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Abstract

Diabetes mellitus and obesity are closely interconnected metabolic
disorders characterized by insulin resistance, impaired glucose
homeostasis, dysregulated lipid metabolism, chronic low-grade
inflammation, oxidative stress, and alterations in energy balance.
Numerous medicinal herbs have demonstrated antidiabetic and anti-
obesity activities through multiple mechanisms, including inhibition of
intestinal a-amylase and a-glucosidase, modulation of DPP-4,
enhancement of insulin secretion, stimulation of IRS-1/PI3K/Akt
signaling, GLUT4 translocation, activation of AMPK, modulation of
PPARs, inhibition of adipogenesis and lipogenesis, stimulation of
lipolysis and thermogenesis, and regulation of gut microbiota.

Important examples include Momordica charantia, Gymnema sylvestre, Trigonella foenum-graecum,
Cinnamomum spp., Panax ginseng, Camellia sinensis, Gynostemma pentaphyllum, Phaseolus vulgaris,
and berberine-containing plants. This review emphasizes the molecular mechanisms underlying the dual
antidiabetic and anti-obesity effects of medicinal herbs and discusses experimental and clinical evidence,
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limitations, safety considerations, and future perspectives.
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Introduction

Diabetes mellitus and obesity represent major
components of the global metabolic disease
burden. Type 2 diabetes mellitus is characterized
by progressive insulin resistance, impaired p-cell
function, and abnormal hepatic and peripheral
glucose metabolism, whereas obesity results from
persistent energy imbalance accompanied by
expansion and dysfunction of adipose tissue.
These conditions are biologically interconnected
because excess adiposity promotes inflammation,
ectopic lipid accumulation and insulin resistance.
Medicinal plants have historically been used for
the management of diabetes and metabolic
disorders, and modern pharmacological studies
indicate that plant-derived compounds can
influence several metabolic targets simultaneously
rather than acting through a single pathway. (1-4)

Pathophysiological Link Between Diabetes and
Obesity

Obesity is an important risk factor for T2DM
because excessive adipose tissue accumulation
promotes release of free fatty acids, inflammatory
cytokines and adipokines. These mediators
interfere with insulin signaling in liver, skeletal
muscle and adipose tissue (4) At the molecular
level, insulin normally activates the insulin
receptor followed by IRS-1, PI3K and Akt
signaling. Akt promotes GLUT4 translocation in
skeletal muscle and adipose tissue, facilitating
cellular glucose uptake. Insulin resistance can
interfere with this pathway, reducing glucose
disposal.
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AMPK represents another major metabolic
regulator. AMPK activation promotes glucose
uptake, fatty-acid oxidation, and energy
expenditure while suppressing anabolic pathways
such as fatty-acid synthesis (5,6). Consequently,
AMPK has become an important target for both
antidiabetic and anti-obesity natural products.
Transcription factors including PPARy and
C/EBPa  regulate adipocyte differentiation.
Increased activation of these pathways promotes
adipogenesis, whereas inhibition of adipogenic
signaling can limit expansion of white adipose
tissue. Plant-derived compounds have been shown
experimentally to regulate PPARy, C/EBPa, fatty-
acid synthase and related pathways. (7)

Pathophysiological Link Between Obesity and Diabetes
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Fig. 1. Pathophysiological Link Between
Diabetes and Obesity

Major Molecular Mechanisms of Herbal
Antidiabetic and Anti-Obesity Activity

Medicinal herbs may act at multiple levels of
glucose and lipid homeostasis. The major
mechanisms include inhibition of carbohydrate-
digesting enzymes, enhancement of insulin
secretion, improvement of insulin signaling,

activation of AMPK, regulation of adipogenesis
and lipogenesis, modulation of oxidative stress
and inflammation, and alteration of gut
microbiota.(8)

Inhibition of a-Amylase and a-Glucosidase
Dietary starch is hydrolyzed by a-amylase and
subsequently converted to absorbable glucose by
intestinal a-glucosidases. Inhibition of these
enzymes delays carbohydrate digestion and
reduces  postprandial glucose  elevation.
Flavonoids, phenolic acids, tannins and other
plant metabolites have demonstrated inhibitory
effects against these enzyme (9)

Enhancement of Insulin Secretion and p-Cell
Protection

Several medicinal plants may increase insulin
secretion from pancreatic B-cells or protect B-cells
against oxidative and inflammatory injury.
Gymnema sylvestre has been investigated
clinically and experimentally for effects on
glycemic control and pancreatic function. (10)

IRS-1/PI3K/AKt/GLUT4 Signaling

The insulin signaling pathway is a major target for
medicinal plants. Insulin receptor activation leads
to IRS-1, PI3K and Akt signaling, followed by
GLUT4 translocation and increased cellular
glucose uptake. Momordica charantia and several
phytochemicals have been reported to influence
this pathway in experimental models. (11)
AMPK: A Central Target Connecting Diabetes
and Obesity

AMPK  activation increases glucose uptake and
fatty-acid oxidation while inhibiting anabolic
pathways such as fatty-acid synthesis. Natural
products including berberine, catechins and
several saponins have been investigated as
AMPK-modulating agents (12).

Table 1. Important medicinal herbs used in the management of diabetes and obesity and their
proposed mechanisms of action

S. Medicinal Major bioactive | Major antidiabetic | Major anti-

No. herb phytoconstituents mechanisms obesity/metabolic
mechanisms

1 Momordica Charantin; Inhibits a-amylase/a- | Promotes  fatty-acid

charantia L. | cucurbitane-type glucosidase;  enhances | metabolism; may

(Bitter melon) | triterpenoids; glucose uptake; promotes | activate AMPK;

polypeptide-p; GLUT4  translocation; | reduces lipogenesis;

flavonoids; phenolics; | modulates IRS- | attenuates metabolic
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saponins 1/PI3K/Akt and AMPK; | inflammation and
may reduce hepatic | oxidative stress
gluconeogenesis;
antioxidant activity
[11,13]

2 Gymnema Gymnemic acids; | Enhances insulin | May influence lipid
sylvestre gymnemagenin; secretion; supports pB-cell | metabolism and
(Gurmar) triterpenoid saponins; | function; reduces | overall metabolic

flavonoids intestinal glucose | homeostasis
absorption; improves
glucose utilization and
insulin sensitivity [10]

3 Trigonella 4-Hydroxyisoleucine; | Delays carbohydrate | Fiber promotes
foenum- steroidal saponins; | absorption;  modulates | satiety; may reduce
graecum L. | diosgenin; soluble | carbohydrate-digesting energy intake and
(Fenugreek) fiber; alkaloids enzymes; may enhance | improve lipid

insulin ~ secretion and | metabolism
improve insulin
sensitivity [14]

4 Cinnamomum | Cinnamaldehyde; Enhances insulin | May influence AMPK
spp. cinnamic acid; | signaling and glucose | and lipid metabolism;
(Cinnamon) polyphenols; uptake; modulates | potentially  reduces

procyanidins GLUT4/AMPK; may | adipogenesis and
inhibit carbohydrate- | improves insulin
digesting enzymes and | sensitivity
reduce oxidative stress
[15,16]

5 Berberis Berberine and related | Activates AMPK; | Enhances fatty-acid
spp./Coptis isoquinoline alkaloids | improves PI3K/Akt | oxidation; suppresses
spp. signaling; promotes | lipogenesis;

GLUT4-mediated modulates PPAR
glucose uptake; improves | pathways; influences
insulin sensitivity; may | gut microbiota and
suppress hepatic | metabolic
gluconeogenesis [17,18] | inflammation

6 Camellia EGCG; other | May improve glucose | Increases energy
sinensis  (L.) | catechins; caffeine metabolism and insulin | expenditure and fatty-
Kuntze (Green sensitivity; modulates | acid oxidation; may
tea) AMPK and oxidative- | inhibit adipogenesis

stress pathways [19,20] and lipid
accumulation;  may
influence
thermogenesis [19,20]

7 Gynostemma | Gypenosides and other | Improves insulin | Promotes  fatty-acid

pentaphyllum | dammarane-type sensitivity; activates | oxidation; suppresses
saponins AMPK; may enhance | adipogenesis; may
glucose utilization reduce abdominal fat
and improve lipid
metabolism [21]
8 Phaseolus Phaseolamin/a- Inhibits pancreatic - | Reduces carbohydrate
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vulgaris L. | amylase inhibitor; | amylase; reduces starch | availability/absorption
(White kidney | lectins; polyphenols digestion and | and may support
bean) postprandial glucose | body-weight

elevation management [22]

9 Panax ginseng | Ginsenosides; May enhance insulin | May influence lipid
polysaccharides; sensitivity and modulate | metabolism, AMPK
polyacetylenes; PI3K/Akt and AMPK | signaling and energy
phenolic compounds signaling; may improve | homeostasis; may

glucose uptake reduce adipogenesis

10 Aegle Marmelosin; aegeline; | May inhibit a- | Potential lipid-

marmelos flavonoids;  tannins; | glucosidase; may | lowering and
coumarins enhance insulin action | antioxidant  effects;

and reduce oxidative | may improve

stress metabolic dysfunction

11 Syzygium Anthocyanins; ellagic | May inhibit | May improve lipid

cumini acid; jamboline; | carbohydrate-digesting profile and reduce
flavonoids; tannins enzymes; supports | oxidative stress
glucose utilization and | associated with

antioxidant defense obesity

12 Curcuma longa | Curcumin; Improves insulin | Suppresses

L. (Turmeric) | demethoxycurcumin; sensitivity; modulates | adipogenesis and
bisdemethoxycurcumin | AMPK and PI3K/Akt; | lipogenesis;
reduces oxidative stress | modulates AMPK and
and inflammatory | inflammatory
signaling pathways

Table 2. Key molecular targets linking herbal mechanisms to diabetes and obesity

Molecular Effect of modulation Metabolic consequence Representative herbs

target/pathway

a-Amylase Inhibition Reduced starch digestion and | M. charantia; P. vulgaris;
postprandial glucose fenugreek

a-Glucosidase | Inhibition Delayed intestinal glucose | M. charantia; cinnamon;
absorption A. marmelos

DPP-4 Inhibition/modulation Prolonged incretin activity | Selected polyphenol- and
and improved  glucose | alkaloid-rich herbs
regulation

IRS- Activation/restoration Improved insulin signaling | M. charantia; berberine;

1/PI3K/Akt and glucose uptake ginseng

GLUT4 Increased translocation Increased  skeletal-muscle | M. charantia; cinnamon;
and adipose glucose uptake berberine

AMPK Activation Increased glucose uptake and | Berberine; green tea; G.
fatty-acid oxidation; reduced | pentaphyllum; turmeric
lipogenesis

PPARy Modulation Regulation of adipocyte | Berberine; polyphenols
differentiation and insulin
sensitivity

ACC/FAS Inhibition/downregulation | Reduced fatty-acid synthesis | Green tea; curcumin;

polyphenols

UCP1 Upregulation Increased thermogenesis and | Green tea and selected

energy expenditure polyphenols
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NF- Suppression Reduced metabolic | M. charantia; berberine;
kB/INK/MAPK inflammation curcumin
Oxidative-stress | Antioxidant modulation Protection of p-cells and | M. charantia; cinnamon;
pathways metabolic tissues turmeric; green tea
Gut microbiota | Modulation Altered inflammation, | Berberine; green tea;
energy  metabolism  and | polyphenols
metabolic signaling
Integrated Mechanisms of Herbs Against meta-analyses  for ~ Momordica  charantia,

Diabetes and Obesity

The diabetes—obesity axis is influenced by
interconnected pathways involving carbohydrate
digestion, insulin signaling, AMPK, PPARs,
adipogenesis, lipogenesis, inflammation, oxidative
stress and gut microbiota. Consequently, multi-
target herbal preparations may influence several
metabolic abnormalities simultaneously, although
mechanistic activity observed in experimental
models should not be equated automatically with
clinical efficacy.(3-8,12)
Role of Phytochemicals
Obesity Axis

Polyphenols, alkaloids, saponins and triterpenoids
constitute major classes of bioactive compounds
investigated for metabolic effects. Their reported
actions include modulation of AMPK, PI3K/Akt,
GLUT4, PPARy, inflammatory signaling and
oxidative-stress pathways. (5,12,17,23)

Gut Microbiota as an Emerging Mechanism
The gut microbiome can influence energy
harvesting, intestinal barrier function, bile-acid
metabolism and inflammation. Several plant-
derived compounds, particularly berberine and
polyphenols, have been investigated for their
ability to modify gut microbial composition and
microbial metabolites, providing a potential link
between  herbal therapy and  metabolic
homeostasis.(17,24)

Oxidative Stress and Inflammation

Chronic hyperglycemia and obesity are associated
with oxidative stress and low-grade inflammation.
Important mediators include TNF-a, 1L-6, NF-xB
and JNK. Plant-derived phenolics, triterpenoids
and alkaloids may attenuate these pathways while
enhancing antioxidant defenses.(11,17,23)
Clinical Evidence and Translational Challenges
Translation from experimental models to clinical
practice is limited by differences in plant species,
plant part, extraction procedure, phytochemical
concentration, dose and study design. Clinical

in the Diabetes—

Gymnema sylvestre, cinnamon and green tea
demonstrate potentially beneficial effects but also
substantial heterogeneity.(10,13,15,19,20)

12. Safety and Herb-Drug Interactions
Medicinal plants should not automatically be
considered risk-free. Potential concerns include
hypoglycemia when combined with antidiabetic
medicines, hepatic or renal adverse effects, herb—
drug interactions, contamination, adulteration and
variability in phytochemical content.
Standardization and pharmacovigilance are
therefore essential for clinical translation.(25)

13. Future Perspectives

Future research should emphasize authentication
and standardization of plant material, chemical
fingerprinting, pharmacokinetic characterization,
multi-omics, network pharmacology, artificial
intelligence-assisted  target  discovery and
adequately powered randomized clinical trials.
These approaches can help connect traditional
medicinal ~ knowledge  with  reproducible
mechanism-based phytopharmaceutical
development. (2,3,26)

Conclusion

Medicinal herbs represent a diverse source of
bioactive compounds capable of influencing
multiple pathways involved in diabetes and
obesity. Important mechanisms include inhibition
of a-amylase and a-glucosidase, enhancement of
insulin secretion, IRS-1/PI3K/Akt and GLUT4
signaling, AMPK activation, PPAR modulation,
suppression of adipogenesis and lipogenesis,
stimulation of fatty-acid oxidation, attenuation of
oxidative stress and inflammation, and modulation
of gut microbiota. However, differences in
preparations and the variable quality of clinical
evidence mean that individual herbal products
should be evaluated on the basis of standardized
composition, efficacy, safety and clinical evidence

International Journal of Pharmacy & Life Sciences

Volume 16 Issue 6: June 20258



Review Article
CODEN (USA): IJPLCP

ISSN: 0976-7126
Koka & Dwivedi, 16(6):57-63, 2025

rather

than traditional use alone.

(2,3,10,13,15,17,19)
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