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Background: Vedic Guard is a polyherbal formulation used in the treatment of various ailments,
however, is not scientifically assessed for its effect on doxorubicin-induced cardiotoxicity.
Objective: To find out the preventive role of Vedic Guard against doxorubicin-induced myocardial
toxicity in rats. Materials and Methods: Cardiotoxicity was produced by doxorubicin (15 mg/kg
for 2 weeks). Vedic Guard (270 mg/kg, orally) was administered as pre-treatment for 2 weeks
and then for 2 weeks alternated with doxorubicin (DXR). The general observations, mortality,
histopathology, biomarker like lactate dehydrogenase (LDH), creatine phosphokinase (CPK),
aspartate aminotransferase (AST), alanine transaminase (ALT), electrocardiographic (ECG)
parameters, antioxidants such as glutathione (GSH), superoxide dismutase (SOD), and catalase
(CAT) were monitored after 3 weeks of last dose. Results: The repeated administration of DXR
causes cardiomyopathy associated with an antioxidant deficit. Pre-treatment with Vedic Guard
decreases serum enzyme viz LDH, CPK, AST, and ALT levels to that of normal values. Vedic Guard
significantly protected the myocardium from the toxic effect of DXR, by increasing the levels of
antioxidants such as GSH, SOD, and CAT and decreased the elevated level of malondialdehyde.
The study shows significant alteration of ECG pattern in DXR administered rats. The characteristic
findings were elevation of ST segment, reduction in P waves, QRS complex, and R-R interval.
Vedic Guard showed a protective effect against DXR-induced altered ECG pattern. It also reduced
the severity of cellular damage of the myocardium confirmed by histopathology. Conclusion: The
results of the present study indicated cardioprotective effect of Vedic Guard might be attributed
to its antioxidant activity.
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INTRODUCTION

Doxorubicin (DXR), an anthracycline derivative, is one of
the effective and useful anti-neoplastic agent commonly
used for the treatment of variety of tumors including
solid and malignant lymphoma. However, its clinical use
is restricted due to its cardiotoxic effect.l! Congestive
heart failure, cardiomyopathy, and electrocardiographic
changes were demonstrated after cumulative DXR
administration.”
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The mechanism of DXR-induced cardiomyopathy
is not completely understood, but several hypothesis
have been postulated, which include inhibition of
nucleic acid,”! protein synthesis,!l release of vasoactive
amines,”” alterations in sarcolemmal Ca*" transport, !
alterations in membrane bound enzyme abnormalities in
mitochondria,” lysosomal alterations, and an imbalance
of myocardial electrolytes.”” However, recent studies have
postulated the involvement of oxygen-free radicals in
the development of cardiomyopathy due to DXR. The
presence of semi-quinone in the tetracyclic aglycone
molecule of DXR is reported to increase oxygen-free
radical activity!"” as well as peroxidation of unsaturated
lipids within the membranes.!"!
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Polyherbal formulations/antioxidant compounds have
shown protective effect in DXR-induced cardiotoxicity
without reducing their therapeutic efficacy. Moreover, there
is a growing interest in the usage of natural antioxidants
as a protective strategy against the cardiovascular-related
problems such as ischemia reperfusion!'” and DXR-
induced cardiotoxicity."*'¥ Eatlier studies have reported
that Lipistat,l'” Cardipro!"” and Abana,'” a polyherbal
formulations, have shown protective effect in DXR-
induced cardiotoxicity. Vedic Guard (VG) is a poly herbal
formulation, containing extract of well-known plants in
Ayurveda possessing antioxidant activity, which protect the
cell from degenerative changes. The herbal composition
of Vedic Guard is Terminalia arjuna, Withania somnifera,
Piper longum, Ewmblica officinalis, Curcuma longa, Tinosporia
cordifolia, Terminalia chebula, Glycyrrhiza glabra, Commiphora
muknl, Bacopa monnieri, Sida cordifolia, Mesna ferrea, Eclipta
alba, Tribulus terrestris, Puereria tuberose, and Asphaltum. Vedic
Guard is used in the treatment of hypertension, diabetes,
stress and strain condition, cardiovascular diseases and as
co-therapy in the management of tuberculosis, cancer, and
liver cirrhosis. Earlier studies have shown that Vedic Guard
prevents hepatotoxicity induced by anti-tubercular drugs
in rats due to its potent antioxidant property."¥ In view
of this, DXR-induced cardiotoxicity is linked to oxidative
stress; therefore, the present study is designed to investigate
the protective effect of Vedic Guard against doxorubicin-
induced cardiotoxicity in rats.

MATERIALS AND METHODS

Male Wistar rats weighing 150-200 g were used and were
procured from Sri Venkateswara enterprises Bangalore.
They were housed in a group of 6 under environmentally-
controlled room with 12 h light/dark cycle and had free
access to food and water. After 7 days of acclimatization
period, they were randomly selected for different
experimental groups.

All the experimental procedures were carried out in
accordance with committee for the purpose of control
and supervision of experiments on animal (CPCSEA)
guidelines. All the experimental procedures were approved
by the institutional animal ethical committee (IAEC).

Materials - Doxorubicin was a generous gift from Get Well
Pharmaceuticals, India. Vedic Guard and other chemicals
used were of analytical grade and procured locally.
Analyzing kits were obtained from ERBA Diagnostics,
Daman, India.

Dosage fixation - Doxorubicin (2.5 mg/kg body weight i.p.)
in 6 equal injections every alternative day to make a total
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cumulative dose of 15 mg/kg body weight was used in the
present study based on previous report.'” VG suspension
was prepared in 0.5% CMC by using distilled water. Dose
of VG 270 mg/kg body weight was selected according to
therapeutically-equivalent dose.

Experimental design - After 1 week of acclimatization,
the animals were randomly divided into 4 groups of 6
animals in each. Group 1 served as normal control and
received normal saline 5 ml/kg body weight (i.p.). Group
2 animals were treated with DXR (2.5 mg/kg body weight
1.p.) in 6 equal injections every alternative day to make a
total cumulative dose of 15 mg/kg body weight. Group 3
animals received VG daily (270 mg/kg body weight p.o.)
for 2 weeks and then alternatively with vehicle for next 2
weeks. Group 4 animals received VG (270 mg/kg body
weight p.o., for 2 weeks) as a pre-treatment, followed by
doxorubicin administration as in DXR group.

Enzyme assays— After 36 h of the last treatment, orbital blood
samples were obtained under light ether anesthesia using
heparinized microcapillaries for the estimation of cardiac
biomarkers CPK,* LDH,”" ALP*? AST and ALT.®)
Both control and treated animals were observed for as
long as 3 weeks after the last injection for the general
appearance, behavior, and mortality. At the end of 3 weeks
post-treatment period, animals were anesthetized with light
anesthetic ether, and ECG parameters were recorded using
computerized data acquisition system (Biopac MP 35).
The animals were sactificed under ether anesthesia, and
a midline abdominal incision was performed, and heart
tissue was quickly dissected out, washed in ice-cold
saline, dried on filter paper, and weighed immediately. A
portion of each heart was taken from all the groups, and
a 30% w/v homogenate was prepared in 0.9% buffered
KCl (pH 7.4) for the estimation of glutathione (GSH),
superoxide dismutase (SOD),*! catalase (CAT),”* and
malondialdehyde (MDA).?" The remaining portion of the
heart tissue was used for histopathological studies.

Statistical analysis— The results were expressed as the mean
T SE. The results obtained were analyzed using one-way
ANOVA followed by Dunnett’s multiple comparison tests.
Data were computed for statistical analysis by using Graph
Pad Prism Software.

RESULTS

Chronic administration of doxorubicin-induced cardiac
toxicity and effect of VG was established by significant
increase in cardiac biomarker enzymes, ECG pattern, and
endogenous antioxidants and heart tissue histopathology.
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General observations - The general appearance of all groups of
animals was recorded throughout the study. In doxorubicin-
treated group, the animal fur became scruffy and developed
a pink tinge. These animals also had red exudates around
the eyes and nose, soft watery feces. Necrosis was also
observed at the site of DXR injection. These changes
were less pronounced in case of VG pre-treated group.
There was 50% mortality in DXR-treated group, whereas
in pre-treated group, there was no mortality.

Heart weight, body weight, and ratio of heart weight to body
weight — Effect of DXR on heart weight, body weight,
liver weight, ratio of heart weight to body weight, and
liver weight to body weight is shown in Table 1. The food
and water intake in DXR-treated group was significantly
decreased as compared to control group. The food and
water intake in the VG+DXR group was significantly
increased as compared to DXR group. The heart weight,
body weight, liver weight, ratio of heart weight to body
weight, and liver weight to body weight in DXR treated
rats were significantly increased compared with normal rats.
The heart weight, body weight, liver weight, ratio of heart
weight to body weight, and liver weight to body weight in
VG+DXR group was significantly decreased compared
with DXR group.

Cardiac damage engyme markers — Animals treated with
DXR produced significant increase in the levels of ALP,

CPK, LDH ALT, and AST as compared to control group.
VG+DXR group produced significant decrease in the level
of ALP, CPK, LDH, ALT, and AST as compared to DXR

group [Figure 1].

Electrocardiographic pattern — Electrocardiograph
abnormalities are the main criteria generally used for
the definite diagnosis of myocardial injury. The study
show significant alteration of ECG patterns in DXR-
administered rats as compared to normal control rats
[Figures 2 and 3]. The characteristic findings were elevation
of ST segment, reduction in P waves, QRS complex,
and R-R interval. In addition, there was a prolongation
of QT interval. VG administration showed a protective
effect against DXR-induced altered ECG parameter and
eliminated the acute fatal complication by protecting the
cell membrane damage.

Antioxidant status — Effect of doxorubicin on tissue lipid
peroxidation and antioxidant enzymes is shown in Table 2.
The malondialdehyde level was increased; GSH, SOD, and
CAT level were significantly decreased in doxorubicin-treated
group as compared to normal animals. VG+DXR group
produced significant decrease in the level of MDA and
increase in the status of antioxidant and antioxidant enzymes.

Histopathological observation — The histology of the heart
tissue from control and VG-treated animals showed normal

Table 1: Effect of Vedic Guard on heart weight, body weight, liver weight, and ratio of heart weight to
body weight in doxorubicin-induced cardiotoxicity in rats

Treatment Body weight (g) Heart weight (g) Liver weight (g) Heart wt / body wt Liver wt / body wt
ratio (x107) ratio (x 10%)

Normal 193.4 +1.30 0.60 +0.10 8.833+0.17 3.10 45.67

Doxorubicin 160.6 + 1.21* 0.73+0.01* 12.33 £ 0.15* 4.55* 76.77*

Vedic Guard 194.4 +1.07 0.61+0.01 9.307 £ 0.29 3.14 47.87

Vedic Guard + 180.2 + 1.271 0.65 £ 0.01* 10.90 + 0.207 3.611 60.487

doxorubicin

Values are given as mean + SEM (n = 6), P < 0.01 when compared with *normal and ‘doxorubicin.
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Figure 1: Effect of Vedic Guard on different enzyme levels in
doxorubicin-induced cardiotoxicity in rats. Values are expressed as
mean + SEM (n = 6), P < 0.01 when compared with 'normal and
fdoxorubicin of respective enzyme levels
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Figure 2: Effect of Vedic Guard on ECG parameters in doxorubicin-
induced cardiotoxicity in rats. Values are expressed as mean + SEM
(n = 6), P < 0.01 when compared with *normal and fdoxorubicin of
respective ECG parameter
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Figure 3: Effect of Vedic Guard on electrocardiographic pattern of (a): Normal; (b): Doxorubicin alone; (c): Vedic Guard; and (d): VG + DXR in rats.

Table 2: Effect of Vedic Guard on malondialdehyde, glutathione, catalase, and superoxide dismutase in

doxorubicin-induced cardiotoxicity in rats

Treatment Malondialdehyde (n mol Glutathione (ug/g of Catalase (A/ mg of Superoxide dismutase

MDA/g of wet tissue) wet tissue) protein) (B/mg of protein)
Normal 18.59 + 0.85 105.70 £ 1.57 56.09 + 1.56 46.66 + 2.04
Doxorubicin 90.61 + 2.49° 28.88 +0.36° 33.30+0.9* 2479 + 1.31*
Vedic Guard 18.90 + 1.27 111.60 + 1.90 55.17 £+ 1.11 47.33+2.25
Vedic Guard + 46.15+ 1.71°1 65.03 + 1.70*1 44.56 + 0.88*1 34.38 + 0.95%1
doxorubicin

Values are given as mean + SEM (n = 6), P < 0.01 when compared with "normal and "doxorubicin., A - pmole of H O, consumed /min., B- One unit of activity was taken as the

enzyme reaction, which gave 50% inhibition of NTB reduction in one min

morphological appearances, whereas in DXR group,
disruptions of loss of myofibrils and vacuolization of the
cytoplasm were observed. The histology of heart tissues
from VG+DXR group showed less loss of myofibrils and
vacuolization of the cytoplasm [Figure 4].

DISCUSSION

Our results confirmed that a cumulative dose of DXR
(15 mg/kg) induces cardiotoxicity in mice as evidenced by
increase in mortality, decrease in heart weight, increased
levels of biomarker enzymes, ECG changes, and loss of
cardiomyocytes. Frequent administration of DXR has been
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shown to cause cardiomyopathic changes in patients and
as well as in a variety of animal models. Administration
of VG, a polyherbal preparation, reduced DXR-induced
mortality in mice.

The experimental study reveals severe biochemical changes
as well as oxidative damage in the cardiac tissue after the
chronic treatment with DXR (cumulative dose of 15 mg/
kg body weight). Doxorubicin is a well-known cardiotoxic
agent; due to its ability, it will destruct myocardial cells. As
aresult of this, lactate dehydrogenase (LDH), transaminase
(AST, ALT), and creatine kinase (CK) were released into
blood stream and served as the diagnostic markers of
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Figure 4: Histopathological studies of various treated groups (a):
Normal; (b): Doxorubicin alone; (c): Vedic Guard and (d): VG + DXR
in rats. The stain used to illustrate the histopathological changes was
(H and E, x100)

myocardial tissue damage. The amount of these cellular
enzymes present in the blood reflects the alteration in
plasma membrane integtity and/or permeability.

In the present study, DXR-treated rats showed significant
elevation in the levels of these diagnostic marker enzymes
(AST, ALT, CK, LDH, and ALP). Morcover, clevated
levels of these enzymes are an indicator of the severity
of DXR-induced myocardial damage, which is in line
with an eatlier report.” The prior administration of VG
showed significant reduction in DXR-induced elevated
serum marker enzymes. This reduction in the enzyme level
confirms that VG is responsible for maintenance of normal
structural and architectural integrity of cardiac myocytes,
thereby restricting the leakage of these enzymes, which can
be accounted for membrane-stabilizing property of VG.

Electrocardiograph abnormalities are the main criteria
generally used for the definite diagnosis of myocardial
injury. The study show significant alteration of ECG
patterns in DXR-administered rats as compared to normal
control rats. The characteristic findings were elevation of
ST segment, reduction in P waves, QRS complex, and
R-R interval. In addition, there was a prolongation of QT
interval. Moreover, ECG changes are an indicator of the
severity of DXR-induced myocardial damage, which is
in line with an eatlier report.”” The consecutive loss of
cellular membrane damage due to oxidative stress might be
characterized by ST elevation. VG administration showed
a protective effect against DXR-induced altered ECG
parameter and eliminated the acute fatal complication by
protecting the cell membrane damage.

The mechanism of cardiotoxicity induced by a DXR is
not clearly known from the present study, although large
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body of evidence supports that DXR administration is
associated with a decrease in endogenous antioxidants
and increase in oxygen-free radicals, resulting in increased
oxidative stress, which is followed by development of a
variety of sub-cellular changes in the myocardium, typical
of doxorubicin-induced cardiac injury.”” In rat treated
with DXR, we found significant increase in heart tissue
MDA levels, suggesting increased lipid per oxidation and
decreased in levels of GSH, SOD, and CAT. Pre-treatment
with VG efficiently counteracted the doxorubicin-induced
cardiac tissue damage by significant decrease in MDA and
increase in GSH, SOD, and CAT levels. Cardiac tissue
damage may be due to increased oxidative stress and
depletion of antioxidants as reported earlier.'!

Histopathological report suggests that VG pre-treated
group attenuates the doxorubicin-induced loss of
myofibrils, vacuolization of the cytoplasm, and swelling
of mitochondria. The histopathological changes observed
in the doxorubicin-treated rats were similar to those
previously reported.

Collectively, these electrocardiographic, biochemical, and
histopathological results provide a possible and potential
cardioprotection against DXR toxicity. Therefore, the
antioxidant mechanism of VG may include its well-known
ingredients in Ayurveda possessing antioxidant activity, which
protects the cell from degenerative changes. Thus, in this
work, VG effectively prevented tissue damage by decreasing
the oxidative stress and restoring the antioxidant status.

Constituents of VG such as Terminalia arjuna,?? Withania
sommnifera,™ Piper longun P Tinosporia cordifolia,"™ and Curcuma
longa,”* by virtue of their antioxidant property, prevent
free radicals-mediated cardiotoxicity. In the present
study, VG might serve as novel combination to limit free
radical-mediated organ injury by restoring hemodynamic,
biochemical, and histopathological alternations in rats
via augmentation of endogenous antioxidants and
maintenance of the myocardial antioxidant status.

Finally, we conclude that the cardiotoxicity induced by DXR
is in relationship with oxidative stress. Our study suggests
that Vedic Guard may be considered as a potentially useful
candidate in combination with DXR to limit free radical-
mediated myocardial injury.
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