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Abstract: Type-2 diabetes mellitus is a chronic metabolic disorder characterized by insulin resistance
and impaired glucose homeostasis. Conventional antidiabetic therapies, while effective, often present
adverse effects and limitations in long-term management. Herbal formulations, both single and
polyherbal, have been explored as adjuncts to conventional therapy due to their bioactive constituents
such as flavonoids, alkaloids, and polyphenols that modulate glucose metabolism, improve insulin
sensitivity, and reduce oxidative stress. This review summarizes recent evidence supporting the use of
herbal formulations as adjunct therapy in T2DM, mechanisms of action, clinical evidence, and potential
synergistic effects in polyherbal combinations.
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I. INTRODUCTION
Type-2 diabetes mellitus has emerged as a global health challenge, affecting more than 462 million people worldwide
(International Diabetes Federation, 2021). Conventional pharmacotherapy includes metformin, sulfonylureas, DPP-4
inhibitors, and insulin therapy; however, these approaches may cause gastrointestinal disturbances, hypoglycaemia, and
long-term complications (American Diabetes Association, 2023).
Herbal medicines have been widely used in traditional medicine systems such as Ayurveda, Traditional Chinese
Medicine, and Unani medicine for managing hyperglycaemia. The bioactive compounds present in medicinal plants
flavonoids, alkaloids, terpenoids, and phenolic acids exhibit diverse mechanisms including enhancing insulin secretion,
stimulating glucose uptake, inhibiting carbohydrate digestive enzymes, and reducing oxidative stress (Patel & Mishra,
2020).
Recent studies focus on herbal formulations as adjunct therapy with conventional drugs to enhance glycaemic control,
reduce drug dose requirements, and minimize side effects.
Type-2 diabetes mellitus is a chronic metabolic disorder characterized by insulin resistance, impaired insulin secretion,
and dysregulated glucose homeostasis. Globally, T2DM represents a significant public health challenge, with the
International Diabetes Federation (2021) reporting over 462 million people affected worldwide, and the prevalence
continuing to rise due to sedentary lifestyles, obesity, and aging populations. The disease is associated with multiple
complications, including cardiovascular diseases, nephropathy, neuropathy, retinopathy, and increased susceptibility to
infections (American Diabetes Association, 2023). Conventional management strategies primarily include
pharmacotherapy with oral hypoglycemic agents such as metformin, sulfonylureas, thiazolidinediones, DPP-4
inhibitors, and GLP-1 receptor agonists, as well as insulin therapy. While these treatments are effective in controlling
hyperglycemia, their long-term use is often associated with adverse effects including gastrointestinal disturbances,
weight gain, hypoglycemia, and potential drug resistance (Patel & Mishra, 2020).
Due to these limitations, there has been growing interest in complementary and alternative therapies, particularly herbal
medicines, as adjuncts in diabetes management. Herbal formulations have been widely used in traditional medicine
systems such as Ayurveda, Traditional Chinese Medicine, Unani, and other ethnobotanical practices for centuries to
manage hyperglycemia and its associated complications. The therapeutic efficacy of medicinal plants in diabetes has
been attributed to their bioactive constituents, including flavonoids, alkaloids, terpenoids, saponins, and phenolic acids,
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which exert hypoglycemic effects through multiple mechanisms such as stimulating insulin secretion, enhancing
glucose uptake, inhibiting carbohydrate digestive enzymes, and reducing oxidative stress (Shanmugasundaram et al.,
1990; Jang et al., 2019).

Herbal formulations may be administered as single-herb extracts or as polyherbal combinations, with polyherbal
formulations often demonstrating synergistic effects that enhance antidiabetic efficacy. These synergistic interactions
may occur through complementary mechanisms of action, such as simultaneous inhibition of a-amylase and o-
glucosidase enzymes, modulation of peroxisome proliferator-activated receptor gamma, and improvement in insulin
receptor sensitivity (Li et al., 2022). For instance, polyherbal combinations containing Gymnema sylvestre, Momordica
charantia, Trigonella foenum-graecum, and Cinnamomum verum have been shown to significantly reduce fasting blood
glucose, postprandial glucose, and glycosylated hemoglobin in T2DM patients when used alongside standard
pharmacotherapy (Rao et al., 2021).

The mechanisms underlying the hypoglycemic activity of herbal formulations are diverse. Certain phytoconstituents
stimulate pancreatic B-cells to secrete insulin, while others enhance peripheral glucose uptake by improving the activity
of glucose transporter proteins in muscle and adipose tissues (Patel & Mishra, 2020). Additionally, flavonoids and
polyphenols exert antioxidant effects by scavenging free radicals, thereby reducing oxidative stress, which is a major
contributor to B-cell dysfunction and diabetic complications (Jang et al., 2019). Inhibition of carbohydrate digestive
enzymes, such as a-amylase and o-glucosidase, by herbal extracts reduces postprandial hyperglycemia and improves
overall glycemic control. These multifaceted mechanisms highlight the potential of herbal formulations as adjunct
therapy, complementing conventional antidiabetic drugs to achieve more effective and safer management of T2DM.
Several clinical studies have evaluated the efficacy and safety of herbal formulations in T2DM management. Gymnema
sylvestre, for instance, has demonstrated the potential to regenerate pancreatic B-cells, improve insulin secretion, and
reduce blood glucose levels without adverse effects (Shanmugasundaram et al., 1990). Similarly, polyherbal
formulations incorporating Momordica charantia, Trigonella foenum-graecum, and Cinnamomum verum have shown
significant improvements in glycemic indices and lipid profiles in T2DM patients (Rao et al., 2021). Meta-analyses and
systematic reviews further support the use of herbal formulations as adjunct therapy, indicating improvements in fasting
blood glucose, postprandial glucose, HbAlc, and oxidative stress markers when combined with conventional
antidiabetic medications (Li et al., 2022).

Despite the promising therapeutic potential, the clinical application of herbal formulations requires careful
consideration of safety, quality, standardization, and potential herb-drug interactions. Factors such as the method of
extraction, dosage, preparation, and storage conditions significantly influence the efficacy and safety of herbal products.
Moreover, variability in the concentration of bioactive compounds among different plant sources poses challenges in
standardizing herbal formulations (Patel & Mishra, 2020). Monitoring for hypoglycemia, hepatic, and renal toxicity is
essential when combining herbal products with conventional pharmacotherapy to ensure patient safety.

Recent research has also focused on developing novel delivery systems to enhance the bioavailability and therapeutic
efficacy of herbal extracts. Nanoparticle-based formulations, encapsulation techniques, and controlled-release systems
have been explored to improve the stability, absorption, and targeted delivery of phytoconstituents (Jang et al., 2019).
Such advancements in formulation technology, combined with rigorous clinical evaluation, hold promise for integrating
herbal therapy into mainstream diabetes management strategies.

Herbal formulations, both single and polyherbal, offer considerable potential as adjunct therapy in T2DM management
by targeting multiple pathophysiological pathways, improving glycemic control, and reducing the risk of diabetic
complications. Their multifactorial mechanisms, synergistic interactions in polyherbal combinations, and favorable
safety profile make them attractive complements to conventional pharmacotherapy. Further research focusing on
standardization, mechanistic insights, clinical trials, and novel formulation strategies is essential to establish evidence-
based guidelines for their safe and effective use in diabetes management. Integrating herbal formulations as adjuncts
can enhance patient outcomes, reduce medication-related adverse effects, and contribute to a holistic approach to

T2DM care.
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MECHANISM OF ACTION OF HERBAL FORMULATIONS

1. Enhancement of Insulin Secretion

Insulin secretion from pancreatic B-cells plays a central role in maintaining glucose homeostasis. In type-2 diabetes
mellitus, impaired B-cell function leads to insufficient insulin release, contributing to chronic hyperglycemia (American
Diabetes Association, 2023). Several herbal formulations and bioactive phytoconstituents have been reported to
enhance insulin secretion by directly stimulating B-cells or modulating intracellular signaling pathways. For instance,
Gymnema sylvestre leaf extracts contain gymnemic acids, which have been shown to regenerate -cells and promote
insulin secretion in streptozotocin-induced diabetic models (Shanmugasundaram et al., 1990). Similarly, Momordica
charantia contains charantin and polypeptide-p, which stimulate pancreatic -cells and enhance insulin release, resulting
in improved glycemic control (Joseph & Jini, 2013).

The mechanisms by which herbal extracts enhance insulin secretion are multifactorial. Many bioactive compounds
activate intracellular signaling cascades such as the cyclic AMP/protein kinase A pathway or the phosphatidylinositol
3-kinase/Akt pathway, leading to increased insulin exocytosis (Patel & Mishra, 2020). Flavonoids and alkaloids from
medicinal plants have been reported to improve f-cell sensitivity to glucose, increase calcium influx, and upregulate
insulin gene expression, thereby promoting sustained insulin secretion (Jang et al., 2019).

Polyherbal formulations often exert synergistic effects, combining multiple phytoconstituents to enhance B-cell function
more effectively than single-herb extracts. Clinical and preclinical studies have demonstrated that such formulations
can improve fasting blood glucose and postprandial glucose levels while reducing HbAlc, indicating enhanced
endogenous insulin secretion (Rao et al., 2021). Thus, targeting insulin secretion through herbal adjunct therapy
represents a promising strategy for improving glycemic control in T2DM patients, complementing conventional
antidiabetic medications while potentially reducing adverse effects.

Certain herbs stimulate pancreatic -cells to secrete insulin. For example:

Formula 1: Insulinotropic effect

. Blood glucose reduction ; s ;
Glucose uptake = - » Biloactive concentration
Treatment time

Example Herbs: Momordica charantia, Gymnema sylvestre

2. Improvement of Insulin Sensitivity
Polyherbal formulations can improve insulin receptor sensitivity via activation of PPAR-y and AMPK pathways (Jang
et al., 2019).
Insulin resistance is a hallmark of type-2 diabetes mellitus, characterized by the impaired ability of peripheral tissues,
particularly skeletal muscle, adipose tissue, and the liver, to respond to insulin. This leads to elevated blood glucose
levels and compensatory hyperinsulinemia, eventually contributing to B-cell dysfunction (American Diabetes
Association, 2023). Improving insulin sensitivity is therefore a critical therapeutic target in managing T2DM. Herbal
formulations, both single and polyherbal, have demonstrated significant potential in enhancing insulin sensitivity
through multiple mechanisms, including activation of key intracellular signaling pathways, modulation of glucose
transporter expression, and reduction of inflammatory mediators.
Polyphenols, flavonoids, and saponins present in medicinal plants such as Cinnamomum verum, Trigonella foenum-
graecum, and Berberis vulgaris have been shown to activate the peroxisome proliferator-activated receptor gamma and
AMP-activated protein kinase pathways, resulting in increased glucose uptake in skeletal muscle and adipocytes (Patel
& Mishra, 2020; Jang et al., 2019). Additionally, these phytoconstituents improve insulin receptor sensitivity by
enhancing receptor phosphorylation and downstream signaling, thereby facilitating more efficient glucose utilization in
peripheral tissues.
Clinical and preclinical studies have reported that polyherbal formulations combining herbs with complementary
mechanisms can synergistically enhance insulin sensitivity. For example, combinations of Gymnema sylvestre,
Momordica charantia, and Trigonella foenum-graeccum have demonstrated reductlons in fastlng blood glucose,
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postprandial glucose, and HbAlc levels in T2DM patients, highlighting improved peripheral insulin responsiveness (Li
et al., 2022; Rao et al., 2021). Furthermore, many of these herbal extracts exhibit anti-inflammatory and antioxidant
properties, reducing chronic low-grade inflammation and oxidative stress, which are key contributors to insulin
resistance (Patel & Mishra, 2020).
Thus, herbal formulations that enhance insulin sensitivity provide a promising adjunctive strategy in T2DM
management. By targeting multiple pathways simultaneously, these formulations not only improve glycemic control but
also help mitigate the risk of complications associated with insulin resistance, offering a complementary approach
alongside conventional pharmacotherapy.
Formula 2: Insulin Sensitivity Index
2
Fasting glucose (mg/dL) x Fasting insulin (nU/mL)

ISI =

3. Inhibition of Carbohydrate Digestive Enzymes

Herbal extracts inhibit a-amylase and a-glucosidase, reducing postprandial glucose levels.

Postprandial hyperglycemia is a major contributor to the development and progression of type-2 diabetes mellitus. One
effective strategy to control postprandial glucose levels is the inhibition of carbohydrate-digesting enzymes, such as a-
amylase and a-glucosidase, which are responsible for breaking down complex carbohydrates into absorbable glucose
(American Diabetes Association, 2023). Several herbal formulations have been investigated for their ability to inhibit
these enzymes, thereby delaying carbohydrate digestion and absorption and contributing to improved glycemic control.
Herbal bioactive compounds, including flavonoids, polyphenols, alkaloids, and tannins, exhibit potent a-amylase and o-
glucosidase inhibitory activities. For example, Trigonella foenum-graecum seeds contain galactomannans and saponins
that inhibit a-amylase, while Punica granatum extracts rich in polyphenols inhibit a-glucosidase activity (Patel &
Mishra, 2020). Polyherbal formulations combining these and other antidiabetic herbs have demonstrated synergistic
effects, producing stronger enzyme inhibition than single-herb extracts, which can result in reduced postprandial
glucose excursions (Jang et al., 2019).

The effectiveness of herbal extracts in enzyme inhibition is commonly evaluated using in vitro assays, where the
percentage inhibition is calculated as:

fL'untml - 4‘:15&111:[}]&
Ac'nnt rol

Where A ool is the absorbance of the enzyme reaction without the inhibitor and Agmpie is the absorbance with the
herbal extract (Rao et al., 2021). Clinical studies have shown that polyherbal formulations that inhibit a-amylase and a-
glucosidase significantly reduce postprandial glucose and HbAlc levels in T2DM patients when used alongside
standard therapy, without notable adverse effects (Li et al., 2022).

Therefore, inhibition of carbohydrate-digestive enzymes by herbal formulations represents a promising adjunctive
approach for controlling postprandial hyperglycemia, complementing conventional antidiabetic medications and
improving overall glycemic management.

YoInhibition = x 100

Herb/Formula Target Enzyme Inhibition (%)
Trigonella foenum-graecum a-amylase 45%
Punica granatum a-glucosidase 52%
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Polyherbal formulation a-amylase + a-glucosidase 60%

ANTIOXIDANT AND ANTI-INFLAMMATORY ACTIVITY

Hyperglycaemia induces oxidative stress, which exacerbates diabetic complications. Polyphenols and flavonoids
scavenge free radicals and reduce inflammatory markers.

Oxidative stress and chronic low-grade inflammation play crucial roles in the pathogenesis and progression of type-2
diabetes mellitus. Hyperglycemia induces excessive production of reactive oxygen species, leading to oxidative damage
in pancreatic B-cells, insulin target tissues, and vascular endothelium (American Diabetes Association, 2023). This
oxidative stress, combined with the activation of pro-inflammatory pathways, contributes to insulin resistance, p-cell
dysfunction, and the development of diabetic complications. Herbal formulations, rich in bioactive compounds such as
polyphenols, flavonoids, saponins, and alkaloids, have demonstrated potent antioxidant and anti-inflammatory
activities, making them promising adjuncts in T2DM management.

Phytochemicals scavenge free radicals, chelate metal ions, and enhance endogenous antioxidant defenses by
upregulating enzymes like superoxide dismutase, catalase, and glutathione peroxidase (Patel & Mishra, 2020). For
example, Cinnamomum verum and Punica granatum extracts exhibit strong DPPH and ABTS radical scavenging
activities, which reduce oxidative stress in diabetic models (Jang et al., 2019). In addition, herbal formulations inhibit
the activation of nuclear factor kappa B (NF-kB) and reduce the expression of pro-inflammatory cytokines such as
TNF-a, IL-6, and CRP, thereby mitigating chronic inflammation associated with T2DM (Rao et al., 2021).

Clinical studies have indicated that polyherbal formulations combining antioxidant and anti-inflammatory herbs can
improve glycemic control, lipid profiles, and markers of oxidative stress in T2DM patients when used as adjuncts to
conventional therapy (Li et al., 2022). By reducing oxidative damage and inflammatory signaling, these formulations
not only enhance insulin sensitivity and p-cell function but also help prevent long-term diabetic complications such as
nephropathy, neuropathy, and cardiovascular disease.

The antioxidant and anti-inflammatory properties of herbal formulations play a pivotal role in complementing
conventional antidiabetic therapy, offering a multi-targeted approach to improving metabolic control and overall health
outcomes in T2DM patients.

Formula 3: DPPH Radical Scavenging Activity
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CLINICAL EVIDENCE

Several clinical studies support the adjunct use of herbal formulations in T2DM management:

Gymnema sylvestre supplementation improved HbAlc levels and fasting blood glucose when combined with standard
therapy (Shanmugasundaram et al., 1990).

Polyherbal formulations containing Momordica charantia, Trigonella foenum-graecum, and Cinnamomum verum
demonstrated significant postprandial glucose reduction without adverse effects (Rao et al., 2021).

A meta-analysis by Li et al. (2022) concluded that polyherbal formulations improved glycaemic indices and lipid
profiles when used as adjuncts in T2DM patients.

SAFETY AND TOXICITY

While herbal adjuncts are generally safe, quality control, standardization, and potential herb-drug interactions must be
considered. Monitoring for hypoglycaemia and hepatic or renal toxicity is recommended during combination therapy
(Patel & Mishra, 2020).
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II. CONCLUSION
Herbal and polyherbal formulations offer promising adjunctive therapy in T2DM by improving glycaemic control,
enhancing insulin sensitivity, and reducing oxidative stress. Standardization, clinical validation, and mechanistic studies
are essential for integrating these formulations into mainstream diabetes management.
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