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Introduction

Cardiomyopathy is a heterogeneous group of diseases of

ABSTRACT

Objective: The objective of this study was to evaluate the cardioprotective effect of
herbal bioactive compound ammonium glycyrrhizinate against doxorubicin-induced
cardiomyopathy, in experimental animals.

Materials and Methods: Ammonium glycyrrhizinate (50, 100, 200 mg/kg, p.o.) was
administered for four weeks in albino rats. Cardiomyopathy was induced with a dose of
2.5 mg/kg i.p. of doxorubicin on 1*, 7, 14, 21, 28" day in the experimental animals.
At the end of the experiment, on 29" day, serum and heart tissues were collected and
hemodynamic, biochemical and histopathological studies were carried out.

Results: Administration of doxorubicin in normal rats showed significant (P < 0.001)
changes in body weight, feed intake, urine output, hemodynamic parameters
like (blood pressure, heart rate, cardiac output) and in lipid profile (cholesterol,
triglyceride, high density lipoprotein, low density lipoprotein, very low density
lipoprotein) indicating cardiomyopathy symptoms. Animals treated with ammonium
glycyrrhizinate significantly (P < 0.05) decreased triglyceride, cholesterol, low
density lipoprotein (LDL) and very low density lipoprotein (VLDL) levels. Moreover,
high density lipoprotein (HDL) levels increased in rats treated with ammonium
glycyrrhizinate as compared with the normal group.

Conclusion: Ammonium glycyrrhizinate is effective in controlling serum lipid profile
and cardiac complications in experimentally induced cardiomyopathy in animals.
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high incidence of cardiotoxicity. An initial acute effect includes
hypotension and transient electrocardiographic abnormalities.

the myocardium associated with mechanical and/or electrical
dysfunction that usually (but not invariably) exhibit unsuitable
ventricular hypertrophy or dilatation and occurs due to varied
causes that are generally genetic related. Cardiomyopathy
either is confined to the heart or is part of generalized
systemic disorders, which may lead to cardiovascular death
or progressive heart failure-related disability."!

Doxorubicin, an anthracycline antibiotic, is indicated for
the treatment of a wide variety of human solid tumors and
leukemia patients. However, its clinical uses are limited due to
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The chronic effects may occur several weeks or months after
administration of cumulative doxorubicin.” Cardiomyopathy
is associated with a reduction in ejection fraction thus
indicating low cardiac output.” However, the mechanisms
by which doxorubicin induces cardiac injury and dysfunction
are incompletely understood. A number of doxorubicin
biochemical changes have been identified that can damage
cardiac reactive oxygen species (ROS)," production of reactive
nitrogen species,P! selective inhibition of cardiac muscle gene
expression,'® disturbance of myocardial adrenergic signaling!”
and induction of cardiac cell apoptosis.®!

Since doxorubicin is reported to cause cardiac adverse
effects by generating free radicals in cardiac cells, several
natural or synthetic products with strong antioxidant
potential are expected to prevent doxorubicin-induced
cardimyopathy due to their free radical scavenging property.
Liquorice (Glycyrrhiza glabra) is a tall shrub of the leguminosae
family.® Pharmacological potential of G. glabra as hypoglycemic,
hypocholesteremic, antiulcer, anti-inflammatory, renoprotective,
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and antiatherogenic have been demonstrated.!" It is also used
as a laxative, emmenagogue, contraceptive, galactagogue,
antiasthmatic, antiviral agent antitussive, expectorant,
anticoagulant, antiulcer, antimicrobial, antiviral, antioxidant,
anti-inflammatory, antidiabetic and anticancer.!'!! Since the
ammonium glycyrrhizinate, which is an important constituent
of G. glabra is reported to possess strong antioxidant
activity,"? it was thought worthwhile to screen this bioactive
compound for its cardioprotective role in doxorubicin- induced
cardiomyopathy in experimental animals.

Materials and Methods

Characterization of Ammonium Glycyrrhizinate

Ammonium glycyrrhizinate was procured from Yucca
Enterprises, Mumbai and subjected for characterization to
check the purity of this marker compound. The marker was thus
tested for solubility, melting point, infrared (IR) and thin layer
chromotography (TLC) pattern by using the standard protocol
mentioned in the literature.

Experimental Animals

Swiss albino Wistar rats of either sex weighing between
100-150 g were obtained from animal house of Lala Lajpat Rai
University of Veterinary and Animal Sciences (LLRUVAS), Hisar.
The animals were kept in polypropylene cages (29 x 22 X 14 cm)
at room temperature (25 + 2°C) under natural dark-light cycle.
Commercial pellet diet and water was provided ad libitum. The
experimental protocol (Pharma Sc./485) was approved by the
Institutional Animal Ethics Committee (Registration no. 134/99/
CPCSEA) of Maharishi Dayanand University, Rohtak which
is registered with committee for the purpose of control and
supervision of experiments on animal (CPCSEA), India.

Drugs and Chemicals

Formaldehyde solution 37-41%w/v, eosin-stain solution,
xylene (sulfur- free), paraffin wax 60°-62°C, hematoxylin (delafield’s
skin solution) was purchased from Rankam chemicals Private
Limited. Glacial acetic acid, glycerin, thymol (crystals), picric
acid was purchased from CDH Chemicals Private Limited.
Distilled water was used for all biochemical assays. Commercially
available diagnostic kits were used for the measurement of serum
glutamic oxaloacetic transaminase (SGOT), serum glutamic
pyruvic transaminase (SGPT) content (Robonik Pritest, Mumbai,
India). All other chemicals used for the biochemical parameters
estimation were of analytical grade.

Experimental Design
The animals were divided into six groups consisted of six
rats in each group. The groups were designed as 1 normal,
3 tests, and 2 controls. Normal group received normal saline
solution (0.9% w/v NaCl). The test groups received ammonium
glycyrrhizinate with doxorubicin (2.5 mg/kg). Doxorubicin dose
was administered by intra-peritoneal route and ammonium
glycyrrhizinate was administered orally. All the oral doses were
prepared in distilled water.
e Group 1: Normal saline (dose - 2 ml/kg)
e Group 2: Doxorubicin (2.5 mg/kg i.p)
e Group 3: Doxorubicin (2.5 mg/kg, i.p) + ammonium
glycyrrhizinate (50 mg/kg, p.o)
e Group 4: Doxorubicin (2.5 mg/kg, i.p.) + ammonium
glycyrrhizinate (100 mg/kg, p.o)
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e Group 5: Doxorubicin (2.5 mg/kg, i.p) + ammonium

glycyrrhizinate (200 mg/kg, p.o)

e Group 6: Ammonium glycyrrhizinate (100 mg/kg, p.o).

Each group comprised of six rats and dose of
doxorubicin (2.5 mg/kg) were administered on 1", 7", 14"
21" and 28" day by intra-peritoneal route and 0.5 ml of
volume was injected for every 100 g of rat body weight in case
of doxorubicin. Doxorubicin hydrochloride (ADRIM) vial of
Fresenius Oncology, Kabi, India was purchased from the local
market. Ammonium glycyrrhizinate (50, 100, 200 mg/kg) was
administered by oral route. The selection of dose of doxorubicin
to induce cardiomyopathy and the dose of ammonium
glycyrrhizinate was administered as per previously conducted
studies. Toxicity study of ammonium glycyrrhizinate has
already been conducted as per The Organisation for Economic
Co-operation and Development (OECD) guidelines, hence were
not carried out in the present study."!

At the end of the experimental period (i.e. on the 29" day) the
rats were sacrificed for biochemical estimation. After 36 h of the
last treatment, orbital blood samples were collected from all groups.
Serum samples were separated for the estimation of lipid profile
such as cholesterol, triglycerides, high density lipoprotein (HDL)
and low density lipoprotein (LDL) The hearts were isolated for
histopathological investigations. Blood pressure, heart rate and
cardiac output of the experimental animals were measured by
non invasive B. P Recording instrument (AD Instruments, India).

Histopathological Studies

At the end of the experiment, heart tissues from all groups
were subjected to histopathological studies. The tissue were
fixed in formalin (10%), routinely processed and embedded in
paraffin wax. Paraffin sections (bum) in size were cut in glass
slides, and stained with hematoxylin and eosin after de-waxing
and examined under a light microscope.

Statistical Analysis

The results obtained were expressed as Mean = SD. The
statistical comparison among the groups was performed with
one-way analysis of variance (ANOVA) and the significant
difference between normal and experimental groups was
assessed by Duncan’s multiple range test (DMRT). Statistical
value of P < 0.05 was considered to be significant.

Results

Effect on Body Weight, Urine Output and Food Intake

Doxorubicin reduced the body weight, urine output and food
intake in the normal group animals. However, administration
of ammonium glycyrrhizinate was able to improve all the three
parameters [Table 1].

Hemodynamic Studies

Doxorubicin caused significant changes in blood pressure,
heart rate and cardiac output in the normal group animals.
However, ammonium glycyrrhizinate was able to improve the
blood pressure, heart rate and overall cardiac output [Table 2].

Serum Lipid Levels

Animals treated with doxorubicin produced a significant
increase in the levels of cholesterol, triglycerides and LDL
compared with the control group (P < 0.01). ammonium
glycyrrhizinate (50 mg/kg) + doxorubicin, ammonium
glycyrrhizinate (100, 200 mg/kg) + doxorubicin group showed
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Table 1:

Effect of ammonium glycyrrhizinate on body weight, food intake and urine output in doxorubicin-induced cardiotoxicity in rats (n=6)

Treatment Control Doxorubicin Ammonium Ammonium Ammonium Ammonium
(2.5mg. kg) glycyrrhizinate glycyrrhizinate glycyrrhizinate glycyrrhizinate
(50mg/kg) +doxorubicin  (100mg/kg) +doxorubicin  (200mg/kg) +doxorubicin (200mg/kg)
Body weight  74.5+3.79  133.7+2.39% 83.5+1.55 98.75+2.25° 114.5+£3.79 80.7+3.25¢
Food intake 5.5+0.39 3.1£0.36° 4.310.16 4.6+0.36° 5.3+0.31° 5.0+£0.32
Urine output ~ 6.2+0.21 5.0£0.21° 4.3+0.26 5.1+0.19 6.0+0.18° 6.4+0.23

The values are expressed as mean+S.D for six animals. Values not sharing common superscript letters @ differ significantly at P<0.05 (DMRT)

Table 2:

Effect of ammonium glycyrrhizinate on blood pressure, heart rate and cardiac output in doxorubicin-induced cardiotoxicity in rats

Treatment Control  Doxorubicin Ammonium Ammonium Ammonium Ammonium
(2.5 mg.kg) glycyrrhizinate glycyrrhizinate glycyrrhizinate glycyrrhizinate
(50 mg/kg) +doxorubicin (100 mg/kg) +doxorubicin (200 mg/kg) +doxorubicin (200 mg/kg)
Blood pressure 116.5+1.44 106.5+2.02° 112.2+3.03 121.0£2.34 126.5+1.55° 120+2.08¢°
Heart rate 400+£1.50  275.2+#3.122 313+3.61 329.6+3.55 369.8+3.90° 388.6+£3.72
Cardiac output  100.10+1.03  115.8+1.392 105.2+1.281 106.6+1.24° 108.6+0.519 96.8+1.158

The values are expressed as mean+S.D for six animals. Values not sharing common superscript letters @ differ significantly at P<0.05 (DMRT)

a significant decrease in the level of cholesterol, triglycerides
and LDL compared with the doxorubicin group, but significant
increase (P < 0.01) in the level of HDL compared with the
doxorubicin group [Table 3].

Histopathological Studies

Doxorubicin injected rats showed necrosis of muscle
fibers, inflammatory cell infiltration and edema with
fragmentation of muscle fibers as compared with the
control group. Treatment with ammonium glycyrrhizinate
in doxorubicin treated rats showed moderate degree of
edema, necrosis and inflammatory cells compared with
doxorubicin-injected rats [Figure 1].

Discussion

Cardiomyopathy refers to any disease of the cardiac muscle,
which ultimately affects muscle function. Heart failure is a common
manifestation of most cardiomyopathy and is one of the leading
causes of human morbidity and mortality worldwide.!"® Various
stimuli in the heart have been recognized, including oxidative
stress, serum withdrawal, angiotensin II, hyperglycemia, pressure
overload, mitochondrial dysfunction and loss of cardiomyocytes
survival factors.!"* Efforts continue in the field of medicines find
better medicines for the treatment of cardiovascular diseases.
Experimental and clinical trials are aimed at reducing the
mortality rate and prevention of cardiovascular diseases. Some
of the drugs actually have the potential as antioxidants, which
are thought to be beneficial for cardiovascular health.!>6! An
integrated approach is needed to manage cardiovascular diseases
using the growing body of knowledge gained through scientific
developments. Further, attempts were made to understand
the molecular mechanism of cardio protection by the test
drugs with reference to cardiovascular biomarkers, oxidative
stress parameters and histopathological examination of the
cardiac tissue. The present work was designed to investigate
the cardioprotective effect of ammonium glycyrrhizinate
against doxorubicin-induced cardiomyopathy in experimental

Table 3:

Effect of ammonium glycyrrhizinate on cardiac functions in
doxorubicin-induced cardiotoxicity in rats

Groups Total Triglycerides HDL LDL VLDL
cholesterol
Normal 71.7+0.21 63.340.79 25.3+0.34 33.02+0.56 12.8+0.24

Group 2 111.5+0.82* 112.12+4.6° 11.7£0.55* 77.5+0.78% 22.3+1.08*
Group 3 97.4+0.48 90.2+0.46 13.37+0.46 65.98+0.75 18.04+0.09
Group 4 103.2+0.54> 97.9+0.23° 16.9+£0.37° 66.7+0.67° 19.5+0.05
Group 5 92.07+0.27 88.6+0.60 11.82+0.11 62.78+0.43 17.42+0.2
Group 6 79.1+1.21¢ 72.9+0.73" 25.4+1.42 39+0.96° 14.5+0.1°
The values are expressed as mean+S.D for six animals. Values not sharing common

superscript letters (a-c) differ significantly at P<0.05 (DMRT). HDL=High density
lipoprotein, LDL=Low density lipoprotein, VLDL=Very low density lipoprotein

animals. In this study, we took model of doxorubicin-induced
cardiomyopathy to assess the therapeutic potential of the
test drug i.e. ammonium glycyrrhizinate. In rats, 2.5 mg/kg
of doxorubicin given subcutaneously once a week for 6 weeks
produced heart failure."” Alternatively, doxorubicin in 2.5 mg/kg
i.p on every alternate day for 2 weeks led to successful induction
of cardiomyopathy and failure of the heart.!"® The major limitation
of clinical use is the development of cardiotoxicity. The increased
serum SGOT, SGPT, cholesterol, triglyceride, LDL, VLDL levels
and decreased levels of HDL due to several mechanisms for
doxorubicin-induced cardiomyopathy, which include inhibition
of nucleic acid,"” release of vasoactive amines,”" alterations in
membrane-bound enzymes,”*!! abnormalities in mitochondria*
and an imbalance of myocardial electrolytes®! were noticed.
Treatment with doxorubicin increased serum marker of SGOT
and SGPT. The pre-treatment with attenuated this increase
in SGOT and SGPT level. Serum level of SGOT and SGPT
were significantly decreased by treatment with ammonium
glycyrrhizinate solution. The increased levels of serum enzymes
in myocardial toxicity may be due to the leakage of the enzymes
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Figure 1: Effect of ammonium glycyrrhizinate for 29 days on
histopathological alteration in normal and doxorubicin injected
rats (a) Control rats (b) heart tissue administered with ammonium
glycyrrhizinate (50 mg/kg) + doxorubicin showing mild focal vacoulation
and loss of striations (c) heart tissue administered with ammonium
glycyrrhizinate (100 mg/kg) + doxorubicin showing mild vascular
congestion and hemorrhage and heat muscle show vacuolation
with loss of cross striations with increased cyoplasmic eosinophilia
(d) Doxorubicin induced and treated with ammonium glycyrrhizinate
solution (200 mg/kg) showed focal hemorrhages and less loss of
striations (e) Doxorubicin induced Cardiotoxicity heart showed more
number of inflammatory cell, hemorrhage, edema and necrosis in
cardiac cell (f) Ammonium glycyrrhizinate solution (100 mg/kg) showing
no vacoulation, hemorrhages and loss of striations

into the blood.”* Light micrograph of doxorubicin-injected
rats showed necrosis of muscle fibers, inflammatory cell
infiltration and edema with fragmentation of muscle fibers as
compared with the control group. Treatment with ammonium
glycyrrhizinate in doxorubicin-treated rats (ammonium
glycyrrhizinate + doxorubicin) showed moderate degree
of edema, necrosis and inflammatory cells compared with
doxorubicin-injected rats. To conclude, the present result
suggests that ammonium glycyrrhizinate prevented the
doxorubicin-induced cardio-toxicity by boosting the endogenous
antioxidant activity. It could be due to the antioxidant activity and
restoration of myocardial biomarkers of lipid profile. Further
studies are needed to understand the mechanism of action of
ammonium glycyrrhizinate.
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