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Abstract

In the present study, the cardio-protective effect of
dietary supplementation of thiamine and pyridoxine
loaded vanillic acid grafted chitosan microparticles
(TPVGC) on isoproterenol induced myocardial
infarction in Wistar strain albino rats were studied.
Animals were distributed into four experimental
groups which were fed at graded level of levels
TPVGC for 45 days viz., Control (C) (basal feed + 0%
TPVGC); T1 (basal feed + 0.8% TPVGC); T2 (basal
feed + 1.6% TPVGC); T3 (basal feed + 2.4% TPVGC)
for experimental period of 45 days. The possible role
of dietary TPVGC on cardioprotective effect was
assessed in terms of Serum LDH, IgG, Homocys-
teine, Serum Myglobin, troponin–T, CPK-MB, S-
GOT, S-GPT, and other metabolic enzyme assays. All
the assessed parameters were found to have signifi-
cant difference between the control and treatment
groups. The biochemical markers such as troponin–
T, Serum LDH, CPK-MB, S-GOT, S-GPT, IgG,
Homocysteine, Serum Myglobin exhibited signifi-
cant (p<0.05) difference between the control and
treatment groups. Moreover, metabolic and antioxi-
dant enzyme activity in the tissue levels also showed
significant (p<0.05) difference between the control
and treatment groups. Results from the present
study, revealed that dietary supplementation of
thiamine and pyridoxine loaded vanillic acid grafted
chitosan microparticles at a minimum level of 1.6%

have protective effect on experimental myocardial
infarction induced by isoprenaline in rats.
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Introduction

In the recent days, myocardial infarction has become
the most common prevailing disease in India and
across the globe as well. Worldwide, on a yearly
basis, nearly, 17.3 million deaths have been recorded
and it is anticipated to grow to more than 23.6
million by 2030, The cause of death being cardio-
vascular disease (Mozaffarian et al., 2015). In line
with western countries, India also witnessed the
increase of cardiovascular disease, the main risk
factors identified being tobacco consumption, physi-
cal inactivity, eating habits, lack of awareness and
treatment to control cardiovascular disease
(Thankappan et al., 2010). In the recent past,
researchers around the globe have reported the
possible correlation between the individual nutri-
tional factors and chronic diseases, with a special
reference to cardiovascular disease. Recently,
nutraceuticals or novel food supplements/ingredi-
ents that are having nutrient interaction in the food
matrix have gained attention to combat the chronic
diseases (Neufcourt et al., 2016; Hu, 2002; Jacobs et
al., 2009). Zheng et al. (2012) have reported that
consumption of seafood is directly correlated to
reduce vascular diseases and certain cancers.

Chitosan, a natural biopolymer, known for its
bioactive properties has proven useful in various
applications such as agriculture, food and pharma-
ceutical sectors. Earlier studies conducted in our
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laboratory have reported that dietary supplementa-
tion of chitosan was found have antiulcer effect
against artificially induced peptic ulcer in rats and
found to very efficient in protecting the heart tissue
against the isoprenaline-induced toxicity (Anandan
et al., 2012). The positive health beneficial effect of
vanillic acid has been reported by the scientific
communities across the globe. The effective
immunomodulatory role of vanillic acid has been
reported by Chiang et al. (2003). Earlier studies
conducted by many of the other researchers have
shown that vanillic acid exhibits anti-filarial, anti-
bacterial, antimicrobial properties (Varma et al.,
1993; Rai et al., 1966; Delaquis et al., 2005). Tsuda
et al. (1994) reported the chemo preventive effect of
various antioxidant substance along with vanillin in
animal model. Prince et al. (2011) reported the
health beneficial aspect of vanillic acid in terms of
cardioprotective supplement against the myocardial
infarcted in experimental animals. Dianat et al.
(2016) reported that supplementation of vanillic acid
through oral administration has cardioprotective
effect in rat. The health and health care beneficial
effects of chitosan and vanillic acid are studied
extensively, however, the combination of these two
compounds and its role on cardioprotective effect
has not been investigated.

Isoproterenol (ISO) is a commonly used drug to
induce myocardial infarction in the experimental
animal model. It is a combination of catecholamine,
and β-adrenergic agonist, known to influence
adverse effect in heart, in terms of biochemical,
functional and structural changes (Shiny, et al., 2005;
Goyal et al., 2010). Having the above said back-
ground, the study was aimed to assess the potential
role of supplementation of thiamine and pyridoxine
loaded vanillic acid grafted chitosan micro-particles
(TPVGC) on cardioprotective effect against the
isoprenaline-induced myocardial infarction in rats.

Materials and Methods

Thiamine and pyridoxine-loaded vanillic acid
grafted-chitosan acid grafted chitosan was synthe-
sized as reported earlier (Tejpal et al. 2017). Animals,
weighing 200-230 g were chosen for the experiment.
Animals selected for the study were housed in
cages, and hygienically kept under suitable environ-
mental conditions (temperature, 28±2°C; 12 h light/
dark cycle; humidity, 60–70%) and fed with stan-
dard diet (Krish Feeds, Bangalore, India) and water
ad libitum.

After acclimatization for seven days, twenty-four
animals were randomly arranged into four experi-
mental groups. The animals were fed with a diet
containing 0, 0.8, 1.6 and 2.4% of thiamine and
pyridoxine-loaded vanillic acid grafted-chitosan
acid grafted chitosan during the experimental
period. The experiment consists of four groups such
as control (animals fed with standard diet with 0%
TPVGC); T

1
 (animals fed with standard diet with

0.8% TPVGC); T
2
 (animals fed with standard diet

with 1.6% TPVGC); T
3
 (animals fed with standard

diet with 2.4% TPVGC). The experiment was
conducted by following the guidelines laid by
institute CPSCEA approved animal ethics commit-
tee.

At the completion of 45 days feeding trial,
cardioprotective efficiency of TPVGC was assessed
by artificially inducing myocardial infarction to
experimental animals by isoprenaline injection
through intraperitoneal (i.p) @ 11 mg per 100 g body
weight / day, for two consecutive days (Anandan et
al., 2012).

After completing trials, animals were sacrificed by
means of chloroform anaesthesia. The blood was
collected and allowed to clot under controlled
condition. Finally, the serum was collected by
removing the clot by centrifugation. For enzyme
assay, different tissue such as liver, muscle, kidney,
and heart were homogenized with 0.25 M chilled
sucrose solution. Homogenate was subjected to
centrifugation (10000 rpm at 4°C for 10 min) and
supernatants was collected for enzyme assays and
kept -20°C. Protein content in the tissue was
determined by following the method given by
Lowry et al. (1951).

CPK-MB in serum was estimated using the assay kit
procured from Agappe Diagnostics (Kerala, India).
Serum GOT, GPT and LDH activity were analyzed
by colorimetric method assay kit (Origin). Troponin
T in serum sample was estimated by following the
protocol given by Farvin et al. (2009) using
immunoassay analyzer. Commercial kit (Elabscince
assay kit) was used to assess the homocysteine
content in serum sample. Serum myoglobin levels
were measured by ELISA assay kit procured from
Sigma-Aldrich. Homocysteine in serum was esti-
mated by assay kit procured from Elabscince. Serum
sample from the experimental animals were sub-
jected to lipid profile to check the content of
cholesterol, high density lipo-protein (HDL), low
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density lipo-protein (LDL) and very low density
lipo-protein (VLDL) and triglycerides (TG), the
analysis was done using an auto analyzer.

The Aspartate amino transferase (AST) and Alanine
amino transferase (ALT) activities in the tissue
samples were estimated by adopting the method as
described by Wooten (1964). LDH and MDH
activities were measured by the change in optical
density (OD) at 340 nm for 5 min using the method
of Wrobleuiski & Ladue (1955) and Ochoa (1955),
using sodium pyruvate and Oxalo-acetate were used
as substrates, respectively. Antioxidant enzyme,
SOD (Superoxide Dismutase) expression was as-
sayed in the tissues of experimental animal by
following the protocol described by Misra &
Fridovich (1972). The catalase enzyme activity was
measured in tissues of experimental animals by
following the method given by Claiborne (1985).

The data pertaining cardioprotective study was
subjected to one way ANOVA and statistical
significance between the mean was tested by using
Duncan’s multiple range. The comparisons were
made at the 5% probability level and regression
analysis was done. Statistical software package SPSS
(version 16) was used to carry out the analyses.

Results and Discussion

The troponin–T content in the serum sample of the
experimental animals varied significantly (p<0.05)
with respect to the control and treatment group
(Fig. 1). Animals fed without the TPVGC in the diet
have recorded higher troponin–T value, whereas the
dietary supplementation of TPVGC had influenced
positively and significantly reduced the
troponin–T content and animal group fed with
2.4% TPVGC recorded lower level of troponin–T.
Present study reveals that levels of troponin T in the
serum samples has increased notably in the control
group, certainly due the degree of damage in the
heart, which was induced by Isoproterenol. Tropo-
nin T is the most common indicator for diagnosing
the myocardial infarction. The study was in line
with the finding of Huang et al. (2018) stating that
the injecting scutellarin at 40 mg kg-1 has reduced
the degree of myocardial infraction in rats. Gener-
ally, troponins I and T are used as specific markers
to identify the myocardial injury. Acikel et al. (2005)
reported higher levels of troponin T was recorded
in the myocardial infarcted rats and animal treated
with dantrolene was found to reduce level of
troponin T. Similarly, Priscilla et al. (2009) who

reported that gallic acid supplementation at graded
levels found to have cardioprotective effect against
the myocardial infarcted experimental animals.

Fig. 1. Effect of TPVGC supplementation on Troponin–
T activity in experimental animals

Troponin values are expressed as mean±SE (n=6)

All the cardiovascular disease indicating enzymes
like, CPK-MB, AST, ALT and lactate dehydrogenase
activities in the serum sample varied significantly
among the experimental group compared to control
(Fig. 2, 3 and 4). Elevated level of cardiovascular
marker enzymes were observed in control group,
and dietary supplementation of TPVGC at different
concentration has recorded gradual reduction in the
marker enzymes. Animals fed at 2.4% of TPVGC in
the diet has recorded lowest level of marker
enzymes. Serum CPK-MB, AST, ALT, and LDH are
the well-established indicators for diagnosing myo-
cardial infraction in animal and human as well.
Generally, during the process of myocardial infrac-
tion or cardiovascular disease and adverse condi-
tions, myocardial cells get damaged and the marker
enzymes start leaching in to the blood stream
(Mathew et al., 1985). The results of the present
study shows that the dietary supplementation of
TPVGC has positively influenced reduction of these
bio-marker enzymes in the serum sample. This effect
may be associated with the combined impact of
water soluble vitamins (thiamine and pyridoxine)
and the vanillic acd grafted chitosan. The present
study is in line with the findings of Priscilla et al.
(2009) who reported that administration of phenolic
compound (gallic acid) has greatly reduced the
activity of cardiovascular disease indicating en-
zymes in experimental animals. Dietary supplemen-
tation of folic acid in combination with Vitamin B

12

was found to protect animals from myocardial
infarction induced through isoproterenol injection
(Hagar, 2002).
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Fig. 2. Impact of dietary supplementation of TPVGC on
Creatine phosphokinase-MB activity in experi-
mental animals

CPKMB values are expressed as mean±SE (n=6)

at 2.4%. Myoglobin is a protein molecule having
heterodimer which consists of peptide chain and
heme group. This particular protein is found in both
skeletal and myocardial muscle cells and during the
muscle damage the myoglobin is leached in to blood
streams. Generally, elevated level of serum myoglo-
bin represents the potential prognostic risk towards
cardiovascular disease. The myoglobin is used as
biomarker for diagnosing myocardial infraction
(Yao et al., 2016; Li et al., 2020). Results of the
present study exhibited that dietary supplementa-
tion of TPVGC in the treatment group reduced the
serum myoglobin levels compared to control group.
Similarly, Stanely et al. (2020) reported that oral
administration of sinapic acid could act as a
mechanism to protect cardiac mitochondria from the
isoprenaline induced myocardial infarcted experi-
mental animals (Stanely et al., 2020). Soccer players
supplemented with L-carnitine-L-tartrate could re-
duce myoglobin levels leading to less fatigue
(Naclerio et al., 2015). Similar to myoglobin,
homocysteine also followed similar trend.  Higher
amount of homocysteine in the blood and myocar-
dial tissue can be correlated to cardiovascular
complications. It is also considered as one of the
sensitive biomarkers for the cardiovascular disease
or myocardial infraction (Qujeq et al., 2001). The
present study can be linked with the findings that
folic acid and vitamin B

12
 supplementation played

crucial role in reducing the homocysteine in blood
showing cardioprotective effect (Hagar, 2002). Fur-
ther, cardiovascular disease can be correlated with
higher serum myoglobin and homocysteine with
elevated levels of cholesterol, triglyceride, LDL and
VLDL.

Fig. 3. Influence of dietary supplementation of TPVGC
on S-GOT & GPT activity in experimental animals

Enzyme values are expressed as mean±SE (n=6)

Fig. 4. Influence of dietary supplementation of TPVGC
on S-LDH activity in experimental animals

Serum LDH values are stated as mean ± SE (n= 6)

Both myoglobin and homocysteine levels in serum
samples were significantly (p < 0.05) higher in the
control compared to treatment group (Fig. 5 and 6).
Incremental supplementation of TPVC in the diet
reduced the serum myoglobin and homocysteine
and lowest levels were recorded in the animals fed

Fig. 5. Impact of dietary supplementation of TPVGC on
Serum Myoglobin activity in experimental ani-
mals

Values of Serum Myoglobin are expressed as mean±SE
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Fig. 6. Impact of dietary supplementation of TPVGC on
homocysteine activity in experimental animals

Values are expressed as mean±SE

Serum Lipid profile of the experimental animals
showed significant (p<0.05) difference among the
control and treatment group (Table 1). Highest
levels of serum lipid profile in terms of cholesterol,
LDL, VLDL and triglycerides were recorded in the
control group fed without TPVGC in the diet,
however, TPGVC supplemented group showed an
incremental decrease. Lowest levels are recorded in
the experimental animals fed with 2.4% of TPVGC
in the diet, whereas, reverse trend was observed in
HDL. Animal fed with 2.4% of TPVGC has recoded
highest HDL and lowest was in the control group.
Dyslipdemia is an abnormal amount of lipids
content in the blood, is the key risky factor
associated with the cardiovascular disease (Fuster &

Table 1. Effect of dietary supplementation of TPVGC on Serum lipid profile in the experimental animal

Treatments
Parameters Control T

1
 (0.8% T

2
 (1.6% T

3
 (2.4%

(0% TPVGC) TPVGC) TPVGC) TPVGC)

Serum Cholesterol 100.00d±0.58 95.50c±0.29 85.27b±0.65 83.08a±0.58

Serum Triglycerides 111.67d±0.88 96.00c±0.58 88.00b±0.58 84.00a±0.58

Serum HDL 25.33a±0.88 27.33a±1.20 32.33b±0.88 37.03c±0.58

Serum LDL 54.33c±2.33 46.33c±0.88 41.67b±0.88 31.33a±1.70

Serum VLDL 24.00c±0.58 20.33b±0.58 17.00a±0.58 16.00a±1.53

Different superscript in the same row indicate statistical significance (p<0.05) between the control and treatment groups
(control, T

1
, T

2
 and T

3
). Values are expressed as mean±SE (n=3). Units: mg dl-1

Table 2. Impact of dietary supplementation of TPVGC on the activities of AST and ALT activity in heart, liver, kidney
and muscle tissue of myocardial infarcted rats.

Treatments
Parameters Tissue Control (0% T

1
 (0.4% T

2
 (0.8% T

3
 (1.6%

TPVGC) TPVGC) TPVGC) TPVGC)

AST Heart 3.16b±0.53 2.86b±0.71 1.70ab±0.38 0.72a±0.14

Liver 7.34c±0.32 5.69b±0.39 5.09b±0.67 3.45a±0.67

Kidney 6.38c±0.36 4.80b±0.18 4.65b±0.06 3.60a±0.12

Muscle 30.24b±1.48 26.29b±1.01 23.99ab±1.17 22.39a±1.48

ALT Heart 30.18a±2.53 15.45a±0.35 15.57a±0.31 16.07a±0.19

Liver 11.10b±0.56 8.52a±0.43 8.73a±0.69 7.58a±0.38

Kidney 28.62b±1.61 13.73a±0.34 13.07a±0.09 14.88a±0.89

Muscle 33.22b±2.10 30.80b±1.27 28.18b±1.38 20.92a±2.30

Different superscripts in the same row indicate statistical significance (p<0.05) between the control and treatment groups
(control, T

1
, T

2
 and T

3
). Values are expressed as mean±SE (n=6).

Units:AST- nano moles oxalo acetate released/ mg protein/ minute at 37oC; ALT- nano moles of sodium pyruvate formed/
mg protein/minute at 37oC
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Kelly, 2010). High levels of cholesterol in the blood
and cholesterol accumulation in the heart tissue can
be directly linked with myocardial infarction (Salter
& White, 1996). Similarly, higher levels of triglyc-
eride, LDL, VLDL and reduced levels of high
density lipoproteins also are associated with cardio-
vascular disease (Munshi et al., 2014; Prenner et al.,
2014). Results of the present study show that
supplementation of TPGVC has significantly re-
duced the cholesterol, triglyceride, LDL and VLDL
and enhanced the high density lipoproteins levels.
This could be due to the combined effect of water
soluble vitamins and vanillic acid grafted chitosan.
The results are in agreement with findings of Jiang
et al. (2019) which revealed the effect of dietary
supplementation of chitosan oligosaccharides on
cardioprotective effect. Dietary supplementation of
pyridoxine is proportionately linked with decreased
risk of cardiovascular disease (Jeon et al., 2019).
Likewise, Kakadiya et al. (2010) have also reported
that hesperidin (byproduct of citrus) administration
has reduced the total cholesterol, triglyceride, LDL
and VLDL.

Metabolic enzyme (AST & ALT) activities in the
tissues of the experimental animals displayed
significant difference (p<0.05) (Table 2). Higher
enzyme levels were observed in the control group
compared to the animal fed with graded levels of
vitamin B

1 
and B

6
 loaded vanillic acid cross-linked

chitosan in the diet. Enzyme, LDH and MDH levels
in the respective tissues showed similar trend of
AST and ALT (Table 3). The results support the

findings that dietary supplementation of tocopherol
alone and also in combination with lycopene was
found to have lower levels of AST and ALT activity
compared to the isoproterenol-induced myocardial
infarction group (Upaganlawar et al., 2010). Ganesan
et al. (2010) has reported that oral administration of
betaine in the experimental group recorded lower
levels of AST and ALT activity.  Dietary supplemen-
tation of gallic acid was found to lower the AST and
ALT activity and was proven to have cardioprotective
effect (Priscilla et al., 2009). Similarly, dietary
supplementation of red palm oil has reduced the
LDH activity in the heart tissue and also reduced
the myocardial infarct size in animals (Bester et al.,
2010). The supplementation of sardine oil loaded
vanillic acid cross-linked chitosan was also found to
lower LDH and MDH activity in rat tissues (Vishnu
et al., 2018).

Supplementation of TPVGC in the treatment group
showed significantly (p<0.05) lower antioxidant
enzyme (SOD, catalase and Gluthathione-S-trans-
ferase) activity compared to control group (Table 4).
Antioxidant enzymes act as front line defence
mechanism against the increased superoxide pro-
duction in the living system. As per the earlier
report, oxidative stress impacts in cardiac restora-
tion. Generally, elevated levels of oxidative stress
and cardiac oxidation have been linked to diastolic
heart failure (Madamanchi & Runge, 2013; Murino
Rafacho et al., 2017). In the present study, the
reduction in the antioxidant enzyme activity may be
liked with dietary supplementation of TPVGC

Table 3. Effects of dietary supplementation of TPVGC on LDH and MDH activity in heart, liver, kidney and muscle
tissue of myocardial infarcted rats.

Treatments
Parameters Tissue Control (0% T

1
 (0.4% T

2
 (0.8% T

3
 (1.6%

TPVGC) TPVGC) TPVGC) TPVGC)

LDH Heart 7.01c±0.45 4.23a±0.21 4.12a±0.28 5.58b±0.32

Liver 3.24b±0.11 2.86b±0.09 2.90b±0.18 2.18a±0.18

Kidney 6.24d±0.17 3.55c±0.23 1.44b±0.09 2.63a±0.29

Muscle 10.39b±0.84 8.19a±0.49 7.85a±0.34 6.32a±0.63

MDH Heart 59.33b±3.29 36.35a±1.15 36.17a±3.32 40.41a±1.89

Liver 34.58c±0.66 28.84b±0.31 27.93b±1.73 22.27a±0.80

Kidney 59.67b±4.03 33.94a±0.31 32.70a±0.09 31.46a±2.18

Muscle 99.73b±5.50 85.48ab±4.19 82.32ab±7.71 75.94a±5.40

Different superscripts in the same row indicates significant difference (p<0.05) among the control and treatment groups.
Units: nanomoles of pyruvate utilized/mg protein/min (LDH); nanomoles of Oxaloacetate utilized/mg protein/min (MDH)
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which is a combination of thiamine, pyridoxine and
vanillic acid grafted chitosan and is directly
associated with change in the energy metabolism by
reducing the oxidative stress induced though
Isoproterenol. The TPVGC can act as impersonator
for the antioxidant enzymes in the system. Results
of the present work are in agreement with findings
of Murino Rafacho et al. (2017) who reported that
dietary supplementation of rosemary reduced the
oxidative stress and also protected from myocardial
infraction. Dietary intake of fruits and vegetables
was found to increase the antioxidants concertation
in the blood and reduced the oxidation of choles-
terol (Zino et al., 1997; Asplund, 2002; Liu et al.,
2018). Presence of antioxidants in the living system
generally acts as a non-enzymatic antioxidant
mechanism. Studies have also reported the benefi-
cial effect of vitamin supplementation on reduction
of cardiovascular disease (Riccioni et al., 2007).

In the recent past, change in lifestyle and food habits
of human beings has led to increased risk of
cardiovascular disease. Cardioprotective nutrients /
dietary supplements are very much necessary to
combat the cardiovascular disease. Water soluble
vitamins, B

1
 and B

6 
are found to contribute towards

the maintenance of cardiovascular health. But, water
soluble vitamins are flushed out of the system very
quickly. Hence, in the present study, vitamin B

1 
and

B
6
 were encapsulated with vanillic acid cross-linked

chitosan. Vanillic acid and chitosan are known for
their bio-functional properties. The combination of
dietary thiamine, pyridoxine, vanillic acid and
chitosan was found to have cardioprotective effect
on myocardial infarction induced by isoprenaline in
rat model and hence, vitamin B

1 
and B

6
 loaded

vanillic acid cross-linked chitosan can be used as
bio-functional product to combat the cardiovascular
disease.
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