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Abstract: 

    The aim of this study was to investigate the status of antioxidant glutathione 

peroxidase (GSH-Px) during oxidative stress in blood serum of rats subjected to 

oral methotrexate administration at a dose 10 mg/kg B.W  and administrated 

antioxidant therapy (vit A and glutamine) to reduced or ameliorate such stress. 

A total of thirty six, male Sprague-Dawley rats weighing (250 – 300) g  divided 

equally into six groups. The first group, control, were fed only standard rat chow 

as their diet and water ad libitum. The second group administered orally a single 

dose of methotrexate at a dose of 10 mg/kg B.W. The third group, given a single 

dose of methotrexate 10 mg/kg B.W
 
+  Vit-A (5000 IU/kg B.W)

 
orally by 

stomach tube, twice daily. The fourth group, given a single dose of methotrexate 

10 mg/kg B.W
 
+   Glutamine (500 mg/kg B.W), twice daily dosing. fifth group, 

given vit-A at dose 5000 IU/kg B.W orally, twice daily. Sixth group, given 

glutamate at dose 500 mg/BW orally, twice daily, all this dosing continue for 8 

days. At the end from all animal, draw blood from heart by syring to obtained 

serum to determine its level  then sacrificed and take section from liver for 

histopathology resulted in. 

    It was found that methotrexate caused a signifcant increase in GSH levels (an 

important marker of lipid peroxidation) when compared with the control group 

while the level GSH were signifcantly decreased in the methotrexate + vitamin 

A group, methotrexate+ glutamine group, vitamin A group and glutamine group. 

The results indicate that methotrexate cause oxidative stress by reducing the 

activities and consequently the effectiveness of the antioxidant enzyme defense 

system. while the antioxidant  therapy reducing of oxidative stress. 

Histopathological examination observed was normal in methotrexate treated rats 

and MTX with glutamine and vitmine A . but showed hydrodegenerate in 

treated groups of MTX+vit A  while the glutamine treated group showed  a 

necrosis and amyliod  change.  

Key ward: methotrexate; oxidative stress; Antioxidant enzymes. 
 

 معاكسج الميثوحركسيج فيوالكلوحاميه(  A فيخاميه دور المضاداث الأكسذة )

 بالجرران المحذد سميت الكبذ
 

 سؼذٚح صانر يٓذ٘ صُٚٙ
 

 فشع الأدٔٚح ٔانسًٕو, خايؼح انكٕفح, طة تٛطش٘
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 :الخلاصت

يصم دو  الاكسذج فٙ( خلال أخٓاد GSHيضاداخ الأكسذج ) ٍ ْزِ انذساسح نهرسقٛق زانحكاٌ انٓذف ي    

ٔانًرؼشضح نهؼلاج تانًضاداخ نلأكسذج  ًٛثٕذشٚكساخ ػٍ طشٚق انفىًرؼشضح نهؼلاج تانان اندشراٌ

يٍ انزكٕس سثشاؽ  36 الاكسذج. اسرخذيد يدًٕػح اخٓاد قهٛم أ ذسسٍٛٔ انكهٕذايٍٛ( نر A)فٛرايٍٛ 

 الأنًٕٗػح ؿزٚد انًد تانرسأ٘. ( يقسًح إنٗ سد يدًٕػاخ250 -300دأنٙ اندشراٌ ٔصَٓا )

ٔازذج  يشج ػٍ طشٚق انفىثاَٛح انطؼاو اندشراٌ ٔانًٛاِ. خشػد انًدًٕػح انتؿزائٙ ُٔظاو , تج()انسٛطش

خشػح ٔازذج يٍ  انًدًٕػح انثانثح, خشػدٔصٌ اندسى.  كـىيهؾ / 10تدشػح  يٛثٕذشكسٛديٍ 

ا ػٍ طشٚق أَثٕب ٔزذج دٔنٛح( فًٕٚ 5000فٛرايٍٛ ) Aٔصٌ اندسى +  كـىيهؾ / 10انًٛثٕذشٚكسٛد 

ٔصٌ اندسى كـى يهؾ/ 10يشج ٔازذج يٍ انًٛثٕذشٚكسٛد  انًدًٕػح انشاتؼح, انًؼذج , يشذٍٛ ٕٚيٛا. اػطٛد

تدشػح   Aٔصٌ اندسى يشذٍٛ ٕٚيٛا. أػطٛد انًدًٕػح انخايسح فٛرايٍٛ  كـىيهؾ / 500+ انكهٕذايٍٛ 

5000/IU ٕػح انسادسح انكهٕذايٍٛ تدشػح , يشذٍٛ ٕٚيٛا ػٍ طشٚق انفى. أػطٛد انًدً ٔصٌ اندسى

ٔفٙ  أٚاو. 8نفرشج  اسرًش انردشٚغ , يشذٍٛ ٕٚيٛا , ٔخًٛغ ْزِ انًدًٕػاخٔصٌ اندسى كـىيهؾ / 500

انُٓاٚح سسثد يٍ كم انسٕٛاَاخ دو يٍ انقهة تٕاسطح سشَح نهسصٕل ػهٗ يصم نرسذٚذ يسرٕٖ 

 انُسٛدٙنهفسص  انكهٕذٕثإٌٚ ثى ششزد ٔاخز يقطغ يٍ انكثذ

( اكسذج انذٌْٕ)ػلايح ْايح يٍ  GSHذ أَّ ذسثة انًٛثٕذشكساخ صٚادج يؼُٕٚح  فٙ يسرٕٚاخ ٔخ

فٙ  يدًٕػح انًٛثٕذشٚكسٛد+  GSHفٙ يسرٕٖ  يؼُٕٚا تًُٛا اَخفض تانًقاسَح يغ يدًٕػح انسٛطشج

 ٔانًدًٕػح انكهٕذايٍٛ. ٔذشٛش A, يدًٕػح يٛثٕذشٚكساخ +انكهٕذايٍٛ , يدًٕػح فٛرايٍٛ Aفٛرايٍٛ 

انُرائح إنٗ أٌ رنك انًٛثٕذشٚكسٛد ٚؤد٘ انٗ صٚادج اَضًٚاخ اخٓاد الاكسذج فٙ انكثذ ٔتانرانٙ ػٍ طشٚق 

َظاو انذفاع انًضاداخ نلأكسذج انسذ يٍ فؼانٛح الأَشطح الاَضٚى. فٙ زٍٛ أٌ انًؼاندح انًضادج نلأكسذج 

 . يٍ الاكسذج زذخ

كزنك  نًدًٕػح انرٙ ػٕندد تانًٛثٕذشكسٛد فقط ٔنهكثذ كاٌ طثٛؼٙ فٙ ا فٙ انفسص انُسٛدٙ لازظ    

 MTX+vitٔانكهٕذايٍٛ ٔنكٍ ظٓش ذسهم انذُْٙ فٙ يدًٕػح  Aفٙ انًدايٛغ انرٙ ػٕندد يغ فٛرايٍٛ 

A .ٔكزنك ظٓش انرُخش ٔاسذشاذ انثشٔذُٛاخ تٍٛ خلاٚا انكثذ فٙ انًدًٕػح انرٙ ػٕندد تانكهٕذايٍٛ فقط 

  

Introduction: 

    Methotrexate (MTX), as a 

competitive folic acid antagonist. It 

is an antimetabolite. Its affinity for 

dihydrofolate  reductase  is about 10
5
 

times higher  than  that  for  its 

physiological substrate  dihydrofolic  

acid  By  inhibiting  formation  of  

the  product  tetrahydrofolic acid it 

disrupts synthesis of thymidine and 

nucleotides purines. It is currently 

the most common anti-rheumatic 

drug prescribed for the treatment of 

rheumatoid arthritis and other 

rheumatic disorders(1).  Recently, 

MTX earned a new indication with 

its efficacy in the treatment of 

refractory inflammatory bowel  

 

disease (2). However, the efficacy of 

this drug is often limited by severe 

side effects and toxic sequelae. Since 

the cytotoxic effect of MTX is not 

selective for cancer cells, it also 

affects the normal tissues that have a 

high rate of proliferation, including 

the hematopoietic cells of the bone 

marrow and the actively dividing 

cells of the gut mucosa. (3) 

Methotrexate has also been used in 

the treatment of psoriasis, a non-

neoplastic disease of the skin 

characterized by rapid proliferation 

of epidermal cells, as well as in 

allogenic bone marrow and organ 

transplantation.(4)  



Kufa Journal For Veterinary Medical Sciences                Vol. (3)              No. (1)              2012 

 

 115 

    Oxidative stress is more and more 

recognized by the scientific 

community to be an important factor 

in the genesis of chronic diseases, 

cancers, cardiovascular diseases and 

aging (5). represents an imbalance 

between the production and 

manifestation of reactive oxygen 

species (ROS) and a biological 

system's ability to readily detoxify 

the reactive intermediates or to 

repair the resulting damage. 

Disturbances in the normal redox 

state of tissues can cause toxic 

effects through the production of 

peroxides and free radicals that 

damage all components of the cell, 

including proteins, lipids, and DNA. 

Some reactive oxidative species can 

even act as messengers through a 

phenomenon called redox 

signaling.(6) Oxidative stress
 

has 

emerged as a key player in the 

pathogenesis of MTX-induced 

hepatotoxicity.
 

The increased 

generation
 

of reactive oxygen and 

nitrogen species, together with the 

decreased
 

antioxidant defense, 

promotes the development and 

progression
 

of hepatotoxicity. 

Furthermore, it has been found that 

MTX increases the number of Ito 

cells(fat-storing, vitamin A-

containing stellets cells). Ito cells 

can be transformed in to 

myofibroblasts, capable of secreting 

collagen. This collagenisation 

consequently leads  to liver fibrosis. 

(7) 

    Biological oxidative stress of free 

radicals is controlled by endogenous 

antioxidants including the scavenger 

enzymes superoxide dismutase 

(SOD) glutathione peroxidase (GSH-

Px) and catalase (CAT) and by 

exogenous dietary antioxidants 

vitamin E, C carotenoids and 

flavonoids
 
. Briefly, antioxidants are 

potent scavengers of free radicals 

and serve as inhibitors of neoplastic 

processes.(8) The organism exerts 

several defense mechanisms against 

free radicals. The anti-radical 

defense system comprises 

endogenous anti-oxidants 

(synthesised by the organism) and 

exogenous anti-oxidants (external 

supply). There are two classes of 

antioxidants, “scavenger” 

antioxidants trap-ping ROS (reactive 

oxygen species) and “preventive” 

antioxidants. Preventive antioxidants 

inhibit the synthesis of ROS (9). 

Taking these supplements 

antioxidant may support or 

otherwise help these medication 

work better and may help reduce the 

likelihood and/or severity of a 

potential side effect caused by the 

medication.(10).  

The aim  of this
 

study was to 

investigate the role of vit-A and 

glutamine, antioxidant, on 

methotrexate-induced
 
liver oxidative 

stress in rats.  

 

Material and Method: 

Animal 

    Male Sprague-Dawley rats 

weighing (250 – 300) g  were used 

throughout the experiments. The 

animals were placed  in Kufa 

Medical College's animal house. The 

rats were maintained in cages in the 

http://en.wikipedia.org/wiki/Reactive_oxygen_species
http://en.wikipedia.org/wiki/Reactive_oxygen_species
http://en.wikipedia.org/wiki/Peroxide
http://en.wikipedia.org/wiki/Free_radical
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Lipid
http://en.wikipedia.org/wiki/DNA


Kufa Journal For Veterinary Medical Sciences                Vol. (3)              No. (1)              2012 

 

 116 

animal care facility, subjected to 

alternate 12-hour periods of dark and 

light and  were allowed ad libitum 

intake of chow and water. 

Chemicals and drugs 

    Methotrexate 2.5 mg/BW the 

manufacturer by Austrialia, 

Vitamine A 50000 IU  manufacture 

by Egypt  and glutamine 500mg 

manufacture by Holland were 

purchased from a local pharmacies , 

corn oil and ether.    

Animal group  

    Thirty six adult male rats were
 

equally divided into six experimental 

groups as follows:  

Group 1: ( control group 6 animals ) 

: were given diet and tap water, add 

libitum and served as control .  

 Group 2: (methotrexate-treated 

group 6 animals) were given a single 

dose of  methotrexate at dose 10 

mg/BW orally by stomach tube, 

daily for period 8 days  

Group 3: (methotrexate - vit A 

treated group, 6 animals) , were 

given a single dose of methotrexate 

10 mg/BW
 
+  Vit-A (5000 IU)

 
orally 

by stomach tube, twice daily for 

period 8 days . 

Group 4: (methotrexate- glutamine 

treated group, 6 animals ) were given 

a single dose of methotrexate 10 

mg/BW
 
+   Glutamine (500 mg/BW) 

orally by stomach tube, twice daily 

dosing for period 8 days.  

Group 5:( vitamin A group, 6 

animals)  were given vit-A at dose 

5000IU/BW orally, twice daily for 

period 8 days. 

Group 6: ( glutamine group, 6 

animals) were given glutamate at 

dose 500mg/BW orally, twice daily 

for period 8 days. 

At the end of the experiment, all rats 

were anesthetized using ether and 

drawed blood  4ml from heart using 

a 23-gauge needle syringe. The 

blood placed in centrifuge 

3000/minute for 10 minutes to obtain 

serum for analyzing Oxidation 

parameters including serum GSH. 

Measurement of oxidative stress. 

 Determination of Total 

Glutathione in serum(Mmol/L).  
A) Principle: 

5, 5-Dithiobis (2-nitrobenzoic acid) 

(DTNB) is a disulfide chromogen 

that is readily reduced by sulfhydryl 

group of GSH to an intensely yellow 

compound. The absorbance of the 

reduced chromogen is measured at 

412 nm and is directly proportional 

to the GSH concentration
(108)

: 

B) Reagents: 

  1.  4 %  5-sulfosalicylic acid. 

2.  0.1 mM Ellman’s reagent was 

prepared from DTNB (5-5-dithiobis 

(2-nitrobenzoic acid) ; M.Wt = 396.3 

gm/mole) in phosphate buffer pH 8. 

3.  Phosphate buffer pH 8 (this 

solution was prepared by a mixture 

of 0.6 M KH2PO4, and 0.8M 

Na2HPO4).  
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C) Procedure: 

Two sets of tubes were 

 

 

 

 

 

 

 

 

 

prepared as follow: 

All tubes were mixed, and the 

absorbance of sample was read at 

412 nm by using spectrophotometer 

instrument. 

 

 

 

 

 D) Calculation: 

      The concentration of glutathione 

is calculated by using the following 

equation: 

 

 

 

                                                                                            A of sample 

                                   The concentration of GSH    =   

                                                             ε  x  L 

 

Where: 

 ε = Extinction coefficient (13600 M
-1

 cm
-1

), L = Light path (cm). 

 

Histopathological preparation : 

    Section from different groups 

were prepared by routine techniques 

. the section of liver were fixed in 

neutral buffered formalin (10%).  5-

6µm sections were stained by H&E 

(hemotoxylin and eosin stains),  

change in liver tissue were 

diagnosed through examination of 

section by light microscope. 

 

 

Statistic analysis 

   Results were expressed as mean ± 

SD (standard deviation). Using  

ANOVA- one way, the level of 

statistical significance was set at 

P<0.05.  

 

 Result: 

    Table showed the result 

concentration of reduced glutathione 

in the serum of different 

experimental groups.

 

 

 

 

Reagent Sample Blank 

Sample 150 µl - 

4% 5-sulfosalicylic acid 150 µl 150 µl 

sample test tube was mixed, and centrifuged at 450 X g at 4°C for (5) 

minutes, then: 

Supernatant 150 µl - 

Ellman’s Reagent 4.5 ml 4.5 ml 
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Table –reduce GSH (mimole) in serum of different experimental groups 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

Result represent mean ± S.E  

Different capital letter due to significant difference at level P-value <0.05 

  

    Administration methotrexate 

alone caused increased in GSH 

levels (B) compared with control 

group (A) (P <
 
0.05 ), while GSH 

level in glutamine-methotrexate and 

vit-A- methotrexate groups
 
caused a 

significant decrease in GSH levels in 

their serum when
 

compared with 

methotrexate alone group. While the 

administration  glutamine and 

vitamin A treatment alone (C) cause  

significant decrease P<0.05 in GSH 

level comported with control group.  

    Light Microscopic Evaluations In 

the livers of rats from the control and  

methotrexate treated rats and MTX 

with glutamine and vitmine A and 

vit A hepatocytes showed a normal 

histological appearance (Figure 1). 

but showed hydrodegenerate in 

treated groups of MTX+vit A 

(Figure 2).  while the glutamine 

treated group showed  a necrosis and 

amyliod appearance (figure 3&4).

      

 

 

 

 

 

 

Group  

n-6 

GSH 

Control    252.5 ± 4.08     A 

Methotrexate 336.5 ± 5.9       B 

Methotrexate + Vit A 

 

240 ± 1.7        A 

Methotrexate + glutamine 

 

224.5 ± 2.02    A 

Vit A   150 ± 3.4         C 

Glutamine  157.5 ± 10.7     C 



Kufa Journal For Veterinary Medical Sciences                Vol. (3)              No. (1)              2012 

 

 119 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.—Normal histological appearance of liver in control group and no 

change in liver of treated groups with  methotrexate , MTX+glutamine and 

vit A(H&E stain, 40x). 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

Figeure 2-The appearance of hydrodegenerate in hepatocyte in MTX+vit A  

group (H&E stain, 40x) 
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Figure 3-  The appearance of   necrosis of  hepatocyle  in   Glutamine   

group (H&E stain, 40x) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4- The appearance of amyloid in glutamine group (H&E stain, 40x) 
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    It is now known the cause for the 

destruction of the myelin in the 

lesions is overactivation of the 

microglia in the region of the 

myelin. An enzyme that converts 

glutamine to glutamate called 

glutaminase increases tremendously, 

thereby greatly increasing 

excitotoxicity. Mercury also 

activates microglia, even in subtoxic 

doses. (note to self: microglia 

destroys the myelin) Any dietary 

excitotoxin can activate the 

microglia, thereby greatly 

aggravating the injury.  

 

Discussion: 

     In the present study, 

methotrexate-treated rats had a 

significantly increased level of GSH 

when compared to a control group of 

rats. Similar results were reported by  

(11) how found that MTX 

administration caused oxidative 

stress and signifcantly reduced 

antioxidant enzymes such as 

superoxide dismutase, catalase and 

glutathione peroxidase in liver, 

intestinal mucosa and spinal cord 

tissues of rats. 

     Rats treated with vitamin A and 

methotrexate had a significantly 

reduced level of GSH  when 

compared to rats treated with 

methotrexate alone, demonstrating 

the protective effect of vitamin A. 

Similar results were reported by (12)
  

who observed that intake of vitamin 

A reduced oxidant in rat 

hepatocytes. Antioxidants inhibit the 

synthesis of reactive oxygen species 

(ROS) and the same result reported  

by (13) who showed that vitamin A,  

interact with singlet oxygen and can 

thus prevent the oxidation of 

polyunsaturated fatty acids.      

     Rats treated with glutamine and 

methotrexate had a significantly 

reduced level of GSH  when 

compared to rats treated with 

methotrexate alone. Similar results 

were reported by ( 14) who 

described the benefits of  use 

glutamine enriched diet in rats 

receiving methotrexate (MTX) with  

i.v  in causing enhancement of  the 

ability of methotrexate to kill tumor 

cells, while decreasing methotrexate 

toxicity.      

    Rats treated with glutamine alone 

and the rats treated with  vit A alone  

had a significantly reduced level of 

GSH comported with control group 

Similar results were reported by  

(15) who observed   that conjugated 

double-bonds of β-carotene 

(precursor of vit A) are able to open 

and scavenge singlet molecular 

oxygen and peroxyl radicals. 

Glutathione is an intracellular 

antioxidant and a co-enzyme of 

GSH-Px. Glutamine and cysteine are 

precursors of the antioxidant GSH. 

     It seem methotrexate
  

leads to a 

reduction in antioxidant enzymatic 

defense capacity
 

and causes lipid 

peroxidation in liver tissue while, 

Vit A and glutamine exhibits 

protective effects on methotrexate-

induced liver oxidative impairment 

in rats, since vit A and glutamine 

administrated  alone  lead to 

reduction in GSH level comported 

with control group similar result in 

http://www.medhelp.org/posts/Neurology/can-aspartame-damage-myelin/show/472243
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reported by (16) who showed 

recently, glutamine has been 

demonstrated to protect against 

ischemia-reperfusion (I/R) injury of 

gut, heart and skeletal muscle and its 

possible mechanism of action is 

partially related to the preservation 

of the content of glutathione (GSH). 

   The sections of liver of treated 

groups with  methotrexate , MTX 

+vit A , MTX + glutamine and vit A 

normal histological appearance 

compared with control group (figure 

1), but showed hydrodegenerate in 

treated groups of MTX+vit A (figure 

2) similar results were reported by  

(17). It is known that oxidative stress 

plays a role in the tissue damage 

caused by MTX. It is demonstrated 

that the cytosolic nicotinamide 

adenosine diphosphate (NADP) 

dependent dehydrogenases and 

NADP malic enzyme are inhibited 

by MTX, suggesting that the drug 

could decrease the availability of 

NADPH (nicotinamide adenosine 

diphosphate hydrogen) in cells. 

While the glutamine treated group 

showed  a necrosis and amyliod 

appearance (figure 3&4) similar 

results were reported by (18) he 

showed, oxidative damage of 

proteins results in chemical 

modification of a variety of amino 

acid residues. Protein carbonyls 

formed by oxidation of arginine, 

lysine, threonine or proline residues 

are often employed as a marker of 

protein oxidation. 
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