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Introduction: Nowadays tramadol is the most common drug of abuse. Egyptian surveys found a
gradual increase in the use of tramadol among Egyptians. It has been associated with a wide range of
drug abuse such as benzodiazepines. Aim of the work: This study aimed to evaluate the effects of
dependence of tramadol, diazepam, and their combination on biochemical, histopathological and
immunohistochemical changes of brain of adult albino rats.Material and Methods: Forty adult male
albino rats were divided into four equal groups as follows: Group | (control) received1ml normal saline
(0.9%NaCl) once orally for one month. Group Il (tramadol dependent) received increasing therapeutic
doses of tramadol orally for one month, Group Il (diazepam dependent) received increasing
therapeutic doses of diazepam orally for one month, Group IV (tramadol and diazepam dependent)
received increasing therapeutic doses of tramadol and diazepam orally for one month. Blood samples
were collected from all groups for evaluation of serum cortisol level. Brain was excised for
biochemical, histopathological and immunohistolochemical studies. Results: Compared to the control
group, serum cortisol level was significantly decreased in tramadol dependent and combined tramadol
and diazepam dependent groups. In all experimental dependent groups, brain cholinesterase level was
not changed and the brain showed histopathological and immunohistochemical changes Conclusion
and recommendation: Tramadol or diazepam dependence for long time affects the brain cells and the
combination of both of them leads to more neurotoxic effect. Therefore it is recommended that
tramadol or diazepam should be taken only with the prescription of doctor and self medication of these
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drugs may be hazardous.
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Introduction

rug abuse is always associated with medical

hazards, it causes damage to the nervous

system, sudden mood changes, deterioration of
the immune system, nervous breakdown, and many
other side effects. Approximately 50 percent of persons
with a substance use disorder have had a co-occurring
mental disorder in their life time (Kessler et al., 1996;
Amr et al., 2014).

Tramadol is a synthetic analog of codeine
with both opioid and monoamine reuptake inhibitor
effects. It is a pure opioid agonist, but its affinity for
the p receptor is weak, being tenfold less than that of
codeine. Analgesia results from its inhibition of the
reuptake of norepinephrine and serotonin, endogenous

neurotransmitters that modulate pain (Wang et al.,
2009).

Tramadol, despite being classified with other
opioids, it is an atypical member of this group. It
generally has fewer side effects and better
tolerability than oral nonsteroidal anti-inflammatory
drugs (NSAIDs) or traditional opioids (Babalonisa et
al., 2013).

Tramadol can cause psychological and
physical dependence similar to that of other opiates
(Lanier et al.,, 2010). Repeated tramadol
administration might lead to the accumulation of
toxic metabolites in the body, increase the risk for
pharmacokinetic interactions, and/or decrease the
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clearance of tramadol, thus increasing its potential
for toxicity (Shadnia et al., 2008).

Benzodiazepines (BZDs) are sedative-
hypnotic agents commonly used for a variety of
situations that include seizure control, anxiety, alcohol
withdrawal, insomnia, control of drug-associated
agitation, as muscle relaxants, and as preanaesthetic
agents (Abdelmajeed, 2009). Because of their
widespread use, these drugs have propensity for abuse
either alone or in association with other substances.
Benzodiazepines (BDZs) are non toxic in a wide range
of doses but the incidence of intoxication with them
including abuse and attempts to suicide are not rare
(Hood et al., 2014).

Diazepam is a long-acting, medium-potency
BzZD that is used as an anticonvulsant and for
anxiolysis, sedation, and myorelaxation (Fox et al.,
2011). It is one of group of Benzodiazepines that is
likely to be associated with abuse (Longo and Johnson,
2000). A number of compounds have been reported to
cause cell necrosis, or cell death. The P53 tumor
suppressor protein plays a central role in cell cycle
arrest and apoptosis (Polyak et al., 1997). Normally,
several negative regulatory mechanisms that control
P53 function was reported (Chipuk et al., 2005)

In the present study tramadol was chosen
because it became nowadays one of the most abused
drugs, as an alternative of narcotics due to difficulty of
getting the later. Other drugs were found to be used in

combination  with  tramadol, among  which
benzodiazepine was most commonly used.
Aim of the work

The aim of the current study was to investigate the
effects of tramadol, diazepam, and their combination
dependence on some biochemical parameters,
histological and immunohistochemical changes in the
brain of rats.

Material and Methods

Animals

Forty adult male albino rats of an average weight (180—
200 g) were obtained from the breeding animal house
in Menoufia governorate. They were kept under good
hygienic conditions and maintained at normal room
temperature. The rat diet included standard animal food
and tap water.

Drugs

1) Tramadol hydrochloride: It is pure powder. It was
obtained from Sigma Company for Pharmaceutical &
Chemicals, Quesna. Egypt.

2) Diazepam: It is pure powder. It was obtained from
Nile Company for Pharmaceutical & Chemicals,
Cairo. Egypt.

Experimental design and treatment of animals

Animal experiments were carried out ethically
following the guidelines set by Ethical Committee of
Faculty of Medicine, Menoufia University. The
animals were divided randomly into four equal groups
of 10 animals each.

Group I: The control group was administered 1ml
normal saline (0.9%NacCl) once by oral tube (a process

called gavage) (Stine and Brown, 2006) during the
entire experiment for one month.

Group II: (Tramadol dependent)

Animals were given tramadol in gradually increasing
doses until they reached the dependent dose in one
month.

Dependence was induced by giving the therapeutic
dose of tramadol which was calculated according to
Paget’s equation (Paget and Barnes, 1964). The
therapeutic dose for rat weighting 200 gm = 18/1000 x
adult human therapeutic dose (400 mg) = 7.2 mg.
(Khandave et al., 2010). Then the dose was gradually
increased by adding the initial calculated therapeutic
dose every three days till the end of the month (EI-
Seidy, 2005). The calculated tramadol hydrochloride
doses were delivered in 1ml normal saline (0.9%NacCl)
once and given to each animal by a gavage process)
(Stine and Brown, 2006)

Group III: (Diazepam dependent)

Rats were received diazepam in gradually increasing
doses until it reached the dependent dose in one month.
Dependence was induced by giving the maximal
therapeutic dose of diazepam to start with it, which was
calculated according to Paget’s equation (Paget and
Barnes, 1964). The therapeutic dose for rat weighting
200 gm = 18/1000 x adult human therapeutic daily
dose (40 mg) (Crowell and Murray, 2008) = 0.72 mg.
Then the dose was gradually increased by adding the
initial calculated therapeutic dose every three days till
the end of the month (El-Seidy, 2005). The calculated
diazepam doses were delivered as suspension in 1ml
normal saline (0.9%NaCl) once and given by gavage
process to each animal (Stine and Brown, 2006).

Group IV: (Tramadol and Diazepam dependent)

This group received combined therapeutic oral dose of
tramadol = 7.2 mg and diazepam = 0.72 mg in the start.
Then the dose was gradually increased by adding the
initial calculated therapeutic doses every three days till
the end of the month (EI-Seidy, 2005). The combined
drugs were administered to each animal by gavage
process (Stine and Brown, 2006).

Blood samples

Blood samples were collected at the end of the
experiment (one month) from venous plexus localized
in the orbit behind the eye ball (retro-orbital plexus)
using heparinized capillary tube and was allowed to
percolate along the wall of the centrifuge tube to
prevent risk of hemolysis (Halpern and Ceaune, 2000).

Biochemical assay

Serum Cortisol level was determined by using enzyme
linked immunosorbant assay (ELISA) kits according to
method of Arakawa et al., (1979).

Chemicals for brain cholinesterase (CHE) level:
Cholinesterase kits supplied by Diamond Company for
Pharmaceutical & Chemicals, Cairo. Egypt. The tissue
(brain) was weighted approximately 20 mg. 1 ml. of
phosphate buffer solution (pH 8.0, 0.1 M) was added to
the sample. The mixture was homogenized using the
manual glass homogenizer. The homogenate was
centrifuged at 3000 rpm and the supernatant fluid was
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collected for measuring cholinesterase enzyme level.
The cholinesterase activity was measured by
spectrophotometric method described by Ellman et al.,
(1961).

Histological study

After animal dissection at the end of one month, the
extracted brain was immediately immersed in 10%
buffered formalin fixative for 48 hours, then the brain
was trimmed then sent to the histology laboratory and
stained with Haematoxylin & Eosien (H&E) and
Periodic Acid Schiff (PAS) stains (Stevens and Wilson,
1996).

Immunohistochemical study

Brain sections were placed on poly-lysine coated clean
slides and stained with anti-P53 according to the
method of Joyner and Wall, (2008).

Statistical Analysis

Data was organized, tabulated and statistically
analyzed using Statistical Package for Social Science
(SPSS) version 16 for Windows software system. For
quantitative data, the mean and standard deviation were
calculated. The difference between two means was
statistically analyzed using student (t) test. For
comparison of means of more than two groups using
(F) test. Statistical significance was taken at p<0.05
(Jennifer and Belinda, 2005).

Results

Biochemical study

Table (1): Reveals that the serum cortisol level was
highly significantly decreased in tramadol dependent
group as compared to the control group (P value=
<0.001).

Serum cortisol level was not significantly
changed in diazepam dependent group as compared to
the control group as shown in table (2).

Table (3): Shows highly significant decrease
in the serum cortisol level in the combined drugs
(tramadol and diazepam) dependent group as compared
to the tramadol or diazepam dependent groups (P
value <0.001).

Table (4): Shows no significant deference
between tramadol dependent group and control group
as regard to brain cholinesterase level where P>0.05.

Table (5): Shows no significant deference
between diazepam dependent group and control group
as regard to brain cholinesterase level as P>0.05.

Brain  cholinesterase  level ~was not
significantly different between all experimental groups
(tramadol dependent, diazepam dependent and
tramadol and diazepam dependent) where, P was >
0.05 as shown in table (6).

Histopathology of the brain

Light microscopic study of H&E-stained brain sections
of control group showed that the cortex of the
cerebrum with normal granular and pyramidal cells
with vesicular nuclei and darkly stained cytoplasm.
The surrounding areas contained nerve fibers, glial
cells and blood vessels (Fig.1). Normal PAS reaction
(purplish-red) which appeared strong in the pyramidal
cells and moderate one in the granular cells (Fig.2).
Negative immune staining for P53; thus neurocytes
nuclei appeared blue in color (Fig.3).

In tramadol dependent treated rats (group II),
different forms of brain injury were found. The brain
section showed disarrangement of its layers with
neuronal degeneration, increased number of red
neurons (Fig.4). Weak PAS reaction especially in the
destructing neuron (Fig.5). Moderate expression of
positive apoptotic cells with positive immune staining
for P53. The nuclei and cytoplasm appeared brown in
color (Fig. 6).

In group Il (Diazepam dependent),
microscopic examination of the brain specimens
showed increased the vaculation in neuropil, with
inflammatory cellular infiltrate, pyknotic nuclei of
pyramidal cells and degenerated cells (Fig.7). Weak
PAS reaction in granular cells specially degenerated
ones and moderate reaction in the pyramidal cells
(Fig.8). Mild expression of positive apoptotic cells
with positive immune staining for P53 (brown nucleus
and brown particles in the cytoplasm) (Fig. 9).

Microscopic examination of the brain
specimens of group IV (Tramadol and Diazepam
dependent) showed dilated vascular space, hemorrhage,
gliosis of the neuropil, degenerated pyramidal cells and
marked increase in number of apoptotic neurocytes
(Fig. 10). Very weak (complete destruction) PAS
reaction in neuronal cells (Fig. 11). Marked expression
of positive apoptotic cells with positive immune
staining for P53 (brown nucleus and brown particles in
the cytoplasm) (Fig. 12)

Table 1: Statistical Analysis Student 't' test of Serum Cortisol Level between Control (Group I) and Tramadol

Dependent (Group I1).
Control | Tramadol dependent | 't' | P.value
N=10 N=10
Mean £SD | Mean £SD
Cortisol (ng/ml) | 190.9+4.1 | 174.54+7.3 5.8 | <0.001**

**P<0.001 highly significant

Table 2: Statistical Analysis Student 't" test of Serum Cortisol Level between Control (Group 1) and Diazepam

Dependent (Group I11).

Control N=10 | Diazepam dependent N=10 | 't' | P.value
Mean £SD Mean £SD
Cortisol(ng/ml) | 190.9 4.1 184.3+10.8 1.8 | >0.05*

*P>0.05 insignificant
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Table 3: Statistical Analysis (F) Test of Serum Cortisol Level in Tramadol Dependent (Group I1), Diazepam
Dependent (Group I11) and Their Combination Dependent (Group 1V).

Tramadol dependent | Diazepam dependent | Dependent on both drugs | 'F' | P.value
N =10 N =10 N =10
Mean £SD Mean £SD Mean £SD
Cortisol (ng/ml) | 1745+ 7.3 184.3+10.8 153.2+14.8 13.6 | <0.001**

**P<0.001 highly significant

Table 4: Statistical Analysis Student 't' test of Brain CHE Level between Control (Group I) and Tramadol
Dependent (Group I1).

Control N=10 | Tramadol dependent N=10 | 't' | P.value
Mean £SD Mean +SD
Brain CHE 113+5.4 120.1+12.9 1.5 | >0.05*
(n mol/min/mg protein )

*P>0.05 insignificant

Table 5: Statistical Analysis Student 't" test of Brain CHE Level between Control (Group I) and Diazepam
Dependent (Group I11).

Control N= 10 | Diazepam dependent N=10 | 't' | P.value
Mean +SD Mean +SD
Brain CHE 113454 1159 43.9 1.4 | >0.05*
(n mol/min/mg protein)

*P>0.05 insignificant

Table 6: Statistical Analysis (F) Test of Brain CHE Level in Tramadol Dependent (Group 11), Diazepam
Dependent (Group 111) and Their Combination Dependent (Group V).

Tramadol dependent Diazepam Dependent | Dependent on both drugs | 'F' | P.value
N =10 N =10 N =10
Mean +SD Mean +SD Mean +SD
Brain CHE 120.1+12.9 1159+39 119.4+8.0 0.6 | >0.05*
(nmol/min/mg
protein )

*P>0.05 insignificant

Fig. 2 Photomicrograph of section of control rat brain
(group 1) showing strong PAS reactions in pyramidal
cells (P) and moderate reaction in granular cells (g)
(PAS, x 400).

Fig.1 Photomicrograph of the control rat cerebral cortex
(group 1) showing normal pyramidal cells (yellow
arrow), granular cells (black arrow) and perivascular
space (redarrow) (H&E, X 200).
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Fig.3 Photomicrograph of a ectio of th rainof
control rat (group 1) showing negative p53 staining of
neurocytes nuclei (P & g). P53 immunstain, x 400.

s ; e e e T
Fig. 4 Photomicrograph of a section of cerebral cortex
of rat of tramadol dependent (group Il1) showing
disarrangement of brain layers, with focal edema( blue
arrows) multiple vaculation (yellow arrows) and red
neuron degeneration (red arrows) (H&E, X 200).

Fig 5 Photomicrograph of a section of rat brain of
tramadol dependent (group Il1) showing weak PAS
reaction (arrows) especially in destructing neuron
(P&g) cells (PAS, x 400).
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dependent (group I11) showing edema and vaculation of
neuropil (yellow arrows), pyknotic nuclei of pyramidal
cells with some degenerated cells (red arrows) (H&E, X
400).

Fig. 7 Photomicrograph of brain section of diazepam

Fig. 6 Photomicrograph of brain section of tramadol
dependent (group Il) showing moderate expression of
positive apoptotic cells with positive immune staining
for P53. The nuclei and cytoplasm appeared brown in
color. P53 immunostain,x 400.

Fig. 8 Photomicrograph of brain section of diazepam
dependent (group I11) showing weak PAS reaction
in granular cells specially degenerated ones (g) and
moderate reaction in the pyramidal cells (p). (PAS, x
400).
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Fig. 9 Photomicrograph of brain section of diazepam Fig. 10 Photomicrograp
dependent (group II1) showing mild expression of and diazepam dependent
positive apoptotic cells with positive immune staining
for P53 (brown nucleus and brown particles in the

(group 1V)
increased vaculation in neuropil (yellow arrows) with
many apoptotic cells (green arrows). H&E, X 400.

showing

cytoplasm (red arrows). P53 immunostain, x 400.
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Fig. 11 Photomicrograph of brain section of tramadol Fig. 12 Photomicrograph of brain section of
and diazepam dependent (group V) showing very weak
PAS reaction in pyramidal cells (P) and granular cells

(9) PAS, x 400.

Discussion

Drug dependence is considered one of the serious
problems that worry both the people and government.
Nowadays opioids use and its related mortality and
morbidity are one of the major concerns worldwide
(Mood et al., 2014). Recently the trend of opioids use
has changed because synthetic opioids such as
tramadol are available too. Abuse of tramadol in Egypt
and other Middle Eastern countries have reached an
alarming limit (Fawzui, 2011). Among BZDs,
diazepam is one of the most preferred, prescribed, and
thus abused molecules (Bramness and Korngr, 2007).
The aim of the present study was to determine the
toxic effects of dependence of tramadol, diazepam and
their combination on the brain and some biochemical
parameters in albino rats.

As regard serum cortisol level it was highly
significantly decreased in tramadol dependent (group
1) as compared to the control (group ). This could be
explained by that tramadol may lead to adrenal
insufficiency due to repeated long duration of use
(Chan et al., 2011). Suppression of the hypothalamic-
pituitary-adrenal (HPA) axis was shown in patients on

tramadol and diazepam dependent (group 1V)
showing marked expression of positive apoptotic
cells with positive immune staining for P53 (brown
nucleus and brown patrticles in the cytoplasm) (red
arrows). P53 immunostain, x 400.

long term intrathecal morphine_and has also been
reported in three patients on chronic transdermal
fentanyl, hydromorphone and methadone respectively
(‘Abs et al., 2000 and Oltmanns et al., 2005).

Serum cortisol level was not significantly
changed in diazepam dependent group. This coincided
with Sladana et al., (2007) who reported that chronic
treatment of socially isolated rats with diazepam did
not significantly affect stress-related adrenomedullary
and adrenocortical alterations. This data wasn't agreed
with Bruni et al., (1980) who stated that the repeated
administration of diazepam every 24 hours for 4 days
brings about a decrease in plasma cortisol level in
rats.Assessing cholinergic function is considered as an
important tool in neuroscience research. There are
several approaches to evaluate cholinergic function
indirectly, where estimation of CHE activity provides
a relatively easy and valuable assessment of
cholinergic function (Srikumar et al., 2004). Brain
CHE level in tramadol dependent group was not
changed significantly compared to the control group.
This wasn't agreed with Motel et al., (2013) who
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reported that morphine or other opioid receptor
agonists inhibit acetylcholinestrase (AChE) release in
the brain.

Brain CHE was not significantly changed in
diazepam dependent group as compared to the control
group. This coincided with Shih, (1991) and Yacoub,
(2007) as they reported that diazepam with different
doses and at different times did not significantly affect
the activity of acetylcholinestrase when compared with
the control values.

In tramadol dependent treated rats, different
forms of brain injury were found. The brain sections
showed disarrangement of brain layers with neuronal
degeneration was detected in almost all of rats,
disrupted ependyma of ventricle and hypertrophied
choroid plexus with papillary projections, increased
number of red neuron, which are the histopathologic
markers of apoptosis. Pope et al., (2005) stated that
chronic repeated exposure to tramadol as a toxicants
leads to accumulations of filaments that are then called
neurofibrillary tangles, damage neuron can include
decrease in protein synthesis and oxidative
metabolism. These changes may then affect the ability
of the neuron to transmit impulses and may ultimately
lead to cell death. Weak PAS reaction especially in
destructing neuron was detected. Similar result found
in the study of Eisch et al. (2000) who concluded that
chronic opiate exposure can decrease the proliferation
and survival of new neurons in the mature adult brain
by acting directly on the neurocytes progenitor
population so decrease their proliferation and DNA
synthesis via an opioid action at the py-opioid receptor.
Positive expression of P 53 was present, neurological
impairments observed in drug addicts may reflect
drug-induced neuronal dysfunction and neurotoxicity.
The neurotoxic effects of drugs abuse are often
associated with oxidative stress, mitochondrial
dysfunction that lead to apoptosis and inhibition of
neurogenesis (Cunha-Oliveira et al., 2007; Mohamed
et al., 2013). Animals treated with repeated increasing
dose of diazepam revealed an increase in edema and
vaculation in neuropil, with inflammatory cellular
infiltrate, some pyknotic nuclei of pyramidal cells and
degenerated cells. This coops with (Ali and Zinad,
2014) who reported the occurrence of mononuclear
cells aggregate around blood vessels in brain
parenchyma. In the present study weak PAS reaction
was found in the diazepam treated group of rats. This
finding was in agreement with the study conducted by
Girgis et al., (2010). Mild expression of P53 was
detected in nuclei of some neuronal cells, Bittigau et
al. (2002) showed that phenobarbital, diazepam and
clonazepam caused widespread apoptotic neuro-
degeneration in the brains of rats. In tramadol and
diazepam dependent group, microscopic examination
of the brain specimens of the rats showed dilated
vascular space, hemorrhage, gliosis of the neuropil,
degenerated pyramidal cells and marked increase in
number of apoptotic neurocytes. The same was proved
by the study of Mohamed et al., (2013). The present
study proved more toxic effect in the combined doses
of tramadol and diazepam and more destruction of
neuronal cells, a very weak PAS reaction was noted in

the specimen of tramadol and diazepam dependent
treated rats. This finding was similar to the study of
Girgis et al., (2010). Marked expression of positive
apoptotic cells with p53 stain in the combined abuse of
tramadol and diazepam treated rats prove the
histopathologic and histochemical alterations that were
previously reported in this study that highlighted the
fact that coadministration of both drugs enhances their
toxic effects. In a similar study by Mohamed et al.,
(2013) who study the effect of clonazepam, tramadol
and their combination on mitochondrial chain where
Clonazepam alone did not show any inhibitory effect
at any level; however, its combination with tramadol
boosted its toxic effect especially at high doses, it
seems like it acts as synergism for tramadol effect. In
many types of neurons, activation of p53 apoptotic
pathway may be mediated by a wide range of insulting
agents such as DNA damage, ischemia/hypoxia,
hypoglycemia, and excitotoxicity to oxidative stress
(Musavi and Kakkar, (2003).

Conclusion and recommendation

Tramadol or diazepam dependence for long time
affects the brain cells and the combination of both of
them leads to more neurotoxic effect. Therefore it is
recommended that tramadol or diazepam should be
taken only with the prescription of doctor and self
medication of these drugs may be hazardous.
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