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ABSTRACT

Objective: The goal of this study aimed to evaluate the protective and vascular effect of the polyherbal trikatu in rats on isoproterenol (ISO)
triggered myocardial infarction (MI).

Methods: For a total of two days in a row at 24 h breaks (27t and 28t d), a subcutaneous (s.c.) injection of isoproterenol (85 mg/kg body weight)
was used to induce myocardial infarction. The rats in Group I behaved as the normal control without pretreatment. Rats in Group II were given
isoproterenol. The rats in Group III were selected as the standard, treated with vitamin E (10 mg/kg, p.o.) for 28 d and subjected to isoproterenol
(ISO) toxicity. Rats of Group IV and Group V received test sample trikatu 100 mg/kg and 200 mg/kg, respectively for 28 d and were subjected to
isoproterenol (ISO) toxicity.

Results: Rats given isoproterenol treatment revealed a considerable elevation of serum enzyme cardiac troponin I (cTnl), aspartate
aminotransferase (AST), alanine aminotransferase (ALT), Heart creatinine kinase (CK-MB), Lactase dehydrogenase (LDH). Rats pretreated with
trikatu and vitamin E+ISO showed significant different (p<0.001) for AST, ALT, LDH and CK-MB levels elevated by ISO. Histopathological tests
showed that trikatu and vitamin E decreased inflammation and edema in the hearts of rats.

Conclusion: The aqueous suspension of trikatu churna was found to be significantly helpful in minimizing the magnitude of myocardial damage and

combating oxidative stress.
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INTRODUCTION

The cardiovascular system is made up of the heart and blood vessels
that transport blood across the body [1]. Cardiovascular disease
(CVD) is the main cause of death worldwide. Myocardial infarction,
ischemic heart disease, ischemic injury, damaged arteries,
thrombosis, and atherosclerosis are among conditions that can
occur [2]. Cardiovascular disease is anticipated to affect around 23
million people over the year [3].

A critical medical illness called myocardial infarction (MI) also
referred to as a heart attack and happens when the heart's blood
flow is interrupted. The formation of plaque in the heart arteries is
typically to blame for this obstruction, which can result in either a
full or a partial arterial blockage. This causes the cardiac muscle to
lose nutrition and oxygen supply, resulting in the dying of tissues
[4]. Myocardial infarction is among the leading triggers of morbidity
and mortality globally due to an imbalance across the heart's need
for blood that is oxygenated and its capacity to supply it, because of
coronary artery obstruction [5]. The heart has a restricted capacity
to promote anaerobic metabolism and is unable to adjust the
shortage of blood, nutrients, and oxygen during myocardial
infarction (MI), resulting in pathological alterations and, finally,
cardiac disorder [6]. Atherosclerosis, emboli, vasospasm,
thrombosis, reactive oxygen species (ROS), reduced oxygen-carrying
capacity, or increased oxygen demand are all factors that contribute
to the emergence of MI [7].

Isoproterenol (ISO) is a kind of synthesized catecholamine and
agonist of the beta-adrenergic receptor. In rats, subcutaneous (s. c.)
administration of Isoproterenol produces irreversible cellular injury
and, ultimately myocardial infarction (fig. 1) [8]. The rapid changes
in electrocardiogram and hemodynamic data observed in
Isoproterenol-induced myocardial infarction in rats are strikingly
identical concerning to those observed in patients of myocardial

infarction. As a result, the ISO-induced myocardial infarction (MI)
rat model provides a promising, non-invasive method of assessing
the effects of several potential cardioprotective drugs [9].

A traditional polyherbal mixture called trikatu churna combines three
key spices: Zingiber officinale Roscoe (Zingiberaceae), Piper nigrum L.
and Piper longum L. (Piperaceae). All of these plants are utilized as
spices across the world. During the time between the 7t century B. C.
and the 6t century A. D., trikatu was one of the most often utilized
medicines in ayurveda formulations for the goal of treating a variety of
illness problems [10]. They are also used as significant components in
folkloric medicine and Ayurvedic, Siddha, and Unani (ASU)
medications. Trikatu churna consumption has several positive health
effects due to its extensive array of therapeutic benefits, including
those for urinary tract infections, diabetes, obesity, anorexia,
elephantiasis, digestive disorders, skin conditions, abdominal
distention, and respiratory illnesses. Trikatu also has excellent
vasodilatory and immune-potentiating properties [11]. Trikatu has a
wide variety of phytochemical substances, including alkaloids,
flavonoids, phytosterols, and many others. The main chemical
constituents of trikatu are piperine, 6-shogaol, and 6-gingerol [12].

Trikatu is referred to as the heating formula in Ayurvedic medicine. Its
thermogenic effect encourages Agni, or digestive fire, which burns
dangerous poisons and speeds up metabolism. The bioavailability is
improved with trikatu. Piper longum (Pimpli) is renowned for its
ability to modulate the immune system and rejuvenate the digestive
and respiratory systems. One of the best herbs for revitalizing the
entire body is Zingiber officinale (sunth), also known as
Vishvabhaishjya, which translates to "the medicine of the world". Piper
nigrum (maricha) is claimed to have Pramathi Guna, which means that
it completely expels poisons from the body [13].

The objective of the study was evaluate the protective and vascular
effect of the polyherbal trikatu in rats on ISO-triggered myocardial
infarction (MI).
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Fig. 1: Possible mechanism of myocardial infarction (MI) induced by isoproterenol (ISO) (source-created by Adobe photoshop-7 with
CorelDRAW-12)

MATERIALS AND METHODS
Drugs and chemicals

Sigma Chemical Company, USA, supplies the isoproterenol. All of the
other chemicals and reagents utilized were of analytical grade.
Trikatu churna was purchased from the local market of Lucknow
Uttar Pradesh India. Standard kits were used to test the marker
enzymes in serum, purchased from Transasia Bio-Medicals LTD.,
Nalagarh Road, Baddi, District Solan Himachal Pradesh.

Preparation of trikatu suspension and isoproterenol (ISO)
solution

The accurately weighed quantity of trikatu churna was suspended in
distilled water and freshly prepared used. The solution of
isoproterenol was prepared by dissolving it in distilled water
administered subcutaneously.

Experimental animals

Wistar albino rats (150-200 g) were obtained from Central Drug
Research Institute, Lucknow, while placed in animal house of Hygia
Institute of Pharmaceutical Education and Research, Lucknow. They
were kept at 25 °C, 55 % humidity, and a 12 h light/dark cycle. The
animals were fed on a normal chow diet. Rats were acclimatized to
the conditions before the start of the experiments [14]. The
Institutional Animal Ethics Committee approved the experiments
(IAEC) (Reg. no. 1088/P0/Re/S/07 /CPCSEA).

Induction of myocardial infarction

For a total of two d in a row (27t and 28t days), a subcutaneous (s.
c.) injection of isoproterenol (85 mg/kg body weight) was used to
induce myocardial infarction (MI) [15].

Grouping and dosing of animal

The rats of either sex were divided at random into five groups of six
animals each. The rats in Group I behaved as the normal control
without pretreatment. Rats in Group II were given isoproterenol (85
mg/kg body weight, s. c.) twice at an interval of 24 h on the 27t and
28t d. The rats in Group III were selected as the standard, treated
with vitamin E (10 mg/kg, p. o.) for 28 d and subjected to
isoproterenol (ISO) toxicity. Rats of Group IV and Group V received
test sample trikatu 100 mg/kg and 200 mg/kg respectively for 28 d

and were subjected to isoproterenol (ISO) toxicity. The experiment
was ended after 28 d and all the rats were sacrificed by cervical
dislocation following a night of fasting. Biochemical parameters
were detected, and a histological examination was also performed.

Collection of blood

Blood is collected by the cardiac puncture technique. This is a terminal
procedure that requires anesthesia. After a heart puncture, animals
must be terminated immediately. Through the use of this technique,
the rat's head was raised and its hind legs were positioned downward.
A 3 ml syringe was utilized, and the needle was entered 5 mm from the
animal's thorax's center towards its chin, 5-10 mm in depth, while the
animal's chest was kept 25 to 30 degrees away from the syringe. Place
the animal on its side and, insert the needle at a right angle to the chest
wall and collect the blood in collection tubes. After that serum is
separated by standing the tube for 15-30 min [16, 17].

Biochemical estimation

Serum was separated by centrifugation for biochemical analysis and
cardiac markers such as cardiac troponin I (cTnl), creatine kinase-
myoglobin binding (CK-MB), lactate dehydrogenase (LDH), and
aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) which were determined using the procedure reported by
Karmen and MacDonald [18, 19].

Histological estimation

All of the rats were sacrificed via cervical dislocation at the end of
the treatment, and their hearts were dissected out. The excised heart
was immediately immersed in a conical flask containing an ice-cold
formalin solution. The heart tissue was then immersed in a 10%
buffered neutral solution of formalin. After clearing with xylene, the
material was transferred to an embedding oven for a bath of molten
paraffin wax. Leukhard embedding boxes (L molds) were used for
the preparation of paraffin square block. Section cutting was done
by microtome and stained with hematoxylin and eosin. The slides
were photographed and observed under a light microscope [20, 21].

Statistical analysis

The values are presented as mean+SD of 6 rats in every group.
Statistical significance was calculated by using one-way ANOVA
subsequently that Dunnettst test for multiple comparisons at
#p<0.05, ###p<0.001, **p<0.001, n = 6 [22].
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RESULTS
Effect of trikatu on histopathology of heart

Group I (normal) histopathology revealed compact, continuously
organized cardiac fibers with maintained homogeneous nuclei count
and cytoplasmic cross striation. Group II (ISO treated) exhibited
broad division of myocardial fibers because of interstitial edema,
influx of inflammatory cells inside myocardial fibers, destruction of

Int ] Pharm Pharm Sci, Vol 16, Issue 2, 24-29

cytoplasmic striation of myocytes with shrinking of nuclei, and less
nucleolus because of cell death. Rat heart sections from Group III i.e.
pretreatment test group (trikatu, 100 mg/kg)+ISO, showed a
minimal reduction in edema, inflammatory cell infiltration, and
necrosis. The pretreatment test group (trikatu, 200 mg/kg)+ISO and
pretreatment standard group (vitamin E, 10 mg/kg)+ISO showed rat
heart section produced a maximum decline of edema, inflammatory
cell infiltration, and necrosis (fig. 2).
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Fig. 2: Effect of trikatu pretreatment on histopathological changes. (A) Heart tissue of a normal control showed cardiomyocytes (Black arrow)
with one centrally placed nucleus and uniform cytoplasmic cross striation (Red arrow). (B) The isoproterenol-treated group showed marked
interstitial edema between myocardial fibers (Black arrow), some myocytes showed shrinkage and the absence of nuclei (Red arrow). (C)
Pretreatment with Vitamin E (10 mg/kg)+ISO showed maximum reduction of edema (Black arrow), loss of cytoplasmic striation of myocytes
with shrinkage of nuclei (Red arrow). (D) Pretreatment with trikatu (100 mg/kg)+ISO showed minimum reduction of edema (Black arrow),
loss of cytoplasmic striation of myocytes with shrinkage of nuclei (Red arrow). (E) Pretreatment with tirkatu (200 mg/kg)+ISO showed
moderate reduction of edema (Black arrow), loss of cytoplasmic striation of myocytes with shrinkage of nuclei (Red arrow)

Effect of trikatu on cardiac marker enzymes quantitative estimation of cardiac enzymes like aspartate
aminotransferase AST, alanine aminotrasferase ALT, Lactate
dehydrogenase LDH and Heart creatinine kinase (CK-MB), were
considerably raised (p<0.001) in the ISO treated group in contrast
with the normal group. Rat pretreated with trikatu and vitamin
E+ISO, significantly decreases AST, ALT, LDH and CK-MB levels
(p<0.001) elevated by ISO. However, neither dose could bring them
back to normal levels (table 1 and fig. 3).

Qualitative estimation of cardiac enzymes like cardiac troponin I
(cTnl) was negative in every single rat in the control group. Rats
administered with ISO showed positive cTnl. Rats pretreated with
trikatu (100 mg/kg) indicated smaller positive cTnl test cases (table
2). Rats pretreated with trikatu (200 mg/kg) and vitamin E (10
mg/kg) significantly lowered positive cTnl test cases. The

Table 1: Effect of test and standard drug on serum enzymes levels in isoproterenol (ISO) treated rats

Group ALT(1U/]) AST(1U/]) CK-MB(1U/]) LDH(1U/])

Group I (Normal) 18.54773+0.883564 52.85613+7.8684 37.34+7.50594 51.72617+3.94
Group II (ISO) 155.8397+3.500728*** 123.8095£23.2713*** 256.48+13.53997*** 427.3024+4.11%**
Group III Test (trikatu, 100 mg/kg) 52.7359+8.649517### 97.5547+22.886### 103.27£2.235706### 122.619+4.29###
Group 1V Test (trikatu, 200 mg/kg) 31.32967+0.989116# 91.83699+16.3411### 89.86+3.238586### 221.1116x4.94###

Group V Standard (vit E 10 mg/kg) 22.5473+0.701139### 87.16947+8.6925### 82.106+3.632431### 94.73039+2.46###

Data were presented as the mean+SEM from 6 animals in each group. ***p<0.001vs control; #p<0.05; ###p<0.001vs ISO. CK-MB: creatine kinase-
myoglobin binding; LDH: lactate dehydrogenase; ALT: alanine aminotrasferase; AST: aspartate aminotransferase.

Table 2: Qualitative analysis of cardiac troponin I (cTnl) in the serum of normal, ISO, tests and standard groups

GROUP Animal-I Animal-II Animal-IIT Animal-IV Animal-V Animal-VI
Group I (Normal) - - — — — —
Group II (ISO) + + + + + "
Group III Test (trikatu, 100 mg/kg) + + + — + +
Group IV Test (trikatu, 200 mg/kg) + + - + - ¥
Group V Standard (vit E 10 mg/kg) - + + — ¥ —

(-) cTnl test showed no myocardial injury; (+) cTnl test showed myocardial necrosis.

26



V. K. Kashyap et al.

CKMB(IUIL)

TREATMENT

(A)

ALI
(IUL)

TREATMENT

©)

LDH(IUIL)

Int ] Pharm Pharm Sci, Vol 16, Issue 2, 24-29

TREATMENT

(B)

AST (IUL)

TREATMENT

(D)

Fig. 3: Serum cardiac enzymes levels in rats pretreated with trikatu and Vitamin E in an ISO-induced MI model (A): The cardiac serum
level of creatine kinase-myoglobin binding (CK-MB) (B): The cardiac serum level of lactate dehydrogenase (LDH) (C): The cardiac serum
of alanine aminotrasferase (ALT) (D): The cardiac serum level of aspartate aminotransferase (AST). Data were presented as the
mean+SEM from 6 animals in each group. ***p<0.001vs control; #p<0.05; ###p<0.001vs ISO

DISCUSSION

Cardiovascular disease (CVD) is currently the main trigger of
mortality [23]. The most well-known of these ailments is myocardial
infarction (MI), which results in permanent damage to heart tissue
[24]. The etiology of this disease comprises several events like
oxidative stress, Ca?* overload, endothelial and cardiac damage,
contractile dysfunction, and cell death by necrosis or apoptosis or
both [25]. Isoproterenol (ISO) is an adrenergic receptor agonist and
a synthetic catecholamine. In rats, S. C. injection of ISO produces
irreversible cellular destruction and, finally, myocardial infarction
[26, 27]. The 1SO-induced MI rat model provides a viable, non-
invasive technique for testing the effects of several potentially
cardioprotective drugs [28].

Examining any potential cardioprotective benefits of different trikatu
dosages (100, and 200 mg/kg) against ISO-generated MI in rats was
the aim of the current study. This aim was based on the ingredients of
trikatu, which consists of Piper longum, Piper nigrum and zingiber
officinale. The heart has a significant amount of diagnostic marker
enzymes like cTnl, AST, ALT, LDH and CK-MB, and once the heart is
metabolically injured, it releases these substances into the
extracellular fluid. Diagnostic cardiac markers (cTnl AST, ALT, LDH
and CK-MB) had significantly elevated serum levels in the
isoproterenol-treated rats. Increased levels of cardiac marker enzymes
indicate isoproterenol-induced necrotic destruction to the myocardial
membrane [29]. [soproterenol damages the cardiac cell membrane in
an irreversible manner and leaks heart injury biomarkers by
generating free radicals and stimulating lipid peroxidation [30].

Cardiac troponin I (c¢Tnl) is a myocardium-specific biomarker that is
widely used to diagnose MI. cTnl is more responsive to cardiac
damage than troponin C (TnC) and troponin T (TnT). In MI, within
30 min, the amount of circulating cTnl in the serum increases and
reaches a peak at 18-24 h, indicating myocyte apoptosis [31]. In
isoproterenol-induced MI rats, trikatu and standard drug

pretreatment significantly diminished positive cTnl test cases. It was
shown that trikatu may limit cTnl leakage from the heart through
the retention of structural and functional integrity as well as
permeability of the cardiac membrane.

The enzyme CK-MB, which is specific to the heart muscle, is typically
raised as a result of myocarditis, cardiac insufficiency and myocardial
infarction. Multiple measurements of CK-MB can be taken throughout
24 h [32]. Isoproterenol causes myocardial cell membrane breakdown
and enzyme leakage, which raises serum CK-MB levels. Pretreatment
with trikatu a substantial drop in the blood level of CK-MB in
isoproterenol-induced MI rats was seen. The highest reduction in
serum CK-MB level (65%) was seen at 200 mg/kg, demonstrating that
trikatu has a membrane-protective action.

A high level of LDH in the blood is a sign of inflammatory changes and
tissue damage in the heart. LDH is a cytosolic enzyme that is present in
every tissue that engages in glycolysis. LDH is not an exact MI marker;
however, it is raised within 24-72 h after MI and reaches a peak
concentration in 3-4 d [33]. Trikatu (200 mg/kg) significantly reduces
(48%) the serum LDH magnitude in isoproterenol-treated rats.

AST and ALT is a sensitive marker of liver cell damage and is useful
in the diagnosis of other illnesses. It typically has a limited serum
concentration under normal physiological conditions, but after a MI,
it increases [34]. Trikatu (200 mg/kg) significantly decreases serum
levels of AST (26%) and ALT (80%).

However, the levels of these cardiac blood markers considerably
decreased in the trikatu pretreatment groups. These findings
suggest that trikatu protects the heart by preventing the leaking of
cardiac enzymes into the bloodstream and preserving the structural
and functional integrity of the myocyte's plasma membrane and
contractile mechanism.

Histopathology provides a variety of tissue data. Isoproterenol-
treated rat's myocardium indicated edema, inflammatory cell

27



V. K. Kashyap et al.

infiltration, necrosis, and segregation of cardiac muscle fibers during
an initial histological examination. In rats, isoproterenol-induced
overproduction of reactive oxygen species (ROS) can result in deadly
cellular work limitation and necrotic lesions in the heart. At the site
of damage, isoproterenol creates superoxide radicals and modifies
superoxide dismutase, glutathione peroxidase, and catalase [35].

The severity of the myocardial injury was confirmed by these
findings of tissue data and the biochemical anomalies. A significant
improvement was noticed in the standard (10 mg/kg) group. Nearly
normal architecture of myocardial fibers with a mild degree of
inflammatory infiltrate in the trikatu-treated (200 mg/kg) group
suggests the cardioprotective effect of trikatu.

CONCLUSION

Through isoproterenol-produced myocardial infarction in rats, the
aqueous suspension of trikatu churna was found to be significantly
helpful in minimizing the magnitude of myocardial damage and
combating oxidative stress. These findings suggest that trikatu
prevents cardiac damage by retaining the structural and functional
integrity of the plasma membrane and contractile system of the
myocyte. The obtained result also suggests that the presence of
piperine could be beneficial in the absorption of polyphenolic
compounds present in ginger which are responsible for free radical
scavenging activity induced by isoproterenol (I1SO).
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