Asifa Yasin Mulani, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 6, 6280-6308 | Review

INTERNATIONAL JOURNAL OF P~

PHARMACEUTICAL SCIENCES OPEN (" ACCESS

o)
[ISSN: 0975-4725; CODEN(USA): 1JPS00]
Journal Homepage: https://www.ijpsjournal.com

&

.

Review Paper

Current Advances in Herbal Management of Obesity, Insulin Resistance
and Dyslipidemia

Asifa Yasin Mulani*, Sahil Muneer Sherkar, Dr Kiran Patil, Ajit Patil

Tataysaheb kore collage of pharmacy warnanagar.

ARTICLE INFO ABSTRACT
E;bhs(l:i 25 June 2026 Obesity, insulin resistance, and dyslipidemia are major metabolic disorders that have
ywords:

emerged as significant global health concerns due to their increasing prevalence and
association with type 2 diabetes mellitus, cardiovascular diseases, and other chronic
complications. These interrelated conditions are characterized by excessive adipose
tissue accumulation, impaired insulin signaling, and abnormal lipid metabolism, leading
to substantial morbidity and mortality worldwide. Although conventional
pharmacological therapies are available, their long-term use is often associated with
adverse effects, high costs, and limited patient compliance. Consequently, there has
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. . &y . been growing interest in the use of herbal medicines as safer and more effective

Bioavailability, Medicinal . L . . .
alternatives for the management of metabolic disorders.Medicinal plants contain a wide

Plants. . . . . . . .
DOI range of bioactive phytoconstituents, including polyphenols, flavonoids, alkaloids,

terpenoids, and saponins, which exhibit anti-obesity, insulin-sensitizing, hypolipidemic,
antioxidant, and anti-inflammatory activities. Numerous herbs such as Camellia sinensis
(Green Tea), Curcuma longa (Turmeric), Trigonella foenum-graccum (Fenugreek),
Momordica charantia (Bitter Melon), Gymnema sylvestre, Allium sativum (Garlic), and
Commiphora mukul (Guggul) have demonstrated promising therapeutic potential in
preclinical and clinical studies. Recent advances in herbal research, including the
development of standardized extracts, nanoformulations, phytosomes, polyherbal
combinations, and bioenhancer-based delivery systems, have further improved the
efficacy and bioavailability of herbal therapeutics.This review summarizes the current
understanding of the pathophysiology of obesity, insulin resistance, and dyslipidemia,
and highlights recent advancements in herbal management strategies. It also discusses
the mechanisms of action, clinical evidence, safety considerations, and future prospects
of herbal interventions in metabolic disorders. The available evidence suggests that
herbal medicines represent a promising complementary approach for the prevention and
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management of obesity-associated metabolic complications;
however, further large-scale clinical trials and
standardization studies are required to establish their long-
term efficacy and safety.

INTRODUCTION

Metabolic disorders, particularly obesity, insulin
resistance, and dyslipidemia, have become major
public health concerns worldwide due to their
rapidly increasing prevalence and their strong
association with chronic diseases such as type 2
diabetes mellitus, cardiovascular diseases,
hypertension, and non-alcoholic fatty liver disease
(NAFLD). These closely
interconnected and collectively contribute to the
development of metabolic syndrome, a cluster of
metabolic  abnormalities  that  significantly
increases the risk of morbidity and mortality.

Obesity is  characterized by
accumulation of body fat resulting from an

conditions are

excessive

imbalance between energy intake and energy
expenditure. According to the World Health
Organization (WHO), obesity has
epidemic proportions globally and is considered
one of the most significant risk factors for
metabolic and cardiovascular disorders. Excess
adipose tissue functions not only as an energy
storage organ but also as an active endocrine organ
that secretes various adipokines, cytokines, and
inflammatory mediators. These substances
contribute to chronic low-grade inflammation,
oxidative stress, and metabolic dysfunction.

Insulin resistance is a pathological condition in
which target tissues such as skeletal muscle, liver,
and adipose tissue exhibit a reduced response to
insulin. As a compensatory mechanism, pancreatic
B-cells increase insulin secretion, resulting in

reached

hyperinsulinemia. Persistent insulin resistance
eventually leads to impaired glucose metabolism
and the development of type 2 diabetes mellitus.
Obesity-induced inflammation, oxidative stress,
mitochondrial dysfunction, and altered adipokine
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secretion are considered major contributors to
insulin resistance.

Dyslipidemia is another important metabolic
abnormality characterized by elevated levels of
total  cholesterol, low-density lipoprotein
cholesterol (LDL-C), triglycerides, and reduced
levels of high-density lipoprotein cholesterol
(HDL-C). The coexistence of dyslipidemia with
obesity and insulin resistance further increases the
risk of atherosclerosis, coronary artery disease,
and cerebrovascular disorders. Emerging evidence
suggests that these metabolic disorders share
common  molecular  pathways  involving
inflammation, oxidative stress, lipid accumulation,
and impaired insulin signaling.

Conventional treatment approaches for obesity,
insulin resistance, and dyslipidemia primarily

include  lifestyle = modifications,  dietary
interventions, physical activity, and
pharmacological agents such as orlistat,

metformin, statins, fibrates, and glucagon-like
peptide-1 (GLP-1) receptor agonists. Although
these therapies have
effectiveness, their long-term wuse is often
associated with adverse effects, drug interactions,
poor patient compliance, and high treatment costs.
Consequently, there is a growing interest in
alternative and complementary therapeutic
approaches that offer improved safety profiles and
long-term benefits.

demonstrated clinical

Herbal medicine has gained considerable attention
as a potential therapeutic strategy for the
management of metabolic disorders. Medicinal
plants contain diverse bioactive phytoconstituents

including flavonoids, polyphenols, alkaloids,
terpenoids, glycosides, and saponins, which
exhibit anti-obesity, hypoglycemic,

hypolipidemic, antioxidant, and anti-inflammatory
activities. Numerous medicinal plants such as
Camellia sinensis (Green Tea), Curcuma longa

(Turmeric), Trigonella foenum-graecum
(Fenugreek), Momordica charantia  (Bitter
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Melon), Gymnema sylvestre, Allium sativum
(Garlic), and Commiphora mukul (Guggul) have
demonstrated promising therapeutic effects in
experimental and clinical studies.

Recent advancements in herbal research have led
to the development of standardized extracts,
phytosomes, nanoformulations,
based systems, and polyherbal formulations

bioenhancer-

designed to improve bioavailability, therapeutic
efficacy, and patient outcomes. In addition,
emerging technologies such as metabolomics,
network pharmacology, molecular docking, and
artificial intelligence-based drug discovery have
significantly enhanced the understanding of the
mechanisms underlying herbal therapeutics.

Table 1. Global Impact and Clinical Consequences of Metabolic Disorders

Metabolic Major Characteristics Associated Complications
Disorder
Obesity Excessive body fat accumulation Type 2 Diabetes, Hypertension, Cardiovascular

Disease

Insulin Resistance Reduced cellular response to

Hyperglycemia, Type 2 Diabetes Mellitus

insulin
Dyslipidemia Abnormal lipid profile Atherosclerosis, Coronary Artery Disease, Stroke
The increasing burden of obesity, insulin identifying effective therapeutic targets and

resistance, and dyslipidemia highlights the urgent
need for safe, effective, and affordable therapeutic
interventions. Herbal medicines represent a
promising alternative due to their multitargeted
mechanisms of action and favorable safety
profiles. Therefore, the present review aims to
comprehensively summarize the current advances
in herbal management of obesity, insulin
resistance, and dyslipidemia, with particular
emphasis on their mechanisms of action, recent
scientific evidence, clinical applications, safety
considerations, and future therapeutic potential.

2. Pathophysiology

Obesity, insulin resistance, and dyslipidemia are
interrelated metabolic disorders that share several
common pathogenic mechanisms. Chronic
overnutrition,  sedentary lifestyle,  genetic
predisposition, hormonal imbalance, oxidative
stress, and inflammation collectively contribute to
the development and progression of these
disorders.  Understanding  the
pathophysiological mechanisms is essential for

underlying
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developing novel treatment strategies.

2.1 Pathophysiology of Obesity

Obesity is a multifactorial chronic disease
characterized by excessive accumulation of
adipose tissue due to a long-term imbalance
between energy intake and energy expenditure.
The prevalence of obesity has increased
dramatically over recent decades and is now
recognized as a major risk factor for metabolic
syndrome, type 2 diabetes mellitus, cardiovascular
diseases, and certain cancers.

Adipose tissue was traditionally considered a
passive storage site for excess energy; however, it
1s now recognized as an active endocrine organ
that secretes numerous biologically active
molecules known as adipokines. Excess adiposity
leads to hypertrophy and hyperplasia of
adipocytes, resulting in altered secretion of
adipokines such as leptin, adiponectin, resistin,
tumor necrosis factor-alpha (TNF-a), and
interleukin-6 (IL-6). These mediators promote
chronic low-grade inflammation and contribute to
metabolic dysfunction.
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In obesity, excessive caloric intake stimulates

Major Mechanisms Involved in Obesity

adipogenesis and lipid accumulation within e Increased caloric intake
adipocytes. As adipose tissue expands, local e Reduced energy expenditure
hypoxia develops, leading to macrophage e Adipocyte hypertrophy and hyperplasia
infiltration and increased production of pro- e Chronic inflammation
inflammatory cytokines. These inflammatory e Oxidative stress
mediators interfere with insulin signaling e Hormonal dysregulation
pathways and promote systemic metabolic e Genetic and epigenetic factors
abnormalities.
Table 2. Key Factors Contributing to Obesity
Factor Mechanism
Excess Calorie Intake Increased fat accumulation
Sedentary Lifestyle Reduced energy expenditure

Genetic Factors

Altered metabolism and appetite regulation

Hormonal Imbalance

Disruption of energy homeostasis

Chronic Stress

Increased cortisol-mediated fat deposition

Gut Microbiota Alterations

Enhanced energy extraction and inflammation

2.2 Pathophysiology of Insulin Resistance
Insulin resistance refers to a condition in which
target tissues such as skeletal muscle, liver, and
adipose tissue fail to respond adequately to normal
circulating concentrations of
considered a central feature of metabolic
syndrome and a major precursor to type 2 diabetes
mellitus.

Under normal physiological conditions, insulin
binds to insulin receptors and activates
intracellular signaling pathways, particularly the
phosphatidylinositol-3 kinase (PI3K)/Akt
pathway, leading to glucose uptake through
translocation of glucose transporter-4 (GLUT-4)
to the cell membrane. In insulin-resistant states,
this signaling pathway becomes impaired,
resulting in decreased glucose uptake and

insulin. It 1is

increased blood glucose levels.

Several mechanisms contribute to insulin
resistance, including obesity-induced
inflammation, lipotoxicity, oxidative stress,
mitochondrial dysfunction, and endoplasmic
iff'} INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

reticulum stress. Elevated levels of free fatty acids
(FFAs) activate inflammatory signaling pathways
such as nuclear factor-kappa B (NF-xB) and c-Jun
N-terminal kinase (JNK), which inhibit insulin
receptor signaling.

Furthermore, adipose tissue-derived inflammatory
cytokines such as TNF-a and IL-6 interfere with
insulin receptor substrate (IRS) phosphorylation,
thereby reducing insulin sensitivity. Persistent
insulin resistance eventually causes compensatory
hyperinsulinemia followed by B-cell dysfunction
and type 2 diabetes mellitus.

Major Mechanisms Involved in Insulin
Resistance
o Defective insulin receptor signaling
o Increased free fatty acids
e Oxidative stress
e Mitochondrial dysfunction
e Chronic inflammation
o Endoplasmic reticulum stress
e Altered adipokine secretion
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Table 3. Factors Associated with Insulin Resistance

Factor Effect on Insulin Sensitivity
Obesity Decreases insulin responsiveness
Inflammation Impairs insulin signaling
Free Fatty Acids Promotes lipotoxicity

Oxidative Stress

Damages insulin signaling proteins

Mitochondrial Dysfunction

Reduces glucose utilization

Physical Inactivity

Decreases insulin sensitivity

2.3 Pathophysiology of Dyslipidemia
Dyslipidemia is characterized by abnormalities in
lipid metabolism resulting in elevated levels of
total cholesterol, triglycerides, low-density
lipoprotein cholesterol (LDL-C), and reduced
levels of high-density lipoprotein cholesterol
(HDL-C). 1t a major risk factor for
atherosclerosis and cardiovascular disease.

Lipid homeostasis is maintained through a balance
between lipid synthesis, absorption, transport, and

is

degradation. In obesity and insulin resistance,
increased lipolysis in adipose tissue leads to
elevated circulating free fatty acids. Excess FFAs
are transported to the liver, where they stimulate
hepatic triglyceride synthesis and very low-density
lipoprotein (VLDL) production.

Insulin further  contributes to
dyslipidemia by impairing lipoprotein lipase

resistance

activity and increasing hepatic lipid accumulation.

Consequently, plasma triglyceride levels increase,
HDL-C levels decrease, and LDL particles
become smaller and denser, making them more
atherogenic.

Oxidative modification of LDL particles promotes
endothelial dysfunction, inflammation, and plaque
formation within arterial walls. This process
ultimately leads to the development of
atherosclerosis,  coronary  artery  disease,
myocardial infarction, and stroke.

Major Mechanisms Involved in Dyslipidemia
e Increased hepatic lipid synthesis

o Elevated free fatty acids

e Reduced lipoprotein lipase activity

¢ Oxidative modification of LDL

e Endothelial dysfunction

e Chronic inflammation

Table 4. Lipid Abnormalities and Their Clinical Significance

Lipid Parameter | Abnormality Clinical Consequence
Total Cholesterol Increased Cardiovascular disease risk
LDL-Cholesterol Increased Atherosclerosis
Triglycerides Increased Metabolic syndrome
HDL-Cholesterol | Decreased Reduced cardioprotection
VLDL Increased Hypertriglyceridemia
Interrelationship Between Obesity, Insulin resistance. Insulin resistance, in turn, disrupts lipid

Resistance and Dyslipidemia

Obesity, insulin resistance, and dyslipidemia are
closely interconnected and often coexist in patients

with metabolic syndrome. Excess

adiposity

promotes chronic inflammation and increased free
fatty acid release, which contribute to insulin

\1’/,“«
e

e
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metabolism and  promotes  dyslipidemia.
Dyslipidemia  further  exacerbates  insulin
resistance and cardiovascular complications,

creating a vicious cycle of metabolic dysfunction.

A comprehensive understanding of these
interconnected  mechanisms  provides  the
6284 |Page
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foundation for the development of herbal therapies
targeting multiple pathways simultaneously. Many
medicinal plants possess anti-inflammatory,
antioxidant, insulin-sensitizing, and lipid-lowering
properties, making them promising candidates for
the management of metabolic disorders.

3. Role of Herbal Medicine in Metabolic
Syndrome

Metabolic syndrome is a complex cluster of
metabolic abnormalities including obesity, insulin
resistance, dyslipidemia, hypertension, and
impaired glucose metabolism. The multifactorial
nature of metabolic syndrome necessitates
therapeutic approaches capable of targeting
multiple pathological pathways simultaneously.
Herbal medicines have gained considerable
attention owing to their
constituents, multitarget mechanisms of action,
and relatively favorable safety profiles. Numerous
medicinal plants have demonstrated beneficial
effects in regulating body weight, improving

diverse bioactive

insulin sensitivity, normalizing lipid metabolism,
and reducing oxidative stress and inflammation.

The growing interest in plant-based therapeutics
has encouraged extensive research into herbal
medicines as complementary and alternative
approaches for managing metabolic disorders.
Modern scientific studies have validated many

identified  various
phytoconstituents responsible for their therapeutic

activities.

traditional claims and

3.1 Historical Perspective of Herbal Medicine
The use of medicinal plants for the treatment of
metabolic disorders dates back thousands of years.
Traditional systems of medicine such as
Ayurveda, Traditional Chinese Medicine (TCM),
Unani, and other indigenous healthcare systems
have extensively utilized herbs for maintaining
metabolic health and treating obesity, diabetes,
and lipid disorders.

In Ayurveda, medicinal plants such as Curcuma
longa (Turmeric), Gymnema sylvestre, Trigonella
foenum-graecum (Fenugreek), and Commiphora
mukul (Guggul) have been traditionally employed
for managing obesity
conditions.  Similarly,

and diabetes-related
Traditional  Chinese
Medicine utilizes herbs such as Panax ginseng,
and Coptis

chinensis for improving metabolic functions.

Camellia sinensis (Green Tea),

Recent advancements in  phytochemistry,
pharmacology, and molecular biology have
facilitated the identification of active compounds
and elucidation of their mechanisms of action,
thereby enhancing the scientific credibility of

herbal medicine.

Table S. Traditional Herbal Systems and Their Contributions to Metabolic Health

Traditional System Commonly Used Herbs Therapeutic Applications
Ayurveda Turmeric, Guggul, Fenugreek, Gymnema Obesity, Diabetes, Dyslipidemia
Traditional Chinese Ginseng, Green Tea, Berberine-containing Insulin Resistance, Obesity
Medicine plants
Unani Medicine Garlic, Black Seed, Aloe vera Hyperlipidemia and Diabetes
Folk Medicine Ginger, Cinnamon, Flaxseed Weight Management and Lipid
Control

3.2 Advantages of Herbal Therapy in Metabolic
Disorders

Herbal medicines offer several advantages over
conventional pharmacological agents, particularly

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

in the management of chronic metabolic disorders.
Unlike synthetic drugs that often target a single
pathway, herbal medicines contain multiple

bioactive compounds capable of exerting
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synergistic  therapeutic effects on various
molecular targets.

Many medicinal plants exhibit antioxidant, anti-
inflammatory, hypoglycemic, hypolipidemic, and
anti-obesity properties simultaneously. This
multitargeted approach is particularly beneficial in
metabolic syndrome where multiple pathological
processes coexist.

Furthermore, herbal therapies are generally
associated with fewer adverse effects, improved
patient acceptance, and lower treatment costs.

However, issues such as lack of standardization,

variability in phytochemical composition, and
limited clinical evidence remain significant
challenges.

Major Advantages of Herbal Medicines

o Multitarget therapeutic action

o Natural source of bioactive compounds

e Reduced adverse effects

o Better patient compliance

o Cost-effectiveness

e Antioxidant and anti-inflammatory activities
o Potential for long-term use

Table 6. Comparison Between Conventional Drugs and Herbal Medicines

Parameter Conventional Drugs Herbal Medicines

Target Action Usually Single Target Multiple Targets

Side Effects Relatively Higher Generally Lower

Cost High Moderate to Low

Long-Term Use May Cause Adverse Effects | Generally Better Tolerated

Therapeutic Approach | Symptomatic Management | Holistic Management

Bioactive Components | Single Active Molecule Multiple Phytoconstituents
3.3 Bioactive Phytoconstituents Responsible for =~ They improve glucose metabolism, reduce
Therapeutic Activity oxidative stress, and regulate lipid homeostasis.
The pharmacological effects of medicinal plants  Examples:

are largely attributed to various phytochemicals
present within them. These bioactive compounds
influence multiple molecular pathways involved in
obesity, insulin resistance, and dyslipidemia.
Major classes of phytoconstituents include
polyphenols, flavonoids, alkaloids, terpenoids,
saponins, glycosides, tannins, and dietary fibers.
These compounds exert beneficial effects through
mechanisms such as antioxidant activity,
modulation of lipid metabolism, inhibition of
adipogenesis, enhancement of insulin sensitivity,
and suppression of inflammatory pathways.

3.3.1 Polyphenols

Polyphenols are among the most extensively
studied phytochemicals due to their potent
antioxidant and anti-inflammatory properties.

‘V'V;P‘TV INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES
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e Curcumin
e Resveratrol
e Catechins
e Gallic acid

3.3.2 Flavonoids

Flavonoids contribute significantly to metabolic
health by improving insulin sensitivity and
reducing lipid accumulation. They also protect
tissues against oxidative damage.

Examples:

e Quercetin

o Kaempferol

e Rutin

e Naringenin

3.3.3 Alkaloids
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Alkaloids
lowering

exhibit
activities

hypoglycemic and lipid-
through modulation of
metabolic enzymes and signaling pathways.
Examples:

e Berberine

e Piperine

o Caffeine

3.3.4 Terpenoids

Terpenoids  influence  lipid  metabolism,

inflammation, and adipogenesis.

Examples:
e Guggulsterones
e Limonene
e Ursolic acid

3.3.5 Saponins

Saponins are known to reduce cholesterol
absorption and improve lipid profiles.
Examples:

e Diosgenin
¢ Ginsenosides

Table 7. Major Phytoconstituents and Their Therapeutic Activities

Phytoconstituent Examples Major Pharmacological Activities
Class
Polyphenols Curcumin, Catechins, Antioxidant, Anti-inflammatory
Resveratrol
Flavonoids Quercetin, Kaempferol, Rutin Insulin Sensitizing, Lipid Lowering
Alkaloids Berberine, Piperine Hypoglycemic, Anti-obesity
Terpenoids Guggulsterones, Ursolic Acid Anti-obesity, Hypolipidemic
Saponins Diosgenin, Ginsenosides Cholesterol Reduction
Tannins Ellagitannins, Proanthocyanidins Antioxidant Activity
Dietary Fibers Psyllium, Inulin Weight Reduction, Improved Glycemic
Control
Table 8. Molecular Targets of Herbal Phytoconstituents
Molecular Target Therapeutic Effect
AMPK Activation Increased Glucose Uptake and Fat Oxidation

PPAR-y Modulation

Improved Insulin Sensitivity

GLUT-4 Translocation

Enhanced Glucose Utilization

Pancreatic Lipase Inhibition

Reduced Fat Absorption

NF-xB Inhibition

Reduced Inflammation

Antioxidant Enzymes

Protection Against Oxidative Stress

The diverse pharmacological actions of these
phytoconstituents highlight the immense potential
of herbal medicines in addressing the multifaceted
pathogenesis of obesity, insulin resistance, and
dyslipidemia. Their ability to simultaneously
target inflammation, oxidative stress, glucose
metabolism, and lipid abnormalities makes them
attractive candidates for the management of
metabolic syndrome.

The following sections discuss specific medicinal

plants and their therapeutic roles in the

\1’/,“ =
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management of obesity, insulin resistance, and
dyslipidemia.

4. Herbal Management of Obesity

Obesity is a chronic multifactorial disorder
characterized by excessive accumulation of body
fat resulting from an imbalance between energy
intake and energy expenditure. It is associated with
numerous metabolic complications including
insulin resistance, dyslipidemia, cardiovascular
diseases, hypertension, and type 2 diabetes

6287 |Page



Asifa Yasin Mulani, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 6, 6280-6308 | Review

mellitus. Conventional anti-obesity drugs often
exhibit limited long-term efficacy and may cause
adverse effects, leading to increased interest in
herbal medicines as safer and more sustainable
therapeutic alternatives.

Medicinal plants contain a variety of bioactive
compounds capable of regulating appetite,
inhibiting fat absorption, enhancing energy
expenditure, suppressing adipogenesis, improving
lipid metabolism, and reducing inflammation.
Several herbs have demonstrated promising anti-
obesity effects in both preclinical and clinical
studies.

4.1 Mechanisms of Anti-Obesity Action of
Herbal Medicines

Herbal exert anti-obesity effects
through multiple molecular and physiological
mechanisms.

medicines

Major Mechanisms

1. Appetite Suppression

Certain herbs influence satiety hormones and
neurotransmitters, reducing food intake and
caloric consumption.

2. Inhibition of Pancreatic Lipase

Some phytochemicals inhibit pancreatic lipase
activity, thereby reducing dietary fat digestion and
absorption.

3. Enhancement of Thermogenesis

Several herbs increase energy expenditure by
stimulating thermogenesis and fat oxidation.

4. Inhibition of Adipogenesis

Bioactive compounds suppress the differentiation
of preadipocytes into mature adipocytes, thereby
limiting fat accumulation.

5. Regulation of Lipid Metabolism

Herbal constituents improve lipid utilization and
decrease triglyceride synthesis.

6. Anti-inflammatory and Antioxidant Effects
Reduction of chronic inflammation and oxidative

4.2 Important Medicinal Plants Used in Obesity
Management

stress  contributes  significantly to weight
management and metabolic improvement.
Table 9. Major Anti-Obesity Mechanisms of Herbal Medicines
Mechanism Therapeutic Outcome
Appetite Suppression Reduced Food Intake
Lipase Inhibition Reduced Fat Absorption
Thermogenesis Increased Energy Expenditure
Adipogenesis Inhibition Reduced Fat Cell Formation
Lipid Metabolism Regulation Improved Fat Utilization
Anti-inflammatory Action Improved Metabolic Health
o Enhances fat oxidation
e Improves lipid metabolism
e Activates AMP-activated protein kinase

4.2.1 Green Tea (Camellia sinensis)

Green tea is one of the most extensively studied
herbal remedies for obesity. Its beneficial effects
are primarily attributed to catechins, particularly
epigallocatechin gallate (EGCG), and caffeine.
Mechanism of Action

o Stimulates thermogenesis

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

(AMPK)
e Reduces body fat accumulation
Major Bioactive Constituents
o Epigallocatechin gallate (EGCG)
o Catechins
o Caffeine
Therapeutic Benefits
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e Weight reduction
e Reduction in visceral fat
e Improvement in lipid profile

4.2.2 Garcinia (Garcinia cambogia)

Garcinia cambogia contains hydroxycitric acid
(HCA), which has gained significant attention for
its weight-reducing properties.

Mechanism of Action

o Inhibits ATP-citrate lyase enzyme

e Reduces fatty acid synthesis

e Suppresses appetite

o Enhances satiety

Major Bioactive Constituent

e Hydroxycitric acid (HCA)

Therapeutic Benefits

e Reduced body weight

e Decreased fat accumulation

o Improved metabolic parameters

4.2.3 Turmeric (Curcuma longa)

Turmeric contains curcumin, a polyphenolic
compound with potent anti-inflammatory and
antioxidant activities.

Mechanism of Action

e Suppresses adipocyte differentiation

e Reduces inflammatory cytokines

o Activates AMPK pathway

e Improves insulin sensitivity

Major Bioactive Constituent

e Curcumin

Therapeutic Benefits

e Reduced adipose tissue inflammation

o Improved metabolic health

o Prevention of obesity-related complications

4.2.4 Fenugreek (Trigonella foenum-graecum)
Fenugreek seeds are rich in soluble fiber and
bioactive compounds that promote satiety and
improve metabolic regulation.

Mechanism of Action

o Delays gastric emptying

e Reduces appetite

P
feEz
S
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e Improves glucose metabolism
o Enhances insulin sensitivity
Major Bioactive Constituents

e Galactomannan

e Diosgenin

e Trigonelline

Therapeutic Benefits

e Reduced food intake

e Weight management

e Improved glycemic control

4.2.5 Ginger (Zingiber officinale)
Ginger has been traditionally used for improving
digestion and metabolism.
Mechanism of Action

o Stimulates thermogenesis

e Enhances fat oxidation

e Reduces inflammation

o Improves insulin sensitivity
Major Bioactive Constituents

e Gingerols

e Shogaols

Therapeutic Benefits

e Reduction in body weight

o Improved metabolic profile

4.2.6 Cinnamon (Cinnamomum verum)
Cinnamon possesses anti-obesity and insulin-
sensitizing properties.

Mechanism of Action

o Improves glucose uptake

o Enhances insulin signaling

e Reduces lipid accumulation

e Suppresses inflammatory pathways

Major Bioactive Constituents

e Cinnamaldehyde

e FEugenol
e Polyphenols
Therapeutic Benefits

e Weight control
o Improved glucose metabolism
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4.2.7 Guggul (Commiphora mukul) e Piperine

Guggul has been widely used in Ayurvedic Therapeutic Benefits

medicine for obesity and lipid disorders. o Weight reduction

Mechanism of Action o Enhanced efficacy of herbal formulations

o Stimulates thyroid function
4.3 Recent Advances in Herbal Anti-Obesity

Research

e Enhances lipid metabolism

e Promotes fat utilization
Major Bioactive Constituent

e Guggulsterones
Therapeutic Benefits

e Reduction in body fat

e Improved serum lipid profile

Recent scientific developments have significantly
improved the therapeutic potential of anti-obesity
herbal medicines.

Emerging Approaches

o Standardized herbal extracts

e Nanoformulations

4.2.8 Black Pepper (Piper nigrum) e Phytosomes

Black pepper contains piperine, which enhances e Liposomes

metabolism and improves bioavailability of other e Herbal nanoparticles

phytoconstituents. e Polyherbal formulations

Mechanism of Action e Bioenhancer-based systems

o Inhibits adipogenesis These advanced delivery systems improve
e Enhances thermogenesis solubility,  bioavailability,  stability, and
e Improves nutrient utilization therapeutic  efficacy of herbal bioactive
Major Bioactive Constituent compounds.

Table 10. Important Anti-Obesity Herbs and Their Mechanisms

Herb Major Constituent Mechanism of Action Therapeutic Effect
Green Tea EGCG Thermogenesis, Fat Oxidation Weight Reduction
Garcinia cambogia HCA Appetite Suppression Reduced Fat Accumulation

Turmeric Curcumin AMPK Activation Anti-obesity
Fenugreek Diosgenin Satiety Enhancement Weight Management
Ginger Gingerols Thermogenesis Reduced Body Weight
Cinnamon Cinnamaldehyde | Improved Glucose Utilization | Metabolic Improvement
Guggul Guggulsterones Enhanced Lipid Metabolism Fat Reduction
Black Pepper Piperine Adipogenesis Inhibition Weight Control

Table 11. Recent Clinical Findings on Anti-Obesity Herbs

Herb Study Outcome

Green Tea Significant reduction in body weight and waist circumference

Garcinia cambogia Reduced appetite and body fat percentage

Curcumin Improved metabolic and inflammatory markers

Fenugreek Enhanced satiety and reduced calorie intake
Ginger Reduction in body weight and BMI

Cinnamon Improved insulin sensitivity and weight control

5. Herbal Management of Insulin Resistance Insulin resistance is a metabolic condition

characterized by a diminished biological response
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of peripheral tissues such as skeletal muscle, liver,
and adipose tissue to circulating insulin. It
represents a key pathogenic factor in the
development of type 2 diabetes mellitus, obesity,
dyslipidemia, and metabolic syndrome. Persistent
insulin resistance results in compensatory
hyperinsulinemia, impaired glucose homeostasis,
B-cell dysfunction, and ultimately type 2 diabetes
mellitus.

Current pharmacological agents used for
improving insulin sensitivity include metformin,
thiazolidinediones, and glucagon-like peptide-1
(GLP-1) receptor agonists. Although effective,
these medications may be associated with adverse
effects long-term  safety
Consequently, herbal medicines have emerged as
promising alternatives due to their ability to target
multiple molecular pathways involved in insulin
signaling and glucose metabolism.
Numerous medicinal plants possess

sensitizing, antioxidant, anti-inflammatory, and

and concerns.

insulin-
glucose-lowering  properties, making them
valuable therapeutic options in the management of
insulin resistance.

5.1 Mechanisms of Herbal Medicines in
Improving Insulin Sensitivity

The beneficial effects of herbal medicines in
insulin resistance are mediated through various
molecular and cellular mechanisms.

1. Activation of AMPK Pathway

AMP-activated protein kinase (AMPK) is a central
regulator of energy metabolism. Activation of
AMPK increases glucose uptake, enhances fatty
acid oxidation, and improves insulin sensitivity.

2. Enhancement of GLUT-4 Translocation
Many phytoconstituents promote the translocation
of glucose transporter-4 (GLUT-4) to the cell
membrane, thereby increasing cellular glucose
uptake.

3. Modulation of PI3K/Akt Signaling

The PI3K/Akt pathway plays a critical role in
insulin signaling. Herbal compounds improve
insulin receptor signaling and glucose utilization
by activating this pathway.

4. PPAR-y Activation

Peroxisome proliferator-activated receptor gamma
(PPAR-y) regulates glucose and lipid metabolism.
Several  phytochemicals  enhance
sensitivity through PPAR-y modulation.
5. Reduction of Oxidative Stress
Herbal reactive oxygen
species (ROS) and protect insulin-responsive
tissues from oxidative damage.

6. Suppression of Chronic Inflammation
Inflammatory cytokines such as TNF-a and IL-6
impair insulin signaling. Herbal medicines inhibit
these inflammatory mediators and improve insulin

insulin

antioxidants reduce

responsiveness.

Table 12. Molecular Targets of Herbal Medicines in Insulin Resistance

Molecular Target Therapeutic Effect
AMPK Increased Glucose Uptake
GLUT-4 Enhanced Cellular Glucose Transport
PI3K/Akt Pathway Improved Insulin Signaling
PPAR-y Increased Insulin Sensitivity
NF-xB Reduced Inflammation
Antioxidant Enzymes Reduced Oxidative Stress

5.2 Important Medicinal Plants Used in Insulin
Resistance

5.2.1 Berberine-Containing Plants
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Berberine is an isoquinoline alkaloid found in
several medicinal plants such as Berberis aristata,
Coptis chinensis, and Hydrastis canadensis. 1t is
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one of the most extensively studied
phytochemicals for insulin resistance.
Mechanism of Action

e Activates AMPK pathway

o Improves glucose uptake

e Reduces hepatic glucose production

o Enhances insulin receptor expression
Therapeutic Benefits

e Improved insulin sensitivity

e Reduced fasting blood glucose

o Improved lipid profile

5.2.2 Cinnamon (Cinnamomum verum)
Cinnamon has demonstrated significant insulin-
sensitizing effects in both experimental and
clinical studies.

Mechanism of Action

e Enhances insulin receptor phosphorylation

e Promotes GLUT-4 translocation

e Improves glucose uptake

e Reduces oxidative stress

Major Constituents

e Cinnamaldehyde

e Eugenol
e Polyphenols
Therapeutic Benefits

e Improved glycemic control
e Reduced insulin resistance
e Enhanced glucose metabolism

5.2.3 Fenugreek (7Trigonella foenum-graecum)
Fenugreek is widely recognized for its antidiabetic
and insulin-sensitizing activities.

Mechanism of Action

e Delays carbohydrate absorption

e Enhances insulin secretion

e Improves insulin sensitivity

e Reduces postprandial glucose levels

Major Constituents

e Diosgenin

o Trigonelline

e Galactomannan

v
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Therapeutic Benefits
o Improved glucose tolerance
e Reduced insulin resistance

5.2.4 Bitter Melon (Momordica charantia)
Bitter melon has long been used in traditional
medicine for diabetes management.
Mechanism of Action

e Mimics insulin activity

o Stimulates glucose uptake

e Enhances GLUT-4 expression

o Improves pancreatic -cell function
Major Constituents

e Charantin

e Polypeptide-p

e Vicine

Therapeutic Benefits

e Improved insulin sensitivity

e Reduced blood glucose levels

5.2.5 Gymnema (Gymnema sylvestre)
Gymnema is a valuable Ayurvedic herb known as
the “sugar destroyer.”

Mechanism of Action

o Enhances insulin secretion

Promotes B-cell regeneration
Improves glucose utilization

e Reduces intestinal glucose absorption
Major Constituents

e Gymnemic acids

e Saponins

Therapeutic Benefits

e Better glycemic control
o Improved insulin sensitivity

5.2.6 Turmeric (Curcuma longa)

Curcumin, the principal bioactive compound of
turmeric, exhibits potent anti-inflammatory and
antioxidant properties.

Mechanism of Action

o Activates AMPK pathway

o Suppresses inflammatory cytokines

o Improves insulin signaling
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e Reduces oxidative stress
Therapeutic Benefits

o Enhanced insulin sensitivity

e Prevention of diabetes progression

5.2.7 Aloe vera (Aloe barbadensis Miller)
Aloe vera has shown promising antidiabetic and
insulin-sensitizing effects.
Mechanism of Action

o Improves pancreatic function

e Enhances insulin secretion

e Reduces oxidative stress

o Improves glucose metabolism

Major Constituents

e Acemannan

e Anthraquinones

e Phytosterols

Therapeutic Benefits

e Reduced fasting blood glucose

o Improved insulin sensitivity

5.3 Emerging Herbal Approaches for Insulin
Resistance

Recent advances in herbal therapeutics have
focused on enhancing the efficacy and
bioavailability of phytoconstituents.

Current Innovations

Standardized Herbal Extracts

Provide consistent phytochemical composition
and therapeutic outcomes.

Nano-Herbal Formulations

Improve absorption and bioavailability of poorly
soluble phytoconstituents.

Phytosomes

Enhance cellular uptake and bioavailability of
herbal compounds.

Polyherbal Formulations

Combine multiple herbs for synergistic therapeutic
effects.

Bioenhancer-Based Systems

Utilize compounds such as piperine to improve
phytochemical absorption.

Table 13. Important Herbs Used in Insulin Resistance Management

Herb Major Constituent Mechanism Therapeutic Effect
Berberis aristata Berberine AMPK Activation Improved Insulin Sensitivity
Cinnamon Cinnamaldehyde GLUT-4 Activation Improved Glucose Uptake
Fenugreek Diosgenin Enhanced Insulin Function Glycemic Control
Bitter Melon Charantin Insulin Mimetic Action Reduced Blood Glucose
Gymnema sylvestre | Gymnemic Acids B-cell Support Improved Insulin Response
Turmeric Curcumin Anti-inflammatory Action Better Insulin Sensitivity
Aloe vera Phytosterols Improved Glucose Metabolism | Reduced Insulin Resistance
Table 14. Clinical Evidence of Herbal Medicines in Insulin Resistance
Herb Major Findings
Berberine | Comparable insulin-sensitizing effects to metformin in several studies
Cinnamon Improved fasting glucose and insulin sensitivity
Fenugreek Reduced postprandial hyperglycemia
Bitter Melon Enhanced glucose utilization
Gymnema Improved glycemic control and insulin function
Curcumin Reduced inflammatory markers and insulin resistance
Aloe vera Improved glucose and lipid parameters

The growing body of scientific evidence supports
the use of herbal medicines as effective
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complementary therapies for insulin resistance.

Through modulation of insulin signaling

6293 |Page



Asifa Yasin Mulani, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 6, 6280-6308 | Review

pathways, reduction of inflammation,
enhancement of glucose uptake, and protection
against oxidative stress, medicinal plants offer a
multifaceted approach to improving metabolic
health and preventing the progression of diabetes

and associated complications.

6. Herbal Management of Dyslipidemia
Dyslipidemia is a metabolic disorder characterized
by abnormal concentrations of plasma lipids and
lipoproteins, including elevated levels of total
cholesterol  (TC), low-density lipoprotein
cholesterol (LDL-C), triglycerides (TG), and
reduced levels of high-density lipoprotein
cholesterol (HDL-C). It is a major risk factor for
atherosclerosis,  coronary  artery
myocardial infarction, stroke,
cardiovascular complications.

The prevalence of dyslipidemia has increased
substantially worldwide due to unhealthy dietary
habits, sedentary lifestyles, obesity, and insulin
resistance. Although conventional lipid-lowering
agents statins, fibrates, bile acid
sequestrants, and PCSK9 inhibitors are effective,
their long-term use may be associated with adverse
effects including myopathy, hepatotoxicity,
gastrointestinal disturbances, and poor patient
compliance.

Herbal medicines have attracted considerable
attention as alternative or complementary
therapies for dyslipidemia because of their ability

disease,

and other

such as

to regulate lipid metabolism through multiple

mechanisms including inhibition of cholesterol
synthesis, enhancement of bile acid excretion,
antioxidant activity, and improvement of lipid
transport pathways.

6.1 Mechanisms of Herbal
Dyslipidemia

Medicinal plants exert hypolipidemic effects
through diverse molecular pathways.

1. Inhibition of Cholesterol Biosynthesis
Certain phytochemicals inhibit key enzymes
involved in cholesterol synthesis, thereby reducing
plasma cholesterol levels.

2. Enhancement of Bile Acid Excretion

Medicines in

Some herbs promote the conversion of cholesterol
into bile acids and increase their excretion through
feces.

3. Reduction of Intestinal Lipid Absorption

Dietary fibers and saponins interfere with
cholesterol and lipid absorption in the
gastrointestinal tract.

4. Antioxidant Activity

Herbal antioxidants prevent oxidative

modification of LDL cholesterol, thereby reducing
atherosclerotic plaque formation.

5. Modulation of Lipid Metabolism

Several phytochemicals regulate lipid synthesis,
transport, and degradation through activation of
metabolic pathways such as AMPK and PPARs.
6. Anti-inflammatory Effects

Reduction of vascular inflammation contributes
significantly to cardiovascular protection.

Table 15. Major Mechanisms of Herbal Medicines in Dyslipidemia

Mechanism

Therapeutic Qutcome

Cholesterol Synthesis Inhibition

Reduced Total Cholesterol

Increased Bile Acid Excretion

Lower LDL Cholesterol

Reduced Lipid Absorption

Decreased Triglycerides

Antioxidant Activity

Prevention of LDL Oxidation

Lipid Metabolism Regulation

Improved Lipid Profile

Anti-inflammatory Action

Cardiovascular Protection
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6.2 Important Medicinal Plants Used in

Dyslipidemia Management

6.2.1 Garlic (Allium sativum)

Garlic is among the most extensively studied
medicinal plants for cardiovascular and lipid
disorders.

Mechanism of Action

o Inhibits cholesterol biosynthesis

e Reduces LDL cholesterol

e Increases HDL cholesterol

e Prevents LDL oxidation

o Improves endothelial function

Major Bioactive Constituents

e Allicin

o Diallyl sulfides

e Ajoene
Therapeutic Benefits

e Reduction in total cholesterol
e Decreased LDL cholesterol
e Cardiovascular protection

6.2.2 Guggul (Commiphora mukul)
Guggul 1is herb
traditionally used for obesity and lipid disorders.
Mechanism of Action
o Enhances hepatic cholesterol metabolism
e Increases LDL receptor activity
e Promotes bile acid synthesis
o Reduces triglycerides
Major Bioactive Constituent
e Guggulsterones
Therapeutic Benefits
o Lower cholesterol levels
e Improved lipid profile

a well-known Ayurvedic

6.2.3 Fenugreek (7rigonella foenum-graecum)
Fenugreek seeds contain soluble fibers and
steroidal saponins that contribute to lipid lowering.
Mechanism of Action

e Reduces intestinal cholesterol absorption

o Enhances bile acid excretion

e Improves lipid metabolism

S
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Major Constituents

e Diosgenin

e Galactomannan

e Saponins

Therapeutic Benefits

e Reduced serum cholesterol
o Lower triglycerides

6.2.4 Green Tea (Camellia sinensis)

Green tea possesses significant hypolipidemic and
antioxidant activities.

Mechanism of Action

o Inhibits lipid absorption

e Enhances fat oxidation

e Reduces LDL oxidation

e Improves lipid metabolism

Major Constituents

e Catechins

« EGCG
e Polyphenols
Therapeutic Benefits

e Improved lipid profile
e Reduced cardiovascular risk

6.2.5 Nigella sativa (Black Seed)
Nigella widely
cardioprotective and lipid-lowering properties.
Mechanism of Action

o Reduces cholesterol synthesis

e Improves antioxidant defense

o Enhances lipid metabolism

Major Constituent

sativa 1S used for its

e Thymoquinone
Therapeutic Benefits

e Reduced LDL cholesterol
e Improved HDL cholesterol

6.2.6 Flaxseed (Linum usitatissimum)

Flaxseed is rich in omega-3 fatty acids, lignans,
and dietary fiber.

Mechanism of Action

e Reduces cholesterol absorption

e Improves lipid metabolism
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e Provides antioxidant protection
Major Constituents
e Alpha-linolenic acid (ALA)

e Lignans
e Soluble fiber
Therapeutic Benefits

« Lower total cholesterol
e Reduced cardiovascular risk

6.2.7 Psyllium Husk (Plantago ovata)
Psyllium is a soluble dietary fiber extensively used
for cholesterol management.
Mechanism of Action

e Binds bile acids

e Reduces cholesterol absorption

o Improves lipid elimination

Major Constituent

e Soluble fiber

Therapeutic Benefits

e Reduction in LDL cholesterol

o Improved bowel health

6.3 Herbal with
Hypolipidemic Activity

Several phytochemicals are responsible for the
lipid-lowering effects of medicinal plants.
Important Phytoconstituents

Polyphenols

e Catechins

e Curcumin

e Resveratrol

Flavonoids

e Quercetin

o Kaempferol

e Rutin

Saponins

e Diosgenin

e Ginsenosides

Alkaloids

e Berberine

e Piperine

Phytoconstituents

Terpenoids
e Guggulsterones
e Ursolic acid

Table 16. Major Hypolipidemic Phytoconstituents

Phytoconstituent Source Major Activity
Allicin Garlic Cholesterol Reduction
Guggulsterone Guggul Lipid Lowering
Catechins Green Tea | Antioxidant and Hypolipidemic
Thymogquinone | Nigella sativa Cardioprotective
Diosgenin Fenugreek Cholesterol Reduction
Curcumin Turmeric Lipid Regulation
6.4 Recent Advances in Herbal Therapy for Phytosomes

Dyslipidemia

Recent research has focused on improving the
therapeutic efficacy of herbal medicines through
advanced drug delivery systems.

Emerging Technologies

Nanoformulations

Improve solubility and absorption of poorly
bioavailable phytochemicals.

P
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Enhance membrane permeability and systemic
availability.

Liposomal Herbal Formulations

Increase stability and therapeutic effectiveness.
Standardized Extracts

Ensure consistent phytochemical content and
reproducible clinical outcomes.

Polyherbal Formulations

Provide synergistic hypolipidemic effects through
multiple mechanisms.
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Table 17. Important Herbs Used in Dyslipidemia Management

Herb Major Constituent Mechanism Therapeutic Effect
Garlic Allicin Cholesterol Synthesis Inhibition Reduced LDL
Guggul Guggulsterone Enhanced Lipid Metabolism | Improved Lipid Profile
Fenugreek Diosgenin Reduced Lipid Absorption Lower Cholesterol
Green Tea EGCG Fat Oxidation Reduced Lipids
Nigella sativa Thymoquinone Antioxidant Activity Improved HDL
Flaxseed Omega-3 Fatty Acids Cholesterol Reduction Cardioprotection
Psyllium Soluble Fiber Bile Acid Binding Lower LDL

Table 18. Clinical Evidence Supporting Herbal Management of Dyslipidemia

Herb Clinical Outcome
Garlic Significant reduction in total cholesterol and LDL
Guggul Improvement in lipid parameters
Fenugreek Reduced serum triglycerides
Green Tea Improved lipid profile and body weight
Nigella sativa Increased HDL and reduced LDL
Flaxseed Cardiovascular risk reduction
Psyllium Significant LDL cholesterol reduction

The available scientific evidence suggests that
herbal medicines offer promising therapeutic
options for dyslipidemia through multiple lipid-
regulating mechanisms. Their ability to improve
lipid profiles, reduce oxidative stress, and provide
cardiovascular protection highlights their potential
role as complementary interventions in the
management of dyslipidemia and associated
metabolic disorders.

7. Current Advances in Herbal Therapy

The increasing prevalence of obesity, insulin
resistance, and dyslipidemia has accelerated
research into novel herbal therapeutic approaches.
Although numerous medicinal plants have
demonstrated promising pharmacological
activities, their clinical application is often limited
by poor aqueous solubility, low bioavailability,
rapid metabolism, instability, and inconsistent
phytochemical composition. To overcome these
limitations, significant advancements have been
made in herbal drug delivery systems,
standardization techniques, bioenhancer
technology, polyherbal formulations, and

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

computational approaches such as artificial
intelligence and network pharmacology.

These modern innovations have enhanced the
clinical

the

therapeutic  efficacy, safety, and
applicability of herbal medicines

management of metabolic disorders

for

7.1 Herbal Nanotechnology

Nanotechnology has emerged as one of the most
promising approaches for improving the delivery
and therapeutic performance of herbal bioactive
compounds. Many phytoconstituents such as
curcumin, berberine, resveratrol, quercetin, and
catechins exhibit poor solubility and low oral

bioavailability, limiting their clinical
effectiveness.
Nanoformulations improve drug solubility,

stability, permeability, controlled release, and
tissue targeting.
Advantages of Herbal Nanotechnology

o Improved bioavailability

o Enhanced cellular uptake

o Increased stability

e Controlled drug release
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o Targeted delivery
e Reduced dosage requirements
o Improved therapeutic efficacy

Types of Herbal Nanoformulations

Polymeric Nanoparticles

Provide sustained release and enhanced

bioavailability.

Solid Lipid Nanoparticles (SLNs)

Improve stability of lipophilic phytoconstituents.
Nanoemulsions

Increase solubility and absorption of poorly water-
soluble compounds.

Nanomicelles

Improve dissolution and targeted delivery.
Nanosuspensions

Enhance oral bioavailability of phytochemicals.

Table 19. Nanoformulations of Important Herbal Phytoconstituents

Phytoconstituent Nanoformulation Therapeutic Advantage
Curcumin Polymeric Nanoparticles | Improved Bioavailability
Berberine Nanoemulsion Enhanced Absorption
Quercetin Nanomicelles Improved Solubility

Resveratrol Lipid Nanoparticles Sustained Release
EGCG Polymeric Nanoparticles Enhanced Stability

7.2 Standardized Herbal Extracts

One of the major challenges in herbal medicine is
variability in phytochemical composition due to
differences in plant species, geographical origin,
harvesting conditions, and extraction methods.
Standardization ensures consistent quality, safety,
and therapeutic efficacy.

Standardized extracts contain defined
concentrations of active phytoconstituents and are
increasingly preferred in modern phytotherapy.
Benefits of Standardization

e Batch-to-batch consistency

e Reproducible pharmacological effects

o Improved quality control

e Enhanced clinical reliability

e Regulatory acceptance

Examples
Herbal Extract | Standardized Constituent
Turmeric Extract Curcumin
Green Tea Extract EGCG
Guggul Extract Guggulsterones
Fenugreek Extract Diosgenin
Garlic Extract Allicin

7.3 Herbal Bioenhancers

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

Bioenhancers are substances that improve the
absorption, bioavailability, and therapeutic
efficacy of active compounds without exhibiting
significant pharmacological activity of their own.
The concept of herbal bioenhancers originated
from Ayurvedic medicine and has gained
considerable scientific attention.

Piperine as a Bioenhancer

Piperine, obtained from Piper nigrum (Black
Pepper), is the most extensively studied natural
bioenhancer.

Mechanisms of Bioenhancement

e Increased intestinal absorption

o Inhibition of drug-metabolizing enzymes

o Enhanced membrane permeability

o Improved gastrointestinal blood flow

Other Natural Bioenhancers

e Piperine

e Quercetin

e Gingerols

e Naringin

e Curcumin
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Table 20. Important Herbal Bioenhancers

Bioenhancer Source Major Function
Piperine Black Pepper Enhances Drug Absorption
Quercetin | Various Fruits Improves Bioavailability
Naringin Citrus Fruits | Modulates Drug Metabolism
Gingerols Ginger Enhances Absorption
Curcumin Turmeric Synergistic Therapeutic Effect
7.4 Combination Herbal Therapy
Combination herbal therapy involves the 7.5 Polyherbal Formulations

simultaneous use of multiple medicinal plants to
achieve synergistic therapeutic effects.
Metabolic disorders involve multiple pathological

pathways, = making  combination therapy
particularly advantageous.
Benefits

e Multi-target therapeutic action

e Enhanced efficacy

e Reduced dosage requirements

o Improved safety profile

e Broader pharmacological coverage

Common Combinations

Combination Therapeutic Application
Turmeric + Black Enhanced Curcumin
Pepper Bioavailability
Fenugreek + Improved Glycemic Control
Cinnamon
Green Tea + Weight Management
Garcinia
Garlic + Guggul Dyslipidemia Management

Polyherbal formulations contain two or more
medicinal plants designed to provide synergistic
therapeutic benefits.

Compared to single-herb therapy, polyherbal
formulations may offer superior efficacy due to
complementary mechanisms of action.
Advantages

e Synergistic effects

o Improved therapeutic outcomes

e Multi-pathway targeting

o Lower risk of resistance

e Reduced toxicity

Examples of Polyherbal Products

Anti-Obesity Formulations

e Green Tea + Garcinia + Ginger
Anti-Diabetic Formulations

e Gymnema + Fenugreek + Bitter Melon
Hypolipidemic Formulations

e QGarlic + Guggul + Flaxseed

Table 21. Examples of Polyherbal Formulations for Metabolic Disorders

Polyherbal Combination

Therapeutic Purpose

Green Tea + Garcinia + Ginger Obesity
Fenugreek + Cinnamon + Gymnema | Insulin Resistance
Garlic + Guggul + Flaxseed Dyslipidemia

Turmeric + Piperine

Metabolic Syndrome

7.6 Artificial Intelligence, Omics Technologies
and Network Pharmacology
Modern technologies are revolutionizing herbal
drug discovery and development.

Artificial Intelligence (AI)
Al-based tools facilitate:

o Identification of novel phytochemicals
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Prediction of biological targets

e Optimization of formulations

e Drug repurposing
e Personalized herbal therapy
Metabolomics
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Metabolomics enables comprehensive analysis of
plant metabolites and helps identify bioactive
compounds responsible for therapeutic activity.
Proteomics

Proteomics provides insights into protein targets

and signaling pathways affected by herbal
medicines.
Genomics
Genomic approaches help understand gene

expression changes induced by phytoconstituents.

Network Pharmacology

Network pharmacology investigates interactions
among phytochemicals, molecular targets, and
biological pathways.

Unlike conventional single-target drugs, herbal
medicines often act on multiple pathways
simultaneously. Network pharmacology helps
explain these complex interactions and supports

evidence-based herbal therapy.

Table 22. Modern Technologies in Herbal Research

Technology Application
Artificial Intelligence | Drug Discovery and Target Prediction
Metabolomics Identification of Bioactive Metabolites
Proteomics Protein Target Analysis
Genomics Gene Expression Studies
Network Pharmacology Multi-Target Mechanism Analysis
Molecular Docking Drug-Receptor Interaction Studies

7.7 Future Perspectives of Advanced Herbal
Therapeutics

Future research in herbal medicine is expected to
focus on:

e Precision phytotherapy

e Personalized herbal medicine

e Smart nano-delivery systems

e Al-assisted phytochemical screening

e Clinical validation of  nano-herbal
formulations

e Regulatory harmonization and quality control

e Translational research from laboratory to

clinical practice

Table 23. Emerging Trends in Herbal Therapeutics

Emerging Area

Potential Benefit

Nano-Herbal Systems

Improved Bioavailability

Precision Phytotherapy Personalized Treatment
Al-Based Drug Discovery | Faster Identification of Therapeutics
Network Pharmacology Better Mechanistic Understanding
Standardized Extracts Consistent Clinical Outcomes

Polyherbal Formulations

Enhanced Therapeutic Efficacy

The integration of nanotechnology, bioenhancer
systems, standardization strategies, artificial
intelligence, and omics-based approaches has
significantly transformed herbal medicine from a
traditional therapeutic practice into a scientifically
validated and technologically advanced healthcare
strategy. These innovations hold immense promise
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for the effective management of obesity, insulin
resistance, dyslipidemia, and other metabolic
disorders.

8. Clinical Studies and Recent Evidence
The therapeutic potential of herbal medicines in
the management of obesity, insulin resistance, and
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dyslipidemia has been extensively investigated
through preclinical randomized
controlled trials (RCTs), systematic reviews, and
meta-analyses. Recent clinical evidence suggests
that medicinal plants and
phytoconstituents can significantly improve body
weight, sensitivity, lipid profile,
inflammatory markers, and overall metabolic
health.

The growing number of well-designed clinical
studies has strengthened the scientific basis for the
use of herbal medicines as complementary
therapies in metabolic disorders.

experiments,

several

insulin

However,

variations in dosage, formulation, treatment
duration, and study design continue to present

challenges in interpreting clinical outcomes.

8.1 Clinical Studies on Herbal Management of
Obesity

Several medicinal plants have demonstrated
beneficial effects on body weight, body mass

index (BMI), waist circumference, and body fat
percentage in human clinical studies.

Green Tea (Camellia sinensis)

Clinical studies have shown that catechin-rich
green tea extracts improve thermogenesis and fat
oxidation, resulting in reductions in body weight
and abdominal fat accumulation.

Garcinia cambogia

Hydroxycitric acid (HCA) supplementation has
been associated with appetite suppression and
modest reductions in body weight and fat mass.
Curcumin

Curcumin supplementation has
body composition,
inflammatory markers, and metabolic parameters
in overweight and obese individuals.

Ginger

Clinical trials indicate that ginger supplementation
may promote satiety, thermogenesis, and weight
reduction.

demonstrated

beneficial effects on

Table 24. Clinical Studies on Herbal Management of Obesity

Herb Study Population Duration Major Findings
Green Tea Overweight Adults | 12-16 Weeks | Reduced Body Weight and Waist Circumference
Garcinia cambogia | Obese Individuals 8—12 Weeks Appetite Suppression and Weight Reduction
Curcumin Overweight Subjects | 812 Weeks Improved Body Composition
Ginger Obese Adults 12 Weeks Reduced BMI and Body Weight
Fenugreek Healthy Adults 6—8 Weeks Increased Satiety and Reduced Food Intake

8.2 Clinical Studies on Insulin Resistance
Numerous herbal medicines have shown
significant benefits in improving glucose
metabolism and insulin sensitivity.
Berberine

Berberine is among the most
investigated phytochemicals for insulin resistance

extensively

and type 2 diabetes mellitus. Clinical studies have
demonstrated improvements in fasting blood
glucose, HbAlc, and insulin sensitivity.
Cinnamon
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Several randomized controlled trials have reported
reductions in fasting glucose and improvements in
insulin resistance indices following cinnamon
supplementation.

Fenugreek

Fenugreek has demonstrated positive effects on

postprandial glucose control and insulin
sensitivity.

Gymnema sylvestre

Clinical investigations indicate  improved
glycemic control and enhanced pancreatic
function.

6301 |Page



Asifa Yasin Mulani, Int.

J. of Pharm. Sci., 2026, Vol 4, Issue 6, 6280-6308 | Review

Table 25. Clinical Studies on Herbal Management of Insulin Resistance

Herb Duration QOutcome
Berberine 12-24 Weeks | Improved Insulin Sensitivity and Glycemic Control
Cinnamon 8—16 Weeks Reduced Fasting Blood Glucose
Fenugreek 6—12 Weeks Improved Glucose Tolerance

Gymnema sylvestre 12 Weeks

Improved Insulin Function

Bitter Melon 812 Weeks

Reduced Blood Glucose Levels

Curcumin 8—-16 Weeks

Reduced Insulin Resistance Markers

8.3 Clinical Studies on Dyslipidemia

Several medicinal plants have demonstrated
clinically significant improvements in lipid
parameters.

Garlic

Garlic supplementation has consistently shown
reductions in total cholesterol and LDL
cholesterol.

Guggul

Clinical studies suggest beneficial effects on
cholesterol metabolism and triglyceride reduction.
Green Tea

Green tea consumption has been associated with
improvements in lipid profile and cardiovascular
risk factors.

Flaxseed

Flaxseed  supplementation  contributes to
reductions in LDL cholesterol and improvements
in cardiovascular health.

Table 26. Clinical Studies on Herbal Management of Dyslipidemia

Herb Duration Major Outcome

Garlic 12-24 Weeks | Reduced Total Cholesterol and LDL
Guggul 8—12 Weeks | Improved Lipid Profile

Green Tea 12 Weeks Reduced LDL and Triglycerides
Flaxseed 12-24 Weeks | Improved Cardiovascular Markers
Nigella sativa | 8-12 Weeks | Increased HDL and Reduced LDL
Psyllium Husk | 12 Weeks Significant LDL Reduction

8.4 Evidence from Systematic Reviews and
Meta-Analyses

Systematic reviews and meta-analyses provide
high-level evidence regarding the efficacy of
herbal medicines in metabolic disorders.

Green Tea Meta-Analyses

Multiple meta-analyses have demonstrated
significant reductions in body weight, BMI, and
waist  circumference  among  overweight
individuals.

Berberine Meta-Analyses
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Evidence suggests that berberine significantly
improves fasting glucose, HbAlc, insulin
resistance indices, and lipid parameters.
Curcumin Meta-Analyses

Curcumin supplementation has been associated
with reductions in inflammatory markers, body
weight, and insulin resistance.

Garlic Meta-Analyses

Garlic preparations have demonstrated significant
cholesterol-lowering effects and cardiovascular
benefits.
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Table 27. Summary of Meta-Analysis Findings

Herbal Agent Major Outcomes Reported
Green Tea Reduced Body Weight and BMI
Berberine Improved Glycemic Control
Curcumin Reduced Inflammation and Insulin Resistance
Garlic Improved Lipid Profile
Flaxseed Cardiovascular Protection
Cinnamon Better Glycemic Regulation

8.5 Comparative Effectiveness of Herbal

Different medicinal plants exert therapeutic effects

Medicines through distinct molecular mechanisms.
Table 28. Comparative Therapeutic Benefits of Major Herbal Medicines
Herb Obesity | Insulin Resistance | Dyslipidemia
Green Tea | Excellent Moderate Excellent
Berberine | Moderate Excellent Excellent
Curcumin Good Good Good
Fenugreek | Good Good Moderate
Cinnamon | Moderate Excellent Moderate
Garlic Poor Moderate Excellent
Guggul Good Moderate Excellent
Flaxseed | Moderate Moderate Excellent
8.6 Limitations of Current Clinical Evidence e Lack of standardization
Despite encouraging findings, several limitations e Inconsistent dosage regimens
remain: e Limited long-term safety data
e Small sample sizes e Geographic  variability = among  study
e Short treatment durations populations

e Variability in herbal formulations

Table 29. Major Limitations of Clinical Studies on Herbal Medicines

Limitation
Small Sample Size
Lack of Standardization
Short Duration
Diverse Formulations
Inadequate Safety Data

Impact
Reduced Statistical Power
Variable Outcomes
Limited Long-Term Evidence
Difficulty in Comparison
Regulatory Challenges

9. Safety and Toxicological Considerations
Although herbal medicines are generally
perceived as safe due to their natural origin, their

insulin resistance, and dyslipidemia necessitates
careful evaluation of their safety profiles, quality
standards, and potential interactions with

use is not completely free from adverse effects and
toxicological concerns. The increasing popularity
of herbal products for the management of obesity,

ron Ry
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conventional medications. Several factors such as
plant species, dosage, duration of treatment,
extraction methods, contamination, and patient-
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specific characteristics can influence the safety
and efficacy of herbal therapies.

9.1 Adverse Effects Associated with Herbal
Medicines

Most herbal medicines are well tolerated when
administered at recommended doses. However,
excessive consumption or prolonged use may
result in undesirable effects.

Common Adverse Effects

o Qastrointestinal disturbances
e Nausea and vomiting
¢ Abdominal discomfort

e Diarrhea
e Allergic reactions
o Headache

e Dizziness

Certain herbs may produce organ-specific
toxicities when consumed in high doses or for
extended periods.

Table 30. Common Adverse Effects of Selected Herbal Medicines

Herb Possible Adverse Effects

Green Tea Insomnia, Nausea, Gastric Irritation

Garcinia cambogia

Headache, Gastrointestinal Disturbances

Berberine Constipation, Abdominal Pain
Garlic Gastric Irritation, Bleeding Risk
Guggul Skin Rash, Gastrointestinal Discomfort

Cinnamon Hepatotoxicity at High Doses

Aloe vera Diarrhea, Electrolyte Imbalance

9.2 Herb—Drug Interactions

Herbal medicines may interact with prescription

medications by affecting drug absorption,

metabolism, distribution, or elimination. Such

interactions can alter therapeutic outcomes and

increase the risk of adverse events.

Important Herb—Drug Interactions

e Garlic may enhance the effects of
anticoagulants and antiplatelet drugs.

e Guggul may influence thyroid medications.

e Berberine may interact with antidiabetic
agents and cytochrome P450 substrates.

e Green Tea may affect the absorption of certain
medications.

e Aloe vera may potentiate the effects of
hypoglycemic drugs.

Table 31. Important Herb—Drug Interactions

Herb Interacting Drug Possible Consequence
Garlic Warfarin, Aspirin Increased Bleeding Risk
Berberine Antidiabetic Drugs Excessive Glucose Lowering
Guggul Thyroid Medications Altered Thyroid Function
Green Tea | Certain Cardiovascular Drugs Altered Drug Absorption
Aloe vera Antidiabetic Agents Enhanced Hypoglycemic Effect

9.3 Quality Control and Standardization Issues o
One of the major challenges associated with herbal =~

medicines 1S

variability

in phytochemical

composition. Factors influencing quality include: .

o Plant species variation

FogRTy
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Geographical origin
Harvesting season
Processing methods
Storage conditions
Extraction techniques
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Standardization and quality control are essential
for ensuring reproducible therapeutic outcomes
and patient safety.

Quality Control Parameters

o Botanical authentication

e Phytochemical profiling

Marker compound quantification
e Microbial contamination testing
e Heavy metal analysis

o Pesticide residue evaluation

Table 32. Quality Control Parameters for Herbal Medicines

Parameter

Purpose

Botanical Authentication

Correct Plant Identification

Phytochemical Analysis

Active Constituent Determination

Heavy Metal Testing Toxicity Prevention
Microbial Testing Product Safety
Stability Studies Shelf-Life Determination
9.4 Toxicological Evaluation of Herbal

Medicines

Preclinical toxicological studies are necessary
before clinical application of herbal products.
Types of Toxicological Studies

e Acute toxicity studies

o Subacute toxicity studies

e Chronic toxicity studies

e Genotoxicity studies

o Reproductive toxicity studies

e Carcinogenicity studies

These studies help establish safe dosage ranges
and 1dentify potential toxic effects.

9.5 Regulatory Considerations

Regulatory authorities worldwide emphasize the
importance of quality, safety, and efficacy in
herbal products.

Important regulatory aspects include:

e Good Manufacturing Practices (GMP)

o Standardization protocols

e Pharmacovigilance systems

e Clinical validation requirements

e Product labeling regulations

The establishment of harmonized international
guidelines will facilitate the global acceptance and
clinical integration of herbal medicines.
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10. Challenges and Future Perspectives

Despite substantial progress in herbal medicine
research, several scientific, technological, and
regulatory challenges continue to limit the
widespread clinical utilization of herbal therapies
for metabolic disorders.

10.1 Current Challenges

1. Lack of Standardization

Variability in phytochemical composition remains
one of the most significant obstacles to
reproducible therapeutic outcomes.

2. Limited Clinical Evidence

Many herbal medicines have demonstrated
promising preclinical results; however, large-scale
randomized clinical trials remain insufficient.

3. Poor Bioavailability

Several important phytoconstituents such as
curcumin, quercetin, and resveratrol exhibit poor
aqueous solubility and limited absorption.

4. Quality Control Issues

Contamination with heavy metals, pesticides, and
microorganisms may compromise product safety.
5. Regulatory Limitations

Differences in regulatory frameworks across
countries hinder global acceptance of herbal
medicines.

6. Lack of Mechanistic Understanding
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Although numerous herbs demonstrate therapeutic
benefits, their precise molecular mechanisms
remain incompletely understood.

Table 33. Major Challenges in Herbal Medicine Development

Challenge

Impact

Lack of Standardization

Variable Clinical Outcomes

Poor Bioavailability

Reduced Therapeutic Efficacy

Limited Clinical Trials

Insufficient Evidence

Quality Control Problems

Safety Concerns

Regulatory Variability

Delayed Commercialization

Mechanistic Uncertainty

Limited Scientific Acceptance

FUTURE PERSPECTIVES

Future advancements in herbal medicine are
expected to transform the management of obesity,
insulin resistance, and dyslipidemia.

Precision Phytotherapy

Personalized herbal treatments based on genetic,
metabolic, and lifestyle factors may improve
therapeutic outcomes.

Nano-Herbal Drug Delivery Systems

Advanced nanocarriers can significantly enhance
bioavailability and target specificity.

Artificial Intelligence and Machine Learning
Al-based platforms can accelerate phytochemical
screening, target identification, and formulation
optimization.

Network Pharmacology

Network pharmacology will continue to improve
understanding of multi-target actions of herbal
medicines.

Omics Technologies

Genomics, proteomics, metabolomics, and
transcriptomics can facilitate biomarker discovery
and personalized treatment approaches.

Clinical Validation

Large-scale multicenter clinical trials are required
to establish evidence-based guidelines for herbal
therapies.

Table 34. Emerging Trends in Herbal Medicine Research

Emerging Technology Potential Benefit
Nanotechnology Improved Bioavailability
Artificial Intelligence Faster Drug Discovery
Network Pharmacology Multi-Target Understanding
Metabolomics Biomarker Identification
Precision Medicine Personalized Therapy
Standardized Extracts | Consistent Therapeutic Outcomes

CONCLUSION

Obesity, insulin resistance, and dyslipidemia are
closely interconnected metabolic disorders that
significantly contribute to the global burden of
chronic diseases, including type 2 diabetes
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mellitus, cardiovascular diseases, and metabolic
syndrome. The increasing prevalence of these
conditions highlights the urgent need for effective,
safe, and affordable therapeutic strategies.

Herbal medicines have emerged as promising
complementary and alternative approaches owing
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to their diverse bioactive phytoconstituents,
multitarget mechanisms of action, antioxidant
properties, anti-inflammatory  effects, and
favorable safety profiles. Numerous medicinal
plants, including Camellia sinensis (Green Tea),
Curcuma longa (Turmeric), Trigonella foenum-
graecum (Fenugreek), Momordica charantia
(Bitter Melon), Gymnema sylvestre, Allium
sativum (Garlic), Commiphora mukul (Guggul),
and Nigella sativa, have demonstrated significant
therapeutic potential in the management of
obesity, insulin resistance, and dyslipidemia.
Recent advancements in herbal therapeutics,
including standardized extracts, phytosomes,
nanoformulations, bioenhancer-based delivery
systems, polyherbal formulations, artificial
intelligence, network pharmacology, and omics
technologies, have considerably improved the
scientific understanding and clinical applicability
of herbal medicines. These innovations offer
opportunities to overcome traditional limitations
such as poor bioavailability, inconsistent efficacy,
and lack of standardization.

Clinical studies, systematic reviews, and meta-
analyses have provided encouraging evidence
supporting the efficacy of herbal interventions in
improving body weight,
glycemic control, lipid profile, and inflammatory
status. Nevertheless, challenges related to quality
control, standardization, regulatory approval, and

insulin  sensitivity,

long-term clinical validation remain significant
barriers to broader clinical adoption.

Overall, herbal medicines represent a valuable
therapeutic resource for the prevention and
management of metabolic disorders. Future
research focusing on advanced drug delivery
systems, personalized phytotherapy, large-scale
clinical trials, and mechanistic investigations will
further strengthen the role of herbal therapies in
evidence-based management of obesity, insulin
resistance, and dyslipidemia.
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