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Abstract

Objective: we aimed to investigate the effect of Cannabis sativa resin and/or tramadol, two commonly drugs of 
abuse, on oxidative stress biomarkers in brain and serum following their repeated administration. 

Methods: rats received subcutaneous (s.c.) injections of either cannabis resin (5-20 mg/kg) (expressed as Δ9-
tetrahydrocannabinol), tramadol (5-20 mg/kg) or tramadol (10 mg/kg) combined with cannabis (5-20 mg/kg) daily for 
6 weeks. The levels of lipid peroxidation (malondialdehyde; MDA), nitrite, reduced glutathione, and nuclear respiratory 
factor-2 (NRF-2) were measured in brain and serum. Histopathological examination of the brain was also done. 

Results: as compared to corresponding controls (i) Malondialdehyde was significantly increased in brain by 
tramadol and tramadol-cannabis co-treament. It increased in serum by cannabis, tramadol and after tramadol-cannabis 
co-treatment; (ii) nitric oxide was significantly increased in the brain by treatment with 20 mg/kg tramadol. It decreased 
by the higher dose of cannabis and by the cannabis-tramadol combination; (iii) reduced glutathione was significantly 
increased in brain and serum by 20 mg/kg cannabis. It decreased by the higher dose of tramadol but increased after 
the combined administration of tramadol-20 mg/kg cannabis; (iv) NRF-2 showed no-significant change in brain tissue 
by treatment with cannabis, tramadol or their combination. Serum NRF-2, however, significantly decreased by 5-20 
mg/kg cannabis. It decreased by 20 mg/kg tramadol and after tramadol and cannabis at 10 or 20 mg/kg, respectively, 
compared with the saline control group. It decreased in serum by the higher dose of tramadol and tramadol/10-20 
mg/kg-cannabis; (v) cannabis resulted in neuronal apoptosis and pyknotic nuclei. More marked neurodegenerative 
changes were observed after tramadol or tramadol/cannabis in the form of neuronal necrosis, pericellular vacuoles, 
and apoptosis. 

Conclusion: collectively, these results indicate that treatment with cannabis resin and/or tramadol is associated 
with an oxidative response and the development of brain injury.  
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Introduction
Oxygen derived free radicals are produced in the 

cell as byproducts of aerobic metabolism. The most 
important source of endogenously generated Reactive 
Oxygen Species (ROS) is the mitochondrial respiratory 
chain where it is estimated that 1% of electrons leaks 
from the mitochondrial electron transport chain resulting 
in the generation of superoxide anion (O2˙ˉ) which could 
be converted into hydrogen peroxide (H2O2) via the 
superoxide dismutases [1]. Meanwhile, in presence of 
redox-cycling transition metals, H2O2 will produce the 
hydroxyl radial (HO•) via the Fenton reaction. Moreover, 
the reaction of O2˙ˉ with nitric oxide results in the 
formation of peroxynitrite (ONOOˉ). Both HO• and ONOOˉ 
are strong oxidants capable of oxidative damage of cellular 
biomolecules [2,3]. The generation of ROS in the cell is 
counterbalanced by a number of antioxidants mechanisms 
including enzymes like superoxide dismutases, catalase 
and non-enzymatic antioxidants eg., glutathione, vitamin 
C, α-tocopherol, carotenoids. It is only when the capacity 
of these antioxidants are overwhelmed by the increase 
in ROS, that the balance in the cell is tilted towards the 
oxidant side and the state of oxidative stress is said to be 
present [4]. Oxidative stress has been suggested as a major 
mechanism contributing to the neurodegeneration that 
occurs in normal aging [5], in diseases such as Parkinson’s 
disease and Alzheimer’s disease [6] and in users of illicit 
drugs and substances eg., amphetamines [7] and toluene 
[8]. 

Cannabis preparations from the female plant Cannabis 
sativa L are the most widely used illicit substances for in 
the year 2014, about 183 million people had been reported 
as users [9]. Cannabis preparations comprise marijuana 
i.e., the flowers and upper leaves and hashish or the 
compressed plant resin. Cannabis owes its psychoactive 
effects to its principal cannabinoid constituent that is 
∆9-tertrahydrocannabinol (∆9-THC) acting on cannabinoid 
CB1 receptors in brain [10]. Users of cannabis describe 
mild euphoria, relaxation and sensory phenomena 
[11]. Cannabis, however, adversely affects cognitive 
abilities [12], worsens memory performance [13] and 
more seriously increases the liability for developing 
schizophrenia [14]. Moreover brain imaging studies have 
provided evidence for structural changes in the brain of 
subjects who are heavy users of cannabis, with ∆9-THC 
being the candidate implicated in this effect [15].  Rats 
treated with cannabis extracts showed impaired memory 

and neuronal damage [16,17]. The mechanism by which 
cannabis causes neurotoxicity is not yet fully understood, 
but studies suggest free radical- mediated damage as the 
likely cause [18,19].

Tramadol is a synthetic analogue of codeine having 
weak affinity for the µ-opioid receptors. It has also 
serotonin and noradrenaline-reuptake inhibitory effects. 
The drug is a centrally acting potent analgesic and is used 
to treat musculoskeletal disorders or cancer pain [20]. In 
recent years, tramadol has emerged as a serious health 
problem and there have been several reports of tramadol 
abuse or dependence, especially among young adults and 
students [21-23]. There is, however, limited data as regards 
tramadol neurotoxicity. Studies reported the occurrence of 
degenerated red neurons, apoptotic neurons, and gliosis 
as well as increased oxidative stress in the brain of rats 
treated with the drug [23]. 

Several studies have indicated the intake of tramadol 
is common among subjects who smoke herbal cannabis 
[23,24]. Cannabis abuse is a major health problem and its 
combination with tramadol might result in increased injury 
to the nervous system. The aim of this study was, therefore, 
to investigate the effect of cannabis and tramadol given 
alone or in combination on oxidative stress parameters 
and neuronal injury in brain of rats.

Materials and methods
Animals

Male Sprague-Dawley rats, weighing between 130-
140g were obtained from Animal House of the National 
Research Centre, Cairo.  Rats were group-housed under 
temperature- and light-controlled conditions and given 
free access to standard laboratory rodent chow and 
water. The experimental procedures were performed in 
compliance with the institutional Ethics Committee and 
with the guidelines of the National Institutes of Health 
Guide for Care and Use of Laboratory Animals (Publication 
No. 85-23, revised 1985).  

Drugs and chemicals

Cannabis sativa resin (hashish) and tramadol were 
kindly provided by the Laboratory of Forensic Sciences of 
the Ministry of Justice (Cairo, Egypt). Other chemicals and 
reagents were of analytical grade and obtained from Sigma 
Chemical Co. (St. Louis, MO, U.S.A). 

Preparation of cannabis resin extract
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Cannabis resin extract was prepared from the dried resin 
of Cannabis sativa (Family Cannabaceae L). The extraction 
was performed using chloroform according to the method 
of Turner and Mahlberg [25] with modification. In brief, 10 
g of the resin was grounded in a mortar, subjected to oven 
heat (100°C) for 1h to decarboxylate all its cannabinolic 
acids content. The resin was extracted in chloroform 
overnight and then filtered. The filtrate was evaporated 
under a gentle stream of nitrogen, stored at 4°C and 
protected from light in an aluminium-covered container. 
One gram of the residue (dry extract) was suspended in 
in 2% ethanol-saline. Δ9-tetrahydrocannabinol (Δ9-THC) 
content was quantified using gas chromatography–mass 
spectrometry (GC-MS). The resin contained ∼ 20% Δ9-THC 
and 3% CBD. 

Study design

Rats were randomly allocated  into different groups (six 
rats each) receiving subcutaneous (s.c.) administrations of 
either saline, Cannabis sativa resin extract at 5, 10 or 20 mg/
kg (expressed as Δ9-tetrahydrocannabinol), tramadol at 5, 
10 or 20 mg/kg or tramadol (10 mg/kg) in combination 
with Cannabis sativa resin (5, 10 or 20 mg/kg) as follows: 

Group 1 was treated with the vehicle (0.2 ml saline). 

Group 2-4 were treated with Cannabis sativa resin at 
the doses of 5, 10 and 20 mg/kg (equivalent to the active 
constituent ∆9-tetrahydrocannabinol). 

Groups 5-7 were treated with tramadol at doses of 5, 10 
and 20 mg/kg. 

Groups 8-10 were treated with tramadol at 10 mg/kg 
in combination with Cannabis sativa resin (5, 10 or 20 mg/
kg). 

Drugs were given s.c., daily for 6 weeks. Rats were then 
euthanized by decapitation for tissue collection; their 
brains rapidly dissected, snap-frozen in liquid nitrogen, 
and tissue samples stored at -80°C until the biochemical 
analyses. Representative brain sections were immersed in 
10% formol saline for histopathological studies.

Biochemical studies

Lipid peroxidation: Lipid peroxidation products in the 
brain homogenates was assayed by measuring the level 
of malondialdehyde (MDA) using the method of Nair and 
Turner [26]. In this assay, the thiobarbituric acid reactive 
substances react with thiobarbituric acid to produce a red 
colored complex having a peak absorbance at 532 nm.

Nitric oxide: Nitric oxide measured as nitrite was 
determined using Griess reagent, according to the method 
of Moshage et al. [27]. First, nitrate is converted to nitrite 
via nitrate reductase. Griess reagent then acts to convert 
nitrite to a deep purple azo compound that can be 
determined using spectrophotometer.

Reduced glutathione: Reduced glutathione was 
determined using the procedure of Ellman et al. [28]. The 
assay is based on the reduction of Ellman´s reagent (DTNB; 
5, 5’-dithiobis (2-nitrobenzoic acid)) by the free sulfhydryl 
group on reduced glutathione to form yellow colored 
5-thio-2-nitrobenzoic acid which can be determined using 
spectrophotometer at 412 nm. 

Quantification of NRF-2: Nuclear respiratory factor 
2 was assayed in brain homogenates and serum using a 
double-antibody sandwich enzyme-linked immunosorbent 
assay (Shanghai Sunred Biological Technology Co., Ltd, 
Jufengyuan Road, Baoshan District, Shanghai). 

Histopathology

Brain sections were fixed in freshly prepared 10% 
neutral buffered formalin, processed routinely, and 
embedded in paraffin. Paraffin sections 5 μm thick were 
prepared and stained with hematoxylin and eosin for 
histopathological examination. Images were examined and 
photographed under a digital camera (Microscope Digital 
Camera DP70, Tokyo, Japan), and processed using Adobe 
Photoshop version 8.0 (San Jose, CA, USA).

Statistical analysis

Data are expressed as mean ± SE. Data were analyzed 
by one-way analysis of variance, followed by Duncan’s 
multiple range test for post hoc comparison of group means. 
Effects with a probability of p < 0.05 were considered to be 
significant.

Results
Biochemical results

Malondialdehyde: Brain malondialdehyde 
significantly increased after tramadol (5, 10 or 20 mg/kg) 
or tramadol-cannabis combination compared to the saline 
control group A dose-dependent increase in brain MDA by 
25%, 29.6% and 37.8% was observed in rats treated with 
different doses of tramadol. A significant increments in 
brain MDA by 56.4%, 32.0% and 33.7% were also observed 
after the combined treatment with tramadol and cannabis 
(Table 1, Fig. 1A). Serum MDA was significantly increased 
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after cannabis or 10-20 mg/kg tramadol compared to the 
saline control group (Fig. 1B). The level of MDA in serum 
of rats treated with both tramadol and cannabis was also 
significantly increased as compared to the saline control 
group (Table 1, Fig. 1B).

Reduced glutathione: Compared to the saline-treated 
group, tramadol given at 20 mg/kg caused a significant 
decrease in the level of brain reduced glutathione by 23.5%. 
Reduced glutathione was significantly increased by 20.6% 
after treatment with 20 mg/kg cannabis and by 17.6% 
after combined treatment with tramadol and 20 mg/kg 
cannabis. Serum reduced glutathione showed significant 
increase by 45.0% after treatment with cannabis at 20 
mg/kg. It decreased by 22.0% by the administration of 
20 mg/kg of tramadol with respect to the saline group. 
The combined treatment with tramadol 10 mg/kg and 
cannabis at 10 or 20 mg/kg was associated with 29.4% and 
43.8% increments in reduced glutathione concentration 
compared with the saline group (Table 1, Fig. 2).

Nitric oxide: The administration of 20 mg/kg of 
cannabis induced 28.1% decrease in brain nitric oxide level 
with respect to the saline group. When given at 5 or 10 mg/
kg, tramadol showed no significant effect on brain nitric 
oxide. The higher dose of 20 mg/kg, however, resulted in 

Treatment group Brain MDA (nmol/g. 
tissue) Serum MDA (nmol/l) Brain NO (µmol/g. 

tissue)
Brain GSH (µmol/g. 

tissue) Serum GSH (µmol/l)

Saline 17.2 ± 1.0 33.7 ± 2.1 21.0 ± 1.5 3.4 ± 0.13 8.74± 0.27

Cannabis  5 mg/kg 20.1 ± 2.0 80.0 ± 5.4*

(137.4%) 23.3 ± 0.7 3.61 ± 0.22 9.41 ± 0.32
(7.7%)

Cannabis  10 mg/kg 19.7 ± 1.6 71.7 ± 6.0*

(112.7%) 18.8 ± 0.5 3.9 ± 0.17 10.26 ± 0.78
(17.4%)

Cannabis  20 mg/kg 18.9 ± 1.2 47.9 ± 3.1*

(42.1%)
15.1 ± 1.0*

(-28.1%)
4.1 ± 0.12*

(20.6%)
12.67 ± 0.30*

(45.0%)

Tramadol  5 mg/kg 21.5 ± 1.4 (25.0%)
39.7 ± 1.2+

(17.8%) 19.1 ± 1.1# 3.3 ± 0.10 8.87 ± 0.38+

Tramadol 10 mg/kg 22.3 ± 1.1* (29.6%) 46.0 ± 2.5*+

(36.5%) 21.8 ± 1.4 3.0 ±0.25 7.73 ± 0.40+

(-11.5%)

Tramadol  20 mg/kg 23.7 ± 1.3* (37.8%) 62.8 ± 3.3*

(86.3%)
27.3 ± 1.6*+

(30.0%)
2.6 ± 0.14*+

(-23.5%)
6.82 ± 0.12*+

(-22.0%)

Tramadol 10 mg/kg + Cannabis
5 mg/kg 26.9 ± 1.3*+ (56.4%) 90.0 ± 4.7*# (167.1%) 17.7 ± 0.3#

(-15.7%) 3.52 ± 0.19 9.93 ± 0.45

Tramadol 10 mg/kg + Cannabis
10 mg/kg 22.7 ± 0.9* (32%) 82.0± 3.6*# (143.3%) 16.1 ± 0.5*#

(-23.3%) 3.71 ± 0.24 11.31 ± 0.25#

(29.4%)

Tramadol 10 mg/kg + Cannabis
20 mg/kg 23.0 ± 0.7* (33.7%) 73.4 ± 4.1*# (117.8%) 15.2 ± 0.8*#

(-27.6%)
4.0 ± 0.22*#

(17.6%)
12.57 ± 0.21*#

(43.8%)

Table 1: Malondialdehyde (MDA), nitric oxide and reduced glutathione in cannabis and/or tramadol-treated rats.

MDA: *p< 0.05 vs. saline group. +p<0.05 vs. cannabis only at 5 or 10 mg/kg. # p<0.05 vs.  only tramadol. 
Nitric oxide: *p< 0.05 vs. saline. +p<0.05 vs. only cannabis at 10 or 20 mg/kg. #p<0.05 vs. only tramadol at 20 mg/kg.
GSH: *p< 0.05 vs. saline. +p<0.05 vs. only cannabis at 20 mg/kg. #p<0.05 vs. only tramadol at 20 mg/kg.
The percent change from the saline control group is shown in parenthesis.

Figure 1: Effect of cannabis, tramadol or their combined administration for 
6 weeks on (A) brain malondialdehyde (MDA) and (B) serum malondial-

dehyde (MDA). Values are mean ± SEM. *p< 0.05 vs. saline. +p<0.05 vs. 
cannabis only at 5 or 10 mg/kg. # p<0.05 vs.  only tramadol.
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significant increase of brain nitrite by 30.0% compared 
with the saline group. The administration of both 10 mg/

kg tramadol and either 10 or 20 mg/kg cannabis resulted 
in significant decrease in brain nitrite by 23.3% and 27.6% 
as compared with the saline control value (Fig. 3)(Table 1).

Nuclear respiratory factor-2 (NRF-2): NRF-2 showed 
no-significant change in brain tissue following treatment 
with cannabis, tramadol or their combination. Serum 
NRF-2, however, significantly decreased by 22.9%, 27.6% 
and 30.2% after the administration of 5, 10 or 20 mg/kg 
cannabis, respectively. It decreased by 22.9% by 20 mg/
kg tramadol and by 27.6% and 30.2% after tramadol and 
cannabis at 10 or 20 mg/kg, respectively, compared with 
the saline (Fig 4)(Table 2).

Histopathological results

Hematoxylin and eosin-stained cerebral cortex sections 
from the saline group showed a normal appearance with 
neurons with prominent nucleoli nucleoli (Fig 5 A). Rats 
treated with cannabis at 5 mg/kg showed nearly normal 
of cortex with very few nuclear pyknosis (pyknosis (Fig 
5 B). Cannabis given at 10 or 20 mg/kg resulted in mild 
apoptotic cells and pyknotic nuclei  and congestion of 
blood vessels vessels (Fig 5 C & D).

 Sections from the group treated with tramadol at 5 or 
10 mg/kg revealed  necrosis, pericellular vacuoles, with 

Treatment group Brain NRF-2 (ng/ml) Serum NRF-2 (ng/ml)

Saline 13.0 ± 0.57 23.65± 1.2

Cannabis  5 mg/kg 13.6 ± 0.63 18.22 ± 0.24*

(-22.9%)

Cannabis  10 mg/kg 13.8 ± 1.0 17.12 ± 0.40*

(-27.6%)

Cannabis  20 mg/kg 15.1 ± 0.6
(16.1%)

16.51 ± 0.31*

(-30.2%)

Tramadol  5 mg/kg 13.0 ± 0.38 23.6 ± 0.48+

Tramadol 10 mg/kg 13.5 ± 0.70 22.0 ± 0.32+

Tramadol  20 mg/kg 13.6 ± 0.50 18.3 ± 0.25+

(-22.6%)

Tramadol 10 mg/kg + Cannabis 
5 mg/kg 13.72 ± 0.43 20.0 ± 0.91

Tramadol 10 mg/kg + Cannabis 
10 mg/kg 14.6 ± 0.75 18.8 ± 0.62

(-20.5%)

Tramadol 10 mg/kg + Cannabis 
20 mg/kg

15.4 ± 0. 39
(18.5%)

17.05 ± 0.14
(-27.9%)

Table 2: Nuclear respiratory factor 2 (NRF-2) in cannabis and/or tramadol-treated rats.

NRF-2: *p< 0.05 vs. saline. +p<0.05 vs. only cannabis. #p<0.05 vs. only tramadol at 10 or 20 mg/kg.
The percent change from the saline control group is shown in parenthesis.

Figure 2: Effect of cannabis, tramadol or their combined administration for 
6 weeks on reduced glutathione in brain and serum of rats treated with can-
nabis, tramadol or their combination. Values are mean ± SEM. *p< 0.05 vs. 
saline. +p<0.05 vs. only cannabis at 20 mg/kg. #p<0.05 vs. only tramadol at 

20 mg/kg.
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congestion blood vessels, apoptosis, deeply stained nuclei 
and some neurons lost their nucleoli their nucleoli (Fig 5 E 
& F). The higher dose of the drug resulted in disorganization 
of cortical layers, intensely stained focal eosinophilic 
areas, pericellular vacuoles, with congestion blood vessels. 
Furthermore, neuronal cells showed shrunken neurons 
with pyknotic nuclei, apoptotic cells and neurons loss of 
their nucleoli nucleoli (Fig 5 G). Sections from animals 
treated with tramadol 10 and cannabis at 5 or 10 mg/kg 
showed less degenerative changes, less necrosis, apoptotic, 
pyknotic in neuronal cells and some neurons loss of their 
nucleoli (Fig 5 H & I). However, in the group treated with 
tramadol 10 mg/kg and cannabis at 20 mg/kg there were 
more degenerative damage, necrosis with vacuolation 
, apoptosis and pycknosis in neuronal cells. Congestion 
blood vessels and some neuronal loss of their nucleoli 
were also observed (Fig 5 J).

Discussion
In this study biomarkers of oxidative stress were 

assessed in rats treated with a cannabis resin extract rich 
in ∆9-THC, tramadol or their combination for 6 weeks. We 
assessed lipid peroxidation in both the brain homogenates 
and serum by measuring the level of malondialdehyde. 
The latter is an end product of polyunsaturated fatty 
acid peroxidation which indicates free radical attack on 
their side chain and is therefore a marker of membrane 
lipid peroxidation [29]. When treating rats with only 
cannabis extracts, we found marked increase in the 

level of malondialdehyde in serum in contrast to non-
significant increase in brain tissue. This finding might be 
attributed to the wide distribution of ∆9-THC, particularly 
to fatty tissues, after absorption with less than 1% of an 
administered dose reaching the brain [30]. It was also 
noted that the increments in serum malondialdehyde due 
to the cannabis resin were more evident at the doses of 5 
or 10 mg/kg compared with the higher dose of 20 mg/kg. 
This finding suggests that as the dose of the resin increases 
other constituents of the resin are able to antagonize the 
action of ∆9-THC and which add to the complexity in the 
action of cannabis on oxidative stress. It is also possible that 
stimulation of compensatory/ antioxidant mechanisms 
account for this observation.  

Figure 3: Brain nitric oxide after treatment with cannabis, tramadol or their 
combination for 6 weeks. Values are mean ± SEM. Nitric oxide: *p< 0.05 
vs. saline. +p<0.05 vs. only cannabis at 10 or 20 mg/kg. #p<0.05 vs. only 

tramadol at 20 mg/kg.

Figure 4: Nuclear respiratory factor-2 (NrF2) in brain tissue and serum of 
rats given cannabis, tramadol or both for 6 weeks. Values are mean ± SEM. 

*p< 0.05 vs. saline. +p<0.05 vs. only cannabis.
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Several studies have investigated the effect of cannabis 
or ∆9-THC on oxidative stress. In marijuana smokers, there 
were significantly increased malondialdehyde in red blood 
cells, and decreased total antioxidant capacity and reduced 
glutathione in serum compared with non-smokers [31]. 
In subjects with cannabis use disorder, Bayazit et al. [32] 
reported increased levels of total oxidant status, and 
oxidative stress index in serum as compared with healthy 
controls. A study by Bloomer et al. [33] on young and 
physically active subjects, however, found no significant 
differences in serum malondialdehyde or advanced 
oxidation protein produces between marijuana smokers 
and non-smokers. Coskun and Bolkent [34] reported 
increased malondialdehyde in the plasma of rats given ∆9-
THC (3 mg/kg) daily for one week. In contrast, diabetic rats 
treated with THC exhibited decreased lipid peroxidation. 
Other researchers observed decreased lipid peroxidation 
in serum of control and also diabetic rats by treatment 
with low dose of ∆9-THC (0.15 mg/kg for eight weeks) [35]. 
Ebuchi and Solanke [36] found increased malondialdehyde 
in rat brain and liver after treatment with 25 mg/kg 

marijuana extract. Other studies in rodents using marijuana 
or cannabis resin extracts failed to demonstrate increased 
lipid peroxidation in the brain and even a moderate though 
a significant decrease in lipid peroxidation was observed 
with the cannabis being given at 20 mg/kg [16,37]. A 
likely explanation for this observed discrepancy between 
the effect of resin-based and marijuana-based extracts 
is the resin and marijuana relative content of different 
cannabinoids, the presence of flavonoids in fresh leaves 
of marijuana, possible resin additives and/or longer 
administration time of the extract in the present study. On 
the other hand, increased lipid peroxidation was detected 
in brain and serum after treatment with tramadol, while 
the higher dose of the drug caused significant decrease in 
reduced glutathione. These findings are consistent with 
other studies in the rat [38,39]. 

Our present findings in addition indicate that the higher 
dose of cannabis resin was able to increase serum level of 
reduced glutathione by 46% relative to the vehicle control 
value. Several previous studies have shown increased 
brain reduced glutathione by cannabis administration in 
rodents. Cannabis has also been shown to increase brain 
catalase activity [40], superoxide dismutase activity and 
ascorbic acid content [41] in rat brain. Other researchers 
found no effect for THC on erythrocyte GSH, plasma catalase 
or superoxide dismutase in normal rats. In diabetic rats, 
however, treatment with THC increased erythrocyte GSH 
and plasma superoxide dismutase activity [34]. Cannabis 
thus exerts a complex action with both antioxidant and 
prooxidant effects being reported as mentioned above.

The free radical nitric oxide (NO) is a major neuronal 
messenger and controls vascular tone. Nitric oxide is 
produced by nitric oxide synthase (NOS) from L- arginine. 
Three distinct isoforms of NOS have been identified; 
neuronal NOS being the isoform mostly found in neuronal 
tissue, iNOS which is the isoform that is inducible in 
conditions such as ischaemia, hypoxia or toxaemia and 
eNOS found in vascular endothelial cells [42]. iNOS is most 
often associated with inflammatory conditions in which it 
is produced in large amounts by a variety of cells types of 
cells, such as macrophages, microglia, astrocytes. In brain 
tissue, the NO produced by the neuronal and inducible 
isoforms of NOS can be neurotoxic during hypoxia [43].  
In the present study, the administration of cannabis resin 
(20 mg/kg Δ9-THC) resulted in significant decrease in brain 
NO content.  Similar observations were reported in mice 
treated with only marijuana extract at 10, 15 or 20 mg/

Figure 5: Representative H  & E sections of cerebral cortex after treatment 
with: (A) Saline. (B) Cannabis 5 mg/kg. (C) Cannabis 10 mg/kg. (D) Canna-
bis 20 mg/kg. (E) Tramadol 5 mg/kg. (F) Tramadol 10 mg/kg. (G) Tramadol 
20 mg/kg. (H) Tramadol 10 mg/kg and cannabis 5 mg/kg. (I) Tramadol 10 

mg/kg and cannabis 10 mg/kg. (J) Tramadol 10 mg/kg and cannabis 20 mg/
kg (H & E X 400). Abbreviations: Normal neurons (N);  pyknotic nuclei (P); 
apoptotic cells (arrowhead); congested blood vessels (arrow); pericellular 

vacuoles (V); loss of nucleoli (red arrow).
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kg (expressed as Δ9-THC) for 18-30 days [16,44].  In rats, 
Vella et al. [35] noted that treatment with ∆9-THC (15 mg/
kg, i.p. for two months) induced a 24.6% decrease in serum 
nitric oxide. Marijuana extracts have also been shown to 
decrease nitric oxide production in brain after intrastriatal 
or systemic rotenone administration in mice [40,45]. 
Other studies reported increased nitric oxide level in sera 
of marijuana smokers [31]. In astrocyte culture, iNOS 
expression and increased nitric oxide production induced 
by bacterial lipopolysaccharide (LPS) or interleukin-1β was 
inhibited by synthetic CB1 agonists and by anandamide, an 
endogenous ligand for the CB1 recepor [46,47]. Similarly 
Δ9-THC or synthetic CB1 agonists inhibited iNOS expression 
and nitric oxide release by macrophags or brain microglia 
cells in response to bacterial LPS [48,49]. Inhibition of 
nitric oxide release might therefore underlie at least in 
part the ability of cannabinoids to protect neurons from 
excitotoxic injury [50]. In contrast to the effect of cannabis, 
the administration of tramadol at 20 mg/kg resulted in 
a significant increase in brain nitric oxide which is in 
agreement with other studies [51]. Treatment with both 
agents, however, resulted in lower brain content nitric 
oxide compared with the vehicle treated group, with this 
effect being more obvious in the group given high dose 
cannabis. 

The mitochondria are a major source of reactive oxygen 
metabolites in the cell and are also a site for free radical 
attack with consequent mitochondrial dysfunction [52]. 
The latter is thought to occur during aging and age-related 
neurodegenerative diseases and results in generation of 
increased amounts of reactive oxygen species [53]. The 
transcription factor, nuclear respiratory factor-2 (NRF-
2), also known as GA-binding protein, is required for the 
expression of a number of nuclear-encoded mitochondrial 
proteins required for mitochondrial respiratory function 
and oxidative phosphorylation and is thus essential for 
the control of mitochondrial biogensis and functions and 
synaptic transmission [54,55]. Its loss results in reduced 
mitochondrial mass, oxygen consumption decreased ATP 
production and mitochondrial protein synthesis [56]. In 
the current study, we showed that serum NRF-2 (though 
not brain NRF-2) significantly decreased by cannabis. 
Serum NRF2, also decreased by the higher dose of tramadol 
and by the combination of tramadol and 10-20 mg/kg-
cannabis. These findings suggest inhibition of NRF-2 by 
cannabis and/or tramadol which could have implications 
on mitochondrial biogenesis and activity.

Our histopathological study indicated neurotoxic 
effects for cannabis and tramadol. Sections from the 
cerebral cortex showed dose-dependent neuronal damage 
which was more marked in rats treated with tramadol or 
tramadol/20 mg/kg cannabis. These results are consistent 
with previously published data [17,38,39]. Rats given 
∆9-THC rich cannabis extracts exhibited dark neurons, 
decreased size of nuclei, brain cellular infiltration, gliosis 
and increased caspase-3 immunoreactivity, indicating 
increased apoptosis. These effects of cannabis were dose-
dependent [17]. Tramadol given at 30 mg/kg, orally for 
10 days resulted in neuronal degeneration in the form 
of neurons with acidophilic cytoplasm and dark nuclei 
in rat cerebral cortex [39]. Other researchers reported 
degeneration of pyramidal cells, shrunken neurons, 
cytoplasmic vacuolization and apoptosis (Bax expression) 
in rat cerebral cortex after tramadol administration (50 
mg/kg for 4 weeks) [51].  

Conclusions
In summary, the results of the present study indicate 

that cannabis exerts a complex action with both antioxidant 
and  prooxidant effects in contrast to tramadol which 
causes brain and systemic oxidative response. The study 
indicated neurotoxic effects for cannabis and tramadol.  
The repeated administration of either cannabis or tramadol 
was associated with the development of neuronal injury 
which was more marked with tramadol. 
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