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Experiments was conducted under the strict guidelines laid by the 
committee.  
The experimental animals were randomized into four groups of six 
rats each as follows:  
Group I: Control rats received normal saline (2ml/kg body weight) 
for 7 days.  
Group II: A single intraperitoneal injection of AZA (50 mg/kg body 
weight, suspended in saline) was administered to rats on the 7th 
day.  
Group III: Intraperitoneal injection of QE (50 mg/kg body weight, 
suspended in saline) was given to rats for 7 days.  
Group IV: QE (50 mg/kg body weight, suspended in saline) was 
administered to rats as in Group III, on the 7th day of experimental 
period 1hr after administration of QE, single dose of AZA (50 mg/kg 
body weight, suspended in saline) was given intraperitoneal as in 
Group II.[5]. After the 7 days of experimental period (i.e., on the 8th 
day), the animals were anesthetized and decapitated. The liver 
tissues were immediately excised and rinsed in ice- cold 
physiological saline. The tissues were homogenized in 0.01 M Tris-
HCL buffer (pH 7.4) and aliquots of this homogenate were used for 
the assays. Blood was collected immediately and the serum was 
separated by centrifugation. The liver homogenate was centrifuged 
and mitochondria were isolated. Homogenate and serum were 
used for several biochemical estimations. 
 

Isolation of liver mitochondria  

The mitochondria of liver were isolated by the method of[6]. 10% 
(w/v) homogenate was prepared in 0.05 M Tris-HCl buffer 
containing 0.25 M sucrose and centrifuged at 600 x g for 10 
minutes. The supernatant fraction was decanted and centrifuged at 
15,000 x g for 5 minutes. The resultant mitochondrial pellet was 
then washed and resuspended in the same buffer.  
 

Determination of mitochondrial antioxidant enzymes 

The mitochondrial superoxide dismutase activity was assayed by 
the method of [7]. The mitochondrial glutathione peroxidase activity 
was assayed by the method of Ro[8]. The reduced glutathione in 
liver mitochondria was determined according to the method of[9]. 
 

Determination of mitochondrial lipid peroxides 

The liver mitochondrial lipid peroxide content was determined by 
the thiobarbituric acid (TBA) reaction described by[10].  
 

Determination of TCA cycle enzymes  

The activity of isocitrate dehydrogenase was assayed by the 
method of[11]. The activity of đ-ketoglutarate dehydrogenase was 
assayed by the method of [12]. The activity of succinate 
dehydrogenase was assayed according to the method of[13]. in 
which the rate of reduction of potassium ferricyanide was 
measured by decreased in optical density at 400nm, in the 
presence of adequate amount of potassium cyanide to inhibit 

cytochrome C oxidase. The activity of malate dehydrogenase was 
assayed by the method of [14]. The substrate used was 
oxaloacetate and  
determination of enzyme activity was carried out by measuring the 
rate of oxidation of NADH.  
 

Statistical analysis 

All the grouped data were statistically evaluated with Statistical 
Package for Social Sciences (SPSS), Version 7.5. Hypothesis 
testing methods included one way analysis of variance (ANOVA) 
followed by least significant difference (LSD) test. A ı PÊ value of 
less than 0.05 was considered to indicate statistical significance. 
All the results were expressed as mean + S.D. for six animals in 
each group.  

Results  

The activities of  MnSOD and GPx were significantly (p < 0.05) 
lower in  AZA induced rats (Group II) as compared to that of control 
rats (group I). On the 7th day QE administration  (group IV) 
significantly reversed all the AZA induced mitochondrial alterations. 
The rats receiving QE alone (group III), did not show any significant 
change when compared with control rats indicating that it does not 
produce oxidative stress up to the concentration tested (Table 1).  
 
Table 1: Effect of Cyclophosphamide and Hesperidin on the 
activities of cardiac marker  enzymes in serum. 
 

        

      Groups 

 CPK 

(IU L-1) 

ALT 

 (IU L-1) 

 LDH 

 (IU L-1) 

AST 

(IU L-1) 

     Group I 

     (Control) 

125.46 

±2.54 

50.95 

±0.74 

274.73 

±1.44 

83.04 

±2.16 

    Group II 

     (CP) 

290.89 

±7.57*a 

185.74 

±11.44*a 

453.26 

±48.31*a 

275.35 

±18.75*a 

    Group III 

     (HDN) 

125.71 

±2.66NS 

53.59 

±1.72 NS 

280.40 

±7.50 NS 

85.05 

±2.98 NS 

    Group IV 

     (HDN+CP) 

136.76 

±10.84*b 

59.15 

±2.66*b 

299.75 

±14.14*b 

101.78 

±6.83*b 

Results are expressed as mean μS.D. for 6 rats. Comparisons are made between: 
a-group I and group II; b-group II and group IV. *Statistically significant (p < 0.05); NS 
ă non significant. 

 
The level of hepatic mitochondrial  enzymes were significantly 
depleted in AZA induced rats (group II), when compared to control 
(group I). These enzyme levels were reversed in QE pretreatment 
(group IV), which demonstrate amelioration in levels when 
compared to the AZA induced rats (group II). The rats receiving QE 
alone (group III), did not exibhit any significant change 
comparatively control rats (group I) (Table 2). The MDA level was 
significantly (p < 0.05) ameliorated in liver mitochondria of  AZA 
induced rats (group II). The MDA level was found to be lowered by 
the QE pretreatment (Graph 1) on 7th day  (group IV).  The QE 



 

alone
1). T
AZA 
 
Table
activ
 

     

      

     G

     (

    G

     (

    G

     (

    G

     (

Resul
a-grou
NS ă 

 
 
 

Figur

Resul

group

ă non 

 
The 
(grou
signi
I),ind
Ther
that 
degr

e (group III) did 
The level of mit
treated rats (gro

e 2: Effect of 
vities of cardiac m

Groups 

   

   

   

Group I 

(Control) 

22

μ1

Group II 

(CP) 

7.

μ0

Group III 

(HDN) 

23

μ1

Group IV 

(HDN+CP) 

17

μ0

ts are expressed as
up I and group II; b
non significant. 

re 1 :      Levels 

ts are given as me

 I and group II; b-gro

significant. 

mitochondrial G
up IV). The ra
ficant change (g

dicating that it do
refore through t

quercetin is e
adation induced

not show any s
tochondrial GSH
oup II).  

Cyclophospha
marker enzymes

   CPK 

 (IU mg-1 

  protein) 

 AL

 (IU

  p

2.59 

1.48 

6.1

μ0

43 

0.45*a 

2.6

μ0

3.30 

1.53 NS 

6.1

μ0

7.92 

0.276*b 

4.6

μ0

s mean μS.D. for 6 
-group II and group

of MDA in the h

ean μS.D. For 6 rats

oup II and group IV

GSH level was 
ats receiving Q
group III) when c
oes not produce
he above enzym
efficient in pro

d by AZA adminis

Shriva

significant chang
H was significan

mide and Hes
s in tissue. 

LT 

U mg-1 

rotein) 

LDH 

(IU 

protein

16 

.22 

33.88 

μ1.50 

68 

.10*a 

14.52 

μ1.08*

16 

.35 NS 

34.71 

μ0.95 N

61 

.10*b 

28.94 

μ1.83*

rats. Comparisons 
p IV. *Statistically sig

eart of experime

s. Comparisons are

. *Statistically signifi

 normalized b
QE alone did 
compared to con
e any harmful eff
me estimations,
otecting hepatic
stration.  

astava et al. In

ge when (Graph 
ntly reduced in 

peridin on the 

mg-1 

n) 

AST

(IU mg-1

protein)

7.00

μ0.44 

*a 

3.32

μ0.15*a 

NS 

7.19

μ0.87 NS

*b 

7.13

μ0.56*b 

are made between: 
gnificant (p < 0.05); 

ental animals.  

e made between: a-

cant (p < 0.05); NS 

by  QE on the 
not show any 

ntrol rats (group 
fects (Graph 2). 
, it was proved 
c mitochondria 

nternational J

 

 

 

Disc

There
azathi
exami
induce
electro
is res
[15]. E
the el
depos
its phy
the m
[18].w
by que
system
GSH 
electro
inhibit
mitoch
damag
azathi
that it 
in our 
was re
levels 
affects
radica
polyun
by mo
the PU
lipid p
of hep
in mito
is in s
peroxi
defens
exhibi
radica
integri
enzym
radica
oxyge
supero
conve
SOD 
docum
AZA i
substr
restor
norma
Due t
radica
đ-KGD

ournal of Phy

cussion 

 is a substantia
ioprine induced 
ined the protect
ed deterioration
on transport cha
ponsible for pro
Evidence of data
lectron transfer 

sition of these ra
ysiology [16]. Th

mitochondria is r
which counteracts

enching free rad
m in mitochond
levels has been
on transport cha
s GSH synthe
hondrial oxidativ
ge [20,21]. C
ioprine dispositio
leads to deplete
study that on tre
educed, also ou
after quercetin 

s GSH/GSSG 
al species in
nsaturated fatty 
ounting literature
UFA through ox

peroxides that ca
patic mitochondr
ochondrial MDA
sync with the p
idation that coul
se mechanism 
ted near norma

als thereby pro
ity. Mitochondria

matic scavenger
al is formed direc
en, its accumula
oxide is dismut

erts H2O2 in to 
depict hampere

mented by previo
ntoxicated rats 
rate [27]. Pre-
ed the mitocho
al levels [28,5]. 
to the degrada

als, aldehydic pro
DH  enzyme as 

ytomedicine 5 

P

al evidence to p
hepatic cellula

tive effect of q
 at the subcell
ain comprising o
oduction of ATP
a revealed that f

in the respirat
adicals in mitoch
he homeostasis 
regulated by GS
s against oxidat
dicals [19]. The 

drial matrix as a
n shown to enha
ain (ETC). This s
esis there by 
ve free radicals 
ulminating evid
on, GSH is con
ed levels in mitoc
eatment with aza
ur results depict
administration t
ratio in hepati

nitiate the o
acids (PUFA), p

es [23]. The form
xidative radicals
ause impairmen
ial membrane [2

A levels in azathi
previous literatu
ld be attributed 
[25]. The quer

alcy in MDA le
ving its efficac
al endogenous 
rs like Mn- SO
ctly by acceptin
ation leads to 
tated into H2O2

H2O [25]. in m
ed levels after in
ous reports. The
may be due to 

-treatment with 
ondrial levels of

ation of mitoch
oducts are form
corroborated ea

(1) 89-93 [2

PAGE | 91 |

prove that quer
r damage [5]. T
uercetin agains
ular level. The 
of several enzym
P which is utilize
free radicals gen
tory complexes 
hondria that mig
of reactive oxyg

SH [17]. GSH i
tive stress in the
attenuation in t

a consequence 
ance oxidative d
severe effect on 

exacerbating t
ultimately lead

dences proved 
nsumed as a co
chondria [22]. It 
athioprine, mitoc
ted an incremen
that may be due
ic mitochondria
oxidation of 
protein, and ster

mation of conjuga
s may propagate
nt in the integrity
24]. We observed
ioprine intoxicat
res indicating in
to deterioration 

rcetin treatment 
evels by quenc
cy in maintainin
radical load is 

OD and GPx [5
g electron from 
inhibition of ET

2 by the MnSO
mitochondria. Act

nduction with az
e hampered leve
the unavailabil
the quercetin

f Mn-SOD and 

hondrial membr
ed which inhibit 

arlier [29]. Hydro

2013] 

rcetin protects 
Therefore, we 
t azathioprine 
mitochondrial 

me complexes 
ed by the cell 
nerated during 

may lead to 
ght impinge on 
gen species in 
is a tripeptide 
e mitochondria 
he antioxidant 
of hampered 

damage to the 
ETC indirectly 
the effect of 
ing to hepatic 

that during 
 substrate, so 
was observed 

chondrial GSH 
nt in the GSH 
e to fact that it 
a. These free 

mitochondrial 
ol as revealed 
ated dienes by 
e synthesis of 
y and function 
d an alteration 
ed rats, which 
ncreased lipid 
of antioxidant 
in our study 

hing peroxide 
ng membrane 
diminished by 

5]. Superoxide 
the molecular 

TC [15]. This 
OD [26]. GPx 
tivities of Mn-
zathioprine as 
els of  GPx in 
ity of the thiol 
n significantly 

GPx to near 

rane via free 
the activity of  

ogen peroxide 



Shrivastava et al. International Journal of Phytomedicine 5 (1) 89-93 [2013] 

 

PAGE | 92 |

 
 

attacks the enzyme; leading to its diminished activity thereby 
stopping the formation of NADH which consequently does not 
participates in ETC, resulting in depleted ATP levels [30]. ICDH 
controls he  redox balance in mitochondria. It restores NADPH 
which is adept in regenerating GSH. Due to the free radical attack, 
electron transfer gets hampered leading to its loss in activity 
[31,32]. Activity of SDH and MDH get lost due to thiolation of 
cysteine residues [33,34]. We observed a significant decrease in 
the levels of mitochondrial enzymes such as ICDH, SDH, MDH and 
đ-KGDH in AZA intoxicated rats which were in concordance with 
previous studies [5]. In our experiment quercetin protected rats 

depicted an increase in the activities of ICDH, SDH, MDH and đ-
KGDH. 
Azathioprine provoked mitochondrial membrane damage and 
subsequent degradation of respiratory enzymes thus leading to 
imbalanced transaction of substrates and ions in mitochondria, 
thereby pushing mitochondrial membrane to expand leading to 
mitochondrial swelling [34]. 
 In conclusions, the quercetin may reduce oxidative mitochondrial 
damage  which evoked by AZA intoxication. 
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