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ABSTRACT
Objective: To study the effect of quercetin on methotrexate induced toxicity and to 
observe the histopathological changes. Materials and Methods: Thirty male rats were 
divided into 5 different groups with each group consisting of six rats. The Group I was 
a control and they were treated with 10 ml/kg of carboxymethyl cellulose. The Group 
II, III, IV and V animals were treated with methotrexate 0.125 mg/kg; methotrexate 
0.25 mg/kg; methotrexate (0.125 mg/kg) + quercetin (500 mg/kg); and methotrexate 
(0.25 mg/kg) + quercetin (500 mg/kg), respectively. All drugs were administered orally 
through oral gavage once daily for 14 days. At the end of the study, blood samples 
were collected from all the animals in each group. The animals were then sacrificed and 
organs were collected for histopathological analysis. Results: Methotrexate 0.125 and 
0.25 mg/kg significantly increased the levels of liver enzymes such as AST, ALT, ALP 
and total protein and renal markers such as urea and creatinine. The animals treated with 
quercetin along with methotrexate showed significant improvement on methotrexate 
induced liver and renal toxicities. Methotrexate significantly reduced the levels of 
haemoglobin and blood sugar and which was partially reversed by quercetin. The notable 
histopathological changes in lungs, liver and kidneys were observed with methotrexate 
treated animals and this was protected by quercetin. Conclusion: Methotrexate produced 
significant pathological changes at 0.250 mg/kg and possible ameliorative effect of 
quercetin observed in lung, liver and kidney. Quercetin 500 mg/kg significantly inhibited 
the methotrexate induced toxicity in liver and kidneys.
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INTRODUCTION 
Methotrexate is one of  the folic acid antag-
onists which have been in use for decades 
as cancer chemotherapeutic agent and also  
used for the treatment of  autoimmune  
diseases, inflammatory disorders and arthritis.1  

In addition to its enlarged spectrum of  
clinical use, a well-defined toxicity profile 
has been identified and has a growing body 
of  evidence which suggest significant toxic 
effect associated with its dose and duration. 
Methotrexate may cause mild to severe life 

threatening side effects which may cause 
reversible or irreversible adverse effect to 
the host. In variable dose, methotrexate 
produced renal and hepatic toxicities in animals. 
The low dosage methotrexate affects the  
liver and kidney functions causing changes 
in histological pattern of  rats visceral 
organs.2,3

Methotrexate as far as possible should 
be considered only in the event of  a 
life threatening neoplastic diseases and 
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in patients with severe recalcitrant disabling disease  
of  psoriasis or rheumatoid arthritis.4 The effect  
concomitant administration of  methotrexate and anti-
oxidant remains unclear. Antioxidants are substances 
that interact with and neutralize or block free radicals  
thus preventing them from causing organ damage. Quer-
cetin is known for its principal main feature as an anti-
oxidant via direct free radical scavenging action and 
enhancing cyclic-GMP-dependent relaxation.5,6 It has 
been the most powerful dietary flavonoid for defending 
the body against reactive oxygen species. Quercetin is 
found in fruits (mainly citrus), green leafy vegetables, 
buckwheat, nuts, flowers, barks, broccoli, olive oil, 
apples, onions, green tea, red grapes, red wine, dark  
cherries and berries such as blue berries and cranberries.7 

Quercetin appears to have many beneficial effects which 
include cardiovascular protection, antitumor, antiulcer,  
antiallergy, antiviral, prevents neurodegenerative dis-
orders, anti-inflammatory activity, prevents diabetic 
neuropathy, gastro protective effects, antihypertensive, 
immunity and anti-infective effects.8-10 Effect of  quer-
cetin as a food supplement on methotrexate induced 
toxicity remains unclear. Hence the present study was 
planned to study an ameliorative effect of  quercetin on 
methotrexate induced toxicity in Sprague-Dawley rats. 

MATERIALS AND METHODS 

Animals 
Healthy adult male Sprague-Dawley (SD) rats, weighing 
150-180 g were used for the experiment and they were  
obtained from Central Animal House, AIMST University, 
Malaysia. The animals were housed in Wi-Fi-free zone, 
large, spacious poly acrylic cages at an ambient room  
temperature with 12-h-light/12-h-dark cycle. The animals  
were fed with water, and normal rats pellet diet ad libitum.  
The study was approved by AIMST University 
Human and Animal Ethics Committee (AUHAEC8/
FOM/2014) and the study was conducted according to 
Animal Research Review Panel guidelines.

Chemicals 
Methotrexate was purchased from Apex Pharmacy  
Marketing Sdn. Bhd. Malaysia, supplied as tablets in a 
dose of  2.5 mg/tablet. Quercetin was purchased from 
Nacalai Tesque Inc., Japan. Renal and liver profile analytic 
strips (REFLOTRON) glucose strips manufactured by 
Roche Germany, purchased from Roche Diagnostic (M)  
Sdn. Bhd. Petaling Jaya, Selangor. Total Protein Bio-
chemistry test kit, liquid base 125 ml/kit manufactured 
from Cypress, Belgium purchased from Integrasi Sains 
Sdn. Bhd. Amanputra, Puchong, Selangor.

Experimental Design 
Thirty adult male healthy SD rats were randomly divided 
into 5 different groups each group of  6 rats as follows:
Group I	 : 	 Normal control (Carboxymethyl cellu-

lose 10 ml/kg)
Group II	 : 	 Methotrexate 0.125 mg/kg
Group III	 :	 Methotrexate 0.25 mg/kg
Group IV	 : 	 Methotrexate 0.125 mg/kg+Quercetin 

500 mg/kg
Group V	 :	 Methotrexate 0.25 mg/kg+Quercetin 

500 mg/kg
The dose of  methotrexate and quercetin were selected 
from previously published reprots.11-13 Methotrexate and 
quercetin were suspended in 0.5%W/V carboxymethyl 
cellulose (CMC) and administered once daily through 
oral gavage for 14 days. The drugs were administered in 
the morning between 9:00 am to 10:00 am. Throughout  
the experiment period, body weights variations and 
behavioural alterations were monitored. At the end of   
the study, blood sample was collected from all the animals  
through retro-orbital plexus (for biochemical and  
haematological analysis) and they were sacrificed by 
cervical dislocation. Organs such as brain, lungs, heart, 
liver, kidney, spleen, skeletal muscle, stomach, jejunum 
and ileum were collected and preserved in 10% formalin 
for histopathological analysis.

Biochemical analysis
One ml of  blood sample was collected from all the 
experimental animals in a disodium EDTA tubes through 
retro-orbital plexus.14 The samples were centrifuged at 
3000 rpm for 20 min. The plasma was separated and 
immediately processed for biochemical estimations.The 
plasma sample was subjected to analysis of  biochemical 
parameters such as aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), alkaline phosphatase  
(ALP), blood urea, serum creatinine, total protein,  
random blood glucose and haemoglobin estimation 
using commercial biochemical kits and REFLOTRON 
‘PLUS machine by Roche, USA.

Histopathological analysis 
Part of  the brain, lungs, heart, liver, kidney, spleen, skeletal  
muscle, stomach, jejunum and ileum were excised 
quickly and samples were preserved and fixed in 10% 
neutral formalin for histopathological analysis. The 
sample tissues were embedded in paraffin blocks after 
being dehydrated in alcohol and subsequently cleared 
with xylene. Five to ten micrometre thickness of  all the 
above mentioned tissue section were prepared from 
paraffin blocks placed on a glass slide and stained with 
haematoxylin and eosin. It is then mounted in neutral 
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DPX medium and the slides were examined under light 
microscope.15,16

Statistical analysis
All the values are presented as mean ± SEM (Standard 
estimated mean). The continuous variables of  more  
than two groups analysed using one way analysis of   
variance (ANOVA) or repeated measure ANOVA followed 
by Bonferroni post hoc test. A p< 0.05 was considered 
as statistically significant.

RESULTS
Quercetin 500 mg/kg administered animals showed  
significant protective effect on methotrexate induced 
respiratory, hepatic and renal toxicity. Methotrexate  
treated animals showed clinical signs like dullness, lethargy, 
and loss of  appetite with decrease in food consumption 
leading to reduction in the body weight possibly due to 
methotrexate toxicity (Table 1).
The animals treated with methotrexate 0.125 and  
0.25 mg/kg showed significant loss of  body weight in 
first week onwards and they have incidence of  abnormal  
bowel clearance with diarrhoea and increased urine 
excretion. They also showed significant increase in  
levels of  AST, ALT, ALP and total protein when  
compared with control (Table 2). Whereas animals 
treated with quercetin showed significant protective 
effect on methotrexate elevated liver enzymes. When 
compared with control, significant increased levels of   
creatinine and blood urea was observed in methotrexate 
treated groups and this may indicate that the reduction 
in renal filtration rate can be due to toxic effects of  
methotrexate on kidney (Table 2). Methotrexate along 
with quercetin treated animals also showed significant 
increase in the levels of  creatinine when compared with 
control. Methotrexate and methotrexate along with 
quercetin showed significant increase in the levels of  
random blood sugar and haemoglobin when compared 
with that of  control (Table 3). 
The animals treated with drug vehicle did not showed 
any significant changes in histological features of  cere-
brum, cardiac muscle, lungs, liver, kidneys, spleen, 
skeletal muscle, stomach, jejunum and ileum. Whereas 
the animals treated with methotrexate 0.125 and 0.25  
mg/kg showed significant changes in histological features 
of  lungs, liver and kidney. 
Methotrexate 0.125 mg/kg showed alterations such as 
sinusoidal dilation and mild congestion of  liver parenchyma;  
moderate interstitial congestion in kidney; congested 
septal capillaries, numerous inflammatory infiltrate and  
abnormally large alveoli in lungs (Figure 1, 2, 3). Histo

pathological lesions of  lungs with methotrexate 0.125 
mg/kg treated animals showed congested septal capil-
laries, numerous inflammatory infiltrate and abnormal 
large alveoli. The abnormally large alveoli are separated 
by thin septa with mild vascular congestion present.
Animals treated with methotrexate 0.25 mg/kg showed 
sinusoidal dilation with severe congestion in liver 
parenchyma; extensive interstitial congestion in kidney; 
revealed congested septal capillaries, numerous intense 
inflammatory infiltrate and abnormally large alveoli 
noted with vascular congestion in lungs (Figure 4, 5, 6).
Animals treated with methotrexate 0.125 mg/kg along 
with quercetin 500 mg/kg showed less congestion in 
liver; mild interstitial congestion in kidney; no morpho-
logical changes in normal structure of  lungs (Figure 7, 
8, 9). Animals treated with methotrexate 0.25 mg/kg 
along with quercetin 500 mg/kg showed no morpho-
logical changes in liver and lungs and mild interstitial  
congestion in kidneys (Figure 10, 11, 12). The histopatho
logical analysis of  methotrexate administered animals 
showed dose dependent morphological changes in the 
lung, liver and kidney. 

DISCUSSION 
Methotrexate is a folate antagonist inhibiting the prolif-
eration of  malignant cells by inhibition of  dihydrofolat-
ereductase enzyme. It is an antitumor agent mainly used  
for the treatment of  childhood acute lymphoblastic  
leukemia (ALL) and also used as a disease modifying agent 
for the treatment of  rheumatoid arthritis.17,18 Methotrexate  
exhibits nephrotoxicity, hepatotoxicity, and toxicity to 
the respiratory and reproductive system at a very low 
dose. It is widely distributed into body tissues with highest  
concentrations in the kidney, spleen, liver and skin. It 
is retained in the form of  polyglutamates for several 
weeks in the kidneys and for months in the liver19 We 
also found that high dose of  methotrexate resulted 
in diarrhea with increased consumption of  water. 
This is in accordance to a study done which revealed 
methotrexate causes changes in the bowel motility 
whereby the possible reason for this could be corro-
sive and irritating effects of  methotrexate on gastro-
intestinal mucosa.19,20 In addition to gastrointestinal 
toxicity, weight loss observed in methotrexate treated 
animals may be a due to direct toxicity, reduced 
feed and water intake which are in agreement with  
previous studies.21

In the present study, increased level of  AST, ALT, ALP 
were observed in methotrexate treated animals which  
indicates possible damage caused by methotrexate  
toxicity to the liver. Methotrexate induced hepatotox-
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Table 1: Effect of methotrexate and methotrexate+quercetin on body weight of the rats
Group Pre-study Week 1 Week 2

Normal control 160.00 ± 2.63 168.33 ± 4.01 171.67 ± 6.54

Methotrexate 0.125 mg/kg 163.33 ± 2.11 161.67 ± 1.67 170.00 ± 3.65

Methotrexate 0.25 mg/kg 170.00 ± 3.65 163.33 ± 3.33 158.50 ± 0.81a

Methotrexate 0.125 mg/kg + Quercetin 500 mg/kg 150.00 ± 6.32 171.67 ± 6.01 158.33 ± 6.54

Methotrexate 0.25mg/kg + Quercetin 500mg/kg 171.67 ± 4.01 182.00 ± 1.63 176.67 ± 2.87
All the values are mean ± SEM of six rats (n=6). ap<0.05 when compared to the pre-study body weight. (One-way ANOVA followed by bonferroni 
post hoc test).

Table 2: Effect of methotrexate and methotrexate+quercetin on biochemical parameter

Group AST (IU/L) ALT (IU/L) ALP (IU/L) TP (g/dL) Urea (mg/dL) Creatinine 
(mg/dL)

Normal control 120.02 ± 0.71 42.61 ± 0.82 164.94 ± 0.18 7.35 ± 0.02 17.17 ± 0.30 0.46 ± 0.01

Methotrexate 0.125 mg/kg 155.84 ± 1.70c 46.43 ± 0.27c 167.43 ± 0.23 6.93 ± 0.02a 18.30 ± 0.32c 0.49 ± 0.01c

Methotrexate 0.25 mg/kg 173.23 ± 1.62c 49.81 ± 0.48c 196.44 ± 0.50c 5.63 ± 0.05c 17.85 ± 0.30a 0.57 ± 0.01c

Methotrexate 0.125 mg/kg + 
Quercetin 500 mg/kg 158.34 ± 3.96c 40.80 ± 1.21a 164.24 ± 0.55 6.07 ± 0.55c 16.93 ± 0.40 0.49 ± 0.02c

Methotrexate 0.25 mg/kg + 
Quercetin 500 mg/kg 150.07 ± 6.88c 42.51 ± 0.79 169.63 ± 3.94b 6.26 ± 0.29c 17.12 ± 0.30 0.53 ± 0.03c

All the values are mean ± SEM of six rats (n=6). ap<0.05; bp<0.01 and cp<0.001 compared to the pre-study body weight. (One-way ANOVA followed by bonferroni post hoc 
test). AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, ALP: Alkaline phosphatase, TP: Total protein.

Table 3: Effect of methotrexate and methotrexate + quercetin on blood 
sugar and haemoglobinparameters
Group RBS (mmol/dl) Hb (g/dL)

Normal control 4.15 ± 0.28 13.07 ± 0.12

Methotrexate 0.125 mg/kg 3.92 ± 0.15c 11.98 ± 0.07c

Methotrexate 0.25 mg/kg 3.97 ± 0.22c 10.70 ± 0.32c

Methotrexate 0.125 mg/kg + Quercetin 500 mg/kg 4.73 ± 0.16c 12.10 ± 0.09c

Methotrexate 0.25 mg/kg + Quercetin 500 mg/kg 4.18 ± 0.14c 11.38 ± 0.23c

RBS:Random Blood Sugar; HB: Haemoglobin. All the values are mean ± SEM of six rats 
(n=6).cp<0.001 compared to the pre-study body weight. One-way ANOVA followed by 
bonferroni post hoc test.

Figure  1: Photomicrograph of a section from liver (Group II Low dose MTX) with mild congestion (arrow), no inflammatory cell 
infiltrate or necrosis is noted. The hepatocytes appear normal no swelling or degeneration seen. (a) H&E,10X (b) H&E,40X.
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Figure  2: Photomicrograph of a section from kidney (Group II - low dose MTX) showing normal tubular epithelial cells,  
no necrosis noted. There is moderate interstitial congestion (arrow), no inflammatory infiltrate seen.(a) H&E,10X (b) H&E,40X.

Figure  3: Photomicrograph of a section from lung (Group II-Low dose MTX) shows congested septal capillaries and numerous 
inflammatory infiltrate (arrow x), no intra-alveolar exudate seen. Abnormal large alveoli (arrow y) are separated by thin septa are 

also noted, mild vascular congestion present. (a) H&E,10X (b) H&E,40X.

Figure 4: Photomicrograph of a section from liver (Group III High dose MTX) with sinusoidal dilation and severe congestion (ar-
row), no inflammatory cell infiltrate or necrosis is noted. The hepatocytes appear normal no swelling or degeneration seen.

 (a) H&E,10X (b) H&E,40X.
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Figure  5: Photomicrograph of a section from kidney (Group III - high dose MTX) showing normal tubular epithelial cell, no  
necrosis noted. There is extensive interstitial congestion (arrow). no inflammatory infiltrate seen. (a) H&E,10X (b) H&E,40X.

Figure  6: Photomicrograph of a section from lung (Group III High dose MTX) this area of the lung show intense inflammatory 
infiltrate forming lymphoid aggregates (arrow). (a) H&E,10X (b) H&E,40X.

Figure  7: Photomicrograph of a section from lung (Group IV-Low dose MTX + Quercetin) shows congested septal capillaries 
and moderate inflammatory infiltrate with one area of perivascular dense inflammation (arrow x), no intra-alveolar exudate seen. 

Fused large alveoli are noted (arrow y). Vascular congestion present (a) H&E,10X (b) H&E,40X.
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Figure  8: Photomicrograph of a section from liver (Group IV Low dose MTX +   Quercetin) with mild congested sinusoids  
(arrow), no inflammatory cell infiltrate or necrosis is noted. The hepatocytes appear normal no swelling or degeneration seen. 

(a) H&E,10X (b)H&E,40X. 

Figure 9: Photomicrograph of a section from kidney (Group IV – low dose MTX + Quercetin) showing normal tubular epithelial 
cells, no necrosis noted. There are few areas of interstitial congestion (arrow). No inflammatory infiltrate seen. (a) H&E,10X

(b) H&E,40X.

Figure  10: Photomicrograph of a section from lung (Group V High dose MTX + Quercetin)the lung has dilated congested septal 
capillaries and moderate inflammatory infiltrate (arrow). No intra-alveolar exudate seen.Fused large alveoli are noted. Vascular 

congestion was present. (a) H&E,10X (b) H&E,40X.
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icity is well-known and single dose of  methotrexate 
is enough to induce liver enzyme impairment which 
includes elevation of  ALT levels.22 Renal markers such 
as creatinine and urea were also seen to be elevated in 
methotrexate treated animals indicating possible neph-
rotoxicity. The significant changes in these biochemi-
cal parameters are due to the effect of  methotrexate 
on morphology and function of  liver and kidney.The 
mechanism involved in hepatorenal damage caused 
by methotrexate is remains unclear. El-Sheikh et al.,  
found imparted levels of  oxidative stress parameters,  
nitroxidative stress and downregulation of  TNF-α/
NF-κB/COX-2 inflammatory pathway in methotrexate 
treated animals and this may contribute in the develop-
ment of  hepatorenal damage.23 Kalemci et al., also found 
that increase in liver enzyme levels and increased rate 
of  inflammatory cell infiltration in pulmonary tissue 
of  methotrexate treatment rats. The increased rate of  

inflammatory cell infiltration in pulmonary tissue may 
be due to mitogen-activated protein kinase (MAPK) and 
Akt pathways.24

Quercetin, an antioxidant flavonoid widely distributed in 
plants, green leafy vegetables and fruits has shown ben-
eficial effects in various diseases. The dissemination of  
quercetin and its metabolites in rats are well distributed in 
tissues whereby highest concentration noted in lungs and 
lowest in brain and spleen.25 We observed that quercetin 
prevented the methotrexate induced hepatorenal toxicity 
in rats. Aydin also reported the hepatoprotective effect of  
quercetin against methotrexate-induced hepatotoxicity in 
adult male Swiss albino mice by mitigate the effect on the 
induction of  phase I enzymes by methotrexate without 
altering the outcome of  methotrexate metabolism.26 The 
other possibility for hepatoprotective activity of  querce-
tin is may be due to its free-radical scavenging proper-
ties, inhibiting NF-κB activation, inhibiting inflammatory 

Figure 11: Photomicrograph of a section from liver (Group V High dose MTX + Quercetin) with no sinusoidal dilation and very 
less congestion, No inflammatory cell infiltrate or necrosis is noted. The hepatocytes appear normal no swelling or degeneration 

seen. (a) H&E,10X (b) H&E,40X.

Figure 12: Photomicrograph of a section from Kidney (Group V-high dose MTX + Quercetin) showing normal architecture with 
normal appearing glomeruli and tubules. (a) H&E,10X (b) H&E,40X.
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response and exerting antifibrotic potential.27 Kahraman 
et al., also reported the renoprotective effect and free-rad-
ical scavenging properties of  quercetin.28

CONCLUSION 
This study leads to the conclusion that quercetin may 
have an ameliorative or protective effect on methotrexate 
induced respiratory, liver and renal toxicity. 
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ABBREVIATION USED 
ANOVA: Analysis of  variance; ALL: Acute lympho-
blastic leukemia; ALP: Alkaline phosphatase; ALT: 
Alanine aminotransferase; AST: Aspartate amino-
transferase; CMC: Carboxymethyl cellulose; COX2: 
Cyclooxygenase 2; DPX: Distrene, Plasticiser, Xylene; 
EDTA: Ethylenediaminetetraacetic acid; GMP: Gua-
nosine monophosphate; MAPK: Mitogen-activated 
protein kinase; SEM: Standard estimated mean; SD 
rats: Sprague Dawley rat; TNF: Tumor necrosis factor.
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