoptotic 
index of TM4 cells following 48 hours exposure period. * represents 
p < 0.05 and ** represents p < 0.01 compared to the control group 
(baseline, one-way ANOVA). In order to show the most relevant re-
sults (difference between opioid groups and control), not all signifi -
cant changes are shown. All results are presented as the mean ± SEM.

Opioid Agonist Apoptotic 
Index % (24 h)

Apoptotic 
Index % (48 h) p

DAMGO (1 μM) 28.92±3.3 32.08±3.1 >0.05
DAMGO (100 μM) 38.78±2.22 35.25±1.52 >0.05
DPDPE (1 μM) 15.45±1.43 27.62±1.3 0.001**
DPDPE (100 μM) 13.61±1.9 26.75±1.66 0.001**
DYN 1-9 (1 μM) 20.43±2.36 31.12±0.63 0.002**
DYN 1-9 (100 μM) 25.4±1.73 32.2±1.42 0.003 **
CONTROL 13.86±1.38 22.06±3.15 0.01 *
Comparison between the effects of 24 and 48 hours exposure periods of two con-
centrations of MOR selective agonist (DAMGO), DOR selective agonist (DPDPE), 
and KOR selective agonist (DYN1-9) on the apoptotic index of TM4 cells (unpaired 
t-test). All results are presented as the mean ± SEM.

Tab. 1. Comparison of the apoptotic index between 24 and 48 hours 
exposure periods.
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city of testicular germ cells and somatic cells. Although there are 
many extensive studies about opioids and apoptosis, the potential 
effect of opioids to induce cell death by apoptosis is a controver-
sial issue. Chronic exposure to mu opioid receptor agonists was 
reported to induce pro-apoptotic effects on various types of human 
and animal normal and cancer cell lines. Accordingly, morphine 
enhances apoptosis in brain tissue of laboratory animals (21, 32) 
and human endothelial (19) and immune cells (23), through up-
regulation of various proapoptotic proteins, nitric oxide and reac-
tive oxygen species pathways. Induction of apoptosis by morphine 
in human lung and breast carcinoma and human tumor cell lines 
has also been reported (22, 33–34). 

Although in the majority of previous studies the pro-apoptotic 
effects of morphine and other mu opioid receptor’s agonists have 
been reported, controversial results of anti-apoptotic effects of mu 
opioid receptor have also been obtained in both normal cells (with 
controlled proliferation activity) including intestinal epithelium 
cells and cortical neurons (35–36) and tumor cells (with poor differ-
entiation and previously enhanced proliferation activity) (37–39). 

In spite of the above-mentioned controversies about the apop-
totic effects of opioids, in the present study, the evaluation of cell 
viability via MTT assay confi rmed that mu opioid receptor’s selec-
tive agonist, DAMGO, decreased Sertoli cell survival and exhibited 
an anti-proliferation effect, in a concentration-dependent manner. 
Cell viability decreased as DAMGO concentration increased and 
eventually reached to 72 % of the control level at concentration 
of 100 μM. Consistent with MTT data, a concentration dependent 
increase in TUNEL positive cells was also observed in cells ex-
posed to DAMGO. These fi ndings are in agreement with the ma-
jority of studies mentioned above, which showed that mu opioid 
receptor activation exerted apoptotic effects on different normal 
and tumor cells and tissues. Controversial pro and anti-apoptotic 
effects of mu receptor opioids can be justifi ed by differences in 
mu opioid receptor subtypes and their distribution and expression 
patterns in different tissues, as well as the opioids concentration 
level and their affi nity. 

In respect to DOR, anti-apoptotic effects of this subtype have 
been shown in the majority of previous studies reporting an in-
hibition of apoptosis in liver cancer cells (40–41) and ischemia/
reperfusion-induced apoptosis of cardiocyte (42) and small intes-
tine cell (35), through activation of DOR. However, in the present 
study, our data did not show any signifi cant changes in the cell 
viability or apoptosis of healthy and normal Sertoli cells exposed 
to different concentrations of DOR selective agonist, DPDPE at 
none of the experimental time courses. However, it should be not-
ed, that previous studies have been mainly focused on the effect 
of DOR activation on apoptosis-defective cells including tumor 
or ischemic cells, in which their proliferation capacity had been 
previously defected by tumor/ischemia-induced impairment of cell 
cycle regulation and proliferation related signaling processes. In 
the present study, normal Sertoli cells have been studied, in which 
their signals of apoptotic pathways have remained intact and not 
enhanced or inhibited. According to our results, DOR receptor ac-
tivity in healthy normal Sertoli cells does not induce a signifi cant 
effect on physiological apoptosis in normal conditions.

In respect to KOR, although pro-apoptotic effects of kappa 
opioid receptor’s selective agonists have been reported in CNE2 
human epithelial tumor cell line (43) and mouse neuroblastoma 
apoptotic cells (44), controversial results of anti-apoptotic effects 
of KOR have also been obtained in brain (45) and myocardial (46) 
ischemic cells. In the present study, our data did not show any 
signifi cant changes in the cell viability of normal Sertoli cells ex-
posed to different concentrations of KOR selective agonist, DYN 
1-9. However, a signifi cant increase in TUNEL positive cells was 
observed in cells exposed to 100 μM DYN 1-9.

Some of the previous studies revealed a time-dependent ef-
fect of opioids on proliferation and apoptosis (47-51). According 
to our results, the apoptotic index was found to be increased in 
48 hours exposure period in comparison to 24 hours in all of the 
treatment groups (except DAMGO 100 μM, table 1). This fi nd-
ing is consistent with that of Zagon and McLaughlin (2003), who 
showed that exposure of human cancer cell lines to DAMGO at 1 
μM signifi cantly increased the number of TUNEL positive cells 
from control levels, at all times points studied (51). However, be-
cause DAMGO has been used only at concentration of 1 μM in 
the study mentioned above, the effects of higher agonist concen-
trations in longer exposure times could not be obtained and com-
pared to our fi ndings. According to our results, a reduced apoptotic 
index in cells exposed to DAMGO 100 μM following 48 hours 
exposure period could be due to mu opioid receptor desensitiza-
tion, when exposed to high agonist concentration during longer 
exposure duration. However, we are not able to conclude, based 
on our fi ndings, time-dependent phenomenon of opioids effects 
on Sertoli cell apoptosis and proliferation, when comparing only 
two exposure times. On the other hand, a signifi cant difference 
between 24 and 48 hours exposure to opioid-free medium in both 
of the control groups (Tab. 1) indicated a duration-dependent spon-
taneously-induced apoptosis, which makes it diffi cult to evaluate 
the direct impact of opioid per se. Moreover, duration dependent 
impairment of testicular function in opioid abusers or in experi-
mental animals might be partially due to an impaired HPG axis, 
which is absent in our cell culture in vitro study. A more proper 
time-course study of opioid anti-proliferation and apoptotic ef-
fects is recommended. 

Although previous results indicated a different action of opi-
oids against proliferation and apoptosis of normal and tumor cells, 
these effects have mostly been shown to be mediated through opi-
oid receptors, by activating different receptor subtypes and different 
signal pathways (36, 43, 52). Pertinent to these point endogenous 
opioid peptides may, at low concentrations, promote cell survival 
perhaps through delta opioid receptors, whereas they may kill cells 
at high concentrations via the activation of mu opioid receptors. 
Due to the differences in methodology, the outcome measures and 
cell types make a direct comparison of our work with majority of 
other studies diffi cult, however, our fi ndings suggest that MOR 
and KOR activity increase cell death in healthy normal Sertoli 
cells whereas DOR activity does not induce a signifi cant effect 
on physiological apoptosis of Sertoli cells in normal conditions. 
In spite of mu and delta receptor mediated Sertoli cell apoptosis, 
a signifi cant enhancement of cell death only occurred at higher 
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concentrations of the agonists, which can infl uence the fi ne speci-
fi city and sensitivity of the receptor subtypes to these agonists. De-
spite this caveat, however, our data still provide a relevant informa-
tion regarding the involvement of opioids in Sertoli cell apoptosis, 
which involves them in the regulation of testicular homeostasis 
and/or Sertoli cell-based reproductive dysfunction. A disturbance 
in balance between the factors controlling cell proliferation and 
those controlling apoptosis may lead to either insuffi cient or ex-
cessive apoptosis of Sertoli cells, which then can contribute to 
reproductive dysfunction and even infertility in patients taking 
opioid medications and in opiate abusers. 

In conclusion, this study showed that the activation of opioid 
receptors in normal Sertoli cells resulted in an enhancement of 
apoptosis. Whilst multiple cellular signaling pathways involving 
the opioid-induced testicular toxicity could not be ruled out, it is 
hypothesized that mu and kappa, but not delta receptors mediated 
apoptosis in Sertoli cells might be involved, at least in part, in this 
phenomenon. Since opiates and their receptors are important for 
the regulation and normal function of the Sertoli cells, which in 
turn are involved in regular spermatogenesis, their abnormal levels 
caused by opioid abusers seem to be associated with reproductive 
disorders and even infertility. Whilst it is hypothesized that opioid 
might reduce fertility potential by increasing Sertoli cell apopto-
sis, future studies focusing on direct and indirect mechanisms of 
opioid action, especially apoptotic signaling pathways and hor-
monal regulatory networks are required to establish the precise 
nature of their interaction.
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