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The work investigated the presence of phytochemicals and antihyperlipidemic potential of the ethanolic 
extract of Crateva religiosa (CRETE). The extraction yield was found to be highest with ethanol 
(15.81% w/w), followed by ethyl acetate (11.98% w/w) and very poor in hexane (3.05% w/w), using 
as solvents of variable polarity. Quantitative phytochemical analysis revealed that CRETE consists of 
higher total phenolic content (81.19 µg/mg equivalent to gallic acid) and flavonoid contents (49.0 µg/mg 
quercetin equivalents) compared to the ethyl acetate extract. GC–MS analysis confirmed the presence 
of stigmasterol, gamma-sitosterol and lupeol as phytochemicals. In vivo studies demonstrated that 400 
mg/kg of CRETE reduced the levels of triglycerides (155.9 ± 1.51 mg/dl), total cholesterol (234.27 ± 
1.91 mg/dl) and low-density lipoprotein cholesterol (66.27 ± 2.07 mg/dl), while increased the level of 
high-density lipoprotein cholesterol (133.48 ± 3.72 mg/dl). Atherogenic indices were also improved 
significantly. CRETE restored hepatic architecture and reduced adipocyte size. CRETE also exhibited 
strong antioxidant effects by lowering malondialdehyde (MDA) levels and enhancing glutathione 
(GSH), superoxide dismutase (SOD) and catalase activities. Mechanistically, in comparison to control 
groups, CRETE inhibited HMG-CoA reductase activity (p < 0.0001) and up-regulated PPARγ (p < 0.01) 
and CCAAT/EBPα (p <0.05) expressions in adipocytes significantly. 
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INTRODUCTION

Crateva religiosa is commonly known as temple 
plant or sacred garlic peer (Parveen et al., 2022). 
Potential medicinal properties of different parts of 
plant including the bark, leaves and roots are mainly 
for addressing issues like obesity, hyperlipidaemia 
and cardiovascular disorders (Meriga, Ganjayi, Parim, 
2017). Hyperlipidaemia denotes raised lipids level in 
the blood circulation, encompassing cholesterol as well 
as triglycerides. It is characterized by a disturbance in 
the metabolism of the lipid (Ruotolo, Howard, 2002). 
Disruption of lipid metabolism is the main reason for 
various cardiovascular diseases like coronary artery 
disease and atherosclerosis (Fava et al., 2006).

Genetic polymorphism emerges as the predominant 
cause of hyperlipidaemia. Peroxisome proliferators-
activated receptors (PPARs) have main role in 
amendable gene systems related to the formation of 
adipose cells, lipid metabolism and homeostasis (Varga, 
Czimmerer, Nagy, 2011). PPARγ acts as a master 
regulator of adipogenesis, a potent modulator of overall 
lipid metabolism (Debril et al., 2011)

CCAAT/EBPα is a key protein that helps to change 
immature fat cells into fully developed ones. It plays 
an important role in fat storage by activating genes like 
PPARγ and fatty acid synthase, which help fat cells 
to store triglycerides (Fajas, Debril, Auwerx, 2001). 
However, too much CCAAT/EBPα can cause excessive 
fat build up, leading to larger fat cells and increasing 
the risk of obesity and high fat levels in blood (Jezek, 
Jaburek, Porter, 2019). CCAAT/EBPα and PPARγ work 
together to promote fat cell development by activating 
specific fat-related genes (Busiello, Savarese, Lombardi, 
2015).
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Disturbed lipid profile plays a crucial role in the 
body, but raised levels can lead to health complications 
(Unger et al., 2010). The study aims to uncover the 
underlying mechanisms that involve exploring specific 
pathways, molecular interactions, and biological 
processes influenced by Crateva religiosa bark extract 
(Tao, Sifuentes, Holland, 2014). Cholesterol rich diet 
induced hyperlipidaemic rats’ experimental model 
representing features like human hyperlipidaemia. This 
is a common model in biomedical research, to check 
raised lipid levels (Andreadou et al., 2020).

The decision to utilize extracts from Crateva 
religiosa bark underscores the interest in specific 
bioactive compounds present in the bark, such as 
alkaloids, flavonoids, terpenoids, or other phytochemicals 
contributing to observed therapeutic effects (Roy et 
al., 2022; Niki et al., 2005). This study may provide a 
rational approach in the case of hypocholesterolaemia 
drugs. The reason for choosing the Wistar Albino rats 
is due to genetically resemblance to humans as well 
as cholesterol metabolism and cardiovascular diseases 
are urgent issues concerning humans. Therefore, 
concentrating on the hyperlipidaemic conditions of such 
rats would make the researchers' work models quite 
clinical and relevant for measuring the effectiveness of 
Crateva religiosa bark extract (Ghezzi et al., 2012).

Studying the mechanistic information will help 
understand the experimental findings of how extracts 
from Crateva religiosa barks can affect cholesterol 
levels, and thus the pathway for further clinical testing 
of the plant will be created (Odukoya et al., 2022).

In conclusion, this research aims to discuss the 
effective management of hyperlipidaemia and the 
therapeutic aspects of the crude extracts            of the 
bark of Crateva religiosa (Sikarwar, Patil, 2012). The 
result of the present study may open up opportunities 
for the creation of new practice-based, nature-
drawn therapeutic models for lipid abnormalities that 
can strengthen and enhance the understanding and 
management of cardiovascular diseases (Bruckert, 
2002).

MATERIAL AND METHODS

Experimental animals

The study has been performed on 100 ± 10 g 
Wistar albino male rats. The Animal Ethics Committee 
of I.T.S College of Pharmacy approved all protocols 
and animal procedures. Rats were housed in the animal 
house at I.T.S College of Pharmacy, Ghaziabad, India 
(Registration no.: 1044/PO/Re/S/07/CPCSEA, 27th 
Feb 2007). They had been accessed typical pellet chow 
diet and water ad libitum. All the animals were housed 
at 23 ± 2°C with 55% relative humidity and a twelve-
hour light/dark cycle. All animals were acclimated to 
standard laboratory environments for at least 7 days 
before the experimental procedures started, with 6 
animals per cage.

Chemicals and materials

Cholesterol and cholic acid were sourced from 
Sisco Research Laboratories, while other reagents 
were obtained from CDH. LDL-c, HDL-c, TC and TG 
were investigated by commercial kits supplied by Erba 
Mannheim Diagnostics. Rosuvastatin was acquired 
from Watson Pharma, Mumbai, India.

The collection, authentication, and extraction of 
plant parts

Crateva religiosa bark was collected from 
Bharatpur, Rajasthan Medicinal farm of Prakriti Garden 
studio, Rajasthan in April 2022. The identification and 
authentication were done by CSIR-National Institute of 
Science Communication and Policy Research, Delhi, 
and through voucher specimen no. NIScPR/RHMD/
Consult/2022/4108-09-3. The bark of plant was cleaned 
with water to eliminate the impurities and dried for 
10 days. The powdered plant material was extracted 
through Soxhlet apparatus by successive solvent 
extraction method with hexane as nonpolar solvent 
for 24 hours and further extracted with ethyl acetate as 
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median polar and followed with ethanol (highly polar) 
for 72 hours. Extracts were concentrated on a rotatory 
evaporator and then dried under reduced pressure. The 
percentage yield of extract was calculated (Nadkami, 
2017).

Preliminary Phytochemical analysis

Preliminary qualitative chemical analyses of 
Crateva religiosa bark extracts was conducted to 
determine the presence of key bioactive constituents, 
including tannins, steroids, flavonoids, phenolic 
compounds and terpenoids (Khandelwal, 2002). Due 
to the low percentage yield and absence of active 
constituents, the hexane extract was not used for further 
studies.

Estimation of Total Phenolic Content

The total phenolic content was determined using 
the Folin–Ciocalteu reagent method. Gallic acid was 
used as the standard, with a calibration curve prepared 
from dilutions ranging between 10 and 100 µg/ML. 
Absorbance was measured at 760 nm the results were 
expressed in µg of gallic acid equivalents per mg of 
extract (Nortjie et al., 2022).

Estimation of Total Flavonoid Content

The total flavonoid content was determined using 
quercetin as the standard. A calibration curve was 
prepared with quercetin concentrations ranging from 
10 to100 µg/mL in ethanol. For each dilution of the 
standard and CRETE strains 1.5 mL of ethanol, 0.1 
mL of 10% aluminium chloride solution, 0.1 mL of 
1 M potassium acetate solution and 2.8 mL of water 
were added. A blank sample was prepared using the 
same reagents, excluding the standard and extracts. 
All samples were filtered using Whatman’s filter paper 
before measurement. Absorbance was recorded at 420 
nm using a UV-1900i Shimadzu spectrophotometer. The 
analysis was performed in triplicate, and the flavonoid 

content in the extracts was calculated using the 
regression equation from the standard curve (Blainski, 
Lopes, De Mello, 2013).

Among the two tested extracts (ethyl acetate and 
ethanol), CRETE showed the highest total phenols and 
flavonoids content, then ethyl acetate extract of plant 
bark. Therefore, further investigations were carried out 
using CRETE.

Gas chromatography-mass spectroscopy (GC-MS)

GC-MS was carried out to identify the molecular 
formula, molecular weight and structure of the active 
chemical constituents. Gas chromatography mass 
spectrometer (GCMS-TQ8040, Shimadzu) with an 
AOC-20i auto injector was used to determine the 
existence of active chemical constituents (Andrus et 
al., 1956). The program lab solution was utilized and 
the bioactive constituents were recognized by matching 
their peak retention time, peak area (%), height (%) and 
m/z fragmentation patterns to that of the established 
bioactive compounds described by the library, National 
Institute of Standards and Technology (NIST). GC-MS 
study was done at the Central Laboratory Patanjali Food 
and Herbal Park Pvt. Ltd. Haridwar, India.

Acute oral toxicity

Acute oral toxicity study for CRETE was performed 
as mentioned in OECD guidelines 423. A test was 
conducted using a dose of 2000 mg/kg orally as a single 
dose, following a fasting period of 3–4 hours with 
access to water ad libitum. The observations were made 
closely for the first 30 minutes and then for 4 hours after 
administration of dose (OECD Guidelines, 2000).

Preparation and Dosing of ethanolic extract 
(CRETE) for Animal Studies

For animal administration, standard drug 
Rosuvastatin 10 mg/kg and CRETE were solubilised 
separately in normal saline (0.9% w/v NaCl) as a 
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vehicle and directed through oral gavages. Three doses 
of CRETE having 100, 200 and 400 mg/kg of it were 
prepared by dissolving it in to the appropriate amount 
of vehicle and administered orally using an oral gavage 
to ensure proper dosing.

Induction of hyperlipidaemia (Model-based on 
cholesterol rich diet)

Wistar albino male rats (6–8 weeks old) were 
nursed with cholesterol diet for 9 weeks. A cholesterol-
rich cocktail at1 ml/100 g body weight was used to 
induce hyperlipidaemia. Cholesterol-rich cocktail was 
prepared with peanut oil 1 litre, cholesterol 100g, propyl 
thiouracil 30 g, and cholic acid 100 g. Plant extracts 
were administered simultaneously with the cocktail 
means two hours before the feeding with the cholesterol 
diet till 9th week (Vogel, 2002). Monitoring and 
documentation of the progression of hyperlipidaemia 
was observed throughout the experiment. Comparative 
calculations were made between the normal control 
group, cholesterol diet-induced control group, and 
treatment groups at each time interval. Detailed records 
of when hyperlipidaemia was induced and its severity 
at each interval were maintained to ensure induction of 
hyperlipidaemia.

Experimentation

Rats having initial weights approx. 100 ± 10 g were 
selected. Six experimental groups were prepared having 
6 rats in each group.

Group I: The group received no treatment, only 
saline at a dosage of 10 ml/kg administered orally per 
oral and acted as a control (normal).

Group II: A cholesterol diet-induced control group 
or disease control. Animals received cholesterol rich 
diet through oral gavage (1 ml per 100 g body weight) 
as a hyperlipidaemia-inducing agent for up to 9 weeks 
(Elmowafy et al., 2017).

Group III: Serving like the standard group, rats in 
this category received the reference drug Rosuvastatin 

with dose of 10 mg per kg, orally directed before 2 hours 
of being fed with the cholesterol diet. This treatment 
regimen was initiated from day one and continued 
throughout the 9 weeks (Krause, Newton, 1995).

Group IV: As a test group, rats were administered 
CRETE with dose of 100 mg/kg orally. The 
administration of dose was carried out two hours before 
the initiation of feeding with the cholesterol diet up to 9 
weeks (Dhingra et al., 2014).

Group V: As a test group, rats received CRETE 
dose of 200 mg/kg, orally at two hours before the 
commencement of feeding with the cholesterol diet, 
and the treatment was sustained for the entire 9 weeks 
duration (Gregory et al., 2013).

Group VI: As a test group, rats received CRETE 
with a dose of 400 mg/kg orally. The administration of 
dose was conducted at two hours before the initiation 
of feeding with the cholesterol rich diet persisted 
throughout the 9 weeks (Zhou et al., 2016).

Blood, tissue sample collection and confirmation 
of hyperlipidaemia

Baseline lipid parameters were measured at the 
beginning of the experiment. Continuous monitoring of 
the lipid profile at various time intervals was conducted 
to select hyperlipidaemic rats. Rats showing significantly 
elevated TC, TG, and LDL-C levels (compared to 
normal controls) were considered hyperlipidaemic 
and included in the treatment study. This includes 
detailed documentation for when hyperlipidaemia was 
induced and following of its progression throughout 
the experiment. Ketamine (50 mg per kg) was used to 
anesthetize the rats. Blood samples were collected by 
retro-orbital puncture method at weeks 0, 3, 6, and 9 
after overnight fasting. Different time intervals were 
used to confirm that when the hyperlipidaemia will be 
induced and confirmation was done after comparing 
with normal control as well as cholesterol diet induced 
control group.

For biochemical analysis, western blotting, and 
histological examinations liver, skeletal muscle, and 
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adipose tissues (white) were collected and fixed. Body 
weight as well as food consumption were recorded 
regularly at weeks 0, 3, 6, and 9 (Bhardwaj et al., 2013; 
John et al., 2015).

Lipids Profile

Plasma LDL-c, HDL-c, TG and TC levels were 
estimated using an Erba Mannheim Diagnostics 
commercial kit at the interval of 0, 3, 6, and 9 weeks. 
The absorbance was taken at 450 nm (Tipple, Rogers, 
2012).

Lipid ratios of Plasma

It was calculated through the following formulas:
Atherogenic Coefficient (AC): (TC - HDL-c)/

HDL-c,
Atherogenic Index of Plasma (AIP): (TG/HDL-c), 
Castelli’s Risk Index (CRI-I): Total Cholesterol/

HDL-c and 
Castelli’s Risk Index (CRI-II): Low-Density 

Lipoprotein Cholesterol/HDL-c (Mengesha, 
Gnanasekaran, Mehare, 2021).

Homogenization of isolated liver sample

Homogenate of the liver in 10% w/v, ready with 
phosphate buffer, pH 7.4, 0.1 M then centrifuged for 
up to 20 minutes at 15,000 rpm. After that collected 
supernatant was proceeded for further estimations 
(Coelho, Oliveira, Fernandes, 2013).

Oxidative stress analysis

MDA and GSH were assessed through homogenate 
obtained from liver.

Assay for Lipid Peroxidation 

The classical method was used to measure lipid 
peroxidation (Ohkawa, Ohishi, Yagi, 1979). Sodium 

dodecyl sulphate, acetic acid, and Thio-barbituric acid 
(0.8% aqueous solution) mixed to the liver homogenate, 
heated at 95°C for 60 minutes. n-butanol and pyridine 
(15:1 ratio) added then centrifuged. Absorbance 
measured by a spectrophotometer at 532 nm. MDA 
levels were reported in µmol/mg of protein (Giustarini 
et al., 2014).

Protein content estimation

The traditional method was used to analysis of 
protein level with bovine serum albumin used like 
standard (Lowry et al., 1951).

Reduced Glutathione estimation

To estimate tissue GSH levels, homogenate of 
the liver precipitated with 5% tri-chloro-acetic acid, 
centrifuged at 1000 rpm for 10 minutes. Supernatant 
added with 0.2 M, pH 8.0 sodium phosphate buffers 
and Ellman's reagent added. After 10 minutes, intensity 
of the yellow colour analysed using spectrophotometer 
at 412 nm. GSH levels were reported in µmol/mg of 
protein (Yan et al., 2018; Ross, Jensen, Hardie, 2016).

Histological investigation

10 % formalin fixative solution was used to 
store liver, skeletal muscle, and white adipose tissue. 
Segments were examined to evaluate fatty infiltration 
of the liver, intra myo-cellular content of lipid in 
skeletal muscle, and white adipose tissue through 
histopathological analysis at I.T.S Dental College, 
Murad Nagar, Ghaziabad, India. Cell diameter was 
measured using Pro Magnus Software from different 
regions per slide; approx. 12 cells in each were analysed 
(Kupfer, Munsell, 1968).

Enzyme-linked Immunosorbent Assay (ELISA) for 
AMP-activated protein kinase (AMPK) and HMG-
Co A reductase
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10µl liver homogenate was incubated with 10µl 
of substrate mixture (10 µM ATP/ 10 µM AMP/ 0.2µg/
µl SAMS peptide solution in AMPK buffer) for 60 
minutes. For the ATP depletion assay, 100 µl of firefly 
reagent (50 mM Glycine, Luciferin 0.15 mM, Tris 1 mM 
(pH 7.6), EDTA 0.55 mM, 5 mM MgCl2,0.1% Sodium 
Azide, 0.1% BSA) was added to 20 µl of the treated 
lysate. Then, 10 µl of Luciferase enzyme (106 U/ml in 
1 M Glycine Tris Buffer (pH 7.6), 100 mM Magnesium 
Sulfate, 10mM EDTA) was added. The plate was then 
read for luminescence using a BioTek Synergy H1 
multi-mode reader (Kumar et al., 2019; Sztolsztener et 
al., 2023). For HMG-CoA reductase assay prepare and 
add the volume of reaction buffer (commercial kits) to 
the defined wells of 96-well plates. Add 10µl sample 
to the reaction mixture of the defined wells. Then, add 
10µl NADPH solution to the defined wells. Finally, add 
20µl substrate to start the reaction to the wells. Incubate 
plate for 1 hour to complete reaction. Finally, add 100µl 
of DMAB reagent to each well of the plate and incubate 
for 5 minutes. Absorbance was taken at490 nm with 
microplate reader (Ashafa, Orekoya, Yakubu, 2012; 
Basu et al., 2018).

Western blot analysis of PPARγ and CCAAT/EBPα

Homogenization of adipose tissue was performed 
with radio-immuno precipitation assay. Transfer 
efficiency was assessed using Ponceau staining. Primary 
antibodies are polyclonal anti-PPARγ rabbit antibody 
and polyclonal CCAAT/EBPα rabbit antibody. Fluor 
Chem E imaging system was used for the detection with 
an enhanced chemi-luminescence kit. Normalization 
of the protein expression was done by β-actin. The 
band intensity was analysed using ImageJ software 
(Mahmoodi, Najafipour, 2022).

Statistical investigation

The investigation was completed by using Graph 
Pad prism version 10.4.1 (627). Results were articulated 
in mean ± SEM or SD. Statistical analysis involved 

ANOVA with Bonferroni and Dunnett’s post-hoc test. 
Significance established at p less than 0.05.

RESULTS

Extraction yields

The average percentage yields of Crateva religiosa 
bark extracts were found as 3.05 % w/w in hexane, 
11.98% w/w in ethyl acetate and 15.81% w/w in ethanol.

Preliminary phytochemical analysis outcomes

On performing the preliminary qualitative 
tests, the presence of secondary metabolites such as 
tannins, steroids, flavonoids, phenolic compounds and 
terpenoids were confirmed in both ethyl acetate and 
ethanol extract. Due to the poor percentage yield and 
absence of active constituents, the decision was made 
to cease the utilization of hexane extract for future 
research.

Total phenolic content in Ethyl acetate and 
Ethanolic extract

The calibration curve equation was obtained as y 
= 0.0062x + 0.1662. The total phenol content in ethyl 
acetate and ethanolic extract was 29.47 µg/mg and 
81.19 µg/mg equivalents to gallic acid, respectively.

Total flavonoids content in Ethyl acetate and 
Ethanolic extract

The quantity of flavonoids in the plant extracts 
was measured in micrograms per milligram (µg/mg), 
using quercetin as a reference. The calibration curve of 
quercetin was obtained with the equation y = 0.0079x + 
0.1626. The total flavonoid contents of ethyl acetate and 
ethanolic extract were 8.78 and 49.08 μg/mg quercetin 
equivalents, respectively (Table I).
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TABLE I - Shows the data including the total phenolic and flavonoid contents in ethyl acetate and ethanolic extract (CRETE) of Crateva 

religiosa. The total phenolic content is expressed in µg of gallic acid equivalents per mg of extract, while the total flavonoid content is 

expressed in µg of quercetin equivalents per mg of extract

TABLE II - GC‒MS analysis data showing the characteristics of bioactive molecules present in CRETE. The data of the table presents the 

chromatographic characteristics of three compounds detected in the sample. The data includes the retention time (RT), peak height and area, 

along with their relative percentages (% Height and % Area). The compounds identified are Stigmasterol, Gamma Sitosterol, and Lupeol, along 

with their molecular formulas and molecular weights

Data are represented as mean ± standard deviation (SD) based on triplicate analysis.

The most abundant compound is Lupeol, followed by Gamma Sitosterol and Stigmasterol. These compounds are known for their bioactive 

properties, including antioxidant, anti-inflammatory, and cholesterol-modulating effects.

S.No. Plant Extract Total Phenol Total Flavonoid
1 Ethyl acetate 29.47 ± 2.12 8.78 ±1.61
2 Ethanol extract (CRETE) 81.19 ± 1.26 49.08 ± 0.402

In the present study ethanolic extract named as 
“CRETE” contains high total phenols and flavonoids 
contents as mentioned in Table I. These phytochemicals 
are effective to reduce the triglyceride accumulation, 
ROS generation, fibrosis, inflammation and oxidative 
stress which are the main reason for hyperlipidaemia 
(Tungmunnithum D et al., 2018). Due to having potent 
antioxidant properties of phenols and flavonoids, 
CRETE attracts the minds of researchers to investigate 
its role in protection against hyperlipidaemia. So, this 
is the rationale behind selecting the ethanolic extract of 
Crateva religiosa bark to use the mechanistic approach 
to prove the traditional antihyperlipidemic claim of 
Crateva religiosa bark.

Further analysis of CRETE was carried out by 
using GC‒MS which demonstrated the presence 
of 50 phytoconstituents with their retention times 
(RTs), molecular formulas, molecular weights, and 
concentrations (peak area %). Among all these 
phytoconstituents, there was presence of three bioactive 
compounds named stigmasterol, gamma sitosterol, and 

lupeol which were identified to have hypolipidemic 
property in literature survey (Table II) represents the 
retention times (RTs), molecular formulas, molecular 
weights, and concentrations (expressed as % peak area) 
of these three bioactive phytochemicals found in CRETE. 
The first identified compound was stigmasterol, having 
a molecular formula of C29H48O and a molecular weight 
of 412. It was detected at a retention time of 29.180 
minutes, with a mass [M+] of 412. The daughter ion 
spectra of stigmasterol showed characteristic fragment 
ions at m/z 55, 133, 159, 255, 300, 351, and 412. The 
second compound, gamma sitosterol, has a molecular 
formula of C29H50O and a molecular weight of 414, with 
a retention time of 29.692 minutes. Its spectra revealed 
fragment ions at m/z 55.1, 57.1, 81.1, 91, 95.1, 105, 
107.1, 145.1, 329, and 414. The third compound, lupeol, 
was detected at a retention time of 30.58 minutes. It has 
a molecular formula of C30H50O and a molecular weight 
of 426, with characteristic fragment ions observed at 
m/z 218 (100), 207 (50), and 18 (60) (Figure 1).

Peak RT Height % Height Area % Area Name of 
compound

Molecular 
formula

Molecular 
weight

1 29.18 4229238 0.84 10395944 0.81 Stigmasterol C29H48O 412

2 29.69 14019571 2.79 35105600 2.73 Gamma 
sitosterol

C29H50O 414

3 30.58 34761880 6.93 102905062 7.99 Lupeol C30H50O 426
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FIGURE 1 - GCMS analysis showing the m/z and fragmentation patterns of bioactive compounds: [A] lupeol, [B] Gamma sitosterol, [C] 

Stigmasterol.
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FIGURE 2 - The figure has two panels (A and B) that present the effects of different treatment groups on % weight change and food intake 

change over time. Panel A; % Weight Change:  The graph shows the mean % change in body weight across different experimental groups: 

Control, Cholesterol induced Control, Standard Control, and Test groups (Low, Median, and High doses). The different coloured lines represent 

weight change over different time intervals (0–3 weeks, 0–6 weeks, 0–9 weeks, 3-6 weeks, 6-9 weeks). The cholesterol diet induced control 

group shows the highest weight gain across the 0-9 weeks. The standard control, low and median dose test groups show moderate weight gain 

but higher test dose group seems to control weight gain more effectively. Statistically significant differences (marked by *) indicate noteworthy 

differences between groups. Panel B; % Food Intake Change: This graph demonstrates the mean percentage change in food intake across the 

same groups over different time intervals. The cholesterol induced control group exhibits the highest increase in food intake, especially in the 

(0–3 weeks, 0–6 weeks, 0–9 weeks). The standard control, low and median test dose groups show a relatively lower food intake compared 

to the cholesterol induced control group. Higher test dose group appear to reduce excess food intake more effectively over time. * Indicates 

statistically significant differences between groups.

Acute toxicity study

CRETE did not express any toxicity symptoms 
and no death up to 2000 mg/kg body weight. 100, 
200 and 400 mg/kg doses of CRETE were chosen to 
know its dose dependent therapeutic potential as per 
experimental design used in the further study.

Outcomes of % weight change and food intake 

change (gm/week):

Throughout the feeding period, the cholesterol-fed 
groups exhibited higher food intake than to the normal 
control group. Rats experienced significant weight gain 
after 9th weeks. The action of extracts led to a notable 
decline in body weight, particularly in all plant extract 
groups (Figure 2).

Plasma Lipid Profile

CRETE were found to be capable of effectively 
to stabilize the level of TG, TC, and LDL-c across all 
test groups (group IV, V, and VI) in comparison to the 
Cholesterol induced Control group. HDL-c readings 

were meaningfully high in CRETE receiving rats of test 
groups, with the greatest increase observed in the high-
dose (400 mg/kg) of CRETE receiving rats of group 
VI, followed by medium dose (200 mg/kg) of CRETE 
receiving rats of group V, and low dose (100 mg/kg) of 
CRETE receiving rats of group IV (Table III). 
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Plasma Lipid Profile Treatment groups

Parameter Duration 
(Week)

Group I
(Control)

Group II
(Cholesterol-
rich diet 
induced 
control)

Group III
(Standard)

Group IV 
(Receiving 
low dose of 
CRETE, 
(100 mg/kg)

Group V 
(Receiving 
medium dose 
of CRETE, 
(200 mg/kg)

Group VI 
(Receiving 
high dose of 
CRETE, 
(400 mg/kg)

   TC 
(mg/dl)

0 93.76 ± 2.63 94.69 ± 2.67 97.47 ± 2.133 101.35 ± 2.09 92.58 ± 2.11 93.35 ± 3.19

3rd 132.08 ± 1.88 261.06 ± 3.19 
***

244.13 ± 
2.28***

252.63 ± 4.54 
***

251.98 ± 2.10 
***

242.85 ± 1.77 
***

6th 139.97 ±11.82 326.4 ± 6.33 
***

262.37 ± 19.38 
***

292.92 ± 
2.26***

271.62 ± 7.37 
***

254.28 ± 1.98 
***

9th 127.24 ± 4.89 331.22 ± 1.97 
***

242.13 ± 4.37 
***

305.53 ± 12.48 
***

274.33 ± 3.83 
***

234.27 ± 1.91 
***

TG 
(mg/dl)

0 54.36 ± 3.31 56.99 ± 4.96 52.26 ± 1.44 51.32 ± 0.62 54.01 ± 2.41 54.25 ± 3.35

3rd 63.31 ± 1.63 132.22 ± 2.58 
***

114.83 ± 2.32 
***

125.39 ± 
6.48***

119.67 ± 
5.55***

114.33 ± 
1.81***

6th 72.35 ± 1.76 141.83 ± 1.56 
***

122.53 ± 1.78 
***

135.42 ± 2.76 
***

124.37 ± 3.35 
***

121.03 ± 8.51 
***

9th 82.45 ± 1.38 165.15 
±2.01***

156.57 ± 5.59 
***

161.45 ± 2.12 
***

159.92 ± 2.10 
***

155.9 ± 1.51 
***

HDL-c (mg/dl)

0 111.62 ± 4.77 95.78 ± 3.09** 97.8 ± 4.76** 99.1 ± 1.30 * 99.73 ± 6.89 * 99.15 ± 2.20*

3rd 108.6 ± 6.51 61.33 ± 
1.18***

124.5 ± 2.10 
**

100.92 ± 29.68 113.4 ±0.96 125.73 ± 4.76 
***

6th 103.8 ± 10.26 54.55 ± 
2.88***

128.43 ± 4.77 
***

102.46 ± 5.79 119.12 ± 3.51 
**

123.27 ± 
3.51***

9th 61.33 ± 1.57 49.55 ± 6.36 
**

134.03 ± 
1.47***

113.1 ± 1.45 
***

124.85 ± 
3.72***

133.48 ± 3.72 
***

LDL-c (mg/dl)

0 43.15 ± 2.60 43.03 ± 2.23 41.63 ± 1.63 40.89 ± 
1.55***

41.39 ± 2.76 42.055 ± 4.71

3rd 42.58 ± 2.86 65.24 ± 3.38 
***

62.27 ± 1.32 
***

61.58 ± 
1.78***

61.06 ± 
1.31***

59.94 ± 
1.31***

6th 40.57 ± 6.18 68.78 ± 
3.93***

60.67 ± 3.89 
***

66.99 ± 2.13 
***

65.72 ± 1.90 
***

63.98 ± 1.77 
***

9th 43.55 ± 3.78 72.88 ± 
1.51***

54.74 ± 1.64 
***

70.03 ± 0.29 
***

68.93 ± 1.21 
***

66.27 ± 2.07 
***

TABLE III - Changes in the plasma TG, TC, LDL-c, and HDL-c in the different treatment groups of Wistar albino rats during the experiment

The plasma lipid profile parameters including TC, TG, HDL-c and LDL-c for different treatment groups across four time points (0, 3rd, 6th, 

and 9th weeks). Group I (Control) having no treatment, used as baseline for comparison. Group II (Cholesterol induced Control) treated with 

a substance expected to induce unfavourable lipid changes. Group III (Standard Control) received a standard treatment with known lipid-
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modulating effects. Group IV has low dose of CRETE (100 mg/kg). Group V treated with medium dose of CRETE (200 mg/kg). Group VI 

animals treated with high dose of CRETE (400 mg/kg). The data are presented as mean ± SEM with statistical comparisons to the control group 

indicated by asterisks (*p < 0.05, **p < 0.01, ***p < 0.001). Two-way ANOVA and Bonferroni’s post-hoc test was used for statistical analysis. 

The table highlights the changes in lipid profile parameters over the study duration, with significant differences observed between groups 

mainly at 3rd, 6th, and 9th weeks). TC: Shows significant increases in the cholesterol induced control group compared to the control group, with 

considerably differences at later weeks in the test groups. TG: Level of TG elevated in the cholesterol induced control group but reductions 

in TG levels for the higher dose CRETE groups. HDL-c: Level of HDL-c decreased in the cholesterol induced control groups, but CRETE 

restored the level of this especially with high test dose. LDL-c: Significant increases observed in the cholesterol induced control groups, while 

CRETE-treated groups show more stable lipid levels.

Lipid ratios of Plasma (AIP, AC, CRI-I, and II):

Atherogenic indices are commonly related through 
the expansion of dyslipidaemias and cardio-metabolic 

conditions. Research indicates that lipid indices derived 
from lipid profile parameters provide a more accurate 
prediction for dyslipidaemia (Table IV).

TABLE IV - Shows Atherogenic Index of Plasma (AIP), Atherogenic Coefficient (AC), Cardiac Risk Index-I (CRI-I), and Cardiac Risk 

Index-II (CRI-II) across different treatment groups at 0, 3rd, 6th, and 9th weeks. Groups include the control (Group I), Cholesterol-rich diet 

induced control (Group II), standard control (Group III), and three CRETE-treated groups with low (100 mg/kg, Group IV), medium (200 

mg/kg, Group V), and high (400 mg/kg, Group VI) doses

Plasma Lipid Ratios Treatment groups

Parameter Duration
(Week)

Control          
(Group I)

(Group II) 
Cholesterol-

rich diet 
induced 
control

Standard 
control

(Group III)

Group IV 
(Receiving 
low dose of 

CRETE, (100 
mg/kg)

Group V 
(Receiving 

medium dose 
of CRETE, 
(200 mg/kg)

Group VI 
(Receiving 
high dose 

of CRETE,             
(400 mg/kg)

AIP
0 0.32 ± 0.11 0.23 ± 0.02 0.28 ± 0.01 0.29 ±0.002 0.27 ± 0.007 0.26 ± 0.01

3rd 0.23 ± 0.082 0.33 ± 0.003 
***

0.04 ± 0.003 * 0.19 ± 0.16 
***

0.023 ± 0.008 
***

0.04 ± 0.007 *

6th 0.16 ± 0.01 0.42 ± 0.01 
***

0.02 ± 0.005 0.12 ± 0.002 
***

0.02 ± 0.01 * 0.01 ± 0.01

9th 0.13 ± 0.02 0.53 ± 0.02 
***

0.07 ± 0.007 0.15 ± 0.003 0.11 ± 0.004 0.07 ± 0.003

AC
0 92.76 ± 1.07 93.69 ± 35.49 96.47 ± 0.87 100.35 ± 0.85 91.58 ± 0.86 92.35 ± 1.30

3rd 131.08 ± 0.76 260.06 ± 14.10 
***

243.13 ± 0.93 
***

251.63 ± 1.86 
***

250.98 ± 
3.10***

241.85 ± 0.72 
***

6th 138.97 ±4.83 325.4 ± 
2.09***

261.37 ± 7.91 
***

291.92 ± 0.92 
***

270.62 ± 
3.01***

253.28 ± 0.81 
***

9th 126.24 ± 1.10 330.23 ± 
0.81***

241.13 ± 1.79 
***

304.53 ± 5.09 
***

273.33 ± 
1.56***

233.27 ± 0.78 
***

CRI-I
0 0.84 ± 0.023 0.99 ± 0.018 0.999 ± 0.022 1.01 ± 0.010 0.93 ± 0.01 0.94 ± 0.01

3rd 1.22 ± 0.03 4.26 ± 0.39 * 1.96 ± 0.023 5.59 ± 3.47 
***

2.22 ± 0.01 1.93 ± 0.03

6th 1.36 ± 0.08 5.10 ± 0.15 
***

2.04 ± 0.065 2.86 ± 0.03 2.28 ± 0.05 2.06 ± 0.02

9th 2.08 ± 0.053 6.77 ± 0.34 
***

1.81 ± 0.021 2.70 ± 0.05 2.20 ± 0.03 1.76 ± 0.01
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TABLE IV - Shows Atherogenic Index of Plasma (AIP), Atherogenic Coefficient (AC), Cardiac Risk Index-I (CRI-I), and Cardiac Risk 

Index-II (CRI-II) across different treatment groups at 0, 3rd, 6th, and 9th weeks. Groups include the control (Group I), Cholesterol-rich diet 

induced control (Group II), standard control (Group III), and three CRETE-treated groups with low (100 mg/kg, Group IV), medium (200 

mg/kg, Group V), and high (400 mg/kg, Group VI) doses (continuation)

CRI-II
0 0.39 ± 0.01 0.45 ± 0.01 0.43 ± 0.01 0.41 ± 0.01 0.42 ± 0.01 0.42 ± 0.17

3rd 0.39 ± 0.02 1.06 ± 0.02 * 0.50 ± 0.005 1.32 ± 0.80 ** 0.54 ± 0.004 0.48 ± 0.19

6th 0.40 ± 0.3 1.27 ± 0.05** 0.47 ± 0.01 0.65 ± 0.01 0.55 ± 0.013 0.52 ± 0.21

9th 0.71 ± 0.02 1.48 ± 0.07* 0.41 ± 0.005 0.62 ± 0.01 0.55 ± 0.008 0.50 ± 0.20

All readings were presented in mean ± SEM, Two-way ANOVA and Bonferroni post-hoc test the analysis method. The comparisons were done 

from the control group at the 0th, 3rd, 6th, and 9th weeks. Statistical consequences are represented through *p value less than 0.05, **p value less 

than 0.01, and ***p value than 0.001 from control.

Serum biochemical indices for Oxidative stress

Hyperlipidaemia led to high TBARS levels and 

low GSH, catalase and SOD levels in the liver. Extract 
significantly decreased TBARS and increased, SOD, 
GSH and catalase levels (p less than 0.05) (Figure 3). 
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FIGURE 3 - Shows antioxidant statuses in liver homogenates. The figure represents the levels of oxidative stress markers MDA, GSH, SOD 

and Catalase in the liver homogenates of Wistar albino rats across various treatment groups. Data are expressed as mean ± SEM (n = 6), 

with statistical significance determined using Bonferroni's post-hoc test. MDA Levels (Figure 3A): The cholesterol-induced control group 

displayed a marked increase in MDA levels compared to the normal control (p < 0.0001), signifying enhanced lipid peroxidation and oxidative 

stress. Treatment with the standard drug and test groups significantly reduced MDA levels, demonstrating their antioxidant potential. GSH 

Levels (Figure 3B): A notable reduction in GSH levels was observed in the cholesterol-induced control group (p < 0.01), indicating impaired 

antioxidant defence mechanisms. However, treatment with the standard drug and test groups significantly elevated GSH levels (p < 0.001 to 

p < 0.0001), suggesting a protective effect against oxidative damage. SOD Levels (Figure 3C): The control and cholesterol-induced control 

groups showed no significant difference in SOD activity. However, the standard and test groups exhibited a mild but significant enhancement 

(p < 0.05 to p < 0.01), indicating a potential role in boosting enzymatic antioxidant activity. Catalase Levels (Figure 4D): Catalase activity was 

significantly lower in the cholesterol-induced control group compared to the normal control (p < 0.001), highlighting oxidative stress-related 

impairment. The standard and test groups significantly improved catalase levels (p < 0.05 to p < 0.0001), suggesting their role in restoring 

antioxidant enzyme function. The cholesterol-induced group exhibited elevated oxidative stress, as evident from increased MDA levels and 

reduced antioxidant enzyme activity (GSH, SOD and Catalase).

Histopathological analysis 

Microscopic examinations revealed that adipocyte 
size increased in cholesterol-rich diet induced control 
group of rats than in control group. Administration of 
CRETE and standard drugs partially restored adiposity 
indices and cell size (Figure 4). The control group 
showed a normal hepatic architectural pattern. In 
contrast, the negative control group exhibited a highly 
disorganized liver structure with vacuolated cells and 
large lipid droplets. Treatment with standard drugs 

and CRETE resulted in a decrease of lipid droplets 
around the centrilobular vein then the negative Control 
(Figure 5). Furthermore, histopathological changes in 
the skeletal muscle fibres suggest that a cholesterol-
rich diet leading to hyperlipidaemia has detrimental 
effects on muscle tissue. The presence of lipid droplets 
within muscle fibres indicates lipid accumulation, 
which can impair muscle function. All treatments to 
be used have a significant impact on skeletal muscle 
structure (Figure 6).
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FIGURE 4 - Images showing the histopathological study of adipocyte. All sections were stained with haematoxylin and eosin; Bar scale: 100 

µm. (A) Control groups have visible signet-shaped cells. (B) The Cholesterol induced Control group showed a thin layer of cytoplasm with 

visible fat droplets. (C) Standard group, (D) Test Low dose, (E) Test Mediam dose and (F) Test High dose groups showed optimal adipocyte 



Page 15/27Braz. J. Pharm. Sci. 2026; 62: e24772

Exploration of phytochemicals and antihyperlipidemic effect of crateva religiosa bark: in vivo mechanistic approach for management of hyperlipidaemia

size than to the Negative Control. (G) Quantitative analysis of adipocyte size (µm²) among different groups, presented as mean ± S.E.M. The 

mean surface area for visceral white adipocytes was measured using Magnus Pro software. Statistical significance is indicated by **** (p < 

0.0001). Data were analysed using ANOVA followed by Bonferroni's post-hoc test.

FIGURE 5 - Images showing the histopathological examination of liver tissue on hyperlipidaemia induced by cholesterol-rich diet with a 

bar scale: 100 µm. (A) Image showing the control group showed normal architecture with intact portal triad areas. (B) Image showing the 

cholesterol induced control having dilation of hepatic sinusoids, vesicular steatosis, leucocytes infiltration, and hepatic necrosis. (C) Image 

showing the standard group having slightly better preservation of liver architecture. (D) Image showing the group IV i.e. low dose (100 mg/kg) 

of CRETE receiving rats, having mild hydropic degeneration in liver cells. (E) Image showing for rats received medium dose (200 mg/kg) of 

CRETE i.e. group V, having improved and slightly vascularized fibrotic septa. (F) Image showing the liver tissues of rats received high dose 

(400 mg/kg) of CRETE i.e. group VI, having maintained architecture of hepatic tissues.
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FIGURE 6 - Images of skeletal muscle fibres showing the histopathological impact in the study for hyperlipidaemia induced by cholesterol-rich 

diet with a bar scale: 100 µm. (A) Image showing the control group has visible spindle-shaped nuclei located peripherally. (B) Image showing 

the cholesterol induced control has vacuolization in the skeletal muscle tissue along with degeneration of the skeletal muscle tissue. (C) 

Standard group, (D) Test Low dose, (E) Test Median dose and (F) Test High dose groups showed uniform size and shape with normal muscle 

fiber morphology and regularly spaced nuclei related with negative control group. (G) In quantitative analysis the bar graph represents the 

mean skeletal muscle fiber size (in microns) across different groups. The x-axis lists the groups: Control, Cholesterol-induced control, Standard 

control, Test 1, Test 2, Test 3. The y-axis represents the muscle fiber size (µm). Error bars indicate standard deviation.  All measurements 

were done by using Magnus Pro software. Significance was represented as *p value less than 0.05 for comparisons between the control and 

cholesterol induced control. No important fluctuations were detected for other groups in contrast to negative control. ns means not significant.

Outcomes of Enzyme Activity Assays 

During hyperlipidaemia, the body increases HMG-
CoA reductase levels to produce more cholesterol, 
resulting in elevated blood lipid levels. AMPK 
activity was measured using an ATP depletion assay, 
which estimates cellular energy status. Since AMPK 

activation plays a role in lowering cholesterol and lipid 
accumulation, it is considered a promising approach for 
hyperlipidaemia management. Regulating cholesterol 
synthesis can be achieved by inhibiting HMG-CoA 
reductase and activating AMPK, which supports in lipid 
metabolism. (Figure 7).
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FIGURE 7 - Graph showing the levels of HMG-CoA reductase and AMPK levels evaluated in hyperlipidaemic rats. (A) HMG-CoA reductase 

assay: The cholesterol-induced control group showed non-significantly increased HMG-CoA reductase level compared to the normal control. 

The standard control and test groups (Test 1, Test 2, Test 3) exhibited significantly HMG-CoA reductase level compared to the cholesterol-

induced control group (p < 0.0001). (B) AMPK activity assay: The cholesterol-induced control group exhibited significantly reduced AMPK 

level compared to the normal control (p < 0.0001). The standard control and test groups (Test 2 and Test 3) showed a significant increase in 

AMPK level compared to the cholesterol-induced control, indicating potential therapeutic effects (p < 0.0001). But Test 1 has non-significant 

effect. All readings are represented in Mean ± SEM for each group (n = 6). **** indicates p less than 0.0001, while ns specifies no significant 

difference, with analysis accomplished through one-way ANOVA followed by Bonferroni's post hoc test.

Outcomes of Western blot analysis

PPARγ significantly manages hyperlipidaemia 
through its effects on lipid storage in adipocytes by 
its expression level (Figure 8). PPARγ expression is 
significantly reduced in cholesterol diet induced control 
group compared to the normal control group. The 
standard control group and test 3 show partial restoration 

of PPARγ expression in adipocytes. The cholesterol 
diet induced hyperlipidaemia exhibited altered PPARγ 
expression in the densitometry analysis, depending on 
the severity and duration of hyperlipidaemia. Increased 
expression suggests compensatory adipogenesis, while 
decreased expression indicates metabolic dysfunction 
of lipid.



Page 18/27 Braz. J. Pharm. Sci. 2026; 62: e24772

Monika Singh, Monika Sachdeva, Nitin Kumar

FIGURE 8 - The image contains three panels (A, B, and C), representing Western Blot Analysis of PPARγ Protein Expression in Adipocyte. 

Panel A: Western blot analysis showing PPARγ protein expression across different experimental groups. Differences in band intensity indicate 

variations in PPARγ expression across experimental groups. Panel B: Total Protein Loading (β-Actin probing as a standard loading control). 

The panel likely represents presence of uniformly stained bands in each lane suggesting consistent protein loading. Panel C: Quantitative 

densitometry analysis of PPARγ expression normalized to β-actin. Data are presented as mean ± SEM. The bar graph presents PPARγ 

expression levels across different groups. Control group shows the highest expression of PPARγ. Cholesterol control group has significantly 

lower expression compared to the control. Standard control group shows an intermediate expression level. Test groups (Test 1, Test 2, and 

Test 3) exhibit reduced expression of PPARγ compared to the control, with some variation. Statistical significance is indicated as **** (p < 

0.0001) between Control and Cholesterol control group, *** (p < 0.001) between Cholesterol control group and Standard Control, ** (p < 0.01) 

between Cholesterol control group and Test 3."ns" (not significant) indicates no significant difference between certain groups. Data from three 

images per group were analysed using ANOVA, followed by Bonferroni's post hoc test.

CCAAT/EBPα also plays a significant role in 
hyperlipidaemia management by directly affecting the 
appearance of genes encompassed in lipid formation 

and breakdown. Analysis was done by Bonferroni post 
hoc test (Figure 9).



Page 19/27Braz. J. Pharm. Sci. 2026; 62: e24772

Exploration of phytochemicals and antihyperlipidemic effect of crateva religiosa bark: in vivo mechanistic approach for management of hyperlipidaemia

FIGURE 9 - The Western blot analysis in illustrates the expression levels of CCAAT/EBPα protein across different experimental groups. Panel 

A (Western Blot for CCAAT/EBPα): The control group exhibits normal expression of CCAAT/EBPα, indicating a stable lipid metabolism 

condition. The cholesterol diet-induced group shows suppressed CCAAT/EBPα levels. The standard treatment group (Rosuvastatin-treated) 

shows partial recovery of CCAAT/EBPα expression, suggesting that statin therapy may help restore lipid metabolism balance. The test groups 

(Test 1, Test 2, Test 3) show a dose-dependent increase in CCAAT/EBPα expression, with Test 3 (400 mg/kg CRETE) showing the highest 

restoration. Panel B (β-Actin Loading Control): Ensure equal protein loading and confirming that observed variations in CCAAT/EBPα 

expression are relevant. Panel C (Quantitative Densitometry Analysis): The cholesterol-induced group has a significantly lower CCAAT/

EBPα/β-actin ratio, emphasizing that prolonged hyperlipidaemia suppresses adipogenic transcription factors. Test 3 (400 mg/kg CRETE) 

exhibits a statistically significant increase in CCAAT/EBPα expression (p<0.05, 1.255 ± 0.083), suggesting that higher doses of CRETE 

may effectively restore lipid regulatory mechanisms through the CCAAT/EBPα pathway. Data are presented as mean ± SEM, with statistical 

significance denoted as follows: *p˂0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001; ns = not significant. In this study, the standard control 

group was treated with Rosuvastatin. Data from three images per group were analysed using ANOVA, followed by Bonferroni's post hoc test.

DISCUSSION

The Crateva religiosa bark extracts has different 
yields according to solvents to be used like 3.05% 
w/w with hexane, 11.98% w/w with ethyl acetate, and 
15.81% w/w with ethanol.

Preliminary phytochemicals screening revealed 
the presence of important secondary metabolites like 
tannins, steroids, flavonoids, phenolic compounds, and 
terpenoids in both ethyl acetate and ethanol extract. In 

contrast, the hexane extract exhibited a low yield and 
lacked significant active constituents, leading to its 
exclusion from further research.

Quantitative analysis showed that the total 
phenolic content was 29.47 µg/mg equivalents to 
gallic acid in ethyl acetate extract and 81.19 µg/mg 
equivalents to gallic acid in CRETE. Similarly, the total 
flavonoid content measured 8.78 µg/mg equivalents 
to quercetin in ethyl acetate extract and 49.08 µg/mg 
equivalents to quercetin in CRETE, as mentioned in 
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Table I. Plants with potential antihyperlipidemic effects 
generally possess high concentrations of phenols, 
flavonoids, carotenoids, and sterols, which provide 
antioxidant benefits. These phytochemicals have 
crucial role in managing hyperlipidaemia by lowering 
triglyceride levels, minimizing reactive oxygen species, 
inflammation and oxidative stress (Islam et al., 2021). 
CRETE exhibited the highest levels of total phenols and 
flavonoids contents hence it was chosen for subsequent 
investigations related to treatment of hyperlipidaemia.

GC-MS analysis of CRETE has given the 
confirmation for the presence of stigmasterol, 
gamma-sitosterol and lupeol as the key bioactive 
molecules (Table II) (Figure 1). These constituents 
are commonly found in traditional herbal remedies 
for treating hyperlipidaemia, attributed to their strong 
antioxidant properties that help mitigate oxidative 
stress. Consequently, plant extracts abundant in phenols 
and flavonoids are anticipated to exhibit considerable 
efficacy in managing hyperlipidaemia (Kumar et al., 
2012).

Effects of CRETE were observed in dose dependent 
manner with respect of 100, 200 and 400 mg/kg doses 
on nourishing a cholesterol-rich meal to rats for nine 
weeks. During week 9th, the weight of cholesterol-
fed rats increased significantly. Nevertheless, the 
percentage change in weight was steady during weeks 
3–6 but significantly reduced between the weeks 6–9 in 
contrast to control group (p<0.05) (Figure 2A). Percent 
change in food consumption per week was significant 
from week 0-6 and 0-9 suggesting its significance when 
compared to control group (Figure 2B) (Fang et al., 
2015).

On the 9th week, at the same time as an increase 
in TC to 331.22 ± 1.97 (p less than 0.001 related to 
control), an increment (p less than 0.001) in TG and 
LDL-c levels to 165.15 ± 2.01 and 72.88 ± 1.51 mg/dl 
respectively occurred. However, cholesterol-rich diets 
decreased HDL-c levels up to 49.55 ± 6.36 within the 
cholesterol-induced group (Table III). Comparatively, 
all doses of CRETE effectively normalized TC, TG, 
and LDL-c levels. HDL-c values rose significantly after 

treatment with respective drugs, especially for high 
dose drug (133.48 ± 3.72), followed by medium dose 
(124.85 ± 3.72) and low-dose groups (113.10 ± 1 .45); 
all p<0 .001(Gamucci et al., 2012).

Atherogenic indices (AC, AIP, CRI-I & CRI-II), 
which are based on plasma lipid ratios, are commonly 
associated with dyslipidaemias and cardio-metabolic 
disorders. However, plasma HDL-c levels and plasma 
lipid ratios have a significant negative association. In 9th 
week, the negative control group exhibited CRI-I (p < 
0.001; 6.77 ± 0.34), CRI-II (p < 0.01; 1.48 ± 0.07), AIP 
(p < 0.001; 0.53 ± 0.02), and AC (p < 0.001; 330.23 ± 
0.81). Compared to the negative controls, all test groups 
receiving CRETE showed significant normalization of 
above discussed values (Table IV) (Adamu et al., 2020).

Serum biochemical findings from this study 
highlight the impact of cholesterol induction on 
oxidative stress markers. MDA is a well-established 
marker of lipid peroxidation, reflecting oxidative 
damage to cell membranes. In this study, the cholesterol-
induced control group exhibited significantly elevated 
MDA levels (p < 0.0001) compared to the normal 
control, confirming excessive oxidative stress. The 
standard and test groups significantly reduced MDA 
levels, suggesting their potential in mitigating lipid 
peroxidation and protecting liver tissues from oxidative 
injury. GSH is a crucial non-enzymatic antioxidant that 
counteracts oxidative damage. The cholesterol-induced 
group showed a significant decline in GSH levels 
(p < 0.01), indicating weakened antioxidant defence 
mechanisms. However, the standard and test treatments 
restored GSH levels (p < 0.001 to p < 0.0001), suggesting 
their efficacy in replenishing the antioxidant system and 
reducing oxidative stress-related damage.

SOD and catalase are essential enzymatic 
antioxidants that neutralize reactive oxygen species. No 
significant difference in SOD levels was observed between 
the control and cholesterol-induced groups. However, 
test and standard groups showed a mild but significant 
increase in SOD levels (p < 0.05 to p < 0.01). Catalase 
was markedly reduced in the cholesterol-induced group 
(p < 0.001), signifying oxidative stress-related enzyme 
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suppression. Treatment with the standard drug and test 
formulations significantly restored catalase activity (p 
< 0.05 to p < 0.0001). The results indicate that excess 
cholesterol leads to oxidative stress, as evidenced by 
increased MDA and compromised antioxidant defences 
(GSH, SOD, and catalase). Treatment with standard 
and test groups demonstrated antioxidant properties, 
effectively reducing oxidative damage. These findings 
suggest the potential of these treatments in ameliorating 
cholesterol-induced oxidative stress and protecting 
tissue from oxidative injury, which may be beneficial 
for managing hyperlipidaemia-related dysfunction 
(Figure 3) (Meharie, Amare, Belayneh, 2020).

Adipocyte sizes in different experimental groups 
were determined microscopically and significant 
differences were observed. The cholesterol induced 
control group showed much larger adipocytes than the 
control group, with ****p less than 0.0001 at 552.44 ± 
103.07 against 36.62 ± 2.68 for the normal control.  This 
indicates the increased size of fat cells as a consequence 
of hyperlipidaemia. The concomitant administration 
of plant extracts and standard drugs partially restored 
indices of adiposity and size of adipocytes, an indication 
of its therapeutic effect of reducing fat accumulation 
(Figure 4) (Andrich et al., 2018).

The observed differences in adipocyte morphology 
are crucial, as hypertrophic adipocytes are associated 
with inflammation and metabolic dysfunction. The 
significant decrease in adipocyte size in the treated 
groups suggests that the interventions may help regulate 
lipid metabolism and maintain healthy adipose tissue 
architecture. The statistical analysis using ANOVA with 
Bonferroni’s post-hoc test confirms the robustness of 
these findings, reinforcing the potential efficacy of the 
tested treatments in mitigating adipocyte hypertrophy.

This was further supported by liver histopathology. 
The Control group exhibited a normal liver architecture, 
while the Negative Control group displayed severe 
disorganization, including vacuolated cells and large 
lipid droplets (Figure 5) (Clark et al., 2011).

The histological analysis of skeletal muscle fibres 
highlights the effects of a cholesterol-rich diet on muscle 

structure and the potential benefits of treatment groups. 
The control group (Figure 6A) showed normal muscle 
fibres with spindle-shaped nuclei positioned at the edges, 
indicating healthy tissue. In contrast, the cholesterol-
induced control group (Figure 6B) exhibited clear signs 
of damage, including vacuolization and muscle fibre 
degeneration, likely due to lipid accumulation.

The standard treatment group (Figure 6C) and the 
test groups (Figures 6D–F) maintained a more uniform 
muscle structure, resembling the control group. This 
suggests that the treatments may have helped protect 
against muscle deterioration.

The quantitative analysis (Figure 6G) supports 
these findings. Although the cholesterol-induced 
control group showed structural changes, the average 
muscle fibre size remained similar across all groups, 
as indicated by the lack of significant differences (ns). 
This suggests that while the cholesterol-rich diet caused 
muscle damage, it did not significantly alter fibre size. 
The consistency in muscle fibre size across the treated 
groups further indicates that the interventions helped 
preserve normal muscle structure without causing 
abnormal growth or shrinkage.

Overall, the results suggest that a cholesterol-rich 
diet negatively affects skeletal muscle, but the tested 
treatments may help maintain muscle integrity. Further 
studies could explore the mechanisms involved, such 
as their impact on lipid metabolism and inflammation 
(Iqbal et al., 2014).

The enzyme activity assays for HMG-CoA 
reductase and AMPK offer valuable mechanistic 
insights into the cholesterol-lowering potential of 
CRETE (Hardie, 2014). The cholesterol-induced 
control group exhibited a significant increase in HMG-
CoA reductase activity compared to the normal control, 
which aligns with the expected elevation of cholesterol 
synthesis in hyperlipidaemia (Loh et al., 2018). 
However, administration of CRETE (Test 1, Test 2, and 
Test 3) led to a substantial reduction in enzyme activity, 
bringing it to levels comparable to the cholesterol-
induced group (p < 0.0001) (Figure 7). This suggests 
that CRETE may directly inhibit HMG-CoA reductase, 
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thereby reducing cholesterol biosynthesis. AMPK is a 
key regulator of lipid metabolism, playing an essential 
role in fatty acid oxidation and cholesterol balance 
(Villarroya, Iglesias, Giralt, 2007). Unlike its effect on 
HMG-CoA reductase, CRETE low dose treatment (Test 
1) did not significantly alter AMPK activity compared 
to the cholesterol-induced control (ns, non-significant). 
In contrast, the standard control group exhibited a 
notable increase in AMPK activity (p < 0.0001). These 
results suggest that CRETE’s cholesterol-lowering 
action is independent of AMPK activation, indicating 
that its primary mechanism involves direct inhibition 
of cholesterol biosynthesis rather than AMPK-
mediated metabolic regulation. The enzyme activity 
assays provide stronger evidence that CRETE lowers 
cholesterol levels primarily by inhibiting HMG-CoA 
reductase rather than activating AMPK. However, to 
further substantiate these findings, additional studies 
for Western blot analysis to evaluate PPARγ and 
CCAAT/EBPα protein expression in adipocytes were 
done, which could reveal potential adipogenic or lipid 
metabolism-related pathways.

PPARγ and CCAAT/EBPα protein levels were 
assessed across different groups using Western 
blotting to evaluate their impact on hyperlipidaemia 
management. PPARγ plays a key role in fat metabolism 
by supporting the transformation of preadipocytes 
into mature fat cells and enhancing lipid storage. In 
the early phase of hyperlipidaemia, its levels rise due 
to increased fat accumulation due to cholesterol diet. 
However, prolonged hyperlipidaemia and metabolic 
stress can lead to reduced PPARγ expression as 
fat cells become dysfunctional due to lipotoxicity. 
Findings from this study represented that control 
group has maintained normal PPARγ levels, indicating 
balanced lipid metabolism. Cholesterol induced group 
showed reduced PPARγ levels, likely due to long-term 
hyperlipidaemia causing fat cell dysfunction. Standard 
treatment group displayed partial improvement in 
PPARγ expression. Test groups (Test 1, Test 2, Test 3) 
demonstrated a dose-dependent rise in PPARγ levels, 
with Test 3 showing the greatest recovery. The highest 

CRETE dose significantly enhanced PPARγ expression 
(p < 0.01, 0.982 ± 0.0123), indicating its potential role 
in regulating lipid metabolism through the PPARγ 
pathway (Figure 8).  (Huesca-Gomez et al., 2023; 
Castrejon-Tellez et al., 2016, Kim et al., 2012).

CCAAT/EBPα is vital for proper instruction of genes 
involved for lipid synthesis as well as degradation. It has 
a multifunctional role in the regulation of adipogenesis 
as well as the metabolism of lipids. Analysis of Western 
blot exposed that the appearance of CCAAT/EBPα in 
the Cholesterol induced group differed from that in 
the Control group. CCAAT/EBPα is down regulated in 
the cholesterol-induced group; highlighting metabolic 
deregulation in hyperlipidaemia (Guo, Li, Tang, 2015; 
Pedersen et al., 2007). Various dosages of CRETE had 
distinct effects on CCAAT/EBPα expression. Notably, 
the expression level of CCAAT/EBPα meaningfully 
amplified in the high dose groups, with *p value less 
than 0.05 ((1.255 ± 0.083) (Figure 9). These findings 
suggest that CRBE may support lipid metabolism by 
upregulating adipogenic transcription factors like 
CCAAT/EBPα, making it a potential therapeutic 
candidate for managing hyperlipidaemia. Overall, 
CRETE was shown to modulate protein levels involved 
in the lipid metabolism pathway. Up-regulation of 
PPARγ and CCAAT/EBPα at higher doses indicates that 
the extract may benefit lipid metabolism via enhanced 
lipid storage regulation, energy expenditure promotion, 
and lipid breakdown facilitation (Lee et al., 2019; 
Barnstable, Zhang, Tombran-Tink, 2022).

CONCLUSION

CRETE showed considerable hypolipidemic 
potential through normalization of oxidative stress 
and lipid profiles, and improved the histopathological 
conditions in hyperlipidaemic rats. The therapeutic 
effect of CRETE is facilitated through modulation of 
the lipid metabolism pathways by up-regulation of 
PPARγ and CCAAT/EBPα but not by activation of 
AMPK. These findings suggest that CRETE could 
turn into a useful therapeutic agent in managing of 
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hyperlipidaemia and its related problems. 
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