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Background: Ayurdvedic derived medicines are most promising and effective in the treatment of several
cardiovascular diseases. Cocculus hirsutus (CH) has been reported for broad spectrum of activities like
anticancer, antidiabetic, antioxidant, cardiotonic and hypotensive etc.
Objectives: The present study aimed to find the cardio-protective effect of CH in experimental hyper-
tension in rats.
Materials and methods: For acute renal hypertension, CH animals were pre-treated with CH-1 (250 mg/
kg) and CH-2 (500 mg/kg) p. o. for 14 days. On the 15th day, hypertension was induced by renal occlusion
and the mean arterial blood pressure (MABP) was recorded. For CAL pretreatment of CH-1 and CH-2 was
given for 7 days on the 8th day animals were operated on for ligation. The MABP and the time of onset of
ventricular tachycardia (VT), premature ventricular systole (PVS) were recorded. For induction of hy-
percholesterolemia, animals were fed with a high cholesterol diet (CD) with CH-1 and CH-2 for 21 days.
The antioxidant potential of CH was done using the assay of superoxide dismutase (SOD), catalase (CAT),
glutathione (GSH), and glutathione peroxidase (GPx).
Results: CH treatment significantly decreases the MABP, the onset of VT and PVS. The histology show
intact cardiac muscle with minimum necrosis and inflammation. CH treatment shows significant
decrease in cholesterol, triglycerides, and glucose while HDL levels are significantly increased. The aortic
section of CH-treated animals shows the intact layers of the artery, normal thickness and restoration of
antioxidant enzymatic activity.
Conclusion: The study shows significant cardio protective effect of CH in experimental animals.
© 2022 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences
and Technology and World Ayurveda Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Plant-derived medicines have a significant role in the treatment
of several life-threatening diseases including diabetes, cancer, car-
diovascular diseases, arthritis, etc [1]. Currently, researchers are
keenly interested in herbal medicines for their potent clinical ap-
plications [2]. Ayurveda has advocated several benefits of Cocculus
hirsutus. CH (L.) (Menispermaceae) is a perennial creeper widely
distributed in Asia and Africa, certainly in tropical and subtropical
zones [3]. CH is being used traditionally in several countries as a
folk remedy for different health issues. Ethnic people from South
Asia use CH leaf paste for its head-cooling effect [3]. To relieve heat,
the plant juice is blended with some mineral oil and applied to the
body [4]. The plant juice is rubbed into the navel region to relieve
abdominal discomfort and bloody feces [5]. Plant juice is used for
isciplinary Health Sciences and Technology and World Ayurveda Foundation. This is
nses/by-nc-nd/4.0/).

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:gunjeshiv@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaim.2022.100652&domain=pdf
www.sciencedirect.com/science/journal/09759476
http://elsevier.com/locate/jaim
https://doi.org/10.1016/j.jaim.2022.100652
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jaim.2022.100652


S.M. Gunjegaonkar, V.R. Khakal, A.A. Joshi et al. Journal of Ayurveda and Integrative Medicine 13 (2022) 100652
skin diseases and urine disorders [3]. Leaves are also used in the
management of leucorrhoea, fever, and acute gonorrhea [3,4].
Leaves and stems are used for conjunctivitis and other eye-related
disorders [6]. The stem is used for stomach disorders, dysentery,
diarrhea, etc. It is also useful as a hypotensive, cardiotonic, and
spasmolytic agent [6,7]. The current scientific literature advocates
the hepatoprotective activity of CH leaf aqueous extract against bile
duct ligation-induced liver necrosis [3,8]. In view of activities of CH
reported in ayurvedic literature current study was carried out to
investigate cardio-protective effect in experimental animals. Car-
dioprotective activities can be studied using validated experimental
animals models. Goldblatt's pioneering work in 1934 established
the first experimental animal (dogs) model of one-sided occlusion
of the renal artery (2K1C model) [9], which was later replicated in
rats and rabbits [10]. In animals like rats, rabbits, dogs, pigs, mon-
keys, and mice, partial blockage of the renal artery causes a sig-
nificant increase in hypertension [10]. The studies advocated that
rats develop experimental hypertension more easily than other
animals by clipping and diet methods [9,10]. Clipping of the renal
artery usually causes endothelial dysfunction, cardiac hypertrophy,
and an associated increase in blood pressure [9]. Myocardial
infarction (MI) can be induced in experimental animals to screen
for the potential effect of the investigational compound. CAL has
been shown in studies to induce MI and associated pathological
changes in rats, which are similar to clinical MI caused by coronary
artery occlusion [11]. The CAL leads to ventricular remodeling
resulting in infarction expansion followed by the hypertrophy
process. The main indicators used to assess MI are the transverse
area of the cardiac myocyte directly related to the degree of cardiac
hypertrophy [12]. Existing studies and data show that diet-induced
hyperlipidemia develops coronary atherosclerosis and interferes
with cardiac functioning. The induction of hyperlipidemia and
associated cardiovascular complications can be studied using
experimental animals [13]. Administration of high CD leads to
hyperlipidemia characterized by raised levels cholesterol, tri-
glycerides, and phospholipids. Hypercholesterolemia is a common
complication of impaired or faulty clearance, as well as the liver's
uncontrolled production of very low-density lipoprotein (VLDL)
and low-density lipoprotein (LDL). Atherosclerosis leads to car-
diovascular diseases, such as coronary heart disease [9e11]. The
current pharmacotherapy of cardiovascular diseases mainly con-
sists of calcium channel blockers, angiotensin converting enzyme
inhibitors, statins, angiotensin receptor blockers, diuretics, b-
blockers, etc. Chronic consumption of these drugs is associated
with altered cardiac cell physiology and rhythm, palpitation, hy-
potension, disturbed electrolyte imbalance, lipid profile, etc. Given
the limitations of current cardiovascular disease pharmacotherapy,
there is a need to seek out promising alternatives withminimal side
effects and maximum therapeutic potential. From all this back-
ground knowledge, the present investigation aimed to demonstrate
the potential CH effect against acute renal hypertension, CAL, and
hypercholesterolemia-induced cardiovascular changes in experi-
mental animals and illustrate the possible underlying mechanism.
2. Materials and methods

2.1. Experimental animals

Biogen, Attibele, Bangalore, provided male Wistar rats weighing
250e400 g (110 numbers). Animals were kept in polypropylene
cages in the standard laboratory conditions (25 �C ± 2 �C). The cycle
of light and dark was maintained during the study. Pellet food and
water were freely available to the animals. Prior permission was
taken for animal experimentation from Institutional Animal Ethical
2

Committee (IAEC) of Nargund College of Pharmacy, Bangalore
(IAEC/NCP/11/10).

2.2. Plant material

The plant, C. hirsutus (CH), was collected from the manganhalli
hilly region of Bangalore. Dr. Shiddamallayya N. of the National
Ayurveda Dietetics Research Institute in Bangalore certified the
plant material. (SMPU/NADRI/BNG/2010-11/512).

2.3. Extraction methodology

About 1 kg of air-dried CH leaves were crushed and defatted
with petroleum ether for 8 h in the soxhlet apparatus. Following
filtering, the residue was extracted using the soxhlet apparatus
with a series of solvents: petroleum ether, chloroform, ethanol, and
methanol (40 cycles each). The leftover marc was macerated for
seven days to yield the aqueous extract. The mixture was evapo-
rated at 60e70 �C under reduced pressure in a rotary evaporator.
The manufactured product was allowed to air dry before being
stored in a sealed container. In comparison to the dry starting
material, the extract yield was 20%.

2.4. Preliminary phytochemical investigation

The preliminary phytochemical investigation of CH was carried
out for secondary metabolites such as tannins, saponins, sterols,
triterpenes, alkaloids, flavonoids, protein/amino acids, carbohy-
drates and glycosides etc.

2.5. Chemicals

The reagents and chemicals utilized in the experiments were of
analytical grade and high purity. Cholesterol (SD fine-chem. Ltd),
Cholic acid (LobaChemie Pvt. Ltd.), atorvastatin, and heparin vials
(Sigma Life Science) (Gland Pharma Pvt. Ltd.) was used for the
current study.

2.6. Acute oral toxicity study

An acute oral toxicity study for CH was performed according to
Organization for Economic Co-operation and Development (OECD)
guidelines - 423. Albino Wistar rats weighing between 150 and
200 gms were selected by a random sampling method. Each group
had 6 animals andwas kept fasted for 12 hwith free access towater
only. After fasting period animals were administrated orally with
test extract at a dose of 1000, 2000, 3000, 4000, and 5000 mg/kg.
The mortality, behavioral changes, and normalized intake of food
and water were monitored for the next 74 h [14].

2.7. Acute renal hypertension

The animals were anesthetized by IP injection of 1.25 gm/kg
urethane and then operated to clip a bull-dog clamp (B-Martin) on
the left renal artery, as described previously [15,16]. The renal ar-
tery was occluded for 3e4 h. The trachea was cannulated to a
mechanical ventilator to provide artificial respiration (MQ
232INCO). A pressure transducer was fitted to a cannula in the left
carotid artery to monitor systolic and diastolic blood pressure (T-
301, Pt-2655). An external right jugular vein was cannulated to
administer the CH i.v. (25 and 50 mg/kg). Cannulae were filled with
heparinized saline solution to prevent blood clotting during can-
nulation. The renal arterial clip was removed once stable blood
pressure measurements were achieved, causing the animals to
develop hypertension. At the 0th, 5th, 15th, 30th, and 60th minutes,
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the MABP was measured. The rats were placed into four groups,
each with ten rats. The groups were as follows: the control group
did not receive treatment; the vehicle group is subjected to acute
hypertension and receives the vehicle. CH-1-treated animals were
given a 14-day pre-treatment of CH 250 mg/kg (p.o.). On the 15th
day, acute hypertension was induced and CH (25 mg/kg) was
injected. i.v.; CH-2-treated animals were given a 14-day pre-
treatment with CH 500 mg/kg (p.o.). Acute hypertension was
induced on the 15th day, and CH (50 mg/kg) was given. i.v.

2.8. CAL

CAL was carried out by referring to the previously described
methods [16,17]. Urethane 1.25 gm/kg was injected intraperitone-
ally to anesthetize the animals. The tracheawas intubated (MQ 232
INCO) to allow artificial ventilation. A catheter placed into an
external right jugular veinwas used to give the test chemical. In the
common left carotid artery, a pressure transducer was employed to
assess peripheral blood pressure (T-301, pt-2655). The left thora-
cotomy at the fourth intercostal gap expanded the chest. The heart
was exteriorized by mild pressure on the chest walls after the
pericarp was opened, and a thin silk thread (Ethicon 1.5metric, 4-0)
attached to an atraumatic needle was put around the left coronary
artery about 2e3 mm distant from its origin for subsequent liga-
tion. The animal was ventilated with room air at a rate of 54 strokes
per minute with a stroke volume of 1.5 ml/100 g body weight. The
heart was then returned to its original location in the chest cavity.
The test drug (25 and 50 mg/kg) or vehicle was delivered intrave-
nously after an equilibration period of roughly 45 min. The left
coronary artery was ligated for 5 min before being re-perfused for
30 min 5 min later. During coronary occlusion and reperfusion, the
arterial mean blood pressure was first measured. During coronary
occlusion and reperfusion, arrhythmias were examined for onset
and the number of animals that developed ventricular tachycardia
(VT) and premature ventricular systole (PVS). Histopathological
investigations were performed on the myocardial segment. The
animals were placed into four groups, each with ten animals. CAL
was performed on the animals in the control group. The vehicle was
used to administer CAL to the CAL group animals. For 7 days, the
CAL þ CH-1 group of animals received CH (250 mg/kg) p.o. three
times a day. On the eighth day, they were operated on for CAL and
given CH (25 mg/kg). The CH (500 mg/kg) p.o. was given to the i.v.
CAL þ CH-2 group animals three times a day for seven days. On the
eighth day, they were operated for CAL and given CH (50 mg/kg)
intravenously.

2.9. Cholesterol diet-induced hypercholesterolemia

The animals were divided into 5 groups, with 10 rats in each
group. The control group received a normal diet; the CD group
received a high CD; and the CD þ Atorvastatin (Atr) group received
a high CD followed by the administration of Atr (10 mg/kg) p.o.
CD þ CH-1 group animals received high CD followed by adminis-
tration of CH (250 mg/kg) p. o. CD þ CH-2 group animals received
high CD followed by administration of CH (500 mg/kg) p. o. The
treatment protocol was followed for 21 days, and the anti-
atherosclerotic activity was assessed by arterial histopathology
and biochemical estimation of blood for lipid profile and glucose
levels on the 10th and 21st days, respectively. The high CD has a
cholesterol content of 0.5% and a bile salt content of 0.125% [18].

2.10. Biochemical investigation

Blood was withdrawn on the 10th and 21st day from retro-
orbital route and collected in the Eppendorf tube from all groups
3

of animals. The blood was allowed to coagulate and subjected to
centrifugation for 10 min at 5000g. The serumwas separated using
micropipettes and estimation of total cholesterol, triglycerides,
HDL, LDL, and glucose. The biochemical estimation was performed
by the commercial kits (Preccugent Pinnacle Biotechnologies Ltd.)
using an semi auto-analyzer. The estimations of lipid and glucose
were performed as per the instructions provided by the
manufacturer.

2.11. Antioxidant enzyme assay

The capacity to block the auto-oxidation of pyrogallol was
linked to the measurement of SOD activity by assessing increases
in absorbance at 420 nm [19]. Using H2O2 as a substrate, the
activity of catalase (CAT) was calculated. At 240 nm, the amount
of H2O2 breakdown was measured [20]. The amount of NADPH
oxidized by glutathione measured at 340 nm. The oxidizing
ability was used to calculate the glutathione peroxidase [20e22].
The GSH activity was evaluated by DTNB (5, 5'-dithiobis (2-
nitrobenzoic acid)) reaction with thiol-containing molecules
like GSH to produce 2-nitro-5-thiobenzoic acid and glutathione
disulfide (GSSG). At a wavelength of 412 nm, spectrophotometer
is used to assess the yellow-colored 2-nitro-5-thiobenzoic acid
[22].

2.12. Statistical analysis

For statistical analysis, the graph-pad prism software was used
(Version 9). The one-way analysis of variance (ANOVA) was used to
assess the data, followed by Dunnet's multiple comparison tests.
P < 0.05 is regarded as significant and is denotedwith *. With n¼ 6/
10, data are expressed as mean S.D.

3. Results

3.1. Acute oral toxicity study

There were no behavioral abnormalities, toxic reactions, or
mortality in animals given an ethanol extract of CH leaves. The
extract was confirmed to be safe at a level of 5000 mg/kg.

3.2. Effect of CH on MABP in acute renal hypertension

At 0 min no significant change (P > 0.05) in MABP was seen in
any of the animal groups. When compared to a control group, an-
imals treated with a vehicle show substantial increases (P < 0.05) in
MABP at the intervals of 5, 15, 30, and 60 min. When compared to
vehicle-treated group CH-1 and CH-2 treated animals exhibit a
significant decrease (P < 0.05) in MABP at the time intervals of 5, 15,
30, and 60min. A dose-dependent maximal reduction in MABPwas
seen at 60 min (Fig. 1).

3.3. Effect of CH on VT and PVS in CAL

No significant (P > 0.05) delay in the onset/occurrence of VT
and PVS in the vehicle-treated group and CAL group animals was
observed. Animals treated with CH-1 and CH-2 shows signifi-
cantly (P < 0.05) reduced in the start of VT and PVS compared to
vehicle treated animals. In animals treated with CH-2, protrusion
was reduced at the commencement of VT and PVS. There was no
significant difference (P > 0.05) in the number of PVS in the
vehicle-treated group compared to the CAL group during coro-
nary ligation and reperfusion. When compared to vehicle-treated
animals, animals given CH-1 and CH-2 have a significantly lower
number of PVS after coronary ligation and reperfusion (P > 0.05).



Fig. 1. Effect of CH on rat MABP in acute renal hypertension.
Data were analyzed using one-way ANOVA and Dennett's t-test. n ¼ 10, *P < 0.05 is
considered as statistically significant. Comparison was made between CAL Vs
CAL þ Vehicle and CAL þ Vehicle Vs CAL þ CH-1(250 mg/kg)/CAL þ CH-2 (500 mg/kg).

Table 2
Effect of CH on MABP in CAL.

Groups MABP (mmHg)

Initial During coronary
occlusion (5 min)

During
reperfusion (30 min)

CAL 77.22 ± 0.40 92.97 ± 0.49 75.40 ± 5.92
CAL þ vehicle 80.06 ± 7.37 99.04 ± 7.04 77.07 ± 8.21
CAL þ CH-1 81.44 ± 0.58 126.77 ± 8.20ns 101.27 ± 3.48*
CAL þ CH-2 82.22 ± 3.71 139.61 ± 12.0* 145.44 ± 3.87*

Data were analyzed using one-way ANOVA and Dennett's t-test. n ¼ 10, *P < 0.05 is
considered statistically significant. Comparison was made between CAL Vs
CAL þ Vehicle, CAL þ Vehicle Vs CAL þ CH-1(250 mg/kg)/CAL þ CH-2(500 mg/kg).
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The CH-2 group animals saw the greatest reduction in PVS. At
different times, all of the animals acquired VT and PVS (Table 1).
3.4. Effect of CH on MABP in CAL

Initially there was no significant difference (P > 0.05) in MABP
between all groups. During coronary artery occlusion, a significant
increase (P < 0.05) in MABP was observed in CH-2 treated animals
when compared against CAL group animals. During reperfusion, a
significant change (P < 0.05) in MABPwas observed in CH-2 treated
animals compared against CAL group animals. No significant
(P > 0.05) change in MABP during coronary artery occlusion and
reperfusion was noted in CH-1 treated animals when compared
against CAL group animals (Table 2).
3.5. Effect of CH on lipid profile and glucose in CD

A significant increase (P < 0.05) in total cholesterol, triglyceride,
LDL, and glucose levels was observed in the high CD group animals
on the 10th and 21st days compared to control group animals.
Animals treated with CH-1 and CH-2 showed significant decreases
(P < 0.05) in total cholesterol, triglyceride, LDL and glucose levels
on the 10th and 21st days compared to CD group animals. HDL is
significantly increased (P < 0.05) in CH-1 and CH-2 treated animals.
The effect of CH on the lipid profile and glucose level was found to
be dose-dependent (Table 3).
Table 1
Effect of CH on VT and PVS in CAL.

Groups Arrhythmias

Onset of VT
after CAL (sec)

Onset of PVS
after CAL (sec)

% of a
devel

CAL 5.33 ± 0.88 11 ± 0.57 100%
CAL þ vehicle 10.33 ± .88ns 15 ± 1.73ns 100%
CAL þ CH-1 24.66 ± 1.45* 35 ± 1.15* 100%
CAL þ CH-2 43.33 ± 2.40* 55.66 ± 0.33* 100%

Data were analyzed using one-way ANOVA and Dennett's t-test. n ¼ 10, *P < 0.05 is consi
CAL þ Vehicle Vs CAL þ CH-1 (250 mg/kg)/CAL þ CH-2 (500 mg/kg).
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3.6. Effect of CH on antioxidant enzymes

The control group animals showed normal blood levels of
antioxidant enzymes, whereas animals with CD died showed a
significant decrease (P < 0.05) in antioxidant enzyme levels.
Animals treated with CH-1 and CH-2 show significant (P < 0.05)
restoration in antioxidant enzymes when compared with CD
animals. The antioxidant potential of CH is dose-dependent
(Table 4) and possesses due to the presence of flavonoids
(Table 5).
3.7. Histopathological studies

3.7.1. CH effect on myocardial section against CAL
The myocardium section of the CAL animal shows cardiac

muscle with intervening fibrovascular septae, normal appearance
of cardiocytes, intervening cardiocytes, and scant scattered in-
flammatory infiltration (Fig. 2-a). The myocardial section of CAL
after 5 min shows cardiac muscle with intervening fibrovascular
septae, abundant areas of coagulative necrosis, moderate inflam-
matory infiltration, and extravasation of erythrocytes due to
damaged vascular spaces (Fig. 2-b). The myocardial section of CAL
after 15 min shows cardiac muscle with intervening fibrovascular
septae, areas of severe coagulative necrosis, moderate inflamma-
tory infiltration, and thrombosed vascular spaces (Fig. 2-c). The
myocardium section of the vehicle group animals shows cardiac
muscle with an intervening fibrovascular septae, arbitral appear-
ance of cardiocytes and coagulative necrosis. Adjacent to these
cardiomyocyte thrombosed vascular spaces, moderate inflamma-
tory infiltration was observed (Fig. 2-d). The myocardial section of
CH-1 at 15 min after CAL shows cardiac muscle with intervening
fibrovascular septae, almost intact arrangement of cardiocytes,
mild coagulative necrosis, and inflammatory infiltration (Fig. 2-e).
The myocardial section of CH-2 at 15 min after CAL shows cardiac
muscle with intervening fibrovascular septae, intact arrangement
of cardiocytes, absence of coagulative necrosis, and inflammatory
infiltration (Fig. 2-f).
nimal
oped VT

No. of PVS during
coronary occlusion (5 min)

No. of PVS during
reperfusion (30 min)

103.33 ± 4.37 351 ± 5.56
93 ± 2.64ns 329.66 ± 14.1*
59.0 ± 2.30* 96.33 ± 2.33*
44.33 ± 1.76* 68.33 ± 2.02*

dered statistically significant. Comparison was made between CAL Vs CAL þ Vehicle,



Table 3
Effect of CH on rat lipid profile and glucose in high CD on days 10 and 21.

Days Control CD CD þ Atr CD þ CH-1 CD þ CH-2

Glucose 10 91.3 ± 6.7 126.2 ± 6.2* 86.0 ± 4.9* 96.5 ± 6.5* 85.0 ± 5.5*
21 90.2 ± 3.2 159.5 ± 2.2* 121.3 ± 2.5* 107.0 ± 3.0* 94.0 ± 3.0*

Cholesterol 10 77.7 ± 1.4 119.0 ± 6.0* 75.6 ± 2.4* 82.5 ± 4.5* 76.0 ± 1.5*
21 81.2 ± 0.8 162.3 ± 6.6* 102.3 ± 6.1* 107.5 ± 2.5* 102.0 ± 2.0*

Triglycerides 10 93.2 ± 0.8 130.1 ± 4.0* 99.5 ± 1.5* 105.5 ± 4.5* 102.0 ± 3.3*
21 99.8 ± 0.9 180.0 ± 2.2* 128.6 ± 7.0* 119.0 ± 1.0* 111.5 ± 4.5*

HDL 10 49.1 ± 1.0 29.0 ± 2.0* 42.5 ± 1.5* 43.5 ± 1.50* 46.0 ± 2.0*
21 53.8 ± 1.7 25.6 ± 1.29* 54.5 ± 0.5* 50.5 ± 0.5* 55.0 ± 3.0*

LDL 10 10.0 ± 0.50 64.5 ± 4.9* 13.2 ± 3.6* 23.5 ± 1.10* 14.9 ± 1.1*
21 7.6 ± 1.1 101.2 ± 7.8* 21.8 ± 7.2* 35.5 ± 2.5* 26.6 ± 4.6*

Data were analyzed using one-way ANOVA and Dennett's t-test. n ¼ 06, *P < 0.05 is considered as statistically significant. Comparison was made between Control Vs CD and
CD Vs CD þ Atr/CD þ CH-1(250 mg/kg)/CD þ CH-2 (500 mg/kg).

Table 4
Effect of CH on antioxidant enzymatic activity.

Group SOD (U/mg of protein) CAT (H2O2/min/mg protein) GSH (mmol/g of protein) GPx (ɳmol/mg of protein)

Control 8.97 ± 1.20 55.66 ± 2.20 6.90 ± 0.89 61.11 ± 2.05
CD 2.05 ± 0.34* 21.05 ± 2.53* 1.88 ± 0.55* 35.03 ± 3.29*
CD þ CH-1 4.99 ± 0.62* 41.90 ± 3.12* 4.89 ± 1.11* 40.11 ± 2.55ns

CD þ CH-2 5.76 ± 0.86* 46.20 ± 2.50* 5.10 ± 1.28* 52.03 ± 3.89*

Data were analyzed using one-way ANOVA and Dennett's t-test. n ¼ 06, *P < 0.05 is considered as statistically significant. The comparison was made between Control Vs CD,
CD Vs CD þ CH-1(250 mg/kg)/CD þ CH-2 (500 mg/kg) the experimental setup was repeated twice and all data were averaged.

Table 5
Preliminary phytochemical investigation of CH extracts.

Solvents Petroleum Ether Chloroform Ethanol Methanol Water

Test for Alkaloids
Mayer's Test þ þ þ - -
Hager's Test þ þ þ þ -
Wagner's Test þ þ þ - -
Test for Carbohydrate
Molisch's Test - - þ þ þ
Fehling Test - - - - -
Benedict's Test - - - - -
Test for Steroids
Salkowski Reaction þ þ - - -
LibermanBurchards Test þ þ - - -
Test for Glycosides
Cardiac Glycoside
Baljet's Test - - þ þ -
Keller-killiani Test - - þ þ -
Anthraquinone Glycosides
Brontrager's Test þ þ - - -
Saponin Glycosides
Foam Test - - - - -
Test for Flavonoids
Lead Acetate Test - - þ þ þ
Shinoda Test - - þ þ þ
Test for Fat and Oils
Solubility Test þ þ - - -
Filter Paper Test þ þ - - -
Test for Tannin and Phenolic Compound
Ferric Chloride Solution Test - - þ þ þ
Lead Acetate Solution Test - þ þ þ þ
Bromine Water Test - þ þ þ þ
Test for Protein
Biuret Test - - - - -
Test for Amino Acid
Ninhydrin Test - - - - -
Test for Gums and Mucilage's
Hydrolyse Test (Gums) - - - - -
Ruthenium Red Test (Mucilage) - - - - -
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3.7.2. CH effect on aortic section against hypercholesteremia
The aortic section of high CD animals on the 10th day shows the

intact layers of the aorta except for disruption of the endothelial
lining. Lipid containing elongated smooth muscle cells and foamy
5

macrophage aggregation was observed in the tunica intima and
media with a thickness of 53.25 mm (Fig. 3-a). The aortic section of
CD animals on the 21st day showed provoked hypercholesteremia
and cholesterol clefts were observed with a thickness of tunica



Fig. 2. CH effect on myocardial section against CAL.
a. Myocardial section of normal control; b and c. Myocardial section of CAL after 5 and 15 min; d. Myocardial section of CAL þ Vehicle;e. Myocardial section of CAL þ CH-1 after
15 min; f. Myocardial section of CAL þ CH-2 after 15 min.
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intima-media thickness of 42 mm (Fig. 3-b). The aortic section of the
high CD þ Atr animal on the 10th and 21st days shows the intact
appearance of layers of the artery. The tunica intima, tunica media,
and tunica adventitia appear within normal limits. The tunica
intima-media thickness was observed at 45 mm and 26 mm on days
10 and 21, respectively (Fig. 3-c and d). The aortic section of the
high CD þ CH-1 animal on the 10th day shows the intact appear-
ance of layers of the artery. A few aggregates of lipid-containing
spindle-shaped cells between the tunica intima and tunica media
were observed. The tunica adventitia appears within normal limits
(Fig. 3-e). On the 21st day few aggregates of foamy macrophages
between the tunica intima and tunica media were observed (Fig. 3-
f). The tunica intima-media thickness was observed at 32.5 mm and
37 mm on days 10 and 21, respectively (Fig. 3-e and f). The aortic
section of high CD þ CH-2 animals on the 10th and 21st day shows
the intact appearance of layers of the artery. The tunica intima,
tunica media, and tunica adventitia appear within normal limits.
The tunica intima-media thickness was observed at 28.75 mm and
27.5 mm on days 10 and 21, respectively (Fig. 3-g and h).

4. Discussion

Cardiovascular diseases (CVDs) are the leading cause of death
globally. It was reported that about 17.9 million people died due to
6

CVDs in the year 2019, contributing to about 32% of all global
deaths. The most important causes of death are heart attack and
stroke, which prevail in developing and developed countries [22].
Raised systemic arterial pressures have been linked with
augmented cardiovascular disease and mortality, including heart
failure, myocardial infarction, and stroke [23]. The current phar-
macotherapy deals to combat hypertension include drugs acting on
the RAS (Renin-angiotensin system), anti-adrenergic, diuretics,
calcium channel blockers, etc. The chronic treatment of these drugs
is associated with severe side effects and themselves provokes the
disease's conditions. The major side effects include hypotension,
disturbed water-electrolyte balance, arrhythmia, sexual dysfunc-
tion, depression etc. [24,25]. Considering the same researchers is
continuously searching for a better choice of drugs with greater
efficacy and minimum side effects. Plant sources are always the
centre of attraction and the researcher's box of mystic to search for
new potent molecules for various clinical ailments, including CVDs
[26]. Experimental hypertension in animals can be induced by
several invasive and non-invasive methods. One of them demon-
strating is acute renal occlusion-induced hypertension [10,16]. In
addition 2 kidneys-1 clip hypertension model is also commonly
used to produce acute hypertension in experimental animals. The
renal damage and associated cardiac dysfunction depend on the
duration of clipping and clip size. The stenosis of the renal artery



Fig. 3. CH Effect on aortic section against hypercholesteremia.
a. Arterial section of CD on 10th day; b. Arterial section of CD on 25th day; c. Arterial section of CD þ Atr on 10th day; d. Arterial section of CD þ Atr on 25th day; e. Arterial section of
CD þ CH-1 on 10th day; f. Arterial section of CD þ CH-1 on 25th day; g. Arterial section of CD þ CH-2 on 10th day; h. Arterial section of CD þ CH-2 on 25th day.

S.M. Gunjegaonkar, V.R. Khakal, A.A. Joshi et al. Journal of Ayurveda and Integrative Medicine 13 (2022) 100652
leads to cardiac hypertrophy, increases in cardiac size, hypertrophy
of the kidneys, endothelial dysfunction, and increased systemic
pressure [16]. In the 2K1C condition, the renin released into the
renal vein from the collateral kidney causes elevated activity and
demonstrates enhanced arterial pressure [27]. In the current
investigation, an increase in blood pressure was noted in the ani-
mals operated on for acute renal occlusion. Whereas animals
treated with CH showed significant reeducation in blood pressure
when compared to untreated animals. The decrease in blood
pressure may be due to CH ability to minimizing the rennin activity
or its activation [3]. Ischemia and ventricular fibrillation can be
produced in experimental animals by clamping the left coronary
artery for 20 min followed by unclamping and reperfusion. The
cardiac changes during reperfusion are observed, and mitigation of
these changes indicates the efficacy of the test compound [28].
After ligation, the onset and number of occurrences of VT and PVS
were observed in CAL animals during occlusion and reperfusion.
The onset of acute MI is accompanied by an immediate increase in
electrical unsteadiness and, in many cases, lethal VT [27,28]. Sig-
nificant alterations in infarct size and histological changes have
occurred following coronary occlusion [27e29]. The current study
found that CH treatment delays the onset and number of VT and
7

PVS, although histological studies found the least amount of car-
diocyte injury and necrosis. The current effect could be due to
cardiotonic activity of CH [3]. Hypercholesterolemia is a major
contributor for the development and progression of atherosclerosis
and is directly linked to CVD [18]. The modern lifestyle, reduced
physical activity, and high cholesterol died increases the risk of
CVD. In hypercholesterolemia the lipid metabolic activities are
greatly altered which contributes for atherosclerosis and CVD's
[18]. Several studies have advocated that a reduction in total
cholesterol and LDL will reduce atherosclerosis and further risk of
hypercholesterolemia and CVD. A high cholesterol diet causes
enhanced production of reactive oxygen species (ROS), and
increased lipid peroxidation results in damage to important organs,
including the cardiovascular system [30]. In the current study we
found that high CD causes a significant increase in bad cholesterol
and glucose levels while decreasing good cholesterol, arterial
lumen narrowing, and subsequent atherosclerosis. The CH showed
significant antilipidemic and antihyperglycemic activity in experi-
mental animals. preliminary phytochemical studies have revealed
that CH are high in steroids, alkaloids, glycosides, flavonoids, tan-
nins, and saponins. The alkaloids like trilobine, isotrilobine,
coclaurine, and magnoflorine and flavonoids, mainly rutin,
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liquiritin, and quercetin, are responsible for CH's antidiabetic and
antihyperlipidemic activity [3,31e33]. High cholesterol mostly
harms the liver, owing to unregulated lipid metabolism and a dis-
rupted natural antioxidant enzyme system (CAT, SOD, GSH, and
GPx). Generally, the formed free radicals are eliminated through the
antioxidant enzymes. However, the uncontrolled production of ROS
leads to oxidative stress and associated organ damage. The patho-
logical contribution of ROS has been extensively studied in dia-
betes, metabolic disorders, and associated cardiomyopathy [34].
The clinical benefits of antioxidant therapy in the manifestation of
pathological progress of diseases like diabetes, atherosclerosis, and
associated CVD have been successfully proposed [34]. The under-
lying mechanism of CH's protective effect could be free radical
scavenging activity and the restoration of endogenous antioxidant
enzyme. This further correlates with encountering the pathological
contribution of ROS in CVD. Further study is needed to identify the
specific components of CH that are responsible for the cardio-
protective activity and to establish the molecular level mechanism.

5. Conclusion

From the current investigation, it is concluded that CH shows a
significant cardio-protective effect in experimental hypertension-
induced animals. CH treatment significantly reduces the MABP in
acute renal hypertension and VT and PVS in CAL animals. CH
treatment reduced glucose, cholesterol, LDL, and triglycerides
while HDL is significantly increased. The histopathological inves-
tigation shows the prominent protective effect of CH on an aortic
and myocardial section of the animal. The CH significantly restores
the antioxidant enzyme activity as compared to the disease group.
Further investigations are needed to explore the potent role of CH
at the molecular level and its signaling mechanism.
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