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Abstract
Obesity, a chronic metabolic condition, is an increase in fat mass and blood lipid levels mainly causing atherosclerosis and
hypertension, which further lead to cardiovascular complications. The objective of the study was to investigate the crude
extract of Caralluma edulis (CE.Cr) for its potential against high-fat diet (HFD)-induced obesity and its related complications.
Hyperlipidemia was induced in Wistar albino rats with HFD (1% cholesterol + 0.5% cholic acid) for 28 days. Treatment groups
were administered with different doses of CE.Cr (100, 300 and 500 mg/Kg, p.o.) and the standard group received atorvastatin.
At the end of study, sera were analyzed for biochemical markers and the aorta was dissected for microscopic examination.
Antioxidant potential was evaluated and high-performance liquid chromatography (HPLC) analysis was performed. The hy-
potensive potential of CE.Cr was evaluated through an invasive technique. HPLC analysis of CE.Cr showed the presence of
chlorogenic acid, caffeic acid, apigenin and naringenin. Histological examination of the aorta section showed anti-atherosclerotic
effects which were also evident from decrease in serum total cholesterol, triglycerides and low-density lipoproteins levels.
CE.Cr decreased mean arterial blood pressure and evoked significant hypotensive effects. The crude extract of C. edulis showed
anti-obesity, antihypertensive, anti-atherosclerotic and antioxidant potential.
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Introduction

Obesity is a chronic metabolic condition caused by an im-
balance in energy intake and expenditure and is defined by an
increase in fat mass and blood lipid levels.1 Obesity is rec-
ognized as a risk factor for many disorders, including hy-
perlipidemia, hypertension and diabetes in both the developed
and developing countries. The buildup of fat leads to the
formation of atherosclerotic plaques, which can either expand
towards the artery’s lumen or become unstable causing ob-
structed blood flow.2,3 Obesity is associated with the forma-
tion of free radicals, the activity of these free radicals increases
in the absence of effective defense mechanism resulting in
oxidative stress and other complications.4

The pathogenesis of atherosclerosis includes endothelial
dysfunction, oxidized low-density lipoprotein (oxLDL) and

proliferation of vascular smooth muscle cells that may also be
significantly influenced by reactive oxygen species (ROS).
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ROS can be generated from a variety of sources such as
xanthine oxidases, NO synthases, nicotinamide adenine di-
nucleotide phosphate (NADPH) oxidase isoforms and metal-
catalyzed reactions.5 LDL activates endothelial NADPH
oxidase and promotes ROS formation. When ROS-induced
OxLDL enters the intima through damaged endothelium,
monocytes get changed into macrophages, which take up
OxLDL and turn them into foam cells. The foam cells,
containing lipids, can evolve into atheromas or atherosclerotic
plaques in the arterial wall and if these plaques get ruptured,
can result in ischemic heart disease, hypertension, stroke and
even death.6 In recent decades, great interest has been ob-
served in plants that can help to prevent atherosclerosis as-
sociated with obesity.

The world has witnessed growing scientific and com-
mercial interest in medicinal plants, mainly due to the im-
mense economic development and widespread cultural
acceptability of plant-based products. Due to the greater risk
of adverse effects as compared to the beneficial effects of
currently available synthetic drugs, people are attracted to-
wards natural therapies, among which herbal products are
more common.7 Caralluma edulis (Edgew.), belonging to the
family Asclepiadaceae, is an edible plant of extremely arid
regions of the Thar and Cholistan deserts, and is commonly
known as Seetu.8 C. edulis grows in Mauritania, Sudan,
Pakistan, Eritrea, Somalia, Saudi Arabia, UAE, India, Iran and
Afghanistan. The plant, as an ethnomedicine, is used as
carminative, febrifuge and stomachic, and is also employed in
the treatment of Alzheimer’s disease, fever, gastric distur-
bances, hypertension, rheumatism, leprosy and parasitic
infections.9,10 In multiple ethnobotanical reports, it was found
that natives consume it in various forms for the management
of diabetes mellitus.11-13 The extracts of C. edulis are reported
to have antioxidant, antidiabetic, antinociceptive, anti-
inflammatory and hunger suppressant effects.14-17 The cur-
rent study was designed to evaluate CE.Cr for its potential
against obesity, hypertension, atherosclerosis and oxidative
stress, and to provide scientific evidence for its folkloric uses.

Material and Methods

Animals

Wistar albino rats (180-250 g) of either sex (3 \ and 3 _),
approximately 8–10 weeks old, were employed in experi-
mental work and Swiss albino mice (20-30 g) were used for
the acute toxicity study. Animals were housed in the animal
house of the Pharmacology research laboratory, department of
Pharmacology, faculty of Pharmacy, the Islamia University of
Bahawalpur (IUB). Animals were kept in standard poly-
carbonate cages under controlled temperature (23 ± 2°C),
along with 55 ± 5% humidity and a 12 h light/dark cycle. Food
and water were provided ad libitum. Animals were accli-
matized to experimental conditions for 1 week before start of
the study. The study protocols were approved by pharmacy

animal ethics committee (PAEC) under reference number
PAEC/2020/25.

Plant Material

The stems of C. edulis were collected from the Cholistan
desert of Bahawalpur, Pakistan. After collection, the plant
material was identified by a botanist and its specimen was
preserved in the herbarium of Pharmacology research labo-
ratory, department of Pharmacology, faculty of Pharmacy,
IUB, Pakistan. Voucher number; CE-SM-02-18-209, was
issued for future reference. The plant material was washed,
dried in the shade and carefully screened to remove any
extraneous material.

Preparation of Crude Extract

1.5 kg dried stem of C. edulis was ground into coarse powder
and soaked in 70:30 methanol and distilled water solution for
3 days thrice. The soaked plant was filtered through a muslin
cloth and then with Whatman grade 1 filter paper, residues
were discarded, and the filtrate was subjected to the rotary
evaporator (Heidolph, Laborota 400-efficient, Germany) un-
der reduced pressure to prepare a concentrated semi-solid
paste.18,19 The thick semi-solid crude extract of C. edulis
(CE. Cr) was weighed, labelled, and stored in a freezer for
future use.

Phytochemical Analysis

CE.Cr was analyzed qualitatively for the presence of sec-
ondary metabolites like alkaloids, flavonoids, glycosides,
tannins, anthraquinones, coumarins, saponins, polyphenols,
carbohydrates, amino acids and proteins by standard
procedures.20

High-Performance Liquid Chromatographic Analysis

HPLC analysis was carried out on Shimadzu LC10-AT VP
Liquid Chromatograph equipped with SIL-20A autosampler
(Shimadzu Scientific Instruments, Kyoto, Japan) and SPD-
10AV UV VIS Detector. A shim-pack CLC-ODS (C-18,
25 cm × 4.6 mm, 5 µm), maintained at room temperature,
was used for separation. The mobile phase consisted of binary
solvent system; that is, solvent A (water: acetic acid-94:6, PH
= 2.2) and the solvent B (acetonitrile) with the following
gradient elution (linear gradient v/v): 0–15 minutes, 85% A:
15% B, 15–30 minutes, 55% A: 45% B and 30-35 minutes 0%
A: 100% B (equilibration). The flow rate was 1.0 mL/min and
the detection wavelength was 280 nm.21

In Vitro Antioxidant Activity by DPPH Assay

The antioxidant potential of CE.Cr was measured in terms of
free radical scavenging or hydrogen donating ability of stable
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1, 1- diphenyl 2-picrylhydrazyl (DPPH) free radical according
to the protocol described by Jabeen et al with slight modifi-
cations.22 1 mL of 0.1 mM methanolic solution of DPPH was
mixed with 1 mL of each CE.Cr methanolic solution of
varying concentration (50-1000 μg/ml). L-Ascorbic acid so-
lution was used as a reference standard, and a mixture of 1 mL
DPPH and 1 mL methanol was used as control. The reaction
was carried out in triplicate and all the solutions were incu-
bated for 30 minutes and absorbance was measured at 517 nm
using UV-Spectrophotometer. DPPH percent scavenging ac-
tivity was calculated using the following formula

DPPHPercent Scavenging ¼ 1� ðAc� As=AcÞ× 100
Ac is the Absorbance of control; whereas, As is the absorbance
of sample

Normal Diet & High-Fat Diet

1 Kg normal diet was prepared by mixing 500 g of poultry
feed, 350 g of choker and 150 g dry milk,9 obtained from the
local market of Bahawalpur. The energy of a normal diet
was calculated as 402 kcal/100 g, containing carbohydrate
54%, protein 22%, fat 10%, fibers 8%, minerals 2% and
moisture 2%.

High-Fat Diet (HFD) consisted of fat 26%, carbohydrate
48%, and protein 20% with total energy value calculated as
510 kcal/100 g. 1% cholesterol and 0.5% cholic acid (Sigma
Aldrich, USA) were mixed in the normal diet to induce hy-
percholesterolemia and butter was used as a source of fat. It is
the most common method for developing hypercholesterol-
emia in the rat model; that is, 1% cholesterol to the normal diet
is reported in 12.1% of the studies already published.23-27

Sample Size Calculation

The sample size or the number of animals in each group was
measured by using power analysis method. A simple calcu-
lation can be carried out manually with the help of formula and
complex calculations power analysis-based software is
available28

Sample size ¼ 2 SD2
�
Zα=2 þ Zβ

�2.
d2

where SD = standard deviation, d = difference between mean
values and Z value was checked from Z-table.

Rat Model of Hypercholesterolemia

Albino rats were divided into five groups each comprising six
animals. All the groups received tap water ad libitum and
respective treatment for 28 days. Normal control group was
given normal feed and the positive control group was fed on
HFD. Both the groups were administered normal saline (1 mL/
Kg/day, p.o.) by oral gavage feeding tubes. CE.Cr was given

to the treatment groups, at doses of 100, 300 and 500 mg/Kg
(p.o. per day), respectively, along with HFD. The standard
control group was given atorvastatin (Pfizer, USA), at the dose
of 5 mg/Kg/day; p.o. It is a synthetic HMG-CoA reductase
inhibitor which lowers plasma cholesterol levels by inhibiting
endogenous cholesterol synthesis. CE.Cr and atorvastatin
were diluted in normal saline. After 28 days, all the animals
were fasted overnight (for about 12-18 hours) before the
induction of anesthesia. The aorta was dissected and blood
samples were collected for the estimation of biochemical
markers; that is, serum TC, LDL, HDL and TG levels.

Anti-obesity Potential of CE.Cr. The change in body weight of
rats, over the course of 28 days, was used as a physical pa-
rameter of obesity since it is linked to body fat levels. The
change in body weight was determined at 7, 14, 21 and 28th
day of the study.

Estimation of Biochemical Markers. All the animals were an-
esthetized with ketamine (Abbott Laboratories, USA) and
diazepam (Roche pharmaceuticals, Germany). Blood samples
were collected through cardiac puncture at the end of the
study, allowed to clot for 30 minutes, and centrifuged at
3000 rpm for 15 minutes to separate sera. Then the levels of
TC, TGs, HDL and LDL were determined using assay kits of
Human Diagnostics, Germany.

Anti-Atherosclerotic Potential (Histological Examination). To
evaluate the anti-atherosclerotic effects of CE.Cr, the aorta of
experimental animals (one representative animal from each
group) were detached, fixed in 10% formalin, embedded in
paraffin, serially cut with a microtome (5 μm) and processed
for hematoxylin and eosin staining. Histological studies of
cross-sections of the aorta were made at 20× magnification
using camera lucida drawings.29 The histological slides
were graded using a semi-quantitative scoring system and
were assigned severity grades according to the percentage
of foam cells observed in each group; that is, 0 ≤ 1%, 1 < 25%,
2 = 25–50%, 3 = 50–75% and 4 > 75%.

Evaluation of Hypotensive Potential by Using
Invasive Technique

CE.Crwas evaluated for its hypotensive effects by using invasive
technique.30 Animals were anesthetized and fixed in a supine
position on a dissecting table. Temperature was maintained with
the help of an overhead lamp. The trachea, right jugular vein and
left carotid artery were exposed by a small mid-tracheal incision.
The trachea was cannulated with 18-gauge polyethylene tubing
to facilitate spontaneous respiration. The right jugular vein was
cannulated with polyethylene tubing PE-50 for intravenous in-
jection of drugs and CE.Cr solutions. The left carotid artery was
also cannulated with polyethylene tubing; PE-50, filled with
heparinized saline (60 IU/ml) and was connected to a pressure
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transducer (MLT0699 disposable BP transducer) coupled with
PowerLab 4/30 and LabChart Pro software (AD Instruments,
Australia) for blood pressure (BP) and heart rate (HR) recordings.
A system calibration was performed with the help of a mercury
manometer connected to the pressure transducer before the start
of the first experiment every day. The exposed surface of the
cannulated area was covered with a piece of cotton swab
moistened with warm saline. Heparinized saline (0.1 mL) was
injected into cannulated rat to prevent blood clotting. Acetyl-
choline (1 μg/Kg) and Nor-adrenaline (1 μg/Kg) were used to
check the hypotensive and hypertensive responsiveness of each
animal before administration of CE.Cr. After 15–20 minutes of
equilibration, 0.1 mL of CE.Cr was injected, at doses of 1, 3, 10
and 30 mg/Kg intravenously, followed by 0.1 mL of saline flush.
BP was returned to the resting level before every next dosing.
Mean arterial blood pressure (MABP) was calculated by adding
the values of DBP and one-third of the pulse width. Change in
blood pressure was measured as the difference between the
steady-state values before administration of the dose and the
lowest reading after administration of each dose of the test
substance.

Diuretic Activity

Rats (other than those used in the HFD model) were randomly
divided into different groups. The control group received
normal saline (10 mL/kg, i.p.). Another group of animals was
given frusemide (10 mg/kg, i.p.) as standard diuretic. The
treatment groups of animals were injected with doses of 100,
300 and 500 mg/kg of CE.Cr, intraperitoneally. Immediately
after dosing, animals were individually housed in the meta-
bolic cages (Techniplast, Italy) and the urine was collected for
6 hours. Total urine volume was noted. Sodium and potassium
urinary concentrations were measured by using a clinical
flame photometer (Model 410C, Sherwood, UK).31

Acute Toxicity Study

Acute toxicity test was performed to evaluate the toxic po-
tential of CE.Cr by following the OECD guidelines.32 Swiss
albino mice weighing 20–30 g were divided into different
groups, comprising of five mice in each group (2\ and 3_).
Mice were fasted overnight and received only water ad li-
bitum. Normal control group received normal saline (10 mL/
kg, p.o.) and other groups received CE.Cr, at doses of 0.5, 1, 3
and 5 g/kg; p.o. All the animals were observed critically for
2 hours and then at the interval of 60 minutes for the next
6 hours, for any type of behavioral changes and then mortality
was noted for the next 14 days.

Statistical Analysis

The results were expressed as mean ± SEM for six animals in
each group. The results were statistically analyzed, using one-way

ANOVA followed by Tukey’s test. The datawere computed using
GraphPad Prism version 8 and P < 0.05 was considered
significant.18

Results

Phytochemical Analysis

CE.Cr was found to be rich in alkaloids, saponins, quinones,
carbohydrates, flavonoids, tannins, phenols, terpenes, terpe-
noids and glycosides.

HPLC Analysis

The constituents found in CE.Cr include chlorogenic acid,
caffeic acid, vanillic acid, p-coumaric acid, hydroxycinnamic
acid, quinic acid, apigenin, quercetin-rhamno-di-hexoside,
syringic acid, hyperoside, naringenin, quercetin-3-O-
glucopyanoside and trans-ferulic acid (Figure 1A) which
have already been reported for their therapeutic importance.
The chromatogram was compared with that of standard
(Figure 1B and Table 1).

Antioxidant Activity by DPPH

The present study suggested the remarkable antioxidant po-
tential of CE.Cr. The results are shown in Figure 2. Anti-
oxidant potential was increased in a graded manner. Maximum
radical scavenging effects shown by CE.Cr was 78% which
was comparable to that of ascorbic acid (89%), at the con-
centration of 1000 μg/mL.

Anti-Obesity Potential

Throughout the experimental period, change in body weight of
the normal and positive control groups was found to be in-
creased; that is, 43.00 ± 2.51 and 68.50 ± 1.19 g, respectively,
and percent increase in body weight was also observed (Figures
3 and 4). A decrease in body weight was observed in treatment
groups, receiving different doses of CE.Cr and atorvastatin.
CE.Cr, at doses of 300 and 500mg/kg, prevented the increase in
body weight and results were highly significant (P < 0.001) as
compared to the positive control group (Figure 3). Whereas,
there was no statistical difference found in the food con-
sumption among different experimental groups (P > 0.05).

Biochemical Markers

The serum levels of TC, TGs, LDL and HDL in experimental
animals are shown in Figure 5. HFD increased serum TC
levels in the positive control group and CE.Cr, at doses of 100,
300 and 500 mg/kg, reduced serum TC concentration. CE.Cr
showed highly significant (P < .001) decrease in TC levels, at
all doses, as compared to that of positive control group. HFD
increased the levels of TGs in the positive control group which
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Figure 1. HPLC chromatogram of (A) CE.Cr and (B) Standard phytochemical constituents.

Table 1. HPLC Profile of Phytochemical Compounds Detected in CE.Cr.

Retention Time Phytochemical Compounds Identified Percentage Similarity of Retention Time With Standard

1.66 Chlorogenic acid 99
1.82 Caffeic acid 99
2.25 Vanillic acid 99
2.44 p-Coumaric acid 98
2.83 Hydroxycinnamic acid 98
3.98 Quinic acid 100
6.43 Apigenin 99
29.72 Quercetin-rhamno-di-hexoside 99
30.15 Syringic acid 99
31.44 Hyperoside 100
32.76 Naringenin 100
33.03 Quercetin-3-O-glucopyranoside 100
34.39 Trans-ferulic acid 100
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were reduced significantly in treatment groups, at all doses
(100, 300 and 500 mg/kg). HFD decreased serum HDL levels
in the positive control group and the levels were significantly
(P < 0.01) increased, at doses of 300 and 500 mg/kg, as
compared to the positive control group. CE.Cr exhibited a
significant (P < 0.001) reduction in serum LDL levels, at doses
of 100, 300, and 500 mg/kg.

Hypotensive Effects

CE.Cr, at doses of 1, 3, and 10 mg/kg did not show significant
decrease in mean arterial blood pressure (MABP); that is, 130
± 2.42, 129 ± 2.87 and 121 ± 3.12 mmHg, respectively. CE.Cr
produced significant hypotensive effects, at the dose of 30mg/kg,
as shown in Figure 6 and Table 2.

Diuretic Activity

Urinary volume (ml/100 g/6 h) was measured in different
groups of animals, and mean value was calculated as 1.10 ±
0.13 mL for the normal control group, 4.31 ± 0.05 mL for the
standard group and CE.Cr, at doses of 100, 300, and 500 mg/kg
showed an increase in urinary volume; that is, 2.58 ± 0.7,
3.38 ± 0.28 and 3.84 ± 0.45 mL, respectively. In addition to an
increase in urinary volume, CE.Cr also enhanced the Na+ and
K+ excretion. CE.Cr, at doses of 300 and 500 mg/kg, showed
highly significant increase in the sodium and potassium ions
excretion and results were comparable with those of the
standard drug, frusemide (Table 3).

Anti-Atherosclerotic Potential

Histological studies of cross-sections of the aorta showed
several foam cells in the positive control group with erosion of
the endothelial membrane which was a sign of first-stage
atherosclerosis. The positive control group was scored as 3
according to the severity grade (Table 4). The normal control
group showed the uniform histological structure of the en-
dothelial membrane. Experimental groups receiving different
doses of CE.Cr showed restoration of normal endothelial cell
morphology. Therefore, histological images showed the anti-
atherosclerotic effects of CE.Cr, at doses of 300 and 500 mg/kg

Figure 2. The effects of CE.Cr and ascorbic acid, the standard
antioxidant, on DPPH free radical scavenging activity. The values
are expressed as Mean ± SEM of three observations (n = 3).

Figure 3. The effects of CE.Cr and atorvastatin on change in body
weight (g) of albino rats during 28 days of HFD-induced
hypercholesterolemia model. Values are expressed as Mean ± SEM
of six animals in each group (n = 6).

Figure 4. The effects of CE.Cr and atorvastatin on percent change
in body weight in albino rats during 28 days of HFD-induced
hypercholesterolemia model. The values are expressed as Mean ±
SEM of six animals in each group and the results are statistically
analyzed using one way ANOVA, followed by Tukey–Kramer’s
test. The results of treatment groups are compared with positive
control group, and are considered non-significant (ns) if P > 0.05,
significant (*) if P < 0.05, more significant (**) if P < 0.01 and highly
significant (***) if P < 0.001. The results of positive control group are
also compared with the normal control group and considered highly
significant (###) if P < .001.
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and were scored as 1, similar to that of the standard drug,
atorvastatin (Figure 7).

Acute Toxicity Study

Acute toxicity assay showed no signs of toxicity and mortality
and was found to be safe up to 5 g/kg and the results of highest
dose (5 g/kg) were tabulated in Table 5.

Discussion

Obesity has been a major public health issue that may lead to a
variety of consequences including hypertension and formation
of atherosclerotic plaques. Medical trends are turning to the
dietary modifications and natural medicines for the cure of

Figure 5. Effects of CE.Cr and atorvastatin on serum total Cholesterol (TC), triglycerides (TGs), low density lipoproteins (LDL) and high
density lipoproteins (HDL) levels in albino rats during 28 days of HFD-induced hypercholesterolemia model. The values are expressed as
Mean ± SEM of six animals in each group and the results are statistically analyzed using one way ANOVA followed by Tukey–Kramer’s test.
The results of treatment groups are compared with positive control group and are considered non-significant (ns) if P > .05, significant (*) if P <
.05, more significant (**) if P < .01 and highly significant (***) if P < .001. The results of positive control group are also compared with the
normal control group and considered highly significant (###) if P < .001.

Figure 6. The effects of CE.Cr on blood pressure of anesthetized rat using invasive technique and arrows indicate the time of administration
of different doses.

Table 2. Hypotensive Effects of CE.Cr.

MABP (mmHg) % Fall in MABP

Normal control 130 ± 1.33 —

Acetylcholine (1 µg/Kg) 67 ± 1.54*** 50
CE.Cr (1 mg/Kg) 130 ± 2.42ns 0
CE.Cr (3 mg/Kg) 129 ± 2.87ns 4
CE.Cr (10 mg/Kg) 121 ± 3.12ns 12.96
CE.Cr (30 mg/Kg) 95 ± 3.98** 26.92

MABP = Mean arterial blood pressure.
The values are expressed as Mean ± SEM of three observations in each group
and the results are statistically analyzed using one way ANOVA followed by
Tukey–Kramer’s test. The results of treatment groups are compared with
normal control group and are considered non-significant (ns) if P > 0.05,
significant (*) if P < 0.05, more significant (**) if P < 0.01 and highly significant
(***) if P < 0.001.
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obesity and its related complications. C. edulis, a traditional
Cholistani plant, has been postulated to be a good source of
human nutrition, because of its unique lipid-lowering impact
and lack of toxicity and side effects, causing widespread
concern among medical professionals and prompting sub-
stantial research.33 We explored the primary phytochemical
ingredients of C. edulis and its anti-obesity, anti-
atherosclerotic effects in a high-fat diet-induced rat model.
The antioxidant, diuretic, and anti-hypertensive potential were
also evaluated.

HFD-induced hyperlipidemia raised the levels of total
cholesterol, triglyceride, and low-density lipoproteins as well
as induced oxidative stress.34 Cholic acid plays a key role in
liver inflammation, lowering bile acid synthesis and affecting
TGs and HDL levels, all of which contribute to the devel-
opment of atherosclerosis.35 Adding 0.25–0.5% cholic acid
with cholesterol in a normal diet has been reported to increase
cholesterol absorption thus causing atherosclerosis in exper-
imental animals.36,37 In the current study, rats fed on HFD
showed an increase in body weight and high levels of plasma
TC, TGs, LDL, and oxidative damage to tissues of the aorta, as
already reported in previous studies.38-40 Hypercholesterol-
emia causes an increase in free radical generation and change
in lipid peroxide levels. It also promotes oxidative stress,
which leads to higher amounts of oxidized LDL. This oxidized
LDL enters the intima through the damaged endothelial cells,
monocytes convert into macrophages, which take up oxidized

LDL and turned into foam cells,41 as observed in the histo-
logical images of the aorta section in the positive control
group. CE.Cr reduced serum lipid profile (plasma TC, TGs,
LDL levels) and increased HDL levels, that may be due to the
presence of polyphenols which have been reported to reduce
cardiovascular disorders including atherosclerosis as they
decrease oxidative stress biomarkers. Flavonoids and terpe-
noids have been reported to lower TC, TGs, LDL and VLDL
levels by inhibiting pancreatic lipases, which convert TGs to
fatty acids and glycerol.42 Polyphenol-rich plants reduce lipid
peroxidation and boost glutathione peroxidase, which protects
tissues by scavenging reactive oxygen species; such as su-
peroxide anion and peroxynitrite.43 The presence of phyto-
chemical compounds in CE.Cr including terpenoids, phenyl
propanoids, and iridoids have been reported for their anti-
oxidant activity which might be linked to the anti-
hyperlipidemic effects.44

Reverse cholesterol transport, a mechanism in which ex-
cess tissue cholesterol is taken up and processed by HDL
particles before being sent to the liver for metabolism, is
largely responsible for maintaining cholesterol levels in the
body. As a result, an increase in HDL levels lowers the risk of
atherosclerosis.45 Chlorogenic acid and naringenin, found in
CE.Cr, as evident from HPLC analysis, play a role in fat
metabolism as they increase the activity of hepatic lipases and
improve the lipid profile.46,47 Naringenin has been reported to
modulate signaling pathways related to fatty acid metabolism,
lowering their accumulation in the liver, thus preventing fatty
liver.46 Quercetin rhamno-di-hexoside and quercetin-3-O-
glucopyranoside have been documented as effective antiox-
idant agents.48 It has scientifically been proven that reduction
in the raised levels of cholesterol, especially LDL levels,
reduces the risk of cardiovascular complications and the risk
of mortality, similarly reduction in TG levels reduces coronary
heart diseases.49

The present study showed that CE.Cr produces hypoten-
sive effects, at the dose of 30 mg/kg, that may be due to a
combination of important phytoconstituents which show their
effects through multiple mechanisms; such as, diuretic ac-
tivity, ACE inhibitory potential, calcium channel blocking
activity, potassium channel opening activity etc. Ferulic acid,
found in CE.Cr has been reported to possess free radical

Table 3. The Effects of CE.Cr on Urine Volume (ml/100 g/6 h), Na+ and K+ Excretion (mmol) in Albino Rats.

Urine Volume (ml/100 g/6h) Diuretic Index Na+ (mmol/L) K+ (mmol/L)

Control (NS, 10 mL/Kg; i.p.) 1.10 ± .138 — 50.10 ± 3.47 12.0 ± .74
Standard (Furosemide, 10 mg/Kg; i.p.) 4.31 ± .056*** 3.9 108.20 ± 4.41*** 26.27 ± 2.61***
CE.Cr (100 mg/Kg; i.p) 2.58 ± .7*** 2.53 69.43 ± 4.83** 15.34 ± 1.25*
CE.Cr (300 mg/Kg; i.p) 3.38 ± .28*** 3.00 79.82 ± 2.53*** 23.28 ± 1.56***
CE.Cr (500 mg/Kg; i.p) 3.84 ± .45*** 3.4 82.34 ± 1.75*** 26.56 ± 1.09***

The values are expressed as Mean ± SEM of six animals in each group and the results arestatistically analyzed using one way ANOVA followed by Tukey–
Kramer’s test. The results of treatment groups are compared with control group and are considered non-significant (ns) if P > 0.05, significant (*) if P < 0.05,
more significant (**) if P < 0.01 and highly significant (***) if P < 0.001.

Table 4. The Effects of CE.Cr on Severity Score of Rat Aorta in
HFD-Induced Hypercholesterolemia Model.

Groups Severity Score

Normal control 0
Positive control 3
Standard control 1
CE.Cr

100 mg/kg 2
300 mg/kg 1
500 mg/kg 1

The histological slides were assigned severity grades according to the
percentage of foam cells observed in each group; that is, 0 ≤ 1%, 1 < 25%,
2 = 25-50%, 3 = 50-75% and 4>75%.

8 Dose-Response: An International Journal



scavenging properties and hypotensive effects in sponta-
neously hypertensive rats which was associated with nitric
oxide (NO) mediated vasodilation.50 CE.Cr showed diuretic
effects in albino rats which could be due to the presence

of saponins and high flavonoid content. Diuretics are
considered as one of the suitable choices for the manage-
ment of uncomplicated hypertension and are often used in
combination with antihypertensive drugs for moderate to

Figure 7. The effects CE.Cr and atorvastatin on the histological parameters of aorta cross section of albino rats, observed under polarized
light microscope (100×) in HFD-induced hypercholesterolemia model; (A) Normal control, (B) Positive control, (C) Standard control,
CE.Cr; (D) 100 mg/kg, (E) 300 mg/kg and (F) 500 mg/kg. The images are of one representative animal from each group and the arrows (→)
show presence of foam cells.

Table 5. The Behavioral Pattern of Mice Treated With CE.Cr (5 g/kg; p.o.) in Acute Toxicity Study.

Parameters

0 h 2 h 6 h 24 h 48 h 7 days 14 days

NCG CE.Cr NCG CE.Cr NCG CE.Cr NCG CE.Cr NCG CE.Cr NCG CE.Cr NCG CE.Cr

Lacrimation N N N N N N N N N N N N N N
Salivation NF NF NF P NF NF NF NF NF NF NF NF NF NF
Hyperactivity N N N NF N N N N N N N N N N
Convulsions NF NF NF NF NF NF NF NF NF NF NF NF NF NF
Ataxia NF NF NF NF NF NF NF NF NF NF NF NF NF NF
Tremors NF NF NF NF NF NF NF NF NF NF NF NF NF NF
Somatomotor activity N N N N N N N N N N N N N N
Diarrhea NF NF NF P NF NF NF NF NF NF NF NF NF NF
Lethargy NF NF NF P NF NF NF NF NF NF NF NF NF NF
Sleep N N N N N N N N N N N N N N
Coma NF NF NF NF NF NF NF NF NF NF NF NF NF NF
Death NF NF NF NF NF NF NF NF NF NF NF NF NF NF

NCG = Normal control group, CE.Cr = The group treated with the crude extract of Caralluma edulis.
N = Normal, P = Present, MD = Moderately decreased, NF = Not found.
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severe hypertension.51 The presence of diuretic activity in
CE.Cr is likely to complement its antihypertensive effects.
These effects could possibly be due to the presence of
polyphenols and glycosides; that is, chlorogenic acid, ferulic
acid, hyperoside, naringenin, quercetin-rhamno-di-hexoside
and quercetin-3-O-glucopyranoside.

Atherosclerosis is associated with increased levels of serum
TC, LDL and TG, as well as low levels of HDL. HDL is
inversely related to total body cholesterol, a decrease in
plasma HDL concentration may hasten the onset of athero-
sclerosis, which leads to ischemic heart disease, by altering
cholesterol clearance from the arterial wall.52 The histological
studies showed that CE.Cr possesses anti-atherosclerotic ef-
fects which were evident from the restoration of normal en-
dothelial cell morphology and a decrease in the number of
foam cells as well as a decrease in the levels of LDL and TGs
which are the main causes of atherosclerosis. Together, these
findings proposed that anti-obesity, anti-atherosclerotic, anti-
hypertensive and anti-oxidant effects of CE.Cr lie on its diversely
active phytoconstituents and also target the interrelationship of
these complications.

Conclusions

The results of the present study concluded that C. edulis
possesses potential against obesity, hyperlipidemia and ath-
erosclerosis as evident from the normalization of plasma TC,
TGs, LDL and HDL levels, and restoration of endothelial cells
integrity that may be due to the presence of polyphenols,
glycosides and terpenoids which have been reported to pos-
sess cardioprotective properties. These protective effects
could possibly be mediated through a combination of anti-
oxidant, diuretic and antihypertensive activities. Therefore,
this study provides scientific ground to the folkloric use of C.
edulis in cardiovascular complications.

Limitations

HMG-CoA reductase pathway for hypercholesterolemia while
the ACE system, calcium channel, and autonomic nervous
system for hypertension are the major limitations of this study.
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