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Obesity affects over 650 million adults worldwide, and current pharmacological treatments often have 
limited efficacy and adverse effects, highlighting the need for safer alternatives. Polyherbal formulations 
based on traditional medicines offer synergistic therapeutic benefits with reduced side effects. The 
present study developed and evaluated a polyherbal formulation (PHF) comprising Zingiber officinale, 
Allium sativum, Glycyrrhiza glabra, and Gymnema sylvestre. This formulation was prepared by using 
hydroalcoholic extracts obtained through maceration and was evaluated for various phytochemical studies, 
organoleptic parameters, etc. Following the confirmation of quality control parameters, we conducted an 
acute oral toxicity test in accordance with OECD guidelines. Based on this evaluation, we conclude that 
this polyherbal elixir formulation will be evaluated for a high-fat diet model for an antiobesity study. 
HFD was given to all animals (excluding the normal control) to induce obesity. PHF treatment produced 
a dose-dependent reduction in body weight and serum lipid parameters while normalizing liver enzyme 
levels compared to the HFD control group. Histopathological analysis revealed restoration of hepatic and 
adipose tissue architecture, supporting the biochemical findings. The observed effects suggest that the 
formulation exerts its antiobesity action through modulation of lipid metabolism, inhibition of adipogenesis, 
and enhancement of fatty acid oxidation.
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A B S T R A C TA R T I C L E  I N F O

Introduction
Obesity, characterized by excessive accumulation of 
adipose tissue, is a multifactorial chronic disorder that has 
reached epidemic proportions worldwide. Its prevalence 
has increased sharply in recent decades, largely due to 
unhealthy dietary habits such as the consumption of high-
fat and fast foods. These diets contribute to the excessive 
production of very low-density lipoproteins (VLDL), 
leading to elevated levels of low-density lipoproteins 
(LDL). In the absence of sufficient high-density lipoproteins 
(HDL), LDL tends to adhere to the endothelial lining of 
blood vessels, impairing normal blood flow and increasing 
the risk of coronary heart disease (CHD). [1]

A drop in the serum cholesterol levels has been shown 
to significantly decrease the incidence of CHD. Although 

allopathic hypolipidemic agents such as statins, fibrates, 
niacin, and resins are widely used, their long-term use is 
associated with adverse effects, including hyperuricemia, 
nausea, myopathy, diarrhea, gastric irritation, flushing, 
xerosis, and hepatic dysfunction. Drugs like ezetimibe 
(Zetia) and orlistat (Xenical) are also available in the 
market; however, similar side effects have been reported, 
underscoring the need for safer and more effective 
therapeutic alternatives.
In India, statistical surveys indicate that approximately 
3,226 out of 4,752 communities rely on phytotherapy for 
primary healthcare. A comprehensive ethnobiological 
report commissioned by the Ministry of Environment 
and Forests highlights that indigenous tribes employ 
more than 7,500 plant species used for medicinal 
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purposes. According to the World Health Organization 
(WHO), phytomedicines represent a valuable source for 
developing pharmacologically active agents. Compared 
to synthetic drugs, plant-based therapeutics often exhibit 
fewer adverse effects and possess substantial therapeutic 
potential for managing chronic and metabolic disorders.
The growing global burden of obesity necessitates the 
exploration of alternative, multi-targeted therapeutic 
strategies, including polyherbal formulations (PHFs). 
The present study focuses on a PHF composed of Zingiber 
officinale, Allium sativum, Glycyrrhiza glabra, and Gymnema 
sylvestre, evaluated for its potential antiobesity activity. 
Each botanical component possesses distinct bioactive 
compounds that may act synergistically to modulate 
lipid metabolism, reduce adiposity, and enhance overall 
metabolic health. Ginger, containing gingerols, shogaols, 
and zingerone, exhibits thermogenic and lipid-lowering 
effects by promoting fatty acid oxidation, suppressing 
HMG-CoA reductase, and enhancing energy expenditure[6]; 
garlic, rich in allicin, S-allyl cysteine, and diallyl disulfide, 
regulates adipogenesis, elevates HDL cholesterol, and 
mitigates oxidative stress in adipose tissue[7]; licorice, 
containing glycyrrhizin, glabridin, and f lavonoids, 
inhibits adipocyte differentiation, promotes lipolysis, and 
reduces oxidative damage[7]; while Gurmar, standardized 
for gymnemic acids, gurmarin, and gymnemosides, 
suppresses intestinal glucose absorption, improves insulin 
sensitivity, and modulates lipid metabolism through AMPK 
and PPAR signaling pathways.[8]

Although the individual lipid-lowering and metabolic 
regulator y ef fects of these botanicals have been 
extensively documented, their combined synergistic 
potential in a single polyherbal formulation has not yet 
been systematically investigated. This study, therefore, 
focuses on the development and preclinical evaluation of 
a novel PHF incorporating these botanicals to assess its 
antiobesity efficacy using an HFD-induced animal model. 
The research intends to provide comprehensive insights 
into the integrated mechanisms of action—encompassing 
lipid modulation, adiposity reduction, and metabolic 
regulation—thereby contributing new evidence toward 
the rational design of safe, natural, and multi-targeted 
therapeutic strategies for obesity management.

Materials And Methods

Plant material
Dried rhizomes of Z. officinale, bulbs of A. sativum, roots of 
G. glabra, and leaves of G. sylvestre were procured in the 
form of coarse powder from Manakarnika Aushadhalaya, 
Pune, Maharashtra, India, in December 2023. The plant 
materials were authenticated and certif ied by the 
supplying establishment (Authentication Certificate No. 
CH-CC-69685, dated December 27, 2023).

Drugs and chemicals
The high-fat diet (HFD) used in the experiment was 
prepared at Dr. D. Y. Patil College of Pharmacy, Akurdi, 
Pune, Maharashtra, India. The composition of the HFD 
included 68% standard rat feed (chow), 30% saturated 
fat (Dalda), and 2% cholesterol. Orlistat, manufactured by 
Sinsan Pharmaceuticals Pvt. Ltd., was used as the reference 
medication. All substances used in the experiment were 
of analytical grade and procured from reliable suppliers.

Preparation of plant extracts

Maceration
For the extraction process, simple maceration was 
employed. The specified quantity of herbal materials was 
weighed, and each herb was macerated with a solvent 
mixture of 70% ethanol and water in an 80:20 ratio in a 
beaker. The phytoconstituents were allowed to dissolve 
into the ethanol by moderately shaking the beaker for 3 
days.

Filtration
After 3 days, the mixture was subjected to a simple 
filtration process. The filtration was performed using 
standard filter paper and a funnel to separate the extract.  

Evaporation 
The filtrate was then evaporated using an electronic water 
bath. Evaporation was carried out at a temperature of 
60°C until the necessary amount of extract was produced.

Evaluation of plant extracts Phytochemical 
screening
The hydroalcoholic extracts of Z. officinale, A. sativum, G. 
glabra, and G. sylvestre were tested for the detection of 
phytochemicals, including alkaloids, glycosides, phenols, 
tannins, and flavonoids.

Preparation of polyherbal formulation
The formulation of an elixir was performed through a 
series of systematic steps. Initially, active compounds 
were prepared by incorporating the necessary excipients 
and pharmaceuticals. Herbal extracts of A . sativum, G. 
sylvestre, G. glabra, and Z. officinale were dissolved in 
15 mL of alcohol. Concurrently, sodium saccharin was 
dissolved in 20 mL of water with continuous stirring to 
confirm complete dissolution. Subsequently, the alcohol-
soluble and water-soluble components were combined 
in water. Preservatives and flavoring agents, including 
methylparaben, propylparaben, and orange syrup, were 
added to the combination.
To create a homogenous elixir, the final volume of solution 
was adjusted with water, and a magnetic stirrer was used 
to homogenize the mixture.

Experimental animals
The National Institute of Biosciences Pvt. Ltd. supplied 
Wistar albino rats weighing 180-200 gm. The animals 
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were fed standard rat feed (chow) and water ad libitum, 
with a 12-hour light/dark cycle, controlled temperature, 
and humidity. The college’s IAEC (Protocol no. DYPCOP/
IAEC/2023/09) accepted the protocol for this preclinical 
study.

Acute oral toxicity study
The formulation’s acute oral toxicity was evaluated 
according to OECD Guideline 425. Overnight-fasted 
Wistar rats were administered the PHF orally as per 
the guidelines. Individual rats were observed over 48 
hours for behavioral and neurological abnormalities, 
such as diarrhea, eating changes, convulsions, tremors, 
lacrimation, sleep disorders, and salivation, to detect 
toxicity. The rats were monitored for a further two weeks 
to confirm any possible mortality.

Antiobesity activity Induction of obesity
The PHF’s antiobesity effects were studied in rats fed a 
high-fat diet. In this study, Wistar rats weighing between 
180 to 200 grams were used. For 15 days, the rats were fed 
a high-fat diet containing of 68% conventional rat chow, 
30% Dalda (saturated fat), and 2% cholesterol. (excluding 
the normal control)

Grouping of animals
The experimental animals were allocated into five distinct 
groups, with six rats in each group. Group I acted as the 
regular control, receiving a standard rat feed and vehicle. 
Group II, designated as the HFD control, was given an HFD 
and treated with the vehicle. The standard group (Group 
III) got an HFD and 20 mg/kg of orlistat. Groups IV and V 
were administered HFD along with PHF at doses of 150 
and 300 mg/kg, respectively, orally once daily for 30 days.

Antiobesity screening

Biochemical estimations in serum
A commercial assay kit was used to assess triglycerides (TG), 
serum total cholesterol (TC) and low-density lipoprotein 
(LDL). The detailed protocols for these estimations are 
provided in the accompanying documentation of the 
respective kits.

Liver function test
A commercial assay kit was used to quantify aspartate 
aminotransferase (AST) and alanine aminotransferase 
(ALT). The detailed protocols for these estimations are 
provided in the accompanying documentation of the 
respective kits.

Histopathological examination
The animals used in the study were euthanized, and 
samples of adipose and hepatic tissues were isolated for 
histopathological studies.

Statistical Analysis
GraphPad Prism, version 8, was used for statistical 
comparisons, with significance set at p < 0.05. Data for each 
set of six rats are presented as mean ± SEM and analyzed 
using one-way ANOVA and the Dunnett test.

Results

Evaluation of plant extracts
Phytochemical analysis of hydroalcoholic herbal extracts 
of A. sativum (AS), G. sylvestre (GS), G. glabra (GG), and Z. 
officinale (ZO) showed the presence of flavonoids and 
carbohydrates. GS indicates the presence of terpenoids, 
tannins, saponins, and alkaloids. AS and Zo showed the 
presence of alkaloids and saponins.

Acute oral toxicity study
The acute oral toxicity experiment showed that PHF was 
safe up to 2000 mg/kg with no behavioral or neurological 
damage.

Antiobesity screening

Serum lipid profiles

Total cholesterol
The HFD control group of rats fed a high-fat diet for 15 
days had higher plasma TC levels. The plasma TC levels 
of groups treated with 150 and 300 mg/kg dosages of 
PHF were determined on days 0 and 28, respectively. 
Fig. 1 demonstrates that administering PHF at 150 and 
300 mg/kg resulted in a considerable drop in TC levels 
towards normal levels. Treatment with 20 mg/kg orlistat 
significantly decreased TC levels (p < 0.001) compared to 
the HFD control group.

Triglycerides (TG)
The HFD control group, consisting of rats fed a high-fat 
diet for 15 days, exhibited higher plasma TG levels. The 
plasma TG levels of groups treated with 150 and 300 mg/

Fig. 1: Effect of PHF on Total Cholesterol in HFD-induced obese rats
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kg dosages of PHF were determined on days 0 and 28, 
respectively. Fig. 2 demonstrates that administering PHF 
at 150 and 300 mg/kg resulted in a considerable drop in 
TG levels towards normal levels. Treatment with 20 mg/
kg orlistat significantly decreased TG levels (p < 0.001) 
compared to the HFD control group.

Low-density lipoprotein cholesterol
The HFD control group of rats fed a high-fat diet for 15 
days had higher plasma LDL-c values. The plasma LDL-c 
levels of groups treated with 150 and 300 mg/kg dosages 
of PHF were determined on days 0 and 28, respectively. 
Fig. 3 demonstrates that administering PHF at 150 and 
300 mg/kg resulted in a considerable drop in LDL-c levels 
towards normal levels. Treatment with 20 mg/kg orlistat 
significantly decreased LDL-c levels (p < 0.001) compared 
to the HFD control group. 

Liver profile
The HFD control group of rats was fed an HFD for 15 days. 
After 15 days, serum transaminase levels, specifically ALT 

and AST, were markedly elevated (p < 0.001) in the HFD 
control group. Fig. 4A demonstrates that administering 
PHF at 150 and 300 mg/kg resulted in a considerable 
drop in ALT levels towards normal levels. Treatment 
with 20 mg/kg orlistat significantly decreased ALT 
levels (p < 0.001) compared to the HFD control group. 
Fig. 4B demonstrates that administering PHF at 150 and 
300 mg/kg resulted in a considerable drop in AST levels 
towards normal levels. Treatment with 20 mg/kg orlistat 
significantly decreased AST levels (p < 0.001) compared 
to the HFD control group.

Histopathological studies

Histopathology of the liver
A histological investigation found no abnormalities in 
the hepatocytes of rats in the normal control group and 
intact tissue architecture (Fig. 5a). Rats in the induction 
control group showed infiltration in the portal tract 
and inflammatory zones in their hepatocytes (Fig. 5b). 
However, in the treatment groups, rats given PHF (150 mg/
kg) showed normal architecture of hepatocytes, Kupffer 
cells, sinusoid space, bile duct cells, central vein, and portal 

Fig. 2: Effect of PHF on Triglyceride in HFD-induced Obese Rats

Fig. 3: Effect of PHF on LDL-c in HFD-induced obese rats

Fig. 4: Effect of PHF on (A) ALT (B) AST in HFD-induced obese rats
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Fig. 5: Histopathology of the hepatocytes in normal, HFD-induced 
obese, and PHF-treated rats (H&E, 200X). Fig. a) shows the normal 
architecture of hepatocytes in a normal control. b) Induction control 
shows inflammatory cell (arrow) infiltration in the portal tract. c) Ref. 
The standard shows minimal inflammatory cells (arrow) in the portal 
tract and increased sinusoidal space (red arrow). d) Test 1 (PHF 150 
mg/kg) tissue shows the normal architecture of hepatocytes, central 
vein, sinusoid space, Kupffer cells, bile duct cells, and portal triad. e) 
Test 2 (PHF 300 mg/kg) tissue shows increased sinusoidal space of 

hepatocytes (arrow).
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antiobesity agents, PHF provides multi-targeted benefits, 
highlighting its potential as a safer, natural alternative. 
This study bridges traditional Ayurvedic knowledge 
with modern pharmacology by systematically evaluating 
standardized extracts, demonstrating multi-pathway 
activity in lipid modulation and metabolic regulation. 
While the preclinical nature, short treatment duration, and 
single obesity model represent limitations, the findings 
provide a foundation for further molecular investigations 
into mechanisms involving AMPK, PPAR signaling, and 
inflammatory pathways. Overall, this research offers novel 
insights into the therapeutic potential of PHF, supporting 
its role as a promising candidate for complementary 
management of obesity and related metabolic disorders.

Conclusion
The developed polyherbal formulation (PHF) demonstrated 
substantial antiobesity effects in HFD-induced obese rats 
by reducing body weight, improving serum lipid profiles, 
and normalizing liver enzyme levels. Histopathological 
analysis confirmed restoration of hepatic and adipose 
tissue structure, supporting the biochemical findings. 
The observed effects suggest that PHF exerts its action 
through modulation of lipid metabolism, inhibition of 
adipogenesis, and enhancement of fatty acid oxidation. 
Overall, the study indicates that the PHF is a safe, effective, 
and natural therapeutic approach for obesity management, 
warranting further investigation to elucidate its molecular 
mechanisms.	
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