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 Adverse drug reactions are increasingly challenging in medical settings; 

either due to their high doses or prolonged use or due to the 

pharmacodynamics nature of the medications. Methotrexate found 

applications for different ailments making their adverse effects common. 

It's worth trying to prevent or mitigate these adverse effects of 

methotrexate using available remedies if any. We aimed to reduce the 

hepatotoxic effects of methotrexate using L-carnitine compared to N-

acetylcysteine as a positive control. To do so, a group of rats were 

exposed to methotrexate alone or in combination with L-carnitine or N-

acetyl cysteine. Liver biochemical parameters and histological 

architecture were identified and compared with negative and positive 

groups. The results confirmed that L-carnitine and N-acetyl cysteine 

mitigated hepatic tissue injury confirmed by biochemical analysis of 

liver enzymes and histological study. The present study confirms the 

hepatoprotective effect of L-carnitine as a protective substance to reduce 

the adverse side effects of chemotherapeutic agents that cause oxidative 

tissue injury concomitant with inflammation. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Drug-induced liver injury can be a complex issue, complicating the course of drug therapy and limiting its 

use [1]. Hepatotoxicity is a serious complication of many drugs such as methotrexate (MTX) chemotherapy. 

MTX does not differentiate between cancerous and non-cancerous cells and can damage many tissue types 

such as those of kidney, GIT, hair, bone marrow, and others [2]. Toxicological reports with methotrexate 

confirm the involvement of oxidative stress in the liver, kidneys, heart, and other organ toxicity [3], [4]. 

 

Methotrexate is widely used to treat many types of cancer in high doses and other noncancerous diseases 

such as rheumatoid arthritis, severe psoriasis as well as Crohn's disease [5]. When methotrexate is 

administered to laboratory animals, both enzymatic and non-enzymatic antioxidants are suppressed, while 

oxidative stress markers are increased. There is an elevated level of reactive oxygen species (ROS), which 
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may cause structural damage to the cell [6], [7]. 

 

The mechanism of MTX toxicity is not so difficult and some researchers have linked a decline in cellular 

glutathione (GSH) and elevation of oxygen radicals to the development of MTX-induced toxicity [7]. Also, 

ROS can stimulate the release of pro-inflammatory cytokines such as tumour necrosis factor (TNF) which 

may play role in the pathogenesis of MTX toxicity [8]. L-carnitine (LC) is a hydrophilic molecule that is 

essential for fat metabolism. It influences adenosine triphosphate levels and is required for appropriate 

mitochondrial fatty acid oxidation and excretion of acyl-coenzyme A esters [9]. L-carnitine has antioxidant 

characteristics that include free radical scavenging and metal chelating action and produces these effects by 

its' capacity to scavenge superoxide anion and suppress lipid peroxidation, protecting against hydrogen 

peroxide-induced damage) [9], [10]. 

 

Most hepatic failure patients have abnormal blood levels of alanine aminotransferase (ALT), aspartate 

aminotransferase (AST), albumin and bilirubin, indicating the presence of concomitant coagulopathy, 

inflammation, and infection. L-carnitine supplementation significantly reduced blood ammonia levels and 

reduced blood levels of bilirubin, AST, and BUN [11]. N-acetyl cysteine (NAC) is a synthetic source of 

intracellular cysteine and glutathione, and its anti-ROS effect comes from its capability to scavenge free 

radicals, either directly through the redox potential of thiols or indirectly by raising glutathione levels in 

cells [12]. 

 

In rats, NAC has a protective effect against liver injury. NAC Improves liver histopathology and reduced 

oxidative stress in a rat model of non-alcoholic fatty steatosis [13]. The present work was designed to 

determine the protective role of L-carnitine against Methotrexate side effects on the liver concerning 

oxidative stress status, inflammation, serum biochemical parameters, and histopathological changes in the 

liver. 

 

2. Materials and Methods 

Animals: The animals were kept in metallic cages for two weeks, with a light-dark cycle at a temperature of 

25C0, and a humidity of 45-50%, consuming normal amounts of water and food. This study gained 

approval from the scientific and ethics committee at the College of Pharmacy, University of Mosul. 

 

2.1 Drugs used in the current study 

• Methotrexate MTX 50 mg \5ml (Turkey.Sok. No:5). 

• L-carnitine(LC) 500mg Basic Nutrition Ltd Coventry, CV49UP / UK. 

• N-acetyl cysteine (NAC)500mg (AMS /lot :33950221). 

 

2.2 Experimental design 

Six groups each of eight rats were formed, divided randomly into: 

• Control Group (C): A healthy group was given 0.5 mL of normal saline intraperitoneally on days 7 

and 14, as well as 5 mL of distilled water (DW) daily by oral gavage for 16 days. 

• Methotrexate group (MTX): was given 20 mg/kg body weight methotrexate intraperitoneally on 

days 7 and 14 and was given DW orally daily for 16 days. 

• L-carnitine (LC) group: LC administered orally 500 mg/ kg/day body weight every day for 16 days  

• L-carnitine group with methotrexate (LC+MTX): L-carnitine was taken orally at 500 mg/kg/day 

body weight for 16 days and methotrexate was given intraperitoneally at 20 mg/kg body weight on days 7 

and 14. 

• N-acetyl cysteine: NAC was given orally 250 mg/kg/day body weight for 16 days 
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• N-acetyl cysteine with methotrexate (NAC+ MTX) group: NAC was given orally every day (250 

mg/kg/day) for 16 days using oral gavage, and methotrexate was injected intraperitoneally on days 7 and 14 

at 20 mg/kg body weight [14]. 

 

2.3 Sample Preparation and biochemical markers 

After the end of the trials, blood samples were obtained from the retro-orbital venous plexus using capillary 

test tubes to determine biochemical parameters. Blood centrifuged at 3000 rpm for 15 min. Serum was 

separated and stored at -20˚C until used for biochemical analysis. Serum was analyzed for total antioxidant 

capacity (Catalog No: E-BC-K136). A colourimetric procedure was used to determine total antioxidant 

capacity (TAC) in serum samples. MDA (Malondialdehyde) was measured using in vitro quantitative test 

for the determination of MDA concentrations in serum by ELISA Kit Catalog No: E-EL-0060.Elabscience 

USA. Pro-inflammatory cytokines TNF-α were measured using ELISA kits specific for TNF-α following 

the direction of the manufacturer. Then the evaluation of liver function test by the determination of ALT 

and AST by colourimetric method. 

 

Histopathological Examination: 

The rats were anaesthetized by cervical dislocation from the head when the experiment trail was completed. 

This procedure was carried out in compliance with euthanasia rules for animals.  

 

The rats were killed after the treatment was completed. A mid-ventral incision was made with scissors and 

forceps, starting at the middle of the neck and extending the length of the abdomen to the scrotal sac. 

 

The liver was taken from the abdominal cavity and cleaned in the sink before being transferred to a petri 

dish containing distilled water solution and separated from the associated fat connective tissue, which was 

then dehydrated on filter paper. The liver was then taken and placed in a 10% neutral buffered formalin 

solution for approximately 48 hours. After finishing the preparation of the slide [15]. The inflammatory 

score for histological slides was prepared for each specimen under a light microscope were 0-1 referred to 

no sign of pathological infiltration changes observed 2 referred to mild (less than 25% of the sign of 

pathological infiltration changes), 3 referred to severe evidence (between 25 and 75% showed sign of 

pathological infiltration changes) and 4 corresponded to apparent evidence (more than 75% of the showed 

sign of pathological infiltration changes) [16]. 

 

2.4 Statistical analyses 

Before statistical analysis, all groups are tested to see if the data is distributed normally. by Kolmogorov-

Smirnov, Shapiro-Wilk in all groups data was collected and statistically analyzed by SPSS software 

statistical program. version 29. Data expressed as mean with standard error of the mean, one-way Analysis 

of Variance test (ANOVA-test with Tukey post hoc test.  P-value significant was less than 0.05 and highly 

significant less than 0.01. The differences among the pathological changes were determined by the 

nonparametric Kruskal –Wallis test for comparing each group. with Mann–the Whitney test for comparing 

within-group. 

 

3. Results 

 

3.1 Biochemical Tests 

1- Total Antioxidant Capacity 

As shown in table 1, in comparison with control, MTX produces a highly significant decrease in TAC 

(p=0.000), while L-carnitine and NAC produce a non-significant difference (p=0.883 and p=0.679 
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respectively) in comparison to control but both L-carnitine and NAC produce highly significant differences 

in comparison with MTX (P=0.000 and p= 0.000 respectively). The combination of L-carnitine with MTX 

produces a significant difference (p= 0.012) in comparison with the MTX group and the combination of 

NAC with MTX also produces a significant difference in comparison with the MTX group (p=0.001). 

When comparing L-carnitine to the NAC group, both of these groups produce non-significant differences 

(p=0.96). 

 

Table 1. The Impact of L-carnitine on Total Antioxidant Capacity 

 

2- Malondialdehyde Level 

The changes that occur with MDA are shown in table 2. L-carnitine and NAC exhibit non-significant 

effects on MDA in comparison with control (p =0.345 and p=0.909 respectively) but both groups produce a 

significant difference in comparison to MTX, while MTX produces a highly significant elevation in the 

MDA level (p =0.000) in comparison with control. The combination of L-carnitine with MTX and NAC 

with MTX produces a significant decline in the level of MDA in comparison with the MTX group (p=0.001 

and p=0.001 respectively). When comparing L-carnitine to the NAC group, both of these groups produce 

non-significant differences (p=0.987). 

 

Table 2. The Impact of L-carnitine on Malondialdehyde Level 

                      Groups  

 

Parameter 

Control 

(N=8) 

MTX 

(N=8) 

LC 

(N=8) 

LC + 

MTX  

(N=8) 

NAC 

(N=8) 

NAC+ 

MTX 

(N=8) 
T-AOC (U/mL) 

6.4±0.19 

c 

2.4±0.13 

a 

6.1±0.260 

c 

3.8±0.32 

b 

5.9±0.2 

c 

3.4±0.17 

b 

P-value  0.000** 

Control vs. MTX 0.000**     

Control vs. LC 
  0.883    

Control vs. LC+MTX  0.015*   

Control vs. NAC  0.679  

Control vs. NAC+MTX  0.010* 

MTX vs. LC  0.000**    

MTX vs. LC+MTX  0.012*    

MTX vs. NAC  0.000**  

MTX vs. NAC+ MTX  0.001** 

LC vs. LC+MTX  0.02*   

LC vs. NAC  0.960  

LC vs. NAC+MTX   0.001* 

LC + MTX  vs. NAC     0.001*  

LC + MTX  vs. NAC  +MTX     0.777 

NAC vs. NAC+MTX      0.001** 

 All data expressed by ANOVA test. 

 Data expressed as Mean ± Standard errors of Mean (SEM) same letters mean non-statistically difference, different letters (a,b,c) mean 

significant difference output of Tukey's test. 

  *Significant difference at p < 0.05 ** highly significant p <0.01 

                        Group 

Parameter 

Control  

N=8 

MTX 

N =8 

LC 

 N=8 

LC+MTX   

N=8 

NAC 

N=8 

NAC+MTX 

N=8 

MDA (nmol/ml) 
63.84±3.28 

a 

112.58 ±3.14 

c 

64.28 ±4.19 

a 

77.61 ± 2.52 

b 

66.06±0.83 

a 

85.79  ±1.24 

b 

p-value  0.000** 

Control vs. MTX                  0.000**     

Control vs. LC 
 

 0.345    

Control vs. LC+ MTX  0.039*   

Control vs. NAC  0.909  
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3- Tumor Necrosis Factor-Alpha (TNF-α) 

Table 3 gives outlines of the results of TNF-α. L-carnitine and NAC groups show no significant differences 

in the level of TNF-α in comparison to the control group (p=0.77 and p=0.557 respectively) but are 

significantly different in comparison to the MTX group, while the MTX group produces a highly significant 

increase in the TNF-α level in comparison with control (p=0-000). The combination of L-carnitine with 

MTX and NAC with MTX produces a significant decrease in the level of TNF-α in comparison with the 

MTX group (p=0.001 and p=0.001 respectively). When comparing L-carnitine to the NAC group, both of 

these groups produce non-significant differences (p=0.219). 

 

Table 3. The impact of L-carnitine on TNF-α 

 

4- Evaluation of the effects of L-carnitine on liver function parameters 

a. Aspartate Aminotransferase (AST): 

Table 4 showed a comparison of AST levels in the six groups of rats. MTX produces a highly significant 

increase in AST level (p= 0.000). L-carnitine and NAC groups cause no significant difference in 

comparison to control ((p=0.912 and p=0.980 respectively) but are significantly different from that of the 

Control vs  NAC+MTX  0.021* 

MTX vs. LC  0.000**    

MTX vs. LC+MTX  0.001**   

MTX vs. NAC  0.001**  

MTX vs. NAC+ MTX  0.001* 

LC vs. LC+MTX  0.02*   

LC vs. NAC   0.987  

LC vs. NAC+MTX  0.001*  

LC + MTX vs. NAS     0.001*  

LC + MTX vs. NAS  + MTX      0.765 

NAC vs NAC+MTX      0.011*  

 All data expressed by ANOVA test. 

 Data expressed as Mean ± Standard errors of Mean (SEM) same letters mean non- statically difference, different s letters(a,b,c) 

mean significant difference output of turkeys test. 

  *Significant difference at p < 0.05 ** highly significant p <0.01. 

                     Groups 

 

Parameter 

Control 

(N=8) 

MTX 

(N=8) 

LC 

 (N=8) 
LC+MTX   

(N=8) 

NAC 

N=8 

NAC+ 

MTX 

N=8 

  TNF- α (ng/L)  82.2 ±0.3  

a 

181.2  ±3.3 

c 

83 ±1.9 

a 

127.4 ±1.5 

b 

81.7±1.5 

a 

126.8±1.2 

b 

P-value  0.000** 

Control vs. MTX                 0.000**     

Control vs. LC 
 

 0.770    

Control vs. LC+ MTX  0.001**   

Control vs. NAC  0.557  

Control vs  NAC+MTX  0.021** 

MTX vs. LC  0.000**    

MTX vs. LC+MTX  0.001**    

MTX vs. NAC  0.000**  

MTX vs. NAC+ MTX  0.001** 

LC vs. LC+MTX  0.015*   

LC vs. NAC  0.219  

LC vs NAC+MTX   0.001**  

LC + MTX  vs NAC                                                                                               0.01*  

LC + MTX  vs NAC  +MTX     0.602 

NAC vs NAC+MTX      0.015* 

 All data expressed by ANOVA test. 

 Data expressed as Mean ± Standard errors of Mean (SEM) same letter mean non- statistically difference, different s letter (a,b,c) 

means significant difference output of turkeys test. 

  *Significant difference at p < 0.05 ** highly significant p <0.01. 
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MTX group. The combination of L-carnitine with MTX and NAC with MTX produces a significant 

decrease in the level of AST in comparison with the MTX group (p=0.001 and p=0.001 respectively). When 

comparing L-carnitine to the NAC group, both of these groups produce non-significant differences 

(p=0.921). 

 

Table 4. The Impact of L-carnitine on AST level. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b. Determination of Alanine aminotransferase (ALT): 

As shown in table 5, L-carnitine and NAC produce non-significant differences in comparison to control (p= 

0.884 and p=0.987 respectively) but both groups are significantly different from that of the MTX group, 

while the MTX group produces a highly significant increase in the level of ALT (p=0.000). The 

combination of L-carnitine with MTX and NAC with MTX produces a significant decrease in the level of 

ALT in comparison with the MTX group (p=0.001 and p=0.001 respectively). When comparing L-carnitine 

to the NAC group, both of these groups produce non-significant differences (p=0.65). 

 

Table 5. The Impact of L-carnitine on Alanine aminotransferase (ALT) levels. 

             Groups  

Parameters 

Control 

 (N=8) 

MTX 

(N=8) 

 

LC 

 (N=8) LC + MTX   

(N=8) 

NAC 

(N=8) 

NAC+ MTX 

(N=8) 

 

AST  (U/L) 

 

29.7± 0.8 

a 

 

58.9 ±0.9 

c 

 

29.4±1.4 

a 

 

35.5±1.9 

b 

 

28.9±1.9 

a 

 

36.4±0.8 

b 

p-value  0.000** 

Control vs. MTX                 0.000**     

Control vs. LC 
 

 0.912    

Control vs. LC+ MTX  0.042*   

Control vs. NAC  0.980  

Control vs.  NAC+MTX  0.017* 

MTX vs. LC  0.000**    

MTX vs. LC+MTX  0.001**    

MTX vs. NAC  0.000**  

MTX vs. NAC+ MTX  0.001** 

LC vs. LC+MTX  0.034*   

LC vs. NAC  0.921  

LC vs NAC+MTX   0.011* 

LC + MTX  vs NAC     0.017*  

LC + MTX  vs NAC +MTX     0.832 

NAC vs NAC+MTX      0.015* 

 All data expressed by ANOVA test. 

 Data expressed as Mean ± Standard errors of Mean (SEM) same letters mean non- statically difference, different letters (a,b,c) mean 

significant difference output of Tukey's test. 

  *Significant difference at p < 0.05 ** highly significant p <0.01 

                      Groups 

Parameters  

Control 

(N=8) 

MTX 

(N=8) 

LC 

 (N=8) LC + MTX   

(N=8) 

NAC 

N=8 

NAC+ MTX 

N=8 

ALT  (U/L) 102.6 ± 1.5 

a 

205.2 ±11.2 

c 

103.5 ± 1.1 

a 

125.4 ± 7.9 

b 
106.6 ±5.1 

a 

124.3 ±1.2 

b 

P-value  0.000** 

Control vs. MTX                       0.000**     

Control vs. LC 
 

 0.884    

Control vs. LC+ MTX  0.022*   

Control vs. NAC  0.987  

Control vs.  NAC+MTX  0.021** 

MTX vs. LC  0.000**    

MTX vs. LC+MTX  0.001**   

MTX vs. NAC  0.000**  

MTX vs. NAC+ MTX  0.001* 

LC vs. LC+MTX  0.015*   

LC vs. NAC  0.650  

LC vs NAC+MTX   0.000** 
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3.2 Histological Results 

1. Descriptive Histology result of the liver. 

The control group showed normal liver histology the main features of its hepatocytes are arranged radially 

around the central vein. The cells have cytoplasm and rounded central vesicular nuclei with well-defined 

nucleoli. 

 

The l-carnitine and N-acetyl cysteine maintained normal large polygonal cells with prominent round nuclei 

and eosinophilic cytoplasm, and few spaced hepatic sinusoids arranged between the hepatic cords with a 

fine arrangement of Kupffer cells. Anticancer group MTX induced severe swelling radially arranged 

moderate vacuolated hepatocytes, minor shrinkage and inflection cells' nucleus with condensation in the 

structure of chromatin, and congestion in central veins were all seen in the MTX group's rat liver sections. 

MTX with the L-carnitine group showed mild congestion of central and portal veins with mild infiltration 

of inflammatory cells in the portal area. A high degree of improvement in hepatocytes was detected in the 

co-treated MTX with the L-carnitine group. MTX with N-acetyl cysteine shows intact hepatocytes in good 

organization with congestion of sinusoids & mild inflammatory with a few vacuolated hepatocytes and mild 

congestion in central veins. the apoptotic cells that emerged in the MTX group, see figure 1. 

 

LC + MTX  vs NAC                                                                                        0.016*  

LC + MTX  vs NAC  

+MTX    

 

0.832 

NAC vs NAC+MTX      0.02* 

 All data expressed by ANOVA test. 

 Data expressed as Mean ± Standard errors of Mean (SEM) same letters mean non- statically difference, different s letters (a,b,c) 

mean significant difference output of turkey’s test. 

  *Significant difference at p < 0.05 ** highly significant p <0.01. 
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Figure 1. A representative image showing a restoration action of tested drugs against MTX damaging 

effects. MTX=methotrexate, LC=L-carnitine, NAC=N-acetyl cystine 

 

2. Pathological inflammation score of liver 

Regarding table (6) pathological score of the liver was reported statistically different between groups at end 

of the trial where a significant difference between the MTX group and other groups, the L-carnitine group 

and N-Acetyl cysteine group there is a non–significant difference while L-carnitine with MTX, L-carnitine, 

and NAC with MTX groups there is a difference than MTX group but not reach the control group. 

 

Table 6. The Impact of. L-carnitine on liver score inflammation 

 
Inflammation Score 

Mean±SEM 

Control group 0.19±0.09a 

Anticancer group (MTX) 3.57±0.13c 

L-Carnitine group 0.15±0.06a 

L-Carnitine  group + MTX 2.3±0.6b 

N-Acetyl cysteine group 0.13±0.05a 

N-Acetyl cysteine + MTX 2.05±0.15b 
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p-value 0.000** 
-Kruskal-Wallis Test for inflammation score of liver between group  

-Mann–Whitney U test within a group 

 

4. Discussion 

Methotrexate is commonly used as an anticancer, immunosuppressant, and chemotherapeutic agent in 

addition to other medicinal uses. Despite its important therapeutic effects, MTX has a damaging effect on 

many organs in the body such as the liver, lung, bone marrow, and kidney, its therapeutic use & efficacy is 

limited because of its hepatotoxicity [17]. 

 

The mechanisms of MTX hepatotoxicity are still unknown, but they could be due to intracellular 

accumulation of methotrexate polyglutamate and subsequent folate depletion; oxidative stress activation of 

proinflammatory cytokines; and genetic polymorphism [18], [19]. It also causes oxidative stress by 

preventing the synthesis of NADP which keeps GSH levels low and causes increasing TNF-α levels [20], 

[21]. 

 

MTX-induced hepatotoxicity was reported as a marked elevation in the serum level of ALT, AST, bilirubin 

and albumin confirmed by histopathological changes [21], [22]. Measurement of the enzyme ALT and 

AST, which are found in the cytosol of hepatocytes, is widely used in the assessment of liver injury [23]. 

 

In the present study, MTX administration to the studied rats causes a significant increase in the level of 

ALT, AST, TNF-α, and MDA while causing a significant decrease in TAC level which indicate the 

occurrence of oxidative stress and hepatic damage, all these come with the increase in the level of 

inflammatory marker such as TNF-α. 

 

The addition of L-Carnitine to the MTX regimen of these rats was very beneficial because it aids in the 

reduction of ALT, AST, TNF-α, and MDA and increases the TAC level in these experimental animals 

which confirms the claim that L-Carnitine has hepatoprotective and antioxidant effects. These results were 

in agreement with the results of other studies such as [24] who found that administration of L-carnitine to 

studied mice significantly decreased the acetaminophen-induced increase in AST, ALT, and MDA 

concentrations and increased glutathione levels at all sampling points. 

 

The protective effect of L-carnitine may be due to its ability to inhibit lipid peroxidation by scavenging 

ROS and/or decreasing antioxidant activity [25]. 

 

The histopathological observations followed MTX administration (harmful effects) to the studied rats 

supported the finding obtained from enzymatic assays which improved following L-carnitine administration 

[26- 28]. 

 

NAC is a cytoprotective drug that has been shown to protect against drug-induced hepatotoxicity in vivo 

and in vitro studies. NAC has been shown in many studies to protect cells from oxidative stress by 

inhibiting the formation of hydrogen peroxide (H2O2). NAC may also exhibit antioxidant activity in cells 

by suppressing the expression of adhesion molecules, decreasing cytokine and ROS production [29- 31]. 

Despite these positive effects obtained by L-carnitine and NAC, alternative agents could also be tested, for 

instance, vitamins (C, E, D) [32], [33], Zinc [34], [35], herbal remedies [36]. Nonetheless, these treatment 

modalities need to be tested in laboratory animals before their clinical application to confirm the efficacy 

and optimize the therapeutic required dose. 
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The hepatoprotective effects induced by L-carnitine could be harnessed to minimize side effects of other 

chronically used drugs. For example, statin [37], [38], proton-pump inhibitors [39], [40], CNS drugs [41], 

[42], anticancers [43], [44], antidiabetic medications [45], [46], and hypouricemic agents [47], [48]. 

 

Another finding of this study is that L-carnitine produces a comparable effect to that of NAC indicated by 

the non-significant differences between the two studied groups and if we take into consideration that NAC 

is the standard hepatoprotective drug used as an antidote against drug-induced hepatic damage this lead to 

the possibility that L-carnitine can be considered as an alternative to NAC in these conditions. 

 

5. Conclusion 

The present study augments the hepatoprotective effect of L-Carnitine as a protective treatment to reduce 

the adverse side effects of chemotherapeutic agents such as Methotrexate that cause hepatic damage, and 

oxidative tissue injury concomitant with inflammation. 
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