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ABSTRACT

Objectives: To examine the influence of prolonged use of PDE5 inhibitors and opioids
on prolactin among other male reproductive hormones, on the background that hyper-
prolactinemia has recently been associated with male sterility.
Materials and methods: Seventy male Wistar rats with weight 180–200 g were utilized
in this study. They were assigned 1 of 5 groups (n = 14) as follows; control (0.2 mL
normal saline p.o.), sildenafil (10 mg/kg p.o.), tadalafil (10 mg/kg p.o.), tramadol (20 mg/
kg p.o.) and sildenafil + tramadol group (10 mg/kg and 20 mg/kg p.o., respectively). All
the animals had ad libitum access to rat chow and water. Administration was done every 2
days, for 8 weeks, after which 7 rats were killed/group while the remaining 7 rats/group
were left untreated for additional 8 weeks (recovery period). Serum total cholesterol, low
density lipoprotein, testosterone, follicle stimulating hormone, luteinizing hormone and
prolactin were assessed in all animals.
Results: Serum LDL-c and testosterone concentrations increased significantly
(P < 0.001) in the groups administered sildenafil and tadalafil, but reduced (P < 0.001) in
tramadol and sildenafil + tramadol groups relative to the control. FSH and LH reduced
significantly (P < 0.001) in the treated groups relative to the control, while prolactin
concentration was increased (P < 0.001) in the treated groups relative to the control.
Reversibility was poor following withdrawal of the various treatments.
Conclusion: Serum prolactin concentration correlated negatively with male reproductive
hormones and may play a major role in reproductive deficits associated with chronic use
of PDE5 inhibitors and opioids.
1. Introduction

Recently, PDE5 inhibitors and opioid use has gained popu-
larity among young men without erectile dysfunction (ED). Re-
ports showed that 21.5% of men within the age of 18–30 years
ingested sildenafil without having ED, with 73.3% of that popu-
lation accepting to having used it repeatedly [1]. One reason for this
development is possibly that of the improvement in sexual health
recounted by 72.5% of men who used PDE5 inhibitors [1]. It is
perceived that erectile and ejaculatory dysfunctions often occur
together [2,3]. This perception may have informed the
formulation of the new therapy (sildenafil + tramadol) in vogue
in Nigeria today. Like the previously available medications for
treating erectile and ejaculatory disorders, sildenafil + tramadol
has become popular among Nigerians and its incidence of abuse
is high [4,5].

Chronic uses of PDE5 inhibitors and tramadol have been re-
ported to adversely affect reproductive and non–reproductive
tissues. For example, Al-Fartosi [6] and Khalaf et al. [7] reported
that prolonged used of PDE5 inhibitors increased the percentage
of spermatocytes with abnormal morphology and altered
testicular histology. Studies on opioids have demonstrated
serious reproductive toxicity, like, increased sperm DNA
damage mediated by testicular oxidative damage [8–10]. On non–
reproductive tissues, chronic exposure to PDE5 inhibitors have
been reported to adversely affect basal metabolic rate, liver
enzymes and serum lipid profile [11–13].
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In males, serum concentration of prolactin usually correlates
negatively with the concentration of testosterone, FSH and LH.
Although the importance of prolactin in male reproductive
function has not been clearly ascertained, it has been primarily
linked with male sterility [14]. Several studies on the effect of
chronic consumption of PDE5 inhibitors and opioid on male
reproductive system have revolved around testicular oxidative
stress as the mediator of reproductive toxicity. Furthermore,
there are no data on the new therapy (sildenafil + tramadol) in
vogue in Nigeria today. Considering the role of prolactin and
its interaction with gonadotropic hormones (FSH and LH) and
testosterone in the aetiology of reproductive deficit, this study
was embarked upon to ascertain the impact of long term
administration and subsequent withdrawal of PDE5 inhibitors
(particularly, sildenafil and tadalafil), opioid (tramadol) and
sildenafil + tramadol on male reproductive hormones and
prolactin.

2. Materials and methods

2.1. Laboratory animals

Seventy male Wistar rats weighing 180–200 g were used for
this study. They were obtained from the Department of Agri-
culture, Faculty of Science, and kept in the Animal house of the
Department of Physiology, University of Calabar, Nigeria. The
rats were housed in standard animal cages, with wood dust as
their bedding. The rats had ad libitum access to feed and water,
and exposed to 12/12 h light/dark cycle. Acclimatization lasted
for 7 d before drug administration. They were kept in line with
the principles for animal care as prescribed in Helsinki's 1964
declaration. This study protocol was approved by the University
of Calabar animal ethics committee.

2.2. Experimental design

The rats were assigned 1 of 5 groups (n = 14) as follows; group
1 (control), group 2 (sildenafil), group 3 (tadalafil), group 4
(tramadol) and group 5 (sildenafil + tramadol). The control group
was gavaged 0.2 mL normal saline, sildenafil and tadalafil groups
received 10 mg/kg each of sildenafil and tadalafil, the tramadol
group received 20mg/kg tramadol, while the sildenafil + tramadol
group received 10 and 20 mg/kg sildenafil and tramadol, respec-
tively. Sildenafil citrate (Maxheal Laboratories Pvt Ltd, India),
tadalafil (Pfizer, India) and tramadol hydrochloride (Glow Pharma
Pvt Ltd, India) were purchased from Unipervit Pharmacy, Ikot
Omin, Calabar. The different drugs were administered per oral
route, once, every two days as used in our previous studies [12,13],
while the control group received normal saline. Drug
administration lasted for 8 weeks, after which 7 rats were killed/
group and blood samples taken for analysis. The remaining 7
rats/group were allowed for additional 8 weeks recovery period.
After 8 weeks of recovery, the rats were killed, and blood
collected for analysis.

2.3. Determination of serum TC and LDL-c

Blood was taken through cardiac puncture under chloroform
anaesthesia with the aid of a 5 mL syringe and needle after
treatment with the different drugs. Blood samples were kept in
plain capped sample bottles for 2 h, after which they were
centrifuged at 1 000 r/min for 5 min using a bucket centrifuge
(B-Bran Scientific and Instrument Company, England). Serum
settled on top and was utilized for TC and LDL-c assessment.
Serum concentration of total cholesterol was assessed by method
of Siedel et al. [15], as used by [16–20]. LDL-c was obtained
mathematically using Friedewald et al. [21] formula i.e [TC –

(HDL-c + VLDL-c)].

2.4. Measurement of serum concentration of
reproductive hormones

Serum testosterone, FSH, LH and prolactin concentrations
were determined using the ELISA kit method as used by Umoh
et al. [22].

2.5. Data analysis

The data are expressed as mean ± SEM. The one way anal-
ysis of variance (ANOVA) was utilized in comparing the dif-
ference between groups, followed by the least square difference
(LSD) post hoc test. The difference between batch A and B
animals was analysed using Student's t-test. Computer software
SPSS version 17.0 was utilized for the analysis. Significant P-
values were set at P < 0.05.

3. Result

3.1. Comparison of the different parameters between the
treated and control rats after 8 weeks treatment

Total cholesterol (TC) increased (P < 0.001) in the tadalafil
group, but reduced (P < 0.001) in the groups treated with tra-
madol and sildenafil + tramadol relative to the control. Serum
TC increased (P < 0.001) in the tadalafil group, but reduced
(P < 0.001) in the tramadol and sildenafil + tramadol groups
relative to the sildenafil group. Serum TC was reduced
(P < 0.001) in the tramadol and sildenafil + tramadol groups
relative to the tadalafil group (Table 1).

There was a significant increase in serum LDL-c (P < 0.001)
in both sildenafil and tadalafil groups, but a significant decrease
(P < 0.001) in tramadol and sildenafil + tramadol groups relative
to the control. There was a significant increase (P < 0.001) in
serum LDL-c in the group treated with tadalafil, but a significant
reduction (P < 0.001) was observed in the groups treated with
tramadol and sildenafil + tramadol relative to that treated with
sildenafil. LDL-c significantly reduced (P < 0.001) in tramadol
and sildenafil + tramadol groups, relative to the tadalafil group
(Table 1).

Serum testosterone increased markedly (P < 0.001) in the
groups treated with sildenafil and tadalafil, but decreased
(P < 0.001) in tramadol and sildenafil + tramadol groups, relative
to the control. Serum testosterone concentration was markedly
(P < 0.001) decreased in tramadol and sildenafil + tramadol
groups, relative to sildenafil and tadalafil groups. Serum testos-
terone was raised (P < 0.001) in sildenafil + tramadol group
relative to the tramadol group (Table 1).

Serum FSH was decreased (P < 0.001) in sildenafil, tadalafil,
tramadol and sildenafil + tramadol groups, relative to the con-
trol. FSH decreased (P < 0.001) in tadalafil, tramadol and
sildenafil + tramadol groups, relative to the sildenafil group.
FSH was lower in tramadol group, relative to the groups treated



Table 1

Comparison of the different parameters between the different experimental groups after 8 weeks of drug administration (mmol/L).

Group TC LDL-c Testosterone FSH LH Prolactin

Control 3.66 ± 0.18 2.28 ± 016 5.81 ± 0.30 7.14 ± 0.24 4.56 ± 0.12 2.43 ± 0.12
Sildenafil 3.96 ± 0.12 3.37 ± 0.12a 8.70 ± 0.24a 2.16 ± 0.19a 1.70 ± 0.11a 3.30 ± 0.19a

Tadalafil 6.17 ± 0.13ad 4.27 ± 0.17ad 8.19 ± 0.33a 1.30 ± 0.13ad 1.96 ± 0.11a 6.53 ± 0.14ad

Tramadol 1.96 ± 0.36ade 1.00 ± 0.26ade 1.96 ± 0.08ade 0.83 ± 0.08adf 2.79 ± 0.23ad 6.69 ± 0.12ad

Sildenafil + Tramadol 1.66 ± 0.17ade 0.90 ± 0.13ade 3.67 ± 0.13adeg 1.36 ± 0.11adh 1.89 ± 0.11ag 4.81 ± 0.19adeg

Values are mean ± SEM, n = 7. a = P < 0.001, b = P < 0.01, c = P < 0.05 vs. control; d = P < 0.001 vs. sildenafil; e = P < 0.001, f = P < 0.05 vs.
tadalafil; g = P < 0.001, h = P < 0.05 vs. tramadol.
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with tadalafil (P < 0.05) and sildenafil + tramadol (P < 0.05)
(Table 1).

Serum LH was markedly (P < 0.001) lowered in sildenafil,
tadalafil, tramadol and sildenafil + tramadol groups, relative to the
control. Serum LH concentration was increased in tramadol
group, compared with sildenafil (P < 0.001) and
sildenafil + tramadol (P < 0.001) groups (Table 1).

Relative to the control, serum prolactin concentration
increased (P < 0.001) in sildenafil, tadalafil, tramadol and
sildenafil + tramadol groups. Serum prolactin increased
(P< 0.001) in tadalafil, tramadol and sildenafil + tramadol groups,
relative to the sildenafil group. It also increased (P < 0.001) in
tadalafil and tramadol groups relative to the sildenafil + tramadol
group (Table 1).

3.2. Comparison of the different parameters between the
different groups following recovery

Serum TC reduced (P < 0.001) significantly in tramadol and
sildenafil + tramadol recovery groups relative to the control. TC
reduced (P < 0.001) in tramadol and sildenafil + tramadol re-
covery groups relative to sildenafil and tadalafil recovery groups
(Table 2).

Serum LDL-c increased in sildenafil recovery group
(P < 0.05), but reduced in tramadol (P < 0.01) and
sildenafil + tramadol (P < 0.001) recovery groups relative to the
control. Serum LDL-c was significantly reduced in tadalafil,
tramadol and sildenafil + tramadol (P < 0.01) recovery groups
relative to the sildenafil recovery group (Table 2).

Serum testosterone was higher (P < 0.001) in sildenafil re-
covery group, but lower (P < 0.01) in tramadol and
sildenafil + tramadol recovery groups relative to the control.
Serum testosterone reduced (P < 0.001) in tadalafil, tramadol and
sildenafil + tramadol recovery groups relative to the control. It also
reduced in tadalafil and sildenafil + tramadol (P < 0.05) recovery
groups relative to the tramadol recovery group (Table 2).

Serum FSH concentration was markedly reduced (P < 0.001)
in all recovery groups relative to the control. Serum
Table 2

Comparison of the different parameters between the different experimental g

Group TC LDL-c Test

Control 3.59 ± 0.16 2.25 ± 0.22 5.94
Sildenafil 4.32 ± 0.12c 3.14 ± 0.20c 7.73
Tadalafil 3.73 ± 0.23 1.95 ± 0.20e 5.39
Tramadol 2.31 ± 0.43adg 1.29 ± 0.41bd 4.17
Sildenafil + Tramadol 1.9 ± 0.02adg 1.04 ± 0.03adh 4.96

Values are mean ± SEM, n = 7. a = P < 0.001, b = P < 0.01, c = P < 0.0
g = P < 0.001, h = P < 0.05 vs. tadalafil; i = P < 0.001, j = P < 0.05 vs.
concentration of FSH was significantly reduced in tramadol re-
covery group relative to sildenafil (P < 0.01), tadalafil
(P < 0.05) and sildenafil + tramadol recovery groups (Table 2).

Serum LH concentration was reduced (P < 0.001) in all re-
covery groups relative to the control. Serum LH was higher in
tadalafil (P< 0.001), tramadol (P< 0.01) and sildenafil + tramadol
(P< 0.05) recovery groups relative to the sildenafil recovery group
(Table 2).

Tadalafil, tramadol and sildenafil + tramadol recovery groups
had a significant increase (P < 0.001) in prolactin concentration
relative to the control and sildenafil recovery groups. Serum pro-
lactin increased in tramadol (P < 0.001) and sildenafil + tramadol
(P< 0.05) recovery groups relative to the tadalafil recovery group.
Prolactin concentration reduced (P< 0.05) in sildenafil + tramadol
recovery group relative to the tramadol recovery group (Table 2).

3.3. Comparison between the treated and recovery
groups

Comparison between the treated and recovery groups showed
that serum TC was reduced (P < 0.001) in tadalafil recovery
group relative to the treated group, while sildenafil recovery
group recorded an increase (P < 0.05) in serum TC relative to its
treated group. Tramadol and sildenafil + tramadol recovery
groups had insignificant (P > 0.05) increase in serum TC rela-
tive to their treated counterparts (Figure 1A). LDL-c concen-
tration reduced (P < 0.001) in the tadalafil recovery group
relative to the treated group (Figure 1B).

Serum testosterone was reduced in sildenafil (P < 0.01) and
tadalafil (P < 0.001) recovery groups, but increased (P < 0.001)
in tramadol and sildenafil + tramadol recovery groups relative to
their respective treated groups (Figure 1C). Serum FSH con-
centration was markedly increased (P < 0.001) in the sildenafil,
tadalafil, tramadol and sildenafil + tramadol recovery groups
relative to their respective treated groups (Figure 1D). Serum LH
was higher (P < 0.05) in sildenafil, tadalafil, tramadol and
sildenafil + tramadol recovery groups relative to their respective
treated groups (Figure 1E), while serum prolactin was markedly
roups after 8 weeks recovery period (mmol/L).

osterone FSH LH Prolactin

± 0.20 7.16 ± 0.20 4.36 ± 0.12 2.17 ± 0.11
± 0.18a 4.71 ± 0.12a 2.7 ± 0.10a 2.13 ± 0.12
± 0.31d 4.57 ± 0.18a 3.49 ± 0.13ad 3.1 ± 0.22ad

± 0.14adg 4.06 ± 0.12aeh 3.43 ± 0.16ae 4.49 ± 0.17adg

± 0.25bdj 4.79 ± 0.08ai 3.14 ± 0.21af 3.6 ± 0.13adhi

5 vs. control; d = P < 0.001, e = P < 0.01, f = P < 0.05 vs. sildenafil;
tramadol.



Figure 1. Comparison of serum parameters between the treated and recovery groups (mmol/L).
Values are mean ± SEM, n = 7. *P < 0.05, **P < 0.01, ***P < 0.001 vs. treated, NS = not significant. Cont. = Control, Sild. = Sildenafil, Tada. = Tadalafil,
Tram. = Tramadol.
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lowered (P < 0.001) in sildenafil, tadalafil, tramadol and
sildenafil + tramadol recovery groups relative to their respective
treated groups (Figure 1F).

4. Discussion

Steroid hormones (notably testosterone) depend to a great
extent on cholesterol for their production, though acetyl Co–
enzyme A equally adds to the substrates pool [23]. Serum total
cholesterol partly regulates steroid hormones concentration.
Androgens (synthesized from cholesterol), primarily
testosterone, have peripheral and central effects that modulate
erection of the penis [24,25]. Androgens contribute majorly in the
maintenance of libido and sexual desire in men and
contribute majorly in regulating erectile ability [24–27]. The
serum concentration of androgens and other reproductive
hormones (like, FSH and LH), and recently, prolactin [14], are
important regulators of male reproductive function. Testosterone
and PDE5 inhibitor combination therapy is being used to treat
patients whose ED is accompanied by hypogonadism. However,
Spitzer et al. [28] in their study maintained that testosterone
therapy did not significantly influence the outcome of sexual
performance in patients who suffered ED alone. After eight
weeks of treatment with the different experimental drugs, there
were significant alterations in male reproductive hormone
concentrations in serum. Testosterone (a steroid hormone) was
raised in sildenafil and tadalafil groups, compared with the
control, while tramadol and sildenafil + tramadol groups had
reduced values of testosterone concentration, compared to
control. This contradicts the report of Ceccarelli et al. [29] who
previously documented unaltered testosterone concentration
following tramadol administration. However, their report was
based on an assessment done after 4 h of administration. Our
findings therefore, may be attributed to the longer duration of
administration, consistent with the findings of Abdellatief et al.
[30] and Ahmed and Kurkar [31], who both separately reported
reduced serum testosterone concentration following
administration of tramadol. The reduction in testosterone
concentration in tramadol and sildenafil + tramadol groups
could be attributed to low levels TC and LDL-c (the substrates
for testosterone synthesis) recorded in these groups. Furthermore,
the reduction in testosterone concentration in the tramadol and
sildenafil + tramadol groups can be attributed to the low levels of
TC and LDL-c (the substrates for testosterone synthesis) recorded
in these groups. Tramadol may have negatively affected choles-
terol synthesis. However, further studies in this direction are
necessary to fully establish the mechanism.

All treated groups recorded significant (P < 0.001) reduction in
FSHandLHconcentrations, comparedwith control.Aloisi et al. [32]

previously reported that opiate administration induced
hypogonadism by subduing the hypothalamic–pituitary–gonadal–
axis, thus suppressing the hypothalamic secretion of GnRH, and
anterior pituitary's LH and FSH secretions. This may be the
possible cause of the significant reduction in serum concentrations
of FSH and LH in tramadol and sildenafil + tramadol groups in
this study. It is known that the levels of LH positively correlates
with testosterone concentration, since LH (also called interstitial
cell stimulating hormone–ICSH) triggers the Leydig cells located
in the testis to secrete testosterone [23]. Decreased levels of LH
concentration in tramadol and sildenafil + tramadol groups may
contribute to low levels of testosterone recorded in these groups.
The high concentration of testosterone in sildenafil and tadalafil
groups despite having low levels of LH may be consequent upon
the increased total cholesterol available for testosterone synthesis.
Although the sildenafil treated group had increased serum TC,
LDL and testosterone, the tramadol treated group had lower
values for serum TC, LDL and testosterone relative to the control
group. Therefore, the observed decrease in serum TC, LDL and
testosterone in the sildenafil + tramadol group relative to the
control group can be attributable to the effect of tramadol.
Furthermore, LH is known to trigger the Leydig cells to secrete
testosterone, and when testosterone concentration increases, it
usually inhibits LH secretion via a negative feedback mechanism
[23]. This feedback inhibition of LH by testosterone may have
contributed to the decreased LH concentration in sildenafil and
tadalafil groups. However, the up-regulation of testosterone by
LH was not observed in the tramadol and sildenafil + tramadol
groups in this study. This shows that tramadol negatively affected
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the interplay between testosterone and LH, since sildenafil admin-
istered alone did not disrupt this feedback mechanism (Table 1).
Previous studies reported reduced Leydig cell expression in the
testis of rats treated with tramadol [31,33,34]. We observed that
tramadol and sildenafil + tramadol administration caused more
significant histological distortions (including reduced Leydig cell
density) and decreased testicular levels of antioxidant enzymes
compared with sildenafil (data not shown). This may
be responsible for the disruption of the LH-testosterone co-
operation observed in sildenafil + tramadol group in this study.
FSH was reduced along with LH in the tramadol and
sildenafil + tramadol groups. It is likely that tramadol may have
suppressed serum GnRH, as previously reported [32] which is
responsible for triggering FSH and LH secretions. The role of
prolactin (a hormone synthesized by lactotrophs of the anterior
pituitary gland) in male reproductive function has not been clearly
established. Nevertheless, the presence of receptors for prolactin
on hypothalamus and choroid plexuses presumes its fundamental
effect in the control of fertility in males [14]. Though the
importance of prolactin to male reproductive function has not
been explicitly recognized, it has been principally linked with
male sterility [14]. Increased prolactin concentration suppresses the
synthesis of testosterone as well as fertility in males via prolactin–
induced exaggerated secretion of adrenal corticoids or by
impeding GnRH secretion via prolactin receptors on
hypothalamic dopaminergic neurons. Serum prolactin
concentration usually correlates negatively with the concentration
of testosterone, LH and FSH in males. In this study, serum
prolactin concentration was markedly raised in all treated groups,
compared to control, with tramadol treated group recording the
highest concentration. The observed hyperprolactinemia in the
treated groups may contribute to the possibility of developing
fertility problems in males who indulge in recreational use of
PDE5 inhibitors and opioids.

After 8 weeks of treatment withdrawal, the alterations in
serum concentrations of reproductive hormones were not
completely reversed, as values for testosterone, FSH, LH and
prolactin were still significantly different from control. This
probably shows that recovery from the effects of these drugs was
rather slow.

We conclude that chronic exposure to high doses of silden-
afil, tadalafil, tramadol or the new combination therapy
(sildenafil + tramadol) negatively affects reproductive hormones
in male rats, with poor reversibility following withdrawal. Apart
from testicular oxidative stress previously reported by other re-
searchers, this study has shown that up–regulation of prolactin [a
hormone known to correlate negatively with serum concentra-
tions of testosterone, FSH and LH (hormones that support
spermatogenesis)] in males may play a major role in the aeti-
ology of reproductive deficit when chronically exposed to PDE5
inhibitors and opioids.
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