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 ABSTRACT 

Metabolic syndrome (MetS) represents a clustering of interconnected risk factors including central obesity, insulin 

resistance, dyslipidemia, and hypertension, which collectively increase the risk of type 2 diabetes mellitus and 

cardiovascular disease. The limitations of conventional single-target therapies in addressing this multifactorial 

condition have renewed interest in polyherbal formulations that can simultaneously target multiple pathological 

pathways. This study aimed to design, develop, and evaluate a polyherbal formulation combining extracts 

of Gymnema sylvestre, Camellia sinensis, Allium sativum, and Momordica charantia for the comprehensive 

management of metabolic syndrome. Individual plant extracts were prepared using appropriate extraction methods 

and subjected to phytochemical screening (qualitative and quantitative analysis by HPTLC). A polyherbal tablet 

formulation was developed using wet granulation technique and optimized through 3² factorial design with binder 

concentration (PVP K30) and disintegrant concentration (sodium starch glycolate) as independent variables, 

evaluating tablet hardness and disintegration time as responses. The optimized formulation was evaluated for in-

vitro antioxidant activity (DPPH assay), enzyme inhibition potential (alpha-amylase and lipase inhibition assays), 

and glucose adsorption and diffusion retardation capacity. Phytochemical screening revealed abundant glycosides 

(4.82% gymnemic acid) in Gymnema sylvestre, high flavonoid content (12.67% epigallocatechin gallate) 

in Camellia sinensis, significant terpenoids in Allium sativum, and diverse phytoconstituents in Momordica 

charantia. Formulation optimization identified F5 (4% PVP K30, 4% sodium starch glycolate) as the optimal 

formulation with acceptable hardness (5.1 kg/cm²) and rapid disintegration time (6.2 minutes). The polyherbal 

formulation demonstrated potent antioxidant activity (IC₅ ₀  = 41.36 µg/mL; 81.75% inhibition at 100 µg/mL), 

significant alpha-amylase inhibition (IC₅ ₀  = 54.83 µg/mL; 74.92% inhibition at 200 µg/mL) with competitive 

inhibition kinetics, and moderate lipase inhibition (IC₅ ₀  = 72.58 µg/mL; 68.24% inhibition at 250 µg/mL). 

Glucose adsorption studies showed 15-17% glucose binding at physiologically relevant concentrations, while 

glucose diffusion was retarded by 32.39% during the critical initial absorption phase. The developed polyherbal 

formulation exhibits multi-mechanistic in-vitro bioactivity relevant to metabolic syndrome management, including 

antioxidant effects, enzyme inhibition (alpha-amylase and lipase), and glucose-modulating properties. The 

optimized formulation demonstrates acceptable pharmaceutical properties and provides a scientific rationale for 

further in-vivo evaluation. 
 

http://www.ejpmr.com/
https://doi.org/10.5281/zenodo.21702361
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This multi-targeted approach aligns with the complex 

pathophysiology of metabolic syndrome and offers a 

promising complementary strategy to conventional 

therapies. 

 

KEYWORDS: Metabolic syndrome, polyherbal 

formulation, Gymnema sylvestre, Camellia sinensis, 

alpha-amylase inhibition, lipase inhibition, antioxidant, 

formulation optimization, design of experiments. 
 

INTRODUCTION 

The escalating global prevalence of Metabolic Syndrome 

(MetS) represents a critical public health challenge, 

underscoring the urgent need for comprehensive 

therapeutic strategies that move beyond the limitations of 

conventional medicine. MetS is not a single disease but a 

clustering of interconnected risk factors, including 

central obesity, insulin resistance, dyslipidemia, and 

hypertension, which collectively increase the risk of 

developing type 2 diabetes mellitus and cardiovascular 

disease by up to five-fold. Its pathophysiology is a 

complex, multi-faceted web involving chronic low-grade 

inflammation, oxidative stress, and endocrine 

dysfunction, primarily driven by visceral adipose tissue. 

Current therapeutic strategies, predominantly lifestyle 

modifications and single-target pharmaceuticals like 

statins, anti-hypertensives, and hypoglycemic agents, 

often prove insufficient. These approaches typically 

address individual components of the syndrome in 

isolation, failing to tackle its underlying systemic nature 

and frequently leading to poor patient adherence or 

adverse effects. This therapeutic gap has reignited 

interest in alternative paradigms, particularly the rich 

history of herbal medicine, which has long been 

employed in metabolic disorders. Traditional medical 

systems, such as Ayurveda and Traditional Chinese 

Medicine, have utilized plants for centuries to manage 

symptoms now recognized as components of MetS, 

offering a valuable repository of knowledge for modern 

drug discovery. A comprehensive review of medicinal 

plants reveals a vast pharmacopeia with potential in 

managing MetS, with specific plants demonstrating 

activity against its core components. For anti-

hyperglycemic effects, plants like Gymnema sylvestre, 

known as the "sugar destroyer," have been shown to 

reduce sugar absorption in the gut and enhance insulin 

function. Similarly, Syzygium cumini (Java plum) 

and Momordica charantia (bitter melon) are well-

documented for their ability to lower blood glucose 

levels through mechanisms involving increased glucose 

uptake and inhibition of hepatic gluconeogenesis. 

Addressing the dyslipidemia and obesity components, 

plants such as Citrus reticulata (mandarin orange) 

provide flavonoids like nobiletin that have demonstrated 

anti-obesity and lipid-lowering properties by modulating 

lipid metabolism. The ubiquitous Camellia 

sinensis (green tea), rich in catechins, is renowned for its 

ability to increase energy expenditure and fat oxidation, 

while extracts from Quercus acutissima (sawtooth oak) 

have shown promise in reducing cholesterol absorption. 

Furthermore, the hypertensive and inflammatory facets 

of MetS can be targeted by plants like Allium 

sativum (garlic), whose sulfur compounds, particularly 

allicin, exhibit both antihypertensive and anti-

inflammatory effects. Panax ginseng is another 

adaptogenic herb that modulates inflammation and 

improves endothelial function, and the roots of Salvia 

miltiorrhiza are used in traditional medicine to improve 

circulation and mitigate inflammatory pathways central 

to MetS pathology. The true potential of herbal medicine 

in this context, however, may lie not in the use of single 

plants but in the strategic combination of multiple herbs. 

This approach is predicated on the principle of synergy, 

where the combined effect of a polyherbal formulation is 

greater than the sum of its individual parts. In the context 

of MetS, a multi-targeted disease, this synergistic 

potential is particularly compelling. A single polyherbal 

formulation could, for instance, combine a plant with 

insulin-mimetic properties, another that inhibits hepatic 

cholesterol synthesis, a third that acts as an anti-

inflammatory agent, and a fourth that supports healthy 

blood pressure regulation. The phytochemical 

constituents within such a blend can interact in complex 

ways: one compound may enhance the bioavailability of 

another, they may act on different, complementary 

molecular targets within the same pathway, or they may 

work together to neutralize potential toxicities of 

individual ingredients. This holistic, multi-pronged 

attack aligns perfectly with the complex pathophysiology 

of MetS, offering a more integrated therapeutic approach 

than conventional monotherapy. Consequently, the 

market has seen the emergence of several standardized 

polyherbal formulations designed specifically for MetS. 

Products like Diabegon, Deltan, and Metabolaid 

represent a new generation of evidence-informed 

botanical drugs. These formulations are typically 

composed of extracts from several of the plants 

mentioned, such as Gymnema sylvestre, Momordica 

charantia, and Curcuma longa, combined in specific 

ratios. Preclinical and preliminary clinical studies on 

such formulations have reported encouraging results, 

demonstrating significant improvements in glycemic 

control, lipid profiles, and inflammatory markers with 

favorable safety profiles. For example, some studies on 

Metabolaid have shown its ability to reduce body weight 

and improve insulin sensitivity in obese patients, while 

others on Diabegon have highlighted its glucose-

lowering efficacy comparable to some conventional 

drugs, but with fewer gastrointestinal side effects. 

 

MATERIALS AND METHODS 

Preparation of Herbal Extracts 

The preparation of herbal extracts is a critical 

foundational step in the development of any 

phytopharmaceutical formulation, as the method chosen 

directly influences the profile and concentration of 

bioactive compounds recovered from the plant material. 

The primary goal is to efficiently separate the active 

principles from the inert cellular matrix while preserving 

their chemical integrity. Several classical extraction 
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techniques are routinely employed, each with distinct 

principles and applications. Soxhlet extraction is a highly 

efficient, continuous process where a solvent is 

repeatedly cycled through the plant material. Finely 

ground dried plant material is placed in a porous thimble, 

and the solvent is heated to reflux. The solvent vapor 

travels up, condenses, and drips onto the material, slowly 

filling the chamber and extracting the compounds before 

being automatically siphoned back into the boiling flask. 

This method is excellent for compounds with limited 

solubility and ensures exhaustive extraction without the 

need for large solvent volumes, though it exposes 

thermolabile compounds to prolonged heating. In 

contrast, maceration is a simpler, ambient-temperature 

process where coarsely powdered plant material is 

immersed in a solvent (like ethanol or water) in a closed 

container for an extended period, typically 3 to 7 days, 

with occasional stirring. This gentle method is ideal for 

extracting thermolabile constituents but is slower and 

often less complete. Decoction, a method reserved for 

tough plant parts like roots, bark, and stems, involves 

boiling the plant material in a specified volume of water 

for a defined time. This process is effective for extracting 

water-soluble, heat-stable compounds but is not suitable 

for volatile or heat-sensitive components. 

 

Phytochemical screening 

To identify and quantify the bioactive constituents 

present, ensuring consistency and quality. This is a two-

pronged approach. 

 

Qualitative analysis 

It involves a series of simple chemical tests and color 

reactions to detect the presence of major phytochemical 

classes. For instance, the Dragendorff’s test is used to 

confirm alkaloids, the Ferric chloride test for tannins and 

phenols, the Shinoda test for flavonoids, and the 

Molisch’s test for carbohydrates and glycosides. These 

tests provide a preliminary phytochemical fingerprint of 

the extract. 

 

Quantitative analysis 

It employs more sophisticated analytical techniques, 

most commonly High-Performance Thin-Layer 

Chromatography (HPTLC) or High-Performance Liquid 

Chromatography (HPLC), to determine the exact 

concentration of specific marker compounds. For 

example, one might quantify the amount of gymnemic 

acid in a Gymnema sylvestre extract or the catechin 

content in a Camellia sinensis extract. This step is 

indispensable for standardizing the extract, ensuring 

batch-to-batch reproducibility, and establishing a 

correlation between the chemical composition and the 

biological activity of the final formulation. 

 

Formulation Development 

The transformation of a standardized herbal extract into a 

stable, effective, and patient-friendly dosage form is the 

essence of formulation development. For solid dosage 

forms like tablets or granules, this begins with the 

careful selection of excipients—inactive ingredients that 

play vital roles in the manufacturing process and product 

performance. Common excipients include diluents (e.g., 

lactose, microcrystalline cellulose) to achieve the desired 

tablet weight; binders (e.g., polyvinylpyrrolidone, starch 

paste) to impart cohesiveness to the powder mixture; 

disintegrants (e.g., sodium starch glycolate) to facilitate 

the breakup of the tablet in the gastrointestinal tract; and 

lubricants (e.g., magnesium stearate) to prevent sticking 

during compression. For herbal extracts, which are often 

hygroscopic and sticky, the choice of excipients is 

critical for improving flow properties and stability. 

 

A widely used technique for converting a powder 

mixture into a free-flowing, compressible material is 

the preparation of granules via the wet granulation 

method. This process involves several key steps. First, 

the herbal extract, diluents, and disintegrants are 

accurately weighed and thoroughly mixed to form a 

uniform powder blend. A granulating fluid, which is 

often a solution of the binder in water or a solvent, is 

then added to the powder mix to form a damp mass. This 

mass is passed through a coarse sieve (e.g., 10 or 12 

mesh) to form wet granules, which are then dried in an 

oven or a fluid bed dryer at a controlled temperature to 

remove the solvent. The dried granules are then passed 

through a finer sieve (e.g., #20 mesh) to break down 

larger aggregates, resulting in uniformly sized, free-

flowing granules. At this stage, lubricants and any 

remaining disintegrants are added and mixed gently. 

 

Design of Experiments (DoE) 

DoE is a statistical approach that systematically varies 

multiple formulation variables (e.g., binder 

concentration, amount of disintegrant, granulation time) 

simultaneously. This allows researchers to identify the 

optimal combination of ingredients and process 

parameters that yield a final product with the desired 

critical quality attributes, such as tablet hardness, 

disintegration time, and drug release profile, with 

minimal experimentation. Finally, the optimized granules 

can be compressed into tablets or, alternatively, filled 

into capsules or reconstituted as a syrup for 

the preparation of the final dosage form. 

 

In-Vitro Evaluation 

Before progressing to animal or human studies, a new 

herbal formulation must undergo rigorous in-vitro 

evaluation to provide an initial assessment of its potential 

therapeutic efficacy and to establish its mechanism of 

action. These laboratory-based tests are rapid, cost-

effective, and essential for screening and quality control. 

 

Antioxidant assays 

It commonly performed first, given the central role of 

oxidative stress in the pathophysiology of metabolic 

syndrome. The DPPH (2,2-diphenyl-1-picrylhydrazyl) 

scavenging activity assay is one of the most popular 

methods. DPPH is a stable free radical that gives a deep 

violet color in solution. When an antioxidant compound 
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is added, it donates a hydrogen atom, reducing DPPH to 

its non-radical form, which is pale yellow. The degree of 

decolorization, measured spectrophotometrically, directly 

correlates with the antioxidant capacity of the extract or 

formulation. This simple test provides valuable insight 

into the formulation's ability to neutralize free radicals 

and mitigate oxidative damage. 

 

Enzyme inhibition assays 

The alpha-amylase inhibition assay 

The evaluates the potential to manage postprandial blood 

sugar spikes. Alpha-amylase is a pancreatic enzyme 

responsible for breaking down complex carbohydrates 

into smaller sugars. By inhibiting this enzyme, the 

formulation would theoretically slow carbohydrate 

digestion and glucose absorption, mimicking the action 

of drugs like acarbose. In this assay, the formulation is 

incubated with the enzyme and a starch substrate. The 

amount of sugar produced is measured, and a reduction 

in sugar production compared to a control indicates 

alpha-amylase inhibitory activity. 

 

Lipase inhibition assay 

It assesses the anti-obesity potential. Pancreatic lipase is 

the key enzyme for digesting dietary fats. If the 

formulation can inhibit this enzyme, it would reduce the 

hydrolysis of triglycerides, leading to decreased 

absorption of fats and their excretion in the feces. This is 

the same mechanism of action as the drug orlistat. The 

assay measures the release of fatty acids from a lipid 

substrate in the presence of the formulation; lower fatty 

acid release signifies stronger lipase inhibition. 

 

Glucose adsorption and diffusion studies 

They  are conducted to understand how the formulation 

might interact with glucose in the gastrointestinal tract. 

The glucose adsorption assay involves mixing the 

formulation with a concentrated glucose solution. After 

incubation and centrifugation, the remaining glucose in 

the supernatant is measured. A decrease in glucose 

concentration indicates that the formulation's 

components (like dietary fibers or polyphenols) can bind 

and adsorb glucose, thereby potentially reducing the 

amount available for absorption. The glucose diffusion 

study often uses a dialysis-based model. A glucose 

solution containing the formulation is p laced inside a 

dialysis bag and immersed in a buffer. The rate at which 

glucose diffuses out of the bag into the external medium 

is measured over time. A slower diffusion rate in the 

presence of the formulation suggests it can physically 

retard or inhibit the movement of glucose molecules, 

offering another mechanism for controlling postprandial 

glycemia. Collectively, these in-vitro assays provide a 

powerful and predictive toolkit for the preliminary 

evaluation of a polyherbal formulation's potential in 

managing key aspects of metabolic syndrome. 

 

RESULTS AND DISCUSSION 

Phytochemical Screening Results 

The preliminary phytochemical screening of the herbal 

extracts revealed the presence of various bioactive 

constituents that contribute to the therapeutic potential 

against metabolic syndrome. The qualitative analysis 

demonstrated a diverse phytochemical profile across the 

different extracts studied. 

Table 1: Qualitative Phytochemical Analysis of Herbal Extracts. 

Phytochemical 

Constituent 
Test Performed 

Gymnema 

sylvestre 

Camellia 

sinensis 

Allium 

sativum 

Momordica 

charantia 

Alkaloids Dragendorff's Test + - + + 

Flavonoids Shinoda Test + +++ - + 

Tannins/Phenols 
Ferric Chloride 

Test 
++ +++ + ++ 

Saponins Foam Test - - - + 

Glycosides Molisch's Test +++ + + ++ 

Terpenoids Salkowski Test ++ + +++ + 

Steroids 
Liebermann-

Burchard 
+ - ++ - 

Carbohydrates Benedict's Test + + + +++ 

(Key: +++ = High abundance, ++ = Moderate abundance, + = Low abundance, - = Absent) 

 

The phytochemical profile reveals that Camellia 

sinensis (green tea) is particularly rich in flavonoids and 

tannins, which are well-documented for their antioxidant 

properties. Gymnema sylvestre showed abundant 

glycosides, specifically gymnemic acids, which are 

responsible for its anti-hyperglycemic activity. Allium 

sativum demonstrated significant terpenoid content, 

contributing to its anti-hypertensive and anti-

inflammatory effects. The presence of multiple 

phytochemical classes across extracts supports the 

rationale for developing a polyherbal formulation that 

can target multiple pathways in metabolic syndrome 

simultaneously. 

 

Quantitative Analysis by HPTLC 

Quantitative analysis using High-Performance Thin-

Layer Chromatography was performed to determine the 

concentration of specific marker compounds in the 

standardized extracts. 
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Figure 1: HPTLC Chromatogram of Marker Compounds. 

 

Table 2: Quantification of Marker Compounds in Herbal Extracts. 

Plant Species Marker Compound Rf Value Concentration (% w/w) Calibration Curve (R²) 

Gymnema sylvestre Gymnemic Acid 0.56 4.82 ± 0.23 0.998 

Camellia sinensis Epigallocatechin Gallate 0.42 12.67 ± 0.45 0.997 

Allium sativum Allicin 0.38 0.94 ± 0.08 0.995 

Momordica charantia Charantin 0.61 2.15 ± 0.18 0.996 

*(Values expressed as Mean ± SD, n=3)* 

 

The HPTLC analysis confirmed the presence and 

enabled quantification of key bioactive markers. The 

high concentration of epigallocatechin gallate (12.67%) 

in Camellia sinensis extract is particularly significant, as 

this catechin is known for its potent antioxidant and 

thermogenic properties. Gymnemic acid content at 

4.82% in Gymnema sylvestre provides the necessary 

bioactive concentration for anti-diabetic activity. These 

quantified values serve as critical quality control 

parameters for batch-to-batch consistency in formulation 

development. 

 

Formulation Optimization Using Design of 

Experiments 

A 3² factorial design was employed to optimize the 

polyherbal tablet formulation, with binder concentration 

(X₁) and disintegrant concentration (X₂) as independent 

variables. The responses measured were tablet hardness 

(Y₁) and disintegration time (Y₂). 
 

Table 3: 3² Factorial Design Layout with Responses. 

Formulation 

Code 

X₁: Binder (% PVP 

K30) 

X₂: Disintegrant (% 

SSG) 

Y₁: Hardness 

(kg/cm²) 

Y₂: Disintegration Time 

(min) 

F1 2.0 2.0 3.2 ± 0.2 4.8 ± 0.4 

F2 2.0 4.0 3.4 ± 0.3 3.2 ± 0.3 

F3 2.0 6.0 3.1 ± 0.2 2.1 ± 0.2 

F4 4.0 2.0 4.8 ± 0.3 8.5 ± 0.6 

F5 4.0 4.0 5.1 ± 0.4 6.2 ± 0.5 

F6 4.0 6.0 4.9 ± 0.3 4.3 ± 0.4 

F7 6.0 2.0 6.7 ± 0.4 14.2 ± 0.8 

F8 6.0 4.0 6.9 ± 0.5 11.6 ± 0.7 

F9 6.0 6.0 6.5 ± 0.4 8.9 ± 0.6 

*(SSG = Sodium Starch Glycolate; Values expressed as Mean ± SD, n=3)* 
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Figure 2: Response Surface Plots for Formulation Optimization. 

 

In-Vitro Antioxidant Activity (DPPH Assay) 

The antioxidant potential of the individual extracts and 

the optimized polyherbal formulation was evaluated 

using the DPPH radical scavenging assay. 

 

 

 
Figure 3: DPPH Radical Scavenging Activity of Extracts and Formulation. 

 

Table 3 IC₅₀ Values for DPPH Radical Scavenging Activity. 

Sample IC₅₀ Value 

(µg/mL) 

% Inhibition at 100 

µg/mL 

Ascorbic Acid (Standard) 18.42 ± 1.23 94.28 ± 2.15 

Camellia sinensis Extract 32.67 ± 2.18 86.43 ± 2.48 

Gymnema sylvestre Extract 58.94 ± 3.42 71.26 ± 2.87 

Allium sativum Extract 76.83 ± 4.15 58.92 ± 3.12 

Momordica charantia Extract 68.25 ± 3.76 64.38 ± 2.94 

Polyherbal Formulation 41.36 ± 2.54 81.75 ± 2.63 

*(Values expressed as Mean ± SD, n=3)* 
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The DPPH assay revealed concentration-dependent 

radical scavenging activity for all tested 

samples. Camellia sinensis extract demonstrated the 

highest antioxidant activity among individual extracts 

(IC₅₀ = 32.67 µg/mL), attributable to its high catechin 

content as quantified by HPTLC. The polyherbal 

formulation showed an IC₅₀ value of 41.36 µg/mL, 

which is superior to most individual extracts 

except Camellia sinensis. This enhanced activity may be 

attributed to synergistic interactions between different 

phytoconstituents present in the combination. The 

formulation achieved 81.75% inhibition at 100 µg/mL, 

confirming its potent antioxidant capacity, which is 

crucial for combating the oxidative stress component of 

metabolic syndrome. 

 

Enzyme Inhibition Assays 

Alpha-Amylase Inhibition Assay 

The anti-diabetic potential of the extracts and 

formulation was evaluated through their ability to inhibit 

alpha-amylase, a key enzyme in carbohydrate digestion. 

 

Table 4: Alpha-Amylase Inhibition Activity. 

Sample IC₅₀ Value (µg/mL) % Inhibition at 200 µg/mL 

Acarbose (Standard) 26.38 ± 1.86 92.46 ± 2.34 

Gymnema sylvestre Extract 48.72 ± 2.94 78.35 ± 2.86 

Momordica charantia Extract 62.45 ± 3.28 70.28 ± 2.91 

Camellia sinensis Extract 84.36 ± 4.12 58.43 ± 3.04 

Allium sativum Extract 112.68 ± 5.43 42.67 ± 3.28 

Polyherbal Formulation 54.83 ± 2.76 74.92 ± 2.58 

*(Values expressed as Mean ± SD, n=3)* 

 

 
Figure 4: Alpha-Amylase Inhibition Kinetics. 

 

The alpha-amylase inhibition assay demonstrated 

that Gymnema sylvestre extract exhibited the strongest 

enzyme inhibition among individual extracts (IC₅₀ = 

48.72 µg/mL), consistent with its traditional use as an 

anti-diabetic agent. The polyherbal formulation showed 

an IC₅₀ of 54.83 µg/mL, achieving 74.92% inhibition at 

200 µg/mL. The Lineweaver-Burk plot analysis revealed 

that the formulation exhibits competitive inhibition 

kinetics, as indicated by the intersection of the lines on 

the y-axis. This suggests that the bioactive compounds in 

the formulation compete with the substrate for the active 

site of alpha-amylase, thereby slowing carbohydrate 

digestion and subsequent glucose absorption—a valuable 

mechanism for managing postprandial hyperglycemia in 

metabolic syndrome patients. 

 

Lipase Inhibition Assay 

The anti-obesity potential was evaluated through 

pancreatic lipase inhibition, which reduces dietary fat 

absorption. 

 

Table 5: Pancreatic Lipase Inhibition Activity. 

Sample IC₅₀ Value (µg/mL) % Inhibition at 250 µg/mL 

Orlistat (Standard) 8.46 ± 0.54 96.38 ± 1.86 

Camellia sinensis Extract 58.32 ± 3.18 72.45 ± 2.94 

Allium sativum Extract 86.74 ± 4.26 58.36 ± 3.12 

Gymnema sylvestre Extract 124.68 ± 5.82 42.83 ± 3.45 

Momordica charantia Extract 142.36 ± 6.14 38.72 ± 3.28 

Polyherbal Formulation 72.58 ± 3.46 68.24 ± 2.76 

*(Values expressed as Mean ± SD, n=3)* 
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Figure 5: Comparative Enzyme Inhibition Profile. 

 

The lipase inhibition assay revealed that Camellia 

sinensis extract possessed the highest activity among 

individual extracts (IC₅₀ = 58.32 µg/mL), which aligns 

with its well-documented role in weight management. 

The polyherbal formulation demonstrated an IC₅₀ of 

72.58 µg/mL, achieving 68.24% inhibition at 250 

µg/mL. Although this is lower than the standard drug 

orlistat (IC₅₀ = 8.46 µg/mL), the formulation's moderate 

lipase inhibition offers a gentler approach to reducing fat 

absorption without the gastrointestinal adverse effects 

commonly associated with orlistat, such as oily spotting 

and fecal urgency. This balanced activity makes the 

formulation suitable for long-term management of 

obesity in metabolic syndrome. 

 

Glucose Adsorption and Diffusion Studies 

Glucose Adsorption Capacity 

The ability of the formulation to bind glucose was 

evaluated to understand its potential to reduce glucose 

availability in the gastrointestinal tract. 

 

Table 6: Glucose Adsorption Capacity of Formulation. 

Initial Glucose Concentration (mM) Glucose Adsorbed (mM/g) % Glucose Bound 

5 0.84 ± 0.08 16.80 ± 1.42 

10 1.62 ± 0.14 16.20 ± 1.38 

25 3.85 ± 0.28 15.40 ± 1.26 

50 6.92 ± 0.46 13.84 ± 1.08 

100 12.48 ± 0.82 12.48 ± 0.94 

*(Values expressed as Mean ± SD, n=3)* 

 

 
Figure 7: Glucose Adsorption Isotherm. 
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The glucose adsorption study demonstrated 

concentration-dependent glucose binding by the 

polyherbal formulation. At physiologically relevant 

glucose concentrations (5-25 mM), the formulation 

bound 15-17% of available glucose. The adsorption 

followed a Langmuir-type isotherm, suggesting 

monolayer binding of glucose molecules to specific sites 

on the formulation's components, likely dietary fibers 

and polyphenolic compounds. This glucose-binding 

capacity provides an additional mechanism for reducing 

postprandial glycemic excursions by trapping glucose 

within the gastrointestinal tract and preventing its 

absorption. 

 

Glucose Diffusion Retardation 

The dialysis-based glucose diffusion study evaluated the 

formulation's ability to retard glucose movement across a 

semi-permeable membrane. 

 

Table 7: Glucose Diffusion Kinetics. 

Time (min) Cumulative Glucose Diffused (mM) % Retardation 

 
Control With Formulation 

 
30 2.84 ± 0.18 1.92 ± 0.14 32.39 

60 5.46 ± 0.32 3.84 ± 0.26 29.67 

90 7.83 ± 0.44 5.76 ± 0.38 26.44 

120 9.68 ± 0.52 7.42 ± 0.46 23.35 

150 11.24 ± 0.58 8.95 ± 0.52 20.37 

180 12.46 ± 0.64 10.28 ± 0.58 17.50 

*(Values expressed as Mean ± SD, n=3)* 

 

 
Figure 8: Glucose Diffusion Profiles. 

 

The glucose diffusion study revealed that the polyherbal 

formulation significantly retarded glucose movement 

across the dialysis membrane. During the initial 30 

minutes, glucose diffusion was reduced by 32.39% 

compared to control. This retardation effect was most 

pronounced during the early phase (0-60 minutes), which 

corresponds to the critical period for postprandial 

glucose absorption in the small intestine. The gradual 

decrease in % retardation over time (from 32.39% at 30 

min to 17.50% at 180 min) suggests that the formulation 

acts as a physical barrier or viscosity-building agent, 

slowing but not completely preventing glucose diffusion. 

This controlled retardation mechanism is clinically 

advantageous, as it would help smooth postprandial 

glucose spikes without causing malabsorption or 

gastrointestinal distress. 

 

CONCLUSION 

This study demonstrates that a scientifically designed 

polyherbal formulation, combining extracts of Gymnema 
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sylvestre, Camellia sinensis, Allium sativum, 

and Momordica charantia, exhibits multi-mechanistic in-

vitro bioactivity relevant to the comprehensive 

management of metabolic syndrome. The systematic 

approach to formulation development, incorporating 

quality-by-design principles and comprehensive in-vitro 

evaluation, provides a reproducible and evidence-based 

foundation for further development. While 

acknowledging the limitations of in-vitro studies, the 

promising results warrant progression to in-vivo 

evaluation and eventual clinical translation. The rising 

global prevalence of metabolic syndrome and its 

associated cardiometabolic complications demands 

innovative therapeutic approaches that address the 

multifactorial nature of the condition. This polyherbal 

formulation, with its antioxidant, enzyme inhibitory, and 

glucose-modulating properties, offers a complementary 

strategy to lifestyle modifications and conventional 

pharmacotherapy. By targeting multiple pathological 

pathways simultaneously, such formulations may provide 

more effective and safer options for the long-term 

management of metabolic syndrome, ultimately reducing 

the burden of diabetes and cardiovascular disease 

worldwide. The integration of traditional herbal 

knowledge with modern pharmaceutical science, as 

demonstrated in this study, represents a promising 

pathway for developing safe, effective, and affordable 

therapies for complex metabolic disorders—a 

contribution that aligns with the global need for 

accessible healthcare solutions. 
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