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Abstract
AIM: To investigate the potential role of oxidative 
stress and the possible therapeutic effects of N-acetyl 
cysteine (NAC), amifostine (AMF) and ascorbic acid 
(ASC) in methotrexate (MTX)-induced hepatotoxicity.

METHODS: An MTX-induced hepatotoxicity model 
was established in 44 male Sprague Dawley rats by 
administration of a single intraperitoneal injection of 
20 mg/kg MTX. Eleven of the rats were left untreated 
(Model group; n  = 11), and the remaining rats were 
treated with a 7-d course of 50 mg/kg per day NAC 

(MTX + NAC group; n  = 11), 50 mg/kg per single dose 
AMF (MTX + AMF group; n  = 11), or 10 mg/kg per day 
ASC (MTX + ASC group; n  = 11). Eleven rats that re-
ceived no MTX and no treatments served as the nega-
tive control group. Structural and functional changes 
related to MTX- and the various treatments were as-
sessed by histopathological analysis of liver tissues and 
biochemical assays of malondialdehyde (MDA), super-
oxide dismutase (SOD), catalase, glutathione (GSH) 
and xanthine oxidase activities and of serum levels of 
aspartate aminotransferase, alanine aminotransferase, 
alkaline phosphatase and total bilirubin.

RESULTS: Exposure to MTX caused structural and 
functional hepatotoxicity, as evidenced by significantly 
worse histopathological scores [median (range) injury 
score: control group: 1 (0-3) vs  7 (6-9), P  = 0.001] 
and significantly higher MDA activity [409 (352-466) 
nmol/g vs  455.5 (419-516) nmol/g, P  < 0.05]. The ex-
tent of MTX-induced perturbation of both parameters 
was reduced by all three cytoprotective agents, but 
only the reduction in hepatotoxicity scores reached sta-
tistical significance [4 (3-6) for NAC, 4.5 (3-5) for AMF 
and 6 (5-6) for ASC; P = 0.001, P = 0.001 and P < 0.005 
vs  model group respectively]. Exposure to MTX also 
caused a significant reduction in the activities of GSH 
and SOD antioxidants in liver tissues [control group: 
3.02 (2.85-3.43) μmol/g and 71.78 (61.88-97.81) U/g 
vs  model group: 2.52 (2.07-3.34) μmol/g and 61.46 
(58.27-67.75) U/g, P  < 0.05]; however, only the NAC 
treatment provided significant increases in these an-
tioxidant enzyme activities [3.22 (2.54-3.62) μmol/g 
and 69.22 (61.13-100.88) U/g, P  < 0.05 and P  < 0.01 
vs  model group respectively].

CONCLUSION: MTX-induced structural and functional 
damage to hepatic tissues in rats may involve oxidative 
stress, and cytoprotective agents (NAC > AMF > ASC) 
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Core tip: While the underlying mechanism of metho-
trexate (MTX)-induced hepatotoxicity remains to be 
fully elucidated, increases in oxidative stress have been 
linked to the effects of MTX; moreover, MTX-induced 
toxicity has been shown to be associated with in-
creases in lipid peroxidation in various tissues, such as 
liver, using rat model systems. A few previous studies 
have shown that prophylactic delivery of antioxidant 
agents can prevent MTX-induced hepatotoxicity. Based 
on this information, we aimed to investigate the role 
of oxidative stress in MTX-induced hepatotoxicity and 
to evaluate the potential therapeutic effects of the cy-
toprotective antioxidants N-acetylcysteine, amifostine, 
and ascorbic acid.
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INTRODUCTION
The folic acid antagonist methotrexate (MTX) disrupts cel-
lular metabolism, effectively inhibiting cellular growth. As 
such, MTX is an effective cytotoxic agent and has been 
widely applied in chemotherapeutic-based treatments for 
malignancies as well as inflammatory diseases[1-3]. While 
MTX is generally well-tolerated by patients, its cytotoxic 
nature also lends a substantial risk of  life-threatening 
side effects - the most severe of  which are hematopoietic 
suppression, hepatotoxicity and pulmonary toxicity[1,2,4]. 
While the molecular mechanism of  MTX-induced hepa-
totoxicity is not yet completely understood, considerable 
experimental and clinical evidence have implicated oxida-
tive stress as a contributing factor[3,5]. Increased reactive 
oxygen species (ROS) generation, along with decreased 
antioxidant defense activities, have been shown to pro-
mote development and progression of  MTX-induced 
hepatotoxicity in a rabbit model[6].

N-acetylcysteine (NAC) is a well established cytopro-
tective drug that has proven efficacy against drug (acet-
aminophen overdose)-induced hepatotoxicity[7]. As the 
acetylated precursor of  glutathione (GSH), NAC exerts 
effective antioxidant and anti-inflammatory functions. In 
vitro studies of  the molecular mechanisms of  NAC have 
demonstrated that the drug can protect a cell from oxi-
dative stress by inhibiting H2O2 formation[8].

Another cytoprotective drug with antioxidant prop-

erties is amifostine [AMF; S-2-(3-aminopropylamino) 
ethylphosphorothioic acid]. The efficacy of  AMF as an 
anticancer therapy has prompted extensive research ef-
forts to characterize its mode of  action. Delivered as an 
inactive prodrug, interaction with membrane-bound al-
kaline phosphatase (ALP) is necessary to generate the ac-
tivated metabolite form of  AMF, known as WR-1065[9]. 
WR-1065 is capable of  effective radical scavenging, es-
pecially for hydroxyl and oxygen radicals[9,10].

Ascorbic acid (ASC, vitamin C) is a naturally-oc-
curring water-soluble antioxidant present in cells, body 
fluids, and plasma[11-13]. In addition to acting as a ROS 
scavenger[11,12], ASC plays a role as an essential coenzyme 
in the oxidative stress pathways; interactions have been 
demonstrated between ASC and proline hydroxylase, 
lysine hydroxylase, 4-hydroxyphenylpyruvate dioxygen-
ase, dopamine-hydroxylase, tryptophan hydroxylase, and 
γ-butyrobetaine hydroxylase[13].

This study was designed to investigate the role of  
oxidative stress in MTX-induced hepatotoxicity (both 
structural and functional) and to evaluate the potential 
therapeutic effects of  the cytoprotective antioxidants 
NAC, AMF and ASC. Specifically, a rat model of  acute 
MTX-induced hepatotoxicity was established and the 
hepatoprotective mechanisms related to the antioxidant 
defense system were characterized by measuring changes 
in oxidative stress factors.

MATERIALS AND METHODS
Animals
Fifty-five male Sprague Dawley rats (10-11 wk of  age; 
weighing 230-320 g) were obtained from the Experimen-
tal Animal Research Center of  Inonu University (Malatya, 
Turkey). The animals were housed under regular labo-
ratory environment conditions (21 ± 2 ℃, 60% ± 5% 
humidity, and 12:12 h light-dark cycle) with free access 
to standard rat chow and water. All procedures involving 
the animals were designed in accordance with the Guide-
lines for Animal Research from the National Institute of  
Health and were carried out with pre-approval from the 
Ethical Committee on Animal Research at Inonu Uni-
versity (No: 2011/A-109).

Experimental design
The 55 rats were randomly assigned to one of  five 
groups, with an equal number of  rats contained within 
each group. Simple randomization technique was used 
in this experimental study. Forty-four rats were admin-
istered a single intrapertioneal (ip) dose of  20 mg/kg 
methotrexate without (model group; n = 11) or with 
daily treatments of  50 mg/kg oral NAC (MTX + NAC 
group; n = 11), 50 mg/kg per day (single dose) ip AMF 
(MTX + AMF group; n = 11), or 10 mg/kg per day 
ip ASC (MTX + ASC group; n = 11). An additional 
11 rats received ip injection of  equivalent volumes of  
saline instead of  MTX (n = 11), and represented the 
negative control group. The treatment course lasted 7 d 
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for all groups. The body weights (BW) of  the rats were 
measured at the last days of  the study and recorded in 
grams (g). The dose and duration of  MTX and anti-
oxidant agents were selected according to results from 
previous studies[1,4,5,14-16].

All of  the rats were sacrificed by anesthesia (ket-
amine) overdose at the end of  the 7th day of  treatment. 
The entire liver was excised and bisected; one-half  was 
formalin-fixed and paraffin-embedded for subsequent 
use in histopathological analysis, and the other half  was 
stored at -30 ℃ for subsequent biochemical analysis. 
Blood samples obtained from vena cava inferior and col-
lected for biochemical analysis.

Histopathological analysis: Tissue sections (5 μm) 
were mounted on glass slides and stained with hematox-
ylin-eosin (H-E) to assess the general liver structure and 
with periodic acid-Schiff  (PAS) to assess the presence of  
glycogen deposition in hepatocytes. Each stained section 
was semi-quantitatively evaluated under light microscope 
(DFC280 equipped with the QWin Image Processing 
System; Leica Micros Imaging Solutions Ltd., Cam-
bridge, United Kingdom) by a histologist that was blind-
ed to the treatment group. A scoring system was used 
to establish the severity of  hepatic injury according to 
extent of  (1) sinusoidal dilatation; (2) inflammatory cell 
infiltration; (3) congestion; and (4) hydropic degenera-
tion (cytoplasmic vacuolization/swelling of  hepatocyte), 

with features scored as 0 (normal), 1 (mild), 2 (moderate), 
or 3 (severe). The maximum score of  12 indicated the 
most severe hepatic injury.

Biochemical analyses: After thawing, the liver speci-
mens were submerged in ice-cold 0.1 mol/L Tris-HCl 
buffer (pH 7.5; containing protease inhibitor and 1 
mmol/L phenylmethylsulfonyl fluoride) and mechani-
cally homogenized (Ultra Turrax T 25 basic; IKA, Wilm-
ington, NC, United States) at 16000 g for 2 min at 4-8 ℃. 

The thiobarbituric acid substrate assay was used to 
measure malondialdehyde (MDA; nmol/g wet tissue) with 
a spectrophotometer (at 535 and 520 nm)[17]. Ellman’s 
method was used to measure reduced GSH (nmol/g wet 
tissue) with a spectrophotometer[18,19]. The xanthine/xan-
thine oxidase (XO) assay was used to estimate superoxide 
dismutase (SOD) activity (U/mg protein) by measuring the 
amount of  reduced nitroblue tetrazolium (NBT), with one 
unit of  SOD defined as the amount of  protein that inhib-
its the rate of  NBT reduction by 50%[20]. Aebi’s method 
was used to estimate catalase (CAT) activity (U/g protein) 
with a spectrophotometer (240 nm) to determine the rate 
constant k (dimension: s-1, k) for scavenging H2O2 (initial 
concentration 10 mmol/L)[21]. Finally, the Prajda and We-
ber method was used to estimate XO activity (U/g pro-
tein), which uses spectrophotometric (292 nm) measure-
ment of  uric acid formed from xanthine and defines one 
unit of  activity as 1 μmol of  uric acid formed per minute[1].

10160 August 7, 2014|Volume 20|Issue 29|WJG|www.wjgnet.com

Figure 1  methotrexate-induced effects on hepatic structure in rats. Photomicrographs of representative liver tissues are shown for the control group (A) and 
model group (B-D). A: Normal histological appearence of H-E stained control liver tissues, showing vena centralis (VC) at × 40; B: Abnormal histological appearance 
of H-E stained model liver tissues, showing hepatocytes with eosinophilic cytoplasm around the portal area (arrows) at × 40; C: Inflammatory cells in the portal area 
(arrows) and congestion at × 40 (arrowhead); and D: Hydropic degeneration (vacuolization/cellular swelling) in hepatocytes at × 40.
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Table 2  Effects of methotrexate and antioxidant treatments 
on body weight

Table 1  Histopathological damage scores for the control and 
the methotrexate-exposed groups, with and without antioxi-
dant treatments

Plasma was separated from blood samples and direct-
ly applied to the Architect 16000c Autoanalyzer (Abbott 
Diagnostics, Abbott Park, IL, United States) to measure 
the concentrations of  alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), alkaline phosphatase 
(ALP) and total bilirubin (TBil).

The automated colorimetric measurement methods 
developed by Erel[22,23] were used to determine the total 
antioxidant capacity (TAC) and total oxidant status (TOS) 
(a serum oxidant parameter) in serum samples.

Statistical analysis
All statistical analyses were carried out by the SPSS sta-
tistical software for Windows, version 13.0 (SPSS Inc., 
Chicago, IL, United States). All data are expressed as 
median (range of  minimum to maximum values). The 
Shapiro-Wilk test was used to assess the distribution 
of  continuous variables, with p < 0.05 indicating non-
normal distribution. Intergroup differences were evalu-
ated by the Kruskal-Wallis test or Mann-Whitney U test, 
as appropriate, with p < 0.05 indicating significance.

RESULTS
MTX-induced damage to hepatic structure is alleviated 
by antioxidant therapy
Compared to the normal histological appearance of  liver 
sections from the control group (Figure 1A), liver sec-
tions from the model group had significantly worse his-
topathological scores (p = 0.001). In addition, the model 
group showed eosinophilic cytoplasm in hepatocytes 
surrounding the portal area (Figure 1B-D) and signifi-
cantly reduced glycogen deposition in the hepatocytes 
(Figure 2A-C). The histological damage scores of  all 
groups are presented in Table 1.

The MTX-induced structural aberrations were al-
leviated by all three antioxidant treatments, with the im-
proved scores of  the MTX + NAC group and the MTX 
+ AMF group reaching statistical significance (Figure 
3A-C). In addition, the improvements in histological 
scores produced by NAC and AMF were both signifi-
cantly better than that produced by ASC (p < 0.05 and p 
< 0.005, respectively). The improvements in histological 
scores produced by NAC and AMF were not significantly 
different from one another (p > 0.05). The MTX-induced 
reduction in hepatocyte glycogen deposition was allevi-

ated by all three antioxidant treatments (Figure 2D-F).

MTX-induced change in body weight is unaffected by 
antioxidant therapy
As shown in Table 2, the body weight of  the model 
group was significantly decreased during the 7-d MTX 
exposure, as compared with that of  the control group (p 
< 0.005). However, the changes in body weight (signifi-
cant reduction from pre-treatment baseline) in the anti-
oxidant treatment groups were not significantly different 
from that of  the untreated model group (p > 0.05).

MTX-induced perturbations in some markers of hepatic 
function are alleviated by antioxidant therapy
Changes in liver enzyme activities: As shown in Tables 
3 and 4, compared to the control group, the model group 
showed a significantly higher level of  MDA activity and 
significantly lower levels of  GSH, SOD, and XO activities 
(all, p < 0.05); however, MTX exposure appeared to have 
no effect on CAT activity (p > 0.05). None of  the anti-
oxidant treatments produced a significant change in the 
MTX-stimulated MDA activity or in the MTX-reduced 
XO activity (all, p > 0.05). The NAC treatment produced 
a significant increase in both the MTX-reduced GSH ac-
tivity (p < 0.05) and SOD activity (p < 0.01); neither the 
AMF nor ASC treatments produced a significant effect 
on either GSH or SOD activity (p > 0.05). However, the 
AMF treatment caused a significant decrease in normal 
CAT activity (p < 0.05 vs control group).

Changes in serum levels of  liver function markers: 
As shown in Table 5, compared to the control group, 
the model group showed significantly higher levels of  
serum ALT (p = 0.001) and significantly lower levels of  
AST (p = 0.001). None of  the antioxidant treatments af-
fected the MTX-induced ALT levels (all, p > 0.05), but 
the AMF treatment produced a significant decrease in 
the MTX-induced serum AST level (p < 0.05). MTX ex-
posure appeared to have no effect on either ALP or TBil 
levels in serum (p > 0.05 vs control group).

Changes in serum TAC and TOS: As shown in Table 
4, neither MTX exposure nor any of  the antioxidant 
treatments appeared to affect TAC (all, p > 0.05). Com-
pared to the control group, the MTX group showed 
significantly higher TOS (p < 0.05) but none of  the an-
tioxidant treatments produced a significant change in the 
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Control Model MTX + NAC MTX + AMF MTX + ASC

Score 1 (0-3) 7 (6-9)a 4 (3-6)b 4.5 (3-5)a 6 (5-6)a,c,d

Data are expressed median (range). aP = 0.001 vs control group; bP = 0.001 
vs control and model groups; cP < 0.05 vs MTX + NAC group; dP < 0.005 vs 
model and MTX + AMF groups. MTX: Methotrexate; NAC: N-acetyl cyste-
ine; AMF: Amifostine.

Control Model MTX + NAC MTX + AMF MTX + ASC

BW 387 
(301-332)

318 
(246-292.5)a

295 
(226-272)b

306 
(183-282.5)a

340 
(249-274)c

Data are expressed median (range). aP < 0.005 vs control group; bP = 0.001 
vs control group; cP < 0.01 vs control group. MTX: Methotrexate; NAC: 
N-acetyl cysteine; AMF: Amifostine; BW: Body weight; ASC: Ascorbic 
acid.

Akbulut S et al . Amifostine, ascorbic acid and N-acetylcysteine in hepatotoxicity



Table 3  Effects of methotrexate and antioxidant treatments on biochemical parameters of liver damage in liver tissues
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Figure 2  methotrexate-induced effects on glycogen storage in hepatocytes. Photomicrographs of representative liver tissues are shown for the control group 
(A), model group (B, C), and antioxidant treatment groups (D-F). Normal histological appearence of PAS stained control liver tissue showin glycogen within the he-
patocytes (magenta color) at × 20 (A). Decreased glycogen storage in hepatocytes is shown in PAS stained model liver tissues at × 10 (B) and × 20 (C) . Differential 
effects on MTX-reduced glycogen storage are shown in PAS stained liver tissues from the MTX + NAC group at × 20 (D), MTX + AMF group at × 20 (E), and MTX + 
ASC group at × 20 (F). VC: Vena centralis; MTX: Methotrexate; NAC: N-acetyl cysteine; AMF: Amifostine; ASC: Ascorbic acid; PAS: Periodic acid-Schiff.

Groups MDA GSH SOD CAT

(nmol/g) (μmol/g) (U/g) (K/g)
Control    409 (352-466) 3.02 (2.85-3.43)   71.78 (61.88-97.81) 25.12 (21.08-29.28)
Model  455.5 (419-516)a  2.52 (2.07-3.34)a    61.46 (58.27-67.75)a 23.89 (20.89-30.75)
MTX + NAC    436 (369-476)  3.22 (2.54-3.62)b  69.22 (61.13-100.88)c 22.16 (19.45-22.48)
MTX + AMF 442.5 (323-490) 2.92 (2.21-3.53) 63.78 (40.82-124.27)  20.88 (17.27-21.78)d

MTX + ASC 420.5 (355-463) 2.84 (2.33-3.48)   61.81 (46.76-85.71) 21.51 (20.63-22.78)

Data are expressed median (range). aP < 0.05 vs control group; bP < 0.05 vs model group; cP < 0.01 vs model group; dP < 0.05 vs control vs model groups. 
MTX: Methotrexate; NAC: N-acetyl cysteine; AMF: Amifostine; ASC: Ascorbic acid; MDA: Malondialdehyde; GSH; Glutathione; SOD: Superoxide dis-
mutase; CAT: Catalase.
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Table 4  Effects of methotrexate and antioxidant treatments 
on oxidant-antioxidant parameters in serum

MTX-induced TOS (all, p > 0.05).

DISCUSSION
While the underlying mechanism of  MTX-induced hepa-
totoxicity remains to be fully elucidated[7,15,16,24], increases 
in oxidative stress (caused by ROS) have been linked to 
the effects of  MTX; moreover, MTX-induced toxicity 
has been shown to be associated with increases in lipid 
peroxidation in various tissues, such as liver, kidney and 
ileum, using rat model systems[1,5,16,25,26].

In the present study, MTX was shown to significantly 
alter the oxidant/antioxidant balance in a rat model 

system. In addition, MTX was shown to increase the 
level of  MDA activity as well as to decrease the levels of  
GSH and SOD activities in liver, but to have no observ-
able affect on CAT activity. These results are similar to 
those from previous studies of  MTX affects in liver tis-
sue[4,5,7,14,24,27]. In addition, Hadi et al[6] reported that MTX 
treatment of  rats led to increased serum MDA level and 
decreased serum GSH level.

Previous studies in rats have also shown that prophy-
lactic delivery of  multiple antioxidant agents can prevent 
MTX-induced hepatotoxicity. For example, Tunali-Akbay 
et al[14] and Dalaklioglu et al[3] demonstrated that resvera-
trol, a potent antioxidant in rats but with unknown and 
questionable efficacy in humans, protects against MTX-
induced hepatotoxicity by decreasing hepatic MDA tis-
sue level and increasing hepatic GSH and CAT activities. 
Ali et al[28] demonstrated the protective effect of  chrysin 
against MTX-induced hepatotoxicity and showed that the 
drug was capable of  enhancing the therapeutic index of  
MTX when the two were administered simultaneously. 
Demiryilmaz et al[29] demonstrated that administration 
of  thiamine phosphate to rats led to significant reduc-
tions in oxidant parameters (i.e., MDA and MPO) and to 
increases in antioxidant parameters (i.e., GSH and SOD) 
in the liver tissue. Uraz et al[27] showed that ursodeoxy-
cholic acid provided protection against MTX-induced 
hepatocyte, again by using the rat model system. Vardi 
et al[5] reported that therapeutic delivery of  β-carotene, 
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Figure 3  methotrexate-induced structural damage to hepatic tissues in rats treated with antioxidant agents. A: Photomicrographs of representative H-E 
stained liver tissues are shown at × 40; B:The MTX + NAC group showed radial hepatocytes in the region from the central vein to the periphery; C: The MTX + AMF 
group showed sinusoidal dilatation (arrows) that was similar to that observed in the untreated model group. VC: Vena centralis; H-E: Hematoxylin-eosin; MTX: Metho-
trexate; NAC: N-acetyl cysteine; AMF: Amifostine.

Groups TAC TOS XO

(mmol/L) (mmol/L) (U/g)
Control     1.3 (1.1-1.38) 13.05 (9.3-27.3)  2.41 (1.80-14.60)
Model   1.2 (0.9-1.5)      25.4 (16.1-49.7)a   1.27 (0.56-17.35)a

MTX + NAC   1.27 (1.15-1.4)      26.7 (18.5-62.2)b 1.41 (0.68-2.75)a

MTX + AMF 1.22 (0.3-1.4)  27.2 (10-61.2) 1.60 (0.41-2.29)c

MTX + ASC     1.31 (0.95-1.44) 26.85 (12.2-97)a   1.10 (0.24-1.48)c,d

Data are expressed median (min-max). aP < 0.05 vs control group; bP = 
0.005 vs control group; cP < 0.01 vs control group; dP < 0.05 vs MTX + AMF 
group. TAC: Total antioxidant capacity; TOS: Total oxidant status; XO: 
Xanthine oxidase; MTX: Methotrexate; AMF: Amifostine; NAC: N-acetyl 
cysteine; ASC: ascorbic acid.
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ALT levels and not in any of  the other liver function 
serum markers. This finding is agreement with previous 
studies[14,24,27].

In conclusion, the mechanism of  MTX-induced he-
patic injury likely involves oxidative stress pathways; devel-
opment or progression of  this life-threatening condition 
may be prevented by prophylactic or therapeutic delivery 
of  antioxidant agents, such as NAC, AMF or ASC.
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with proven efficacy against drug-induced hepatotoxicity, such as that as-
sociated with acetaminophen overdose. Ascorbic acid is a naturally-occurring 
water-soluble antioxidant present in cells, body fluids, and plasma. Amifostine is 
an organic prodrug that exerts antioxidant and cytoprotective effects, via scav-
enging for and eliminating the DNA-damaging free oxygen radicals and reactive 
nucleophiles, upon hydrolysis of its thiophosphate by alkaline phosphatase in a 
biological system.
Peer review
The results of the research are very interesting for both basic scientist and clini-
cians. Presentation and readability of the manuscript are good. The title accu-

 COMMENTS

Table 5  Effects of methotrexate and antioxidant treatments on biochemical parameters of liver damage in serum

an important source of  vitamin A in the human diet and 
having antioxidant properties, led to decreased hepatic 
MDA activity and increased hepatic SOD, CAT and GSH 
peroxidase (GPx) activities under conditions of  MTX-
induced liver injury in rats. Finally, Cetin et al[4] reported 
that therapeutic delivery of  the bioactive resin propolis, 
another natural compound (produced by the honeybee 
Apis mellifera, L.) with antioxidant potential, led to the 
same effects on MDA, SOD, CAT and GPx activities in 
the MTX-induced liver injury rat model.

The antioxidant functions and mechanisms of  NAC 
in humans are well-established. In addition to its targeted 
inhibition of  H2O2 formation, NAC also protects cells 
from oxidative stress by directing cysteine into the GSH 
synthesis pathway and consequently increasing the intra-
cellular content of  GSH[8]. With regard to the condition 
of  MTX-induced hepatotoxicity in rats, Cetinkaya et al[7] 
demonstrated that therapeutic delivery of  NAC decreased 
MDA activity and increased SOD and CAT activities.

The MTX-induced changes in oxidative damage 
markers detected in the present study by biochemical 
analysis were in line with histological observations of  
liver specimens. MTX-induced structural damage to the 
liver, which includes sinusoidal dilatation, inflammatory 
cell infiltration, congestion and hydropic degeneration, 
was obvious in the livers of  rats exposed to MTX for 
7 d. Furthermore, perturbed glycogen deposition was 
observed in hepatocytes following the MTX exposure. 
Similar histopathologic results have been previously re-
ported by a multitude of  MTX studies using in vivo mod-
els[1,3,5,6,14,24]. In addition, Hadi et al[6] observed focal areas 
of  necrosis in livers of  rats exposed to MTX, and Dal-
aklioglu et al[3] observed increased numbers of  activated 
Kupffer cells in liver tissues of  MTX-administered rats.

The current study expanded the knowledge on MTX-
induced damage to the hepatic structure by testing the 
ability of  common clinical antioxidant therapeutic agents 
to alleviate the damage. Indeed, NAC, AMF and ASC 
were able to improve the MTX-related histopathological 
damage score, suggesting their potential benefit as ad-
junct protective agents in patients requiring MTX treat-
ment; however, further studies are necessary to confirm 
this intriguing theory.

Another important finding of  the present study is 
that MTX exposure led to a distinct increase in serum 
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Groups ALT AST ALP T. bilirubin

(U/L) (U/L) (U/L) (mg/dL)
Control   36 (34-48) 93.5 (74-135)   197 (168-271)   0.1 (0.1-0.2)
Model 119.5 (62-141)a   49 (33-73)a 102 (76-437)   0.1 (0.1-0.2)
MTX + NAC 107.5 (66-161)b   50 (35-80)b 84.5 (72-123)a   0.1 (0.1-0.2)
MTX + AMF  74.5 (28-219)     31 (11-49)a,c   57.5 (25-138)a,e   0.1 (0.1-0.8)
MTX + ASC   91.5 (56-141)b     45 (32-58)a,d    87 (64-108)a 0.15 (0.1-0.2)

Data are expressed median (range). aP = 0.001 vs control group; bP < 0.005 vs control group; cP < 0.05 vs model and MTX+NAC groups; dP < 0.05 vs MTX + 
AMF group; eP < 0.05 vs Model group. MTX: Methotrexate; NAC: N-acetyl cysteine; AMF: Amifostine; ASC: Ascorbic acid; ALT: Alanine aminotransferase; 
AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; T. bilirubin: Total bilirubin.
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rately reflects the contents of the study. Readability of the abstract is good. The 
design of the study and statistical methods are appropriate. Standard materials 
and methods were used with a detailed description (the study could be easily 
reproduce or validate by other investigators). The sample size is big enough for 
experimental study. The manuscript is appropriate for publishing.
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