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Abstract We made an attempt to evaluate the preventive
effects of vanillic acid on isoproterenol-induced myocar-
dial infarcted rats. Rats were pretreated with vanillic acid
(5 and 10 mg/kg) daily for 10 days. After pretreatment,
rats were injected with isoproterenol (100 mg/kg) at an
interval of 24 h for 2 days to induce myocardial infarction.
Isoproterenol induction increased the activity of serum
creatine kinase-MB and increased the levels of serum and
heart cholesterol, triglycerides, free fatty acids in rats. It
increased the levels of serum low density and very low
density lipoprotein cholesterol and decreased the levels of
high-density lipoprotein cholesterol. Also, the activity of
3-hydroxy-3methyl glutaryl-coenzyme-A-reductase in the
plasma and liver was increased, and lecithin cholesterol
acyl transferase activity in the plasma and liver was
decreased in isoproterenol-induced rats. Furthermore, iso-
proterenol-induced rats showed a decrease in myocardial
expression of B-cell leukemia/lymphoma-2(bcl-2) gene
and an increase in myocardial expression of bcl-2 associ-
ated-x (bax)-gene. Vanillic acid pretreated isoproterenol-
induced rats positively altered all the above-mentioned
biochemical parameters. Vanillic acid pretreatment also
reduced myocardial infarct size in myocardial infarcted
rats. In vitro study confirmed the potent free radical scav-
enging effect of vanillic acid. The observed effects are due
to free radical scavenging effects of vanillic acid. This
study may have a significant impact on myocardial
infarcted patients.
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Introduction

Myocardial infarction (MI) is the most lethal manifestation
of cardiovascular disease (CVD) and has been the subject of
intense investigation by clinicians and basic medical sci-
entists. MI is the acute condition of necrosis of the myo-
cardium that occurs as a result of imbalance between
coronary blood supply and myocardial demand [1].
Isoproterenol (ISO) is a synthetic catecholamine and beta-
adrenergic agonist, which causes severe stress in the myo-
cardium, resulting in infarct-like necrosis of the heart
muscle [2]. Experimental induction of MI by ISO in animals
is a well-established model to study the protective effects of
different cardio protective agents. ISO increases lipids such
as total cholesterol, triglycerides (TGs), free fatty acids
(FFAs), and phospholipids in the circulation [3]. It also
increases the levels of low-density lipoprotein (LDL) cho-
lesterol in the blood, which in turn leads to the build up of
harmful deposits in the arteries, thus favoring coronary
heart disease [4]. MI induced by ISO shows many metabolic
and morphologic aberrations in the myocardium of exper-
imental animals similar to those observed in human MI.

In the myocardium, apoptosis has been observed in a
number of cardiac pathologies including hypoxia, ischemia
followed by reperfusion, MI, myocardial hypertrophy and
in patients with end-stage heart failure [5]. Apoptotic pro-
cesses are regulated by several proteins including Bax and
Bcl-2 which both play vital roles. Bcl-2 (an inhibitor of
apoptosis) and Bax (an inducer of apoptosis) expression is a
critical intracellular checkpoint of apoptosis within a distal
common cell death pathway. Over expression of Bcl-2
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promotes cell survival in vitro and in vivo [6—8]. When Bax
is over expressed, apoptosis death is accelerated. Thus, the
ratio of Bcl-2/Bax plays an important role in determining
the susceptibility to apoptosis and whether the cell survives
or dies [9]. Also, Bax and Bcl-2 play an important role in the
pathophysiology of MI and are expressed in human MI.
Thus, these are potential targets for the treatment of MI.
Phenolic acids are hydroxylated derivatives of benzoic
and cinnamic acids. Vanillic acid (4-hydroxy-3-methox-
ybenzoic acid) is a phenolic derivative of edible plants and
fruits. It is also an intermediate in the production of vanillin
from ferulic acid [10, 11]. The highest amount of vanillic
acid in plants is found in the roots of Angelica sinensis [12].
Previous studies have shown the antifilarial [13], antibac-
terial [14], and antimicrobial [15] effects of vanillic acid.
Vanillic acid also exhibits chemo preventive effect in
experimentally induced carcinogenesis in rats [16].
Recently, there has been an upsurge of interest to explore
the cardioprotective potential of natural products. Very few
scientific reports are available on the effects of phenolic
acids on MI. Lipids, lipoproteins, antiapoptotic protein
Bcl-2, proapoptotic protein Bax, and free radicals play an
important role in the pathology of MI. One of the treatment
strategies aims to prevent MI is to maintain lipids, lipo-
proteins, Bcl-2, Bax, and free radicals in normal levels.
Hence, in view of the above facts, we made an attempt to
evaluate the preventive effects of vanillic acid on ISO-
induced myocardial infarcted rats with reference to lipids,
lipoproteins, marker enzymes of lipid metabolism, Bcl-2,
Bax, and myocardial infarct size. In vitro study on the effect
of vanillic acid on scavenging free radical 1, 1-diphenyl-2-
picryl hydrazyl radical (DPPH") was also carried out.

Materials and Methods
Experimental Animals

Male albino Wistar rats (Rattus norvegicus) weighing
180-200 g, obtained from the Central Animal House,
Rajah Muthiah Institute of Health Sciences, Annamalai
University, Tamil Nadu, India were used in this study.
They were housed (3 rats/cage) in polypropylene cages
(47 x 34 x 20 cm) lined with husk, renewed every 24 h
under a 12:12 h light and dark cycle at around 22°C. The
rats had free access to tap water and food. The rats were fed
on a standard pelleted diet (Pranav Agro Industries Ltd.,
Maharashtra, India). The experiment was carried out
according to the guidelines of the Committee for the Pur-
pose of Control and Supervision of Experiments on Ani-
mals, New Delhi, India and approved by the Animal
Ethical Committee of Annamalai University (Proposal No:
699; Approval date: 11-01-2010).

Drug and Chemicals

Vanillic acid, isoproterenol hydrochloride, and 1, 1-diphe-
nyl-2-picryl hydrazyl radical were purchased from Sigma
Chemical Co., St. Louis, MO, USA. Thiobarbituric acid,
trichloro acetic acid, ferrous ammonium sulphate, phos-
photungstic acid, digitonin, and hydroxylamine hydrochlo-
ride were obtained from Himedia, Mumbai, India. All the
other chemicals used in the study were of analytical grade.

Induction of Experimental Myocardial Infarction
and Experimental Design

Isoproterenol (100 mg/kg) dissolved in saline was subcu-
taneously injected to rats at an interval of 24 h for 2 days.
[SO-induced MI was confirmed by elevated activity of
serum creatine kinase-MB (CK-MB) in rats. The rats were
randomly divided into six groups of six rats each. Group I:
Normal control rats; Group II: Rats were orally treated with
vanillic acid (5 mg/kg) daily for a period of 10 days by an
intragastric tube; Group III: Rats were orally treated with
vanillic acid (10 mg/kg) daily for a period of 10 days by an
intragastric tube; Group IV: Rats were subcutaneously
injected with ISO alone (100 mg/kg) at an interval of 24 h
for 2 days (on 11th and 12th day); Group V: Rats were
orally pretreated with vanillic acid (5 mg/kg) by an intra-
gastric tube daily for a period of 10 days and then subcu-
taneously injected with ISO (100 mg/kg) at an interval of
24 h for 2 days (on 11th and 12th day); Group VI: Rats
were pretreated with vanillic acid (10 mg/kg) orally by an
intragastric tube daily for a period of 10 days and then
subcutaneously injected with ISO (100 mg/kg)) at an
interval of 24 h for 2 days (on 11th and 12th day); normal
control and ISO control rats were received saline alone
daily for a period of 10 days. Vanillic acid was dissolved in
saline and administered to rats one milliliter each.

At the end of the experimental period, after 12 h of
second ISO injection (i.e. on 13th day), all the rats were
anesthetized and then killed by cervical decapitation.
Blood was collected; plasma and serum were separated by
centrifugation. Heart and liver tissues were excised
immediately and rinsed in ice-chilled saline. A portion of
the heart was used for reverse transcription polymerase
chain reaction (RT-PCR) study and determination of
myocardial infarct size.

Biochemical Analysis

Serum CK-MB activity was assayed by a commercial kit
obtained from Agappe Diagnostics, Kerala, India. Lipids
were extracted from the heart tissues by the method of Folch
et al. [17] using chloroform/methanol mixture (2:1 v/v). The
levels of total cholesterol, TGs, and FFAs in the serum and
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heart were estimated [18-20]. Also, the activity of 3-
hydroxy-3-methyl glutaryl coenzyme A (HMG-CoA)
reductase and lecithin cholesterol acyl transferase (LCAT) in
the plasma and liver was assayed by standard methods [21,
22]. Cholesterol in the lipoprotein fraction was also deter-
mined by the method of Zlatkis et al. [18]. High-density
lipoprotein (HDL)-cholesterol was estimated by a standard
commercial kit obtained from Agappe Diagnostics, Kerala,
India. LDL-cholesterol and very low-density lipoprotein
(VLDL)-cholesterol were calculated. VLDL-C = TGs/5;
LDL-C = total cholesterol—(HDL-C + VLDL-C). The
content of protein in the heart and liver tissue homogenates
was estimated by the method of Lowry et al. [23].

Ribonucleic Acid (RNA) Isolation and RT-PCR
Analysis of Cardiac Gene Expression of Bax and Bcl-2

Reverse transcription polymerase chain reaction was per-
formed to validate the differential expression of genes.
Heart samples were immediately taken from each group
after killing animals, and left ventricular area was removed
and chopped into small pieces. To measure myocardial
gene expression, total RNA was extracted from the heart
tissues by Medox-Easy TM spin column total minipreps kit
purchased from Medox Biotech India Private Limited,
Chennai, India, and the isolated RNA was treated with
RNase-free DNase I (Medox) at 37°C for 30 min for the
removal of DNA. Samples were incubated at 30°C for
60 min. Reactions were stopped by heating at 95°C for
10 min. Reverse transcription was carried out using 2 pg of
total RNA and 200 Units of M-MuLV Reverse Transcrip-
tase (Medox Biotech). Amplification was performed by
Medox PCR Master Mix in a volume of 25 pl. Glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH) was used
as a control for RT-PCR study.

Polymerase chain reaction was carried out using a hot start
method by adding 2 pl of cDNA product to 18 pl of PCR
buffer containing 67 mM Tris (pH 8.8), 1.5 mM magnesium
chloride, 16.6 mM ammonium sulphate, 200 uM mixed
dNTPs, 125 U/ml Taq polymerase (Gibco/BRL), sense and
anti-sense primers. The primers used were (a) rat GAPDH
sense primer: TTCTTGTGCAGTGCCAGCCTCGTC and
anti-sense primer: TAGGAACACGGAA GGCCATGC
CAG (461 bp product size), (b) rat bax sense primer:
TTCATCCAGGATCGAGCAGA and anti-sense primer:
GCAAAGTAGAAGGCAACG (263 bp product size), (c)
rat bcl-2 sense primer: CTGGTGGACAACATCGCTCTG
and anti-sense primer: GGTCTGCTGACCTCACTTGTG
(560 bp product size). After denaturing at 94°C for 2 min,
the reaction was conducted for 30 cycles at 94°C for 1 min,
60°C (bax and bcl-2) for 1 min, and 72°C for 1 min. Products
were electrophoresed on 3% agarose gel and visualized by
staining with ethidium bromide.
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Macroscopic Enzyme Mapping of Infarcted
Myocardium (Triphenyl Tetrazolium Chloride Test,
TTC)

A section of the heart tissue from each group was used for the
TTC test. The macroscopic enzyme mapping assay (TTC
test) of the infarcted myocardium was done according to the
method of Lie et al. [24]. A freshly prepared solution of 1%
TTC in phosphate buffer was prewarmed at 37—40°C for
30 min in a darkened glass. To remove excess blood, the
heart tissues were washed rapidly in cold water without
macerating the tissue. After removing epicardial fat, the left
ventricle was taken separately. The heart was transversely
cut across the left ventricle to obtain slices not more than
0.1-0.2 mm in thickness. Then, the heart tissue slices were
kept in a covered, darkened glass dish containing prewarmed
solution of TTC, and the dish was kept in an incubator and
heated to 37-40°C for 45 min. The heart slices were turned
over thrice and made certain that it remains fully immersed in
the TTC solution. At the end of the incubation period, the
heart slices were kept in fixing solution to fix the tissue.
Colour photographs of heart slices were obtained by a
camera with macrolens. The expected reaction of the TTC
test was as follows: normal myocardium (Lactate dehydro-
genase (LDH) enzyme active) turned to bright red, infarcted
myocardium (LDH-enzyme deficient) turned to pale gray or
uncoloured and fibrous scars turned to white.

In Vitro Free Radical (DPPH") Scavenging Test

The ability to scavenge the stable free radical, DPPH® by
vanillic acid was determined by the method of Mensor
et al. [25].

Statistical Analysis

Statistical analysis was performed by one way analysis of
variance (ANOVA) followed by Duncan’s multiple range
test (DMRT) using Software Package for the Social Sci-
ence software package version 12.00. Results were
expressed as mean £ SD for six rats in each group. P val-
ues <0.05 were considered significant.

Results

Effect of Vanillic Acid on Serum Cardiac Marker
Enzyme, CK-MB

Rats treated with vanillic acid (5 and 10 mg/kg) (70.1 £
6.5% and 69.7 + 5.7% respectively) did not show any sig-
nificant (P < 0.05) effect in serum CK-MB. Rats induced
with ISO showed significant (P < 0.05) increased activity



Cardiovasc Toxicol (2011) 11:58-66

61

of serum CK-MB (158.8 & 13.5°) compared to normal
control rats (70.3 & 6.1%). Pretreatment with vanillic acid
(5 and 10 mg/kg) significantly (P < 0.05) decreased the
activity of this enzyme in the serum of ISO-induced rats
(122.5 4 11.8° and 93.4 + 8.7% respectively) compared
to ISO alone induced rats. The values are expressed
in IU/L.

Effect of Vanillic Acid on Serum, Heart Lipids
and Serum Lipoproteins

Rats induced with ISO showed significant (P < 0.05)
increased levels of serum total cholesterol, TGs and FFAs
(Fig. 1). ISO-induced rats also showed significant
(P < 0.05) increased levels of heart total cholesterol, TGs,
and FFAs (Fig. 2). Vanillic acid (5 and 10 mg/kg) pre-
treated ISO-induced rats significantly (P < 0.05) mini-
mized the alterations of lipids. Also, rats induced with ISO
showed significant (P < 0.05) increased LDL and VLDL-
cholesterol levels with significant (P < 0.05) decreased
HDL-cholesterol levels and vanillic acid (5 and 10 mg/kg)
pretreated ISO-induced rats showed significant (P < 0.05)
decreased levels of LDL-cholesterol, VLDL-cholesterol
and significant (P < 0.05) increased levels of HDL-cho-
lesterol (Fig. 3).
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Fig. 1 Levels of serum total cholesterol, TGs, and FFAs. Group I:
Normal control; Group II: Vanillic acid (5 mg/kg); Group III:
Vanillic acid (10 mg/kg); Group IV: ISO control (100 mg/kg); Group
V: Vanillic acid (5 mg/kg) + ISO (100 mg/kg); Group VI: Vanillic
acid (10 mg/kg) + ISO (100 mg/kg). Each column is mean 4+ SD for
six rats in each group; Columns not sharing a common letter (a, b,
¢, d) differ significantly with each other (P < 0.05; DMRT). Group I
is compared with Group II, Group III, and Group IV; Group V
and Group VI are compared with Group IV
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Fig. 2 Levels of heart total cholesterol, TGs, and FFAs. Group I:
Normal control; Group II: Vanillic acid (5 mg/kg); Group III:
Vanillic acid (10 mg/kg); Group IV: ISO control (100 mg/kg); Group
V: Vanillic acid (5 mg/kg) + ISO (100 mg/kg); Group VI: Vanillic
acid (10 mg/kg) + ISO (100 mg/kg). Each column is mean £ SD for
six rats in each group; Columns not sharing a common letter (a, b,
¢, d) differ significantly with each other (P < 0.05; DMRT). Group I
is compared with Group II, Group III, and Group IV; Group V
and Group VI are compared with Group IV
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Fig. 3 Levels of serum low-density lipoprotein (LDL), very low-
density lipoprotein (VLDL) and high-density lipoprotein (HDL)-
cholesterol. Group I: Normal control; Group II: Vanillic acid (5 mg/
kg); Group III: Vanillic acid (10 mg/kg); Group IV: ISO control
(100 mg/kg); Group V: Vanillic acid (5 mg/kg) + I1SO (100 mg/kg);
Group VI: Vanillic acid (10 mg/kg) + ISO (100 mg/kg). Each
column is mean £ SD for six rats in each group; Columns not
sharing a common letter (a, b, c, d) differ significantly with each other
(P < 0.05; DMRT). Group I is compared with Group II, Group III and
Group IV; Group V and Group VI are compared with Group IV

Effect of Vanillic Acid on Plasma and Liver Lipid
Metabolizing Enzymes

Rats induced with ISO showed significant (P < 0.05)
increased activity of HMG-CoA reductase in the plasma
and liver. Vanillic acid (5 and 10 mg/kg) pretreated ISO-
induced rats significantly (P < 0.05) decreased the activity
of HMG-CoA reductase in the plasma and liver compared
to ISO-induced rats. Lower ratio indicates higher enzyme
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Fig. 4 Activity of plasma and liver 3-hydroxyl-3-methyl glutaryl
coenzyme A(HMG-CoA)-reductase. Group I: Normal control; Group
II: Vanillic acid (5 mg/kg); Group III: Vanillic acid (10 mg/kg);
Group IV: ISO control (100 mg/kg); Group V: Vanillic acid (5 mg/
kg) + ISO (100 mg/kg); Group VI: Vanillic acid (10 mg/kg) + ISO
(100 mg/kg). In Group IV, lower ratio of HMG-CoA/mevalonate
indicates higher enzyme activity and in Groups V and VI higher ratio
of HMG-CoA/mevalonate indicates lower enzyme activity. Each
column is mean £ SD for six rats in each group; columns not sharing
a common letter (a, b, ¢, d) differ significantly with each other
(P < 0.05; DMRT). Group I is compared with Group II, Group III and
Group IV; Group V and Group VI are compared with Group IV

activity and vice versa. In Group-1V, lower ratio of HMG-
Co-A/mevalonate indicates higher enzyme activity and in
Groups-V, VI higher ratio indicates lower enzyme activity
(Fig. 4). Also, rats induced with ISO showed significant
(P < 0.05) decreased activity of LCAT in the plasma and
liver and vanillic acid (5 and 10 mg/kg) pretreated ISO-
induced rats significantly (P < 0.05) increased the activity
of this enzyme in the plasma and liver (Fig. 5).

Effect of Vanillic Acid on Myocardial Gene Expression

An increased myocardial expression of bax gene and
decreased myocardial expression of bcl-2 gene was
observed in ISO-induced rats compared to normal control
rats. Pretreatment with vanillic acid (5 and 10 mg/kg)
decreased the expression of bax and increased the expres-
sion of bcl-2 in ISO-induced myocardium (Fig. 6).

Effect of Vanillic Acid on Myocardial Infarct Size

The size of the myocardial infarct as determined by TTC
test is shown in Fig. 7a—d. Figure 7a indicates a section of
heart from normal control rats with completely viable
myocardial tissue stained with TTC to indicate the pres-
ence of LDH (bright red) and intact myocardial tissue.
Figure 7b, c indicates a section of heart from rats treated
with vanillic acid (5 and 10 mg/kg) shows results similar to
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Fig. 5 Activity of lecithin cholesterol acyl transferase(LCAT)in the
plasma and liver. Group I: Normal control; Group II: Vanillic acid
(5 mg/kg); Group III: Vanillic acid (10 mg/kg); Group IV: ISO
control (100 mg/kg); Group V: Vanillic acid (5 mg/kg) + ISO
(100 mg/kg); Group VI: Vanillic acid (10 mg/kg) + ISO (100 mg/
kg). Each column is mean £ SD for six rats in each group; Columns
not sharing a common letter (a, b, c, d) differ significantly with each
other (P < 0.05; DMRT). Group I is compared with Group II,
Group III and Group IV; Group V and Group VI are compared with
Group IV
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Fig. 6 Myocardial expression of bax and bcl-2 genes by RT-PCR

that of normal control rats. Figure 7d shows a section of
heart from ISO-induced group. Infarcted tissues are clearly
visible, pale gray, or colorless. Infarcted tissues did not
stain with TTC because of the leakage of LDH in that area.
Figure 7e, f shows a section of heart tissue of vanillic acid
(5 and 10 mg/kg) pretreated rats administered with ISO. A
major portion of the heart tissue stained positively for
viability (mild LDH-enzyme leakage) and much reduced
myocardial infarct size. The results of Fig. 7f clearly
revealed that prior oral administration of vanillic acid
(10 mg/kg) might have prevented the membrane damage
caused by ISO, thereby reducing myocardial infarct size
and maintaining near normal myocardial membrane
structural and functional integrity.



Cardiovasc Toxicol (2011) 11:58-66

63

(a) (b)
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Fig. 7 Macroscopic enzyme mapping assay of heart (Triphenyl
Tetrazolium Chloride, TTC). a Normal control rat’s heart showing
completely viable myocardial tissue stained with TTC. b Rats treated
with vanillic acid (5 mg/kg) showing completely viable myocardial
tissue stained with TTC. ¢ Rats treated with vanillic acid (10 mg/kg)
showing completely viable myocardial tissue stained with TTC.
d ISO-induced rat’s heart tissue did not stain with TTC and infarcted
tissue showing pale grey or colourless. e Vanillic acid (5 mg/kg)
pretreated ISO-induced rat’s heart tissue stained positively for
viability (reduced infarct size). f Vanillic acid (10 mg/kg) pretreated
ISO-induced rat’s heart tissue stained highly positive for viability
(much reduced myocardial infarct size)

Effect of Vanillic Acid on In Vitro Free Radical
(DPPH") Scavenging

Figure 8 shows the percentage scavenging effects of
vanillic acid on the free radical, DPPH®. Vanillic acid
scavenges these free radicals in vitro in a dose dependent
manner (15, 30, 45, 60 uM). The percentage scavenging
effect of vanillic acid on DPPH" increases with increasing
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Fig. 8 In vitro scavenging effects of vanillic acid on free radical 1,
1-diphenyl-2-picryl hydrazyl radical (DPPH")

concentration. The percentage scavenging effects of
vanillic acid on DPPH" at different concentrations (15, 30,
45, 60 uM) were found to be 17.92, 35.82, 53.73 and
71.64%, respectively. Moreover, vanillic acid at the con-
centration of 60 pM showed the highest percentage scav-
enging effect on DPPH® (71.64%).

For all the biochemical parameters studied, vanillic acid
(5 and 10 mg/kg) pretreated ISO-induced rats showed
significant effects. But, vanillic acid (10 mg/kg) showed
the highest significant effect than the lower dose (5 mg/kg).
Rats treated with vanillic acid (5 and 10 mg/kg) daily for a
period of 10 days did not show any significant effect on all
the biochemical parameters studied.

Discussion

The diagnostic marker enzyme, CK-MB, is increased in the
serum of ISO-induced myocardial infarcted rats. The
observed increase in the activity of this enzyme is due to
ISO-induced cardiac damage. Oral pretreatment with
vanillic acid (5 and 10 mg/kg) to ISO-induced rats
decreased the activity of serum CK-MB. This effect
revealed the cardio protective effect of vanillic acid in ISO-
induced rats.

Excess lipids in the blood are considered to be the major
risk factor in the development of MI. ISO-induced MI is
associated with enhanced levels of circulatory lipids. It has
been reported that the increased myocardial cholesterol
content in ISO-induced rats is due to increased uptake of
LDL-cholesterol from the blood by myocardial membranes
[26]. Oral pretreatment with vanillic acid decreased the
levels of total cholesterol in the serum and heart of
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myocardial infarcted rats. The decreased level of total
cholesterol observed in this study is due to decreased
activity of HMG-CoA reductase in vanillic acid pretreated
ISO-induced rats.

Increased level of TGs is one of the risk factors of MI.
Increased level of TGs is associated with cardiovascular
disturbances, and ISO promotes lipolysis in the myocar-
dium [27]. Enhancement in lipolysis and subsequent ele-
vation of plasma FFAs levels may lead to increased hepatic
TGs synthesis and secretion of elevated plasma TGs con-
centration. The mechanism of observed increase in the
synthesis of TGs in the heart tissue could be due to accu-
mulation of acyl-CoA and an augmented production of
glycerol by increased glycolytic flux [28]. Vanillic acid
pretreatment decreased the levels of TGs in ISO-induced
rats.

We observed an increase in the level of FFAs in the
serum and heart of ISO-induced rats. It has been reported
that increased levels of blood FFAs may depress cardiac
function, promote arrhythmias, and further increase the
extent of myocardial damage [29]. The heart derives a
significant portion of its fatty acid substrates as FFAs
derived by lipolysis from adipose tissue. Although lipid
availability is important for the heart, excess levels of fatty
acid in myocytes can be deleterious. Prior treatment with
vanillic acid lowered the levels of FFAs in myocardial
infarcted rats.

Lipoproteins are closely associated with MI. Increased
levels of serum LDL and VLDL-cholesterol fractions along
with decreased levels of HDL-cholesterol were observed in
ISO-induced rats. Increased levels of LDL-cholesterol
show a positive correlation with MI, whereas HDL-cho-
lesterol levels show a negative correlation. Pretreatment
with vanillic acid to ISO-induced rats minimized the
alterations in serum lipoprotein levels by increasing HDL-
cholesterol and decreasing LDL and VLDL-cholesterol
levels.

HMG-CoA reductase plays a major role in the regula-
tion of cholesterol metabolism and a rate-limiting enzyme
in the pathway of cholesterol biosynthesis. The observed
increase in HMG-CoA reductase activity leads to the
excessive production and accumulation of cholesterol
resulting in the formation of foam cell, a pre-requisite step
in the development of atherosclerosis [30]. Prior treatment
with vanillic acid lowered the activity of HMG-CoA
reductase in ISO-induced rats. Thus, decreased activity of
HMG-CoA reductase resulted in decreased levels of cho-
lesterol observed in vanillic acid pretreated rats.

Decreased activity of LCAT inhibits the esterification of
cholesterol in ISO-induced rats. This leads to increased
levels of lipids and lipoproteins in the circulation, which
are at high risk of MI. Vanillic acid pretreatment enhanced
the activity of LCAT in ISO-induced rats. Thus, vanillic
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acid increased the HDL-cholesterol levels as discussed
earlier is further confirmed by its modulation of LCAT
activity, which increases the concentration of HDL-cho-
lesterol in ISO-induced rats.

Cellular cholesterol is an important factor in the pre-
vention of MI. One of the possible mechanisms for the
antihypercholesterolemic effects of vanillic acid may be its
regulation of cholesterol biosynthesis by decreasing the
activity of HMG-CoA reductase in ISO-induced rats. Also,
enhancement of turnover of HDL-cholesterol by increased
LCAT activity may be another possible mechanism of
vanillic acid in ISO-induced rats. The observed effects
clearly revealed the lipid-lowering effect of vanillic acid in
ISO-induced rats.

In our study, decreased expression of myocardial bcl-2
gene and over expression of myocardial bax gene was
observed in ISO-induced rats. Thus, decreased expression
of bcl-2 slows myocardial cell survival, and over expres-
sion of bax accelerates myocardial cell death (apoptosis).
Pretreatment with vanillic acid increased the expression of
bcl-2 and decreased the expression of bax in the myocar-
dium, thereby preventing myocardial apoptosis which leads
to increased survival of rats.

Triphenyl tetrazolium chloride staining is a well-
accepted method to determine myocardial infarct size
which provides a reliable index of necrosis [31]. Myocar-
dial necrosis can be detected by direct staining using TTC
dye, which forms a red formazan precipitate with LDH of
the viable myocardial tissue, whereas the infarcted myo-
cardium fails to stain with TTC [32]. ISO-induced rat’s
heart showed increase in myocardial infarct size with less
TTC absorbing capacity, thus indicating significant leakage
of LDH when compared to normal control rats. Vanillic
acid (5 and 10 mg/kg) pretreatment decreased myocardial
infarct size with increased TTC absorbing capacity, thus
indicating a mild leakage of LDH when compared to nor-
mal control rats. The effect of 10 mg/kg vanillic acid was
highly effective in reducing myocardial infarct size. Thus,
vanillic acid prevented membrane damage and decreased
myocardial infarct size and protected the heart from ISO-
induced MI.

In this study, free radical scavenging activity of vanillic
acid in vitro was determined by DPPH® method. It has been
shown that DPPH" is widely used to evaluate the free
radical scavenging effects of various antioxidant sub-
stances [33]. In the DPPH® method, the antioxidants are
able to reduce the stable radical, DPPH® to diphenyl-picryl
hydrazine. In this study, vanillic acid scavenges DPPH®
dose dependently. The highest percentage DPPH® scav-
enging effect of vanillic acid at the concentration of 60 pM
was found to be 71.64%. Increased free radical production
is the major mechanism of ISO-induced MI. ISO metabo-
lism produces excessive free radicals such as superoxide
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anion and hydroxyl radicals. The free radical scavenging
effect of vanillic acid scavenges these free radicals and
protects the myocardium against ISO-induced rats. Thus,
vanillic acid is a potent free radical scavenger.

The possible mechanism for the observed cardio pro-
tective effects of vanillic acid is due to its free radical
scavenging action. The free radical scavenging effect of
vanillic acid scavenges free radicals thereby decreasing
lipids, maintaining lipoproteins, preventing apoptosis by
maintaining bax and bcl-2 genes and reducing myocardial
infarct size. Our study also revealed that 10 mg/kg of
vanillic acid was highly effective than 5 mg/kg. Thus, the
present study revealed the cardio protective potential of
vanillic acid. This study may have a significant impact on
the treatment of myocardial infarcted patients.
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