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Abstract:

Oxidative stress plays an important role as a mediator of myocardial damage produced by ethanol. This work was designed to
investigate the effect of ursolic acid (UA), a reported radical scavenger and antioxidant, on oxidative stress in the heart of chronically
ethanol-administered rats. Chronic ethanol administration (7.9 g/kg/day for 60 days) caused tissue damage that was manifested by
the elevation of serum lactate dehydrogenase (LDH) and creatine phosphokinase (CPK). It also induced oxidative stress in the heart
by increasing the lipid peroxidation process and by decreasing the antioxidant capacity of the heart. After the induction of toxicity
(i.e. initial 30 days), treatment groups received UA (10, 20 and 40 mg/kg/day) along with ethanol for another 30 days.
Coadministration of UA effectively (20 mg/kg/day) restored the activities of marker enzymes. It also controlled the oxidative stress
by decreasing lipid peroxidation products (manifested by decreased lipid peroxidation products such as thiobarbituric acid reactive
substances — TBARS, lipid hydroperoxides — LOOH and conjugated dienes — CD), increasing the activities of free radical scavenging
enzymes (superoxide dismutase — SOD, catalase — CAT, glutathione peroxidase — GPx and glutathione S-transferase — GSH) and
increasing the levels of non-enzymic antioxidants such as reduced glutathione, ascorbic acid and a-tocopherol. These findings
demonstrate that UA acts as a protective agent against ethanol-induced abnormalities in the heart by reducing the lipid peroxidation
process and by enhancing the antioxidant capacity.
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— creatine phosphokinase, GPx — glutathione peroxidase, GSH
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superoxide dismutase, TBARS — thiobarbituric acid reactive
substances, UA — ursolic acid

alcoholics [1]. Moderate drinkers exhibit lower rate of
coronary heart disease-related mortality than both
heavy drinkers and abstainers [21]. Ethanol is re-
ported to induce cellular protection in mouse cardiac
myocytes against sustained stimulated ischemia in vi-
tro [30]. But the chronic abuse of alcohol has been
known to adversely affect the health of many indi-
viduals, causing life-threatening conditions in numer-
ous organs including heart, brain, pancreas, and liver.
With respect to the heart, alcohol abuse has proven to
be a major cause of non-ischemic cardiomyopathy in

Introduction

Alcohol abuse continues to remain as a prevalent so-
cial problem contributing to severe heart problem in

Western society [2, 38]. Alcoholic cardiomyopathy is
a common diagnosis in long-term alcoholics [8]. Re-

41



Fig. 1. Structure of ursolic acid

active oxygen species, generated from ethanol me-
tabolism, have been indicated to play a role in the on-
set of heart disturbances in ethanol-intoxicated ani-
mals [27, 36]. Oxidant balance in the heart has a very
important role in protecting the heart and in allowing
normal cardiac contractile performance. In general,
the amount of antioxidants in the heart is sufficient to
protect it from any oxidant production that might oc-
cur under normal circumstances [29]. Reduction of
heart anti-oxidative capacity and morphological changes
has been observed in animals chronically intoxicated
with ethanol [9, 28]. Antioxidants may have protective
role in these conditions. Edés et al. [9] have reported the
protective effect of antioxidants against myocardial lipid
peroxidation in rats after chronic alcohol ingestion.
Herbal and natural products with antioxidant ca-
pacity have been used for centuries in every culture
throughout the world. Scientists and medical profes-
sionals have shown increased interest in this field as
they recognize the true health benefits of these reme-
dies. There is a growing interest in the elucidation of
the biological roles of triterpenoid compounds, the
major components of some traditional medicinal
plants, in terms of hepatoprotective, analgesic, antitu-
mor, antiinflammatory and cardiotonic effects [22].
Among these, ursolic acid (UA; 3-hydroxy-urs-12-
en-28-oic acid), a steroid-like triterpene compound
(Fig. 1), is present in many kinds of medicinal plants,
such as Eriobotrya japonica, Rosmarinus officinalis,
Melaleuca leucadendron, Ocimum sanctum, Glechoma
hederaceae [22] and Piper betle [35] in the form of
free acid or as aglycone of triterpenoid saponins. It is
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reported to have strong hepatoprotective activity
against ethanol [41]. Balanchru et al. [5] have re-
ported that protective effect of UA against free radical
damage was apparently stronger in the heart than in
the liver under in vitro condition. Since it is not
known whether UA protects the heart from oxidative
stress in vivo, the present study was planned to un-
ravel the effect of UA on ethanol-induced oxidative
stress in the heart of albino Wistar rats. In particular,
we focused on its effects upon tissue lipid peroxida-
tion and antioxidant levels in the heart of ethanol-
administered rats.

Materials and Methods

Healthy male albino Wistar rats (140-160 g) pur-
chased from Central Animal House, Department of
Experimental Medicine, Rajah Muthiah Medical Col-
lage, Annamalai University were housed in polypro-
pylene rat cages in a room with controlled tempera-
ture (24 £+ 2°C) and light (lights on 0600 to 1800).
They were fed with standard pellet diet (Agro Corpo-
ration Private Limited, Bangalore, India) and water ad
libitum. The experimental and animal-handling proce-
dures were approved by the Institutional Animal Eth-
ics Committee and were performed in accordance
with the guidelines of U.S. National Institutes of
Health as specified in the “Guide to the Care and Use
of Experimental Animals”.

UA (95% purity) was received from Sami Labs
Ltd. (The Research and Manufacturing Arm of Sab-
insa Corporation), Bangalore, India. UA was isolated
from the leaves of Melissa officinalis by solvent ex-
traction, concentration, pH adjustments, salt forma-
tion, chromatography (preparative HPLC) and crys-
tallization. All the chemicals used in this study were
of analytical grade.

The animals were randomly divided into six groups
of eight rats in each. Alcoholic rats (toxicity control)
received ethanol (7.9 g/kg, i.e. 5 ml of 20% etha-
nol/100 g) as an aqueous solution for 60 days by intra-
gastric intubation (po). Normal control rats received
glucose solution equivalent to the calorific value of
ethanol (15 g of glucose/kg, i.e. 5 ml of 30% glucose
solution/100 g). After the induction of toxicity (i.e.
initial 30 days), treatment groups received ursolic acid
for 30 days at three different doses (10, 20, 40 mg/kg/day)
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Tab. 1. Experimental design; UA — ursolic acid

Group Treatment and duration
1-30 days 31-60 days
1 Glucose
(7.5 g/kg, twice a day (09.00 a.m. and 5.00 p.m.),
i.e. 15 g/kg/day)
2 Glucose Glucose (15 g/kg) + UA
(15 g/kg/day) | (10 mg/kg, twice a day, i.e., 20 mg/kg/day)
3 Ethanol (3.95 g/kg, twice a day, i.e. 7.9 g/kg/day)
4 Ethanol Ethanol + UA
(7.9 g/kg/day) | (5 mg/kg/twice a day, i.e. 10 mg/kg/day)
5 Ethanol Ethanol + UA
(7.9 g/kg/day) | (10 mg/kg/twice a day, i.e. 20 mg/kg/day)
6 Ethanol Ethanol + UA
(7.9 g/kg/day) | (20 mg/kg/twice a day, i.e. 40 mg/kg/day)

along with ethanol. This experimental design is
clearly demonstrated in Table 1. The total experimen-
tal duration was 60 days. Rats in all the groups were
sacrificed by decapitation 24 h after the last treatment.
Blood was collected and allowed to coagulate at ambient
temperature for 30 min. Serum was separated by cen-
trifugation at 2000 rpm. The heart tissue was sliced
into pieces and homogenized in cold 50 mM phosphate
buffer (pH 7.4) to give 10% homogenate (w/v). The
homogenate was centrifuged at 1000 rpm for 10 min at
0°C in cold centrifuge. The supernatant was separated
and used for various estimations.

The activities of lactate dehydrogenase (LDH, E.C.
1.1.1.27) and creatine phosphokinase (CPK, E.C.

LDH (1U/1)

Groups

Fig. 2. Activities of lactate dehydrogenase (LDH) in the serum of rats
treated with ethanol and/or ursolic acid. Values are given as means +
SD for eight rats in each group. Values not sharing @ common super-
script differ significantly at p < 0.05 (DMRT)

2.7.3.2) were assayed by the methods described by
King [20] and Okinaka et al. [32], respectively. Thio-
barbituric acid reactive substances (TBARS) were es-
timated [31] as an index of oxidative stress. Since this
method quantitates malondialdehyde-like material
and does not specifically measure malondialdehyde or
lipid peroxidation, other indexes that reflect lipid per-
oxidation, including lipid hydroperoxides (LOOH)
[18] and conjugated dienes (CD) [34], were also esti-
mated in the heart. Protein was estimated by the
method of Lowry et al. [23], using bovine serum albu-
min as standard. The antioxidant potential of heart
was determined by assaying the activities of superox-
ide dismutase (SOD, E.C. 1.15.1.1), catalase (CAT,
E.C. 1.11.1.6) glutathione peroxidase (GPx, E.C.
1.11.1.9) and glutathione S-transferase (GST, E.C.
2.5.1.18) according to the methods of Kakkar et al.
[19], Sinha [42], Rotruck et al. [40] and Habig et al.
[14], respectively. Reduced glutathione [10], ascorbic
acid [39] and a-tocopherol [4] were estimated accord-
ing to the procedures described earlier.

Values are expressed as means + SD of eight rats in
each group. Statistical evaluation was done using
one-way analysis of variance (ANOVA) followed by
Duncan’s Multiple Range Test (DMRT). A probability
of p <0.05 was considered as significant.

Results

Figures 2 and 3 show the activities of marker enzymes
such as LDH and CPK in the serum of control and ex-
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Fig. 3. Activities of creatine (CPK) phosphokinase in the serum of rats
treated with ethanol and/or ursolic acid. Values are given as means + SD
for eight rats in each group. Values not sharing a common super-
script differ significantly at p < 0.05 (DMRT)
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Tab. 2. Levels of lipid peroxidation markers in the heart of rats treated with ethanol and/or ursolic acid (UA)

Group TBARS LOOH CD
(mmol/100 g of tissue) (mmol/100 g of tissue) (mmol/100 g of tissue)
Control 0.59 + 0.03¢ 82.77 +7.30% 43.24 +3.02°
Control + UA (20 mg/kg) 0.47 £0.042 7913 £6.072 38.92 +1.642
Ethanol 1.06 +0.09 134.16 + 9.83¢ 7218 +4.64°
Ethanol + UA (20 mg/kg) 0.63 +0.06° 95.04 +9.51 46.77 £3.72°

Values are given as means + SD for eight rats in each group. Values not sharing a common superscript differ significantly at p < 0.05 (DMRT);
TBARS - thiobarbituric acid reactive substances, LOOH - lipid hydroperoxides, CD - conjugated dienes

Tab. 3. Activities of enzymic antioxidants in the heart of rats treated with ethanol and/or ursolic acid (UA)

Group S0D CAT GPx GST
(U3/mg of protein) (U°/mg of protein) (U%/mg of protein) (U¥mg of protein )
Control 7.21 +£0.58% 46.94 £ 2.79% 6.16 + 0.43¢ 3.75 +0.34%
Control + UA (20 mg/kg) 7710722 4917 £ 3.432 6.28 +0.572 3.89 +0.542
Ethanol 437 +0.39° 33.78 +3.14°¢ 3.46 + 0.38" 2.32+0.18°
Ethanol + UA (20 mg/kg) 6.65 + 0.45 42.96 +2.94b 5.89 + 0.56° 3.44 +0.24b

Values are given as means + SD for eight rats in each group. Values not sharingba common superscript differ significantly at p < 0.05 (DMRT).
U® - Enzyme concentration wrgjich gives 50% inhibition of NBT reduction/min; U° — pmoles of hydrogen peroxide consumed/min; U® — umol of
glutathione consumed/min; U~ — pmoles of CDNB-GSH conjugate formed/min; SOD - superoxide dismutase, CAT — catalase, GPx — glu-

tathione peroxidase, GST — glutathione-S-transferase

perimental groups of rats. Marked elevation in the ac-
tivities of these enzymes were observed in ethanol-
intoxicated rats when compared with normal control,
whereas ursolic acid coadministration significantly
(p < 0.05) prevented these alterations when compared
to untreated alcoholic rats. Coadministration of UA at
a dose of 20 mg/kg/day showed the highest activity as
compared to other doses.

Chronic ethanol administration significantly en-
hanced the myocardial lipid peroxidation as compared
to normal control (Tab. 2). The levels of lipid peroxi-
dation markers such as TBARS, LOOH and CD were
maintained at near normal levels in rats coadminis-

tered with UA. Ursolic acid exhibited its potent anti-
oxidant activity by decreasing the levels of TBARS
and CD in control rats administered with UA as com-
pared to normal control rats.

As depicted in Table 3, the activities of SOD, CAT,
GPx and GST were substantially decreased in the
heart of ethanol-administered group. In response to
UA treatment, the activities of these enzymic antioxi-
dants were significantly (p < 0.05) increased as com-
pared to untreated alcoholic rats.

Table 4 shows the levels of non-enzymic antioxi-
dants in control and experimental animals. The levels
of reduced glutathione, ascorbic acid and o-to-

Tab. 4. Levels of non-enzymic antioxidants in the heart of rats treated with ethanol and/or ursolic acid (UA)

Group GSH Vitamin C Vitamin E
(Hg/mg of protein) (Hg/mg of protein) (ug/mg of protein)
Control 9.43 +0.83% 0.42 + 0.04% 2.98+0.272
Control + UA (20 mg/kg) 10.14 + 0.962 0.45+0.032 3.12+019
Ethanol 6.28 + 0.48° 0.29+0.03¢ 1.71+£0.23¢
Ethanol + UA (20 mg/kg) 9.08+0.79 0.40 + 0.04° 2.62 +0.25

Values are given as means + SD for eight rats in each group. Values not sharing a common superscript differ significantly at p < 0.05 (DMRT);

GSH - reduced glutathione
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copherol were found to be reduced in the heart of
ethanol-administered rats as compared to those of
control rats. UA-treated alcoholic rats showed elevated
levels of these antioxidants as compared to ethanol-
administered rats.

Discussion

Alcohol is easily absorbed and distributed into tissues
high in water content and blood flow, including heart
[12]. The acute and chronic administration of alcohol
in several human and animal models has demon-
strated the cardiotoxic effect of ethanol [6]. Increased
activity of serum LDH and CPK is a well-known di-
agnostic marker of myocardial injury and was reported
to increase during alcoholic cardiomyopathy [7].
These cytosolic enzymes are released from the heart
into blood stream during myocardial membrane dam-
age [44]. However, these enzymes are not restricted to
cardiac muscle tissue and their activity increases in
the serum in non-cardiac tissue injuries also [11].
LDH and CPK are reported to increase in alcoholic
liver injury [24] and alcoholic myopathy [25], respec-
tively. Thus, the increased activities of these enzymes
observed in ethanol-administered rats not only reflect
the alcoholic myocardial injury but may also reflect
the alcoholic liver and muscle injury. Leakage of
these cytosolic enzymes increased due to the change
in the permeability of plasma membrane resulted as a
consequence of peroxidation of membrane by oxy-
gen- and ethanol-derived free radicals. Coadministra-
tion of UA gave protection against ethanol by revers-
ing the changes produced by ethanol. The protective
ability of UA may be due to its cell membrane stabi-
lizing effect [15] and radical scavenging potency [5].
In this concern, Saraswat et al. [41] also reported the
membrane stabilizing effect of UA in vitro against
ethanol. Since 20 mg/kg/day showed the highest ac-
tivity when compared to other doses, this dosage was
used for the studies on oxidative stress.

Earlier studies have shown that reactive oxygen
species (ROS) are involved in ethanol-induced oxida-
tive tissue injury [33]. The levels of lipid peroxidation
markers were found to be increased in the heart of
ethanol-administered rats as compared to control. En-
hanced cardiac lipid peroxidation resulting from etha-
nol administration could play an important role in the

ethanol-induced impairment of myocardial function
[3]. UA-coadministered rats showed decreased levels
of lipid peroxidation as compared to that of untreated
alcoholic rats. It has been already reported that UA is
a protector against lipid peroxidation and useful in the
management of myocardial injury [5]. Thus, UA prevents
the oxidative damage to rat heart membrane primarily
through a free radical scavenging mechanism. This estab-
lishes that the antioxidant effects of UA [45] may be re-
sponsible for its antiperoxidative and cardioprotective ef-
fect against ethanol.

Antioxidants constitute the foremost defense sys-
tem that limit the toxicity associated with free radi-
cals. The myocardium has enzymic and non-enzymic
systems to neutralize free radicals. The enzymes
SOD, CAT, GPx and GST, as well as the non-enzymic
antioxidants reduced glutathione, o-tocopherol and
ascorbic acid are the main antioxidants [29]. But heart
tissue has less antioxidant enzyme activity compared
to liver and some other tissues. Therefore, it may be
more vulnerable to peroxidative damage due to oxida-
tive stress [16, 43]. Our results show decreased myo-
cardial SOD, CAT, GPx and GST activities in chroni-
cally ethanol-administered rats. Thus, the inability of
the myocardial cells to scavenge superoxide radical
and hydrogen peroxide (which are usually scavenged
by the enzymic antioxidants) leads to oxidative dam-
age. We have observed the restoration of the activities
of enzymic antioxidants in UA-coadministered rats.
UA had a strong inhibitory activity against superoxide
formation and showed superoxide scavenging activity
[26]. It was also reported to reduce both intracellular
ROS levels and the rate of H,0O,-induced apoptotic
cell death [17]. Because of these activities, it was ex-
pected that UA may decrease the workload of en-
zymic antioxidants and the radical-induced damage of
cellular proteins (including enzymic antioxidants) and
thereby enhance the activities of enzymic antioxi-
dants. The decrease in the tissue lipid peroxidation on
UA treatment can be correlated with the elevated ac-
tivities of enzymic antioxidants.

Chronic ethanol intake induces changes in compo-
nents of myocardial antioxidant defense system [9].
We have observed a lower level of cardiac GSH in
chronically ethanol-administered rats, which could
contribute to the increase in free radical formation in
tissues. Other researchers have also reported the de-
creased level of GSH in the heart of alcoholic rats
[13]. Apart from GSH, a-tocopherol and ascorbic
acid are important free-radical scavengers which pro-
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tect cell membrane against toxic agents such as alco-
hol. They are active in different media: while toco-
pherol is located in the lipid membrane environment,
ascorbate is hydrophilic [46]. The levels of these vita-
mins were decreased in ethanol-treated rats. Since
GSH is involved in the recycling of vitamin C and E
by mediating the reduction of dehydroascorbate and
the oxidized form of a-tocopherol [37], GSH defi-
ciency would be expected to produce deficiency of vi-
tamin C and vitamin E in the heart of alcohol-fed rats.
Coadministration of UA with ethanol increased the
levels of GSH, ascorbic acid and o-tocopherol as
compared to alcoholic rats and thereby improved the
antioxidant/prooxidant balance of the tissue. The en-
hanced antioxidant capacity along with the decreased
levels of lipid peroxidation in ursolic acid coadminis-
tered rats reflects the decreased oxidative injury in the
heart tissue.

Multiple mechanisms may interplay in the cardio-
protective effect of UA. The present observation sug-
gests that ursolic acid coadministration with ethanol
would protect the heart from ethanol-induced oxida-
tive damage probably by suppressing cellular oxida-
tive stress. Thus UA could be of use in the treatment
of alcoholic cardiomyopathy, and warrants further de-
tailed evaluation.
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