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Abstract 

Methotrexate is effective for the treatment of a number of 
cancers including breast, lung, leukemia an osteosarcoma. 
This study was conducted to examine the possible 
modifying effects of Ginkgo biloba against hippocampal 
and brain toxicity induced by methotrexate in male albino 
rats. This could be fulfilled through the histological, 
immunohistochemically and biochemical analysis of 
hippocampal brain tissues. The experiments were 
performed on 36 male albino rats divided into 6 groups; the 
first and second groups were the control and Gingko groups 
respectively while the 3rd group methotrexate rat group; 
the 4th and the 5th groups were co- and post treated 
Methotrexate rat groups with Gingko respectively and the 
6th group was methotrexate self-treated rat group. In brain 
homogenates Malondialdehyde (MDA) levels in 
methotrexate group showed a significant increase when 
compared with control group, in contrast methotrexate-
treated group also exhibited a significant decrease in brain 
antioxidants machinery represented by catalase, reduced 
glutathione (GSH) and total proteins. The histological 
changes consisted of destruction of oligodendrocytes, 
sometimes complete over large areas, and sometimes 
relatively slight. All the rats which survived long enough 
after treatment showed severe astrocytosis. Rats' brains 
immunocytochemical results showed that GFAP-positive 
cells astrocytes increase after Exposure to (MTX) 
compared with the other groups. 
Keywords: Hippocampus, Gingko biloba, Rats, Brain, 
Methotrexate.  

1. Introduction 

Astrocytes have important functions in the 
development and metabolic regulation of nervous system 
functions (Clarke, 2013). Chemical or mechanical insults to  

 

the brain cause transient and/or permanent changes, and 
astrocytes respond by a variety of reactions, including 
changes in cell volume, proliferation, breakdown of the 
energy metabolism, increased synthesis of glial fibrillary 
acidic protein (GFAP) and vimentin, and glial scar 
formation (Lindsay, 1986).Excessive production of free 
radicals as a consequence of ischemia/ chemical injury and 
traumatic damage to the brain has been implicated in the 
destruction of neural cells in a wide variety of acute and 
chronic neurologic disorders, and may underlie the 
alteration in brain morphology and function (Jesberger et 
al., 1991). The brain is specifically susceptible to chemical 
toxicities. 

MTX is a mild immunosuppressant that also exhibits 
anti-inflammatory activity. It is commonly used for the 
treatment of certain cancers including but not limited to 
leukemia, Hodgkin's disease and head and neck cancers. In 
these illnesses, MTX is used in very large doses so that it 
interferes with the reproduction of the cancer cells. MTX  
is used in much smaller doses for the treatment of 
rheumatoid arthritis, Crohn’s disease and psoriasis(Gottlieb 

2008).The mechanisms of action of MTX are complex. 
Developed as a folic acid analogue, methotrexate inhibits 
purine and pyrimidine synthesis, which accounts for its 
efficacy in the therapy of cancer as well (Cronstein 2005) 

 Many studies have focused on the toxicities of 
MTX. Certain aspects of methotrexate toxicities are 
attributed to adenosine release (Cronstein ,2005). Exposure 
to (MTX) plays a critical role in neuronal death, which 
consequently induces apoptosis in central nervous system 
(CNS) neurons (Ida (Ki) Moore 2016), PC12 cells (Satoh et 
al., 1997; Aoshima et al., 1997), and oligodendrocytes 
(Richter-Landsberg et al., 1998). Although astrocytes have 
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a high capacity to tolerate cellular toxicity their vitality, 
metabolic processes and biosynthetic activities may be 
altered, which consequently trigger responses in neurons. 
Proteins, membrane lipids, nucleic acids, and components 
of the supporting extracellular matrix are the major targets 
for free radical attacks (Kasischke, 2004). 

MTX toxicity might interfere with the energy 
metabolism by directly damaging mitochondrial structure 
and function. Consequently, ATP-driven transport systems 
and ion pumps may be impaired, including Na1-K1- 
ATPase, Ca21-ATPase, and the Na1-Ca21 exchanger, 
which plays an important role in the regulation of 
intracellular Ca21 levels and has been identified in 
astrocytes (Takuma et al., 1994). This leads to a 
dysregulation of the control of ion and volume regulatory 
processes and of the osmotic balance in astrocytes, which 
causes astrocyte swelling, observed after traumatic stimuli 
by high dose of MTX and in many pathological conditions, 
e.g., ischemia, hypoxia, reoxygenation and toxicity 
(Kimelberg 1986; Kimelberg 1991). 

Herbal products account for a substantial portion of 
the current interest in alternative treatments and Ginkgo 
biloba (GB) figures prominently in this interest. Interest in 
GB. However, has a long history Fossil records place its 
origins 150 to 250 million years ago (Charm et al., 1997). 
Ginkgo (derived from the Chinese Yin-Kuo, meaning 
“silver apricot”) biloba (referring to its two-lobed, fan-
shaped leaves) is derived from the leaf of the Maidenhair 
tree, which is believed to live 2,000 to 4,000 years 
(DeFeudis 1991).  

Interest in the medicinal properties of GB can be 
traced back some 5,000 years to ancient China, where the 
healer Chen Noung (2767 to 2687 BC) described the 
medicinal properties of the plant in the first known 
pharmacopoeia. Called the Chen Noung Pen T’sao (Charm 

et al., 1997). Indications included ailments of the heart and 
lungs (Tousson et al., 2014) with the notation that inhaling 
its steam and imbibing its tea were palliative for both 
asthma and bronchitis (DeFeudis 1991). 

While firmly rooted in antiquity, GB is today the 
most frequently prescribed herbal preparation in Germany 
(Knipschild 1992) and one of the most commonly used 
over-the-counter (OTC) herbal preparations in the United 
States (Landes 1997). In 1964, a GB extract called EGb 
761 was developed by a German pharmaceutical company, 
and since that time hundreds of studies have examined 
ginkgo’s effects in human and animal models. The German 

Commission E (Blumenthal 1998) (equivalent to the US 
Food and Drug Administration for botanicals) has approved 
GB for symptomatic treatment of deficits in memory, 
concentration, and depression from organic brain disease. 

GB extract or one of its components has been 
extensively studied in terms of its effects on the cognitive, 
physiologic, and psychiatric sequelae associated with 
neurologic and vascular conditions. Specific functions and 
conditions include recall/ recognition memory, reaction 
time, attention, concentration, psychomotor function, 
fatigue, mood, outcomes, and information processing 

speed. GB has also been used experimentally in treating 
impairments and symptoms in Alzheimer’s and 

ageassociated Dementia, traumatic brain injury, stroke, 
multi-infarct dementia, cerebral atherosclerosisc, cerebral 
insufficiency, cerebral edema, inflammation, glutamate 
toxicity, necrosis, apoptosis, tinnitus, sexual dysfunction, 
and macular degeneration (Diamond 1999). Based on these 
evidences, this study was conducted to examine the 
possible modifying effects of GLE against hippocampal 
and brain toxicity induced by methotrexate in male albino 
rats.  

2 Experimental animals & study design 

2.1.  Animals 

The experiments were performed on 36 male albino 
rats Weighing 150 ± 10 g and of 9-10 week’s age. They 

were obtained from our laboratory farms, Zoology 
Department, Faculty of Science, Tanta University, Tanta, 
Egypt. The rats were kept in the laboratory for one week 
before the experimental work and maintained on a standard 
rodent diet (20% casein, 15% corn oil, 55% corn starch, 
5% salt mixture and 5% vitaminzed starch; Egyptian 
Company of Oils and Soap Kafr-Elzayat Egypt) and water 
available ad libitum. The experimental protocol was 
approved by Local Ethics Committee and Animals 
Research. 

2.2. Ginkgo biloba Extract (GLE) Preparation 

The extraction procedure for Ginkgo biloba leaves 
was carried out as reported by (Sener et al., 2006) 

2.3. Animal treatments 

The rats were randomly and equally divided into 
groups (6) animals each: 

G1: control group in which animals did not received 
any treatment; 

G2: Gingko biloba group in which animals received 
orally Gingko biloba extract (300 mg/kg BW/week) for 
four weeks according to Tousson et al.,(2014). 

G3: (methotrexate, MTX) rats group in which rats 
were injected intraperitoneally with MTX (0.5 mg/kg body 
weight/twice a week) for four weeks (Yozai et al., 2005). 

G4: co-treated group in which animals injected 
intraperitoneally with MTX (0.5 mg/kg body weight/twice 
a week) and also received orally Gingko biloba group (300 
mg/kg body weight/week) for four weeks; 

G5: post-treated group in which animals injected 
intraperitoneally with MTX administration (0.5 mg/kg 
body weight/twice a week) for four weeks and then treated 
orally with Gingko biloba extract (300 mg/kg body 
weight/week) for another four weeks; 

G6: self-treated rat group in which rats were 
injected intraperitoneally with MTX administration (0.5 
mg/kg body weight/twice a week) for four weeks and self-
treated without drugs for another four weeks. 
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2.4. Sample Preparation 

Animals were fasted overnight for clinical 
examination. After animals were sacrificed, the brain was 
instantly removed, washed three times in ice cold saline 
and blotted on filter paper, then used for preparation of 
tissue homogenates for estimation of tissue MDA, total 
protein, Reduced glutathione (GSH) and catalase enzymes. 

2.5. Preparation of tissue Homaogenates 

Tissue homogenates were prepared as reported by 
(Sakeran et al., 2014). Briefly, specimens were separated 
into two parts. Each piece was weighed and homogenized 
separately with a Potter Elvenhjem tissue homogenizer. 
The crude tissue homogenate was centrifuged at 11,739 
rcf, for 15 min in a cold centrifuge, and the resultant 
supernatant was used for the different estimations. 

2.6. Enzymatic and Non-enzymatic Antioxidant 
Assays 

Malondialdehyde (MDA) in brain was detected by 
the method of (Mesbah et al., 2004). The catalase (CAT) 
activity in brain was detected by the method of (Sakeran et 
al., 2014). Reduced glutathione (GSH) in brain was 
detected by the method of (Beutler et al., 1963). The total 
protein concentration in brain was detected by the method 
of (lowery et al., 1951) as modified by (Tsuyosh and James 
1978). 

2.7. Histopathological examination 

Immediately after decapitation animals were 
dissected, brain from different groups were quickly 
removed and fixed in 10 % neutral buffered formalin. 
After fixation, specimens were dehydrated in an ascending 
series of alcohol, cleared in two changes of xylene and 
embedded in molten paraffin (mp. 50–58°C). Sections of 5 
microns thickness were cut using rotary microtome and 
mounted on clean slides. Sections were stained with 
Ehrlich's haematoxylin and counterstained with eosin as a 
routine method after (Bancroft and Stevens 1990). All 
stained slides were viewed by using Olympus microscope 
and images were captured by a digital camera (Cannon 
620). 

2.8. Immunohistochemical detection of GFAP 
GFAP antibody stain: Cat. # MS280R7 

For expression of GFAP (clone: GA-5), formalin 
fixed midbrain sections were deparaffinized and 
rehydrated, slide incubated in Hydrogen Peroxide Block for 
10-15 minutes, washed 4 times in phosphate buffer, the 
slides incubated for 5 minutes at room temperature with 
Ultra V Block to block nonspecific background staining, 
the sections incubated 5-15 minutes with GFAB antibody 
(Thermo scientific, USA) ready to use stain, the slides 
counterstained with Hematoxylin and coversliped using a 
permanent mounting media, the prepared sections were 
examined by mean of a research microscope. 

 

 

 

3  Results 

1. Oxidative stress in different groups 

1.1. Lipid peroxidation (MDA) levels in Brain 

MDA levels in brain tissue of the studied groups are 
illustrated in (Figure 1) MDA level in brain tissue in MTX 
only group showed significant increased as compared to 
control and Gingko biloba groups. Also co-treatment and 
post treatment groups showed significant decrease as 
compared to MTX only group and significant increase as 
compared to control and Gingko biloba group. Gingko 
biloba group showed non-significant as compared to 
control group. In self treated MTX group showed 
significant increase compared to control and Gingko biloba 
groups, but self-treated MTX group were significantly 
increase when compared with co-treatment MTX group.  

 

Figure 1: Changes in MDA  (nmole/g tissue) levels in 
Brain tissue different groups under study. Where G1 
Control group; G2 Gingko biloba group; G3 MTX group; 
G4 Co-treated MTX group with Ginko biloba; G5 Post-
treated MTX group with Gingko biloba; G6 Self-treated 
MTX group. a Significantly different from control (G1) 
group. b Significantly different from MTX (G3) group. 

 

1.2. Catalase levels  

Catalase level in brain tissue of the studied groups 
are illustrated in (Figure 2) Catalase level in brain tissue in 
MTX only group showed significant decreased as 
compared to control and Gingko biloba groups. Also co-
treatment and post treatment groups showed significant 
increase as compared to MTX only group and significant 
decrease as compared to control and Gingko biloba group. 
Gingko biloba group showed non-significant as compared 
to control group. In self treated MTX group showed 
significant decrease compared to control and Gingko biloba 
groups, but self-treated MTX group were significantly 
decreased when compared with co-treatment MTX group. 
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Figure 2: Changes in Catalase (nmole/g tissue) levels in 
Brain tissue different groups under study. Where G1 
Control group; G2 Gingko biloba group; G3 MTX group; 
G4 Co-treated MTX group with Ginko biloba; G5 Post-
treated MTX group with Gingko biloba; G6 Self-treated 
MTX group. a Significantly different from control (G1) 
group. b Significantly different from MTX (G3) group. 

1.3. GSH levels in Brain 

GSH level in brain tissue of the studied groups are 
illustrated in (Figure 3) GSH level in brain tissue in MTX 
only group showed significant decreased as compared to 
control and Gingko biloba groups. Also co-treatment and 
post treatment groups showed significant increase as 
compared to MTX only group and significant decrease as 
compared to control and Gingko biloba group. Gingko 
biloba group showed non-significant as compared to 
control group. In self treated MTX group showed 
significant decrease compared to control and Gingko biloba 
groups, but self-treated MTX group were significantly 
decreased when compared with co-treatment MTX group. 

Figure 3: Changes in GSH (nmole/g tissue) levels in Brain 
tissue different groups under study. Where G1 Control 
group; G2 Gingko biloba group; G3 MTX group; G4 Co-
treated MTX group with Ginko biloba; G5 Post-treated 
MTX group with Gingko biloba; G6 Self-treated MTX 
group. a Significantly different from control (G1) group. b 
Significantly different from MTX (G3) group. 

 
 

1.4. Total protein levels in brain 

Total protein level in brain tissue of the studied 
groups are illustrated in (Figure 4) Total protein level in 
brain tissue in MTX only group showed significant 
decreased as compared to control and Gingko biloba 
groups. Also co-treatment and post treatment groups 
showed significant increase as compared to MTX only 
group and significant decrease as compared to control and 
Gingko biloba group. Gingko biloba group showed non-
significant as compared to control group. In self treated 
MTX group showed significant decrease compared to 
control and Gingko biloba groups, but self-treated MTX 
group were significantly decreased when compared with 
co-treatment MTX group. 

 
Figure 4: Changes in total protein  (g/tissue) levels in brain 
tissue different groups under study. Where G1 Control 
group; G2 Gingko biloba group; G3 MTX group; G4 Co-
treated MTX group with Ginko biloba; G5 Post-treated 
MTX group with Gingko biloba; G6 Self-treated MTX 
group. a Significantly different from control (G1) group. b 
Significantly different from MTX (G3) group. 

2. Histological observations  

Representative sections of H&E stain obtained from 
the hippocampus in different groups under study are shown 
at the light microscope levels in Figures (5-10). The 
hippocampus is a major component of the rat brains that 
lies beneath the cerebral cortex and it is characterized by a 
thin layer of densely packed pyramidal cells, enclosed by 
an outer plexiform layer and an inner polymorph layer. The 
hippocampus is divided into three main subdivisions, ie. 
CA1, CA2, and CA3. CA1 can be easily recognized in 
H&E-stained sections due to its layer of neatly aligned 
pyramidal cells. The CA2 and CA3 parts of the Ammon's 
horn are characterized by the presence of large pyramidal 
cells, forming a few closely-packed layers on the top of one 
another. No histological changes were observed in the 
CA1, CA2 and CA3 regions of hippocampus of control 
group (Fig. 5). The histopathological examination of rat 
brain that treated with methotrexate showed various 
histopathological changes, these alternations were 
increased with the treatment by the methotrexate (Fig. 7). 
This histopathological changes showed a large number of 
degenerating (i.e., shrunken, argyrophilic) neurons with 
reduction and distortion of the pyramidal cells were 
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observed in the hippocampus (Fig. 7) when compared with 
the hippocampus of control rat (Fig. 5). Hippocampus in 
MTX (Fig. 7) showed marked neurofibrillary degeneration 
damages neurons and marked neurofibrillary degeneration. 
Hippocampus in co-treated with GB (Fig. 8) showed mild 
damages neurons with clear oedema and moderate 
neurofibrillary degeneration damages neurons and these 
changes increased after long dose of methotrexate even if 
Post-treated with GB dose (Fig.10). 

 
Fig. 5: Photomicrograph of a rat brain coronal section 
(stained by HE) in control rat showing normal structure of 
hippocampus. 

 
Fig. 6: Photomicrograph of rat brain coronal section 
(stained by HE) in GB-treated rat showing normal structure 
of hippocampus. 

 
Fig. 7: Photomicrograph of  a rat brain coronal sections 
(stained by HE) in dose Methotrexate only treated rat 
showing marked diffuse vacuolar degeneration and 
damages neurons in hippocampus. 

 
Fig. 8: Photomicrographs of rat brain coronal sections 
(stained by HE) in dose methotrexate treated co-GB rat 
showing mild damage and distortion of the pyramidal cells 
in hippocampus. 

 
Fig. 9: Photomicrographs of rat brain coronal sections 
(stained by HE) in dose Methotraxate treated & post treated 
with GB rat showing marked damage and distortion of the 
pyramidal cells in hippocampus. 

 
Fig. 10: Photomicrographs of rat brain coronal sections 
(stained by HE) in dose Methotrexate treated self-recovery 
rat showing marked diffuse vacuolar degeneration and 
damages neurons in hippocampus. 
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3. Immunohistochemical results 

The detection and distribution of GFAP 
immunoreactivity in the brain sections in the different 
groups under study were revealed in Figs.11-16. 
Hippocampus microglia in control and Gingko biloba 
groups showed low positive affinity for GFAP (Figs. 
11 and 12), strong positive affinity for GFAP were 
observed in the microglia of the hippocampus Brain 
sections in Methotrexate rat group (Fig. 13), moderate 
positive affinity for GFAP in microglial cells in co-
treated Gingko biloba group were detected while the 
intensity of GFAP stain reaction were significantly 
increase in microglia in post- treated with Gingko 
biloba (Figs. 14 and 15), very strong positive affinity 
for GFAP in microglia in self-treated rat group (Fig 
16). 

The intensity of GFAP in microglia in 
methotrexate rat group was increased when compared 
with control rat group. The intensity of GFAP in 
microglia in treated rat group with methotrexate was 
increased when compared with co-treated and post-
treated rats with Gingko biloba groups. The intensity 
of GFAP were very strong affinity in microglia in 
self-treated group when compared with co-treated and 
post-treated rats with Gingko biloba groups. The 
intensity of GFAP in microglia in self-treated rats was 
increased when compared to methotrexate rat brains 
indicating a deterioration in the health of brain cells 
during the time period in which the drug stopped. 

 

 
 
Fig.11.Rat hippocampus section in control  rat showed low 
affinity reaction for GFAP in microglia (arrows). 

 
Fig.12.Rat hippocampus section in  GB groups showed low 
affinity reaction for GFAP in microglia (arrows) 

 
Fig.13. Rat hippocampus section  in methotrexate group 
showed very high affinity reaction for GFAP in microglia 
(arrows). 

 
Fig.14. Rat hippocampus section  in co-treated rat with 
Gingko biloba group showed moderate to high affinity 
reaction for GFAP in microglia (arrows). 
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Fig.15. Rat hippocampus section  in post-treated rat with 
Gingko biloba group showed moderate to high affinity 
reaction for GFAP in microglia( arrows). 
 

 
 
Fig.16. Self-treated group  showed very high affinity 
reaction for GFAP in microglia(arrows). 
 

4 Discussion 
 

The damage in the rat brains observed in the present 
work was confined to the white matter of the cerebrum and 
cerebellum. Control and GB groups did not show this 
astrocytosis, The mechanism of this astrocytosis is not 
clear, but it does not seem to be the usual repair process 
resulting from tissue damage as there is only slight fibre 
formation. If one accepts the unitary theory of neuroglia, it 
could be argued that these astrocytes were originally 
damaged oligodendrocytes.Apart from the cases in the last 
4 groups  which showed post mortem manifestations, there 
were no cases of encephalitis, haemorrhage, or other known 
causes of cerebral pathology execept MTX effect on 
astrocytes. 

There have been a number of reports of brain 
damage after methotrexate injection into the intraperitoneal 
pathways (Bresnan et al., 1992; Shapiro et al., 1993; 
Norrell et al., 1994 Wilson  et al., 1999). The drug has been 
given indirectly for brains, often intraventricularly and in 
many cases there has been obstruction in the ventricular 
system. The main histological changes seen were areas of 

coagulative necrosis in the white matter as in group 3, in 
this group the damage was severe, but it was also present in 
the white matter of the cerebellum. Rubin et al., (1998) 
have shown that in dogs, tritiated methotrexate diffuses 
through the brain in a similar manner to inulin, and that in 
vitro it can enter the choroid plexus against the 
concentration gradient. Although the damage may be dose-
dependent, it is suggested that it spreads diffusely 
throughout the nervous tissue even when given 
intraperitoneally. In fact, if it did not do so, it would be 
ineffective as foci of perivascular malignancy deep in the 
brain are often seen post mortem effects. Kay et al. (1992) 
described seven cases of encephalopathy after 
intraperitoneal methotrexate presenting mainly as 
confusion, dementia, and unsteadiness with EEG changes. 
Except co GB gp all MTX groups was examined 
histologically and showed lesions described as infarcts, and 
fibrinoid necrosis of blood vessel walls do not say whether 
there were fat granule cells or myelin breakdown. These 
lesions may be of a similar nature to those seen in the last 4 
groups. 

Brain damage after intraperitoneal methotrexate 
includes fibrinoid necrosis and it seems that methotrexate 
itself has a direct toxic effect on the oligodendrocyte. This 
cell does have a rather different metabolic make-up to the 
neuron which is unaffected. Toxicity is dependent largely 
on the pentose shunt for its energy and is low in Krebs 
cycle enzymes and cytochrome oxidase (Meyer and Meyer, 
1994). This does not, however, explain why it should be 
more sensitive to folate antagonists. It is possible that 
methotrexate remains bound to the cell, inhibiting further 
nucleic acid synthesis (Berlin et al., 1993). 

Intraperitoneal methotrexate may have two possible 
sequelae. One is severe brain damage, possibly fatal. If this 
occurs after a normal single course of treatment, it must be 
assumed that the rat has some metabolic abnormality which 
makes him unduly sensitive to folate deficiency.The second 
probably occurs in most cases and consists of patchy 
oligodendroglial loss with severe consecutive astrocytosis. 
This has no obvious clinical expression, could be 
considered irrelevant. However, some of children and 
young adults who are surviving MTX long periods in few 
doses and are possibly cured, therefore any brain damage is 
undesirable (Roger J. Packer 1987)  

Astrocytes, the predominant cell type of the nervous 
system, have important neuroregulatory functions that 
include regulation of neuron communication, 
neurosecretion, metabolism and synaptic plasticity (Mahesh 
et al., 2006). In addition, astrocytes respond to chemical 
drugs such as MTX with a graded cellular activation in 
relation to severity of injury, referred to as reactive gliosis. 
They make essential contributions to many homeostatic 
functions that could directly influence neuronal survival, 
tissue integrity and functional outcome after MTX (Floyd 
and Lyeth, 2007). 

In this study, higher basal expression of GFAP in 
hippocampus was observed in MTX-rat groups as 
compared to 1st two groups. Methotrexate injection increase 
in basal expression of GFAP and protein levels has been 
observed in MTX-rats (Yoshida et al., 1996). The increase 
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in GFAP expression has been shown to roughly parallel an 
increase in the number of reactive astrocytes of rats 
injected with MTX (Goss et al., 1991). MTX increases 
GFAP or protein in extracts of the whole hippocampus 
have been attributed to more GFAP molecules per cell 
(Major et al., 1997), likely due to morphological changes 
associated with activation. In accord with that observation, 
the injured hippocampus shows an altered astrocyte 
phenotype with hypertrophic soma and thickening of the 
processes. Astrocyte hyperplasia and hypertrophy has been 
observed in several areas of the MTX-rat brains 
accompanied by an elevated content of GFAP (Francesco 
Amenta, 1998), which is associated with a reduction in 
neuroprotective capacity (Pertusa et al., 2007). 

Oxidative stress describes a condition in which 
cellularAntioxidant defenses are insufficient to keep the 
levels of antioxidant enzymes below a toxic threshold 
(Rajamani et al. 2006).The current investigation has shown 
that 4-weeks injection of MTX leads to folate deficiency 
rats might result in variable oxidative stress changes in all 
the brain regions. Brain is more vulnerable to oxidative 
damage due to  its high oxygen consumption and due to the 
presence of high levels of polyunsaturated fatty acids 
(Floyd and Carney, 1992). Moreover, the condition could 
also be associated with the abundance of redox active 
transition metal ions, and the relative dearth of antioxidant 
defense system (Samuel et al., 2005). It is well known that 
the nervous system is highly susceptibile for Chemical 
drugs intoxication (Wallace et al., 1997; Sadun, 1998). The 
GSH, catalase, TP levels has been found to be decreased 
while MDA levels increased in all the regions of brain 
studied, after MTX injection. 

The present results showed that GB ameliorated 
MTX toxicity. Several studies tried to find out whether the 
neuroprotective effect of GB extract against various types 
of Brain injury which  results in an improved neurological 
outcome. In most cases, changes in behavior, learning and 
memory ability under normal conditions as well as after 
injury were measured by passive avoidance tests (Hoyer 
1999). In MTX rats, impaired cell behavior was 
significantly slowed down by co-GB treatment which 
showed mild damages neurons with clear oedema and 
moderate neurofibrillary degeneration damages neuron. 
Moreover, GB-treatment  caused  a decrease od MDA and 
improved the antioxidant enzymes. It is concluded from 
this work that injection of MTX caused increased 
production of free radicals and GB act as antioxidant 
compound against toxicity of MTX. 
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