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ABSTRACT

Doxorubicin (Adriamycin) is a potent chemotherapeutic agent for the treatment of a variety of
human malignancies. Among several different mechanisms proposed for explaining the
pathogenesis, increasing oxidative stress appears to play a major model that has been shown to
increase free radical producing and decrease activities of endogenous antioxidant enzymes.
There is an early depression in glutathione enzymes such as reduced glutathione, glutathione
peroxidase and glutathione-s-transferase. Cardiomyopathy is also associated with apoptosis
which precede the development of cardiotoxicity and congestive heart failure. Many different
approaches have been used to minimize the incidence of doxorubicin-induced cardiomyopathy.
In the present study, the rabbit model, the development of cardiomyopathy was prevented by
reducing oxidative stress using natural antioxidant vitamin E (50 1U/kg body weight) and
flavonoids morin, rutin and quercetin, which are generally available in the natural diet. The four
weeks treatment of flavonoids (20mg/kg body weight) were affectively ameliorated the oxidative
stress induced cardiomyopathy in rabbits by doxorubicin (10mg/kg body weight) treatment for
two days. The flavonoids alter the biochemical parameters at optimum levels. The oxidative
markers (lipid peroxidation, catalase, reduced glutathione, and glutathione-s-transferase) were
significantly maintained by the flavonoids in blood. The overall conclusion of this study is that
the flavonoids can act as antioxidants in the body and they can protect the biochemical and
oxidative markers at optimum levels. By this study, the author suggests that rabbits are good
experimental models to conduct various types of experiment in Biochemistry and Pharmacology,
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and the diet rich flavonoids can useful in the protection of certain diseases like cardiomyopathy
(CAD, hypertension, heart failure and stroke), diabetes, cancers and oxidative stress etc.,

Key words: Oxidative stress, cardiomyopathy, doxorubicinyimarutin, quercetin.

INTRODUCTION

Cardiovascular diseases (coronary artery disegpertension, heart failure, and stroke) are the
leading causes of death in human beings of modegs.dOxidative stress is the unifying
mechanism for many cardiovascular risk factorshelies and obesity) [1]. Population studies
have shown that up to 80% of cardiovascular disga99% of type Il diabetes and
approximately 30% of cancers are due to generatidree radicals under pathogenic conditions
that could be avoided by diet and life style chan@e 3].

The organ systems most susceptible to oxidativeaganare the pulmonary system, the brain,
the eye, the circulatory and the reproductive systexidative damage causes a net stress on the
normal body functions and may result in developifignany specific diseases [4]. Many free
radicals exist in living systems are unstable aigghliz reactive, and disrupt the equilibrium of
biological systems by damaging their major constitumolecules, leading eventually to cell
death [4-7] These radicals can be released from RAKidase, xanthine oxidase, lipoxygenase,
mitochondria, or the uncoupling of nitric oxide flyase in vascular cells and damage cell lipids,
membranes, proteins and DNA (Leila Bettina Ser@§62 Free radicals can also react with
serum LDL and resultant oxidized LDL damages there wall [4]. To compensate for this,
the cells have evolved both the enzymatic and mayraatic mechanisms to protect against
oxidant’s toxic effects.

The dose related cardiomyopathy and congestive faglure due to doxorubicin has limited the
use of this drug [8, 9]. The production of supé&dexadical ions by oxidation-reduction cycling
is critical in mediating the chronic cardio toxicassociated with the clinical use of DOX. Redox
cycling of doxorubicin-derived quinine-semiquinome,the presence of oxygen, and transition
metals, yields superoxide radicals. Increased sewtloxygen species due to doxorubicin have
been observed directly by electron spin resonapeetsscopy [10, 11] and indirectly by an
increase in tissue malondialdehyde (MDA) which israakdown product of lipid peroxidation
[12-14]. During doxorubicin treatment serum enzynsesh as SGOT, LDH, and CPK were
increased significantly, particularly in the latages of cardiac failure [8, 15-18] mice [19, 20],
and rats [21, 22]. It is well documented that thejon side effect, cardiomyopathy during
doxorubicin treatment in malignancies is due todakve stress caused by release of free
radicals.

In heart GSHPx is extremely important because faliility to use and remove organic and
inorganic peroxides [13]. Administration of doxortih resulted in a dose and time dependent
decrease in myocardial glutathione enzymes actiwityrabbits and mice [23-27]. Adjunct
therapy of doxorubicin along with antioxidants Hascome a practice to curb the oxidative
damage by doxorubicin in recent times.

Flavonoids are polyphenolic compounds present i itany plant derived foods. Many
epidemiological studies have shown that flavonoidke is inversely related to mortality from
coronary heart disease and to the incidence of la¢iaccks. In a recent study conducted in the
Netherlands suggested that flavonoids can repldeenm E as chain-breaking antioxidants in
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liver microsomal membranes. The capacity of flaudado act as antioxidants depends upon
their molecular structure. The position of hydroxybups and other features in the chemical
structure of flavonoids are important for theiriaridant and free radical scavenging activities.

Morin, rutin and quercetin by acting as antioxidaexhibited several beneficial effects, such as
anti-inflammatory, antiallergic, antiviral as wels an anticancer activity. They have also been
suggested to play a protective role in liver dissasataracts, and cardiovascular diseases.
Quercetin acting as free radical scavengers whbmvrs to exert a protective effect in
reperfusion ischemic tissue damage [28-34]. Adogrdo their specificity in antioxidation
function, certain selected flavonoids naturally iakde in diet (morin, rutin and quercetin) are
used in the present study to investigate their mmative affects on biochemical studies
doxorubicin induced oxidative stress cardiomyopathiabbits.

Keeping in view the present study was aimed ataatibn of amelioration effect of different

flavonoids (morin, rutin, and quercetin) in doxoieib induced cardiomyopathy oxidative stress.
The aim and objective of the present study is talystbiochemical changes in doxorubicin
induced cardiomyopathy in rabbits. To study thee@# of flavonoids (morin, rutin, and

guercetin) on biochemical in cardiomyopathy indubgdhe doxorubicin.

EXPERIMENTAL SECTION

Chemicals and reagent kits

The chemicals used in the present study were d¥ftéca grade from E.Merck (India), SISCO

Laboratories and Loba Chemicals and some chemigais procured from Sd Fine Chemicals,
Navi Mumbai, India. Vitamin E (Bio-E 400) was proed from the Dr.Reddy’s Laboratories,

Hyderabad and drug Doxorubicin (Doxopar-50) Parahtirugs (India) limited, Indore, India.

Some of the reagent kits were purchased from by deratory of Ensure Biotech Pvt Limited,
Hyderabad, and few reagent kits were purchased tfmmTransonic Bio-Medicals Limited,
Solan (HP), was used for this study.

Animals:

Thirty apparently healthy, New Zealand white rabbieighing 2.5 to 3.0 kg (about 3-6 months)
were obtained from Laboratory of small animal hou&separtment of Pharmacology,
Dr.Pinnamaneni Siddhartha Institute of Medical 8ces and Research Foundation,
Chinnoutapalli, Gannavaram, Krishna District, Araliffradesh, India. The animals were housed
in the cages of departmental laboratory animal sAé#dhe animals were fed with control diet
during a month acclimatization period. All animalere kept under uniform managerial and
standard hygienic conditions through the experiaegoeriod. All the rabbits were weighed and
randomly housed, two animals in each cage. Thescagee located in a well ventilated house
and all the animals had free access to feed anel whall times.

Experimental Design:

Thirty rabbits were randomly divided into five gpmiand six animals in each group. The group |
animals are Controls which were fed normal dietualloventy eight days and the twenty ninth
and thirtieth day i.e. two days doxorubicin 10 rkg body weight was given intra venously, for
the group Il animals antioxidant vitamin E 50 IW kody weight was given orally along with
normal diet for twenty eight days and the two dasfedoxorubicin was administrated on twenty
ninth and thirtieth day, for the group IllI, IV & Were fed orally with flavonoids morin, rutin and
guercetin, 20mg/ kg body weight along wathlibitum of water and diet respectively for twenty
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eight days and the doxorubicin was administratedwd doses on twenty ninth and thirtieth day
as in group | and Il rabbits. At weekly intervaledd samples were collected and analyzed foe
hematological and biochemical (general and oxiéatharkers) parameters. Ofi ime i.e. after
doxorubicin treatment for two days, again blood gla® were collected and analyzed for both
parameters, then 50% of rabbits from each groupe seacrificed for oxidative parameters in
tissues and to study the histopathological chamgt® tissues (Heart, liver and kidney).

Methods:

The biochemical parameters such as protein prafilen as total protein(Biuret method),
albumin(BCG method), globulin, A:G Ratio), lipid gfile: total cholesterol (Cholesterol
esterase-enzymatic method), triglycerides(Glyc8rphosphate oxidase- enzymatic method),
HDL-cholesterol  (Phosphotungstic acid method), Lé&Wolesterol and VLDL-
cholesterol(Friedwalds formula), blood sugar (GODEP method), urea (Berthelot method),
blood urea nitrogen, uric acid (Uricase-enzymatethnod), Creatinine (alkaline picrate method),
enzymes SGOT and SGPT (IFCC method), ALP (p-niteogh phosphate method), minerals
sodium (Modified Maruna and Trinders method), psita® (Turbidometric method),
phosphorus (Fiske and Subbarow method) and ox&lgtarameters Catalase (Bergmeyer
method), reduced glutathione (DTNB method), glutate-s-transferase (habig method) and
lipid peroxidation (Stock and Dormandy method) wesémated with standard protocols.

RESULTSAND DISCUSSION

From the table - 1 it is evident that vit E incredgotal protein and albumin levels, in remaining
all group total protein, albumin and globulin levelere decreased except in case of quercetin in
which albumin and globulin were increased. Accagdims study, the globulin levels were more
compared with the albumin concentration, indicdated the rabbits had more immunopotency
rather than the muscle formation.

TABLE: 1. Concentration of protein profilein the groups of rabbits before and after the treatment of
doxor ubicin (the befor e values are aver age values of 4™ week treatment of vitamin-E and flavonoids morin,
rutin and quer cetin)

Total Protein Albumin Globulin
Before After Before After Before After
Control 9.15+0.37 8.8+0.47 2.58+0.1% 2.56+0.10 &HR5 6.23+0.52
Vit-E 9.56+0.33 | 10.35+0.6]1 2.38#0.11 2.55+0.12 #183 7.8+0.63
Morin 9.03+0.33 8.98+0.15 2.61+0.2( 2.51+0.17 60.3¥ 6.46+0.24
Rutin 9.36+0.51 9.01+0.32 2.48+0.16 2.43+0.15 6(BBZ 6.58+0.46
Quercetin| 7.08+0.56*Y 7.84+0.42 3.75+0.30t* 3.9336** | 3.33+0.34* | 3.91+0.28**

* Inarow differ significantly at P<0.05, ** In a row differ significantly at P< 0.01

The lipid profile included in the study was totahdlesterol, Triglycerides, HDL-Cholesterol,
LDL-Cholesterol and VLDL-Cholesterol was shown wais changes on the treatment of DOX
and flavonoids in this study. Table- 2 shows thatimand quercetin decreased total cholesterol
where as increased levels were found in rutin,BEviand control group. Morin, rutin, vit E
increased triglycerides and decreased in quergetinp but levels were maintained normal in
DOX treated control group. Morin and quercetin éased LDL levels where as vit E increased
but no significant changes found in rutin and colngroup animals. Quercetin and control group
animals showed decreased HDL levels and there sigmficant change was found in Morin,
rutin and vit E animals. VLDL levels were increas@dmorin, rutin and Vit E group but
decreased in quercetin and maintained normal itralogroup. The overall study on lipid profile
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concentration indicates that pretreatment of flawvds was able to reduce the cardiac toxicity by
reducing the lipid profiles in the rabbits eveneafthe treatment of DOX. Pre treatment of
vitamin E, flavonoids showed the reduction in lipidfile with concomitantly increase

Protein profile in g/dI
14 -
o 12 4
g
a2 10 -
c
g8
o M control
e 6
"E 4 Hvit-E
£ i Mori
S 5. orin
0| H Rutin
before oefore & Quercetin
total protein albumin globulin

Group of rabbits with doxorubicin treatment

Fig: 1. Concentration of protein profilein the groups of rabbits before and after the treatment of doxorubicin
(the befor e values ar e aver age values of 4™ week treatment of vitamin-E and flavonoids morin, rutin and
quer cetin)

TABLE: 2. Concentration of lipid profilein the groups of rabbits before and after the treatment of
doxor ubicin (the befor e values ar e aver age values of 4™ week treatment of vitamin-E and flavonoids morin,
rutin and quercetin)

Total Cholesterol Triglycerides HDL LDL VLDL

Before After Before After Beforg  After| Before Afte Befo| After
g 119.69+ | 121.48+ | 115.59+ | 115.16+ | 31.02+ | 28.53+ | 65.55+ | 69.91+ | 23.11+ | 23.03+
5 1.76 2.78 2.47 3.45 0.49 0.59 1.70 3.02 1.97 2.76
S | 90.31t 104.04+ | 94.79+ 115.95+ | 28.67+ | 29.53+ | 42.67+ | 51.31+ | 18.95+ | 23.19+
m | 3.55* 1.90** 1.69** 2.85 0.63 0.47 3.88** 2.45** | 0.33 2.28
g 136.09+ | 121.66+ | 111.97+ | 147.94+ | 27.23+ | 27.32+ | 86.46+ | 64.75+ | 22.39+ | 29.58+
S | 2.85% 2.06 1.83 2.77% 0.64 0.22 2.97* 2.08 1.46 2.21
D | 116.74+ | 126.45+ | 11291+ | 154.1% 28.25% | 28.27+ | 65.91% | 67.36+ | 22.58+ | 30.82%
5| 184 2.34 2.08 2.72% 0.42 0.39 2.21 1.84 1.67 2.18
Q 125.20
@ | 202.24+ | 164.79+ | 178.81+ | 164.94+ | 41.27+ | 38.51+ | 93.28+ | 35.76x | 32.98%
§ 2.66** 2.33* 2.83* 5.41* 1.53* 1.16 5 1.70** 2.26** 1.08**
o 2.54*
=

* In a row differ significantly at P<0.05, ** In eow differ significantly at P< 0.01
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Lipid profile in mg/dI
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Fig: 2. Concentration of lipid profilein the groups of rabbits before and after the treatment of doxorubicin
(the before values ar e aver age values of 4" week treatment of vitamin-E and flavonoids morin, rutin and
quer cetin).

in HDL-cholesterol was observed. Decrease in tlhedlipid profiles and increase in the HDL-
Cholesterol levels in flavonoid treated groups ige do inhibition of hepatic cholesterol
biosynthesis, increased fecal bile acid secretrmhstimulation of receptor mediated catabolism
of LDL Cholesterol and increase in the uptake ot kéholesterol from blood by liver [35].

In control group after the treatment of doxorubifan 2 days at the end of 4 weeks on
normal diet, reducing sugar was decreased (tablgigmin E and morin treated groups were
decreased the blood sugar concentration, but amihquercetin treated group rabbits increased
the blood sugar concentration even after the treatraf doxorubicin. Depletion in the reducing
sugar due to DOX may be affected the release aflim$rom the pancreas, or either due to
hyper metabolic consumption of energy or diseaskesed to liver [39].

The serum SGOT and SGPT levels were decreasgbup |-V but ALP levels were
increased in group IV and V and decreased in gibapd Ill but maintained normal in control
group animals (table-4). The decreased levels @E@nd SGPT had no significant affect in the
metabolism; where as increased levels may leacevers liver disorders like necrosis and
myocardial infarction, which are indicators of paprality protein in diets fed [36]. ALP levels
were also maintained in normal range that indicatesignificant affect on the rabbits. Even
though the values were decreased in Serum enzyyndsxorubicin treatment had no specific
affects, but the flavonoids were protected at optinevels to maintain the normal range.
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TABLE: 3. Concentration of blood sugar in the groups of rabbits before and after the treatment of
doxor ubicin (the befor e values ar e aver age values of 4™ week treatment of vitamin-E and flavonoids morin,
rutin and quercetin)

Blood sugar
Before After
Control 71.4+2.99 62.11+2.23
Vit-E 71.28+2.07 68.48+3.22
Morin 68.21+2.70 66.35+1.80
Rutin 68.4+0.90 69.78+2.39
Quercetin 109.19+45.28** 118.74+4.97**

* Inarow differ significantly at P<0.05, ** In a row differ significantly at P< 0.01

Blood sugar in mg/dI
140 -+
120 -
100 -
80
60 -

M blood sugar before
40 -

Conc., of blood sugar

H blood sugar after
20 A

1 2 3 4 5

Groups of rabbits with doxorubicin treatment

Fig: 3. Concentration of blood sugar in the groups of rabbits before and after the treatment of doxorubicin
(the befor e values ar e aver age values of 4™ week treatment of vitamin-E and flavonoids morin, rutin and
quer cetin)

TABLE: 4. Concentration of serum enzymesin the %roups of rabbitsbefore and after the treatment of
doxorubicin (the before values ar e aver age values of 4™ week treatment of vitamin-E and flavonoids morin,
rutin and quercetin)

SGOT SGPT ALP
Before After Before After Before After
Control 102.71+2.14 91.8+3.65 75.62+2.85% 72.54+2.93 67.6+1.82 70.21+1.35
Vit-E 106.86+2.17 75.35+2.61** 80.56+1.16 61.684*7 72.85+2.12 57.56+1.37*
Morin 77.85+2.34** | 60.43+2.06** 79.31+3.03 66.3544. 83.59+1.74* 69.39+1.64
Rutin 102.28+3.21 79.2+2.32* 83.81+1.65( 55.77+2887 76.71+2.40* 82.86+2.26**
Quercetin 44.13+2.53* 30.41+3.15* 41.85+1.19%* 2b+1.68** 55.36+1.06** 64.78+1.54

* In arow differ significantly at P<0.05, ** In a row differ significantly at P< 0.01
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Serum enzymesin IU/L
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Fig: 4. Concentration of serum enzymesin the groups of rabbits before and after the treatment of
doxor ubicin (the before values ar e aver age values of 4™ week treatment of vitamin-E and flavonoids morin,
rutin and quer cetin).

Quercetin decreased the nitrogenous profile butamemy groups increased blood urea, BUN
and uric acid (table-5). Increased serum urea curat&n may suggest an increase in activities
of urea enzymes orninthine carboxyl transferase agthase which may also indicate kidney
damage [37]. The normal range of values obtainqaiéa therefore that the dietary proteins of
the CPB diets and the control were well utilize8][3The urea levels were low because of low
intake of protein or low catabolism of muscle phogse Generally uric acid formation was very
low in terrestrial animals, but the rabbit may taless water to form uric acid in their
metabolism. The nitrogenous catabolic pathways mergase the formation uric acid is due to
high protein intake or nucleotide catabolism.

Table-6 shows the Sodium levels were decreasedlirahd increased in IV and V. Potassium
levels increased in group Ill, decreased in groupnd maintained normal in group I, II, IV.
Phosphorus levels were normal during entire expental period in group |, Ill and IV and
mount in group V but significantly decreased ingrdl. Flavonoids significantly increased
sodium concentration due to increase the transpedhanism of the free radicals which were
formed on DOX treatment or reduction in the wakshbsorption in kidneys. The increase in
potassium may be due to decrease in the reabsorptiovater at kidneys or renal failure by
DOX. The decreased levels of potassium in querdcetated group may be due to malabsorption
syndrome. This study indicates that the DOX-induaeddative stress had significantly
ameliorated by the flavonoids by maintaining theogghorus concentration. Doxorubicin
induced oxidative stress was confirmed in rabbistiee specific changes occurred in the
biochemistry. The changes in biochemical parameleesto doxorubicin treatment in rabbits did
not alter significantly. Interestingly the rabbaggroup IIl, IV and V which were provided the
flavonoids (morin, rutin and quercetin) along witiet showed remarkable antioxidant changes
indicating the amelioration of oxidative stressuoed by doxorubicin there by cardiomyopathy.
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TABLE: 5. Concentration of nitrogenous profilein the groups of rabbits before and after the treatment of
doxor ubicin (the befor e values are aver age values of 4™ week treatment of vitamin-E and flavonoids morin,
rutin and quercetin)

Blood Urea BUN Uric acid
Before After Before After Before After
Control 12.31+0.37| 13.73+0.72  5.66+0.1] 6.31+0.33 .5740.24 | 4.41+0.24
Vit-E 10.86+0.72 | 13.75+0.52  4.99+0.3] 6.32+0.24 640041 | 4.31+0.33
Morin 12.25+0.59 14+0.85 5.63+0.27 6.44+0.39 4.6160| 4.49+0.20
Rutin 11.91+0.78| 13.55+0.70  5.48+0.3b 6.23+0.32 630713 | 3.72+0.26
Quercetin | 18.6+0.97* 14.72+0.93 8.55+0.44f*  6.774P 5.97+0.81| 5.06+0.83

* Inarow differ significantly at P<0.05, ** In a row differ significantly at P< 0.01

Nitrogenous profile in mg/dl

25 4
20 A
15 -
& control
10 7 M vit-E

& Morin

Conc., of nitrogenous profile

H Rutin

before before

M Quercetin

before

blood urea uric acid

Groups of rabbits with doxorubicin treatment

Fig: 5. Concentration of nitrogenous profilein the groups of rabbits before and after the treatment of
doxor ubicin (the before values ar e aver age values of 4™ week treatment of vitamin-E and flavonoids morin,
rutin and quer cetin)

TABLE: 6. Concentration of mineralsin the groups of rabbits before and after the treatment of doxorubicin
(the befor e values ar e aver age values of 4™ week treatment of vitamin-E and flavonoids morin, rutin and

quer cetin)
Sodium Potassium Phosphorus
Before After Before After Before After

Control 151.65+3.05 135.03+3.95 6.56+0.64 6.66+0.27 6.13+0.30 6.02+0.16
Vit-E 136.32+2.00**| 116.31+1.16* 6.72+0.21 6.9758. 6.53+0.35 5.91+0.31
Morin 131.7+£1.55* | 124.45+1.99* 6.07+0.46 8.01+0.7% 6.56+0.24 6.27+0.38
Rutin 146.31+2.04 168.4+2.08*4 6.87+0.5¢ 6.58+0.4f 6.08+0.40 6.03+0.25
Quercetin | 142.78+2.38% 176.63+3.861* 4.32+0.33f* 33+0.15** 5.75+0.39 6.36+0.25

* In arow differ significantly at P<0.05, ** In a row differ significantly at P< 0.01
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Sodium in mmol/I
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Fig: 6. Concentration of Sodium in the groups of rabbits before and after the treatment of doxor ubicin (the
befor e values ar e aver age values of 4" week treatment of vitamin-E and flavonoids morin, rutin and
quer cetin)

Potassium in mmol/|

8 4

6 -

4 H potasium hefore
2 A M potasium after
0 -

Groups of rabbits with doxorubicin treatment

Conc., of potassium

Fig: 7. Concentration of Potassium in the groups of rabbits before and after the treatment of
doxor ubicin (the before values ar e aver age values of 4™ week treatment of vitamin-E and flavonoids morin,
rutin and quercetin)

Phosphorus in mg/dI

M phosphorus before

H phosphorus after

Conc., of phosphorus

Groups of rabhits with doxorubicin treatment

Fig: 8. Concentration of Phosphorusin the groups of rabbits before and after the treatment of doxor ubicin
(the before values are aver age values of 4™ week treatment of vitamin-E and flavonoids morin, rutin and
quer cetin)
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Thus, this study concludes that the flavonoids morutin and quercetin can ameliorate the
oxidative stress induced cardiomyopathy. Dietatgrivention of flavonoids may be a good
practice to protect myocardium in the doxorubicreatment of cancers or malignancies.
Flavonoids like quercetin, rutin and morin could ¢p@od adjunct molecules in doxorubicin
therapy. Further investigations are necessary dgepclinical efficacy and use of flavonoids in
amelioration of doxorubicin oxidative stress leaio cardiomyopathy.
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