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ABSTRACT

Background: Resveratrol (3,4,5-trihydroxystilbene), a polyphenol derived from plant sources,
despite its cardioprotective properties, has limited therapeutic impact due to its low in vivo
bioavailability and rapid metabolism, which are major barriers to its effectiveness. Piperine,
a nitrogenous substance, has well-established bioenhancer activity and cardioprotective
potential. The objective of the study was to investigate the cardioprotective potential of
resveratrol and piperine on isoproterenol-induced myocardial infarction in rats, both alone and
in combination and to assess the oral bioavailability of resveratrol when co-administered with
piperine. Materials and Methods: Resveratrol, piperine, and their combinations (20 mg/kg, oral)
were administered to rats as pre-treatments for 28 days. Myocardial infarction was induced by
giving isoproterenol (85 mg/kg) subcutaneously. Pharmacokinetic parameters were analyzed by
UFLC using rat plasma. The chromatographic separation was achieved on Eclipse plus C . Column
(25 cm x 5 cm x 4.6p) with L1 packing using mobile phase containing mixer of milli Q water
and methanol (30:70% v/v) at a flow rate of 1 mL/min. Results: The treatment group exhibited a
considerable (p<0.001) improvement in heart rate, biomarker, antioxidant, and histological
changes compared to the isoproterenol group, confirming the effectiveness of resveratrol. A
significant improvement in pharmacokinetic parameters of resveratrol was observed in plasma
samples of animals treated with a combination, as compared to those treated with resveratrol
alone. Conclusion: The combination of resveratrol and piperine significantly reduced the risk
of myocardial infarction induced by isoproterenol when compared to the group that received
resveratrol alone. This effect can be attributed to the cardioprotective potential of resveratrol and
piperine, as well as piperine's ability to enhance the oral bioavailability of resveratrol.
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Around one-third of all fatalities are caused by Cardiovascular
Disease (CVD), a significant and rapidly rising issue. New
risk factors have emerged due to changes in people's lifestyles
in developed and developing countries, increasing the risk
of cardiovascular disease.! According to the World Health
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Organization report, cardiovascular disease causes more than 30%
of all fatalities globally, making it the leading cause of mortality.
As a result, researchers are now focusing on cardiovascular
disease because it affects most of the population.?

Myocardial Infarction (MI), sometimes referred to as heart
attack, is brought on by inadequate blood flow to the heart,
which damages the heart muscle. The leading cause of death and
disability worldwide is MI.? The use of conventional medications
such as statins, beta blockers, narcotics, and ACE inhibitors to
treat MI has proven successful but not without side effects. As a
result, interest in using natural products has increased because
they may be just as effective and more tolerable.* The use of herbal
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medicines and supplements has increased tremendously over the
past few decades, and many people worldwide now rely on them.

Resveratrol (RSV) is a polyphenolic phytoalexin present in
red wine, peanuts, the skin of grapes, blueberries, raspberries,
mulberries, and blueberries reported to possess a number of
cardioprotective mechanisms, particularly anti-inflammatory,
antioxidant, and anti-fibrotic properties. RSV has cardioprotective
effects by inhibiting prohypertropic signaling molecules,
improving myocardial Ca** handling, regulating blood pressure,
and reducing oxidative stress and inflammation.®” Having all the
potential to be a potent drug with favorable physicochemical
properties (log P 3.1), the use of RSV has been limited due to
the poor oral bioavailability, which makes them unavailable in
their optimum concentration in the systemic circulation to
show therapeutic activity.® The rapid phase II metabolism of
RSV into RSV-4'-O glucuronide, RSV-3'-O-glucuronide, and
RSV-3-O-sulfate is the key reason for this. Further, the gut bacteria
metabolize RSV into dihydroresveratrol, 3,4’-dihydroxy-trans-
stilbene, 3,4'-dihydroxybibenzyl®  Consequently,
different approaches have been considered to improve its oral
bioavailability.

and

Piperine (PIP), a member of the Piperaceae family of peppers, is
found in black pepper (P, nigrum), white pepper (P alba), and long
pepper (P. longum). Recently, it has attracted much attention for its
wide range of benefits, including anti-cancer, anti-inflammatory,
anti-viral,  pesticide,  anti-depressant,  anti-Alzheimer,
cardioprotective potential and most importantly, as an oral
bioavailability enhancer. The inhibition of drug-metabolizing
enzymes, inhibition of the cell pump responsible for drug
elimination from cells, stimulation of absorption by gut amino
acid transporters, inhibition of human P-glycoprotein and
cytochrome P450 3A4 which contribute to a significant amount
of first-pass metabolism, and inhibition of intestinal production
of glucuronic acid are the mechanisms by which PIP increases
drug bioavailability.'*'! PIP could even alter the pharmacokinetic
parameters when combined with other drugs such as curcumin,"
silybin," ginsenoside,' celecoxib," quercetin,'® and emodin."”

To date, no efforts have been made to explore the collective impact
of RSV and PIP on cardioprotective functions, specifically MI. As
far as our knowledge goes, this is the first study to determine the
potential of PIP to enhance RSV's ability to prevent MI induced
by Isoproterenol (ISO). Additionally, this investigation aims to
assess the oral bioavailability of RSV when administered alone
and in conjunction with PIP.

MATERIALS AND METHODS

Materials

Pure resveratrol (98%) was obtained from Yarrow Chem
Products, Mumbai, India. Piperine (98.5%) was purchased from
Sigma Aldrich-Merck, Bengaluru, India. Biochemical kits were
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procured from Agappe Diagnostic Ltd., Bangalore, India. All
additional reagents and solvents were of analytical grade and
obtained from reputable suppliers.

Animal studies

Literatures reported that rats were suitable for assessing the cardio
protectivity of the drug. The pharmacodynamic investigations
were performed on mature male albino rats with a body weight of
175-250 g obtained from Adita Biosys Private Limited, Tumakuru
(1868/PO/RcBt/S/16/CPCSEA). At the Central Animal House of
the Institute, rats were acclimatized in polypropylene cages and
provided standardized environments (25+3°C, a 12 hr dark-light
cycle), with regular access to food and water, before studies.
The Committee for the Purpose of Control and Supervision of
Experiments on Animals (CPCSEA), Ministry of Social Justice
and Empowerment, Government of India, issued criteria that
were followed to in all experiments, which were authorized by
the Institutional Animal Ethics Committee.

Dose selection

The literature research revealed that the recommended RSV oral
dose is 20 mg/kg. The PIP was given the same amount since, in
most of the studies, the oral dose of PIP was between 5-25 mg/kg,
which could alter the drug's pharmacokinetics significantly when
co-administered.'®"

Experimental design

Five groups of six male albino rats were used. The normal control
group (I) received 1% tween-80, the toxic control group (II)
received isoproterenol (85 mg/kg subcutaneously), groups III
and IV received an oral dose of RSV and PIP (20 mg/kg each),
respectively, and group V received an oral dose of both RSV (20
mg/kg) and PIP (20 mg/kg) for 28 days (Figure 1A).

Experimental protocols

Animals received ISO for two days in a row, 24 hr after the
intervention. Each group's symptoms and death were noted
and compared to those of the rats' given ISO alone. Blood was
taken by cardiac puncture 48 hr after the first ISO dosage. Serum
was separated by centrifugation and subjected to biochemical
estimations of enzymes levels such as SGOT (Aspartate
aminotransferase), SGPT (Alanine aminotransferase), CK-MB
(Creatine Kinase Myocardial Band), CKNAC (N-acetyl-cysteine),
Alkaline Phosphatase (ALP) and Lactate Dehydrogenase (LDH).
Electrocardiographic (ECG) changes were recorded for all
the animals. Then the rats were sacrificed under anesthesia
and autopsied. The hearts from each group were removed and
weighed. Half of the isolated heart was used for the preparation
of tissue homogenate, which was subjected to analysis for
Glutathione (GSH), Thiobarbituric Acid Reactive Substances
(TBARS), Superoxide Dismutase (SOD), and catalase, and the
remaining portion was used for histopathological analysis.
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Figure 1: (A) Rats receiving treatment (RSV and PIP were orally administered via oral gavage). (B) Computerized ambulatory ECG
equipment was employed to capture the electrocardiogram signal of the mouse via electrode connection method.

Electrocardiography determination

48 hr after the first dose of ISO, ECG recordings were noted using
computerized ambulatory ECG equipment to collect the mouse's
electrocardiogram signal (electrode connection method). The
ECG leads were inserted into the front and hind legs of the
dermal layer of the animals under anesthetic conditions by
intraperitoneal administration of a combination of ketamine

hydrochloride and xylazine (Figure 1B).

Biochemical estimation

Blood samples were drawn after the animals were sacrificed.
The serum was separated by centrifugation. Separated serum
was used to estimate biochemical enzymes, ie., SGOT, SGPT,
CK-MB, CK-NAC, ALP, and LDH, using standard enzymatic kits
(Agappe Diagnostic Ltd, India).

The heart tissues were isolated, wiped clean of blood and
bodily fluids, weighed, and stored at -80°C until the analysis
was performed. During the experiment, heart samples were
homogenized using a cold buffer. The homogenate's clear
supernatant obtained after the centrifugation (10,000 rpm using
a cooling centrifuge, REMI, India) was utilized to estimate lipid
peroxidation, SOD, catalase, and GSH.

Histopathological analysis

Hearts were taken out, cleaned, weighed, and fixed in 10%
formalin. Heart slices were made for each group and stained
with hematoxylin and eosin to evaluate the tissue necrosis in
ISO-induced MI in rat heart tissues. Under a light microscope,

histopathological changes were investigated.?**'
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Impact of piperine on the pharmacokinetics of
resveratrol

Two groups of six animals each were formed from the animal
population. Group I animals were given orally with RSV (20 mg/
kg). Group II animals were given orally with RSV (20 mg/kg) and
PIP (20 mg/kg). Under partial ether anesthesia, blood samples
(0.5 mL) were taken at regular intervals over the course of 24 hr
(0,2,4,8,16,and 24 hr) and then analyzed. Immediately following
the removal of blood at each time point, normal saline (0.5 mL)
was administered intraperitoneally to prevent hypovolemia.
Plasma was separated from the blood samples by centrifuging
them at 13,000 rpm for 5 min, which were stored at -40°C for
UFLC analysis. Chromatographic development was achieved on
Shimadzu Ultra Flow Liquid Chromatography (UFLC) equipped
with a binary pump LC-20AD and Controller SPD-M20A along
with UV Detector. LC Real-time Analysis (Lab solutions) software
was utilized for data integration and post-run analysis purposes.
Chromatographic separation was taken place on Eclipse plus C
Column (25cm x 5cm x 4.6p) with L1 packing. The mobile phase
containing mixer of milli Q water and methanol (30:70% v/v) was
selected as an optimum composition for symmetrical peak (Peak
purity index 0.9999) at the flow rate of 1 mL/min. UV detection
was carried out at 306 nm and 342 nm with 30 min run time at
column temperature 25°C.*

Statistical analysis

Parameters are presented as meantstandard error, and
significance was analyzed using a One-way analysis of variance
followed by Tukey-Karmer multiple comparison tests. p<0.05
was considered statistically significant. The statistical program

utilized for data analysis was GraphPad Prism 6.01.
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RESULTS
Effect of resveratrol on electrocardiographic
parameters

MI are

disturbance

indicators for
The

alterations in the subject's ECG pattern caused by ISO can be

The most important diagnostic

electrocardiographic measurements. or
used to interpret MI. ST-segment elevation in ISO injected group
is suggestive of MI. ECG determination revealed a significant
decrease in the heart rate of ISO control compared to normal
control. Among all other groups, the combination group with

RSV-PIP was the most effective against MI (Figure 2) (Table 1).

Effect of resveratrol on enzyme and biomarkers
concentrations

Each treatment group, likely RSV, PIP, and the combination of
RSV and PIP, demonstrated a considerable recovery of enzyme
and biomarker levels compared to the ISO group. Among the
other treatment groups, the RSV and PIP combination group had
the most substantial cardioprotective effect (Table 2).

Effect on TBARS, GSH, SOD, and catalase activities

Table 3 shows the concentrations of LPO, SOD, catalase, and GSH
in normal control and experimental groups. Compared to the
normal control, the ISO group showed a higher level of LPO and
significantly decreased SOD, catalase, and GSH activity, indicating
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Figure 2: Effect on electrocardiographic parameters: (a) NC (Normal control), (b) ISO (Isoproterenol), (c) RSV (Resveratrol), (d) PIP
(Piperine), (e) RSV-PIP (Resveratrol- Piperine combination).
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Parameter Heart rate R-R (ms) P-R P-Q QT QRS (ms) ST
(bpm) (ms) (ms) (ms) (mV)
NC 363.66%0.61 204.42+0.12 60.40+0.11 35.42+0.13 113.41+0.41 66.38+0.13 0.160£0.001
ISO 484.36+£0.36*  141.42+0.10*  35.40+0.11* 16.33+0.10* 75.44£0.15* 43.31+0.10* 0.711+0.002*
RSV 454.16x1.24*  156.52+1.24*  40.68+0.12* 21.36%0.15 81.16+0.06* 50.34£0.11* 0.619+0.003°
PIP 442.50+1.64* 165.63+0.18*  41.84+0.20° 20.32+0.17° 79.19+0.06* 47.23£0.04° 0.571£0.01°
RSV-PIP 424.83+1.85® 173.97+1.03® 47.04+0.17®  25.12+0.06®  84.16+£0.06®  55.40+0.13%®  0.453+0.004%
*Data is presented as mean+SEM (n=6), p*<0.001 compared to normal control, *p< 0.001, compared to ISO control, °p<0.001 compared to RSV.
Table 2: Effect on serum cardiac marker enzymes.
Parameters SGPT SGOT CK-MB CK-NAC ALP LDH
(UL)
NC 38.88+2.74 63.14+2.36 144.18+2.92 236.41+3.83 278.32+4.64 284.84+3.34
ISO 113.1+£1.12% 216.17+1.23% 545.87+4.25* 728.81+2.36* 522.47+4.52* 1152.09+4.09*
85 mg/mL
RSV 82.95%0.78* 133.44+0.50* 333.92+4.7° 428.54+2.78° 441.34+0.52* 714.99+2.80°
PIP 95.18+1.28° 205.89+0.50* 508.33+£3.32° 605.17+1.40* 489.48+2.11* 986.94+2.77*
RSV-PIP 73.89+0.92% 108.85+1.66% 292.29+2.89% 391.12+3.21% 391.49+2.70% 540.66+2.27%
*Data is presented as mean+SEM (n=6), p*<0.001 compared to normal control, p<0.001, compared to ISO control, ®p<0.001 compared to RSV.
Table 3: Effect on LPO, GSH, SOD, and catalase activities.
Parameters LPO GSH SOD Catalase
(ng/mg of protein)
Normal control 2.07+£0.12 54.16+0.54 19.98+0.7 97.38+0.32
ISO 85 mg/kg 13.01+0.34* 6.36£0.35* 2.29+0.03* 47.08+0.47*
RSV 10.53+£0.21* 25.85£0.41° 6.13+0.45" 56.31+£0.51*
PIP 11.52+0.61° 20.09+0.75° 4.31+0.34° 52.16+0.04*
RSV-PIP 8.04+098% 32.06+0.86® 12.85+0.32%® 62.63%0.03®

Table 1: Effect on electrocardiographic parameters.

*Data is presented as mean+SEM (n=6), p*<0.001 compared to normal control, *p<0.001, compared to ISO control, p*<0.01 compared to ISO control, *p<0.001

compared to RSV.

oxidative stress and cardiac tissue damage. The activities of LPO,
antiperoxidative enzymes, and GSH were considerably recovered
in pre-treated groups (RSV, PIP, and the combination of RSV-PIP)
as compared to ISO groups. The RSV-PIP combination exhibited
the most potent effect compared to RSV alone.

Histopathological observations

In response to ischemia, the separated hearts exhibited a variety of
pathological alterations, including significant myocardial edema,
fiber separation, and disruption of striation. The histopathological
evaluations of a regular rat heart section (Group I) showed normal
sized sub-circular/central nucleus, normal cardiac muscle, normal
fibers with striations and no inflammatory cell infiltration (Figure
3a). However, we observed myocardial necrotic cell damage,
neutrophil infiltration, interstitial edema, nuclear pyknosis, and

inflammatory cells in the heart sections of ISO groups (Figure 3b).
In group III and IV (RSV and PIP) sections mild inflammation
induced by ischemia, focal aggregates in the form of neutrophil,
lymphocyte and macrophages and few scattered aggregates of
inflammatory cells were observed (Figure 3c and 3d). Compared
to the RSV group, the tissue from the RSV-PIP group (group V)
had a significant decline in the histopathological evaluations with
slight inflammation (Figure 3e). Histopathological evaluation
confirmed the restoration of cellular architecture in treatment
groups compared to the disease group.

Impact of piperine on the pharmacokinetics of
resveratrol

Compared to animals treated with pure RSV, the plasma samples
from the RSV-PIP combination group showed significantly
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Figure 3: Photomicrograph of hematoxylin and eosin (H&E) stained sectioned heart. (a) Normal group (NC) (Normal sized
nucleus, normal cardiac muscle, sub-circular/ central nucleus), (b) ISO control group (myocardial necrotic cell damage, nuclear
pyknosis, and inflammatory cells), (c) RSV group (mild inflammation induced by ischemia, focal aggregates in the form of
neutrophil, lymphocyte and macrophages, no coagulative necrosis seen.), (d) PIP group (Mild myocardial edema, few scattered
aggregates of inflammatory cells), (€) RSV-PIP group (Slight inflammation).

higher levels of RSV, as evidenced by the C.oT o and AUC total
values. Furthermore, the rats treated with RSV-PIP exhibited
lower clearance and volume of distribution of RSV compared to
those treated with RSV alone (Table 4). The pure RSV attained
maximum plasma concentration of 7.39+0.13 pug/mL at 3 hr,
whereas RSV-PIP exhibited maximum plasma concentration of
10.46+0.09 ug/mL at 3.5 hr (Figure 4). With the aid of piperine,
resveratrol bioavailability may have been improved, but piperine
also has the potential to enhance cardioprotection, which may
have contributed to the improved cardioprotective impact.
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DISCUSSION

Over the last two decades, scientists and researchers have paid
remarkable attention to the benefits of RSV. The predominant
pharmacological actions are attributed to trans-RSV, the most
common and extensively implemented isoform.”? Numerous
pharmacological studies have shown that RSV has a wide
range of physiological advantages, particularly antitumor
activity, neuroprotective effects, and
antidiabetic activity, all of which are directly related to its
antioxidant and anti-inflammatory abilities.”®

cardio protection,
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Table 4: Pharmacokinetic parameters of pure Resveratrol (RSV) and Resveratrol-Piperine mixture (RSV-PIP).

Parameters RSV

Cux (Hg/mL) 7.39+0.13
T  (h) 3

AUC total (ug/mL/h) 28.46+0.12
CL (L/h) 0.96%0.01
Vd (L/kg) 2.45+0.06

*Data is presented as mean+SEM (n=6). ** p<0.01, and *** p<0.001, when compared to RSV.
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Figure 4: Plasma concentration-time profile of RSV following administration
of RSV alone and in combination with PIP (RSV-PIP) through oral route.
Results are expressed as mean+SEM for 6 rats.

The effects of RSV in myocardial ischemia have been explained
by a few different mechanisms, including preconditioning
muscle tissue to Ischemia-Reperfusion (IR), restraint of
platelet aggregation, and expected recovery of tissue in the
infarcted region.* Lin et al. investigated the effects of RSV on
cardiac dysfunction after permanent coronary artery ligation
in Sprague-Dawley rats. They found that when RSV was given
daily intraperitoneally to rats that had had MI for four weeks,
it lowered the size of the infarct and enhanced LV systolic and
diastolic performance.” Li et al. studied the preventive effect
of RSV on myocardial ischemia and explored its potential
mechanism. They claimed that through lowering oxidative stress
and attenuating ferroptosis, RSV protects against myocardial
ischemia-reperfusion damage.”® Chen et al. reported that RSV
reduces ventricular arrhythmias and increases the survival rate
for an extended period in rats with ML* Also, RSV protects
against ISO-induced MI in rats through VEGF-B/AMPK/eNOS/

NO signaling pathway, as reported by Feng et al.®®

Despite the advantages, RSV does have some drawbacks which
restrict its use. Limitations of RSV are attributable to very low
aqueous solubility, sensitivity to degradation, which lead to
the isomerization of trans form to less active cis form, and fast
metabolism and excretion, leading to limited oral bioavailability.

International Journal of Pharmaceutical Investigation, Vol 14, Issue 1, Jan-Mar, 2024
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A variety of techniques have been used to enhance the

pharmacokinetic properties and then positive benefits of RSV.?-%!

Co-administration with bioenhancer is one such approach to
improve oral bioavailability. Several herbal substances, such
as PIP, quercetin, naringin, curcumin, and glycyrrhizin, have
been shown to enhance the drug's pharmacokinetic parameters.
Various studies on PIP have shown that it is an effective
bioenhancer that boosts the oral bioavailability of medicines with
subpar ADME properties. Also, it exhibits a synergistic effect
when given along with a particular class of drugs.'® Furthermore,
piperine has also been documented for its cardioprotective
activity. Bi et al. reported that PIP enhances the oral bioavailability
of silybin via the inhibition of efflux transporters BCRP and
MRP2."* Zhao-Hui et al. reported that PIP could improve the oral
bioavailability and immune response of ginsenoside Rh2 when
co-administered.'* However, the combined effects of RSV and
PIP on cardioprotective functions, primarily MI, have not been
studied till now. Therefore, we investigated the effect of PIP on
the cardioprotective properties of RSV in rats.

Induction of myocardial damage was done by several techniques,
such as the surgical LAD ligation method,”® infusion of
B-adrenergic agonists, and aorta banding. Yet, the incidence
of morbidity and mortality in these procedures was high.
Consequently, induction of MI by the administration of ISO was
found to be simple, rapid, and non-invasive, as reported by Wong
et al.* Therefore, we have used the ISO model to induce myocardial
damage. Being a synthetic non-selective B-adrenergic agonist
on high doses, ISO could cause calcium overload, myocardial
oxidative stress, coronary hypotension, and energy depletion by
acting on the heart's B-adrenergic receptors.”” A few additional
potential mechanisms reported are damage to the cardiac
membrane caused by high ROS production from ISO injection,
raising the level of lipid peroxidation,** high levels of inducible
NOS (Nitric Oxide Synthase), and low levels of endothelial
NOS expression lead to endothelial dysfunction, which reduces
cardiac contractility and further boosts ROS production,
leading to cardiomyocyte apoptosis,® increased cyclic adenosine
monophosphate and intracellular Ca** overload.***

ECG is the most important preliminary diagnostic tool for
the detection of MI. MI is characterized by a number of ECG
characteristics, including abnormalities in the ST segment, t-wave
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inversion, elevated heart rate, and QT interval.®® We observed
a substantial reduction (p<0.001) in R-R, P-R, Q-T interval,
and QRS complex and a significant increase (p< 0.001) in heart
rate in the rats treated with ISO (85 mg/kg) when compared to
the normal control group (Table 1). The altered ECG patterns
are attributed to the subsequent disruption of cell membrane
integrity in the ischemic heart muscle. An increase in heart
rate causes an increase in oxygen consumption, which speeds
up myocardial necrosis, as reported by Patel et al.*’ Also, ISO
administration caused elevation in the ST segment (Figure 2b),
confirming MI. Besides, we observed a protective effect with
restoring ECG abnormalities in the treatment groups (RSV and
RSV-PIP). Our results were compatible with Patel et al., as they
investigated the cardioprotective effect of melatonin against
ISO-induced MI in rats. The combination group showed the most
substantial effect compared to the pure drug.

ISO elevated the levels of specific and sensitive enzyme biomarkers
(SGOT, SGPT, ALP, and LDH) of MI in the myocardium. These
Cytosolic enzymes act as diagnostic markers. Damaged tissue
causes the leakage of these contents into the extracellular fluid,
indicating disrupted cellular function and increased permeability.
Additionally, serum CK-MB and CK-NAC activity detection are
crucial to detecting MI.** In the current research study, compared
to the control group, the serum levels of these cardiac enzyme
indicators increased substantially in the ISO group (Table 2). On
the contrary, pre-treatment with RSV, PIP, and a combination of
RSV-PIP restored the enzyme levels compared to the ISO group
indicating its protective action against MI. Thus, our biochemical
evaluation proved that RSV, PIP, and RSV-PIP combination
might keep membranes intact, preventing the release of these
enzymes. The combination of RSV and PIP had a significant
impact. The results are consistent with those of an earlier
investigation of hydroalcoholic extract of Brazilian red propolis
against ISO-induced MI in rats.?

The degree of Lipid Peroxidation (LPO) is enhanced by the
polyunsaturated fatty acids in the myocardium being peroxided
by the increased ROS production brought on by auto-oxidation as
a result of ISO administration. An elevated level of LPO (TBARS)
indicates the myocardium's oxidative damage affecting the
membrane function and integrity and reducing the antioxidant
defense system's activity.*"** Present study findings reveal that
LPO levels in the heart tissue have increased significantly in the
ISO groups compared to NC, possibly due to the unrecoverable
cardiac membrane damage seen during myocardial infarction.
Nevertheless, treatment groups considerably reduced the levels of
lipid peroxides in ISO-induced rats and provided some protection
to the heart tissue, probably due to the ability of RSV to neutralize
free radicals.

One of the potential molecular pathways by which ISO damages
the myocardium is the accumulation of lipid peroxides and
the formation of free radicals. Antioxidant defense enzymes
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(SOD and Catalase) and GSH provide the first line of defense
by decomposing hydrogen peroxide (H,0,) and superoxide
(O,) radicals before they combine to produce the more reactive
hydroxyl radical (OH) and protecting the myocardial cell from
oxidative stress.” The fact that the quantities of these enzymes in
the cardiac tissue are decreased provides additional evidence that
oxidative stress causes heart injury. Our research study observed
a significant decrease in SOD, Catalase, and GSH levels in the
heart tissues of the ISO-administered animal group compared to
the NC (Table 3). This may be due to the increased formation
of ROS, reducing the activities of these enzymes.* Overall,
pre-treatment with RSV, PIP, and RSV-PIP resulted in restoration
of SOD, catalase, and GSH levels, which mitigated ROS-induced
oxidative stress when compared to the ISO group.

Histopathological results confirmed the biochemical findings.
The myocardial cell membranes of normal control groups were
clearly intact, and there was no inflammatory cell infiltration
in the cardiac tissues, which revealed normal cardiac muscle
fibers. However, the heart tissues of rats that had only received
ISO exhibited significant myocyte death, inflammatory cell
infiltration, and extensive cardiac fiber disconnection. The animal
groups pre-treated with the combination of RSV-PIP exhibited
almost normal heart morphology, with only slight inflammation,
which suggests the synergistic activity of RSV and PIP. Moreover,
this effect may also be attributed to the enhanced bioavailability
of RSV resulting

RSV undergoes extensive metabolism through glucuronidation
and sulfation. However, some studies suggest that PIP can prevent
the glucuronidation of certain polyphenolic antioxidants.* In our
study, we observed that PIP increased both the C_ and T _ of
RSV (Figure 4). Overall, our pharmacokinetic results demonstrate
that co-administration of PIP enhanced the oral bioavailability of
RSV by preventing its extensive metabolism (Table 4) from the
co-administration of PIP (Figure 3).

The improved cardioprotective effect may not be only because
of the improved bioavailability of resveratrol with the help of
piperine, but also due to the cardioprotective potential of piperine
too.

CONCLUSION

The study findings provide enough evidence from ECG,
biochemical estimation, and histopathological results that
subcutaneous administration of ISO causes MI in rats. The
present study also offered experimental proof that RSV restored
antioxidant enzyme levels with enhanced cardiac performance.
Since oxidative stress has been recognized for a long time to be
involved in the pathophysiology of cardiac injury, this finding may
provide scientific evidence for the therapeutic benefits of RSV in
cardio protection. Along with the cardioprotective potential of
RSV and PIP, and PIP's ability to enhance the oral bioavailability
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of RSV, a significant cardioprotective effect was observed, which
was greater than that of RSV alone.
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dismutase; TBARS: Thiobarbituric acid reactive substances; LDH:
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SUMMARY

In our study, resveratrol and piperine were combined to enhance
myocardial potency in rats. We have explored their synergistic
effects on heart health, focusing on cardiovascular disease. The
results demonstrated significant improvements in heart rate,
biomarkers, antioxidants, and tissue structure, showcasing the
efficacy of resveratrol. Additionally, the combination exhibited
enhanced pharmacokinetic behavior in plasma samples, with
piperine improving the bioavailability of resveratrol. Overall, our
study highlights a promising approach to mitigate myocardial
infarction risk through the combined benefits of resveratrol and
piperine.
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