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1. ABSTRACT :

Diabetes mellitus, a persistent metabolic disease characterized by hyperglycemia, remains a common condition affecting millions of people around the world. With
the disadvantage of synthetic antidiabetic medicines—Ilike side effects, resistance, and excessive cost—herbal remedies have emerged as an encouraging substitute
due to their polyvalent curative effects, low cost, and natural nature. Various medicinal plants display antidiabetic effects through actions like insulin sensitization,
beta-cell regeneration, and enhancement of glucose uptake. This review discusses the use of herbal drugs in the management of diabetes, including mechanisms of
action, herbs used, clinical efficacy, and challenges involved.

2. Introduction

Diabetes is a multi-factorial condition that is mainly classified into type 1, type 2, and gestational diabetes. In the year 2021, more than 537 million adults
had diabetes as reported by the International Diabetes Federation, and this number is anticipated to increase to 783 million in the year 2045 {1}.
Pathophysiology of diabetes entails abnormalities in insulin secretion, insulin action, or both, that result in chronic hyperglycemia with related conditions
like neuropathy, nephropathy, and retinopathy {2}.

Traditional pharmacotherapy comprises insulin and oral hypoglycemic agents like sulfonylureas, biguanides, and DPP-4 inhibitors. Long-term use is,
however, frequently constrained by side efefcts, excessive expense, and suboptimal glycemic control {3}. Herbal drugs have also drawn attention as
complementary or alternative treatments, particularly in the developing world where traditional medicine constitutes an important component of
healthcare systems {4}.

3. Mechanisms of Action of Herbal Antidiabetic Agents

Herbal medications act through several mechanisms:

«\tinsulin Mimetic Activity: Certain phytochemicals directly activate insulin receptors or increase glucose transporter (GLUT4) translocation, duplicating
the actions of insulin {5}.

«\tProtection and Regeneration of Beta-Cells: Some herbs stimulate pancreatic 3-cell regeneration, which are usually destroyed in diabetes {6}.
\tCarbohydrate Digestive Enzyme Inhibition: Flavonoids and alkaloids inhibit a-amylase and a-glucosidase, slowing carbohydrate absorption {7}.
*\tAntioxidant and Anti-inflammatory Effects: Oxidative stress is one of the key players in diabetic complications. Herbal antioxidants decrease oxidative
burden, thereby safeguarding pancreatic and vascular tissues {8}.

*\tModulation of Gut Microbiota: It is suggested in recent studies that polyphenolic herbs modulate the gut microbiome, leading to enhanced insulin
sensitivity {9}.

4. Common Herbal Remedies Used in Diabetes
Several plants have been shown to reduce blood glucose levels. Some of the well-studied herbs are listed below:
4.1. Gymnema sylvestre

Commonly referred to as "sugar destroyer," Gymnema is said to inhibit sweet taste perception and induce insulin secretion. Gy mnemic acids stimulate
pancreatic regeneration and inhibit intestinal glucose uptake {10}.
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4.2. Momordica charantia (Bitter Melon)

Polypeptide-p, charantin, and vicine are found in bitter melon and have a hypoglycemic effect comparable to insulin {11}. It also regulates glucose uptake
by muscle cells and liver glycogen storage.

4.3. Trigonella foenum-graecum (Fenugreek)

Rich in soluble fiber and 4-hydroxyisoleucine, fenugreek promotes insulin secretion and sensitivity and slows down gastric emptying {12}.

4.4. Allium sativum (Garlic)

Allicin and sulfur-containing materials in garlic benefit lipid profiles and minimize oxidative stress, indirectly supporting glycemic management {13}.
4.5. Curcuma longa (Turmeric)

Curcumin, the active ingredient, lowers blood glucose by modulating inflammatory cytokines and increasing insulin receptor activity {14}.

4.6. Ocimum sanctum (Holy Basil)

Tulsi is found to enhance insulin release, decrease fasting blood glucose, and inhibit lipid peroxidation in diabetic models {15}.

4.7. Aloe vera

Aloe has glucomannan and phytosterols that decrease fasting blood sugar and enhance lipid metabolism {16}.

5. Clinical Evidence and Human Trials

There are several clinical studies that prove the effectiveness of herbal medicines in diabetes control:

«\tin an RCT involving Gymnema sylvestre, HbAlc and fasting glucose concentrations significantly decreased among type 2 diabetics within 3 months
of application {17}.

*\tThe blood glucose of patients being treated with bitter melon juice reduced by 17% versus placebo {18}.

*\tFenugreek seeds decreased fasting as well as postprandial blood glucose substantially in a type 2 diabetes 6-week trial {19}.

* Curcumin supplementation enhanced f-cell function and decreased insulin resistance in a 9-month clinical trial {20}.

Although evidence is encouraging, additional large-scale, long-term trials are required to verify these results and determine dose-response relationships

{21}.

6. Safety and Standardization

One of the biggest challenges to herbal therapy is the non-standardization of preparation, dosage, and active compound concentration {22}. Cross-
reactivity with orthodox antidiabetic medications can also take place, with the result of either hypoglycemia or hepatotoxicity {23}.

The World Health Organization (WHO) supports the incorporation of traditional medicine into the health systems, but only if there are proper safety,
efficacy, and quality control mechanisms available {24}.

Work is being done on formulating standardized extracts with specific levels of bioactive markers like gymnemic acid, curcumin, and 4-hydroxyisoleucine

{25}.

7. Challenges and Future Directions

Notwithstanding the potential benefits, there are challenges to be overcome:

«Scientific Validation: Most herbal claims are anecdotal or not well documented. There is a need for proper scientific validation {26}.

*\tRegulatory Control: Herbal supplements tend to circumvent the strict regulatory systems imposed on chemical drugs. This can be risky in terms of
safety for consumers {27}.

*Phytochemical Variability: Variability in cultivation conditions, harvest time, and processing methods results in variability in phytochemical content
{28}.

*Public Awareness: Poor awareness and education among patients and physicians restrict the rational use of herbal drugs {29}.

Future Prospects

» Nanoformulations: Entrapment of herbal extracts in nanoparticles would enhance bioavailability and target-specific delivery {30}.

* Al in Phytomedicine: Artificial intelligence has the potential to predict herb-drug interactions and optimize polyherbal formulations.

* Integrative Medicine Clinics: The presence of evidence-based herbal therapy clinics along with allopathic hospitals could transform the management of
chronic diseases.
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8. Conclusion

Herbal drugs are a promising adjunct or alternative therapy for diabetes mellitus, with numerous mechanisms of action, few side effects, and possible
cost-effectiveness. With increasing scientific verification, improved standardization, and advanced delivery systems, herbal therapies can soon emerge
as an important component in integrative diabetes management. Ongoing research, education at the public level, and support from policy makers are
crucial to their universal acceptance and judicious utilization as natural antidiabetic agents.
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