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Cardiovascular diseases (CVDs) are a significant health burden with an ever-increasing prevalence. They remain the leading
causes of morbidity and mortality worldwide. Contemporary medicine has been used to take care of myocardial infarction
(MI), a subset of CVDs, and have been relatively successful but not without adverse effects. As a result, this question has
stimulated interest in the use of natural products, which may be equally effective and better tolerated. Therefore, this
study aims to analyze the cardioprotective effect of partially purified phenolic fraction derived from Kedrostis foetidissima
leaves (PFK) on isoproterenol (ISO) induced MI in male Wistar rats. Animals pretreated with different doses of PFK
(50 and 100 mg/kg body weight) and a-tocopherol for 45 days were subjected to subcutaneous ISO injection (20 mg/kg body
weight) for two consecutive days to induce MI. Heart tissue and serum of the sacrificed rats were used for assay of hs-CRP,
homocysteine, NF-kB, IL-6, TNF-a. levels, and lysosomal enzymatic activities (-glucuronidase, f-N-acetylglucosaminidase,
cathepsin-B & D, and B-galactosidase) to evaluate cardiac damage. The results obtained from this study confirms the
severe [SO-induced cardiac cell damage in terms of rapidly increased lysosomal enzyme concentration (B-glucuronidase,
[B-N-acetylglucosaminidase, 3-galactosidase), raised hsCRP, homocysteine, NF-kB, IL-6, and TNF-o. levels, and reduced
activity of the B-glucuronidase and cathepsin-D lysosomal enzymes versus the normal rats. Contrarily, the experimental
rats pretreated with PFK had a significantly altered lysosomal enzyme activity, reduced hsCRP, homocysteine, NF-kB,
IL-6, and TNF-o. level when compared to MI control rats. In conclusion, this study revealed that the PFK play a cardio
protective role by regenerating the cardiac defence system against ISO induced cardiac damage.
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are subjected to a prolonged ischemic insult resulting
in necrosis, commonly referred to as acute MI (Boarescu

et al., 2019).

Cardiovascular disease (CVD) is an important cause
of mortality and morbidity both in developed and
developing countries. A major form of CVD is myocardial
infarction (MI), which is commonly encountered as
a silent infarct owing to its detection well late in the
disease progression. When the homeostasis between the
blood supply to the cardiac vessels and the requirement
of the cardiac tissue is disturbed, the cardiomyocytes
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With a recent change in lifestyle and predisposition to
co-morbidities, the incidence of MI has been reported
in the young and increasing with age in the middle
and older age groups, affecting both men and women
(Sangeethadevi et al., 2020). The reduced blood flow to
the heart results in a shortage of oxygen to the cardiac
muscles, which if left untreated results in irreversible
necrotic damage to the myocardium. In most cases, the
heart attack is silent, no obvious symptoms of pain and



usually has a sudden acute onset (Hoffman and Buckberg
2014; Virani et al., 2020).

Oxidative stress is the most important of all the
causative factors in inducing MI by generating highly
toxic free-radicals that cause a wide array of metabolic
changes and myocardium dysfunction (Sammeturi et
al., 2020). Additionally, it destroys the bio molecules
(carbohydrates, lipid, proteins, and nucleic acids) and
interrupts their interaction with each other leading to
cell death (Jansy et al., 2021). Conventional synthetic
drugs have been quite successful in the treatment of CVD,
but the side effects of prolonged use pose a challenge,
necessitating the need for alternative sources like drugs
of natural origin (Shaito et al., 2020). Isoproterenol
(ISO) is an artificially synthesized catecholamine and a
B-adrenergic agonist, if used in large doses can induce
cellular damage to the myocardial membrane (Procaccini
et al., 2019; Shaito et al., 2020).

Experimental rats when injected with ISO underwent
hypoxia, hypertension, increased formation of free
radicals and calcium overload (Pavithra et al., 2020;
Sangeethadevi et al., 2020). A probable reported
mechanism of this ISO-induced cardiac damage is
the production of highly toxic free-radicals by auto-
oxidation of catecholamines. This excess oxidative stress
damages the structural integrity of the cardiac tissue,
besides a progressive decline in the function of several
antioxidants and an increase in the lipid peroxidation
products. Henceforth, irreversible damage of the heart
tissues sets in (Alam et al., 2018; Sangeethadevi et al.,
2021). Medicinal plants are comparatively cost effective
and are since considered as a better alternative to synthetic
drugs owing to their cardioprotective properties. They
provide nutritional substances, mainly phytochemicals,
that are potentially restorative and help maintain a
balanced body system. Antioxidant compounds derived
from plant sources act as free radical scavengers,
protecting the body by delaying or inhibiting the free
radical induced cellular damage (Swapna et al., 2020).
A variety of free radical neutralizing antioxidants are
found in various dietary sources like fruits, vegetables,
and fresh leaf vegetables, etc (Uddandrao et al., 2019;
Kalaivani et al., 2020).

Many researchers have also reported the biological role
of phytoconstituents in ameliorating cardiotoxicity
(Alam et al., 2018; Parim et al., 2019). Besides, plant
derived phenolic compounds are reported to inhibit
the auto oxidation of lipid molecules which limits the
formation of low density oxidized lipoproteins, thereby
impeding further cardiovascular damage (Cosme et
al., 2020). Recently, a group of phenolic compounds,
known as polyphenols, have come to light because
of their biological activity, especially the antioxidant
and free radical scavenging properties (Khan et al.,
2019). Kedrostis foetidissima, an annual herb of the
Cucurbitaceae family, is traditionally used by inhabitants
of the Asian and African countries to prevent and cure
diseases, besides serving as a dietary component.

Previously, reported that K. foetidissima has a high
amount of antioxidant properties and cardioprotective
efficacy (Pavithra et al., 2020). However, to the best
of our knowledge, the effect of K. foetidissima as a
cardioprotective agent on hsCRP, membrane damage,
and inflammatory mechanism in MI is yet to be studied.
Hence, the present research aims to study this effect of
the partially-purified phenolic fraction of K. foetidissima
leaves (PFK) on cellular and serum indicators of cardiac
tissue damage in male Wistar rats with ISO-induced
ML

For the preparation of PFK, the ethyl acetate fraction
of methanolic leaf extract of K. foetidissima leaves
were subjected to fractionation in silica gel column
chromatography using ethyl-acetate and methanol as
solvent (the procedure has been described in an earlier
report by Pavithra et al., 2020). Male albino Wistar rats
(weight - 150-180g) were used in the study obtained
from the Nandha College of Pharmacy, Erode, Tamilnadu,
India. All experimental animals were kept under
standard laboratory conditions and fed with permitted
commercial food and water adlibitum. The experiments
of this study was carried out as per the procedures of
animal ethical committee constituted by the Nandha
College of Pharmacy, Erode, Tamilnadu, India and the
study approval number is NCP/IAEC/2018-19/14. For the
experimental design, the procured 30 male Wistar rats
were divided into five groups of six rats each.

Group I: Normal control Group II: MI untreated control
Group III: Albino Wistar rats treated with oral dose-I of
PFK (50mg/kg BW) (Pavithra et al. 2020) for 45 days and
isoproterenol (20 mg/100g BW) (Saravanan et al., 2013)
administered subcutaneously twice at an interval of
24hours. Group IV: Albino Wistar rats treated with oral
dose-II of PFK (100mg/kg BW) (Pavithra et al. 2020) for
45 days and isoproterenol (20 mg/100g¢ BW) administered
subcutaneously twice at an interval of 24 hours.Group
V: a-tocopherol as standard for 45 days (60 mg/kg b.w)
(Saravanan et al., 2013) and isoproterenol (20 mg/100g
BW) administered subcutaneously twice at an interval
of 24 hours. After 45 days of treatment, all the animals
were sacrificed under light ether anaesthesia by cervical
decapitation. Heart tissues were dissected, and blood
was collected for plasma separation. For the estimation
of hsCRP and homocysteine, the plasma was used to
assay the hsCRP. The standard chemiluminescence
immunoassay kit (Roche Diagnostics, Switzerland)
was used for assaying plasma hsCRP levels. While the
Microtiter Plate Assay package (Diazyme Laboratories)
was employed for estimating the plasma homocysteine
concentration.

For the evaluation of serum inflammatory cytokines,
the serum levels of inflammatory cytokines such as
nuclear factor kappa B (NF-kB), tumor necrosis factor
alpha (TNF-o), and interleukin-6 (IL-6) were measured
as per standard protocols (Signosis Inc., Santa Clara, CA,
USA). For the assay of lysosomal enzyme, the lysosomal
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enzyme activity, namely B-glucuronidase, B-N-acetyl
glucosaminidase, and B-galactosidase, were estimated
using the methods described by Kawai and Anno (1971),
Moore and Morris (1982) and Conchie et al (1959)
respectively. One contrary, as per the procedure by Barret
(1980) and Sapolsky et al., (1973) the Cathepsin-B and
D lysosomal enzymes were assessed. For the statistical
analysis, all data were analyzed using SPSS version
10.0. Besides the descriptive analysis, the five groups
were compared for hypothesis testing using a one-way
analysis of variance (ANOVA), followed by the least
significance test (LSD) in case of significant results.
p <0.05 was considered significant for all data
(o= 59%).

RESULTS AND DISCUSSION

In this study, we made an attempt to observe the effect
of the medicinal plant extract, PFK, as a cardio protective
agent against ISO-induced cardio toxicity leading to MI.
CRP, known as hsCRP, is an acute-phase protein and
an important inflammatory marker, often increased in
case of tissue damage and infection contributing to the
major process of coagulation. The association between
the size of the infarct in an acute MI and the level of
circulating hsCRP is a well-established fact (Saravanan
and Ponmurugan 2012; Zhong et al., 2013), suggesting
hsCRP to be a reliable indicator for diagnosing underlying
coronary artery damage in addition to the myocardial
necrosis (Saravanan and Ponmurugan 2012; Carrero
et al., 2019). In this study, we found that a significant
(p<0.05) increase in the plasma hsCRP levels in the rats
injected with ISO to induce MI when compared to normal
control rats (Fig 1).

Figure 1: Effect of PFK on hs-CRP levels of control and ISO
treated rats. Values are mean + SD, n = 6, * Significantly
(p < 0.05) different from normal control, *Significantly
(p<0.05) different from MI untreated.
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Whereas, on comparing groups with the 1SO-induced
MI, near normal levels of plasma hsCRP were obtained
in rats pretreated with PFK than the rats receiving ISO
injections only. These findings are further reinforced by
studies that point to a direct correlation between hsCRP
and acute MI in humans (Badiger et al., 2014; Carrero et
al., 2019). Furthermore, serum hsCRP level is not merely
an indicator of the extent of tissue damage following
an MI, but also responsible for the development of the

Pavithra et al.,

irreversible necrosis of the myocardium (Reindl et al.
2020). This also suggests that elevated serum levels may
be influenced by the size of the myocardial infarct (Zhong
et al. 2013; Lucci et al. 2020). The induction of MI by
subcutaneous ISO injection used in this study caused
injury to the cardiomyocytes, initiating an inflammatory
response. This tissue damage produced intramyocardial
haemorrhage and pericarditis because of the gradual
leakage of blood into the pericardial space. The local
inflammation in the heart increases the production of
proinflammatory mediators leading to a continuous
marked rise in CRP levels in the blood (Sammeturi et
al. 2020).

However, the results of the present study show that the
orally administered PFK significantly reduced these
plasma hsCRP levels in the rats with ISO-induced
cardiotoxicity. A possible explanation is the inhibition
of the platelet mediated inflammation leading to a
reduction in the release of proinflammatory mediators
(Chen et al., 2020). Hyper-homocysteinemia, a
phenomenon associated with the early development of
heart and blood vessel disease (Babu et al., 2015). The
key features include the production of free radicals,
lipid peroxidation of the polyunsaturated fatty acids
bound to the cell membrane, monocytic production
of interleukins, and up-regulation of the vascular cell
adhesion molecules, which encourage the development
of atherosclerosis (Shahzad et al., 2019; Jansy et al.,
2021). The changes in homocysteine levels due to PFK
administration has been described in figure 2.

Figure 2: Effect of PFK on homocysteine levels of control
and ISO treated rats. Values are mean + SD, n = 6,?
Significantly (p<0.05) different from normal control,
bSignificantly (p < 0.05) different from MI untreated.
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In the experimental rats, the introduction of ISO caused
a significant increase in plasma levels of homocysteine
compared with control rats (p<0.05). Alternately, these
changes in ISO-injected rats were reversed as a result
of the prior administration of PFK and a-tocopherol. In
the present study, the elevated homocysteine is due to
an imbalance in the dietary methionine that contributed
to the development of atherosclerosis. The available
literature supports the use of highly lipotropic molecules
(cerivastatin and fluvastatin) to reduce the risk of CVD
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and the likelihood of formation of atherosclerotic
plaque, the proposed mechanism for which are non-lipid
pathways like a reduced expression of interleukins (Boren
et al., 2020; Jansy et al., 2021).

Figure 3: Effect of PFK on the protein levels of (A) NF-kB,
(B) IL-6 and (C) TNF-o levels in serum of control and ISO
treated rats. Values are mean + SD, n = 6, *Significantly
(p<0.05) different from normal control, "Significantly
(p<0.05) different from MI untreated.
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PFK contained more phenolic compounds with high
lipotropic properties, which can easily pass through
the smooth muscle cell membrane of the vessels,
thus limiting the production of both homocysteine
and interleukin. The recent evidence supports the
association between lipid metabolism in the body and
the inflammatory process (Uddandrao et al., 2020).
Strikingly, hyperlipidemia which is the major pathogenic
process underlying the development of atherosclerotic
plaque in the blood vessels has been found to inhibit
the acute inflammatory response. Additionally, adipose
cells produce inflammatory cytokines which are known
contributors to a host of metabolic disorders including MI.
These findings led to the use of circulating inflammatory
proteins CRP, TNF-o and IL-6 as markers to predict an
impending cardiovascular adverse event (Carrero et
al. 2019; Sammeturi et al., 2020; Hamad et al., 2020).
The effect of PFK administration on the inflammatory
markers (NF-kB, IL-6, and TNF-o) has been illustrated
in figure 3A-C.

Table 1. Effect of PFK on the activities of lysosomal hydrolases in serum

of experimentally induced myocardial infarcted rats

Groups B-glucuronidase B-N-acetyl

(pmol of p- | glucosaminidase (pmol
nitrophenol of p-nitrophenol
liberated/h/ liberated/h

mg protein) /mg protein)

Normal control 12.60+0.78 8.567+0.6
MI untreated 19.65++2.38 20.88+1.48a
1SO + PFK 50 16.65+0.96b 12.45+0.73b
ISO + PFK 100 15.66+1.1b 11.65+0.45b
ISO+

o-tocopherol 15.6+0.73" 11.42+0.55°

Values are mean + SD, n = 6.
Significantly (P<0.05) different from normal control
bSignificantly (P<0.05) different from MI untreated

A statistically significant increase (p<0.05) in
the NF-kB (Fig. 3A), IL-6 (Fig. 3B), and TNF-o
(Fig. 3C) was seen in the rats injected with ISO versus
the control rats. However, these levels were significantly
low (p<0.05) in the PFK pre-treated rats when compared
to those who were administered only ISO (Sammeturi
et al., 2020; Hamad et al., 2020). IL-6 is a fundamental
inflammatory mediator that induces the production of
hsCRP in the hepatic tissue. Many metabolic disorders
with an inflammatory component, including acute M,
are often precipitated by hyperlipidemia leading to
greater expression of pro-inflammatory genes, such as
IL-6 and TNF-o (Sammeturi et al., 2020). The results of
the present study concur with these findings, evident
from the changes in transcription factors such as NF-kB
and a boost in the production of the pro-inflammatory
factors IL-6 and TNF- o, which is closely linked with the
steatotic and inflammatory responses found in coronary
heart disease. Usually, in a dormant cell, the cytoplasmic

B-galactosidase Cathepsin-B Cathepsin-D

(pmol of p- (pmol of p- (pmol of tyrosine
nitrophenol nitrophenol liberated/h/
liberated/h/mg | liberated/h/100 | 100 mg protein)

protein) mg protein)

10.6+0.81 15.64+0.47 15.98+0.77
17.87+0.81* 17.81+1.41a 27.89+1.69
13.58+0.88" 16.23+0.52b 19.67+0.7
13.52+1.02° 16.19+0.39b 19.31+1.08
13.28+0.41° 16.11+0.32° 17.68+1.13

protein, inhibitory kappa B (IkB), checks the expression
of the NF-kB factor (Chen et al., 2014; Albensi 2019).

Whereas, upon activation, NF-kB translocates into the
nucleus up regulate the gene expression of various pro-
inflammatory cytokines (Uddandrao et al. 2019; Jansy et
al. 2021). Our results add to this knowledge as the serum
IL-6 and TNF levels increased in the ISO-intoxicated
rats, signifying an acute inflammatory process; this
is in line with results reported by Sangeethadevi et al.
(2021). Whereas, the rats treated with the experimental
drugs, PFK had lower levels of IL-6 TNF-o. and NF-kB,
reinforcing the role of PFK in limiting the inflammatory
process (Sangeethadevi et al., 2021). A great emphasis
has been laid on the lysosomal alterations occurring
concurrently with ischemic or hypoxic damage to
muscle cells. Lysosomes are the cell organelles in
the animal cell responsible for intracellular digestion
of cell components by the processes of autophagy,
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heterophagy, and endocytosis. The typical sequences of
vacuole formation, lysosomal disruption, and spread of
the lysosomal enzymes in the cell have reportedly been
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observed in the case of cardiac ischemia (Nirmala and
Pandian 2015; Chi et al., 2020).

Table 2. Effect of PFK on the activities of lysosomal hydrolases in

heart of experimentally induced myocardial infarcted rats

Groups B-glucuronidase B-N-acetyl
(pmol of p- glucosaminidase (pmol
nitrophenol of p-nitrophenol
liberated/h/ liberated/h

mg protein) /mg protein)

Normal control 16.24+1.57 14.37+0.81
MI untreated 28.73+3.3% 26.55+2.24*
ISO + PFK 50 20.31+1.42° 16.17+0.69°
ISO + PFK 100 18.96+3.07° 15.71+1.06"
1SO+

o-tocopherol 19.80+0.82° 15.51+0.78"

Values are mean + SD, n = 6.
Significantly (P<0.05) different from Normal control
bSignificantly (P<0.05) different from MI untreated

B-galactosidase Cathepsin-B Cathepsin-D

(pmol of p- (pmol of p- (pmol of tyrosine
nitrophenol nitrophenol liberated/h/
liberated/h/mg | liberated/h/100 | 100 mg protein)
protein) mg protein)
46.75+4.63 11.37+0.51 10.61+1.15
81.29+3.19° 20.23+0.69* 19.38+1.31*
59.74+7.39° 14.63+0.67° 12.90+1.15°
58.46+5.69" 14.14+0.61b 12.16+0.85"
56.79+6.18" 14.03+0.7° 11.54+0.66"

Table 3. Effect of PFK on the activity of B-glucuronidase and Cathepsin-D
in lysosomal and cytosolic fractions of the heart in normal and experimentally

induced myocardial infarcted rats

B-glucuronidase
(pmol of p-nitrophenol

Cathepsin-D
(pmol of tyrosine

Groups liberated/h/mg protein) | liberated/h/100 mg protein)
Normal control Lysosomal 15.23+2.7 27.87+2.56
Cytosol 20.18+1.58 21.93+1.71
MI untreated Lysosomal 9.05+0.46" 10.45+1.51°
Cytosol 30.43+3.3% 32.50+3.26°
ISO + PFK 50 Lysosomal 11.30+0.87° 19.03+2.86"
Cytosol 23.75+1.33° 20.14+1.14°
ISO + PFK 100 Lysosomal 12.82+1.54° 20.80+1.71°
Cytosol 23.57+1.82° 19.79+2.71°
ISO+ Lysosomal 13.20+1.57° 23.42+2.59°
o-tocopherol Cytosol 22.35+1.45P 19.44+0.79°

Values are mean + SD, n = 6.

aSignificantly (P<0.05) different from normal control
bSignificantly (P<0.05) different from MI untreated

Besides this, lysosomes also aid in the cellular secretion
and transport process (Bonam et al., 2019). On the other
hand, the activity of various lysosomal enzymes was
significantly increased (p<0.05) as evident from the
serum and cardiac tissue assays of rats treated with
ISO versus the normal control rats. Conversely, the
experimental drugs (PFK and o-tocopherol) when orally
given, significantly reduced (p<0.05) the serum (Table
1) and cardiac tissue (Table 2) activity of these enzymes
in ISO-injected rats pretreated with PFK versus only

ISO-injected rats (Bonam et al., 2019). Acid hydrolases
located in the myocardial cells, along with the lysosomal
and cytosolic enzymes are responsible for the myocardial
injury and cell death in the state of ischemia (Prince
and Hemalatha 2018; Mishra et al., 2019). Similarly,
in this study, enhanced activity of the lysosomal
enzymes, both in serum and heart tissue was observed
in the ISO-intoxicated rats. The lysosomal membrane
is a potential site of an attack by free radicals because
of its lipid moiety. This phospholipid rich membrane
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loses its stability leading to the release of lysosomal
enzymes within the cell, that are capable of progressively
damaging the cardiac cells, progressing from a reversible
ischemic injury to irreversible cardiomyocyte necrosis
(Akila et al., 2017; Chi et al., 2020).

On the other hand, B-glucuronidase and cathepsin-D
activity significantly reduced (p<0.05) in the lysosomal
fraction of the heart of rats with ISO-induced cardiotoxicity
when compared to normal control rats. Also, the cytosolic
fraction of these enzymes increased considerably
(p<0.05) in rats with 1SO-induced cardiotoxicity versus
normal control rats. Conversely, pretreatment with PFK
and o-tocopherol to the rats subjected to ISO-induced
MI showed a significant increase in the lysosomal
fraction (p<0.05) and a decrease in the cytosolic fraction
(p<0.05) of the heart (Table 3) (Akila et al., 2017; Chi
et al., 2020).

We observed significantly lower levels of B-glucuronidase
and cathepsin-D in the lysosomal fractions of the ISO-
intoxicated rats as compared to normal control rats.
This reduced activity confirms the aforementioned
mechanism of abnormal release of lysosomal enzymes
into the cell leading to cell death in the myocardium
(Akila et al., 2017; Trivedi et al., 2020). Administration
of PFK significantly altered the concentration of these
enzymes in the cardiac tissues of the ISO-intoxicated
rats. A probable explanation could be the inhibition of
cellular peroxidation or preventing the iron catalyzed
oxidative reactions, which lead to peroxidation of
cellular membranes. This leads to a stabilization of
the lysosomal membrane, thus avoiding the leakage of
lysosomal contents (Prince and Hemalatha 2018; Lopez
et al., 2020).

CONCLUSION

The findings of the present study reveal that pretreatment
of rats with PFK had a significant protective role against
the ISO-induced MI by maintaining the levels of hsCRP,
TNF-0, IL-6, NF-kB and lysosomal enzymes activities
in both serum and heart tissues. This effect may be
attributed to the anti-lipoperoxidative and antioxidant
properties of phenolic compounds in the partially purified
fraction. Based on these results, it can be concluded that
PFK may be used as potential source in the management
of CVD.
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