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Quercetin (QE) is a naturally occurring flavonoid, with pleiotropic functions. Methotrexate (MTX) is a 
common drug widely used in human medications. MTX has side-effects that affect immunity and 
reproductive potency. We aimed to evaluate the protective effects of QE on the disruptions induced by 
MTX. A total of 32 adult male Wistar rats were allocated into four groups. The 1st group served as control 
(CNT); 2nd group (MTX) received MTX at 20 mg/kg body weight intraperitoneally on day 7; 3rd group 
(QE) received quercetin (50 mg/kg bw intra-gastrically) for two weeks; and 4th group (QE+MTX) received 
QE for one week followed by MTX on day 7 and continued with QE for seven days. Serum was 
extracted to evaluate changes in renal and liver biomarkers, immunity markers, reproductive hormones, 
and antioxidants levels. The testicular tissues were examined for changes in antioxidants, 
steroidogenesis, cytokines, and apoptosis using RT-PCR analysis. Prior administration of QE 
ameliorated the MTX-induced elevation in MDA and kidney and liver biomarkers. QE administration 

normalized MTX-induced decrease in the serum levels of IL–6, TNF-, IFN-, FSH, LH, and 
testosterone, glutathione-S-transferase (GST), SOD and catalase. MTX-intoxicated rats showed the 
down regulation of mRNA expression of GST, SOD, steroidogenesis-associated genes, cytokines and 
Bcl2. In contrast, MTX-intoxicated rats showed the upregulation of mRNA expression of Bax. The prior 
QE administration ameliorated and restored all gene expressions altered by MTX intoxication. We 
concluded that QE is a promising flavonoid that is helpful in protection against intoxication and 
cytotoxicity induced by MTX medications. 
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INTRODUCTION 
1. Flavonoids are naturally occurring 

compounds that are widely distributed as 
secondary metabolites in the plant kingdom with 
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various functions. Baghel et al., 2012 Quercetin 
(QE) is one of the well-known natural antioxidants. 
Nam  et al., 2016.As seen in Figure 1, QE has a 
common flavone nucleus  that allows it to inhibit 
lipid peroxidation. Nam et al., (2016) Baghel et al., 
(2012)  Hollmanvan  et al.,( 1997), Sakanashi   et 
al., 2008 

Flavone nucleus of QE is composed of two 
benzene rings linked through a heterocyclic 
pyrone ring. Materska M. (2008) QE contains five 
hydroxyl groups that determine the compound’s 
biological activity. The essential groups of 
quercetin derivatives are mainly glycosides, and 
they occur less frequently in sulfate and prenyl 
substituent. Nam et al., (2016) Baghel et al., 
(2012) Hollmanvan et al., (1997), Sakanashi   et 
al., (2008), Materska M. (2008). The sources of 
quercetin are fruits, tea, red wine, and vegetables.  
Linseisen et al., (1997) Böhm  et al.,(1998), 
Harwood et al., (2007), QE inhibits the in vitro 
production of enzymes associated with 
inflammation. Kim HP et al., (1998), Lee KM et al., 
(2010) Therefore, the in vitro inhibitory effect of 
QE on pro-inflammatory cytokines could provide 
the foundation for its potential use as an anti-
inflammatory agent. D'Andrea G. (2015) It has 
been shown that QE has various properties such 
as antioxidant, antibacterial, antiviral, and anti-
inflammatory. Nam et al., (2016) Baghel et al., 
(2012)  Hollmanvan  et al.,( 1997), Sakanashi   et 
al., (2008) Moreover, QE prevents apoptosis and 
oxidative stress. Pawlikowska et al., (2003) 
Coskun O et al., (2005), Uygur R et al., (2014) 
Methotrexate (MTX) is a folic acid antagonist with 
several functions. It is used in the treatment of 
cancer, rheumatoid arthritis, and psoriasis. Chan 
ES. Cronstein . (2013) Scully  et al., (1991) 
Widemann et al., (2004) Like other 
chemotherapeutic agents, MTX has toxic effects 
on dividing cells. The mechanism of MTX-induced 
toxicity has not been completely examined. 
Daggulli et al., (2014), Yuksel et al.,(2017 )Padma  
et al.,(2012) 

MTX toxicity on the liver, kidney, and heart 
was confirmed in recently published papers due to 
the oxidative stress induction. Abdel-Daim et al., 
(2017)Oktem et al.,( 2006) 
MTX has some testicular toxicity and disruption 
that causes subsequent infertility and disruption in 
the reproductive potency. Asvadi  et al., (2011) 
Imani and Ainehchi . (2014) Nouri HS et al., 
(2009) Despite these side effects, MTX remains 
the most-effective chemotherapeutic agent used 
in the medication. Abdel-Daim et al., (2017) 
Therefore, efforts must be directed to prevent and 

treat these side-effects. Although several papers 
have discussed the properties of QE, there is no 
clear study that shows the effects of QE on MTX 
induced testicular intoxication and reproductive 
hormone disruption at the molecular levels. 
Several studies have discussed the protective 
action of QE against chemical-induced testicular 
dysfunctions, including lead, arsenic, cadmium, 
and CCl4 Hanan M. A. (2015) Baltaci BB et 
al.,(2016),Bu Bu et al.,(2011), Sönmez et al 
.,(2014) Most of the QE actions are due to its 
regulation and prevention of testicular damage, 
oxidative stress, antioxidant activities, and anti-
inflammatory action. Hanan M. A. (2015) Baltaci 
BB et al.,(2016),Bu Bu et al.,(2011), Sönmez et al 
.,(2014) Meanwhile, some studies have reported 
findings related to MTX and suggested that it 
induced testicular apoptosis and impaired 
spermatogenesis. Sheikhbahaei et al., (2016) the 
exact mechanism related to testicular and 
reproductive potential remains completely 
unexplained. 

Therefore, the current study aimed to examine 
the protective effect of QE on MTX-induced 
intoxication and alterations on parameters related 
to testicular inflammation, its associated 
parameters and reproductive efficiency of rats at 
the biochemical and molecular levels.  
 
MATERIALS AND METHODS 

Chemicals  and Kits 
Agarose, ethidium bromide, MTX, and 

quercetin were purchased from Sigma-Aldrich (St. 
Louis, MO, USA). The deoxyribonucleic acid 
(DNA) ladder was purchased from MBI 
(Fermentas, Thermo Fisher Scientific, USA). 
Qiazol for RNA extraction and oligo dT primers 
were obtained from QIAGEN (Valencia, CA, 
USA). The kits for superoxide dismutase (SOD), 
catalase, total antioxidant capacity (TAC) and 
MDA, Kidney (creatinine and urea) and liver (ALT, 
AST, total proteins, and albumin) biomarkers were 
purchased from Bio-diagnostic Co. (Dokki, Giza, 
Egypt). The kits for Rat IL–6 and TNF-alpha (Cat# 
ab100772 and ab46070, respectively) were 
obtained from Abcam Co. (Tokyo, Japan).  

Animals and experimental design 
Male Wistar albino rats were procured from 

King Fahd Center for Scientific Research (King 
Abdel-Aziz University, Jeddah, Saudi Arabia). The 
Ethical Committee Office of the scientific Deans of 
Taif University, Saudi Arabia approved all 
procedures and in vivo animal usage in this study 
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for the project #5493–438–1. A total of 32 male 
Wistar rats of age 3 months (weight: 240–270 g) 
were used in this study. For complete adaptation 
and overcoming stress, the rats were handled 
manually for two weeks before the onset of the 
experiment. The animals were kept for the 12/12-
h dark cycle with ad libitum access to food and 
water. Four groups of healthy rats (8 rats/group) 
were used in this study. Group 1 served as the 
negative control (CNT) with free access to food 
and water. Group 2 served as the positive 
intoxicated group administered with MTX 
intraperitoneally (20 mg/kg bw, single dose on day 
7). The optimal dosages and timing of MTX were 
determined according to some previous studies. 
Yuksel et al., (2017), Padma et al.,2012, Abdel-
Daim et al.,( 2017). 
This dose (20 mg/kg) was closely related to the 
high-dose of MTX used in humans. Accordingly, in 
animal studies, a single dose of MTX (20 mg/kg) 
was considered as high dose, which caused 
nephrotoxicity and testicular dysfunction. , Abdel-
Daim et al., (2017). Group 3 was administered 
with oral QE (50 mg/kg body weight daily) for 14 
days (20). Group 4 was administered QE orally for 
one week, on day 7 injected MTX and continued 
with QE for another one week (total 14 days). The 
administration of QE for one week before the MTX 
injection is enough to stimulate Th1/Th2 
cytokines; therefore, one week after MTX injection 
is the best time to detect recovery from MTX 
alterations and toxicity. Asvadi  et al., (2011) 

 At the end of the experimental design (14 
days), rats were made to inhaled dimethyl ether 
and decapitated. Serum (1 mL) was stored at –20 
°°C until used for biochemical measurements. The 
testicular tissues were preserved in Qiazol for 
RNA extraction and gene expression studies.  

Reproductive hormone assays 
The changes in the serum levels of 

testosterone were measured using commercial 
kits (Testosterone ELISA Kit from Abcam, Tokyo, 
Japan Cat # ab108666) imported from Clini Lab 
(Al-Manial, Cairo, Egypt). The serum LH levels 
were measured using the LH Human Simple Step 
ELISA™ Kit (ab108651; Osaka, Japan). FSH was 
measured using a kit from Life Span Biosciences 
(kit #LS-F6305). The instruction manual of each 
kit was followed as suggested by the suppliers. 

Serum biochemistry, antioxidants, cytokines, 
and immunoglobulin G measurements 

The serum levels of the kidney and liver 
biomarkers, antioxidants, and cytokines were 

measured spectrophotometrically using specific 
commercial kits and assayed according to the 
manufacturer’s instruction. IgG was measured in 
the serum samples using a radial immunodiffusion 
assay kit (Clini Lab) as described in our previous 
study. Soliman  et al., 2015 

RNA extraction  
Total RNA was extracted from the testicular 

tissues as described elsewhere. Soliman  et al., 
(2015) In short, frozen samples were 
homogenized using the Polytron 300 D 
homogenizer (Brinkman Instruments, Westbury, 
NY, USA). Then, 300 µL of chloroform was added 
to the homogenate. The mixture was then 
centrifuged at 4 °C and subjected to centrifugation 
at 16,400 xg for 10 min. The supernatant was 
separated for new sets of tubes and an equal 
volume of isopropanol was added to it. The 
samples were centrifuged (at 4 °C and 16,400 xg, 
for 15 min) and the RNA pellets were washed, 
dried, and dissolved in diethylpyrocarbonate 
(DEPC) water. The RNA integrity was confirmed 
as stated earlier. Soliman  et al., (2015), Saad  et 
al ., (2017) 

cDNA synthesis and RT-PCR analysis of 
genes 

A mixture of 4 µg total RNA and 0.5 ng oligo 
dT primer (Qiagen Valencia, CA, USA) was 
incubated in the Bio-Rad T100TM Thermal Cycle at 
65 °C for 10 min for denaturation. Reverse 
transcription was carried out using 2 µL of 10X 
RT-buffer, 2 µL of 10 mM dNTPs, and 100 U of 
Moloney Murine Leukemia Virus (M-MuLV; 
SibEnzyme, Ak, Novosibirsk, Russia). The mixture 
was then re-incubated in the Bio-Rad T100TM 
Thermal Cycler at 37 °C for 1 h and then at 90 °C 
for 10 min to inactivate the enzyme. For semi-
quantitative RT-PCR analysis, specific primers for 
examined genes (Table 1) were designed using 
Oligo–4 computer program and synthesized by 
Macrogen (GAsa-dong, Geumcheon-gu, Korea). 
The PCR reaction consisted of 1 µL of cDNA, 1 
µL of 10 pM of each primer (forward and reverse), 
and 12.5 µL PCR master mix (Promega 
Corporation, Madison, WI, USA), and the volume 

was brought up to 25 L with sterile deionized 
water. PCR reaction was performed in Bio-Rad 
T100TM Thermal Cycler machine with a cycle 
sequence at 94 °C for 5 min for 1 cycle, followed 
by variable cycles (Table 1). Each PCR cycle 
consisted of denaturation at 94 °C for 1 min, for 
each primer (annealing at a specific temperature; 
Table 1) and extension at 72 °C for 1 min, with an 

https://www.antibodyresource.com/productdata/Show/9b47c791-60f2-5eb0-9d4e-9364a9f5a324/9a3435b8-89c1-5c99-8757-76238dffdad1
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additional final extension at 72 °C for 7 min. As a 
reference, the expression of glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) mRNA was 
examined. The PCR products were visualized 
after running on 1.5% agarose gel (Bio Basic, 
Markham, ON, Canada) stained with ethidium 
bromide in Tris-Borate-EDTA (TBE) buffer using 
UV light and photographed using InGenius 
version 3.0 Gel Documentation System (Syngene, 
Cambridge, UK). The band intensities were 
analyzed and quantified using ImageJ software 
(version 1.47; http://imagej.en.softonic.com/). 

Statistical analysis  
Data are expressed as means ± standard 

error for values collected from 8 different rats for 
each treatment. Data were analyzed using 
analysis of variance (ANOVA) by Bonferroni test 
for SPSS software version 11.5 for Windows 
(SPSS, IBM, Chicago, IL, USA). P < 0.05 was 
considered statistically significant.  

 
 

 
 

 
 
 

Table 1. PCR conditions and primer sequence for examined genes. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Gene Product size (bp) Annealing (0C) Direction Sequence (5'-3') 

SOD 410 55 
Sense AGGATTAACTGAAGGCGAGCAT 

Antisense TCTACAGTTAGCAGGCCAGCAG 

GST 575 55 
Sense GCTGGAGTGGAGTTTGAAGAA 

Antisense GTCCTGACCACGTCAACATAG 

IL-1β 497 60 
Sense ATGGCAACCGTACCTGAACCCA 

Antisense GCTCGAAAATGTCCCAGGAA 

IFN- 231 58 
Sense AGGAAAGAGCCTCCTCTTGG 

Antisense TCTACCCCAGAATCAGCACC 

StAR 389 59 
Sense TTGGGCATACTCAACAACCA 

Antisense ATGACACCGCTTTGCTCAG 

ABP 260 56 
Sense TCCGATACCACCAAGCACAAG 

Antisense TCAGGAAAGCTGGGAACACTG 

P450scc 688 55 
Sense CGCTCAGTGCTGGTCAAAA 

Antisense TCTGGTAGACGGCGTCGAT 

BAX 374 55 
Sense ACCAAGCTGAGCGAGTGTC 

Antisense ACAAAGATGGTCACGGTCTGCC 

Bcl2 350 55 
Sense TCCATTATAAGCTGTCACAGAGG 

Antisense GAAGAGTTCCTCCACCACC 

GAPDH 903 52 
Sense AGATCCACAACGGATACATT 

Antisense TCCCTCAAGATTGTCAGCAA 
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RESULTS 

Liver and kidney biochemical findings 
The intoxication of rats using MTX showed an 

increase in the serum levels of ALT, AST, urea, 
and creatinine as compared to those of control 
(CNT) and QE administered rats (Table 2). In 
contrast, MTX decreased total proteins and 
albumin levels compared to CNT and QE 
administered rats. QE alone showed no changes 
in examined parameters compared to CNT group. 
Prior administration of QE to MTX-intoxicated rats 
significantly normalized these changes in the liver 
and kidney biomarkers (P < 0.05) as compared to 
MTX-intoxicated and others groups. 

Changes in serum reproductive hormones and 
protective effects of QE 

MTX-intoxicated rats showed significant (P < 
0.05) decrease in the reproductive hormone levels 
(Table 3). The serum luteinizing hormone (LH), 
follicle stimulating hormone (FSH), and 
testosterone levels were decreased by 30% for 
LH and 50% for FSH and testosterone, 
respectively. QE alone showed no changes in 
examined hormones compared to CNT group. 
Prior QE administration normalized reproductive 
hormone levels decreased in MTX-intoxicated 
rats. 

Protective effects of QE on changes in the 
serum immune cytokines biomarkers after 
MTX intoxication 

MTX-intoxicated rats showed a decrease in 

the serum levels of IL-6, TNF-, IFN- and IgG 

(Table 4). The serum IL–6 and IFN- levels were 

decreased by 53% and that of TNF-by 32 %. In 

parallel, immunoglobulin-G (IgG) level was 
decreased by 28% as compared to that in MTX-
intoxicated rats. All altered parameters were 
ameliorated significantly (P < 0.05) by prior 
administration of QE in MTX-intoxicated rats 
(Table 4). 

The changes in the serum antioxidants levels 
after MTX intoxication and protective effects of 
QE 

MTX-intoxicated rats showed a significant 
increase in the serum levels of MDA and a 
decrease in the serum levels of glutathione-S-
transferase (GST), total antioxidant capacity 
(TAC), and catalase compared to CNT (Table 5). 
Of interest, QE alone showed a significant 
decrease in MDA and increase in serum levels of 
measured antioxidants. Prior administration of QE 
into MTX-intoxicated rats normalized the 
significant (P < 0.05) decrease in the antioxidant 
activities in the MTX group and ameliorated the 
increase in the MDA levels as compared to those 
in CNT rats (Table 5). 

 
Table (2): Protective effects of quercetin (QE) on methotrexate (MTX) induced changes in serum 

protein, renal and liver biomarkers. 

 Creatinine (mg/dl) Urea (mg/dl) Albumin (g/dl) Total proteins (g/l) ALT (U/l) AST (U/l) 

Control 0.5 ± 0.01 43 ± 3.6 3.3 ± 0.1 282 ± 11.7 12.1 ± 2.3 13.6 ± 1.4 

MTX 1.5 ± 0.05* 93 ± 13* 2.1 ± 0.1* 236 ± 9.3* 105.8  ± 12.1* 169 ± 10.4* 

QE 0.55 ± 0.03 44.5 ± 2.8 3.7 ± 0.4 274 ± 8.1 15.8  ± 0.5 11.9 ± 0.9 

QE + MTX 0.59 ± 0.05# 58.3 ± 8.6# 3.3 ± 0.3# 264 ± 9.2# 50  ± 7# 55.6 ± 3.5# 

 
Values are means ± standard error (SEM) for 10 different rats per each treatment. Values are statistically significant at *p<0.05 Vs. 
control and #p<0.05 Vs. MTX injected rats. 

 
Table (3). Protective effects of quercetin (QE) on methotrexate (MTX) induced changes in serum 

levels of reproductive hormones. 

 LH (mIU/ml) FSH (mIU/ml) Testosterone (ng/ml) 

Control 18.4 ±4.1 5.1 ± 0.8 16.5 ± 1.1 

MTX 11.3 ± 1* 2.2 ± 0.4* 7.6 ± 1.6* 

QE 20.8 ± 6.1 4.9 ± 1.7 14.8 ± 2.6 

QE + MTX 15.6 ± 2# 6.4 ± 1.6# 11.9 ± 1.3# 

Values are means ± standard error (SEM) for 10 different rats per each treatment. Values are statistically significant at *p<0.05 Vs. 
control and #p<0.05 Vs. MTX injected rats. 
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Table (4). Protective effects of quercetin (QE) on methotrexate (MTX) induced changes in serum 

levels of IL-6, TNF- alpha, IFN- and IgG. 

 IL-6 (pg/ml) TNF- (pg/ml) IFN-  (pg/ml) IgG (ng/ml) 

Control 17.3 ± 0.3 294 ± 49 22.4 ± 1.3 15.2 ± 1.4 

MTX 9.2 ± 1.2* 196 ± 29.9* 12 ± 2.1* 12.2 ± 1.8* 

QE 14.5 ± 3.4 261 ± 27 20.7 ± 1.1 17.3 ± 3.6 

QE+ MTX 16.2 ± 3.5# 207 ± 8.4# 27 ± 2.9# 23 ± 4.6# 

 
Values are means ± standard error (SEM) for 10 different rats per each treatment. Values are statistically significant at *p<0.05 Vs. 
control and #p<0.05 Vs. MTX-injected rats. 

 
Table (5). Protective effects of quercetin (QE) on methotrexate (MTX) induced changes in serum 

antioxidants levels. 

 MDA (nmol/ml) GST (U/l) TAC (mmol/ml) Catalase (U/ml) 

Control 1.9 ± 0.2 75 ± 5 141.2 ± 22.6 510.6 ± 13.7 

MXT 11.7 ± 1.5* 50.5 ± 4.7* 97.7 ± 8.8* 287.4 ± 49.48* 

QE 1.3 ± 0.4$ 94.1 ± 12$ 159.8 ± 6.9$ 563.9 ± 16.1$ 

QE + MTX 7.3 ± 2.2# 60.1 ± 48.1# 131.4 ± 6.8# 395.2 ± 16.3# 

 
Values are means ± standard error (SEM) for 10 different rats per each treatment. Values are statistically significant at *,$p<0.05 Vs. 
control and #p<0.05 Vs. MTX injected rats. 

Protective effects of QE on the mRNA 
expression of antioxidants altered after MTX 
intoxication  

MTX intoxication induced a significant 
downregulation of the mRNA expression of GST 
and SOD in rat testes. QE alone increased 
significantly GST and SOD mRNA expression. 
Prior administration of QE in MTX-intoxicated rats 
normalized the GST and SOD mRNA expression 
pattern as compared to those in CNT- and MTX-
intoxicated rats (Figs. 2A-B). These findings for 
the GST and SOD expression coincided with 
those of the examined serum antioxidants levels 
(Table 5). 

Protective effects of QE on the mRNA 
expression of steroidogenesis-associated 
genes in MTX-intoxicated rats 

The expression level of 
steroidogenesis-associated genes after MTX 
intoxication is shown in Figure 3. There was a 
significant downregulation in the mRNA 
expression level of steroidogenic acute regulatory 
protein (StAR), androgen-binding protein (ABP), 
and cytochrome P450 cholesterol side-chain 
cleavage enzyme (P450scc) in the MTX- 
intoxicated rats (P < 0.05; Fig. 3A). Prior 
administration of QE in MTX-intoxicated rats 

normalized and significantly ameliorated the 
mRNA expression levels of StAR, ABP, and 
P450scc that were downregulated in the MTX 
group, as confirmed in the densitometric analysis 
(P < 0.05; Fig. 3B). 

The protective effects of QE on the mRNA 

expression level of IL-1 and IFN-in MTX-
intoxicated rats 

MTX-intoxicated rats showed a decrease in 

the mRNA expression levels of IL-1 and IFN- in 
the test rats as compared to those in the CNT rats 

(Fig. 4). QE alone showed upregulation in IFN- 
mRNA expression. Prior administration of QE in 
MTX-intoxicated rats for a week significantly 
protected (P < 0.05) this downregulation in the 

mRNA expression level of IL-1 and IFN- and 
normalized them (Figs. 4A and B). 

Protective effects of QE on the mRNA 
expression level of altered apoptosis-
associated genes after MTX intoxication 

MTX-induced testicular toxicity indicated by 
the upregulation of the BAX expression and the 
downregulation of Bcl2 expression (Fig. 5A; upper 
and lower panels, respectively). Prior 
administration of QE significantly ameliorated (P < 
0.05) this alteration and normalized the BAX and 
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Bcl2 expression as densitometrically reported in Figure 5B. 
 

 
 

Figure 1. Structural features of quercetin 
 
 

 
 

Figure 2. Protective effects of QE on the changes in GST and SOD expression induced by MTX 
intoxication in rat testes. Total RNA was extracted from testicular tissues and the expressions of 
GST and SOD were analyzed by semi-quantitative RT-PCR analysis. Values are means ±SE of 
eight different rats. *,$P < 0.05 vs. CNT group; #P < 0.05 vs. MTX-intoxicated rats. Upper panels (a) 
are mRNA expression of examined genes. Lower columns (b) are the densitometric analysis of 
GST and SOD expression described in upper panels. 
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Figure 3. Protective effect of QE on the changes in StAR, ABP and P450scc expression induced by 
MTX intoxication in rat testes. Total RNA was extracted from testicular tissues and the 
expressions of StAR, ABP, and P450scc were analyzed by semi-quantitative RT-PCR analysis. 
Values are means ± SE of eight different rats. *P < 0.05 vs. CNT group; #P < 0.05 vs. MTX-
intoxicated rats. Upper panels (a) are mRNA expression of examined genes. Lower columns (b) 
are the densitometric analysis of StAR, ABP and P450scc expression described in upper panels. 
 

 
Figure 4. Protective effect of QE on changes in IL-1and IFN- expression induced by MTX 
intoxication in rat testes. Total RNA was extracted from testicular tissues and the expressions of 

IL-1and IFN- were analyzed by semi-quantitative RT-PCR analysis. Values are means ± SE of 
eight different rats. *,$P < 0.05 vs. CNT group; #P < 0.05 vs. MTX-intoxicated rats. Upper panels (a) 
are mRNA expression of examined genes. Lower columns (b) represent the densitometric analysis 

of IL-1and IFN- expression stated in upper panels. 
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Figure 5. Protective effect of QE on the changes in BAX and Bcl2 expression induced by MTX 
intoxication in rat testes. Total RNA was extracted from testicular tissues and the expressions of 
BAX and Bcl2 were analyzed by semi-quantitative RT-PCR analysis. Values are means  ± SE of 
eight different rats. *P < 0.05 vs. CNT group; #P < 0.05 VS MTX-intoxicated rats. Upper panels (a) 
are mRNA expression of examined genes. Lower columns (b) are a densitometric analysis of BAX 
and Bcl2 expression stated in upper panels. 
 
 
DISCUSSION 

The current study confirmed the protective 
effect of QE against MTX-induced disruption in 
the examined cytokines and reproductive 
biomarker levels. QE ameliorated changes in 
reproductive hormones (FSH, LH, and 

testosterone), cytokines (IL-6, TNF- and IFN-), 
IgG, and antioxidants levels (MDA, TAC, GST, 
and catalase; Tables 2–5). In parallel, QE 
normalized the changes in the mRNA expression 
levels of genes associated with the antioxidants 
activities, inflammatory-immune cytokines, 
steroidogenesis, and apoptosis (Figs. 2–5). 

As described in previous studies, QE has the 
potential to counteract testicular toxicity induced 

by several inducers, such as lead, arsenic, 
cadmium, and CCl4. Hanan (2015), Baltaci  et 
al.,(2016), Bu Bu et al.,(2011), Sönmez et al 
.,(2014) QE actions can be attributed to its 
antioxidant and anti-inflammatory activities Hanan 
(2015), . Baltaci et al.,(2016), . Bu Bu et al., 
(2011), Sönmez et al., (2014) 

Here, we confirmed that QE ameliorated the 
alterations induced by MTX at the molecular, and 
biochemical levels.  

Previously, MTX has been reported to show 
renal and hepatic toxicity. Padma  et al.,(2012), 
Abdel-Daim et al.,( 2017), Oktem  et al., (2006), 
Asvadi I et al., (2011).MTX is metabolized in the 
liver and showed liver damage reflected by an 
increase in the activity of liver enzymes, 33–35 
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same reported in this study. QE prevented these 
changes and normalized the levels of liver and 
kidney biomarkers altered by MTX. QE possess 
strong antioxidant properties due to its ability to 
scavenge free radicals and bind to toxic metal 
ions. QE inhibits lipid peroxidation. Nam  et al., 
(2016). Hollmanvan et al., (1997), Sakanashi   et 
al., (2008). Young and McEneny . (2001) 

Lipid peroxidation is a predisposing factor for 
the incidence of cardiovascular, oxidative stress, 
and neurodegenerative diseases. QE reacts with 
the formed free radicals to terminate lipid 
peroxidation Hollmanvan et al., 1997,Young and 
McEneny . (2001), Kahl and Hildebrandt (1986). 
Balazs and Leon (1994), Boots et al., (2008) 

Our findings showed that QE significantly 
ameliorated the changes in pro-inflammatory 
cytokines in the serum and testes as well as in 
cultured fibroblasts. Yoon et al., (2012) Therefore, 
the action of QE reported in this study could 
provide the base for its potential use as an anti-
inflammatory agent. Andrea G. (2015) 

In previous studies, sterility in men after the 
MTX therapy has been reported. Asvadi et al., 
(2011),Nouri et al., (2009) Yoon et al.,(2012 

)Therefore, the current study confirmed testicular 
toxicity ameliorated by prior administration of QE. 
The main problem in cancer chemotherapy is the 
lack of highly selective toxic agents. In other 
words, MTX can cause killing of several cell types 
such as spermatogenic cells, lymphoid tissue, 
bone marrow, uterine tissues, and fetus. Ragheb 
and Sabanegh( 2010), Boulton et al., (1996) 

Therefore, a protective method against MTX 
toxicity to save natural supplement must be taken 
into account during medications. The current data 
explored that QE has the potential to inhibit MTX 
intoxication as it prevented oxidative stress and 
regulated some immune-cytokines biomarkers.  

 In general, the  modulation of the immune 
response is the mechanism by which the body 
can react against diseases. Th1 cells modulate 
cellular immunity by producing interleukin–2 (IL–2) 

and interferon- (IFN-), whereas Th2 cells are 
implicated in humoral responses (by secreting IL–

6). IFN- suppresses the Th2 immune responses. 
Constantin et al., (1998): Dicken sheets et al., 
(1999) 
We found that MTX suppresses the production of 
pro-inflammatory cytokines such as IL-6, IL-1, 

TNF-, and IFN- in serum and on testicular cells 
and these findings are the same reported by other 
in vitro and in vivo. Chan and Cronstein (2010), de 
Lathouder et al., (2002): 

 
Interestingly, these altered parameters were 

ameliorated by prior QE administration.  MTX 
causes DNA defects, leading to apoptosis by 
inhibiting purine and pyrimidine biosynthesis. Uraz 
et al., (2008) The Bcl–2 family involves pro- and 
anti-apoptotic proteins that regulate programmed 
cell death and death in response to cellular 
damage. Chan and Cronstein. (2013) 

 Our findings focused on the pivotal role of 
Bcl–2 family, which includes pro-apoptotic protein 
(Bax) and anti-apoptotic proteins (Bcl2) as the 
major regulators of apoptosis. Boise et al., (1995) 

 MTX induced oxidative stress and testicular 
toxicity that caused Bax translocation and, 
consequently, activation of the downstream 
effector processes. Maremanda and, Jena (2017), 
the current study showed testicular apoptosis 
(increase in Bax and decrease in Bcl2 expression) 
in MTX-intoxicated rats. These changes were 
significantly ameliorated by the prior 
administration of QE. QE could reduce radiation-
induced apoptotic changes. Ozyurt  et al., (2014): 

 In conclusion, the current findings show that 
MTX intoxication is associated with increased 
apoptosis in the testicular tissues, alteration in 
steroidogenesis-associated genes (StAR, ABP, 
P450scc), and prior administration of QE-reduced 
altered parameters induced by MTX. 

CONCLUSION 
We found that MTX intoxication induces 

biochemical and testicular intoxication, which 
mostly occur through oxidative stress-mediated 
mechanisms, as evident through alterations in 
variable proteins and molecular biomarkers in the 
serum and testes. These MTX disruptions 
disrupted the inflammatory-immune cytokines and 
reproductive functions in MTX-intoxicated rats. QE 
showed protective potential against MTX- 
intoxication in serum and testicular tissues. 
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DEPC: diethylpyrocarbonate 
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LH: luteinizing hormone 
MDA: malondialdehyde 
mRNA: Messenger ribonucleic acid 
MTX: Methotrexate 
P450scc: cytochrome P450 cholesterol side-chain 
cleavage enzyme 
QE: Quercetin  
SOD: Superoxide dismutase 
StAR: Steroidogenic acute regulatory protein 

TNF-: tumor necrosis factor-alpha 
 
CONFLICT OF INTEREST 

The authors declare that no conflict of 
interests exists. 
 
ACKNOWLEGEMENT 

We greatly appreciate the contributions of all 
authors in finishing this study and Deans of 
Scientific Research Affairs, Taif University, Saudi 
Arabia for financial support for the project number 
(Project # 5493-438-1).  
 
AUTHOR CONTRIBUTIONS 

Conceived and designed the experiments: 
MMS, SMA. Performed Experiments: MMS SMA 
and EHM. Analyzed data: MMS. Biochemical 
measurements: MMS. Gene expression: MMS, 
SA. Data interpretations: MAA, YA, EHM, and 
MAA. Revision of manuscript: MMS, SMA, and 
EHM. Revission and reanalyzing data: SA  and 
YA 
 

Copyrights: © 2017 @ author (s). 
This is an open access article distributed under the 
terms of the Creative Commons Attribution License 
(CC BY 4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, 
provided the original author(s) and source are 
credited and that the original publication in this 
journal is cited, in accordance with accepted 
academic practice. No use, distribution or 
reproduction is permitted which does not comply 
with these terms. 

 
REFERENCES   
Abdel-Daim MM, Khalifa HA, Abushouk AI,  Dkhil 

MA, Al-Quraishy SA 
Diosmin  Attenuates  Methotrexate 
Induced Hepatic, Renal, and Cardiac Injury: 
A  Biochemical  and  Histopathological  Stud
y in Mice.  Oxid Med Cell Longev  2017; 
2017:3281670.   

Aslaner A., Çakır T., Çelik B. Doğan U, Akyüz 
C, Baştürk A, Polat C, Gündüz U, Mayir 

B, Şehirli AÖ. The protective effect of 
intraperitoneal medical ozone 
preconditioning and treatment on 
hepatotoxicity induced by methotrexate. Int J 
Clin Exp Med. 2015; 8(8):13303-9. 

Asvadi I, Hajipour B, Asvadi A, et al. Protective 
effect of pentoxyfilline in renal toxicity after 
methotrexate administration. Eur Rev Med 
Pharmacol Sci 2011; 15(9): 1003–1009.  

Baghel SS, Shrivastava N, Baghel RS, Agrawal P, 
Rajput S. A Review of Quercetin: Antioxidant 
and Anticancer Properties. World J Pharm 
Pharmaceut Sci. 2012; 1 (1), 146-160. 

Balazs L, Leon M. Evidence of an oxidative 
challenge in the Alzheimer’s brain. 
Neurochem Res. 1994; 19(9):1131-7. 

Baltaci BB, Uygur R, Caglar V, Aktas C, Aydin 
M, Ozen OA. 
Protective  effects  of  quercetin  against arse
nic-induced testicular damage in rats. 
Andrologia, 2016; 48(10):1202-1213. 

Böhm H, Boeing H, Hempel J,  Raab B, Kroke A. 
flavone and anthocyanins as natural 
antioxidants of food and their possible role in 
the prevention of chronic diseases.  Z. 
Ernahrungswis. 1998; 37: 147-163. 

Boise LH, Gottschalk AR, Quintans J,  Thompson 
CB. Bcl- 2 and Bcl-2-related proteins in 
apoptosis regulation. Curr Top Microbiol 
Immunol. 1995;200:107-21. 

Boots AW, Wilms LC, Swennen EL, Kleinjans 
JC, Bast A, Haenen GR. In vitro and ex vivo 
anti-inflammatory activity of quercetin in 
healthy volunteers. Nut. 72008; 24: 03-10. 

Boulton AM, Carpenter JR, Clark B, et al.,  
Antiparasitic Chemotherapy. In Basic 
pharmacology. 4th Ed., Oxford Auckland 
Boston and Johannesburg Melbourne, New 
Delhi, 1996, 269-274. 

Bu T, Mi Y,  Zeng W, Zhang C. 
Protective effect of quercetin on cadmium-
induced oxidative   toxicity on germ cells in m
ale mice.  Anat Rec (Hoboken). 2011; 
294(3):520-6. 

Çakır T., Baştürk A., Polat C.  Aslaner A, Durgut 
H, Şehirli AÖ, Gül M, Öğünç AV, Gül 
S, Sabuncuoglu MZ, Oruç MT. Does alfa 
lipoic acid prevent liver from methotrexate 
induced oxidative injury in rats?. Acta Cir 
Bras. 2015 ; 30(4):247-52. 

Chan ES, Cronstein BN. Methotrexate – how does 
it really work?. Nat Rev Rheumatol. 2010; 
6(3):175-8. 

Chan ES. Cronstein BN. Mechanisms of action of 
methotrexate. Bull Hosp Jt Dis. 2013; 71 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abdel-Daim%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=28819543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khalifa%20HA%5BAuthor%5D&cauthor=true&cauthor_uid=28819543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abushouk%20AI%5BAuthor%5D&cauthor=true&cauthor_uid=28819543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dkhil%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=28819543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dkhil%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=28819543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Quraishy%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=28819543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Diosmin+Attenuates+Methotrexate-Induced+Hepatic%2C+Renal%2C+and+Cardiac+Injury%3A+A+Biochemical+and+Histopathological+Study+in+Mice
https://www.ncbi.nlm.nih.gov/pubmed/?term=Diosmin+Attenuates+Methotrexate-Induced+Hepatic%2C+Renal%2C+and+Cardiac+Injury%3A+A+Biochemical+and+Histopathological+Study+in+Mice
https://www.ncbi.nlm.nih.gov/pubmed/?term=Do%C4%9Fan%20U%5BAuthor%5D&cauthor=true&cauthor_uid=26550257
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aky%C3%BCz%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26550257
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aky%C3%BCz%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26550257
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ba%C5%9Ft%C3%BCrk%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26550257
https://www.ncbi.nlm.nih.gov/pubmed/?term=Polat%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26550257
https://www.ncbi.nlm.nih.gov/pubmed/?term=G%C3%BCnd%C3%BCz%20U%5BAuthor%5D&cauthor=true&cauthor_uid=26550257
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mayir%20B%5BAuthor%5D&cauthor=true&cauthor_uid=26550257
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mayir%20B%5BAuthor%5D&cauthor=true&cauthor_uid=26550257
https://www.ncbi.nlm.nih.gov/pubmed/?term=%C5%9Eehirli%20A%C3%96%5BAuthor%5D&cauthor=true&cauthor_uid=26550257
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+protective+effect+of+intraperitoneal+medical+ozone+preconditioning+and+treatment+on+hepatotoxicity+induced+by+methotrexate
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+protective+effect+of+intraperitoneal+medical+ozone+preconditioning+and+treatment+on+hepatotoxicity+induced+by+methotrexate
https://www.ncbi.nlm.nih.gov/pubmed/?term=Balazs+L%2C+Leon+M.+Evidence+of+an+oxidative+challenge+in+the+Alzheimer%E2%80%99s+brain
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baltaci%20BB%5BAuthor%5D&cauthor=true&cauthor_uid=26992476
https://www.ncbi.nlm.nih.gov/pubmed/?term=Uygur%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26992476
https://www.ncbi.nlm.nih.gov/pubmed/?term=Caglar%20V%5BAuthor%5D&cauthor=true&cauthor_uid=26992476
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aktas%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26992476
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aydin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26992476
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aydin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26992476
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ozen%20OA%5BAuthor%5D&cauthor=true&cauthor_uid=26992476
https://www.ncbi.nlm.nih.gov/pubmed/26992476
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raab%20B%5BAuthor%5D&cauthor=true&cauthor_uid=9698642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kroke%20A%5BAuthor%5D&cauthor=true&cauthor_uid=9698642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thompson%20CB%5BAuthor%5D&cauthor=true&cauthor_uid=7634826
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thompson%20CB%5BAuthor%5D&cauthor=true&cauthor_uid=7634826
https://www.ncbi.nlm.nih.gov/pubmed/7634826
https://www.ncbi.nlm.nih.gov/pubmed/7634826
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wilms%20LC%5BAuthor%5D&cauthor=true&cauthor_uid=18549926
https://www.ncbi.nlm.nih.gov/pubmed/?term=Swennen%20EL%5BAuthor%5D&cauthor=true&cauthor_uid=18549926
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kleinjans%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=18549926
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kleinjans%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=18549926
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bast%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18549926
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haenen%20GR%5BAuthor%5D&cauthor=true&cauthor_uid=18549926
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bu%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21337715
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21337715
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zeng%20W%5BAuthor%5D&cauthor=true&cauthor_uid=21337715
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21337715
https://www.ncbi.nlm.nih.gov/pubmed/?term=Protective+Effect+of+Quercetin+on+Cadmium-Induced+Oxidative+Toxicity+on+Germ+Cells+in+Male+Mice
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aslaner%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25923257
https://www.ncbi.nlm.nih.gov/pubmed/?term=Durgut%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25923257
https://www.ncbi.nlm.nih.gov/pubmed/?term=Durgut%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25923257
https://www.ncbi.nlm.nih.gov/pubmed/?term=%C5%9Eehirli%20A%C3%96%5BAuthor%5D&cauthor=true&cauthor_uid=25923257
https://www.ncbi.nlm.nih.gov/pubmed/?term=G%C3%BCl%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25923257
https://www.ncbi.nlm.nih.gov/pubmed/?term=%C3%96%C4%9F%C3%BCn%C3%A7%20AV%5BAuthor%5D&cauthor=true&cauthor_uid=25923257
https://www.ncbi.nlm.nih.gov/pubmed/?term=G%C3%BCl%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25923257
https://www.ncbi.nlm.nih.gov/pubmed/?term=G%C3%BCl%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25923257
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sabuncuoglu%20MZ%5BAuthor%5D&cauthor=true&cauthor_uid=25923257
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oru%C3%A7%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=25923257
https://www.ncbi.nlm.nih.gov/pubmed/?term=Does+alfa+lipoic+acid+prevent+liver+from+methotrexate+induced+oxidative+injury+in+rats
https://www.ncbi.nlm.nih.gov/pubmed/?term=Does+alfa+lipoic+acid+prevent+liver+from+methotrexate+induced+oxidative+injury+in+rats
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chan+ES%2C++Cronstein+BN.+Methotrexate+%E2%80%93+how+does+it+really+work


Abdel-Hafez et al.,                                                                Quercetin ameliorates methotrexate intoxication 
                                                                                                        

 

                                                         Bioscience Research, 2018 volume 15(4): 4390-4402                                       4401 

 

Suppl 1: S5-8. 
Constantin A, Loubet-Lescoulie P, Lambert N, 

Yassine-Diab B, Abbal M, Mazières B, de 
Préval C, Cantagrel A. Antiinflammatory and 
immunoregulatory action of methotrexate in 
the treatment of rheumatoid arthritis: 
evidence of increased interleukin-4 and 
interleukin-10 gene expression demonstrated 
in vitro by competitive reverse transcriptase 
polymerase chain reaction.  
Arthritis Rheum. 1998; 41(1):48-57. 

Coskun O, Kanter M, Korkmaz A, Oter S.  
Quercetin, an oxidative stress and ß-cell 
damage in rat Pancreas. Pharmacol Res. 
2005; vol. 51: 117–123.  

Daggulli M, Dede O, Utangac MM, Bodakci 
MN, Hatipoglu NK, Penbegul N, Sancaktutar 
AA, Bozkurt Y, Türkçü G, Yüksel H. 
Protective effects of carvacrol against 
methotrexate-induced testicular toxicity in 
rats. Inter J Clin Exp Med. 2014; 7: 5511–
5516. 

D'Andrea G.  Quercetin: A flavonol with 
multifaceted therapeutic applications?. 
Fitoterapia. 2015; 106: 256-271. 

de Lathouder S, Gerards AH, de Groot 
ER,  Valkhof  M,  Aarden LA. Mycophenolic 
acid and methotrexate inhibit lymphocyte 
cytokine production via different mechanisms 
Eur Cytokine Netw. 2002; 13(3):317-23.  

Dickensheets HL, Venkataraman C, Schindler U, 
Donnelly RP. Interferons inhibit activation of 
STAT6 by interleukin 4 in human monocytes 
by inducing SOCS-1 gene expression. Proc 
Natl Acad Sci U S A. 1999; 96(19):10800-5.  

Hanan M. A.  Protective Effect of Quercetin and or 
Zinc against Lead Toxicity on Rat Testes. 
Global Journal of Pharmacology  20159 (4): 
366-376. 

Harwood M, Danielewska-Nikiel B, Borzelleca 
JF,  Flamm GW, Williams GM, Lines TC. A 
critical review of the data related to the safety 
of quercetin and lack of evidence of in vivo 
toxicity, including lack of 
genotoxic/carcinogenic properties. Food 
Chem Toxicol. 2007; 45: 2179–2205. 

Hollmanvan PCH, Trijp  JM,  Mengelers MJ,  de 
Vries JH, Katan MB. Bioavailability of the 
dietary antioxidant flavonol quercetin in man.  
Cancer Lett. 1997; 21: 114:139-40. 

Imani AM, Ainehchi N. Comparison of the Effects 
of Methotrexate and Ginger Extract on 
Reproductive Parameters in Rats. Crescent 
Journal of Medical and Biological Sciences, 
vol. 1, no. 3, pp. 103-109, 2014. 

Kahl R, Hildebrandt AG. Methodology for studying 
antioxidant activity and mechanisms of action 
of antioxidants. Food Chem Toxicol. 1986 ; 
24(10-11):1007-14. 

Kim HP, Mani I, Ziboh VA. Effects of naturally-
occurring flavonoids and bioflavonoids on 
epidermal cyclooxygenase from guinea pigs.  
Prostaglandins Leukot Essent Fatty Acids. 
1998; 58: 17–24. 

Lee KM, Hwang MK, Lee DE, Lee KW, Lee H.J. 
Protective effect of quercetin against 
arsenite-induced COX-2 expression by 
targeting PI3K in rat liver epithelial cells.  J 
Agricultural Food chem. 2010; 58: 5815–
5820. 

Linseisen J, Radtke J, Wolfram G. 
Flavonoidzufuhr erwachsener in einem 
bayrischen teilkollektiv der nationalen 
verzehrsstudie. Z Ernahrungswiss. 1997; 36: 
403-412.  

Maremanda KP,  Jena GB. Methotrexate-induced 
germ cell toxicity and the important role of 
zinc and SOD1: Investigation of molecular 
mechanisms. Biochem Biophys Res 
Commun. 2017 ; 483(1):596-601. 

Materska M. Quercetin and its derivatives: 
chemical structure and bioactivity – A 
Review. Pol J  Food Nut Sci. 2008; 58: 407-
413. 

Nam JS, Sharma AR, Nguyen LT, Chakraborty C, 
Sharma G, Lee SS. Application of 
Bioactive Quercetin in Oncotherapy: From 
Nutrition to Nanomedicine. Molecules; 19:  
21 (1), E108.  

Nouri HS, Azarmi Y, Movahedin M. Effect of 
growth hormone on testicular dysfunction 
induced by methotrexate in rats 
Andrologia. 2009 ;41(2):105-10.  

Oktem F, Yilmaz HR, Ozguner F, Olgar S, Ayata 
A, Uzare E,  Uz E. Methotrexate-induced 
renal oxidative stress in rats: the role of a 
novel antioxidant caffeic acid phenethyl 
ester. Toxicol Ind Health. 2006 ; 22(6):241-7. 

Ozyurt H, Cevik O, Ozgen Z,  Özden AS, Çadırcı 
S, Elmas MA, Ercan F, Gören MZ, Şener G. 
Quercetin protects radiation induced DNA 
damage and apoptosis in kidney and bladder 
tissues of rats. Free Radic Res. 2014; 
48(10):1247-55. 

Padma VV, Lalitha G, Shirony NP, Baskaran R. 
Effect of quercetin against lindane induced 
alterations in the serum and hepatic tissue 
lipids in wistar rats. Asian Pac J Trop 
Biomed. 2012; 2(11):910-5. 

Pawlikowska-Pawlega B, Gruszecki W I, Misiak L 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Yassine-Diab%20B%5BAuthor%5D&cauthor=true&cauthor_uid=9433869
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abbal%20M%5BAuthor%5D&cauthor=true&cauthor_uid=9433869
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mazi%C3%A8res%20B%5BAuthor%5D&cauthor=true&cauthor_uid=9433869
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Pr%C3%A9val%20C%5BAuthor%5D&cauthor=true&cauthor_uid=9433869
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Pr%C3%A9val%20C%5BAuthor%5D&cauthor=true&cauthor_uid=9433869
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cantagrel%20A%5BAuthor%5D&cauthor=true&cauthor_uid=9433869
https://www.ncbi.nlm.nih.gov/pubmed/?term=.%2C+Antiinflammatory+and+immunoregulatory+action+of+methotrexate+in+the+treatment+of+rheumatoid+arthritis%3A+evidence+of+increased+interleukin-4+and+interleukin-10+gene+expression+demonstrated+in+vitro+by+competitive+reverse+transcriptase+polymerase+chain+reaction
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bodakci%20MN%5BAuthor%5D&cauthor=true&cauthor_uid=25664063
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bodakci%20MN%5BAuthor%5D&cauthor=true&cauthor_uid=25664063
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hatipoglu%20NK%5BAuthor%5D&cauthor=true&cauthor_uid=25664063
https://www.ncbi.nlm.nih.gov/pubmed/?term=Penbegul%20N%5BAuthor%5D&cauthor=true&cauthor_uid=25664063
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sancaktutar%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=25664063
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sancaktutar%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=25664063
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bozkurt%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25664063
https://www.ncbi.nlm.nih.gov/pubmed/?term=T%C3%BCrk%C3%A7%C3%BC%20G%5BAuthor%5D&cauthor=true&cauthor_uid=25664063
https://www.ncbi.nlm.nih.gov/pubmed/?term=Y%C3%BCksel%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25664063
https://www.ncbi.nlm.nih.gov/pubmed/?term=D%27Andrea%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26393898
https://www.ncbi.nlm.nih.gov/pubmed/?term=Quercetin%3A+A+flavonol+with+multifaceted+therapeutic+applications%3F
https://www.ncbi.nlm.nih.gov/pubmed/?term=Valkhof%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12231475
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aarden%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=12231475
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+Mycophenolic+acid+and+methotrexate+inhibit+lymphocyte+cytokine+production+via+different+mechanisms
https://www.ncbi.nlm.nih.gov/pubmed/?term=Interferons+inhibit+activation+of+STAT6+by+interleukin+4+in+human+monocytes+by+inducing+SOCS-1+gene+expression
https://www.ncbi.nlm.nih.gov/pubmed/?term=Interferons+inhibit+activation+of+STAT6+by+interleukin+4+in+human+monocytes+by+inducing+SOCS-1+gene+expression
https://www.ncbi.nlm.nih.gov/pubmed/?term=Flamm%20GW%5BAuthor%5D&cauthor=true&cauthor_uid=17698276
https://www.ncbi.nlm.nih.gov/pubmed/?term=Williams%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=17698276
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lines%20TC%5BAuthor%5D&cauthor=true&cauthor_uid=17698276
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Trijp%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=9103273
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mengelers%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=9103273
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Vries%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=9103273
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Vries%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=9103273
https://www.ncbi.nlm.nih.gov/pubmed/?term=Katan%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=9103273
https://www.ncbi.nlm.nih.gov/pubmed/?term=Methodology+for+studying+antioxidant+activity+and+mechanisms+of+action+of+antioxidants+1986
https://www.ncbi.nlm.nih.gov/pubmed/?term=Effects+of+naturally-occurring+flavonoids+and+bioflavonoids+on+epidermal+cyclooxygenase+from+guinea+pigs
https://www.ncbi.nlm.nih.gov/pubmed/?term=Methotrexate-induced+germ+cell+toxicity+and+the+important+role+of+zinc+and+SOD1%3A+Investigation+of+molecular+mechanisms
https://www.ncbi.nlm.nih.gov/pubmed/?term=Methotrexate-induced+germ+cell+toxicity+and+the+important+role+of+zinc+and+SOD1%3A+Investigation+of+molecular+mechanisms
https://www.ncbi.nlm.nih.gov/pubmed/26797598
https://www.ncbi.nlm.nih.gov/pubmed/26797598
https://www.ncbi.nlm.nih.gov/pubmed/26797598
https://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+growth+hormone+on+testicular+dysfunction+induced+by+methotrexate+in+rats.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Uz%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16924955
https://www.ncbi.nlm.nih.gov/pubmed/?term=Methotrexate-induced+renal+oxidative+stress+in+rats%3A+the+role+of+a+novel+antioxidant+caffeic+acid+phenethyl+ester
https://www.ncbi.nlm.nih.gov/pubmed/?term=%C3%96zden%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=25039564
https://www.ncbi.nlm.nih.gov/pubmed/?term=%C3%87ad%C4%B1rc%C4%B1%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25039564
https://www.ncbi.nlm.nih.gov/pubmed/?term=%C3%87ad%C4%B1rc%C4%B1%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25039564
https://www.ncbi.nlm.nih.gov/pubmed/?term=Elmas%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=25039564
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ercan%20F%5BAuthor%5D&cauthor=true&cauthor_uid=25039564
https://www.ncbi.nlm.nih.gov/pubmed/?term=G%C3%B6ren%20MZ%5BAuthor%5D&cauthor=true&cauthor_uid=25039564
https://www.ncbi.nlm.nih.gov/pubmed/?term=%C5%9Eener%20G%5BAuthor%5D&cauthor=true&cauthor_uid=25039564
https://www.ncbi.nlm.nih.gov/pubmed/?term=Quercetin+protects+radiation+induced+DNA+damage+and+apoptosis+in+kidney+and+bladder+tissues+of+rats
https://www.ncbi.nlm.nih.gov/pubmed/?term=Padma%20VV%5BAuthor%5D&cauthor=true&cauthor_uid=23569870
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lalitha%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23569870
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shirony%20NP%5BAuthor%5D&cauthor=true&cauthor_uid=23569870
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baskaran%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23569870
https://www.ncbi.nlm.nih.gov/pubmed/23569870
https://www.ncbi.nlm.nih.gov/pubmed/23569870


Abdel-Hafez et al.,                                                                Quercetin ameliorates methotrexate intoxication 
                                                                                                        

 

                                                         Bioscience Research, 2018 volume 15(4): 4390-4402                                       4402 

 

E. The study of the quercetin action on 
human erythrocyte membranes. Biochem 
Pharmacol.2003;  66: 605–612. 

Ragheb AM, Sabanegh ES Jr. Male fertility-
implications of anticancer treatment and 
strategies to mitigate gonadotoxicity. 
Anticancer Agents Med Chem. 2010; 10 
(1):92–102. 

Saad DY,  Soliman MM,  Baiomy AA,  Yassin 
MH,  El-Sawy HB. 
Effects  of  Karela  (Bitter Melon 
; Momordica  charantia) 
on  genes  of  lipids  and  carbohydrates 
metabolism  in experimental hypercholesterol
emia: biochemical, molecular and  histopatho
logicalstudy. BMC Complement Alt Med. 
2017;  17 (1): 319. 

Sakanashi Y, Oyama K , Matsui H,  Oyama 
TB, Oyama TM, Nishimura Y, Sakai 
H, Oyama Y. Possible use of quercetin, an 
antioxidant, for protection of cells suffering 
from overload of intracellular Ca2+: a model 
experiment.  Life Sci. 2008; 22: 164-169. 

Scully CJ, Anderson CJ, Cannon GW. Long-term 
methotrexate therapy for rheumatoid arthritis. 
Semin Arthritis Rheum. 1991;  20: 317–331. 

Sheikhbahaei F, Khazaei M, Rabzia A, Mansouri 
K, Ghanbari A. 
Protective Effects of Thymoquinone 
against Methotrexate 
Induced Germ Cell  Apoptosis  in  Male Mice.  
Int J Fertil Steril. 2016; 9(4):541-7. 

Soliman MM, Baiyoumi AA, Yassin MY. Molecular 
and histopathological study on the 
ameliorative effects of curcumin against lead 
acetate-induced hepatotoxicity and 
nephrototoxicity in wistar rats. Biol Trace 
Elem Res. 2015; 167 (1): 91-102.  

Sönmez M, Türk G, Çeribaşı S, Çiftçi M, Yüce 
A, Güvenç M, Özer Kaya S, Çay M, Aksakal 
M. Quercetin attenuates carbon 
tetrachloride-induced testicular damage in 
rats. Andrologia. 2014; 46(8):848-58.  

Uraz S, Tahan V, Aygun C, Eren F, Unluguzel 
G, Yuksel M, Senturk O, Avsar E, Haklar 
G, Celikel C, Hulagu S, Tozun N. Role of 
ursodeoxycholic acid in prevention of 
methotrexate-induced liver toxicity. Dig Dis 
Sci. 2008; 53(4):1071-7. 

Uygur R, Yagmurca M, Alkoc OA, Genc A, Songur 
A, Ucok K, Ozen OA. Effects of quercetin 
and fish n-3 fatty acids on testicular injury 
induced by ethanol in rats.  Andrologia, , 
2014; 46: 356–369. 

Widemann BC, Balis FM, Kempf-Bielack 

B,  Bielack S, Pratt CB, Ferrari S, Bacci 
G, Craft AW, Adamson PC. High-dose 
methotrexate-induced nephrotoxicity in 
patients with osteosarcoma. Cancer. 2004; 
100: 2222–2232. 

Yamaki K, Uchida H, Harada Y, Li X, Yanagisawa 
R, Takano H, Hayashi H, Taneda S, Mori 
Y, Yoshino S. 
Effect of methotrexate on Th1 and Th2  imm
une responses in mice. J Pharm 
Pharmacol. 2003; 55(12):1661-6. 

Yoon JS, Chae MK, Lee SY, Lee EJ, Anti-
inflammatory effect of quercetin in a whole 
orbital tissue culture of Graves' or bitopathy. 
Br J Ophthalmol. 2012; 96(8):1117-21. 

Young IS, McEneny J. Lipoprotein oxidation and 
atherosclerosis. Biochem Soc Trans. 2001 ; 
29(Pt 2):358-62. 

Yuksel Y, Yuksel R, Yagmurca M,  Haltas 
H, Erdamar H, Toktas M, Ozcan O. Effects of 
quercetin on methotrexate-induced 
nephrotoxicity in rats. Hum Exp Toxicol. 
2017; 36: 51–61. 

 
 
 
 
 
 
 
 
 
 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Saad%20DY%5BAuthor%5D&cauthor=true&cauthor_uid=28623919
https://www.ncbi.nlm.nih.gov/pubmed/?term=Soliman%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=28623919
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baiomy%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=28623919
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yassin%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=28623919
https://www.ncbi.nlm.nih.gov/pubmed/?term=El-Sawy%20HB%5BAuthor%5D&cauthor=true&cauthor_uid=28623919
https://www.ncbi.nlm.nih.gov/pubmed/?term=Effects+of+Karela+(Bitter+Melon%3B+Momordica+charantia)+on+genes+of+lipids+and+carbohydrates+metabolism+in+experimental+hypercholesterolemia%3A+biochemical%2C+molecular+and+histopathological+study
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oyama%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18586279
https://www.ncbi.nlm.nih.gov/pubmed/?term=Matsui%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18586279
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oyama%20TB%5BAuthor%5D&cauthor=true&cauthor_uid=18586279
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oyama%20TB%5BAuthor%5D&cauthor=true&cauthor_uid=18586279
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oyama%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=18586279
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nishimura%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=18586279
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sakai%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18586279
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sakai%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18586279
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oyama%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=18586279
https://www.ncbi.nlm.nih.gov/pubmed/?term=Long-term+methotrexate+therapy+for+rheumatoid+arthritis+Scully
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sheikhbahaei%20F%5BAuthor%5D&cauthor=true&cauthor_uid=26985343
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khazaei%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26985343
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rabzia%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26985343
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mansouri%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26985343
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mansouri%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26985343
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghanbari%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26985343
https://www.ncbi.nlm.nih.gov/pubmed/?term=Protective+Effects+of+Thymoquinone+against+Methotrexate-Induced+Germ+Cell+Apoptosis+in+Male+Mice
http://www.ncbi.nlm.nih.gov/pubmed/25758718
http://www.ncbi.nlm.nih.gov/pubmed/25758718
https://www.ncbi.nlm.nih.gov/pubmed/?term=S%C3%B6nmez%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24020584
https://www.ncbi.nlm.nih.gov/pubmed/?term=T%C3%BCrk%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24020584
https://www.ncbi.nlm.nih.gov/pubmed/?term=%C3%87eriba%C5%9F%C4%B1%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24020584
https://www.ncbi.nlm.nih.gov/pubmed/?term=%C3%87ift%C3%A7i%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24020584
https://www.ncbi.nlm.nih.gov/pubmed/?term=Y%C3%BCce%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24020584
https://www.ncbi.nlm.nih.gov/pubmed/?term=Y%C3%BCce%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24020584
https://www.ncbi.nlm.nih.gov/pubmed/?term=G%C3%BCven%C3%A7%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24020584
https://www.ncbi.nlm.nih.gov/pubmed/?term=%C3%96zer%20Kaya%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24020584
https://www.ncbi.nlm.nih.gov/pubmed/?term=%C3%87ay%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24020584
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aksakal%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24020584
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aksakal%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24020584
https://www.ncbi.nlm.nih.gov/pubmed/?term=sonmez+2013+quercetin+Ccl4
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eren%20F%5BAuthor%5D&cauthor=true&cauthor_uid=17934844
https://www.ncbi.nlm.nih.gov/pubmed/?term=Unluguzel%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17934844
https://www.ncbi.nlm.nih.gov/pubmed/?term=Unluguzel%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17934844
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yuksel%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17934844
https://www.ncbi.nlm.nih.gov/pubmed/?term=Senturk%20O%5BAuthor%5D&cauthor=true&cauthor_uid=17934844
https://www.ncbi.nlm.nih.gov/pubmed/?term=Avsar%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17934844
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haklar%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17934844
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haklar%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17934844
https://www.ncbi.nlm.nih.gov/pubmed/?term=Celikel%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17934844
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hulagu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17934844
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tozun%20N%5BAuthor%5D&cauthor=true&cauthor_uid=17934844
https://www.ncbi.nlm.nih.gov/pubmed/?term=Role+of+ursodeoxycholic+acid+in+prevention+of+methotrexate-induced+liver+toxicity
https://www.ncbi.nlm.nih.gov/pubmed/?term=Role+of+ursodeoxycholic+acid+in+prevention+of+methotrexate-induced+liver+toxicity
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bielack%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15139068
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pratt%20CB%5BAuthor%5D&cauthor=true&cauthor_uid=15139068
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrari%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15139068
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bacci%20G%5BAuthor%5D&cauthor=true&cauthor_uid=15139068
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bacci%20G%5BAuthor%5D&cauthor=true&cauthor_uid=15139068
https://www.ncbi.nlm.nih.gov/pubmed/?term=Craft%20AW%5BAuthor%5D&cauthor=true&cauthor_uid=15139068
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adamson%20PC%5BAuthor%5D&cauthor=true&cauthor_uid=15139068
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamaki%20K%5BAuthor%5D&cauthor=true&cauthor_uid=14738593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Uchida%20H%5BAuthor%5D&cauthor=true&cauthor_uid=14738593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harada%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=14738593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20X%5BAuthor%5D&cauthor=true&cauthor_uid=14738593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yanagisawa%20R%5BAuthor%5D&cauthor=true&cauthor_uid=14738593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yanagisawa%20R%5BAuthor%5D&cauthor=true&cauthor_uid=14738593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takano%20H%5BAuthor%5D&cauthor=true&cauthor_uid=14738593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hayashi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=14738593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Taneda%20S%5BAuthor%5D&cauthor=true&cauthor_uid=14738593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mori%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=14738593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mori%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=14738593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshino%20S%5BAuthor%5D&cauthor=true&cauthor_uid=14738593
https://www.ncbi.nlm.nih.gov/pubmed/14738593
https://www.ncbi.nlm.nih.gov/pubmed/14738593
https://www.ncbi.nlm.nih.gov/pubmed/?term=20012+Anti-inflammatory+effect+of+quercetin+in+a+whole+orbital+tissue+culture+of+Graves%27+orbitopathy
https://www.ncbi.nlm.nih.gov/pubmed/11356183
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haltas%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27005763
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haltas%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27005763
https://www.ncbi.nlm.nih.gov/pubmed/?term=Erdamar%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27005763
https://www.ncbi.nlm.nih.gov/pubmed/?term=Toktas%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27005763
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ozcan%20O%5BAuthor%5D&cauthor=true&cauthor_uid=27005763

