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 Hyperlipidemia is a major cause of the global health burden in terms of 
cardiovascular diseases. The minimal efficacy and potential adverse effects of 
conventional therapeutic treatments have triggered a growing interest in 
phytotherapeutic alternatives. Caralluma fimbriata, a succulent plant recognized for 
its bioactive constituents, has been historically utilized for its metabolic regulation 
properties. This research was conducted to evaluate the therapeutic potential of C. 
fimbriata extract (CFE) in a rat model of hyperlipidemia. Forty male Sprague-
Dawley rats were randomized into four groups (n=10/group), and a 60-day bio-
efficacy trial was performed. The induction of hyperlipidemia was done by feeding 
a high-fat and high-cholesterol (HFHC) diet for 22 days. The GI (negative control), 
GII (positive control group), GIII (atorvastatin-treated, 10mg/kg body weight), and 
GIV (CFE-treated, 250mg/kg body weight) were the experimental groups. Physical, 
biochemical, and histological biomarkers were analyzed. Findings indicated that 
CFE supplementation (GIV) led to significant improvements in metabolic 
parameters compared to the positive control and with effects comparable to those of 
atorvastatin. CFE significantly diminished levels of total cholesterol, triglycerides, 
low-density lipoprotein, and very low-density lipoprotein, and simultaneously 
increased high-density lipoprotein concentrations (P<0.05), compared to the 
positive control. Moreover, body weight gain and feed intake were markedly 
reduced. There were significant improvements in biomarkers of liver and kidney 
function, along with hematological indices. In the treated groups, reduced hepatic 
and renal necrosis were revealed by histopathological analysis. These results 
support the therapeutic potential of CFE as a natural lipid-lowering agent and its 
role as an alternative and adjunct to other lipid-lowering measures in the 
management of hyperlipidemia and cardiovascular consequences. 
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INTRODUCTION 

 
Hyperlipidemia is defined by the disruption of the 

metabolism of lipids, which is followed by an increase in 
the amount of one or more lipids in the blood. Increased 
total serum cholesterol (TC), triglycerides (TAGs), and 
low-density lipoproteins (LDL) or reduced levels of high-
density lipoproteins (HDL) are common symptoms of 
dyslipidemia (Subaş et al., 2025). Globally, 
hyperlipidemia is observed in more than a third of adults, 

with low HDL in 38.4% that may result in serious 
cardiovascular disorders (CVDs), such as coronary and 
atherosclerotic cardiovascular disease  (Ballena-caicedo et 
al., 2025; WHF, 2025). Worldwide, CVDs are the main 
cause of mortality and morbidity, accounting for 19.1 
million deaths in 2022. Global health burden major 
drivers are metabolic disorders like obesity, diabetes, and 
dyslipidemia. This trend is especially worrisome in the 
developing world, such as South Asia, where 
urbanization, poor dietary habits, and sedentary lifestyles 
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have contributed to the rising number of non-
communicable diseases (Sarfaraz et al., 2021). 
Hyperlipidemia is characterized by the pathophysiological 
mark of lipid metabolism disruption, such as lipid 
synthesis, absorption, transportation, and excretion. The 
dysregulation of any of these steps can lead to the aberrant 
lipid accumulation in the blood (Fularski et al., 2024). 
The World Health Organization (WHO) estimates that 
over 2.6 million deaths occur annually due to 
hypercholesterolemia (Iqbal et al., 2024). Despite 
advances in treatment, associated risks of hyperlipidemia 
continue to rise, highlighting the dire need for both 
preventive and long-term management measures 
(Kushner, 2018). 

Pharmaceutical intervention is necessary when 
lifestyle changes are no longer effective. Traditional lipid-
lowering medications include statins, fibrates, nicotinic 
acids and cholesterol absorption inhibitors. While these 
drugs demonstrate clinical efficacy, prolonged 
administration of statins has been linked to various side 
effects such as hepatic and renal impairment, 
gastrointestinal disturbances, and other adverse reactions 
(Parhofer & Laufs, 2023). Consequently, the desire for 
natural, plant-derived alternatives has increased 
significantly. WHO estimates that over 80% of the global 
population continues to rely on herbal remedies for 
primary healthcare concerns (Xie et al., 2024; Khan et al., 
2025; ). Phytochemicals are gaining attention due to their 
favourable safety profile and potential medicinal benefits ( 
Ullah R, 2024; Matra et al., 2025; Qadeer et al., 2025; 
Subaş et al., 2025).   

Several plant-based supplements can help lower 
blood cholesterol and TAGs levels, thereby reducing the 
risk of CVDs with minimal adverse effects. Among these 
wild edible plants stands out for its accessibility and 
therapeutic potential. One such valuable indigenous plant 
is Caralluma fimbriata, a wild edible succulent native to 
Asia and Southeast Europe. It belongs to the 
Asclepiadaceae family, traditionally known as 
"chong/choongan" in Pakistan and India (Gujjala et al., 
2019). Historically, it was utilized by Indian tribal 
communities to alleviate their thirst and hunger, termed as 
"famine food." The phytochemical profile of C. fimbriata 
extract (CFE) contains pregnane glycosides, flavonoids, 
terpenoids, tannins, saponins, phenolic compounds, and 
ascorbic acid  (Jaswanth et al., 2025). Pregnane 
glycosides, a class of steroidal chemicals conjugated with 
sugar moieties, are particularly important for regulating 
lipid metabolism through the inhibition of fatty acid 
production (Padwal et al., 2016; Anwar et al., 2022). 
Previous studies on CFE have reported 
antihyperglycemic, antioxidant, hepatoprotective, and 
appetite-suppressing effects attributed to its hypothalamic 
modulation and cortisol-regulating mechanism (Ashwini 
and Anitha, 2017; Gujjala et al., 2017; Malladi et al., 
2017). Furthermore, its anti-obesogenic properties 
(Kamalakkannan et al., 2010) may lead to a reduced risk 
of CVDs (Rao et al., 2021). However, there is a lack of 
comprehensive data exploring the direct hypolipidemic 
and anti-inflammatory effects of C. fimbriata in a well-
characterised in vivo model. The novelty of the present 
study lies in three aspects: evaluation of anti-
inflammatory end points, histopathological assessment, 

and use of high-fat and high-cholesterol (HFHC) to 
induce hyperlipidemia. Therefore, the study is designed to 
test the mechanistic hypothesis that HFHC induced 
metabolic stress promotes hepatic injury and 
inflammation, and that CFE treatment can attenuate these 
effects by modulating inflammatory markers and 
improving histological outcomes. Therefore, the present 
study aims to explore the therapeutic potential of CFE in a 
HFHC diet-subjected hyperlipidemic rat model, providing 
novel insights into its role as a natural intervention for 
managing hyperlipidemia. 
 

MATERIALS AND METHODS 
 

Procurement of raw material and preparation of C. 
fimbriata extract (CFE): C. fimbriata was obtained from 
the local market in the Kamra Tehsil of Attock, Punjab, 
Pakistan, and was transferred to the food analysis 
laboratory at the National Institute of Food Science and 
Technology, University of Agriculture, Faisalabad, for 
preservation and further analysis. C. fimbriata was 
cleaned, chopped into pieces, and subsequently ground 
into a fine powder following an 8-hour drying process at 
50 °C in a dehydrator (Harvest Saver dehydrator, model R 
5A, USA). The resultant C. fimbriata powder was 
thereafter stored in polyethylene bags until further 
examination. The analytical-grade chemicals and reagents 
used in our study were acquired from reputable suppliers 
such as Sigma-Aldrich (St. Louis, MO, USA) and Merck 
KGaA, Darmstadt, Germany. The extract of C. fimbriata 
was prepared using a protocol with slight modifications 
(Rajaram & Suresh Kumar, 2011). The dried C. fimbriata 
(30g) was subjected to successive extraction with 300 mL 
of ethanol on a magnetic stirrer for 3 hours at ambient 
temperature. Thereafter, the extract was filtered through 
Whatman filter paper no. 2, and the extraction process 
was repeated once with the remaining residue to ensure 
maximum yield (Shivakumara et al., 2025). The 
extraction yield was 6.5g from 30g of plant powder 
(21.67% w/w). The extract was stored at -20°C in airtight 
amber vials until further use. The extract was concentrated 
at 40°C for 4 hours to a minimal volume through a rotary 
evaporator (EYELA Rotary Vacuum Evaporator N-N 
Series, Tokyo, Japan). 
 
Bioethical compliance and animal study: The 
hypolipidemic potential of CFE was investigated in a rat 
model, 40 Sprague-Dawley rats (195-225g) were procured 
from the Pakistan Council of Scientific and Industrial 
Research, located in Lahore, Pakistan. Rats were provided 
with a standard laboratory feed comprising flour (80%), 
casein (5%), corn oil (10%), minerals (3%), and vitamins 
(2%) throughout the experiment period. The animals were 
kept in the controlled room at the National Institute of 
Food Science and Technology, University of Agriculture, 
Faisalabad, Pakistan. They were provided a basal diet for 
the 15-day acclimatization period with environmental 
surroundings maintained at a temperature of 25±2°C, 
humidity of 55±5%, and a 12-hours light-dark cycle. Rats 
had ad libitum access to water and feed throughout the 
study (AlMasoud et al., 2024). The animals were housed 
in groups of 5 per cage under controlled conditions. Feed 
intake was measured at the cage level, and therefore, the 
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cage was considered the experimental unit for feed intakes 
and feed efficiency ratio (FER) calculations. Body weight 
and other biochemical parameters were recorded 
individually for each rat. CFE was administered once 
daily via oral gavage in the morning (between 9:00-10:00 
am) using distilled water as a vehicle. The gavage volume 
was maintained at 1mL/100g body weight to ensure 
uniformity of dosage. The administered dosage was 
adjusted according to the body weight of each rat, 
recorded weekly to maintain accurate dose normalization 
across the whole study. The entire efficacy trial spanned 
60 (22 days of induction period and 38 days of treatment) 
days. The ethical guidelines approved by the Institutional 
Bio-safety and Bioethics Committee (D#6895/ORIC) on 
28-10-2022 were followed during the efficacy trial in 
accordance with the National Institutes of Health's (NIH 
Publications No. 8023, amended 1978) guidelines for the 
use and care of laboratory animals.  

Rats were randomly assigned to four experimental 
groups (n=10/group). The experimental design with 
animal groups undergoing various dietary interventions is 
depicted in Fig. 1. The GI (negative control) received a 
regular diet throughout the trial. Meanwhile, groups GII, 
GIII, and GIV were fed HFHC diet containing 45% fat 
and 2% cholesterol. Experimental diets were modified 
with oil substitutions as shown in Table 1, and 
administered for 22 days to induce hyperlipidemia 
(Gujjala et al., 2019). After the induction period, all the 
HFHC groups were switched back to a regular chow diet. 
GII (positive control) continued to regular chow diet; GIII 
(standard drug group) received atorvastatin (10mg/kg 
body weight), along with the regular diet, and GIV 
(treatment group) was administered CFE (250mg/kg body 
weight, orally) alongside the regular diet. Table 1 shows 
the composition of experimental diets (A. ingredients and 
B. nutritional composition). 

 
Assessment of physical indicators: Weekly 
measurements of body weight and feed intake were 
recorded to evaluate growth performance. Lee index and 
body mass index (BMI) were calculated accordingly 
(Rabail et al., 2025). After decapitation of the animals, 
vital organs such as the heart, kidney, liver, and spleen 
were excised and weighed. Moreover, the feed efficiency 
ratio (FER%), along with BMI, and Lee Index, were 
computed using the formulas as follows 
 

 
 

 
 

 
 
Assessment of biochemical indicators: At the end of the 
experiment, rats were anesthetized with isoflurane (2-3%) 
to induce a deep plane of anesthesia and minimize pain 
and distress. While under deep anesthesia, blood was 
collected via cardiac puncture. Immediately following 
blood collection, euthanasia was completed by 

decapitation, in accordance with the AVMA Guidelines 
for Euthanasia of Animals (2020). Blood samples were 
collected for comprehensive biochemical and 
hematological analysis. For hematological parameters, 
samples were stored in EDTA-containing tubes. Serum 
samples were obtained by collecting blood in serum-
separating gel tubes without anticoagulant and allowing 
them to clot at room temperature for 30 minutes, followed 
by centrifugation at 4°C for 10 minutes (Karabekir et al., 
2024). The investigation comprised an intricate 
examination of blood and serum samples to assess serum 
lipid profile, and serum leptin, and blood glucose levels. 
Furthermore, the liver and renal function tests, as well as 
inflammatory markers, were performed. 
 
Table 1: Composition of experimental diets a: Ingredients (g/kg) 
Ingredients Basic Chow Diet (g/kg) HFHC Diet (g/kg) HFHC (%) 
Soybean meal 180 — — 
Maize 620 — — 
Full-fat soya 130.5 — — 
Wheat offal 40 — — 
Bone meal 20.5 — — 
Lysine 3 — — 
Salt 4 — — 
Methionine 2 — — 
Basic chow diet — 700 70 
Cholesterol — 22 2.2 
Vanaspati ghee — 278 27.8 
Total 1000 1000 100 
b: Nutritional Composition 
Components Basic Chow (g/kg) Basic Chow (%) HFHC(g/kg) HFHC(%) 
Fat 20 2 450 45 
Protein 220 22 150 15 
Cholesterol 0 0 20 2 
Fiber 60 6 40 4 
Moisture 120 12 80 8 
Ash 80 8 55 5.5 
Energy (kcal/kg) 2900 — 4730 — 
Energy 
(kcal/100 g) 

29 29 47.3 47.3 

 

 
 
Fig. 1: A diagram illustrating the experimental setup with different rat 
groups, Atr.: Atorvastatin. 
  
Assessment of lipidemic profile: The serum lipid profiles 
were evaluated utilizing commercial kits from Sigma 
Aldrich (St. Louis, Mo, USA) including TAGs, TC, LDL, 
VLDL, and HDL. A UV spectrophotometer (Perkin Elmer 
Lambda 40 UV/VIS Spectrophotometer Waltham, MA, 
USA) measured the samples' absorbance at 505/670 nm, 
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with values reported in mg/dL (Freidwald et al., 1972). 
LDL and VLDL cholesterol were determined using the 
following formulas  (Rabail et al., 2022). 
 

 
 

 
 
Assessment of blood glucose and serum leptin: Fasting 
blood glucose and serum leptin were assessed via 
commercially available kits (Gluco- assay kit, Sigma 
Aldrich, catalog#gago20, St. Louis, MO, USA, and rat 
leptin ELISA kit Abcam, catalog#ab10884; Cambridge, 
UK) (Kamalakkannan et al., 2010; Sultan et al., 2012). 
 
Assessment of liver and renal function indicators: 
Aspartate transaminase (AST), alanine transaminase (ALT), 
albumin (ALB), and bilirubin were among the liver function 
parameters measured using Sigma Aldrich kits; St. Louis, 
MO, USA, following the manufacturer's instructions. Renal 
function tests, including albumin, creatinine, and blood urea 
nitrogen (BUN) were also evaluated by using Ogunlana’s 
technique (Ogunlana, 2012). 
 
Assessment of hematological indicators: The impact of 
CFE consumption on several hematological parameters, 
including red blood cells (RBCs), white blood cells 
(WBCs), hemoglobin concentration (HCT), mean 
corpuscular volume (MCV), mean corpuscular 
hemoglobin (MCH), and platelet count, was assessed 
using an automated hematological analyzer (Mindray 
B.C-10, Mindray Medical International, China)  (Filho et 
al., 2011; Delwatta et al., 2018). All samples were 
analyzed in triplicate to ensure reproducibility and 
standard quality control materials. 
 
Assessment of inflammatory markers: Inflammatory 
markers, specifically IL6 (interleukin 6) and CRP (C-
reactive protein), were assessed using commercially 
available ELISA kits (IL-6: Sigma-Aldrich, Catalog 
#RAB0319; CRP: Abcam, Catalog #ab260058) according 
to the manufacturers’ method (Karbiner et al., 2013). 
Serum dilution of samples was done at 1:2 for IL6 and 
1:10 for CRP. The assays were based on Sandwich ELISA 
principle, and absorbance was measured at 450 nm with 
microplate reader (BioTek ELx800, USA). All samples 
were performed in triplicate, with kit-provided quality 
controls included to ensure assay accuracy and 
reproducibility. 
 
Assessment of cardiovascular risk indices: The 
atherogenic, coronary, and cardiovascular risk index was 
calculated using the following formulas (Famurewa et al., 
2017). 
 

 
 

 
 

 
 
Histopathological examination: Upon the decapitation 
of experimental rats, organs like the liver and kidney were 

preserved in a 10% formalin solution for structural 
examination of the tissues. Histological examination of 
the organs was conducted using the method with some 
modifications (Ibrahim et al., 2018). The liver and kidney 
specimens were carefully sectioned into 5-μm-thick slices 
and affixed onto glass slides. Subsequent staining of the 
tissue samples was carried out by employing hematoxylin-
eosin (H&E), as the sections were swiftly passed through 
an alcohol series after H&E staining. The resulting slides 
were examined under a light microscope (MCX 100, 
Micros Austria). 
 
Statistical Analysis: All measurements were performed 
in triplicate to get mean values±standard deviation (SD) 
All the data obtained from single endpoint measurements 
were subjected to One-way ANOVA followed by Tukey 
post hoc test to perform a comparison of means at a 95% 
(P<0.05) confidence level using SPSS-16 (IBM, Chicago, 
IL, USA) (Montgomery, 2017). For repeated measures 
(body weight and feed intake) a repeated measures 
ANOVA was performed to account correlations within 
subjects over time period. The Omni online percentage 
increase calculator was used to determine the percentage 
increase or decrease. 
 

 
 

RESULTS  
 

The primary outcomes of current research were to 
analyze the antihyperlipidemic potential of CFE using an 
animal model, focusing on its ability to lower lipid profile 
and manage hyperlipidemia, as well as to mitigate 
inflammatory markers caused by free radicals.   
 
Physical indicators: The efficacy of CFE and Atr. for the 
various physical parameters (weight gain, feed intake, FER, 
and organ weights) was evaluated and compared to both 
negative and positive control groups (Table 2). A 
significant increase in total body weight gain was observed 
in the positive control group (85.80±3.45g) compared to the 
negative control group (49.34±2.50g), representing a 
73.89% rise. Treatment with Atr. and CFE significantly 
reduced weight gain (52.20±2.81g and 48.80±2.78g, 
respectively), showing reductions of 39.16% and 43.12% 
relative to the positive control group. Results show that 
CFE has stronger anti-obesogenic potential associated with 
the diseased model of the positive control group. 

Daily feed intake was highest in the positive control 
(32.80±1.99g/day), significantly surpassing the negative 
control (25.06±1.09g/day). Atr. administration reduced 
feed intake to 26.94±1.26 g/day, indicating a 17.85% 
decrease, while the group receiving CFE showed a more 
pronounced reduction (24.65±1.18g/day), corresponding 
to a 24.86% decrease as compared to the positive control. 
A similar trend was observed in FER. The positive control 
group exhibited the highest FER value (6.89±0.32%), 
indicating improved feed-to-weight conversion. Treatment 
with Atr. (5.10±0.16%) and CFE (5.21±0.37%) 
significantly decreased FER values by 25.97% and 
24.38%, respectively, further corroborating the mitigating 
effects of Atr. and CFE on excessive weight gain. 

No statistically significant difference (P>0.05) was 
found among groups for the Lee index and BMI, although 
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slight variations were present. The naso-anal length 
showed a maximum increase in the positive control group 
(307.7±14.92), indicating a 7.96% increase compared to 
the negative control (285.0±9.59). Treatment with Atr. 
and CFE resulted in a moderate reduction (297.9±18.05 
and 294.6±11.73) in the Lee index, corresponding to 
3.18% and 4.25% decreases, respectively. BMI showed a 
non-significant decrease in the treatment groups compared 
to the positive control. The heart-weight and heart 
percentage of body weight ratio were significantly 
increased in the positive control group (1.29±0.30g and 
0.49±0.12%, respectively). Treatments with Atr. and CFE 
significantly reduced heart weights (0.83±0.17g and 
0.73±0.08g) and heart weight percentage ratio 
(0.35±0.64% and 0.26±0.30%, respectively). 

Liver weights and liver-to-body weight percentage 
were also significantly higher in the positive control group 
(5.05±0.27g and 1.66±0.08%, respectively), compared to 
the negative control (2.78±0.51g and 1.14±0.25%), Atr. 
and CFE significantly reduced liver weights (2.89±0.21g 
and 3.07±0.216g), and liver percentage (1.08±0.07% and 
1.12±0.08%, respectively). 

Kidney weight increased slightly in the positive control 
group (0.30±0.03g) compared to the negative control 
(0.29±0.04g), while treatment with Atr. and CFE reduced 
kidney weights (0.26±0.06g and 0.25±0.01g, respectively). 
Similarly, kidney-to-body weight percentage was 
significantly reduced by both treatments compared to the 
positive control. The spleen weight and its relative weight 
were comparatively higher in the positive control group 
than in the negative control. In contrast, CFE treatment 
notably decreased spleen weight (0.14±0.02g) and spleen 
percentage of body weight (0.04±0.007%) compared to all 
other groups (P<0.01). Overall, the HFHC diet induced 
significant physical changes, including increased weight 
gain, FER %, and organ hypertrophy. However, treatment 
with Atr. and CFE successfully alleviated these alterations, 
significantly improving metabolic indices. These findings 
suggest a potential preventive effect of CFE against 
obesity-related physiological dysfunction. 
 
Biochemical indicators  
Serum lipid profiles: The results illustrate various lipid 
profile parameters (mg/dL) of the rat’s blood across 
different treatment groups (Table 3), highlighting their 
significant variations between the groups (P<0.05). The 

positive control group revealed significantly elevated TC 
levels (200.03±8.83mg/dL) compared to the negative 
control (129.05±5.57mg/dL), indicating higher cholesterol 
in the hyperlipidemic rats. Both, Atr. group and CFE-
treated group showed significant reductions in TC levels 
(133.95±6.02mg/dL and 139.45±6.50mg/dL, respectively) 
compared to the positive control group. 

Evaluating the outcomes for TAGs of rats subjected 
to various treatments, the positive control group exhibited 
significantly elevated TAGs levels compared to the 
negative control group (251.96±11.89mg/dL vs. 
191.44±8.05mg/dL), (P<0.05), indicating the onset of 
hyperlipidemia. However, both the Atr. and CFE 
treatment groups showed significant reductions in TAGs 
levels, (187.51±6.19mg/dL and 193.71±8.67mg/dL, 
respectively), compared to hyperlipidemic rats. 

The results for HDL and LDL showed that the positive 
control group (GII) had significantly lower HDL levels than 
the normal rat group (21.34±1.20mg/dL vs. 
30.17±1.50mg/dL), indicating the variation in the diseased 
group of rats. The Atr. group fed with the standard drug had 
improved lower levels of HDL (28.27±1.8mg/dL). The 
CFE-treated group significantly increased the level of HDL 
(26.27±1.22mg/dL) compared to the positive control 
suggesting the potential of the drug and CFE. Likewise, 
regarding LDL levels, the positive control group displayed 
considerably higher levels than the negative control 
(128.66±5.39mg/dL and 65.59±2.84mg/dL, respectively). 
However, the Atr. and CFE-treated groups demonstrated a 
significant decrease in LDL levels (68.18±2.64mg/dL and 
74.44±3.7mg/dL) compared to the positive control group. 
The results demonstrated the effectiveness of Atr. and CFE 
supplementation in lowering LDL levels. 

Consistent with the other lipid parameters, VLDL 
cholesterol levels were significantly elevated in the 
positive control group compared to the negative control 
group (50.39±2.37mg/dL vs. 38.28±0.41mg/dL), 
indicating dyslipidemia in the diseased rats. VLDL levels 
were lower in the conventional drug group 
(37.50±1.24mg/dL) and treatment group 
(38.74±1.43mg/dL) compared to the positive control 
group. Overall, the lipid profiles of hyperlipidemic rats 
were considerably improved by both atorvastatin and CFE 
interventions, with the effects of the standard medication 
group being somewhat more noticeable. 

 
Table 2: Efficacy results (mean±SD) for physical parameters of all groups 
Physical Parameters Neg. Control Pos. Control Atr. CFE F Value Effect1  Effect2 Effect3  
Total wt. gain (g) 49.34±2.50a 85.80±3.45c 52.20±2.81b 48.80±2.78a 363.40** ˄73.89 ˅43.12 ˅39.16 
Wt. gain/day (g) 1.29±0.09a 2.25±0.09c 1.37±0.04b 1.28±0.07a 364.00** ˄74.41 ˅43.11 ˅39.11 
Food intake (g/day)  25.06±1.09b 32.80±1.99c 26.94±1.26b 24.65±1.18a 130.33** ˄30.88 ˅24.84 ˅17.86 
FER % 5.01±0.49a 6.89±0.32b 5.10±0.16a 5.21±0.37a 64.79** ˄37.52 ˅24.38 ˅25.97 
Lee Index 285.0±9.59a 307.7±14.92b 297.9±18.05ab 294.6±11.73ab 4.508NS ˄7.96 ˅4.25 ˅3.18 
BMI 0.180±0.007a 0.207±0.007b 0.202±0.03b 0.197±0.009b 4.712NS ˄0.027 ˅4.83 ˅2.41 
Heart wt. (g) 0.80±0.05a 1.29±0.30b 0.83±0.17a 0.73±0.08a 19.40** ˄61.25 ˅43.41 ˅35.65 
Heart % of body wt. 0.32±0.02ab 0.49±0.12c 0.35±0.64b 0.26±0.30a 16.64** ˄53.12 ˅46.93 ˅28.57 
Liver wt. (g) 2.78±0.51a 5.05±0.27c 2.89±0.21ab 3.07±0.216b 270.69** ˄81.65 ˅39.20 ˅42.77 
Liver % of body wt. 1.14±0.25a 1.66±0.08b 1.08±0.07a 1.12±0.08a 141.77** ˄45.614 ˅32.53 ˅34.93 
Kidney wt. (g) 0.29±0.04bc 0.30±0.03c 0.26±0.06ab 0.25±0.01a 20.35** ˄3.448 ˅35.89 ˅33.33 
Kidney % of body wt. 0.12±0.01b 0.100±0.01a 0.09±0.02a 0.09±0.07a 7.38* ˅16.66 ˅32.33 ˅32.33 
Spleen wt. (g) 0.16±0.03b 0.19±0.02b 0.15±0.02a 0.14±0.02a 7.53** ˄18.75 ˅21.05 ˅26.31 
Spleen % of body wt. 0.06±0.01c 0.09±0.006b 0.05±0.007ab 0.04±0.007a 9.18** ˄50.00 ˅44.44 ˅55.55 
Neg. Control = Negative control, Pos. Control = Positive control, Atr. = Atorvastatin, CFE= C. fimbriata extract; Wt. = weight, FER- Food Efficacy 
Ratio = (Wt. gain/day ÷ Food intake/day) ×100; Body mass index (BMI), Lee index (LI); Effect= [(D38-D1) ÷D1] ×100; ˄- % Increase; ˅- % Decrease, 
Effect1 (Percentage ˄ or ˅ between Neg. and pos. control group), Effect2 (Percentage ˄ or ˅ between pos. control group and Atr. group), Effect3 
(Percentage ˄ or ˅ between pos. control group and CFE group). Means subscripted with the identical letters in columns are not significantly different 
from each other. *= significant at P<0.05. ** = highly significant at P<0.01; NS, non-significant at P>0.05. 
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Fasting blood glucose and serum leptin: The positive 
control group GII showed the highest fasting blood glucose 
level (99.89±4.28mg/dL) compared to the negative control 
group GI (81.75±2.94mg/dL), demonstrating 
hyperglycemia caused by the HFHC diet. Additionally, rats 
administered atorvastatin (GIII) and CFE supplementation 
(GIV) had considerably lower blood glucose levels 
(85.31±3.79mg/dL and 82.45±3.41mg/dL, respectively). 
These results imply that both treatments effectively reduced 
hyperglycemia and possess antidiabetic potential.  

Similarly, the positive control group (GII) had 
significantly higher serum leptin concentrations 
(2.42±0.22ng/mL) than the negative control group (GI) 
(0.66±0.50ng/mL), indicating increased adiposity. But 
atorvastatin (GIII) and CFE (GIV) therapy significantly 
decreased leptin levels (1.66±0.50ng/mL and 
1.39±0.20ng/mL, respectively). These findings imply that 
CFE supplementation may provide a protective effect 
against leptin dysregulation and glucose, comparable to 
conventional medication therapy.  
 
Liver and renal function parameters: Table 5 
summarizes the results of liver and renal function 
parameters for the various groups. Significant intergroup 
differences in ALT and AST levels suggested the changes 
in liver enzyme levels in response to dietary intervention. 
The positive control group (GII) exhibited elevated AST 
and ALT levels (109.18±4.83U/L and 62.94±1.48U/L), as 
compared to normal rats (GI) (68.36±1.38U/L and 
36.74±1.27U/L). However, the standard drug group (GIII) 
and the CFE-treated group (GIV) had the lowest AST 
(80.97±3.42U/L and 58.29±1.38U/L), and ALT levels 
(83.87±4.21U/L and 59.09±1.51U/L, respectively) 
compared to hyperlipidemic rats. The protective benefits 
of CFE intervention proved beneficial against liver injury. 
Additionally, the positive control group (GII) had the 
highest creatinine level (0.94±0.01mg/dL), indicating 
renal dysfunction in the absence of intervention, 
compared to healthy rats (GI), (0.61±0.03mg/dL). The 
standard drug group (GIII) and the CFE-treated group 
(GIV) showed decreased creatinine concentrations 
(0.74±0.02mg/dL and 0.72±0.01mg/dL, respectively). 
Moreover, albumin levels were significantly lower in GIII 
(4.21±0.32g/dL) and GIV (3.91±0.43g/dL), in contrast to 
the positive control group (5.09±0.17g/dL). These results 
show better renal and liver functions following treatment.  

Likewise, the positive control group had the greatest BUN 
concentration (18.45±1.23mg/dL), whereas GIII had the 
lowest BUN level (15.58±0.34mg/dL), followed closely 
by GIV (16.04±0.40mg/dL). 
 
Hematological parameters: Table 6 showed significant 
variations among experimental groups in several blood 
parameters, including red blood cells (RBCs), hemoglobin 
(Hb) concentration, hematocrit (Hct), platelet count, mean 
platelet volume (MPV), white blood cells (WBCs), mean 
corpuscular hemoglobin (MCH), and mean corpuscular 
hemoglobin concentration (MCHC). Remarkably, there 
were no discernible variations in the mean corpuscular 
volume (MCV) between the groups, indicating that this 
parameter remained constant throughout the investigation.  
Hematological parameters, including Hb, RBCs, and HCT, 
were reduced in the positive control group. Both treatments 
significantly improved these markers. CFE was particularly 
effective, increasing Hb levels (13.57 ± 1.12g/dL) 
compared to the Atorvastatin group (11.77 ± 1.52g/dL) and 
the positive control (9.97 ± 1.03g/dL) F = 14.26, P<0.01). 
Notably, the positive control group (GII) showed a 
significant decrease in RBCs (5.20±0.72×106/µL), in 
contrast to the negative control group (7.65±0.68×106/µL). 
The RBCs counts in the atorvastatin-treated group (GIII) 
showed a moderate restoration (7.25±0.61×106/µL), while 
CFE therapy exhibited the highest RBCs concentration 
(7.42±0.61×106/µL). This finding highlights that CFE may 
increase Hb levels, enhancing the blood's capacity to carry 
oxygen. Moreover, the differences between GII and GIV 
highlight the beneficial effect of CFE in restoring normal 
Hb concentrations in rats with induced dyslipidemia. The 
Hct values of the positive control group were higher 
(37.64±3.11%). However, the Atr. and CFE-treated groups 
had Hct values of (46.82±7.73% and 45.47±5.82%, 
respectively). These findings suggest that although CFE 
and atorvastatin treatments can lower Hct, the impact is 
stronger in the CFE-treated group, suggesting a possible 
role in controlling blood viscosity or enhancing blood flow. 
Platelet counts were significantly decreased in the positive 
control group (680±17.34×10³/μL), while Atorvastatin and 
CFE restored levels (882±21.11×10³/μL and 
941±26.49×10³/μL, respectively). MCV showed no 
significant differences across groups (F = 2.21, ns), 
indicating no marked impact on red cell volume. 
 

Table 3: Efficacy results (mean±SD) for the serum lipid profile of all rat groups 
Parameters Neg. Control Pos. Control Atr. CFE F value Effect1 Effect2 Effect3 
TC (mg/dL) 129.05±5.57a 200.03±8.83c 133.95±6.02b 139.45±6.50b 1703.4** ˄55.00  ˅33.03 ˅30.28 
HDL (mg/dL) 30.17±1.50d 21.34±1.20a 28.27±1.81b 26.27±1.22b 59.62** ˅29.26 ˄32.47 ˄23.10 
LDL (mg/dL) 65.59±2.84a 128.66±5.39c 68.18±2.64b 74.44±3.74b 1157.9** ˄96.15  ˅47.00 ˅42.14 
VLDL (mg/dL) 38.28±0.41a 50.39±1.37b 37.50±1.24a 38.74±1.43a 637.41** ˄31.63  ˅25.58 ˅23.11 
TAGs (mg/dL) 191.44±8.05a 251.96±11.89b 187.51±6.19a 193.71±8.67a 636.85** ˄31.61 ˅25.57 ˅23.11 
Neg. Control = Negative control, Pos. Control = Positive control, Atr. = Atorvastatin, CFE= C. fimbriata extract, total cholesterol (TC), triglycerides 
(TAGs), high-density lipoproteins (HDL), low-density lipoproteins (LDL), very low-density lipoproteins (VLDL), D=Days; Effect= [(D38-D1) ÷D1] 
×100; ˄- % Increase and ˅- % Decrease. Effect1 (Percentage ˄ or ˅ between Neg. and pos. control group), Effect2 (Percentage ˄ or ˅ between pos. 
control group and Atr. group), Effect3 (Percentage ˄ or ˅ between pos. control group and CFE group). Means subscripted with the identical letters in 
columns are not significantly different from each other. *= significant at P<0.05. ** = highly significant at P<0.01; NS, non-significant at P>0.05. 
 
Table 4: Efficacy results (mean±SD) for glucose and serum leptin of all groups 
Parameters Neg. Control Pos. Control Atr. CFE F value Effect1 Effect2 Effect3  
Glucose (mg/dL) 81.75±2.94a 99.89±4.28c 85.31±3.79b 82.45±3.41b 137.83** ˄14.59 ˅17.45 ˅22.18 
SL (ng/mL) 0.66±0.50a 2.42±0.22c 1.66±0.35b 1.39±0.20b 92.91** ˅31.40 ˅42.56 ˄266.66 
Neg. Control = Negative control, Pos. Control = Positive control, Atr. = Atorvastatin, CFE= C. fimbriata extract, Serum leptin (SL), D= Days; Effect = 
[(D38-D1) ÷D1] ×100; ˄- % Increase; ˅- % Decrease. Effect1 (Percentage ˄ or ˅ between Neg. and pos. control group), Effect2 (Percentage ˄ or  ˅
between pos. control group and Atr. group), Effect3 (Percentage ˄ or ˅ between pos. control group and CFE group). Means subscripted with the identical 
letters in columns are not significantly different from each other. *= significant at P<0.05. ** = highly significant at P<0.01; NS, non-significant at P>0.05. 
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Table 5: Efficacy results (mean±SD) for liver and renal function parameters of all groups 
Parameters Neg. Control Pos. Control Atr. CFE F value Effect1  Effect2 Effect3 
AST (U/L) 68.36±1.38a 109.18±3.83d 80.97±1.42b 83.87±1.47c 461.31** ˄59.7 ˅26.10 ˅23.45 
ALT (U/L) 36.74±1.27a 62.94±1.48c 58.29±1.38b 59.09±1.51b 1027.4** ˄71.31 ˅7.38 ˅6.11 
Creatinine (mg/dL) 0.61±0.03a 0.94±0.01d 0.74±0.02b 0.72±0.01c 327.6** ˄54.09 ˅21.27 ˅23.40 
Albumin g/dL 3.02±0.01a 5.09±0.17c 4.21±0.32b 3.91±0.43b 61.08** ˄68.54 ˅17.28 ˅23.18 
BUN (mg/dL) 9.58±0.59a 18.45±1.23c 15.58±0.34b 16.04±0.40b 460.35** ˄92.58 ˅15.55 ˅13.06 
Neg. Control = Negative control, Pos. Control = Positive control, Atr. = Atorvastatin, CFE= C. fimbriata extract, blood urea nitrogen (BUN), alanine 
transaminase (ALT), aspartate transaminase (AST), D-Days; Effect= [(D38-D1) ÷D1] ×100; ˄- Percentage Increase; ˅- Percentage Decrease. Effect1 
(Percentage ˄ or ˅ between Neg. and pos. control group), Effect2 (Percentage ˄ or ˅ between pos. control group and Atr. group), Effect3 
(Percentage ˄ or ˅ between pos. control group and CFE group). Means subscripted with the identical letters in columns are not significantly different 
from each other. *= significant at P<0.05. ** = highly significant at P<0.01; NS, non-significant at P>0.05. 
 
Table 6: Efficacy results (mean±SD) for hematological parameters of all groups 
Parameters Neg. Control Pos. Control Atr. CFE F value Effect1 Effect2 Effect3 
 RBCs (106/µL) 7.65±0.68b 5.20±0.72a 7.25±0.61b 7.42±0.61b 5.33* ˅32.02 ˄39.42 ˄42.69 
MCV (fL) 56.21±1.07a 55.10±1.95a 56.39±1.95a 54.88±0.98a 2.21NS ˅1.97 ˄2.34 ˅0.39 
HCT/PCV (%) 43.09±5.40a 37.64±3.11c 46.82±7.73b 45.47±5.82b 23.08** ˄18.32 ˄24.38 ˄20.80 
Platelets (103/µL) 1154±24.29d 680±17.34a 882±21.11b 941±26.49c 1098** ˅41.07 ˄29.70 ˄38.38 
Hb (g/dL) 12.69±0.92ab 9.97±1.03c 11.77±1.52a 13.57±1.12b 14.26** ˅21.43 ˄18.05 ˄36.10 
MCH (pg) 20.28±0.96a 22.38±1.05b 19.18±2.09a 20.11±1.55a 8.22** ˄10.35 ˅14.29 ˅10.14 
MCHC (g/dL) 31.75±1.71ab 33.86±0.83d 32.45±1.19c 30.95±0.87a 16.48** ˄6.64 ˅4.16 ˅8.59 
WBC (103 mm3) 8.37±0.43a 12.94±0.96c 9.91±1.14b 8.85±1.39a 38.21** ˄54.59 ˅23.41 ˅31.60 
Neg. Control = Negative control, Pos. Control = Positive control, Atr. = Atorvastatin, CFE= C. fimbriata extract, hemoglobin (Hb), red blood cells 
(RBCs), hematocrit concentration (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin 
concentration (MCHC), D- Days; Effect= [(D38-D1) ÷D1] ×100; ˄- % Increase; ˅- % Decrease. Effect1 (Percentage ˄ or ˅ between Neg. and pos. 
control group), Effect2 (Percentage ˄ or ˅ between pos. control group and Atr. group), Effect3 (Percentage ˄ or ˅ between pos. control group and 
CFE group). Means subscripted with the identical letters in columns are not significantly different from each other. *= significant at P<0.05. ** = highly 
significant at P<0.01; NS, non-significant at P>0.05. 
 
Table 7: Efficacy results (mean±SD) for cardiovascular risk indices of all groups 
Parameters Neg. Control Pos. Control Atr. CFE F value Effect1 Effect2 Effect3 
AIP Index 2.18±0.20a 6.06±0.39d 2.42±0.23b 2.84±0.18c 438.9** ˄177.98 ˅60.06 ˅53.13 
CRI Index 4.46±0.30a 9.43±0.47b 4.75±0.31b 5.32±0.25c 433.3** ˄111.43 ˅49.62 ˅43.58 
CVDI Index 6.36±0.41a 11.86±0.54c 6.65±0.43a 7.39±0.35b 324.4** ˄86.47 ˅44.07 ˅37.84 
Atherogenic index (AIP Index), Coronary risk index (CRI Index), Cardiovascular index (CVDI Index) * D- Days; Effect= [(D38-D1) ÷D1] ×100; ˄- % 
Increase; ˅- % Decrease. Effect1 (Percentage ˄ or ˅ between Neg. and pos. control group), Effect2 (Percentage ˄ or ˅ between pos. control group 
and Atr. group), Effect3 (Percentage ˄ or ˅ between pos. control group and CFE group). Means subscripted with the identical letters in columns are 
not significantly different from each other. *= significant at P<0.05. ** = highly significant at P<0.01; NS, non-significant at P>0.05. 
 
Cardiovascular risk indices: The cardiovascular risk 
indicators, such as the atherogenic index of plasma (AIP), 
coronary risk index (CRI), and cardiovascular risk index 
(CVDI), were examined across the experimental groups 
(Table 7). The positive control group revealed elevated 
values of all three indices compared to the negative 
control group, suggesting a higher risk of cardiovascular 
disease. Specifically, AIP increased by 177.9 8%, CRI by 
111.43%, and CVDI by 86.47%, respectively. By day 38, 
treatment groups showed significant improvements. In the 
Atr. group, AIP dropped by 60.06%, followed by 53.13% 
in the CFE-treated group relative to the positive control 
group. A similar trend was observed for the CRI, reduced 
by 49.62% in the standard drug group and 43.58% in the 
CFE-treated group. Meanwhile, the CVDI decreased by 
44.07% in the Atr. group and 37.84% in the CFE-treated 
group, respectively, compared to the hyperlipidemic rat 
group. These results support that Atr. and CFE effectively 
mitigate cardiovascular risk indices. 
 
Inflammatory indicators 
Serum IL-6 and CRP: Fig. 2 illustrates the serum 
concentrations of interleukin-6 (IL-6) and C-reactive 
protein (CRP) among the experimental groups (P<0.05). 
The positive control group demonstrated elevated 
concentrations of IL-6 (1.63±0.06pg/mL) and CRP 
(5.16±0.22mg/L), indicating a heightened inflammatory 
response. In contrast, the treatment group receiving CFE 
exhibited significantly reduced levels of IL-6 
(0.88±0.03pg/mL) and CRP (4.45±0.04mg/L).  

 
 
Fig. 2: Effect of inflammatory markers on all groups. Data are 
presented as a mean value; n=10 rats/group. Neg. Control = Negative 
control group, Pos. Control = Positive control group, Atr. /Standard 
drug group=Atorvastatin, CFE-treated group= C. fimbriata extract. 
 
Histopathological examination: Histopathological 
analysis of hepatic tissues (Fig. 3) unveiled that the 
structural organization of hepatocytes in rats fed a 
standard diet in GI showed normal liver histology, devoid 
of pyknotic nuclei, inflammation, and vascular 
impairment. On the contrary, evaluation of rats in GII 
revealed cytoplasmic vacuolation, considerable vascular 
congestion, centrilobular necrosis, and pyknotic nuclei, 
accompanied by sinusoidal congestion, all of which are 
indications of hepatocellular damage. Conversely, rats 
treated with atorvastatin (GIII) exhibited slight 
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congestion, pyknotic nuclei, and moderate sinusoidal 
congestion. The treatment group rats (GIV) also displayed 
a decrease in sinusoidal congestion, vacuolation, and the 
restoration of hepatocytic architecture.  
 

 
 
Fig. 3: Liver histology of experimental rat groups. Representative (H & 
E) stained liver sections from each group. GI (Negative control group), 
GII (Positive control group), GIII (Atr. /Standard drug group), GIV (CFE-
treated group). Images are representative of each group, evaluated in a 
blinded manner. Scale bar = 50 μm; magnification = 40X.  
 

Fig. 4 illustrates the histopathological alterations in the 
rat's kidneys in the negative control and dietary treatment 
groups, indicating that the negative control group (GI) fed a 
standard diet exhibited normal renal parenchyma 
architecture. Conversely, rats in the positive control group 
(GII) exhibited structural changes including glomerular 
inflammation, vacuolated epithelial linings in glomeruli and 
renal tubules, and varying degrees of congestion in 
glomerular capillaries, accompanied by interstitial edema. 
The renal parenchyma of the Atr. group (GIII) showed 
moderate glomerular capillary congestion, epithelial 
vacuolation in renal tubules, and disruptions in Bowman's 
capsule. The administration of CFE reversed glomerular 
atrophy and capillary inflammation, although mild 
glomerular congestion and pyknotic nuclei were observed 
along with mild shrinkage of the Bowman’s capsule. 

 

 
 
Fig. 4: Kidney histology of experimental rat groups. Representative (H 
& E) stained kidney sections from each group. GI (Negative control 
group), GII (Positive control group), GIII (Atr. /Standard drug group), 
GIV (CFE-treated group). Images are representative of each group, 
evaluated in a blinded manner. Scale bar = 50 μm; magnification = 40X. 

DISCUSSION 
 

The current study systematically assessed the 
potential of CFE as a treatment for hyperlipidemia in 
Sprague-Dawley rats fed a HFHC diet. CFE improved 
physical indicators, lipid profiles, glycemic control, liver 
and kidney functions, and inflammatory markers. These 
findings closely paralleled the effects observed in the 
atorvastatin group, underscoring CFE’s promise as a 
natural alternative to conventional treatments. 

In our results, feed intake and weight gain were both 
significantly reduced in the CFE-treated group compared 
to the positive control group. This decrease indicates the 
anorectic potential of CFE. This reduction may be 
attributed to the presence of pregnane glycosides in CFE, 
which act on the hypothalamus to regulate appetite by 
inhibiting ghrelin secretion and Neuropeptide-Y levels   
(De Leo et al., 2005; Abdel-Sattar & Ali, 2022).  A 
similar reduction in food intake has also been reported in 
Prader-Willi syndrome rodents administered CFE (Griggs 
et al., 2018). Likewise, previously published findings also 
documented comparable appetite-suppressing effects of 
CFE (Vitalone et al., 2017). The observed decrease in 
liver weights and improvement in hepatic parameters 
further support antiobesogenic effects of CFE  
(Kamalakkannan et al., 2010). These findings may 
suggest that CFE influences its anti-obesity properties via 
the modulation of appetite and enhancement of hepatic 
functionality. 

In our results, CFE supplementation significantly 
improved dyslipidemia by reducing serum TAGs, LDL, 
and TC levels. These results mirrored the effects of 
atorvastatin, thereby validating the model and supporting 
CFE’s role in restoring normal lipid profiles. This 
hypolipidemic effect may be attributed to the presence of 
pregnane glycosides in CFE, which alter food intake, 
enhance lipid metabolism, and reduce intestinal fat 
absorption. By reducing intestinal fat absorption, CFE 
prevents the accumulation of excessive fat, resulting in 
decreased levels of TC, LDL, and TAGs (Anwar et al., 
2022). 

Although the precise mechanisms remain to be fully 
elucidated, it is proposed that CFE may inhibit citrate 
lyase, an enzyme involved in fatty acid synthesis activity, 
thereby reducing malonyl-CoA production (Topiwala & 
Krishnamurthy, 2013).This pathway is also inhibited and 
probably promotes the mobilization of existing fat 
reserves and increases lipid catabolism (Rauf et al., 2022). 
This effect is similar to that of Garcinia cambogia, which 
also acts on ATP-citrate lyase and its active ingredient, 
hydroxycitric acid, to lower the availability of acetyl-CoA 
to de novo lipogenes, and malonyl-CoA mediated 
inhibition of fatty acid oxidation. CFE and Garcinia 
cambogia are therefore both fat catabolic rather than fat 
synthesis, which helps to improve lipid profiles and 
weight management  (Sudhakara et al., 2014).  

The hypolipidemic effect is correlated with that of 
Ambadasu, who showed that TC, TAGs, and LDL levels 
decreased significantly after CFE treatment. Likewise, 
Gujjala, reported that CFE inhibited lipid abnormalities in 
HFD-fed Wistar rats (Gujjala et al., 2016). Akram et al., 
(2023) have also found that CFE has lipid-lowering 
effects, as he reported Caralluma edulis extract in better 



Pak Vet J, 2026, 46(4): 987-997. 
 

995 

serum lipid markers (Akram et al., 2023). Moreover, CFE 
includes pregnane glycosides that could have a direct 
effect on adipose tissue by inhibiting the proliferation and 
maturation of adipocytes  (Kamalakkannan et al., 2010). 
Therefore, these results indicate that CFE pregnane and 
steroidal glycosides can counteract the negative metabolic 
consequences caused by the HFHC diet. 

 In the present study, administration of CFE 
significantly reduced blood glucose levels in rats fed a 16-
week HFHC. This hypoglycemic effect may be attributed 
to the presence of pregnane and steroidal glycosides, 
which are known to increase insulin secretion and restrict 
intestinal glucose absorption (Abdel-Sattar and Ali, 2022; 
Rao et al., 2021). These findings are consistent with 
previous research demonstrating the antidiabetic potential 
of CFE (Gujjala et al., 2016; Ashwini and Anitha, 2017). 
Supporting this, Poodineh and Nakhaee reported a similar 
antidiabetic effect using Caralluma tuberculate in diabetic 
rat models (Poodineh and Nakhaee, 2016). Collectively, 
these findings suggest that phytochemicals such as 
pregnane glycosides may play a role in enhancing 
glycemic control and insulin sensitivity, although more 
mechanistic studies are required to confirm these effects. 

Our study revealed that CFE supplementation also 
reduced serum leptin levels. This finding is consistent 
with prior research in both animal and human studies 
(Astell et al., 2013; Sudhakara et al., 2014). Leptin plays a 
key role in regulating appetite through neural pathways, 
and the reduction in serum leptin in the current study may 
be due to enhanced leptin sensitivity induced by pregnane 
and steroidal glycosides. The observed phenomena 
support the role of CFE in regulating energy homeostasis 
and reducing adiposity.  

The results of this study show that the CFE exhibited 
pronounced hepatoprotective effects, as evidenced by a 
decrease in AST and ALT compared to the positive 
control group. The hepatoprotective effects may be 
attributed to the capacity of CFE to reduce LDL 
cholesterol and inflammatory cytokines, thereby 
preventing liver damage caused by HFHC diets. These 
results are consistent with previous research on Caralluma 
umbellata, which indicated a reduction in hepatic injury 
and oxidative stress (Shanmugam et al., 2013). 
Furthermore, our results demonstrated CFE renoprotective 
properties by enhancing serum creatinine, urea, and 
albumin concentrations. The presence of phytochemicals 
exhibiting antioxidant and anti-inflammatory properties, 
including steroidal and pregnane glycosides, may account 
for these observed effects. These observations are 
consistent with prior findings (Gujjala et al., 2016), which 
illustrated that CFE mitigated the elevation of plasma urea 
and creatinine levels induced by the HFHC dietary 
regimen. The accumulation of lipids and fatty substances 
in arterial walls affects vital organs, including the kidneys, 
liver, and aorta, contributing to AIP. Increased AIP values 
indicate a heightened risk of injury to these organs 
(Qanwil et al., 2025). The noted decrease in CVDI, AIP, 
and CRI index relative to the positive control group aligns 
with previous findings (Gujjala et al., 2016), who found 
that CFE reduced the AIP in hyperlipidemic rats by 
18.2%. This major reduction indicates that certain of the 
pharmacologically active constituents of C. fimbriata 
might play a role in its therapeutic efficacy in the 

prevention of atherosclerosis. This is probably because of 
its ability to lower lipid and anti-inflammatory effects, 
especially pregnane glycosides. 

CFE also had a positive effect on hematological 
parameters in the present study as compared to the 
positive control group. The results align with the earlier 
works on the application of Caralluma tuberculata in 
diabetic rats, as they have demonstrated a significant 
change in the parameters of RBCs. Such results can be 
attributed to flavonoids which promote erythropoietin and 
inhibit systemic inflammation (Poodineh and Nakhaee, 
2016). The levels of inflammatory factors, i.e., CRP and 
IL-6, were also significantly decreased in the CFE-treated 
group, which supports the previous research that 
Caralluma tuberculata can reduce the concentration of 
such pro-inflammatory factors as cyclooxygenase 
enzyme, IL-1b, IL-6 and TNF-a (Haider et al., 2022). The 
reverse mechanism of CFE is attributed to saponin 
glycosides, which inhibit cyclooxygenase activity, thereby 
contributing to its antinociceptive and anti-inflammatory 
properties (Saini et al., 2025). 

Previous literature confirmed a positive association 
between hypercholesterolemia and hepatocytic injury 
(Csonka et al., 2017). Histopathological analyses revealed 
improved architecture with reduced lipid deposition in the 
CFE group as compared to the positive control group, 
supporting previously documented findings. Likewise, 
previous results have been reported that highlight the 
protective effect of CFE in mitigating cholesterol-induced 
histological changes (Latha et al., 2014). The 
hepatoprotective effect is attributed to synergistic effects 
of phenolic compounds, glycosides, polysaccharides, and 
saponins (Gujjala et al., 2017; Akram et al., 2023) This 
research work supports CFE's multi-target therapeutic 
potential, including antihyperlipidemic, 
antihyperglycemic, hepatoprotective, renoprotective, and 
anti-inflammatory pathways. The synergistic action of 
bioactive components, including pregnane glycosides and 
flavonoids, is responsible for its diverse bioactivity, which 
could be a beneficial dietary intervention. Future 
investigation may also integrate computational and in 
silico modelling to better predict the systemic effects of 
bioactive compounds from C. fimbriata.  Recent studies 
have demonstrated the effectiveness of complex 
biological models and simulation approaches in analyzing 
advanced biochemical and CVD’s pathways (Amilo et al., 
2025a; Amilo et al., 2025b). Such models could 
complement in vivo experiments and accelerate 
translational research (Amilo et al., 2025). However, the 
present study employed only male rats, which may limit 
the generalizability of findings as sex related differences 
in lipid metabolism and hormonal regulation could 
influence the response to CFE treatment. To give a deeper 
insight on its therapeutic effectiveness, studies that 
involve both sexes should therefore be conducted in the 
future. 
 
Conclusions: CFE portrayed potential beneficial effects 
in metabolic disorders associated with hyperlipidemia. As 
a post-induction therapy, CFE was associated with lower 
feed intake and controlled body weight gain. Furthermore, 
improvements were observed in hepatic, renal and serum 
lipid profiles with cholesterol lowering effects comparable 
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to conventional pharmacological interventions. This data 
highlights the promise of CFE as a natural treatment 
method in the management of hyperlipidemia and 
prevention of cardiovascular diseases. The understanding 
of the particular mechanism of action, molecular studies, 
and clinical effectiveness of the findings in human trials 
should be further elaborated, which will improve the 
translational value of the results. Additionally, future 
research should focus on bioactivity-based fractionation 
of the extract to isolate and determine the active 
components that confer the extract its lipid-lowering 
effects. A clear understanding of the exact metabolic 
routes under the influence of these substances will provide 
greater understanding of the therapeutic potential of C. 
fimbriata. This research is a foundation to develop CFE as 
a potential complementary or alternative intervention to 
hyperlipidemia that requires more research in the 
preclinical and clinical settings. 
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