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Background: Tramadol is a synthetic opioid analgesic, widely used in the treatment of
osteoarthritis, back pain, sports injuries, and other musculo-skeletal conditions, rheumatological
conditions, and headaches. Tramadol is a common prescription pain reliever as it is considered to
possess a much better safety profile than other opioid analgesics.

Aim of the Work: To examine the influence of chronic use of tramadol on reproductive hormones,
and to outline the histopathological changes in ovaries, testes and pituitary glands of adult albino
rats.

Materials and Methods: A number of 90 male and female adult abino rats were used for this
study. They were divided into three groups each comprising 30 rats (15 males and 15 females).
Group one was the control group which received normal saline, group two was treated with low
dose of tramadol (40 mg/kg) daily, while group three was treated with high dose of tramadol (80
mg/kg) daily for one month.

Results: The present study revealed that there was a statistical significant decrease in serum LH,
FSH, Estradiol among tramadol treated male and female groups when compared with control group.
In addition, there was a significant decrease in serum testosterone level among tramadol treated
male groups when compared to the control group. Furthermore, serum progesterone level showed a
statistically significant decrease among the high dose tramadol treated female group when compared
to both the low dose tramadol treated group and the control group but there was a statistically
significant increase when comparing the low dose to the control group and the high dose group.
While monitoring the effect of tramadol on serum prolactin level there was significant increase
among tramadol treated male groups, while there was non significant change among tramadol
treated female groups. By histopathological examination of ovaries and testes under light
microscopy and pituitary glands by electron microscopy there were changes related to the hormonal
changes.

Conclusion: Chronic use of tramadol in rats even with its therapeutic doses has a passive effect on
gonadal function affecting both males and females.

Tramadol - Hormones - Histopathological Changes

Introduction

piates are natural products derived from opium

which is present in Papaver Somniferum fruit. They

include morphine, codeine, thebaine and many

semi-synthetic congeners derived from them. Tramadol is a

synthetic analogue of codeine. The term opioid applies to

any substance, whether natural or synthetic, that produces

morphine like effects through an action on opioid receptors
(Pagternak, 2001).

Opioids including tramadol are used as analgesics

for the treatment of severe pain (acute or chronic) as cancer

and non-cancer pain. According to the Centers for Disease
Control and Prevention (CDC), there has been a 300%
increase in the sale of opioid analgesics from 1999 to 2011
(Egan and Newberry, 2018).

In 2006, statistics in the United States showed
that approximately 90% of patients with chronic pain
receive opioids (Trescot et al., 2006), and 90% of
patients presenting to an interventional pain management
center are already on opioids (Manchikanti, 2004).
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It is estimated that the prevalence of a substance
abuse disorder is 8.1% in the general population and even
higher in the population of patients with chronic pain.
These facts explain the dramatic rise in prescription drug
abuse and in complications secondary to controlled
substances (Trescot, 2006).

Egypt has one of the highest death rates due to
road accidents and tramadol abuse is associated with
18.7% of these accidents (Bassiony et al., 2015).

The effects of long-term opioid use/abuse on the
endocrine system have not been well studied because most
studies on the effects of opioids on the endocrine system
focus on acute effects. The effects of opioid compounds on
hormonal function is now fairly well understood (Daniell,
2006). However, long- term effects at cellular level are not
clearly understood (Daniell, 2002).

In addition, signs of opioid endocrinopathy often go
unreported and therefore are not monitored clinicaly (Gudin
et al., 2015).

Furthermore, most studies focus on the acute
tramadol toxicity with poor information concerning its
chronic use/abuse especialy regarding reproductive
system (El-Ghawet, 2015).

Thus, the current study was designed to
investigate the effects of chronic tramadol use on
reproductive system in males and females.

Aim of the Work
To investigate the effects of chronic use of tramadol on
reproductive  hormones and to outline the
histopathological changes in ovaries, testes and pituitary
glands of adult albino rats.

Materials and methods

This experimental study was carried out in the Medical
Research Center, Ain Shams University on groups of
adult albino rats where the effects of tramadol on
reproductive system were eval uated.
A- Chemical compound (tramadol)

Commercially available Tee-Doll tablets. Each
tablet contains 225 mg tramadol hydrochloride (Tee-
Dall®, manufactured by Minapharm, Heliopolis, Cairo,
Egypt under license of German Grunenthal Company).

B- Experimental design:

(A) Theanimals

Ninety adult albino rats of both sexes weighing
approximately 150g each, were chosen for this study.
They were housed in cages under controlled conditions
of temperature and humidity.

At the start, all rats were left in their housing for
one week, for adaptation to the environmental condition.
All animals received a balanced diet containing essential
elements and vitamins. Clean containers were supplied
with tap water throughout the experiment.

(B) Groups:

The rats were divided into the following groups
where each group comprised 30 rats.

) Group one: (Control group)

This group was divided into 2 subgroups and
received normal saline orally.
= Sub-group: control males (n=15)
= Sub-group: control females (n=15)

1) Group two: (low dose group)

This group was divided into 2 subgroups and
both received oral doses of tramadol suspended in saline
solution egual to 40 mg/kg body weight for thirty
consecutive days (Senay et al., 2003).

= Sub-group: males (n=15)
=  Sub-group: females (n=15)

I11) Group three: (high dose group):

This group was divided into 2 subgroups and
both received oral doses of tramadol suspended in saline
solution equal to 80 mg/kg body weight for thirty
consecutive days (Senay et al., 2003).

=  Sub-group: maes (n=15).
= Sub-group: females (n=15).

At the end of treatment, the animals were
sacrificed and blood and tissue samples were collected.

A) Serum samples:

Blood samples were collected in plain tubes, left
to stand in 37°C for 15 minutes then centrifuged at 3000
r.p.m for 10 minutes and stored at -20°C until used.

B) Tissue Specimen:

The ovaries, testes and pituitary glands were
dissected out and kept in 10% formain for histopathological
sudies.

(C) Drug:

Preparation and dose:

Just before its use, it was reconstituted with
normal saline (0.9%). Tramadol tablet (225mg) was
reconstituted in 50 ml saline (0.9%).

Two groups of adult albino rats (30 rats each)
were given oraly two different doses of the reconstituted
drug. Group Il was given 1.3 ml of the reconstituted drug
which is equal to 40 mg/kg and group Il was given 2.6
ml of the recongtituted drug which is equal to 80 mg/kg
(Senay et al., 2003). The dose was modified every week
according to the related changes in body weight.

Time and route of administration:

Tramadol was administered once daily for each
animal in group two and group three for 30 consecutive
days. It was administered orally by a curved needle like
oral tube that was introduced directly into the stomach (a
gavage process).

By the end of the study the following was done:
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I) Physical changesin the weight before and after the
study were monitored.

I1) Laboratory investigations using enzyme linked
immunosorbent assay:

The following biochemical parameters had been
measured:

A) For femalegroups:

The serum levels of luteinizing hormone (LH),
follicle stimulating hormone (FSH), estradiol (E2),
progesterone and prolactin were measured.

B) For malegroups.

The serum levels of luteinizing hormone (LH),
follicle dtimulating hormone (FSH), testosterone,
estradiol (E2) and prolactin were measured.

1) Histological examination for ovaries, testes and
pituitary glands:

A. Light microscopic _examination for ovaries and
testes:

Following rats sacrificing, the organs were
rapidly dissected and fixed in neutra buffered
formaldehyde solution (10%) for 48 hours before being
embedded in paraffin wax. Sections of 5 microns
thickness were mounted on glass slides and stained with
hematoxylin and eosin (Hx & EX) according to method
adopted by Drury and Wallington (1980) and examined
by light microscope for histopathological investigation.

B. Electron microscopic examination for pituitary
glands:

Specimen preparation and stains used:

This was carried out in the Electron Microscope
Unit, Faculty of Science, Ain Shams University. Pituitary
gland tissues of al groups were fixed in formol
glutaraldehyde to be processed for electron microscopic
study.

After being embedded, semi-thin sections (1 um
thick) were cut using an ultra microtome. They were stained
with toluidine blue, and examined by the light microscope.
Then, ultra-thin sections (60-90 nanometers) were cut using
the ultra microtome, mounted on copper girds and stained
with uranyl acetate and lead citrate (Luft, 1961).

Statistical analysis

Data were collected, checked, revised and
anadlyzed by SPSS datistica package version 19. Excel
computer program was used to tabulate the results, and
represent it graphicaly. One Way ANOVA was used to
declare the significant difference between groups at p<0.05
for the quantitative variables which are normally distributed,
and TUKEY'S comparisons test at p<0.05 was used to
declare the sgnificant difference between each two groups.

Results

I. Laboratory parameters
1. Femalegroups
Serum prolactin in studied female groups
Table (1) shows the values of serum prolactin.
Statistical analysis by using one way ANOVA test
revedled that there was non-significant difference
between femal e groups as regards serum prolactin.

Serum LH in studied female groups

Table (2) shows the values of serum LH.
Statistical analysis by using one way ANOVA test
revealed that there was a significant difference between
the femal e groups as regards serum LH.

On applying TUKEY'S comparison test, serum
LH showed a statistical significant decrease in group Il
and group |11 when compared to group |, while there was
non significant difference in LH decrease between group
Il and group I11.

Serum FSH in studied female groups

Table (3) shows the values of serum FSH.
Statistical analysis by using one way ANOVA test
revealed that there was a significant difference between
femal e groups as regards serum FSH.

On goplying TUKEY'S comparison test, serum
FSH showed a statigtical significant decrease in group |1 and
group 111 when compared to group |. In addition, group Il
showed datidtical significant decrease in serum FSH when
compared to group |l asregards serum FSH.

Serum Estradiol (E2) in studied female groups

Table (4) shows the values of serum Estradiol.
Statistical analysis by using one way ANOVA test
revealed that there was a significant difference between
female groups as regards serum Estradiol.

On applying TUKEY'S comparison test, serum
Estradiol showed a dstatistical significant decrease in
group 11 and group 111 when compared to group |. On the
other hand, group Il showed statistical significant
decrease in serum Estradiol when compared to group I1.

Serum progesterone in studied female groups

Table (5) shows the values of serum
progesterone. Statistical analysis by using one way
ANOVA test revealed that there was a significant
difference between the groups under comparison.

On applying TUKEY'S comparison test, serum
progesterone showed a statistical significant increase in
group 11 when compared to group | and group I11. On the
other hand, group Il showed a statistical significant
decrease in serum progesterone when compared to group
| and group I1.
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Weight estimation before and after the experiment in
female groups

Table (6) shows the weight of dudied femae
groups before and after the experiment. Statisticd analysis
by using one way ANOVA test reveded that there was a
significant difference between female groups as regards
weight after the experiment, while there was a non-
significant difference between female groups as regards
weight before the experiment. On applying TUKEY'S
comparison test, there was non-significant difference in
weight between group | and group Il after the experiment,
while there was a statistical significant decreasein weight in
group |11 when compared with group | and group I1.

2. Malegroups
Serum prolactin in studied male groups

Table (7) shows the values of serum prolactin.
Statistical analysis by using one way ANOVA test
revealed that there was a significant difference between
male groups as regards serum prolactin.

On applying TUKEY'S comparison test, serum
prolactin showed a significant increase in group Il and
group Il when compared to group I, while there was a
non-significant difference in prolactin level between group
Il and group I11.

Serum LH in studied male groups

Table (8) shows the values of serum LH.
Statistical analysis by using one way ANOVA test
revealed that there was a significant difference between
male groups as regards serum LH.

On applying TUKEY'S comparison test, serum
LH showed a statistical significant decrease in group |1
and group 111 when compared to group |, while there was
anon-significant difference in LH level between group 11
and group I11.

Serum FSH in studied male groups

Table (9) shows the values of serum FSH.
Statistical analysis by using one way ANOVA test
revealed that there was a significant difference between
male groups under comparison.

On applying TUKEY'S comparison test, serum
FSH showed a dtatistical significant decrease in group Il
and group Il when compared to group I. In addition,
group Il showed a dtatistical significant decrease in
serum FSH when compared to group 1.

Serum Estradiol (E2) in studied male groups

Table (10) shows the values of serum Estradiol.
Statistical analysis by using one way ANOVA test
revealed that there was a significant difference between
male groups as regards serum Estadiol.

On applying TUKEY'S comparison test, serum
Estradiol showed a dtatistical significant decrease in
group |11 when compared to group | and group I, while

there was a non-significant difference between group |
and group |1 asregards serum Estrtadiol.

Table (11) shows the values of serum
testosterone. Statistical analysis by using one way
ANOVA test revealed that there was a significant
difference between male groups under comparison.

On applying TUKEY'S Comparison Test, serum
testosterone showed a datigtical significant decresse in
group |11 when compared to group | and group II, while
there was a non-gignificant difference between group | and
group 1.

Weight estimation before and after the experiment in
male groups

Table (12) shows weight of studied male groups
before and after the experiment. Statistical analysis by
using one way ANOVA test revealed that there was a
significant difference between male groups as regards
weight after the experiment, while there was non-
significant difference between male groups as regards
weight before the experiment.

On applying TUKEY'S comparison test, weight
after the experiment showed a datistical significant
decrease in group Il and group Il when compared to
group I. On the other hand, group 111 showed a statistical
significant decrease in weight when compared to group
.

Il. Histopathological Results

Histopathological results of the ovary:

Light microscopic examination for ovaries of low
dose female group revealed abundant fibroblasts with
elongated nuclei of fibroblast proliferation, atretic follicles,
congestion between the follicles and aggregation of
lymphocytes.

Moreover, examination of ovaries of high dose
female group revealed more abundant fibroblasts with
elongated nuclei of fibroblast proliferation and increased
number of atretic follicles.

Histopathological results of the testis

Light microscopic examination for testes of low
dose male group reveadled that there was failure of
spermatogenesis, separation between spermatogenic cells
and basement membrane, disruption of some sertoli cells,
decreased number of leydig cells (which is responsible for
testosterone secretion), deposition of hyaline materid
between seminefrous tubules and fusion between tubules.

Moreover, examination of testes of high dose
male group revealed a more aggressive picture of the
previousy mentioned changes up to complete
degeneration to seminefrous tubules.

Histopathological results of the pituitary glands
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Pituitary gland of the studied female group

Electron microscopic examination showed
vacuolated cells (gonadotrophes) with depletion of
secretory granules containing LH and FSH while there
was no changes in secretory granules containing
prolactin that was present in mammotrophic cells. Also,
there was some apoptotic gonadotrophic cells with
shrunken and piknotic nuclei. Their nuclei showed

fragmentation of the nucleus with disrupted nuclear
envelope and non apparent nucleolus.

Pituitary gland of the studied male group

Electron microscopic examination reveaed
gonadotrophes showing depletion of secretory granules
containing LH and FSH also infiltration with lipid
droplets were observed while mammotrophic cells were

very rich in secretory granules containing prolactin.

Table (1): ANOVA one way statistical analysis comparing female control group (1), low dose female group (I1) and
high dose female group (111) regarding serum prolactin level.

Prolactin Group ANOVA
Female control group L ow dose female group High dose female group F P-value
Range 5-20.12 8.92-12.3 9.4-12.3
Mean £SD 10.751+4.521 10.787+1.032 11.142+0.982 0.094 0.911

I: Female control group; I1: Low dose female group; 111: High dose female group; F: variance ratio calculated by ANOVA
one way statistical analysis, P-value: >0.05: non-significant, <0.05: significant, <0.001: highly significant

Table (2): ANOVA one way statistical analysis and TUKEY’S test comparing female control group (I), low dose
female group (11) and high dose female group (I11) regarding serum LH level.

Group ANOVA TUKEY'STest
LH Female control Low dose High dose F P_value &1 &1 H&l
group femalegroup | femalegroup
Range 0.56-1.61 0.31-0.51 0.3-0.47 . N .
Mean +SD | 1045:0347 | 04070.063 | 0380:0053 | ~0'089 | <0001% | <0.001" | <0.001" | 0.933

I: Female control group; Il: Low dose female group; 111: High dose female group; F: variance ratio calculated by ANOVA
one way statistical analysis; P-value: >0.05: non-significant, <0.05: significant, <0.001: highly significant

* Thereis a highly significant difference between groups by using One Way ANOVA at p<0.001.

Table (3): ANOVA one way statistical analysis and TUKEY’S test comparing female control group (I), low dose
female group (11) and high dose female group (111) regarding serum FSH level.

Group ANOVA TUKEY'STest
FSH Female control Low dose High dose = Pvaluel 1&11 & e
group female group female group
Range 1.21-1.56 0.31-0.52 0.22-0.35 . . . .
Mean +SD| _ 1.320:0.082 0.415£0.066 0.283£0,033 | 11/6-379|<0.001% | <0.001%]<0.001*  <0.001

I: Female control group, Il: Low dose female group; I11: High dose female group; F: variance ratio calculated by ANOVA
one way statistical analysis, P-value: >0.05: non-significant, <0.05: significant, <0.001: highly significant
* Thereisa highly significant difference between groups by using One Way ANOVA at p<0.001.

Table (4): ANOVA one way statistical analysis and TUKEY'S test comparing female control group (1), low dose
female group (11) and high dose female group (I11) regarding serum Estradiol (E2) level.

Group ANOVA TUKEY'STest
Estradiol Female control Low dose High dose = Pvalue | 1&11 &1 Helll
group femalegroup | female group
Range 35.25-48.02 26.97-2835 | 16.13-22.02 . . . .
Mean +SD | 42.565:3438 | 27.613:0.481 | 20.172+1829 | So0-161 | <0.001" | <0.001* | <0.001* | <0.001

I: Female control group, I1: Low dose female group; I11: High dose female group; F: variance ratio calculated by ANOVA
one way statistical analysis, P-value: >0.05: non-significant, <0.05: significant, <0.001: highly significant
* Thereisa highly significant difference between groups by using One Way ANOVA at p<0.001.
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Table (1): ANOVA one way statistical analysis and TUKEY'S test comparing female control group (1), low dose
female group (I1) and high dose female group (I11) regarding serum progester one level.

Group ANOVA TUKEY'STest
Progesteron | Femalecontrol Low dose High dose = Pvalue | 1&11 & | nen
group femalegroup | female group
Range 0.27-0.34 0.64-1.1 0.19-0.28 . . . .
Mean +SD 0.293+0.019 0.800+0.109 0.232+0.027 337.611 | <0.001* | <0.001" | 0.040° | <0.001

I: Female control group, Il: Low dose female group; I11: High dose female group; F: variance ratio calculated by ANOVA
one way statistical analysis;, P-value: >0.05: non-significant, <0.05: significant, <0.001: highly significant

* Thereisa highly significant difference between groups by using One Way ANOVA at p<0.001.

Table (2): ANOVA one way statistical analysis and TUKEY'S test comparing female control group (1), low dose
female group (I1) and high dose female group (I11) regarding weight before and after the experiment.

Group ANOVA TUKEY'STest
Weight Female control Low dose High dose F pvalue |l 1&11 | 1&1m1 I1ar
group femalegroup | female group
Range 133-155 136-151 138-147
Before  "\iean +SD | 143.067+6.819 | 143.0004.781 | 142.867+3.001 | 2006 | 0994
Range 161-183 165-183 154-171 . . .
AT ean +SD | 174.733+7.086 | 171.733+4.803 | 164.933+5133 | >80 | <0.001" | 0.337<0.001" | 0.007
Differences | Mean +SD | -31.667+4.203 | -28.733+£3.173 | -22.067+5.535
Paired test | P-value <0.001* <0.001* <0.001*

I: Female control group, Il: Low dose female group; I11: High dose female group; F: variance ratio calculated by ANOVA
one way statistical analysis; P-value: >0.05: non-significant, <0.05: significant, <0.001: highly significant

* Thereis a highly significant difference between groups by using One Way ANOVA at p<0.001.

Table (3): ANOVA one way statistical analysisand TUKEY'S test comparing male control group (1), low dose male
group (I1) and high dose malegroup (I11) regarding serum prolactin level.

Group ANOVA TUKEY'STest
Prolactin Male control Low dose High dose = P_value 1&1] 1& 111 H&lll
group male group male group
Range 4.72-10.4 9.87-14.09 10.7-12.5 . . .
Mean +SD | 750261482 | 11551+1141 | 11.489+0602 | 02 /12 | <0001 | <0.001* | <0.001" | 0.988

I: Female control group, Il: Low dose female group; I11: High dose female group; F: variance ratio calculated by ANOVA
one way statistical analysis, P-value: >0.05: non-significant, <0.05: significant, <0.001: highly significant

* Thereisa highly significant difference between groups by using One Way ANOVA at p<0.001.

Table (4): ANOVA one way statistical analysisand TUKEY'S test comparing male control group (1), low dose male
group (1) and high dose malegroup (I11) regarding serum LH level.

Group ANOVA TUKEY'STest
LH Male control Low dose High dose = P_value &1l &1 H&ll]
group male group male group
Range 3.4-5.67 0.69-0.93 0.35-0.77 . . .
Mean +SD | 4.624+0.687 | 0.799:0.072 | 0.55020.109 | 47003 | <0.001" | <0.001* | <0.001" | 0.247

I: Female control group, Il: Low dose female group; I11: High dose female group; F: variance ratio calculated by ANOVA
one way statistical analysis, P-value: >0.05: non-significant, <0.05: significant, <0.001: highly significant
* Thereisa highly significant difference between groups by using One Way ANOVA at p<0.001.

Table (5): ANOVA one way statistical analysisand TUKEY'S test comparing male control group (1), low dose male
group (1) and high dose male group (I11) regarding serum FSH level.

Group ANOVA TUKEY'STest
FSH Male control Low dose High dose = P_value 1&1] &1 NIl
group male group male group
Range 1.55-1.74 0.38-0.55 0.22-0.37 N . . .
Mean +SD | 1.641%0.053 | 0.473£0.053 | 0.306:0.033 | >+20-766 | <0.001" | <0.001" | <0.001" | <0.001

I: Female control group, I1: Low dose female group; I11: High dose female group; F: variance ratio calculated by ANOVA
one way statistical analysis;, P-value: >0.05: non-significant, <0.05: significant, <0.001: highly significant
* Thereisa highly significant difference between groups by using One Way ANOVA at p<0.001.
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Table (6): ANOVA one way statistical analysisand TUKEY'S test comparing male control group (1), low dose male
group (1) and high dose male group (I11) regarding serum Estradiol (E2) level.

Group ANOVA TUKEY'STest
Estradiol Male control Low dose High dose = Pvalue | 1&11 e | nen
group male group male group
Range 18.28-21.84 13.33-22.7 15.33-19.7 " " "
Mean +SD | 10.822+0.904 | 19.744t2313 | 183dprio4l | +30° | 0020" | 0990 | 0.033" | 0.046

I: Female control group, Il: Low dose female group; I11: High dose female group; F: variance ratio calculated by ANOVA
one way statistical analysis;, P-value: >0.05: non-significant, <0.05: significant, <0.001: highly significant
* Thereisa highly significant difference between groups by using One Way ANOVA at p<0.001.

Table (7): ANOVA one way statistical analysisand TUKEY'S test comparing male control group (1), low dose male
group (1) and high dose male group (I11) regarding serum testoster one level.

Group ANOVA TUKEY'STest
Testosterone Male control Low dose High dose F Pvalue | 1&11 1& 111 H&lll
group male group male group
Range 7.05-9.47 7.12-9.75 6.8-7.67 . . .
Mean +SD 8.461+0.730 8.652+0.871 | 7.233+0.249 19.738 | <0.001* | 0.717| <0.001* | <0.001

I: Female control group, Il: Low dose female group; I11: High dose female group; F: variance ratio calculated by ANOVA
one way statistical analysis, P-value: >0.05: non-significant, <0.05: significant, <0.001: highly significant
* Thereisa highly significant difference between groups by using One Way ANOVA at p<0.001.

Table (8): ANOVA one way statistical analysisand TUKEY'S test comparing male control group (1), low dose male
group (1) and high dose male group (I11) regar ding weight before and after the experiment.

Group ANOVA TUKEY'STest
Weight Male control Low dose High dose E | pvaluel 1&11 e e
group malegroup | malegroup
Range 146-157 146-158 150-158
Before  rrean +SD| 151.867+3.067 | 151.933+3.390| 153.800+2.396| 2034 | 0144
Range 186-223 182-194 167-173 . . . .
After I ean +SD | 20166711011 187.400+4.102| 171,000:1.813| ' 969 | <0.001* | <0.001* | <0.001* | <0.001
Differences| Mean +SD | -49.800+10.805 | -35.467+1.959 | -17.200+1.859
Paired test | P-value <0.001* <0.001* <0.001*

I: Female control group, I1: Low dose female group; I11: High dose female group; F: variance ratio calculated by ANOVA

one way statistical analysis, P-value: >0.05: non-significant, <0.05: significant, <0.001: highly significant
* Thereisa highly significant difference between groups by using One Way ANOVA at p<0.001.

Figure (1): Photomicrograph of adult albino rat ovary
of low dose female group showing abundant fibroblasts

between follicles (H& E x40).

follicles (H&

E x10).

Figure (2): Photomicrograph of adult albino rat ovary
of high dose female group showing multiple atretic
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Figure (3): Photomicrograph of adult albinorat testisof  Figure (4): Photomlcrograph of adult albino rat testis of

low dose male group showing failure of high dose male group showing massive degeneration of

spermatogenesis, no sper msinsidetubule (H& E x10). seminiferous tubules, rupture of basement membrane and
failure of spermatogenesis (H& E x10).

Figure (5): Photomicrograph of adult albino rat testis of high
dose male group showing decreased number of leydig cells
between tubules (H& E x10).

2 microns

2 microns
TEM Mag = 10000x

TEM Mag = 4000x

Figure (6): Electron microscopic image of adult albino Figure (7): Electron microscopic image of adult albino
rat pituitary gland of low dose female group showing rat pituitary gland of high dose female group showing
gonadotrophes with vacuolated cells with depletion of gonadotrophes with vacuolated cells together with
granules. normal mammotrophes.
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TEM Mag = 4000x

Figure (8): Electron microscopic image of adult albino
rat pituitary gland of low dose male group showing
gonadotrophes with depletion of secretory granules, a
mmamotrophe also appears at the same section that is
rich in secretory granules.

Discussion

Chronic opioid use may predispose to hypogonadism
through alteration of the hypothalamic pituitary-gonadal
axis. Opioids seem to mediate their effects on gonadal
hormones primarily via central mechanisms (acting on
the hypothalamus and pituitary), although a periphera
component through direct effect on target organs may be
involved as well (Gudin et al., 2015). The present
experimental study evaluated the effect of chronic
tramadol use on the reproductive hormones and the
related pathological changes.

Regarding the hormones levels in the female
rats groups in the current study, there was non-significant
difference in serum prolactin levels between tramadol
treated groups (low dose and high dose) and the control
group. This was confirmed by histological examination
of the pituitary glands belonging to the same groups
where there was no abnormality in the cells secreting
prolactin (mammotrophes). Contrary to the result of the
current study, Roberts et al. (2002) reported opioid
suppression of the HPG (hypothalamo pituitary gonadal)
axis in women resulting in amenorrheain heroin addicts.

As regard serum leutinizing hormone (LH)
levels, the current study revealed that there was a
significant decrease among tramadol treated femae
groups whether receiving low or high dose compared to
the control group. This was confirmed by histological
examination of ovaries belonging to the same groups
where the stroma showed abundant increase of fibroblast
activity which correlated with the observed decrease in
serum LH level. These findings are in accordance with

2 microns
TEM Mag = 4000x

Figure (9): Electron microscopic image of adult albino
rat pituitary gland of high dose male group showing
mammotrophic cell that isrich in secretory granules.

the findings obtained by Vuong et al. (2009) who
mentioned that chronic opioid administration decreases
LH levelsin both animals and humans, and that the effect
on LH occurs primarily by inhibiting hypothalamic
gonadotrophin releasing hormone (GnRH) secretion.

By dudying the effect of tramadol on serum
follicular stimulating hormone (FSH) levels in the present
sudy, it showed a datigticdly significant decrease among
tramadol treated female groups whether receiving low or
high dose compared to the control group. In addition, the
high dose treated group showed a datistically significant
decrease in serum FSH when compared to the low dose
treated group. This was reflected on the histopathological
changes in the ovaries of the same groups which showed a
detected damage of the growing follicles Many of the
mature follicles appeared atretic in the form of cystic-like
structures.

These finding are in accordance with a study
conducted by Daniell (2006) which showed that women
consuming sustained-action oral or transdermal opioids
for the control of noncancer pain have a decrease in FSH
and LH serum levels. Furthermore, Youssef and Zidan
(2016) stated that tramadol administration caused a
significant decrease in serum levels of LH and FSH.

The histological findings of the current study are
similar to those obtained by EI-Ghawet (2015) who
observed that in experimental tramadol-treatment, there
was a detected damage of the growing follicles. They
observed that many of the mature follicles appeared
atretic in the form of cystic-like structures. Atretic
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follicles possessed granulosa cells with the apparent
increase of pyknosis and deformed antral cavity, and the
stroma showed abundant increase of fibroblast activity.

Tramadol not only acts centraly affecting
reproductive hormonal release, but also acts peripherally
affecting the production of sex steroids (Katz and Mazer,
2009). The present study revealed that there was a
statistical significant decrease in serum estradiol among
tramadol treated female groups when compared with the
control group. In addition, when comparing the low dose
and high dose groups, the high dose treated group
showed dtatigtically significant decrease in  serum
estradiol when compared with the low dose treated
group.

Vuong et al. (2009) mentioned that chronic
opioid administration results in suppression of sex
steroids mediated mainly by suppression of LH via the
effects on GnRH. In addition, there may be direct effects
at the gonadal level. In addition, a study conducted by
Daniell (2006) showed that women consuming sustained-
action oral or transdermal opioids for the control of
noncancerous pain have a profound inhibition of ovarian
sex hormones namely progesterone and estrogen.

Regarding serum progesterone level, the present
study reveded that there was a statistically significant
decrease among the high dose tramadol treated female
group when compared to both the low dose tramadol
treated group and the control group but there was a
dtatigtically significant increase when comparing the low
dose to the control group and the high dose group. This
fluctuation in serum progesterone level explains the
irregularities in menstruation that may be associated with
tramadol intake.

In a study by Abs et al. (2002) they found that
exogenous opioids have a drastic effect on the female
menstrual cycle. In their study, after long-term intrathecal
opioid administration, 14 of 21 premenopausal women
developed amenorrhea, and the other seven developed
irregularities in menstruation. Opioids led to a decline in
LH, FSH, estradiol, and progesterone, thus affecting
menstruation.

Regarding weight changes, the current study
showed that there was a statistically significant decrease
in weight in the high dose treated group when compared
to both the low dose treated group and the control group.
Similar findings were observed by Matthiesen et al.
(1998) who stated that there was a decrease of body
weight gain when female rats were treated for 14 days
with 50 mg/kg tramadol.

Regarding the male groups, the current study
revealed that serum prolactin (PRL) level showed a
dtatistically significant increase in both the low dose and
the high dose groups when compared to the control
group. This was supported by the histopathological
findings while examining the pituitary glands that belong
to the same groups where abundant and hypertrophied
mammotrophes were seen.

This goes hand in hand with the findings of El-
gaafarawi (2006) who stated that administration of 40
mg tramadol/Kg in rats led to statistically elevated serum
prolactin level a 20 and 30 days of treatment. In
addition, a study by Youssef and Zidan (2016) revealed
that there was a statistically significant increase in serum
prolactin (PRL) level among tramadol receiving rat
groups when compared to control group. This effect
appears to be mediated by hypothalamic factors rather
than via direct action on the pituitary.

By studying the effect of tramadol on serum LH
level among male groups in the current study, it showed
a statistically significant decrease level in both treated
male groups (low dose and high dose) as compared to the
control group. The histological examination of testes of
those groups revealed that seminiferous tubules were
lacking sperms, spermatids and secondary spermatocytes.
Exfoliation of the damaged spermatocytes and
spermatids were detected within the tubular lumina of
many seminiferous tubules. The intertubular connective
tissue became hyalinized and showed comparative
reduction of interstitial cells.

A study by Elliott et al. (2011) documented
hypogonadism with decreased LH/FSH levels in both
males and females as early as 1 week after starting opioid
therapy, with LH levels more affected in males.

By studying the effect of tramadol on serum
FSH level in tramadol treated male groups, there was a
statistically significant decrease in serum FSH level in
both low dose and the high dose tramadol treated male
groups as compared with control group. This was
supported by the histological findings of testicular
examination among tramadol treated groups where a
failure of spermatogenesis was recorded in addition to
separation between spermatogonic cells and the basement
membrane and disruption of some sertoli cells.

These findings were in accordance to a study by
Roberts et al. (2002) who mentioned that intrathecal
opioid therapy in men results in suppression of the
hypothalamo-pituitary gonadal (HPG) axis as there was a
statistically significant decrease in FSH levels and a
decline in serum testosterone levels. They explained that
this is a central effect because direct suppression at a
testicular level would result in a secondary increase in
gonadotrophin (FSH and LH) levels.

In addition, A study by Rhodin et al. (2010)
compared 39 chronic pain patients treated with opioid
agonists for more than 12 months to a 20 pain patients
not on opioids. In comparing the two groups, lower
values of LH and FSH were observed among the opioid
group. These low values of LH and FSH suggest an
inhibitory effect of opioids on the hypothalamic-pituitary
levels.

The histological findings of the current study are
similar the findings observed by a study by Youssef and
Zidan (2016) that showed atrophy of seminiferous
tubules with interstitial calcification and focal testicular
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degeneration with single or multiple layers of vacuolated
spermatocytes with alittle evidence of spermatogenesis.

Regarding serum estradiol (E2) level among the
male groups in the current study, a satisticaly
significant decrease was observed in the high dose
tramadol treated group when compared to both the
control group and low dose treated group, while there
was a nonsignificant difference between the control
group and the low dose treated group. This goes hand in
hand with a study by Yilmaz (1999) that mentioned that
morphine administration resulted in decrease in LH
levels and estradiol levels as well.

According to the present study, testosterone
level showed a statisticaly significant decrease among
high dose tramadol treated male group when compared to
both the control and low dose treated groups, while there
was a nonsignificant level difference between both the
control and the low dose treated male groups. This is
supported by a study by Roberts et al (2002) where they
observed that intrathecal opioid therapy in men resulted
in suppression of the hypothalamo-pituitary gonadal
(HPG) axis and a decline in serum testosterone levels.

Regarding weight changes among male groups,
the current study showed statistically significant decrease
in weight gain among male treated groups both the low
dose and the high dose when compared to the control
group. These finding matched the findings of a study by
Anghel et al. (2010) that observed the effects of short-
and long-term morphine administration on rodent body
weight where they found a decrease in food intake
coupled with marked weight loss in the days after
morphine treatment.

Conclusion
From the current study it was concluded that:

Chronic use of tramadol in rats even with its
therapeutic doses has bad effects on gonadal function
affecting both males and females. This is caused by the
inhibitory effects of tramadol on the production of
gonadal hormones which was observed in the current
study through low levels of LH, FSH and Estradiol in
both males and females and low testosterone level among
males and low progesterone level among females. Also,
hyperprolactinemia was observed among tramadol
treated male groups while serum prolactin level was not
affected among females.

These hormonal changes were due to structural
changes affecting tissues. So  histopathological
examination of the pituitary glands of both males and
females adult albino rats under the electron microscope
revealed apoptosis of gonadotrophes (secreting LH and
FSH) with depletion of secretory granules. While there
was hypertrophy of mammotrophes (secreting prolactin)
with abundant granules and this was observed among
tramadol treated male groups but not among femae
groups. On the other hand, light microscopic examination
for ovaries of tramadol treated female groups revealed
abundant fibroblasts with elongated nuclel of fibroblast

proliferation, atretic follicles, congestion between the
follicles and aggregation of lymphocytes. In addition,
light microscopic examination for testes of tramadol
treated male groups revealed failure of spermatogenesis,
separation between spermatogenic cells and basement
membrane, disruption of some sertoli cells, decrease
number of leydig cells (which is responsible for
testosterone secretion), deposition of hyaline material
between seminefrous tubules and fusion between tubules.

Recommendations

e The present study recommends that further studies
on the reproductive effects of tramadol should be
done, with focus on the effects on females as most
studies used to focus on the effects on males.

e More studies should examine the histopathological
effects of tramadol especially on pituitary glands and
related hormonal changes as not only gonadotrophic
hormones are expected to be affected but also the
other pituitary hormones as well.

e Human studies on tramadol users regarding the
effects of tramadol on reproductive hormones should
be performed to enhance our evidence upon its
reproductive effects and to assess the hormonal
levels after discontinuation of the drug.
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