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Abstract  Methotrexate (MTX) is used as a chemotherapeutic agent used to treat many cancer types. The present 
study aimed to examine the possible modifying effects of l-carnitine against hepatic and renal toxicity induced by 
MTX in rats. A total 60 male albino rats were equally divided into six groups; the first and second groups were the 
control and l-carnitine groups respectively while the 3rd group was MTX rat group; the 4th and 5th groups were co- 
and post treated MTX rat with l-carnitine respectively and the 6th group was MTX self treated rat group. A 
significant increase in serum ALT, AST, urea, creatinine, uric acids and MDA levels and significant decrease GSH, 
catalase and total protein in MTX and self healing groups when compared with control and l-carnitine groups. In 
contrast, MTX-treated with l-carnitine exhibited a significant decrease in serum ALT, AST, urea, creatinine, uric 
acids and MDA levels and significant increase GSH, catalase and when compared with total protein in MTX and 
self healing groups. Histopathological results supported the biochemical results and the ameliorating effect of l-
carnitine on liver and kidney toxicities. L-carnitine possessed various protective mechanisms against MTX-induced 
liver and kidney toxicity throughout co- and post treatment. We can conclude that treatment with l-carnitine during 
the MTX chemotherapy has beneficial properties and can reduce the liver and kidney toxicity induced by MTX. 
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1. Introduction 
Chemotherapy involves the use of chemical agents to 

stop the growth and eliminate cancer cells even at distant 
sites from the origin of primary tumor. However, it does 
not distinguish between a cancer and normal cells, and 
eliminates not only the fast-growing cancer cells but also 
other fast-growing cells in the body, including, hair and 
blood cells. Methotrexate (MTX, 4-amino-N10-methyl 
folic acid), a folic acid dihydrofolate reductase inhibitor, 
affects primarily the tissues that are growing most rapidly. 
Toxicity studies with methotrexate highlight the role of 
oxidative stress in causing toxicity on the liver, kidney, 
heart and other organs [1,2].  

The most serious side effect of MTX therapy is hepatic 
toxicity [3]. Hersh et al. [4] reported that mild hepatitis, 
cholestasis, fatty changes, fibrosis and cirrhosis, in 
patients receiving MTX for malignant disorders. Penalva 
Polo et al. [5] reported that; acute liver failure in a patient 
with methotrexate therapy. Gong and Gluud [6] state that 
the methotrexate increased mortality in patients with 
primary biliary cirrhosis.  

Methotrexate was first used, in high doses, to treat 
cancer but experience over thirty years has shown that 
methotrexate at much lower doses is helpful in the 

treatment of a number of joint, skin and bowel conditions. 
Methotrexate is a well established effective treatment for 
several different types of rheumatic diseases (for example, 
rheumatoid arthritis, psoriatic arthritis, juvenile idiopathic 
arthritis), severe psoriasis and for bowel diseases (such as 
Crohn’s disease). It is also used in some other conditions 
where the body’s natural defence system is overactive. 
With the widespread use of MTX, although hepatic and 
renal toxicity (grade 3-4) is one of the important potential 
major side effect [2,7,8,9,10]. Levels of both enzymatic 
and nonenzymatic antioxidants are inhibited and the levels 
of oxidants increase in the liver, kidney and gut tissues of 
laboratory animals given methotrexate [10,14]. 
Methotrexate enters the cell via active transport across the 
reduced folate carrier and is effluxes from the cell by 
several of the ATP-binding cassette transporters [1,2]. 

L-Carnitine (LC) is a small water-soluble molecule 
which plays an important role in fat metabolism. It is 
essential for the normal mitochondrial oxidation of fatty 
acids and excretion of acyl-coenzyme A (acyl-CoA) esters 
and affects adenosine triphosphate levels [15]. L-Carnitine 
has antioxidant activity that combines both free radical 
scavenging and metal-chelating properties [16,17,18]. L-
Carnitine has free radical–scavenging activity and ability 
to scavenge superoxide anion and inhibit lipid 
peroxidation, thereby conferring protection against 
damage induced by hydrogen peroxide [19]. Human 
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embryos generated from IVF exhibit varying degrees of 
cytoplasmic fragmentation indicative of apoptosis [20]. 
Stabilization of the mitochondrial membrane leads to 
increase in the supply of energy to the organelle and 
protect the cell from apoptotic death.  

L-carnitine is absorbed from foods via both active and 
passive transport across enterocyte (intestinal cell) 
membranes [21]. Carnitine that not obtained from food is 
synthesized endogenously from two essential amino acids, 
lysine and methionine. This occurs in kidney, liver and 
brain [22,23]. Administration of l-carnitine is an accepted 
treatment for mitochondrial myopathy and 
encephalomyopathy, as well as other states of primary and 
secondary l-carnitine deficiency [24]. Recently, l-carnitine 
has been proposed as a potential adjuvant treatment to 
improve anemia, thrombocytopenia, leukopenia and 
immunological function [1,25,26]. Based on these 
evidences, the present study was conducted to examine the 
possible modifying effects of l-carnitine against hepatic 
and renal toxicity induced by methotrexate in male rats. 
This could be fulfilled through the histological, 
immunohistochemical and biochemical analysis of liver 
and kidney tissues. 

2. Materials and Methods 

2.1. Animals 
The experiments were performed on 60 male albino rats 

(Rattus norvigicus) weighting 140-150 g and of 9-10 
week’s age. 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 temperature in the 
animal room was maintained at 23±2°C with a relative 
humidity of 55±5%. Light was on a 12:12 hr light -dark 
cycle. The experimental protocol was approved by Local 
Ethics Committee and Animals Research.  

2.2. Animal Treatments 
The rats were randomly and equally divided into six 

groups (10 animals each). 
G1: Control group in which animals did not received 

any treatment. 
G2: L-carnitine or positive control group in which 

animals received orally l-carnitine (300 mg/Kg body 
weight/ week) for four weeks according to Salama et al. 
[18]. 

G3: Methotrexate (MTX) rats group in which rats were 
injected intraperitoneally with MTX administration (0.5 
mg /kg body weight/ twice a week) for four weeks 
according to Yozai et al. [8]. 

G4: Co-treated group in which animals injected 
intraperitoneally with MTX administration (0.5 mg /kg 
body weight/ twice a week) and also received orally l-
carnitine (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 L-carnitine (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 successive four weeks. 

At the end of the experimental period (8 weeks), 
Animals were euthanized with intraperitoneal injection 
with sodium pentobarbital and subjected to a complete 
necropsy.  

2.3. Sample Preparation 
Animals were fasted overnight and for clinical 

chemistry blood samples from each rat were collected 
from the eyes by retro-orbital puncture using blood 
capillary tubes without heparin as per requirement under 
mild ether anesthesia blood samples were incubated at 
room temperature for 10 minutes and left to clot then 
centrifuged at 3000 r.p.m for 10 min and the serum were 
collected, serum was separated and kept in clean stopper 
plastic vial at –80°C until the analysis of serum 
parameters. After animals were sacrificed, the liver and 
kidney were 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. 

2.4. Biochemical analysis 
Serum ALT and AST activities in serum were assayed 

by using commercial kit that was supplied by Randox 
(Egypt) according to the method of Rietman and Frankel 
[27]. Albumin concentration in serum was assayed by 
using commercial kit that was supplied by Diamond, from 
Egypt. Albumin concentration was estimated according to 
the method of Bowers and Wong [28]. Concentration of 
total protein was spectrophotometrically determined using 
commercial diagnostic kits supplied by Diamond (Egypt) 
according to the method of Bowers and Wong [28]. Urea 
level in serum was assayed by using commercial kit that 
was supplied by Diamond, from Egypt. Urea was 
estimated according to the method of Patton and Crouch 
[29]. Creatinine concentration in serum was assayed by 
using commercial kit that was supplied by Diamond, from 
Egypt. Creatinine was estimated according to the method 
of Bowers and Wong [28]. Uric acid level in serum was 
assayed by using a commercial kit that was supplied by 
SPINREACT from Santa Coloma, Spain. Uric acid was 
estimated according to the method of Fossati et al. [30]. 

2.5. Preparation of tissue homogenates 
Tissue homogenates were prepared as reported by 

Sakeran et al. [31]. Briefly, specimens were separated into 
two parts. Each piece was weighted 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 

MDA assay: The MDA is one of terminal products, 
formed at the time of the decomposition of 
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polyunsaturated fatty acids mediated by free radicals. 
MDA was estimated by the method of Mesbah et al. [32]. 

Reduced GSH: GSH content was determined with 
dithionitrobenzoic acid using the method described by 
Beutler et al. [33] and was expressed in μmol /mg tissue. 
The method is based on the reduction of DTNB to produce 
a yellow compound. The reduced chromogen is directly 
proportional to GSH concentration and its absorbance can 
be measured at 412 nm. 

Catalase: The catalase (CAT) activity was measured 
by monitoring H2O2 (The substrate of the enzyme) 
decomposition at 240 nm according to the method 
described by Aebi [34]. 

Total protein: The total protein concentration in liver 
and kidney were detected by the method of lowery et al. 
[35] as modified by Tsuyosh and James [36]. 

2.7. Histopathological Examination  
Immediately after decapitation animals were dissected, 

liver and kidney 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 [37]. All 
stained slides were viewed by using Olympus microscope 
and images were captured by a digital camera (Cannon 
620). Brightness, contrast were adjusted using Adobe 
Photoshop software.  

2.8. Statistical Analysis 
Data were expressed as mean values ± SE and 

statistical analysis was performed using one way ANOVA 
to assess significant differences among treatment groups. 
The criterion for statistical significance was set at p<0.01 
for the biochemical data. All statistical analyses were 
performed using SPSS statistical version 16 software 
package (SPSS® Inc., USA). 

3. Results 

3.1. Toxicity 

The animals under practice appeared healthy and did 
not show clinical signs of disease and no mortality was 
recorded in control and l-carnitine groups during the 
experiment duration. On the other hand, various side 
effects were observed in animals injected with 
methotrexate such as loosing of body weight, loss of 
activity, weakness, yellowish body hair and 20±1.4% 
mortality was recorded in methotrexate group, while 
22±2.5% mortality was recorded in self treated 
methotrexate group. Mortality percent in co-treated 
methotrexate with l-carnitine were 14±2.1% while about 
20±2.1% mortality was recorded in post treated 
methotrexate with l-carnitine group (Figure 1). 

 

Figure 1. Changes in mortality% in different groups under study. G1, 

control group; G2, l-carnitine group; G3, MTX group; G4, Co-treated 
group with l-carnitine; G5, Post treated group with l-carnitine; G6, MTX 
self treated group. 

3.2. Biochemical investigations 

3.2.1. In vivo hepatic and renal protective effects of l-
carnitine 

The data summarized in Table 1 indicates that a 
significant (P<0.01) elevation in ALT, AST, Urea, 
Creatinine and Uric acid in MTX group when compared 
with control and l-carnitine groups, this elevation 
decreased in treated group with l-carnitine and increased 
in MTX self treated when compared with methotrexate 
group. ALT, AST, Urea, Creatinine and Uric acid levels in 
co- treated MTX with l-carnitine group were significantly 
decreased when compared with post treated MTX group 
with l-carnitine group. Total protein and Albumin were 
significantly decreased in MTX and in MTX self treated 
groups when compared with control and l-carnitine groups. 
In contrast, Total protein and Albumin were significantly 
increased in treated group with l-carnitine when compared 
with MTX and MTX self treated groups (Table 1). 

Table 1. Changes in the serum ALT(U/l), AST(U/l), Total protein (g/dL), Urea (mg/dl), Creatinine(mg/dl) and Uric acid (mg/dl) levels in 
different groups under study 

 ALT AST Total protein Albumin Urea Creatinine Uric acid 

G1 63.5 ± 2.30 b 75.5 ± 3.20 a 6.92 ±0.21 b 5.58 ± 0.13 b 33.7 ± 2.28 b 0.97 ±0.089 5.37 ± 0.29 b 

G2 63.9 ±3.30b 66.6 ± 3.50b 6.05 ±0.55 b 5.73 ± 0.15 b 29.2 ± 2.72 b 0.86 ± 0.139 b 5.13 ± 0.50 b 

G3 120.3 ±10.7a 166.1 ± 19.9a 5.65 ±0.35 a 3.53 ±0.06 a 57.2 ± 5.61 a 1.12± 0.159 a 7.16 ± 0.85 a 

G4 75.1 ± 7.10 b 105.9 ± 8.10 5.81 ±0.18 a 3.58 ± 0.25 a 39.0± 3.33ab 0.70 ± 0.075 b 5.90 ± 0.73 b 

G5 99.6 ±1.60ab 97.2 ± 8.10b 6.20 ±0.15 b 3.97 ± 0.16ab 35.8 ± 2.73 b 0.50 ± 0.069 3.51 ± 0.37 b 

G6 105.5±13.5a 138.5 ±13.5a 5.25 ±0.16 a 3.58 ± 0.16 a 59.0 ± 2.55 a 1.16 ± 0.155 a 5.80 ± 0.58 b 
Data are expressed as mean ± SE of 10 observations. Superscripts of different letters differ significantly (p<0.01) from each other. G1, control group; 
G2 l-carnitine group; G3, MTX group; G4, Co-treated group with l-carnitine; G5, Post treated group with l-carnitine; G6, MTX self treated group. 
bSignificantly different from MTX (G3) group. aSignificantly different from control (G1) group. 
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3.3. L-carnitine effects on oxidative stress 
markers in MTX toxicity 

The data summarized in Table 2 & Table 3 indicates 
that, a significant (P<0.01) increased in the liver and 
kidney MDA of MTX (G3) and MTX self treated (G6) 
groups when compared with the control and l-carnitine 
(G1&G2) groups. In the same time, data declared 
significant decreased (P<0.01) in the liver and kidney 
GSH, catalase and total protein levels of the MTX (G3) 
and MTX self treated (G6) groups as compared with the 

control and l-carnitine (G1&G2) groups. As well, the 
importance of treatment with l-carnitine groups (G4&G5) 
has been shown significant decreased in the MDA and 
significant increased in the liver and kidney GSH, catalase 
and total protein levels when compared to the MTX (G3) 
and MTX self treated (G6) groups (Table 2 & Table 3). 
Table 2 & Table 3 shows that; Co-treatment with l-
carnitine group (G4) has been shown significant increased 
in the MDA and significant decreased in the liver and 
kidney GSH, catalase and total protein levels when 
compared to the post treatment with l-carnitine group (G5).  

Table 2. Changes in MDA (nmole/g tissue), catalase (mmole/min./g tissue), Glutatione (GSH; mg/tissue) and total protein (mg/g tissue) levels on 
liver tissues in different groups under study 

Liver 

Total Protein Catalase GSH MDA  

1.416 ±0.050 b 670.3 ± 7.845 b 320.22± 7.856 b 31.32 ± 3.40 b G 1 

1.517 ±0.026 b 698.9 ± 9.577 b 348.71 ± 4.126 b 27.43 ± 2.83 b G 2 

0.715 ± 0.059 a 319.1 ± 65.422 a 200.24 ± 31.379 a 48.72 ± 2.58 a G 3 

1.210±0.039 b 580.4 ± 190.540 a 290.13 ± 23.336 b 35.23 ± 1.77 a G 4 

1.100 ± 0.099 b 550.9 ± 117.972 a 270.94 ± 8.682 b 41.34 ± 12.58 b G 5 

0.829 ± 0.059 a 410.3 ± 24.034 b 260.44 ± 19.409 b 44.11 ± 3.67 b G 6 

Data are expressed as mean ± SE of 10 observations. Superscripts of different letters differ significantly (p<0.01) from each other. G1, control group; G2 

L-carnitine group; G3, MTX group; G4, Co-treated group with L-carnitine; G5, Post treated group with L-carnitine; G6, MTX self treated group. 
bSignificantly different from MTX (G3) group. aSignificantly different from control (G1) group. 

Table 3. Changes in MDA (nmole/g tissue), catalase (mmole/min./g tissue), Glutathione (GSH; mg/tissue) and total protein (mg/g tissue) levels 
on kidney tissues in different groups under study 

Kidney 

Total Protein Catalase GSH MDA  

1.030 ± 0.036 b 590.2 ± 39.14 b 314.03 ± 15.50 a 27.6 ± 1.96 b G 1 

1.121 ± 0.047 b 610.4 ± 46.13 b 290.11 ± 10.67 a 24.9 ± 1.33 b G 2 

0.702 ± 0.087 a 290.1 ± 67.02 a 150.91 ± 28.98 b 47.4 ± 8.49 a G 3 

0.940 ± 0.066 b 560.4 ± 64.98 b 280.42 ± 9.941 b 33.4 ± 0.62 b G 4 

0.810 ± 0.042 b 510.8 ± 140.9 a 260.93 ± 14.20 b 37.2 ± 1.73 b G 5 

1.760 ± 0.098 a 450.4 ± 24.03 b 220.04 ± 8.73 b 29.2 ± 3.39ab G 6 

Data are expressed as mean ± SE of 10 observations. Superscripts of different letters differ significantly (p<0.01) from each other. G1, control group; G2 

l-carnitine group; G3, MTX group; G4, Co-treated group with l-carnitine; G5, Post treated group with l-carnitine; G6, MTX self treated group. 
bSignificantly different from MTX (G3) group. aSignificantly different from control (G1) group. 

3.4. Effect of L-carnitine on liver and kidney 
histopathology 

Rat liver sections in control (G1) and l-carnitine (G2) 
groups showing normal large polygonal cells with 
prominent round nuclei and eosinophilic cytoplasm, and 
few spaced hepatic sinusoids arranged in-between the 
hepatic cords with fine arrangement of Kupffer cells 
(Figure 1A & Figure 1B). Rat liver sections in MTX 
group showed severe lose of liver architecture as 
disturbance of the hepatocytes radially arranged cords, 
moderate vacuolated hepatocytes, mild shrinkage and 
inflection hepatocytes nucleus with condensation in the 
structure of chromatin and congestion in central veins 
(Figure 1C).  

Rat liver sections in co-treated MTX with l-carnitine 
group (G4) shows a good degree of improvement in 
hepatocytes where a few vacuolated hepatocytes and mild 
congestion in central veins were observed, also the 
apoptotic cells that appeared in MTX group were not 
observed in this group. (Figure 1D). Rat liver sections in 
post treated MTX with l-carnitine shows a mild to 
moderate degree of improvement in hepatocytes where a 
mild disturbance of the hepatocytes, a few atrophied, 
infiltrations, congestion in central veins and mild focal 
necrosis (Figure 1E). Liver section in MTX self healing 
showed marked disturbance of the hepatocytes with strong 
marked hepatocellular vacuolation (Figure 1F). 

Rat kidney sections in control (G1) and l-carnitine (G2) 
groups showing normal structure of the cortex and 
medulla (Figure 2A & Figure 2B). kidney sections in 
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MTX group showed variable pathological changes in 
glomeruli and some parts of the urinary tubules (Figure 
2C). The most severe changes were in the malpighian 
corpuscles lost their characteristic configuration and cell 
infiltration atrophied and mild vacuolated (Figure 2C). Rat 
kidney sections of co-treated MTX with l-carnitine 
revealed a good degree of improvement glomerular 
damage with minimal vacuolization in tubular cells 
(Figure 2D). Rat kidney sections of post treated MTX 
with l-carnitine showed moderate organized tubular and 
glomerular structures with well-established epithelia 
which resembled that of the control group except mild 
inflammatory infiltration (Figure 2E). Rat kidney sections 
of MTX self treated showed severe lose of kidney 
architecture, marked disturbance in glomeruli seemed to 
have lost their attachments and mesangial stroma and 
others were atrophied with dilatation in the sub capsular 
space (Figure 2F).  

 

Figures 1A-1F. Photomicrographs of rat Liver sections in the different 
experimental groups stained with Haematoxylin & Eosin. A: Rat Liver 
sections in control group revealed normal structure of hepatocytes. B: 
Rat Liver section in LC group revealed normal structure of hepatocytes 
(hp). C: Liver sections of MTX group showed moderate to severe lose of 
liver architecture, disturbance of the hepatocytes, congestion (Black 
arrows) in central veins (CV), atrophied, and vacuolated hepatocytes 
(White arrows). D&E: Liver sections in co-treated and post treated rat 
with LC groups revealed a moderate to mild degree of improvement in 
hepatocytes where a few vacuolated hepatocytes (White arrows) and 
mild congestion in central veins were observed. F: Liver section in self 
treated showed severe lose of liver architecture, marked disturbance of 
the hepatocytes and strong marked hepatocellular vacuolation (White 
arrows) 

 

Figures 2A-2F. Photomicrographs of rat kidney sections in the different 
groups under study stained with Haematoxylin & Eosin. A&B: Rat 
kidney sections in control and LC groups respectively showed normal 
structure of renal cortex which comprised renal corpuscles (White 
arrows), proximal and distal convoluted tubules. C: Rat kidney sections 
in MTX group showed glomerular damage (White arrows), vacuolization 
in tubular cells focal necrosis and cell infiltration (Black arrows). D: 
Kidney section of co-treated group with LC revealed a good degree of 
improvement glomerular damage with minimal vacuolization(Arrow 
heads) in tubular cells. E: Rat kidney section in post treated group with 
LC showed moderate organized tubular and glomerular structures except 
mild inflammatory infiltration (Black arrows). F: Kidney section of 
MTX self treated showed severe lose of kidney architecture, marked 
disturbance in glomeruli with strong inflammatory infiltration (Black 
arrows) 

4. Discussion  
This study conducts a biochemical and 

histopathological investigations into whether l-carnitine 
has a protective and ameliorated effect on methotrexate-
induced hepatic and renal toxicity in male rats. 
Methotrexate is an antimetabolite and an analogue of folic 
acid that used to treat autoimmune diseases such as 
psoriasis, rheumatoid arthritis and as a chemotherapeutic 
agent to treat many cancer types such as breast, skin, head, 
neck, lung, lymphoma, osteosarcoma and leukemia 
[1,2,10-14,38]. Various side effects have been reported. 
Studies in rheumatoid arthritis, juvenile idiopathic arthritis, 
sarcoidosis, and psoriasis have reported that vomiting, 
nausea, diarrhea, and leucopenia are the most common 
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adverse reactions that usually respond to dose reduction 
[39,40,41]. 

Methotrexate enters the cell via active transport across 
the reduced folate carrier, where it is effluxed from the 
cell by several of the ATP-binding cassette (ABC) 
transporters, especially ABCC1-5, ABCG2 and ABCB1 
[42,43,44]. Levels of both enzymatic and non-enzymatic 
anti-oxidants are inhibited and the levels of oxidants 
increase in the testes, heart, liver, kidney, and gut tissues 
of laboratory animals given methotrexate [10,45].  

In liver, the conversion of MTX to its major 
extracellular metabolite, 7-hydroxy methotrexate, takes 
place where it is oxidized by a soluble enzymatic system. 
In the assessment of liver injury the analysis of enzyme 
levels such as ALT and AST is largely used and located in 
the cytosol of hepatocytes. They are involved in the 
breakdown of amino acids into α-keto acids [46]. The 
result of these study indicate that a significant elevation in 
the levels of serum ALT in methtorexate treated group 
that agree with Fu et al. [47], Hemeida and Omar [12], 
Vaghasiya et al. [48] and Vardi et al. [49] who evaluated 
the effect of polyherbal formulation on methotrexate 
induced hepatotoxicity in rats. 

L-Carnitine, a quaternary amine, has a key role in the 
metabolism of fatty acids (energy) as a substrate for the 
reversible acetylation of coenzyme A [50,51] and as a 
carrier for the transport of long-chain fatty acids from 
cytosol across the inner mitochondrial membrane [52]. 
Furthermore, it is suggested that l-carnitine improves the 
oxygen supply and utilisation of the skeletal and heart 
muscle [53-57]. 

In the current study, a significant elevation in ALT and 
AST in MTX group however, this elevation decreased in 
treated group with L-carnitine and increased in self treated 
when compared with MTX group. A significant decreased 
in ALT and AST levels in co- treated methotrexate group 
with l-carnitine group when compared with post treated 
group.  

Our results agreed with Fu et al. [47], Hemeida and 
Omar [12], Vardi et al. [49] and Tousson et al. [2] who 
reported that Serum ALT and AST were significantly 
increased in MTX induced liver damage. Elevated levels 
of serum ALT and AST enzymes are indicative of cellular 
leakage and loss of functional integrity of cell membranes 
in the liver [31,58,59]. Our results agreed with Kadikoylu 
et al. [60], Klukowska et al. [61]and Saad et al. [62], who 
reported that, MTX administration induced significant 
increase in serum ALT and AST levels. Our histological 
observations basically supported the results obtained from 
serum enzyme assays. There was a significant (P<0.01) 
restoration of these enzyme levels on administration of the 
l-carnitine extract. The reversal of increased serum 
enzymes in MTX induced liver damage by the l-carnitine 
may be due to the prevention of the leakage of 
intracellular enzymes by its membrane stabilizing activity. 
This is in agreement with the commonly accepted view 
that serum levels of transaminases return to normal with 
the healing of hepatic parenchyma and the regeneration of 
hepatocytes [63]. 

In the current study, a significant (P<0.01) elevation in 
urea, creatinine and uric acid in MTX group when 
compared with control, this elevation decreased in treated 
group with l-carnitine and increased in methotrexate self 
healing when compared with MTX group. Our result is 

agree with Kolli et al. [64] who, reported that; MTX 
increased urea and creatinine activities and also with 
Tousson et al. [2] who find that MTX increased urea and 
creatinine activities which induced renal toxicity. On the 
other hand, our results are disagreement with Cetiner et al. 
[11]. 

Oxidative stress is an indicator of the damage that 
results from a change in the balance between oxidants and 
antioxidants in favor of oxidants. If the delicate balance 
between oxidants and anti-oxidants cannot be maintained 
in tissues, many pathological changes extending to cellular 
damage occur. Oxidative stress or oxidative cellular 
damage with its dual of free radical generation and 
profound lipid peroxidation are hallmarks of MTX 
toxicity [66]. In the current study, MDA levels in MTX 
group were significantly increased while, glutathione, 
catalase and total protein levels were significantly 
decreased when compared with control group. The current 
results were similar previously reported by other 
investigators [9,11,45].  

In the current study; a significant (P<0.01) decreased in 
the MDA and significant increased in GSH, catalase and 
total protein levels in treated MTX with l-carnitine in rat 
liver and kidney when compared to the MTX and MTX 
self healing groups. Also, a significant (P<0.05) increased 
in the MDA and significant decreased in the liver and 
kidney GSH, catalase and total protein levels in co-
treatment with l-carnitine when compared to post 
treatment with l-carnitine groups. GSH is considered to be 
one of the most very important components of the 
antioxidant defense of living cells [14]. Our current results 
agree with [2,49,66,67,68]. who reported that, MTX 
administration induced significant increase in GSH levels. 
This results is in agreement with several studies 
demonstrated that MTX induces oxidative stress in tissues 
companied with decreased antioxidants levels [38,69]. 

The present study agree with Vardi et al. [49] who 
reported that, oxygen radicals and hydrogen peroxides 
have been associated with the many side effects of MTX 
and these free radicals trigger cell damage through binding 
to cellular macromolecules, particularly membrane lipids 
leading to releasing of ALT and AST from cells to serum. 
The increased in oxidative stress may cause shape and 
structural changes of the nucleus by causing DNA 
fragmentation and denaturation, which play a critical role 
in the initiation of apoptosis [70]. Our histopathological 
result is agreed with O’Rourke and Eckert [71] and Ros et 
al. [72] who stated that such hepatic fibrosis seemed to be 
due to direct toxic effects of MTX which induced 
proliferation of the hepatic fibrous connective tissue. Also, 
Hytiroglou et al. [73] found that the methotrexate is 
known to cause hepatic fibrosis in some patients, which 
might progress to cirrhosis. Our results showed that; using 
l-carnitine along with methotrexate administration show 
improving oxidative stress parameters in these groups (G4, 
G5). MDA level in G4, G5 was significantly decreased 
while, GSH, CAT and total protein levels were increased. 
These effects of l-carnitine may result directly from 
antioxidant effects against free oxygen radicals or from 
enhanced biosynthesis of enzymatic antioxidants, such as 
GSH, CAT [23]. L-carnitine is known to have good 
antioxidant activity and has the ability to detoxify 
ammonia, a metabolic by-product associated with early 
fatigue [74]. This results agree with johovic et al. [66], 
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cetin et al. [11], vardi et al. [38], Ozogu et al. [10], 
Tousson et al. [1], Tousson et al. [2]. 

Our histopathological results showed that, treatment of 
liver and kidney with l-carnitine showed moderate to good 
degree of improvement in hepatocytes and malpighian 
corpuscles. So; methotrexate led to oxidative stress in the 
rat liver and kidney, while l-carnitine significantly 
prevented methotrexate- induced oxidative stress. Data so 
far obtained from this study would suggest that 
administration of l-carnitine after MTX challenge may 
have beneficial effects that could possibly be ascribed, in 
part, to its regulation of the oxidant/anti-oxidant balance. 
So, it is therefore possible that l-carnitine could scavenge 
free radicals and produce beneficial effects against MTX 
damage in liver and kidney. The mechanism by which 
MTX causes hepatotoxicity results from binding to the 
enzyme dihydrofolic reductase, thus preventing 
conversion of folic acid to its active form, folinic acid. 
This in turn blocks the synthesis of nucleic acids, certain 
amino acids and indirectly proteins. This might lead to 
damage of organelles and plasma membranes of hepatic 
parenchymal cells interfering with their function and 
allowing leakage of enzymes [1,4,31,45,58,60]. 
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