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1. ABSTRACT:

Diabetes mellitus is a long-standing metabolic disease marked by high blood glucose levels due to defects in insulin secretion, insulin action, or both. With the
drawbacks of traditional treatments like side effects, resistance, and costliness, interest in the use of herbal medicine has been on the increase. Herbal medicines
provide a natural, multi-targeted, and generally safe means of treating diabetes. This article updates mechanisms, significant herbs, clinical data, security measures,
and the way ahead of herbal medicine usage in managing diabetes.

2. Introduction

Diabetes mellitus is one of the commonest and heaviest health dilemmas worldwide. Based on estimates from the International Diabetes Federation,
nearly 537 million adults worldwide lived with diabetes in 2021, estimated to increase by 2045 to 783 million {1}. The illness results in severe
complications such as nephropathy, neuropathy, retinopathy, and cardiovascular disorders {2}. Despite the fact that insulin and oral hypoglycemics like
metformin and sulfonylureas are still the cornerstone of therapy, their shortfalls have compelled research into alternative herbal remedies {3}.
Traditionally, herbal drugs have been extensively used and are increasingly gaining acceptance through current research {4}.

3. Mechanisms of Action of Herbal Antidiabetic Agents

Herbal remedies produce their antidiabetic actions through various mechanisms, such as:

Augmentation of Insulin Secretion: Pancreatic -cell function is stimulated by some herbs, thus enhancing insulin secretion {5}.

Insulin Sensitivity Improvement: Some phytochemicals increase insulin receptor sensitivity, allowing for greater glucose uptake {6}.

Carbohydrate Digestive Enzyme Inhibition: a-glucosidase and a-amylase are inhibited by herbs, reducing carbohydrate absorption {7}.

Antioxidant Activity: Most herbal compounds exhibit strong antioxidant activity, lowering oxidative stress associated with diabetes complications {8}.

Modulation of Inflammatory Pathways: Inflammation is a key factor in diabetes pathogenesis, and anti-inflammatory herbs modulate disease progression

{9}.

4, Common Herbal Remedies Used in Diabetes

4.1 Gymnema sylvestre
Gymnema sylvestre is referred to as the "sugar destroyer," and it stimulates insulin secretion, renews pancreatic cells, and blocks glucose uptake from
the intestine {10}.

4.2 Momordica charantia (Bitter Melon)
Bitter melon has active ingredients such as charantin and polypeptide-p that imitate insulin action, decrease blood sugar levels, and enhance glycogen

synthesis {11}.

4.3 Trigonella foenum-graecum (Fenugreek)
Fenugreek seeds have soluble fiber and 4-hydroxyisoleucine, which increase insulin secretion, delay glucose absorption, and better lipid profiles {12}.

4.4 Allium sativum (Garlic)
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Garlic is known for its sulfur constituents that cause hypoglycemia through increased insulin sensitivity and diminished oxidative stress {13}.

4.5 Curcuma longa (Turmeric)
Curcumin, the active ingredient of turmeric, has anti-inflammatory and insulin-sensitizing effects and is useful in the management of diabetes {14}.

4.6 Salacia reticulata
This herb suppresses intestinal enzymes that are responsible for carbohydrate digestion, thus reducing postprandial blood glucose levels {15}.

4.7 Aloe vera
Aloe vera gel has been found to reduce fasting blood glucose levels and lipid profiles in diabetic patients {16}.

5. Clinical Evidence and Human Trials

Various clinical trials have examined the efficacy of herbal drugs in the management of diabetes:

Gymnema sylvestre supplementation prominently lowered HbAlc and fasting blood glucose levels among patients with type 2 diabetes {17}.
Bitter melon extract showed a significant reduction in blood glucose levels in randomized controlled trials {18}.

Fenugreek seed supplementation enhanced glucose tolerance and lipid profile in diabetic patients {19}.

Administration of garlic resulted in decreases in fasting blood glucose and HbAZ1c levels in clinical practice {20}.

Supplementation with curcumin correlated with enhanced insulin sensitivity and reduced inflammation in diabetic patients {21}.

Larger, multicentric, and long-term studies are required to define optimal dosing and efficacy profiles {22}.

6. Safety and Standardization

The phytochemical content of herbal medicines is generally favorable, but variability in content, contamination, and interaction with standard drugs pose
challenges {23}. Standardization of extracts to a particular bioactive compound (e.g., gymnemic acids, curcumin) is essential to ensure consistent
therapeutic effects {24}. There is a need for regulatory guidelines to ensure quality and safety of herbal products {25}.

7. Challenges and Future Directions

Although with promising outcomes, herbal medicine use in diabetes management has a number of challenges:

Scientific Validation: Most herbal preparations have no rigorous scientific evidence supporting their application {26}.

Regulatory Oversight: Herbal remedies are usually sold with little or no regulatory attention, raising concerns about safety {27}.
Phytochemical Variation: Plant-based medicines exhibit variability with variations in cultivation, harvesting, and processing {28}.
Patient Awareness: Lack of awareness regarding potential risks and benefits restricts the effective use of herbal therapies {29}.

Future directions involve nanotechnology to improve the bioavailability of herbal compounds, Al-aided drug discovery from phytochemicals, and the
development of integrative medicine clinics that integrate herbal and conventional medicine {30}.

8. Conclusion

Herbal drugs are a promising adjuvant or alternative therapy for diabetes. Their multiple mechanisms of action, natural source, and relatively low
frequency of side effects make them different from conventional drugs. However, to maximize their potential, there is a need to standardize herbal
products, prove efficacy using scientific trials, provide regulatory protection, and increase education among physicians and patients. Ongoing research
and development will lead to their acceptance as part of mainstream diabetes treatment.
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