
Introduction

Many medications used for different therapeutic goals have 
been associated with pulmonary complications of various types, 
including interstitial inflammation, fibrosis, bronchospasm, pul-
monary edema, and pleural effusions (1). Methotrexate (MTX) 
is a folic acid antagonist which has been used clinically for more 
than 40 years and is widely used as an agent for the treatment 
of several malignancies and various inflammatory diseases. For 
children with acute lymphoblastic leukemia, it is an important 
component of chemotherapy (2). MTX has anti-proliferative, 
anti-inflammatory, and immunomodulating effects (3, 4). In 
60 to 93 percent of patients treated with MTX, there have 
been a number of adverse reactions, including nonproductive 
cough, dyspnea, fever, pneumonitis, interstitial lung disease, 
and pulmonary fibrosis (5). Most of these reactions are dose-
dependent in nature and are not life-threatening, but up to 30 
percent of patients treated with MTX for more than five years 
discontinue the therapy because of unacceptable toxicity (6).

MTX-induced pneumonitis is a serious side effect and the 
precise pathological mechanism for this syndrome still re-
mains unclear. Because pulmonary toxicities occur with both 
low and high doses and by different routes of administration, 
some MTX-induced side effects are thought to result from 
idiosyncratic mechanisms unrelated to folate antagonism (7).

The tissue levels of the reactive oxygen species (ROS) 
are kept in strict control by a complex antioxidant defense 
system that includes enzymes such as superoxide dismutase 
(SOD), catalase (CAT), and glutathione (GSH) (8, 9). The major 
enzymatic scavenger of oxygen radicals in lung is SOD which 
catalyses the dismutation of O2 to H2O2 that is then enzymati-
cally degraded by either the GSH redox cycle or by CAT (10). 
Oxidative stress is known to appear because of an imbalance 
between the production and degradation of ROS in tissues. 
ROS-induced injury is well characterized and includes DNA 
base oxidation, lipid peroxidation, and protein oxidation (11). 
Malondialdehyde (MDA) is an indicator of oxidative stress 
and is produced during lipid peroxidation of tissues (8).
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ABSTRACT

Objective: Methotrexate (MTX) is known to have deleterious side effects on lung tissue. We aimed to investigate the effects of erythropoietin (EPO) and 
N-acetyl-cysteine (NAC) on MTX-induced lung injury in rats.

Study Design: Animal experiment.

Material and Methods: Twenty-six female Sprague-Dawley rats were divided into 4 groups. Sham group, 0.3 mL saline; MTX group, 5 mg/kg MTX; 
EPO group, 5mg/kg MTX and 2000 IU/kg EPO; NAC group, 5 mg/kg MTX and 200 mg/kg NAC were administered once daily for 4 consecutive days. 
Malondialdehyde (MDA), superoxide dismutase (SOD), catalase (CAT) and inflammation and congestion scores in lung tissues were evaluated. 

Results: In MTX group MDA were significantly higher, CAT and SOD were significantly lower than in sham, EPO and NAC groups (p<0.005). In EPO 
group MDA, CAT, and SOD were higher, but not significant than those in group NAC (p>0.005). In group MTX both scores were significantly higher than 
in sham (p<0.005). The congestion score of group MTX was significantly higher than those of group EPO and NAC (p<0.005). 

Conclusion: EPO and NAC have significant preventive effects on MTX-induced lung injury in rats. Decreased antioxidant capacity and increased MDA level may 
cause the oxidative damage in MTX group. Also, higher antioxidant capacity and lower MDA level may be a response to oxidative stress in EPO and NAC groups.
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Erythropoietin (EPO) is a glycoprotein cytokine that is pro-
duced primarily by the kidney in order to regulate the produc-
tion of red blood cells. In addition to its traditional hemato-
poietic role, effects on tissue protection were shown in many 
studies. The protective effects of EPO are seemed to be relat-
ed to its anti-apoptotic, anti-oxidative, and anti-inflammatory 
properties as well as its angiogenic effect (12-15).

N-acetylcysteine (NAC) has been widely used as an anti-
oxidant in vivo and in vitro (16-18). NAC plays an important 
role at protection of cell from oxidative stress by inhibiting the 
H2O2 formation in vitro. NAC also increases the cellular GSH 
level by directing cystine into the GSH synthesis pathway (18).

To best of our knowledge, the effects of EPO and NAC 
on MTX-induced lung injury have not been investigated yet. 
Therefore, we designed the study to evaluate the protective 
role of EPO and NAC on MTX induced-lung injury.

Material and Methods

Animals
This study was approved by the Ethics Committee of 

Kahramanmaraş Sütçü İmam University. Twenty-six female 
Sprague-Dawley rats weighing 210 to 230 grams were used in 
the study. The animals were housed under 12 h dark/light pe-
riod at a stable ambient temperature (21-23oC) with standard 
diet and water ad libitum. The rats were divided into 4 groups: 
S group (sham, n=5) animals were administered subcutaneous 
(SC) injections of 0.3 mL of 0.9% NaCl once daily for 4 con-
secutive days. MTX group (Control, n=7) were administered 
SC injections of MTX (5 mg/kg) once daily for 4 consecutive 
days. EPO group (EPO-treated, n=7) were administered SC 
injections of MTX (5 mg/kg) and EPO (2000 IU/kg, Recormon, 
Roche Diagnostics GmbH, Mannheim, Germany) once daily 
for 4 consecutive days. NAC group (NAC-treated, n=7) were 
administered SC injections of MTX (5 mg/kg) and NAC (200 
mg/kg, n-acetlylcysteine) once daily for 4 consecutive days. 
On the fifth day, animals in all groups were sacrificed by de-
capitation and the lungs were removed, then biochemical and 
histological investigations were done. One halves of removed 
lungs were stored at -80oC until biochemical analysis and the 
other halves were fixed in 10% neutral-buffered formaldehyde 
solution for histological evaluation.

Biochemical Evaluation
All chemicals used in our study were analytical grade and 

were from the Sigma Chemical Company (St. Louis, MO, USA) 
with exceptions of NAC which was from Bilim (İstanbul, Tur-
key) and EPO which was from Janssen Cilag (İstanbul, Turkey).

Preparation of Homogenates: The lung tissues of the rats 
were rapidly removed, weighed, perfused 1.15% ice-cold KCl, 
minced, then homogenized in five volumes (w/v) of the same 
solution, using a Heidolph 50110 R2R0 homogenizer. Antioxi-
dant enzymes and MDA assays were performed on the super-
natant preparation in a Sorvall RC-2B centrifugation of the ho-
mogenate at 14.000 rpm for 30 min at +4°C. The activities of 
antioxidant enzyme and MDA levels in supernatant were mea-
sured at 37ºC in the UV-260 Shimadzu spectrophotometer. 

Determination of MDA: Lipid peroxidation level in the 
tissue samples was expressed in MDA. It was measured ac-
cording to procedure of Ohkawa et al. (19). The reaction mix-
ture contained 0.1 mL sample, 0.2 mL of 8.1% sodium dodecyl 
sulphate (SDS), 1.5 mL of 20% acetic acid and 1.5 mL of 0.8% 
aques solution of TBA. The mixture pH was adjusted to 3.5 
and volume was finally made up to 4.0 mL with distilled water 
and 5.0 mL of the mixture of n-butanol and pyridine (15:1,v/v) 
were added. The mixture was shaken vigorously. After centrif-
ugation at 4000 rpm for 10 min, the absorbance of the organic 
layer was measured at 532 nm. 

Determination of SOD: SOD activity in lung tissue was 
measured according to the method described by Fridovich 
(20). This method employs xanthine and xanthine oxidase to 
generate superoxide radicals which react with p-iodonitro-
tetrazlium violet (INT) to form a red formazan dye which was 
measured at 505 nm. Assay medium consisted of the 0.01 M 
phosphate buffer, CAPS (3-cyclohexilamino-1-propanesulfon-
icacid) buffer solution (50 mM CAPS, 0.94 mM EDTA, satd. 
NaOH) with pH 10.2, solution of substrate (0.05 mM xanthine, 
0.025 mM INT) and 80 UL xanthine oxidase. SOD activity was 
expressed as U/mg protein.

Determination of CAT: CAT activity in tissues was deter-
mined by measuring the decrease in hydrogen peroxide con-
centration at 230 nm by the method of Beutler (21). Assay me-
dium consisted of 1 M Tris HCI, 5 mM Na2EDTA buffer solution 
(pH 8.0), 1 M phosphate buffer solution (pH 7.0), and 10 mM 
H2O2 CAT activity was expressed U/mg protein.

Determination of Protein: The protein concentration of 
the tissue samples was measured with Spectronic-UV 120 
spectrophotometer by the method of Lowry et al. (22).

Histopathologic Evaluation 
Lung tissue samples were fixed in 10% neutral buffered 

formalin solution and embedded in paraffin. Serial sections 
were cut in 4 µm thick slices, stained with hematoxylin-eosin, 
and examined under light microscope for the presence of tis-
sue damage. A single pathologist examined and scored the 
lung sections in a blinded fashion. The presences of alveolar 
congestion, hemorrhage, inflammation or infiltration of neu-
trophils and lymphocyte in the alveolus or vessel walls were 
evaluated. Minimal or negligible, mild, moderate, severe or 
maximal damage were scored from 0 to 4, respectively (23).

Statistical Analysis 
Statistical analyses were performed with the SPSS Pro-

gram, version15.0 (LEAD Technologies Inc, Chicago, IL USA). 
Analysis of variance (ANOVA) was carried out on the biochem-
ical data and tissue damage scores to examine differences 
among groups. When a significant group effect was found, 
Kruskal-Wallis followed by Mann-Whitney U tests were used. 
Statistical significance was defined as p<0.05. The data were 
expressed as mean±SD.
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Results 

Results of Biochemical Analyses
All animals survived except one in EPO group and two in 

NAC group, during the test protocol. In these groups diarrhea 
was seen to be more pronounced and probably they died be-
cause of this. 

MDA levels and SOD and CAT activities of lung tissue were 
listed in Table 1. MDA levels in MTX group were significantly 
higher than those in the S, EPO and NAC groups (p<0.05). 
In the MTX group, CAT and SOD activities were significantly 
lower than those in S, EPO, and NAC groups (p<0.05). 

In EPO group MDA levels, CAT, and SOD activities were 
higher, but not significant than those in NAC group (p>0.05). 
SOD activities were significantly lower in NAC group than in S 
group (p<0.05). Although SOD activities in NAC group were 
significantly lower than S group (p<0.05), the other param-
eters like tissue MDA levels and CAT and SOD activities in 
S group were not significantly different from group EPO and 
group NAC (p>0.05) (Figure 1).

Histopathological results 
We evaluated the presence of tissue congestion and 

inflammation histopathologically. Congestion scores (CS) and 
inflammation scores (IS) of all groups were shown in Table1 
and Figure 2. 

In MTX group, CS and IS were significantly higher than 
those in S group (p<0.05). The CS in MTX group was signifi-
cantly higher than those in EPO and NAC groups (p<0.05) 
(Figure 3). The CS in S group was significantly lower than 
those in NAC group (p<0.05) (Figure 3). 

While evaluating the IS, lymphocyte cell infiltrations were 
detected in all groups (Figure 4, 5). The IS in MTX group was 
higher but not significantly than those in EPO and NAC groups 
(p>0.05). When both scores in EPO group were compared to 
those in NAC group, the difference was not statistically signifi-
cant (p>0.05). 

Discussion

The present study showed for the first time, biochemically 
and histopathologically, that early and low dose of MTX in-

creases oxidative damage on lung tissue and also EPO and 
NAC have protective effects against MTX-induced lung injury 
in rats. Our result is in agreement with other experimental tis-
sue models showing that oxidative stress plays an important 
role in MTX-induced damage and antioxidants such as EPO 
and NAC attenuate the side effects of MTX (24-26).

Methotrexate that is an antineoplastic drug has been used 
increasingly to treat chronic inflammatory disease and malig-
nancies (2). Pulmonary toxicity has been estimated to occur 
in 2-7% of patients receiving low-dose MTX therapy (5). The 
most common pulmonary toxicity associated with the MTX 
use is hypersensitivity pneumonitis. Other pulmonary toxici-
ties are also determined including acute lung injury with non-
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Figure	 1.	 Levels	 of	 malondialdehyde	 (MDA),	 activities	 of	
superoxide	 dismutase	 (SOD)	 and	 catalase	 (CAT)	 in	 lung	
tissue.	MDA	level,	and	SOD,	CAT	activities	in	methotrexa-
te	 (MTX)	group	were	 significantly	different	 than	 those	of	
the	sham,	EPO,	and	NAC	groups	(p<0.05).	MTX,	indicates	
methotrexate	 given	group;	 EPO	 indicates	 both	MTX	 and	
erythropoietin	given	group;	NAC,	indicates	both	MTX	and	
N-acetylcysteine given group

 Sham	 MTX	 EPO	 NAC

MDA nmol/mg protein 2.01±0.51* 4.07±1.02†,‡ 2.38±0.29 2.26±0.51

CAT units/mg protein 47.78±12.22* 16.21±4.76†,‡ 40.68±12.32 36.88±4.43

SOD units/mg protein 10.72±1.05*,§ 2.11±0.45†,‡ 9.29±2.21 6.96±1.19

Congestion score 1.40±0.54* 3.28±0.75†,‡ 1.83±0.75 1.80±0.44

Inflammation score 1.20±0.44 2.28±0.48 1.83±0.75 1.60±0.54
Data are presented as mean±SD. MDA: Malondialdehyde, CAT: Catalase activities, SOD: Superoxide dismutase activities. Groups were sham, MTX: Methotrexate given 
control group, EPO: Erythropoietin with MTX given, NAC: N-acetlylcysteine with MTX given
*p<0.05 when sham compared with MTX
†p<0.05 when MTX compared with EPO 
‡p<0.05 when MTX compared with NAC
§p<0.05 when sham compared with NAC 

Table 1. Biochemical parameters and tissue damage scores in all groups



cardiogenic pulmonary edema. Most researchers think that 
MTX generates a type IV delayed hypersensitivity reaction 
presenting lymphocytic proliferation and alveolitis (27-29). In 
our study, we determined tissue congestion and lymphocytic 
infiltration in histopathological examination of rat lung. In-
creased congestion and lymphocytic infiltration were detect-
ed in MTX group. By administration of EPO or NAC to MTX, 
CS was significantly decreased, and IS was decreased but not 
significantly. This might be due to EPO and NAC, in the early 
phase of experiment, showing protective effects on conges-
tion but could not show the protective effects on lymphocytic 
infiltration. For this reason a longer experimental period may 
give more accurate results. 

Researches in the last decade have shown that EPO and its 
receptor are expressed in tissues other than those concerned 
in erythropoiesis. These include the brain, the reproductive 
tract the heart, the spleen, and the lung (30-32). EPO regarded 

as a general tissue-protective cytokine, is a strong antioxidant 
and increases the activity of antioxidant enzymes, such as SOD 
and CAT, and decreases MDA levels in hypoxic-ischemic organ 
injuries (33-36). It is also shown that EPO has protective effects 
associated with acute lung injury model by inhibiting leukocyte 
accumulation and reducing oxidative stress-associated lipid 
peroxidation (37). In addition to these studies, it has been also 
reported that EPO can protect the tracheobronchial epithelia 
and pulmonary type 2 cells of rats that were exposed to trau-
matic brain injury (38). In our study SC administration of EPO to 
MTX received rats decreased the MDA level significantly and 
increased CAT and SOD activities significantly when compared 
with MTX group. Our results supported the knowledge of EPO 
having antioxidant and anti-inflammatory effects.

Erythropoietin with MTX given has been demonstrated to 
decrease lipid peroxidation levels in hypoxic-ischemic brain 
injury at a dose of 1000 units/kg (35). Garipardic et al. (26) 
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Figure	2.	Inflammation	and	congestion	scores	were	shown.	
MTX,	 indicates	methotrexate	given	group;	 EPO	 indicates	
both	MTX	and	erythropoietin	given	group;	NAC,	indicates	
both	MTX	and	N-acetylcysteine	given	group

Figure	3.	A,	normal	histology	of	rat	lung,	inflammation	and	
congestion	 scores	were	 zero;	B,	mild	 lymphocyte	 infiltra-
tion	 and	 congestion,	 inflammation	and	 congestion	 scores	
were	1	(HE	X100)

Figure	4.	Moderate	lymphocyte	infiltration	and	congestion,	
both	scores	were	2	in	lung	tissue	(HE	X100)

Figure	5.	A	lymphocyte	infiltration	was	more	prominent	but	
congestion	was	less.	Inflammation	score	was	3	and	conges-
tion	 score	was	1;	B,	 lymphocyte	 infiltration	was	mild	but	
congestion	was	more	prominent,	inflammation	score	was	1	
and	congestion	score	was	3	(HE	X100)



demonstrated that EPO had protective effect on MTX-induced 
esophageal damage at a dose of 2000 units/kg/day. Bakan et 
al. (39) noticed that EPO had protective effect on corrosive 
esophageal burns at a dose of 1000 units/kg/day. Tascılar et 
al. (37) reported that in acute lung injury model induced by 
acute pancreatitis experimentally, EPO administration with a 
single dose of 1000 units/kg showed cytoprotective effect. 
Wu et al. (40) demonstrated that pretreatment with a single 
dose of 3000 units/kg EPO appeared to attenuate ischemia-
reperfusion-induced lung injury in rats. In our study we used 
EPO with a dose of 2000 units/kg/day for 4 days.

N-acetyl-cysteine is widely used as a mucolytic agent and 
shows the major antioxidant effects by reducing extracellular 
cystine to cysteine, or being a source of thiol metabolites (41). 
In our study SC administration of NAC to MTX decreased the 
MDA level significantly and increased the CAT and SOD ac-
tivities significantly when compared with MTX group. It was 
determined that MTX-induced changes can be ameliorated by 
NAC with a dose of 150 mg/kg in small intestine and in liver of 
rats (24, 25). Maeda et al. (17) determined that NAC in dose of 
80 mg/kg attenuated the MTX-induced changes in kidneys of 
rat. These findings suggested that NAC had also antioxidant 
and anti-inflammatory effects on MTX-induced lung injury. 
We compared the EPO group to NAC group by means of the 
MDA levels, CAT and SOD activities. We did not determine 
any statistically significant difference between the two groups.

As a result, we have demonstrated that MTX causes an 
increase in MDA level and decrease in CAT and SOD activi-
ties in rat lung. This result showed that the oxidative damage 
had a role in MTX-induced lung injury. By adding the EPO 
or NAC to MTX, a decrease in MDA level and an increase in 
CAT and SOD activities were observed. Both EPO and NAC 
showed significant protective effects on oxidative damage, 
both biochemically and histopathologically, in the early stage 
of MTX-induced lung injury in rats. Additional studies using 
EPO, NAC, and other antioxidants are needed to confirm our 
results.
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