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Abstract

Objective: Drugs addiction is considered a general major problem all over the world causing massive

detrimental effects for the addict, communities and governments. The study was designed to assess the
dependency impact of concurrent brown heroin and Tramadol administration on reproduction in rats.
Material and methods: Sixty adult male abino rats were divided into untreated control (1), vehicles
groups citric acid (I1), saline (111), brown heroin (1V), tramadol (V) and concurrent brown heroin and
tramadol (V1) groups. The animals were treated daily for forty days by ora (saline and tramadol) and
intra-peritoneal (citric acid and heroin) routes. The body weights, the reproductive hormonal assay
(luteinizing hormone LH, follicle stimulating hormone FSH, free Testosterone, Estradiol E2 and
prolactin PRL) and the hormones related gene expression (brain FSH-B gene, LH-B gene and
testicular cytochrome 19 gene CY P-19) were evaluated. The histopathological changes of the brain and
testis were demonstrated. Results: The brown heroin, tramadol and the concurrent brown heroin and
tramadol administration reduced the rats body weight, serum LH, FSH and Testosterone and increased
the serum E2 and PRL levels. Moreover, both heroin and tramadol produced down regulation of brain
LH-B and FSH-B with up regulation of testicular CYP-19 genes expression and induced
histopathological aterations in both of the brain and testicular structures. Conclusion: The concurrent
brown heroin and tramadol dependency affect the reproductive axis and impaired fertility in adult male
abino rats via dtering the circulating reproductive hormones and its related genes expression,
moreover, affecting the histology of the brain and testis. Recommendation: Health education for the
purpose of increasing public awareness regarding hazards of tramadol and heroin addiction, periodic

urine screening for early detection and proper management which could be done for

university

students, employee in different community services....etc
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Introduction
ddiction was and is ill considered a mgjor problem
among communities and governments; it acts as a
complex illness, characterized by repested use and
intense uncontrollable craving of adrug or multipledrugsin a
way that is destroying both of sdf and community (Ghowsi
and Y ousofvand, 2015).

[llicit drug use is prevdent in our society and may
adversdly affect male fertility. Unfortunately, usage of these
illicit substances often occurs during reproductive years or
during critical periods of testicular development. Illicit drugs
use as maijuana, opioid, narcotics, cocane and
methamphetamines, affects the hormonal axis and causes
imparment in semen anadlyss and functional sperm
parameters (Fronczak et d., 2012).

It is difficult to assess and control multiple illicit
drug interactions because many illicit drug users are often
taking more than one type of drug and aso, interactions with
other foods and drugs may affect the metabolism of anillicit

drug (McCance et d., 1995). For example, heroin users are
often mixing heroin with other addictive agents. Overdose
risk and desth may be substantially increased as drugs can
interact by amplifying or masking the physiological effectson
the body (Joneset d., 2012).

Heroin was and is still considered to be one of the
most addictive agents. It is a crude preparation of
diamorphine, a semisynthetic product obtained by acetylation
of morphine, which is a natura product of opium, the dried
latex of certain poppy species (e.g. Papaver somniferum L.)
(King and McDermott, 2004).

Heroin may be smoked or dissolved in a weak acid
and injected. After absorption, it is deacetylated into an
inactive 3- monoacetylmorphine and the active 6-
monoacetylmorphine (6-MAM), and then to morphine,
which bind to p-opioid receptors, resulting in the drug's
euphoric, analgesic and anxiolytic effects. A quarter of heroin
users become physically dependent. Other side effects can
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include abscesses, infected heart vaves, blood borne
infections, congtipation, and pneumonia. After a history of
long-term use, withdrawal symptoms can begin within hours
of lagt use (Klouset d., 2005).

Tramadol that is used extensvely now, has a
centrally analgesic action. It possesses wesk opioid action and
is catecholamine and serotonin reuptake inhibitor. Tramadol
is a synthetic opioid of the benzenoid class. In the body it is
metabolized to O-desmethyltramadol, which is a more potent
opioid (El-Ghawet, 2015).

Tramadol increases the serotonin levels, giving it
the advantage over other addictive agents to use when their
drugs of choice are not available to avoid withdrawal
syndrome (Adams et d., 2006). The commonest reported
dde effects following repeated opioid and tramadol
adminigtration were hyperalgesia, tolerance and physical
dependence (Akbari e d. 2013), and affection of
steroidogenesisin adrenal and testicular tissues (Mdik et d.,
1992; Simin and Zahra, 2007 and Gholami et a., 2015).

Increasing infertility between dreet  abusers,
multiplicity of addicting agents and spreading of concurrent
brown heroin and tramadol abuse as the commonest
addicting agents in our country were the motivation factors
for this work. Therefore, this study was designed to
investigate the dependency impeacts of brown heroin and
tramadol together on reproduction hormones leves,
expression of hormones relaed genes and to examine the
pathological effects of both agents on brain and testisin adult
male abino rats by usng the usua methods of their
adminigtrations among addicts and to investigate the possble
underlying molecular mechanisms.

Material and methods

1. Animals
Sixty adult male abino rats weighing 150-200 gm were
obtained from the Animal House of the Faculty of
Medicine, Zagazig University. They were housed in
filter-top plastic cages (5 rats/cage) a a room
temperature (25+2 °C), humidity-controlled (55 + 5 %),
artificialy illuminated room (12:12 h light/dark cycle)
and allowed 1 week for acclimatization before the
beginning of the experimental work. All animals were
provided with standard rodent chow diet and allowed
free access to drinking water. The experimental protocol
was conducted in accordance with the guidelines of the
Ethical Committee for Anima Handling, Faculty of
Medicine, Zagazig University.

2. Drugs

Tramadol: Its chemical name is (+) cis-2-
[(dimethylamino)methyl]-1-(3-m ethoxyph-enyl)
cyclohexanol hydrochloride. 225mg tablets, was
obtained from Mina- Pharm, Egypt. It was dissolved in
normal saline solution 0.9% and was freshly prepared for
each use.

Brown Heroin (Diamorphine or Diacetyl-
morphine) that which is used in Egypt, was provided by
Drugs control administration within The Security
Directorate in Zagazig, Al-Shargia, Egypt. It was
dissolved in citric acid and was diluted in normal saline
solution 0.9%.

Citric acid: whitish crystals, was obtained from
El-Gomhoureya for Trading Drugs & Medical Supplies,
Zagazig, Al-Shargia, Egypt.

Preparation of heroin according to the
protocol of Othman (2013) where the brown heroin
powder (250 mg) was mixed with citric acid (25 mg),
then the mixture dissolved in 1ml normal saline solution
0.9% and mixed well and heated over flame until
production of bubbles, the last obtained solution (after
heating) was drawn by wide bore needle in 1ml syringe
then diluted with normal saline solution 0.9% to 5
mg/ml.

3. Experimental design

The animals were weighed then divided into 6
groups as follows:

(1) Untreated control group (10 rats): The
animals received only regular diet and tap water for 40
days to determine the basic values of performed tests.

Vehicles group subdivided into:

(1) Citric acid group (10 rats): this group was
assigned for determining the effects of citric acid. The
animals received intraperitoneal (i.p.) injection of citric
acid (brown heroin solvent) and normal saline (diluent)
twice daily for 2 days with the following manner ; in the
1% day, they were injected by 0.5ml normal saline
+0.5mg citric acid /kg b.w and 1ml normal saline + 1mg
citric acid/kg bw in the 2 day. The last dose was then
injected once a day for the rest of 40 days.

(I11) Ssaline group (10 rats): the animas
received norma sdline (Tramadol solvent) (1ml
once/day) by oral gavage.

(IV) Brown heroin group (10 rats): the
animals received i.p. injection of brown heroin (10mg/kg
b.w.) (Antonilli et al., 2003).

(V) Tramadol group (10 rats): the animals
received ora tramadol (40mg/kg b.w.) (El-Ghawet,
2015), Once daily for 40 days where the LD50 of
tramadol oral administration was around 300-350 mg/kg
b.w (Matthiesen et & ., 1998).

(V1) The concurrent brown heroin and
tramadol group (10 rats): the animals received i.p.
injection of brown heroin (10mg/kg b.w.)[14] Once daily
for 20 days followed by ora tramadol (40mg/kg b.w.)
(El-Ghawet, 2015), once daily for another 20 days to
compl ete the study period of time 40 days. The doses for
rats were calculated according to Paget and Barnes
(1964).

Brown heroin and tramadol dependence was
achieved by repeated graded dose regimen as described
by Dambisya et a. (1991) by i.p. injection of 10 mg of
brown heroin and/or oral administration of 80mg of
tramadol twice/ day in the first 2 days. The animals
received brown heroin in the same dose and manner as
pervious mentioned and the dose was justified according
to the animal body weight.

At the end of the experiment, twenty-four
hours after the final dosing day, the rats (had been fasted
over-night) were weighed and venous blood samples
were collected from retro-orbital plexus of each rat (2 ml
blood) while the animal was anesthetized with ether. The
animals were euthanized by cervical dislocation. The
brain and testis were dissected and excised then one
portion of each brain and testis was preserved in formalin
buffer for the histopathologica examination and the
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other portion was stored at -80°C for molecular genetics
study.
4. Hormonal analyses

The quantitative measurement of Luteinizing
hormone (LH), Follicle stimulating hormone (FSH),
serum Testosterone, Estradiol (E2) and Prolactin (PRL)
were performed by Enzyme-Linked Immunosorbent
Assay (ELISA) using Kamiya Biomedical Company rat
LH ELISA kit and the data expressed as (mliU/ml),
Biomatik rat FSH ELISA kit and the data expressed as
(mIU/ml), Calbiotech mouse/rat estradiol ELISA and the
data expressed as (pg/ml) and Abnova mouse/rat
testosterone and PRL ELISA kit and the data expressed
as (ng/ml) according manufacture structure.

5. Molecular genetics study (Quantitative real time-
polymerase chain reaction (QRT-PCR)

The total RNA was isolated from the brain and
testis tissues homogenate by RNA isolation kit (RN easy,
Qiagen Ltd, Crawley, West Sussex, UK).

According to the manufacture
instructions, the total RNA was quantified by the
measured absorbance at 260/280 nm ratio (between 1.8
and 2.1) in a spectrophotometer. The purified RNA was
converted into complementary DNA (cDNA) by reverse
transcriptase (QuantiTect Reverse Transcription Kit,
Qiagen, cat. No. 205310, Germany). The extracted RNA
was used for expresson of LH-B, FSH-B and
cytochrome 19 (CYP-19) genes.

QRT-PCR reaction was carried out in 25-pL
reaction mixture containing 12.5 pL. of SYBR Green
Real-time PCR Master Mix (Roche Diagnostics), 1 ml of
the forward primer, 1 pL reverse primer, 2 uL of cDNA
and 8.5 pL of distilled water. All samples were run in
duplicates and PCR amplification consisted of 40 cycles
of denaturation at 95 °C for 10 sec, annealing at 55 °C
for 10 sec and extension at 72 °C for 20 sec. The primers
were designed according to El-Habashi et al. (2013).

The hormonal related genes specific primers
for FSH-B, LH-B and Cyp19 genes were purchased from
(Bio-diagnostics-Egypt). The primers sequences that
normalized on the bases of 3-actin are presented in Table
1.The cDNA amount in the reactions was normalized
with internal control. The gene expressions were
calculated as fold change from the formula: ZAACT
(Pfaffl, 2001).

6. Histopathological Examination of brain and testis

All tissue samples were fixed with 10%
formalin. Consecutive 5-um thick sections from
formain-fixed, paraffin-embedded tissue blocks were
prepared and stained with hematoxylin and eosin (H&E)
for histopathological examination (Frank et al., 2005).

7. Statistical analysis

Results were expressed as mean + standard
deviation (SD). Multigroup comparisons of the means
were carried out by one way anaysis of variance
(ANOVA) test. Least significant difference (LSD) test
was used to compare the difference between the
experimental groups, the untreated control group and
vehicle groups .The statistical significance difference for
all tests was set at P < 0.05 using SPSS software (v.19;
SPSS).

Results
1. Body weight

The body weights mean values revealed non-
significant differences between the vehicle groups (saline
and citric acid) when compared to the untreated control
group (P > 0.05). The body weights of the brown heroin,
tramadol and the concurrent brown heroin and tramadol
groups showed significant reduction than those of the
untreated control and vehicle groups (P < 0.001) Table 2.

2. Hormonal assay

The mean values of reproductive hormones of
male rats serum LH (miU/ml), FSH (miU/ml),
Testosterone (ng/ml), E2 (pg/ml) and PRL(ng/ml)
revealed a non-significant differences between the
vehicle groups (saline and citrus) when compared to the
untreated control group (P > 0.05).

Administration of brown heroin in group (1V),
tramadol in group (V) and concurrent brown heroin and
tramadol in group (V1) caused significant reduction in
serum LH, FSH and Testosterone with significant
increase in serum E2 and PRL when compared to the
untreated control and vehicle groups levels (P< 0.001)
Table 3.

3. Gene Expression Analysis

The expression level mean values of hormonal
related genes revealed non-significant differences
between the vehicle groups (saline and citrus) when
compared to the untreated control group (P > 0.05).

Furthermore, in brown heroin group (1V),
tramadol group (V) and concurrent brown heroin and
tramadol group (V1); the expression level of FSH-B and
LH-B genes in brain tissue of adult male rats showed
significant reduction (P< 0.001) While the expression
level of Cyp-19 gene in the testicular tissue of rats
showed significant increment (P< 0.001) when compared
to the untreated control and vehicle groups Table 4.

HISTOPATHOLOGICAL RESULTS

1. Histopathological Evaluation of brain
tissues

Examination of Hematoxylin and Eosin (H&E)
stained brain tissue sections of control and vehicle groups
showed normal histological structure of meningeal
coverings, cerebral cortex grey matter, white matter,
hippocampus and cerebellum. So we used untreated
control group (1) as a control group to be compared with
other treated groups.

The evaluation of cerebral cortex grey matter
sections in all studied groups. The sections of control
groups showed grey matter which consisted of cell bodies
showing an outer molecular layer covered by a delicate
layer of pia matter, the external pyramidal layer. The
external pyramidal layer showed cortical neurons with
rounded pale nuclel surrounded by basophilic cytoplasm,
different shapes of glial cells and few astrocytes with
regular nuclei surrounded by pale cytoplasm, blood
vessels with narrow perivascular spaces were aso
observed Figure la.

Examination of H&E stained brain tissue
sections of brown heroin, tramadol and concurrent brown
heroin and tramadol administrated groups showed
disorganized histological structure of most sections of
brain tissues. The grey matter of brown heroin group (1V)
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showed dlight affection with separated pia matter,
astrocytes showed irregular nuclei surrounded by pale
cytoplasm and blood vessels showed wide perivascular
spaces Figure 1b While the grey matter of tramadol (V)
group showed mild separated pia matter, the outer
molecular layer showed vacuolations and blood vessels
with wide perivascular space. The external pyramidal
layer showed some cortical neurons with darkly stained
nuclei. Many astrocytes with irregular nuclei were also
noticed Figure 1c.

Furthermore, the grey matter sections of
concurrent brown heroin and tramadol group(V1), showed
extensive changes when compared to control and even
brown heroin and tramadol groups; in the form of wide
outer molecular layer with marked vacuolations. There
was extensive separation of pia matter and large
congested blood vessels with wide perivascular spaces
Figure 1d, the external pyramidal layer showed cortical
neurons with darkly stained nuclei and surrounded by
white spaces. Numerous astrocytes with irregular nuclei
were noticed and blood vessels were surrounded by wide
perivascular spaces Figure 1e.

The evaluation of cerebral cortex white matter
sections in all studied groups. The white matter sections
of control groups showed longitudinal and transverse
sections of nerve fibers and oligodendroglia cells
arranged in rows between these fibers. The nerve fibers
appeared with central axons and surrounded by unstained
myelin sheaths Figure 2a.

The white matter of brown heroin group (1V)
showed reduced number of oligodendrocytes. Some
nerve fibers showed unstained myelin sheaths and others
lost their central axons with irregular surrounding of
myelin sheath Figure 2b. The white matter of tramadol
group (V) showed reduced irregularly distributed
oligodendrocytes and inflammatory cells of variable sizes
were also noticed between nerve fibers Figure 2c.

Furthermore the white matter sections of
concurrent brown heroin and tramadol group (V1)
showed massive affection include few and irregular
distributed oligodendrocytes between the nerve fibers.
The nerve fibers lost their central axons with irregular
surrounding of myelin  sheath. Variable sized
inflammatory cells and hemorrhage between nerve fibers
were found Figures 2d and 2e.

The evaluation of the hippocampus sections in
all studied groups. The hippocampus sections of control
groups showed three layers. molecular, pyramidal and
polymorphic. The thick pyramida layer had closely
packed rounded nerve cells with open faced nuclei and
prominent nucleoli. Small blood vessels with narrow peri-
vascular spaces and few astrocytes appeared in the
surrounding acidophilic neuropil Figure 3a.

The hippocampus sections of brown heroin
group (1V) showed decreased number of rounded nerve
cells that showed dark stained pyknotic nuclei with dark
basophilic cytoplasm in pyramidal layer. Astrocytes were
increased in number and showed sharply demarcated
nuclei and wide irregular pale area of cytoplasm. The
blood vessels showed wide peri-vascular spaces in
surrounding  neutropil  Figure 3b.  While, the
hippocampus of tramadol group (V) showing similar

changes with fewer number of rounded nerve cells in
pyramidal layer Figure 3c.

Furthermore, the hippocampus of the
concurrent brown heroin and tramadol (V1) showed
reduction in the thickness of the pyramidal layer and
absence of the nerve cells that were replaced with dark
stained pyknotic nuclei. Astrocytes were numerous in
number with sharply demarcated nuclel and wide
irregular pale areas of cytoplasm. Blood vessels with
wide peri-vascular spaces could be seen in surrounding
vacuolated neuropil Figure 3d.

The evaluation of the cerebelleum sections in
all studied groups. The cerebellum of control groups
showed three layers; the molecular layer with superficial
stellate cells and basal basket cells, the Purkinji cell layer
which showed a single layer of large pyriform cells with
vesicular nuclei and peri-neural Bergman cells with
rounded nuclei and pae cytoplasm. And the granular
layer composed of tightly packed small rounded cell
nuclei and clear spaces (cerebellar islands) Figure 4a.

The cerebellar cortex of brown heroin
group(1V) showed the basket cells and stellate cells of the
molecular layer with darkly stained nuclei. The purkinji
layer cells showed dark nuclei and increased number of
peri-neural  Bergman cells Figure 4b. While, the
cerebellar cortex of tramadol group(V) showed the basket
cells and stellate cells of the molecular layer had darkly
stained nuclei, The purkinji layer had many empty spaces
representing lost purkinji neurons; the other neurons have
dark nuclei and excess number of peri-neural Bergman
cellsFigure4c.

Furthermore, the cerebellar cortex of the
concurrent brown heroin and tramadol (V1) showed the
molecular layer cells had darkly stained nuclei and wide
perineural spaces. The purkinji layer had many empty
spaces representing lost purkinji neurons and the other
neurons had dark nuclel Figure 4d.

2. Histopathological Evaluation of testicular
tissue.

Examination of H&E stained testicular tissue
sections of control groups showed normal histological
structure in the form of closely contact seminiferous
tubules lined with stratified germinal epithelium (germ
cells), the supporting sertoli pyramidal cells and clusters
of interstitial cells of Leydig were observed in the
connective tissue stroma in between the tubules. The
spermatogenic cells were seen in regularly arranged row
were arranged from the basement membrane to the
lumina of the tubules starting from spermatogonia,
primary spermatocytes and spermatids till mature
spermatozoa in the lumina Figur e 5a.

Examination of testicular tissues of brown
heroin group (1V) showed wide separated seminiferous
tubules and some tubules were resting on an irregular
basement membrane. Wide interstitial spaces showing
clusters of interstitial cells and exudates were noticed
Figure 5b. The testicular tissues of tramadol group (V)
showed wide interstitial spaces with vacuolated scanty
interstitial cells and filled with exudates. Irregular
distribution of germina epithelium was aso noticed
Figureb5c.
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Furthermore,

the testicular tissues of the

concurrent brown heroin and tramadol group(V1) showed
irregular seminiferous tubules with disorganized germinal
epithelium and irregular basement membrane. Congested
blood vessels were found with thickening of the vascular

wall.

The intergtitial tissues showed wide spaces,

inflammatory exudates, congested blood vessels with
thickened vascular walls and vacuolated interstitial cells.
Interstitial cells of Leyding showed pyknotic nuclei and
were decreased markedly in number Figures 5d and5e.

Table (1): Hormone related specific genes primersused for quantitative RT-PCR

Gene Primer MW L | Genebank accession no

LH-B | Forward:5'-TCT CAC CACCAC CGT CTG TA-3' | 5972.92 | 20 | NM-001033975
Reversed:5-TGC AGT CGC TGT AGT CC ATC-3' | 6084.00 | 20

FSH-B | Forward:5'-GGG CCA GGA ACT GTGAAA TA-3’ | 6215.12 | 20 | NM-001007597
Reversed:5'-TCT CAG AAC TGC CGA GGT TT-3' | 6108.03 | 20

CYP-19 | Forward: 5'-ATA CCA GGT CCT GGC TAC TG-3' | 6093.01 | 20 | NM-001348171.1
Reversed:5-TTGTTG TTA AAT ATGATG CC-3 | 6137.09 | 20

R-actin | Forward: 5-TTG CCG ACA GGA TGC AGA A-3’' | 5861.88 | 19 | NM-031144
Reversed:5'-GCC GAT CCA CAC GGAGTA CT-3' | 6087.00 | 20

MW Molecular weight, L: Length of PCR product (base pairs), CYP-19 cytochrome 19

Table (2): Body weight of the studied grou

s after thetreatment period

Groups | Untreated Saline Citric Brown Tramadol | Brown F P
control (1) (1 acid heroin(1V) V) heroin& test | value
(r Tramadol
Parameters (V1)
Body weight | 190.5+7.97 189.1+6.1 | 189.5+9.3 | 95.3+4.8% 94.2+6.12 9315.8° 874.1 | 0.000
(9)

Results values are expressed as mean * standard deviation (SD) (number = 10 ratg/group)., P value of > 0.05 = Non-
Sgnificant, 2 Sgnificant as compared with the untreated control and vehicle groups(P< 0.0001) .

Table (3): Reproductive hormonal assays of the studied groups
Groups | Untreated Saline Citricacid | Brown Tramadol | Brown Ftest | P

control heroin (IV) | (V) heroin& value
0] (n [an) Tramadol

Parameters (V)

LH(mIU/mI) | 0.95+0.24 0.94+0.24 | 0.91+0.21 | 0.11+0.03* | 0.09+0.01% | 0.06+0.02¢ | 70.14 | 0.000

FSH(mIU/mI) | 0.78+0.14 0.78+0.19 | 0.75+0.27 | 0.29+0.2% 0.28+0.12 | 0.24+0.12 30.8 0.000

Testosterone | 5.5+0.30 5.5+0.6 5.3+0.4 1.9+0442 1.7+0.32 1.5+0.6° 203.05 | 0.000

(ng/ml)

E2 (pg/ml) 44.74+1.82 | 43.52+1.61 | 42.48+1.72 | 50.5+1.5° 53.6+1.62 | 59.446.75* | 45.2 0.000

PRL (ng/ml) | 7.37+0.5 6.40+0.4 6.30+0.4 11.33+0.7¢ | 12.2+0.6* | 14.23+0.5* | 411.6 | 0.000

LH luteinizing hormone, FSH follicle-stimulating hormone, E2 Estradiol, PRL Prolactin, Results values are expressed
as mean * standard deviation (SD) (number = 10 rats/group), P value of > 0.05 = Non-Sgnificant, @ Sgnificant as
compared with the untreated control and vehicle groups(P< 0.0001) .

Table (4): thereproductiverelated genes assays of the studied groups

Groups Untreated Saline Citric Brown Tramadol Brown F P

control (1) | (1) acid heroin (IV) | (V) heroin& test | value
(1 Tramadol

Parameters (v)

LH-B gene | 1.1+0.1 1.09+0.1 | 1.1+0.1 0.08+0.05° 0.07+£0.03* | 0.07+0.012 460.5 | 0.000

FSH-B 1.08+0.1 1.1+0.1 1.08+0.1 | 0.05+0.072 0.06+£0.01* | 0.04+0.012 497.8 | 0.000

gene

Cyp19gene | 1.04+0.03 1.03+0.03 | 1.05+0.06 | 14.07+2.03* | 13.08+1.03* | 15.08+3.03% 181.3 | 0.000

LH-B luteinizing hormone beta subunit gene, FSH-B follicle-stimulating hormone beta subunit gene, CYP-19
cytochrome 19, Results values are expressed as mean + standard deviation (SD) (number = 10 rats/group), P value of
> 0.05 = Non-HSgnificant, # Sgnificant as compared with the untreated control and vehicle groups(P< 0.0001) .
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Figure (1). Photomicrographs of brain tissues (cerebral cortex grey matter). (a) control group are showing the
grey matter covered by delicate layer of pia matter (arrow heads). The outer molecular layer (ML) and External
pyramidal (EP) contains cortical neurons (Cn), glial cells (g), Astrocytes (A) with regular nuclei and blood
vessels with narrow perivascular spaces (arrows). (b) brown heroin group show separated pia matter (arrow
heads), Astrocytes (A) with irregular nuclei and blood vessels with wide perivascular spaces (arrows). (c)
tramadol group show mild separated pia matter (arrow heads), vacuolations (V) and wide perivascular spaces
(arrows) in (ML),while, the (EP) contains some (Cn) with darkly stained nuclei (thick arrows) and many
astrocytes (A) with irregular nuclei. (d and €) concurrent brown heroin and tramadol group show in d section
extensive separation in pia matter (arrow heads), marked vacuolations (V), large congested blood vessels
(arrows) with wide perivascular spaces (asterisk). In e section (Cn) with darkly stained nuclei surrounded by
white spaces and enor mous astrocytes (A) with irregular nuclei. H& E X400 .



68 Mesallam et al., / Ain Shams J Forensic Med Clin Toxicol, July 2018 (31): 62-76

F AP SN .
NF1
- -
1
-s
.o
Og
YOn e
“
Og —
- 10 pm
= e
= -
® R | 8
[ NF o 2
* ¥ . .
) NF1 a <" a
ny %
- 4 ]
Sy | > ‘NF =
T, N < I .
LR S N DD W >
N o P e A i\ ST T S
- - Og i ’: T < : -
&3 e ~S5 P o 3 oLy P
sl . S SR Og
-~ -
- - - . A 4
g, . g age.* 0 * NF ’
NF : S g 5
- - » - ’ » 1
c -~ - w-,d " ” - ® o”m
s N S B3
- - & ¥ »
a"bcf" "3,:‘ LV | »
e A YR &y ERTS

- -
-l - 4 ) = ) ‘l -
t/h "2\‘ ;’/ - ? i " h
. - # ’ “~
re ALY R g fi . y Hg
‘-‘ f 3 . -:
| whd [ ‘
shll’-‘a': w Sy o 3
- ', .". S #". - Qg ;
. N V3 : } .’ = ' >

N F e b o ;

£ :rffo‘ o e Y M
Figure (2). Photomicrographs of brain tissues (the cerebral cortex white matter). (a) control group are showing
oligodendroglia cells (Og) arranged in rows between the transverse nerve fibers (NF) and longitudinal nerve
fibers (NF1). In the set nerve fibers (NF) with central axons surrounded by unstained myelin sheaths(a). (b)
brown heroin group show some longitudinal nerve fibers (NF1) with central axons surrounded by unstained
myelin sheaths (a) and other nerve fiberslost their central axons with irregular surrounding myelin sheath (al)
as in the set. (c) tramadol group show few irregularly distributed oligodendrocytes (Og) and variable sized
inflammatory cells (IF) between nervefibers(NF) asin the set. (d and €) concurrent brown heroin and tramadol
group show few (Og) that irregularly distributed (arrows) and variable sized inflammatory cells (IF) and
hemorrhage (Hg) between nerve fibers (NF) that lost their central axons with irregular surrounding myelin
sheath(al) asin the set. H& E X400.
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Figure (3). Photomicrographs of brain tissues (the hippocampus). (a) control group are showing molecular (M)
layer, thick pyramidal (P) layer contains closely packed rounded nerve cells (N), small blood vessels with narrow
peri-vascular spaces (arrows) and few astrocytes (A) and the third polymorphic (PP) layer. (b) brown heroin
group show decreased number of nerve cells. Some nerve cells with dark nuclei and dark basophilic
cytoplasm(N) and others showing dark stained pyknotic nuclei (n). Astrocytes (A) are increased in number with
sharply demarcated nuclei and wide irregular pale area of cytoplasm. The blood vessels with wide peri-vascular
spaces (arrows). (¢) tramadol group show the pyramidal layer (P) with nerve cells have dark nuclei and dark
basophilic cytoplasm (N) and increased number of cells with dark stained pyknotic nuclei(n) and many
astrocytes (A). (d) concurrent brown heroin and tramadol group show the pyramidal layer (P) with thickness
reduction, numerous dark stained pyknotic nuclei (n) with disappearance of nerve cells. Numerous astrocytes
(A) with sharply demarcated nuclei and wide irregular pale area of cytoplasm. Blood vessels with wide peri-
vascular spaces (arrows) can be seen in surrounding vacuolated neuropil (asterisk). H& E X400.



70 Mesallam et al., / Ain Shams J Forensic Med Clin Toxicol, July 2018 (31): 62-76

e R b
S e SN

- -
-~

c : .'. ~.2- \ ’ .\ ” '4 _l& d - = . " »c’ o 25
Figure (4). Photomicrographs of brain tissues (the cerebellum). (a) control group are showing the molecular
layer (ML) with superficial stellate cells (sc) and basal basket cells (bc). The Purkinji cell layer (PL) with single
layer of large pyriform cells (Pc) and peri-neural bergman cells (arrows) and the granular layer (GL) with
cerebellar islands (ci). (b) brown heroin group show the basket cells (bc) and stellate cells (sc) of (ML) have
darkly stained nuclei. The purkinji layer (PL) show (Pc) have dark nuclel and increase number of peri-neural
bergman cells (arrows), while the granular layer (GL) appeared with clear cerebellar islands (ci) and invaded by
blood vessels (thick arrows). (c) tramadol group show the basket cells (bc) and stellate cells (sc) of (ML) have
darkly stained nuclel. The purkinji layer (PL) contain many empty spaces (asterisks) representing lost purkinji
neurons; the other neurons (Pc) have dark nuclei and excess number of peri-neural bergman cells (arrows). (d)
concurrent brown heroin and tramadol group show the molecular layer (ML) have darkly stained nuclei (arrow
heads) and blood vessels with wide perineural space (thick arrows).The purkinji layer (PL) with empty spaces
(asterisks) representing lost purkinji neurons; the other neurons (Pc) have dark nuclei and increase number of
peri-neural bergman cells (arrows). H& E X400.
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Figure (5). Photomicrographs of testicular tissues. (a) control group are showing closely contact seminiferous
tubules (St) surrounded by regular basement membrane (arrows). Different types of spermatogenic cells;
spermatogonia (Sg), primary spermatocytes (Sp) and aggregations of sperms (Se) are seen in their lumina. The
interstitial spaces show clusters of interstitial cells (Ic) with oval nuclel and acidophilic cytoplasm.(b) brown
heroin group showing semniferous tubules (St) with wide separation in between(S) and germinal epithelium
showing vaculations (V). Some tubules with irregular basement membrane (arrows). Wide interstitial spaces
showing clusters of interstitial cells(Ic) and exudate (EXx).(c)tramadol group showing wide inter stitial space with
vacuolated scanty interstitial cells(Ic) and exudates (Ex).The germinal epithelium(Ge)showing irregular
distribution of vaculations (V).(d and €) concurrent brown heroin and tramadol group showing irregular
seminiferous tubules with disorganized germinal epithelium (Ge) appeared on irregular basement membrane
(arrows). Blood vessels are congested (Bv) with marked thickening of the wall (T). The interstitial spaces show
exudate (Ex), vacuolated inter stitial cells (1¢) and cellswith pyknotic nuclei (thick arrows). H& E X400.

Discussion

Addiction is considered a wide spread phenomenon
around the world since a long time ago. Currently,
multidrug abuse becomes a common habit between
addicts especialy in Egypt among young people and

Thus, in the present work, the effects of solely
brown heroin, solely tramadol and the concurrent brown
heroin and tramadol consumption on reproductive
system were evaluated. Also, the manner and the route

adol escents.

Brown heroin is considered the commonest
and cheapest form of heroin in Egypt exceeding white
heroin as its abuse pervaded among low and high
socioeconomic abusers. Many addicts tend to abuse
several drugs at the same time according to drug
availability and cost of drug and so on.

of drugs administration in adult male albino rats were
adapted to conform the route and the manner of drugs
administration among human addicts.

The results of the current study revealed a
significant reduction in the body weights of adult male
abino rats after administration of brown heroin,
tramadol and the concurrent brown heroin and tramadol;
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respectively for 40 days when compared to the control
values.

These results are consistent with those of
previous studies; which reported weight reduction in
heroin dependent mice for 40 days (Simin and Zahra,
2007). Another study showed that repeated tramadol
administration lead to slower weight gain and reduction
of food intake in intact rats (Liles and Flecknell, 1994
and Udegbunam et al., 2015).

The reduction of body weight induced by
opioid and tramadol was attributed to the reduction of
androgen synthesis that might be associated with
reduction of its metabolism (Yilmaz et al., 1999) and to
the maor metabolite of tramadol (O-desmethyl
tramadol) that affects the intestinal motility and inhibited
peristalsis of small intestine more than the parent
compound (Herbert et a., 2007). Moreover, presence of
p-opioid receptors in the intestinal tract that leads to
inhibition of the peristaltic action (Chen et al., 2012).

In our study, the continued weight loss in the
groups dosed repeatedly with brown heroin, tramadol
and concurrent brown heroin and tramadol suggested
reduced food intake and direct opioid action.

Our study results showed significant reduction
in serum LH, FSH and Testosterone with significant
increase in E2 and PRL serum levels after brown heroin,
tramadol and concurrent brown heroin and tramadol
administration for 40 days when compared to the control
values.

In agreement with our results, severa
researchers reported significant reduction of testosterone
concentrations in heroin treated mice for forty days and
heroin treated rats for seven successive days in both low
and high dose; respectively (Simin and Zahra, 2007 and
Othman, 2013). Other studies reported significant serum
reduction of LH, FSH, Testosterone and elevated
prolactin and E2 serum levels after tramadol
administration in male rats for 4 weeks and 8 weeks,
respectively (El-Gaafarawi, 2006 and Ahmed and
Kurkar, 2014).

No studies have been conducted on the effects
of concurrent brown heroin and tramadol administration
on rat male reproductive hormones evaluation. However
the results showed synergistic detrimental effects.

The ateration of serum reproductive hormones
has several explanations. It was reported that the
endogenous opioid peptides that modulate the opioid
system play a considerable role in controlling central
hypothalamic gonadotropin hormone (GnRH) and
pituitary LH; (Burstein et al., 2013). Thus administration
of exogenous opiates has been shown to decrease the
levels of LH (Takzare et a., (2016), decrease the GnRH
biosynthesis by blocking its release and reducing the
neuro-peptide biosynthesis (Li and Pelletier, 1993) and it
intensifies the responsiveness of the hypothalamus to
negative feedback by testosterone (Gabriel et al., 1985)
counter to blockade of endogenous opioid peptide
receptor .

Furthermore, the testicular Sertoli cells
contain opioid-binding sites (Fabbri et al., 1989)
associated with production of endogenous opioid
peptides in testis (Udegbunam et al., 2015); which

suggest the peripheral action of endogenous and
exogenous opioid and the probability of testosterone
hormone synthesis blocking. Moreover, the opioid action
may be regulated by the gonadal sex steroid hormones
which are the end product of the axis (Vuong et al.,
2010).

On the other hand, the high concentration of
exogenous opioid inhibited the testosterone synthesis
either directly by increased prolactin levels (Pimpinelli et
al., 2006) or by increased aromatization of testosterone
to estradiol leading to increased serum E2 levels
(Ceccarelli et al., 2006), where serum testosterone level
that is considered the main marker affecting estradiol is
converted to estradiol by the action of aromatase in
certain peripheral tissues (Simpson, 2003).

The present study also evaluated the effects
of brown heroin, tramadol and concurrent brown heroin
and tramadol administration on rat male reproductive
related genes expression that showed down regulation of
FSH-B and LH-B in brain tissues with up regulation of
CYP19 in testicular tissues. No studies have been
conducted on the effects of neither brown heroin nor
tramadol on rat male reproductive related genes
expression.

The follicle stimulating hormone (FSH) and
(LH) are functionally related hormones regulating the
reproductive function centrally, In males, LH stimulates
testosterone production in Leydig cells (Moyle and
Campbell, 1996), While FSH promotes proliferation of
sertoli cell that helps spermatogenesis (Plant and
Marshall, 2001).

The pituitary glycoprotein hormone family
consists of identica apha subunit and a hormone-
specific beta subunit, the beta-subunit is a mature protein
that is encoded by the FSH-B and LH-B gene (4262 and
1111bp as a gene length) at chromosome 11p13 and
19913.32;respectively (Nagirngjaet a., 2010).

Cytochrome 19 is a single gene located on
chromosome 15 which is a member of the cytochrome
P450 gene family, it is responsible for encoding
aromatase enzyme which is an important enzyme which
ensures the irreversible conversion of androgens into
estrogens and is localized in endoplasmic reticulum of
various tissues especialy the gonads and is considered
the fingerprint for detection of past profile of
spermatogenesis (Carreau et al., 2008).

The down regulation of brain tissues genes
expression can be attributed to that; the gonadotropin
subunit MRNASs (LH-B and FSH-B) level usualy affects
the production of LH and FSH directly; each of
gonadotropin subunit mRNAS is increased by GnhRH
(Kaiser et al., 2000). The chronic administration of
opioid reduced the testosterone levels that lead to central
reduction of LH release by reduction of hypothalamic
GnRH beside the peripheral effects of opioid on the testis
(Katz, 2005).

The up regulation of Cytochromel9 gene can
be attributed to increased aromatization of testosterone to
E2 because of the most circulating estradiol is derived
from direct testicular secretion or from conversion of
testicular androgens (De Ronde et al., 2005).


https://en.wikipedia.org/wiki/Pituitary
https://en.wikipedia.org/wiki/Glycoprotein
https://en.wikipedia.org/wiki/Chorionic_gonadotropin_alpha
https://en.wikipedia.org/wiki/Cytochrome_P450
https://en.wikipedia.org/wiki/Cytochrome_P450
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The histopathological brain tissues results of
brown heroin, tramadol and concurrent brown heroin and
tramadol administration for 40 days reveded
disorganized histological structure when compared to
control group.

The histopathological brain tissues results of
brown heroin group (1V) showed dightly affected grey
meatter sections with separated pia matter, the white
meatter showed nerve fibers that lost their central axons
with irregular surrounding myelin  sheath, the
hippocampus showed decrease a number of nerve cells
with dark stained pyknotic nuclei and dark basophilic
cytoplasm. Astrocytes were increased in number in all
sections and showed sharply demarcated nuclei and wide
irregular pale area of cytoplasm and the blood vessels
showed wide peri-vascular spaces. While, the cerebellar
cortex sections showed the molecular layer cells with
darkly stained nuclei. The purkinji layer had dark nuclei
and increased number of peri-neural bergman cells.

No studies have been conducted on the
brown heroin effects on the histopathological brain
tissues sections. However, some studies reported that
opioid had noxious effects on neuronal structure leading
to neuronal damage by long term use (Liu et a., 2013).
Atici et a. (2004) reported that chronic use with
increasing doses for more than four weeks of morphine
induced red neuron degeneration in different brain
sections indicating hypoxic changes that might
contribute to cerebral dysfunction.

The histopathological brain tissues results of
tramadol group(V) showed grey matter sections with
mild separated pia matter, vacuolations, , some cortica
neurons with darkly stained nuclei. The white matter
sections  showed few irregular distributed
oligodendrocytes and variable sized inflammatory cells.
The hippocampus showed less number of rounded nerve
cells. Many astrocytes were shown with irregular nuclei
surrounded by pale cytoplasm and wide perivascular
spaces. The cerebellar cortex sections showed the
molecular layer cells had darkly stained nuclei. The
purkinji layer had many empty spaces representing lost
purkinji neurons; the other neurons had dark nuclei and
excess number of peri-neural bergman cells.

These results are consistent with Mohamed et
al. (2013), Abou El Fatoh et al. (2014) and Ghoneim et
al. (2014) in their study on tramadol effects on brain of
male rats, who reported loss of pyramidal cells shape,
increased perivascular space with hemorrhage and
cellular infiltrate, marked disorganization of the cortical
layers and vacuolations besides shrunken irregular
pyramidal cells with dark stained pyknotic nuclei and
neural degeneration and congestion of submeningeal
blood vessels respectively.

The histopathological brain tissues results of
concurrent brown heroin and tramadol group (VI)
showed grey matter with extensive separation of pie
matter , marked vacuolations, irregular pyramidal cells
with darkly stained degenerated nuclei, the white matter
showed irregularly distributed oligodendrocytes and lost
axons of nerve fibers, the hippocampus showed
reduction in both of thickness of its pyramidal layer and
the number of nerve cells that showed degeneration

features, the cerebellar cortex showed darkly stained
nuclei of molecular layer cells and degenerated purkinji
neurons.

Moreover, numerous astrocytes were
associated with sharply demarcated nuclel and wide
irregular pale aeas of cytoplasm, extensive
inflammatory cellular infiltrate and the blood vessels in
different sections of brain tissues showed congestion,
spaces widening and hemorrhage.

No previous studies have been conducted on
the effects of concurrent brown heroin and tramadol on
histopathological brain tissues sections. However, the
results showed extensive detrimental affection of brain
tissues than that of brown heroin or tramadol aone.

The brain is the most affected organ in
addiction either by direct action of the addicting agents
or by disturbance in the physiological pathways
especialy by opioid effects that are mediated through
opioid receptors. Several studies reported the importance
of astrocytes which are a type of glial cells and play
important physiological roles in brain functions as
release of several neurotrophic factors that are
responsible for maintenance of CNS homeostasis and
react to various neurodegenerative insults (Eng et al.,
1992), and contribute to the integrity of the blood brain
barrier (Nishino et a., 1997).

The dteration of astrocyte number may be
attributed to oxidative stress and free radical formation
(Baydas et d., 2003) or the changes in gene expression
and cellular changes (Sofroniew and Vinters, 2010).

The current histopathological results of
testicular tissues of brown heroin, tramadol and
concurrent brown heroin and tramadol administration for
40 days revealed distinct histological changes when
compared to control group.

The histopathological results of testicular
tissues of brown heroin group (IV) showed wide
separation between seminiferous tubules and associated
with irregular basement membrane. The intertitial
spaces showed widening with clusters of interstitial cells
and exudates.

No studies have discussed the effect of brown
heroin on the testicular tissues. Heidari et a., (2012)
reported arrested spermatogenesis, damaged sertoli cells
and doughed the germina epithelium in seminiferous
tubules with thickening and irregularities in the basement
membrane after opiate exposure which is coincided with
our results.

The histopathological results of testicular
tissues of tramadol group (V) showed irregular
distribution of germinal epithelium and wide interstitial
space filled with exudates and vacuolated scanty
interstitial cells.

The previous studies of tramadol exposure
which coincided with our results, reported that tramadol
caused affection of seminiferous tubules and reduction of
spermatogenic cell populations (El-Gaafarawi, 2006;
Mohamed et a., 2013; Abdellatief et a., 2015 and El-
Ghawet, 2015).

The histopathological results of testicular
tissues of concurrent brown heroin and tramadol (V1)
showed widely separated and vacuolated seminiferous
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tubules with irregular outline, disorganized germinal

epithdium and reduction of spermatozoa. The

intertubular tissues showed congested blood vessels,
inflammatory cells and reduced number of interstitial
cells of Leyding.

No studies have been conducted on the effects
of concurrent brown heroin and tramadol on testicular
tissues. However, the results showed extensive
detrimental affection of testis that |ead to affection of the
function.

The researchers attributed the testicular
histopathological results associated with opiates to the
endocrine and paracrine disorders that affect the final
size of sertoli cell population indirectly by affection of
LH, GnRH, prolactin, estradiol, somatotropin and
somatostatin hormones (Caju et a., 2011).

Another explanation is opiate induced
reduction of serum testosterone level besides the
structural and functional abnormalities of the secondary
sex organs, and therefore opiates could affect testis
volume and induce arrested spermatogenesis (Heidari et
al., 2012).

Conclusion

In conclusion, regarding the present results, the
concurrent brown heroin and tramadol dependency affect
the hypothalamic-pituitary —gonadal axis (reproductive
axis). The results suggest that the concurrent brown
heroin and tramadol dependency could impair fertility in
adult male albino rats by alteration of serum reproductive
hormonal levels, down regulation of brain FSH-B and

LH-B genes expression and up regulation of testicular

Cyp-19 gene expression. Moreover, dteration of

histological structure of both of brain and testicular

tissues besides severe reduction in body weight occurred
as aresult of dependency.
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