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ABSTRACT

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder characterized by insulin
resistance, impaired insulin secretion, and progressive B-cell dysfunction. The global rise in
T2DM prevalence has intensified the search for safer, cost-effective, and long-term
management strategies beyond conventional pharmacotherapy. Herbal formulations have
emerged as potential alternatives owing to their multifaceted mechanisms, accessibility, and
cultural acceptance. This review highlights the pharmacological basis, clinical evidence, and
future perspectives of herbal medicines in managing T2DM, with a focus on their role in
improving insulin sensitivity, enhancing B-cell function, and reducing oxidative stress. The
strengths, limitations, and regulatory challenges of herbal interventions are also discussed.

Keywords: Type 2 diabetes mellitus (T2DM), insulin resistance, impaired insulin
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Graphical Abstract: Herbal Management of Type 2 Diabetes
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) represents
more than 90% of all diabetes cases globally
and is associated with increased risks of
cardiovascular  disease, = nephropathy,
retinopathy, and neuropathy [1]. Current
therapeutic options include metformin,
sulfonylureas, DPP-4 inhibitors, GLP-1

receptor agonists, and insulin [2]. While

effective, these medications are often

associated with side effects, high costs, and

issues of patient adherence  [3].
Consequently, interest in herbal
formulations as  complementary  or
alternative management strategies has

grown, particularly in India, China, and
other regions where traditional medicine

systems are well established [4].
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Figure 1: Prevalence of Type 2 Diabetes (2025 Estimates)
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Role of Herbal Medicine in T2DM

Herbal formulations, especially those rooted
in Ayurveda, Unani, and Traditional Chinese
Medicine  (TCM), are increasingly
researched for their antidiabetic potential.
Plants such as Momordica charantia (bitter

melon), Gymnema sylvestre (gurmar),

Trigonella foenum-graecum (fenugreek),
and Tinospora cordifolia (giloy) have
demonstrated hypoglycemic activity [S, 6].
Polyherbal combinations, which leverage
commonly

synergistic  effects, are

prescribed in Ayurveda for glycemic control

[7].
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Figure 2: Effect of Herbal Formulations on Fasting Blood Glucose
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Mechanism of Action of Herbal
Formulations

Herbal medicines target multiple pathways
relevant to diabetes management:

e Enhancing Insulin  Sensitivity:
Extracts of  Curcuma  longa
(curcumin) and Cinnamomum cassia
have shown PPAR-y activation [8].

e Stimulating Insulin  Secretion:
Gymnema sylvestre extracts

regenerate pancreatic B-cells [9].

Reducing  Glucose  Absorption:
Saponins from fenugreek inhibit
intestinal glucose transporters [10].
Antioxidant Effects: Polyphenols in
Camellia sinensis (green tea) reduce
oxidative stress linked to [-cell
apoptosis [11].

Anti-inflammatory Properties: Aloe
vera and Nigella sativa modulate

cytokine activity [12].
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Figure 3: Mechanisms of Action of Herbal Formulations
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Table 1: Common Herbal Formulations in T2DM Management

Clinical
Herb (Scientific Name)  Active Compound(s) Mechanism of Action
Evidence
Momordica charantia Insulin mimetic activity,
Charantin, polypeptide-P [Ref 5, 8]
(Bitter melon) improves glucose uptake
Trigonella foenum- 4-hydroxyisoleucine, Improves insulin sensitivity, [Ref 9, 11]
e
graecum (Fenugreek) galactomannan delays glucose absorption ’

Regeneration of p-cells,
Gymnema sylvestre Gymnemic acids [Ref 12, 15]
suppresses sweet taste

Antioxidant, anti-
Curcuma longa

Curcumin inflammatory, improves lipid [Ref 16, 18]
(Turmeric)

metabolism
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CLINICAL EVIDENCE AND TRIALS
Several clinical studies have evaluated the
efficacy of herbal formulations:
e Bitter melon capsules improved
fasting glucose in T2DM patients
over 12 weeks [13].
o Fenugreek supplementation reduced
postprandial glucose levels and

improved HbAlc [14].

e Polyherbal Ayurveda formulations
such as “Nisha Amalaki” (turmeric +
amla) demonstrated significant
improvements in glycemic indices
[15].

e A meta-analysis of TCM herbal
combinations  showed  positive

effects on HbAlc reduction, with

fewer side effects compared to

synthetic drugs [16].

Table 2: Comparison between Herbal and Conventional Antidiabetic Treatments

Conventional Therapy

Mostly insulin

secretion/sensitivity

Hypoglycemia, weight gain,

organ toxicity
High (esp. insulin, newer drugs)

Moderate to poor (side effects,

injections)

Parameter Herbal Formulations
Multi-target (insulin sensitivity, p-cell
Mechanism
protection, antioxidant)
Generally mild (GI upset, allergy in rare
Side Effects Y paet &Y
cases)
Cost Low to moderate
Patient
Better (natural source, cultural acceptance)
Compliance
COMPARATIVE DISCUSSION

While  conventional drugs  provide
predictable outcomes and standardized
dosing, herbal formulations offer multi-

targeted actions with reduced toxicity [17].

However, challenges include variability in

formulation quality, lack of standardization,
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and limited large-scale randomized
controlled trials [18].
CHALLENGES AND FUTURE
PERSPECTIVES
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The integration of herbal medicine into
mainstream diabetes care requires:
e Rigorous clinical validation through

multicentric RCTs.

¢ Standardization of herbal
formulations to ensure
reproducibility.

o Collaboration between traditional
medicine practitioners and modern
pharmacologists [19, 20].

CONCLUSION

Herbal formulations hold promising
potential in managing T2DM by targeting
multiple  pathogenic  pathways  with
relatively fewer side effects. However, their
integration into evidence-based medicine
requires standardized formulations, robust
clinical data, and stronger regulatory
oversight.
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