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Abstract

Diabetes mellitus (DM) represents a severe, chronic
metabolic disorder characterized by persistent
hyperglycemia and a range of debilitating
complications, most notably cardiovascular disease
and chronic kidney disease. The pathology of DM
stems from elevated systemic blood glucose levels
triggered by impaired insulin secretion, action, or
overall homeostatic regulation. Left unmanaged, the
long-term progression of DM can result in life-
threatening complications, including retinopathy
(blindness), cardiovascular pathology, nephropathy
(kidney failure), and cerebrovascular accidents
(stroke). Despite significant advancements in
diabetic care over the last several decades, patient
morbidity and mortality rates remain critically high.
Consequently, there is an urgent need to identify
novel therapeutic avenues to alleviate the global
burden of this disease.An accessible, cost-effective,
and highly promising strategy for the prevention and
management of diabetes involves the integration of
bioactive medicinal plants, micronutrients, and
essential vitamins. This review article aims to
examine the underlying mechanisms of DM and
evaluate alternative treatment paradigms utilizing
botanical agents and key vitamins. To execute this
study, a comprehensive literature search was

conducted across major scientific databases—
including PubMed Central, Medline, and Google
Scholar—alongside clinical trial registries such as the
World Health Organization International Clinical
Trials Registry Platform (WHO ICTRP) to gather
relevant, high-quality studies.Data from a multitude
of scientific reports indicate that specific
phytochemical compounds found in medicinal
plants—such as Allium sativum (garlic), Momordica
charantia (bitter melon), Hibiscus sabdariffa L.
(roselle), and Zingiber officinale (ginger)—exhibit
potent hypoglycemic properties, offering substantial
potential for diabetes prevention and glycemic
control. Furthermore, clinical evidence suggests that
supplementation with vitamins C, D, E, or their
combined administration supports diabetic health by
lowering Dblood glucose, mitigating systemic
inflammation, reducing lipid peroxidation, and
stabilizing blood pressure. Despite these findings,
there remains a paucity of clinical research evaluating
the specific role of these botanicals and vitamins as
therapeutic or preventive agents in diabetes care. This
review seeks to bridge this existing literature gap by
investigating the pathology of DM and highlighting
the biological efficacy of the most promising
glucose-lowering medicinal plants and vitamins for
the prevention and treatment of the disease.(figurel)
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I. INTRODUCTION
Diabetes  mellitus  (DM)  causes  chronic
hyperglycemia and metabolic problems due to
inadequate insulin secretion or activity.
Insulin major anabolic hormone role influences
protein, fat, and carbohydrate metabolism .

2.1 Type 1 diabetes:

Type 1 diabetes is caused by the autoimmune
destruction of beta-insulin-producing pancreatic
cells.

Type 1 diabetes is the result of a combination of
random events, primarily unknown environmental
effects, and genetic predisposition. Its prevalence has
risen dramatically in the last two decades,
particularly among children under the age of five, due
to a range of factors such as environmental factors,
sun exposure, and population hygiene. Although the
illness is thought to affect an equal proportion of
persons over the age of 18, its prevalence in older
adults has received less attention from researchers
and the media. The disease most usually affects
people under the age of 18 .

2.2 Type 2 diabetes:

T2 diabetes, which accounts for more than 90% of
cases of diabetes mellitus, is characterized by tissue
insulin resistance (IR), insufficient compensatory
insulin secretory response, and insufficient insulin
secretion by pancreatic islet B-cells.

he number of people with type 2 diabetes has
increased at an unprecedented rate due to the global
rise in obesity, physical inactivity, and energy-dense
diets 4.

2.3 gestational Diabetes Mellitus (GDM):

gestational diabetes mellitus, or GDM, is a
contentious topic. Glucose intolerance that initially
manifests or is identified during pregnancy and goes
away after delivery is known as gestational diabetes
mellitus (GDM). after delivery, disappearance is
particularly crucial because diabetes mellitus Type 11
(DMII), which was previously unknown, is
frequently confused with GDMS.

A Global Burden & Indian Scenario :

According to the International Diabetes Federation
(IDF) Diabetes Atlas (10th Edition), an estimated 537
million adults(ages 20—79) were living with diabetes
globally in 2021, a figure projected to rise to 783
million by 2045. India is frequently designated as the
"Diabetes Capital of the World," housing over 77 to
101 million individuals diagnosed with diabetes and
an additional 136 million with prediabetes (ICMR-

INDIAB study). The rapid urbanization, dietary
transition towards high-calorie refined
carbohydrates, physical inactivity, and genetic
predisposition contribute significantly to this
escalating epidemic.

A Molecular
Interventions
Effective pharmacological glycemic control relies on
targeting specific physiological pathways involved in
glucose homeostasis:

Inhibition of Carbohydrate Digesting Enzymes:
Dual inhibition of intestinal luminal a-glucosidase
(maltase,sucrase) and pancreatic a-amylase delays
the breakdown of complex carbohydrates into
monosaccharides, thereby attenuating postprandial
glucose spikes.

Enhancement of Insulin Secretion: Closure of
ATP-sensitive potassium (KATP) channels on
pancreatic B-cell membranes triggers membrane
depolarization, opening voltage-gated Ca2+
channels, leading to exocytosis of insulin granules.
Sensitization of Peripheral Tissue Insulin
Receptors: Activation of Peroxisome Proliferator-
Activated Receptor gamma (PPAR-y) and AMP-
activated Protein Kinase (AMPK) signaling cascades
facilitates the translocation of Glucose Transporter 4
(GLUT-4) vesicles to cell membranes in skeletal
muscle and adipocytes.

Suppression of Hepatic Gluconeogenesis:
Downregulation of key gluconeogenic enzymes—
specificallyPhosphoenolpyruvate Carboxykinase
(PEPCK) and Glucose-6-Phosphatase (G6Pase)—
prevents excessive nocturnal hepatic glucose output.
Reduction of Oxidative Stress & Inflammation:
Scavenging reactive oxygen species (ROS) mitigates
chronic low-grade inflammation driven by NF-«xB,
protecting pancreatic P-cells against glucotoxicity
and apoptosis.

Targets for  Antidiabetic

II.  Medicinal plants used in treatment of
diabetes

Botanical Agents and Herbs in the Management of
Diabetes.

Historically, diverse global cultures have heavily
prioritized  botanical resources and herbal
preparations for therapeutic purposes. Contemporary
clinical research is increasingly exploring how these
ancestral remedies can be integrated into modern
diabetes management—either as complementary
therapies alongside standard pharmaceuticals or as
standalone natural options.When utilizing herbal
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therapies, the origin and standard of purity of each
plant are vital to achieving the desired therapeutic
outcome and avoiding adverse reactions. Patients
should always consult qualified healthcare providers
before starting any herbal regimen.

A Below is an overview of the key medicinal herbs
and plants currently being evaluated for their
antidiabetic properties:

1. American Ginseng (Panax quinquefolium)

This root appears to lower systemic blood glucose by
stimulating pancreatic insulin secretion. Clinical data
indicates that individuals managing type 2 diabetes
who take American ginseng either prior to or
alongside meals experience a noticeable reduction in
postprandial glycemic spikes.

2. Bay Leaf (Laurus nobilis)

Bay leaf has been shown to optimize insulin
efficiency at dietary doses as low as 500 mg (roughly
less than half a teaspoon). Similarly, everyday spices
such as cinnamon, cloves, turmeric, coriander, and
cumin exhibit strong properties that assist with
systemic blood sugar control.

Mechanism of action: Active compounds like
polyphenols and cinnamic acid make body cells more
responsive to insulin, helping lower blood sugar
levels.

3. Berberine

Clinical investigations suggest that administering
500 mg of berberine two to three times per day
regulates blood glucose and lipid metabolism with an
efficacy comparable to the standard pharmaceutical
drug metformin.

4. Bitter Gourd (Momordica charantia)

Frequently referred to as bitter melon, this vegetable
has garnered substantial scientific interest due to its
strong, natural blood-sugar-regulating properties.
Mechanisms of Action: Polypeptide-p acts as a
structural and functional mimic of human insulin,
binding directly to insulin receptors. Charantin and
momordicin stimulate pancreatic B-cell insulin
release, enhance peripheral glucose uptake in skeletal
muscle via AMPK activation and GLUT-4
expression, and inhibit hepatic  glucose-6-
phosphatase and fructose-1 ,6-bisphos phatase
enzymes.

5. Cayenne (Capsicum frutescens)

Commonly known as chili pepper, this plant contains
active compounds used in topical creams to ease the
burning pain associated with diabetic neuropathy.

6. Cinnamon

This widespread spice increases insulin sensitivity
while lowering circulating glucose and cholesterol in
type 2 diabetic patients.

Important Quality Note: Whole cinnamon contains
fat-soluble components like coumarin, which can be
toxic to the liver in high doses. For safety, patients
should use water-soluble cinnamon extracts (such as
Cinnulin PF or Cinnulin). Research also indicates
these water-soluble polymers offer neuroprotective
benefits, helping in the prevention of Alzheimer’s
disease (often referred to by researchers as "Type 3
Diabetes").

Mechanisms of Action: Type-A proanthocyanidins
phosphorylate the insulin receptor, activating
autophosphorylation of insulin receptor substrate-1
(IRS-1) and Phosphoinositide 3-kinase (PI3K)
cascades. This acts as a true insulin mimetic,
reducing fasting blood glucose and improving lipid
profiles (LDL-C, Triglycerides).

7. Curcumin (Turmeric)

Beyond its traditional culinary and wound-healing
uses, this active compound in turmeric downregulates
inflammatory cytokines to suppress autoimmune
responses. Studies suggest curcumin may be up to
400 times more potent than metformin in boosting
insulin sensitivity and helping reverse type 2 diabetes
pathology.

Mechanisms of Action: Curcumin activates PPAR-
vy transcriptional signaling, suppresses inflammatory
cytokines(TNF-a, IL-6, IL-1B), blocks NF-xB
nuclear translocation, suppresses MCP-1 in adipose
tissue, suppresses gluconeogenesis via PEPCK
inhibition, and delays the clinical progression of
prediabetes to frank T2DM.

8. Evening Primrose Oil

Rich in gamma-linolenic acid (GLA), this oil helps
correct the faulty fatty acid metabolism common in
diabetic patients. Clinical trials suggest that restoring
these fatty acid pathways improves localized blood
flow and nerve function, thereby mitigating
peripheral neuropathy.

9. Fenugreek (Trigonella foenum-graecum)

A staple in Middle Eastern and Indian cooking,
fenugreek seeds are an excellent source of soluble
fiber. They have been shown to stabilize blood
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glucose levels, reduce total cholesterol, and raise
beneficial HDL cholesterol.

Mechanisms of Action: 4-Hydroxyisoleucine
directly stimulates insulin secretion from isolated
islet cells in a glucose-dependent manner without
causing hypoglycemic shock at baseline levels. The
high galactomannan mucilage content retards gastric
emptying rate and inhibits intestinal glucose
absorption. Trigonelline and diosgenin enhance liver
glycogen synthesis and downregulate a-glucosidase
enzyme activity.

10. Flax (Linum usitatissimum)

Flaxseed is exceptionally rich in dietary soluble fiber,
which clinical research associates with marked
improvements in  overall glucose control.
Additionally, flaxseed oil serves as a premier source
of alpha-linolenic acid (an omega-3 fatty acid). Both
ground flax and its oil can be easily added to baked
goods.

Mechanism of action:Slowing Glucose Absorption:
The sticky, soluble fiber (mucilage) in flax seeds
forms a gel in your gut. This slows down how fast
your body digests food and absorbs sugar into your
blood, preventing sharp spikes after meals.Enhancing
Insulin Sensitivity: Omega-3 fatty acids (ALA)
reduce fat buildup in cells, helping your body's
tissues respond better to insulin and lowering insulin
resistance (HOMA-IR)

11. Ginger (Zingiber officinale)

Primarily used to treat gastrointestinal distress,
animal models of diabetes indicate that oral
consumption of ginger in therapeutic doses may also
significantly reduce circulating blood glucose and
cholesterol levels.

12. Ginkgo Biloba

For patients with type 2 diabetes whose glycemic
levels remain poorly controlled on metformin
monotherapy, clinical evidence indicates that
introducing Ginkgo Biloba extract as an adjuvant
therapy significantly improves overall treatment
outcomes.

13. Gurmar (Gymnema sylvestre)

In a clinical trial involving diabetic educators,
patients consuming a commercial supplement
containing 400 mg of gymnema sylvestre leaf extract
demonstrated a significant, measurable drop in
HbAlc levels.

Mechanisms of Action: Gymnemic acid molecules
possess atomic arrangements similar to glucose
molecules;they competitively fill the glucose
receptor locations on the taste buds of the tongue
(suppressing sweet taste sensation) and the sodium-
glucose co-transporters in the small intestine mucosa
(blocking intestinal glucose absorption).
Furthermore, G. sylvestre extracts stimulate the
regeneration of damaged pancreatic B-cells in the
Islets of Langerhans and increase cell membrane
permeability to insulin.

14. Hydroxyecitric Acid (HCA)

Extracted naturally from the brindleberry (Garcinia
Cambogia), HCA suppresses appetite to promote
weight loss and lower cholesterol. However, due to
mixed clinical results and safety concerns, HCA
should not be used by anyone currently taking
prescription lipid-lowering or diabetic medications.

15. Lagerstroemia speciosa (Banaba)

Commonly known as Banaba, Crepe Myrtle, or Pride
of India, this plant regulates blood sugar levels by
enhancing insulin action and accelerating cellular
glucose uptake.

16. Nopal (Opuntia fuliginosa)

Nopal (referring to the young, edible flat pads or
cladodes of the prickly pear cactus species such as
Opuntia fuliginosa and Opuntia ficus-indica) is a
staple of traditional Latin American cuisine and
medicine. Celebrated for its unique nutritional
profile, nopal has drawn extensive clinical interest for
its ability to regulate metabolic function, manage
blood glucose, and lower cardiovascular risk
markers.

17. Onions and Garlic (Allium cepa and Allium
sativum)

Widely used across Europe and Asia to manage
metabolic conditions, onions and garlic contain
active sulfur compounds (such as allicin and allyl
propyl disulfide). Because these compounds share a
similar chemical structure to insulin, they help reduce
overall blood sugar levels.

Mechanism of action:Increases hepatic metabolism
of insulin,competes with insulin for inactivation
sites,scavenging free radicals.

18. Pomegranate (Punica granatum)

Packed with antioxidant polyphenols, pomegranate
exhibits antiviral, anti-inflammatory, and anti-tumor
properties. Early clinical studies suggest it effectively
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lowers blood lipid levels in diabetic patients and
enhances myocardial blood flow.

19. Pycnogenol

Derived from French maritime pine bark, this extract
is utilized globally to manage diabetic retinopathy
and accelerate the healing of diabetic ulcers. Clinical
evaluations confirm its positive role in reducing
blood glucose levels.

20. Red Yeast Rice (Monascus purpureus)

This preparation offers anti-inflammatory and lipid-
lowering benefits comparable to prescription statins.
Because red yeast rice contains monacolin K—the
same active chemical found in the prescription drug
lovastatin—it must only be consumed under strict
medical supervision.

21. Resveratrol

This natural polyphenol, highly concentrated in
grapes and berries, has strong anti-inflammatory
properties and acts as an effective anti-aging agent.

22. Silymarin (Milk Thistle)

Traditionally used to manage hepatic disorders,
modern trials show that silymarin significantly
reduces insulin resistance, lowers fasting insulin

This powerful organosulfur compound is found in
cruciferous vegetables like broccoli, cabbage, and
kale. Beyond its well-documented cancer-
preventative properties, clinical evidence suggests
sulforaphane can reduce blood sugar levels by up to
10%.

24. Tea (Camellia sinensis)

Rich in antioxidant polyphenols, traditional Chinese
and Indian medicine utilize green tea to promote
digestion, cardiovascular health, and wound healing.
Research indicates that black, green, and oolong teas
(all derived from Camellia sinensis) improve insulin
sensitivity; however, standard herbal teas do not offer
these benefits as they lack the actual tea plant

25. Azadirachta indica A. Juss. (Family:
Meliaceae) — Neem

Vernacular Names: Neem (Hindi/Gujarati), Margosa
(English), Nimba (Sanskrit)

Plant Part Used: Leaves, Bark, and Seed Oil

Major Active Phytoconstituents: Nimbidin, Nimbin,
Nimbolide, Gedunin, Azadirachtin, and Quercetin
(flavonoid).

Mechanisms of Action: Hydroalcoholic leaf extracts
block glycogenolysis by inhibiting glycogen
phosphorylase.Quercetin and nimbolide enhance

levels, and improves liver enzyme markers to a

greater degree than metformin.

23. Sulforaphane

w

Common name

sensitivity

peripheral glucose utilization, improve insulin
in diabetic rat models,and block

epinephrine-induced hyperglycemia.[table 1].

Botanical Name

Part Used

Family

1 Methi Trigonella foenum-gracecum Seeds Fabaceae

2 fern Nephoelepsis tuberosa bulb Oleandraceae

3 keukand Costus specious rhizome Costaceae

4 Indian wheat Plantago ovata husk Plantaginaceae
5 garlic Allium sativum bulb Alliaceae

6 Indian Sarsaparilla Hemidesmus indicus root Asclepiadaceae
7 onion Allium cepa bulb Liliaceae

8 Pinyn Acontium carmichaeii Root Ranunculaceae
9 Chilli pepper Capsicum annum Fruit Solanaceae

10 goat's rue Galega officinalis Seed Fabaceae

11 lingzhi mushroom Gandoderma lucidium Fruit Ganodermataceae
12 Sca pea Lathyrus japonica Seed Fabaceae

13 Rice Oriza sativum Root Poaceae

14 Guduchi Tinospora cardifolia Plant Menispermaceae
15 bitter gourd Momordica charantia fruit Cucurbitacecac
16 Indian Kino Tree Pterocarpus marsupium bark Fabaceac

17 ginger Zingiber officinale rhizome Zingiberaceae
18 Gowar plant Cyamospsis tetragonolobus Fruit Fabaceae

19 phalsa Grewia asiatica Fruit Malvaceae

20 Indian Gum Arabic Acacia arabica seeds Leguminosae
21 Holy Fruit Tree Aegle marmelos Root bark Rutaceae

22 Aloe Aloe vera Leaf pulp extract Aloaceae

23 Davana Artemisia pallens aerial parts Compositae

24 King of Bitter Andrographis paniculata plant extract Acanthaceae
25 Neem Azadirachta indica plant extract Meliaceae

26 Life Plant Biophytum sensitivum plant leaf extract Oxalidaceae
27 Tanner’s Cassia Cassia auriculata flower extract Leguminosae
28 Ivy gourd Coccinia indica Leaf extract Cucurbitaceae
29 Carilla Fruit Casearia esculenta Root extract Flacourtiaceae
30 Mango Mangifera indica leaf extract Anacardiacea

Table 1: Indian Medicinal Plants with Antidiabetic property.
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III.  Extraction, Isolation & Qualitative
Phytochemical Screening

3.1 Extraction Techniques for Phytomedicines

The choice of extraction technique dictates the yield
and bioactivity of antidiabetic constituents:

Soxhlet Extraction (Continuous Hot Extraction):
Powdered plant material (e.g., Momordica charantia
fruits or Gymnema leaves) is extracted sequentially
using solvents of increasing polarity: Petroleum
Ether (60-80°C) —Chloroform — Ethyl Acetate —
Methanol — Water. Non-polar fats and waxes are

removed first, followed by glycosides, alkaloids, and
flavonoids in polar fractions.

Maceration Cold maceration with 70%
hydroethanol at room temperature preserves thermo-
labile active compounds like Polypeptide-p and
enzymatic proteins. UAE uses ultrasonic cavitation
forces to disrupt plant cell walls, reducing extraction
time and solvent consumption.

3.2 Qualitative Phytochemical Screening
Protocols

Standard chemical testing procedures performed in
Pharmacognosy laboratories to verify the presence
of active therapeutic groups:

TARGET STANDARD REAGENT / TEST NAME
PHYTOCHEMICAL CLASS TEST NAME PROCEDURE &
OBSERVATION
Alkaloids Mayer's Test / Sample + Mayer's reagent
Dragendorff's Tes (Potassium Mercuric Iodide)
—Cream/Creamy white precipitate
indicates positive.
Flavonoids Shinoda Test (Mg + HCI) Extract + Magnesium turnings +
concentrated HCl — Magenta
/Pink-red color indicates flavonoids.
Saponins Froth Test Extract shaken vigorously with

distilled water — Persistent
honeycomb froth (>1 cm height for
15 mins).

Tannins & Phenolics

Ferric Chloride Test

Extract + 5% Neutral FeCl3
solution — Dark green or
brownish-black coloration

Steroids & Triterpenoids
Tes

Liebermann-Burchard

Extract + Chloroform + Acetic
Anhydride + Conc. H2

S04 —Upper green layer (steroids),
red/pink ring (triterpenes).

3.3 Chromatographic Isolation & Fingerprinting
Modern standardization relies on Thin-Layer
Chromatography (TLC), High-Performance Thin-
Layer Chromatography (HPTLC), and High-
Performance Liquid Chromatography (HPLC) to
quantify marker compounds:

Gymnemic Acid Quantification: HPTLC on Silica
Gel 60 F254 using Isopropanol : Water : Glacial

Acetic Acid (7:2:1 v/v) as mobile phase, visualized
post-derivatization with Anisaldehyde-Sulfuric Acid
reagent at 540 nm.

Curcumin HPLC Assay: Reversed-phase C18
column (250 x 4.6 mm, 5 pm), Isocratic elution with
Acetonitrile :2% v/v Acetic Acid (60:40 v/v) at a flow
rate of 1.0 mL/min, UV detection at 425 nm.
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IV.  Herbal Drug Formulations for Diabetes
Management

A diverse array of commercial herbal formulations is
currently available on the market, frequently
integrated into patients' daily regimens under medical
supervision to help manage diabetes and its
associated complications.

1. Diabecon (Himalaya)

This multi-herb formulation is designed to improve
metabolic function through several physiological
pathways:

Glycemic Control: It enhances peripheral glucose
utilization and elevates glycogen reserves within both
the liver and muscles.

Beta-Cell Support: It aids in the repair and
regeneration of pancreatic B-cells while boosting C-
peptide levels.

Antioxidant Action: It offers robust antioxidant
defense, safeguarding vulnerable pancreatic cells
from oxidative stress.

Systemic Benefits: By mimicking the actions of
insulin, Diabecon lowers glycated hemoglobin
(HbA1c) levels, normalizes microalbuminuria, and
balances lipid profiles to mitigate long-term diabetic
complications.

2. Epinsulin (Swastik Formulations)

The primary active component of this formulation is
epicatechin, a naturally occurring benzopyran.
Insulin Secretion: Epicatechin increases cyclic
adenosine monophosphate (cAMP) levels within
pancreatic islets, promoting insulin release. It also
enhances cathepsin activity, which facilitates the
conversion of proinsulin into active insulin.Cellular
& Metabolic Protection: Epinsulin exerts an insulin-
mimetic effect that reduces the osmotic fragility of
human erythrocytes and inhibits red blood cell Na +
/K + -ATPase activity.

Complication Prevention: This formulation addresses
diabetic neuropathy, retinopathy, and impaired
lipid/glucose metabolism to protect vulnerable organ
systems.

Therapeutic Use. : It serves as a curative treatment
for Type 2 diabetes (NIDDM) and a supportive
adjuvant for Type 1 diabetes (IDDM) to help reduce
external insulin dependence. It can be safely taken
alongside traditional oral hypoglycemics with zero
risk of inducing sudden hypoglycemia.

3. Pancreas Tonic

This dietary supplement is formulated from a select
botanical blend of traditional Indian Ayurvedic herbs
designed to naturally support pancreatic health and
endocrine function.

4. Bitter Gourd Powder (Garry and Sun)

Sourced from the bitter melon plant (Momordica
charantia), this traditional preparation is highly
regarded in Asian and African folk medicine.

Active Components: It contains a complex mix of
active compounds, including bitter glycosides,
saponins, alkaloids, polypeptides, sterols, reducing
sugars, phenolics, essential oils, 17 amino acids (such
as methionine), and a plant-based insulin analogue
known as p-insulin.

Metabolic Benefits: It lowers blood and urine glucose
levels, stimulates hepatic function, and acts as a
natural blood purifier.

General Health: Beyond its hypoglycemic properties,
it exhibits antipyretic, stomachic, antibilious,
laxative, and anti-hemorrhoidal qualities while
boosting systemic immunity against infections.

5. Dia-Care (Admark Herbals Ltd.)

This pure botanical formula is marketed as an
effective management option for both Type 1 and
Type 2 diabetes.

Efficacy timeline: Promising metabolic changes are
reported within 90 days, with deep therapeutic
stabilization occurring over an 18-month course,
allowing some insulin-dependent users to reduce
their reliance on external insulin.

Phased Regimen: The complete protocol is divided
into six sequential 90-day phases.

Preparation & Dosage:

Administration: Mix approximately 5 grams (one
teaspoon) of the powder into half a glass of water and
let it steep overnight. In the morning, drink only the
clear liquid on an empty stomach, leaving the
sediment behind. Refill the glass with fresh water
over the remaining sediment, let it steep throughout
the day, and consume it 30 minutes before dinner.

Characteristics: The mixture has an intensely bitter
taste but is completely natural and free from adverse
side effects.

6. Diabetes-Daily Care (Nature’s Health Supply)

This proprietary, all-natural formulation is designed
to safely optimize glucose metabolism. Specifically
developed for individuals with Type 2 diabetes, it
combines key natural ingredients in ratios
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scientifically balanced for maximum metabolic
utilization.

7. Gurmar Powder (Garry and Sun)

Derived from Gymnema sylvestre, this traditional
anti-diabetic herb regulates metabolic activity across
the liver, kidneys, and muscles.

Carbohydrate Blocker: Gurmar suppresses the
absorption of saccharides within the intestines to
prevent rapid spikes in blood glucose.

Insulin & Taste Modulation: It stimulates pancreatic
insulin release. When applied directly to the tongue,
it temporarily blocks sweet taste receptors—dulling
the taste of sugar and bitter compounds like quinine
for one to two hours—which helps manage sugar
cravings and glycosuria.

Additional Benefits: It acts as a mild cardiac
stimulant and natural diuretic.

8. Diabeta (Ayurvedic Cure)
Delivered in capsule form, this natural anti-diabetic
formulation integrates classic Ayurvedic principles

Multifunctional Design: It combines proven glucose-
lowering botanicals with plant-derived
immunomodulators, anti-stress agents,
hepatoprotective compounds, and lipid-lowering
agents.

Systemic  Action: Diabeta targets multiple
physiological pathways simultaneously to control
diabetes and halt degenerative tissue
damage.Symptomatic Relief: It can be used as a
standalone  therapy or alongside synthetic
pharmaceuticals to overcome drug resistance.
Patients frequently report improved overall well-
being and relief from symptoms such as fatigue,
neuropathy, body aches, polyuria, and pruritus.

9. Syndrex (Plethico Laboratory)

This product utilizes highly concentrated extracts of
germinated fenugreek seeds, a botanical with over a
thousand years of traditional medicinal use. Ongoing
clinical and laboratory studies continue to evaluate its
precise anti-diabetic mechanisms using both animal
models and cultured pancreatic islet cells(Table:2).

with modern clinical research.

Ingredients
Gymnema sylvestre, Pterocarpus marsupium, Glycyrrhiza glabra, Casearia esculenta,
Syzygium cumini, Asparagus racemosus, Boerhavia diffusa, Sphaeranthus indicus,
Tinospora cordifolia, Swertia chirata, Tribulus terrestris, Phyllanthus amarus, Gmelina
arborea, Gossypium herbaceum, Berberis aristata, Aloe vera, Triphala, Commiphora
wightii, shilaject, Momordica charantia, Piper nigrum, Ocimum sanctum, Abutilon

Cassia auriculata, Coccinia indica, Curcuma longa, Emblica officinalis, Gymnema
sylvestre, Momordica charantia, Scoparia dulcis, Syzygium cumini, Tinospora cordifolia,
Pterocarpus marsupium, Gymnema sylvestre, Momordica charantia, Syzygium cumini,
Trigonella foenum graceum, Azadirachta indica, Ficus racemosa, Aegle marmelos,

Gurmar (Gymnema sylvestre) Karela (Momordica charantia) Pushkarmool (Inula
racemosa) Jamun Gutli (Syzygium cumini) Neem (Azadirachta indica) Methika

(Trigonella foenum gracecum) Guduchi (Tinospora cordifolia)

Sanjeevan Mool; Himej, Jambu beej, Kadu, Namejav, Neem chal.

Alpha Lipoic Acid, Cinnamon 4% Extract, Chromax, Vanadium, Fenugreek 50% extract,

Drug Company
Diabecon Himalaya
indicum, Curcuma longa, Rumex maritimus
Diasulin Himalaya
Trigonella foenum graccum
Pancreatic tonic ayurvedic
180 cp herbal
supplement
Cinnamomum tamala
Ayurveda Chakrapani
alternative Ayurveda
herbal formula to
Diabetes:
Dia-care Admark
Herbals
Limited
Diabetes-Daily Nature’s
Care Health Supply

Gurmar powder

Diabeta

Garry and Sun
natural
Remedies

Ayurvedic
cure
Ayurvedic
Herbal Health
Products

Gymnema sylvestre 25% extract Momordica 7% extract, Licorice Root 20% extract
Gurmar (Gymnema sylvestre)

Gymnema sylvestre, Vinca rosea (Periwinkle), Curcuma longa (Turmeric), Azadirachta
indica (Neem), Pterocarpus marsupium (Kino Tree), Momordica charantia (Bitter Gourd),
Syzygiumcumini (Black Plum), Acacia arabica (Black Babhul), Tinospora cordifolia ,
Zingiber officinale (Ginger)
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V. In-Vivo & In-Vitro Bio-Evaluation
Models for Antidiabetic Activity

5.1 In-Vitro Assay Methods

Alpha-Glucosidase Inhibition Assay: Yeast or rat
intestinal a-glucosidase enzyme is incubated with p-
nitrophenyl-o-D-glucopyranoside (pNPG) substrate
in phosphate buffer (pH 6.8). The liberation of p-
nitrophenol is measured spectrophotometrically at
405 nm. Standard reference inhibitor: Acarbose.
Alpha-Amylase Inhibition Assay: Porcine
pancreatic a-amylase is reacted with starch solution
in the presence of test plant extracts. The unreacted
starch is quantified using Dinitrosalicylic Acid
(DNSA) reagent at 540 nm.

Glucose Uptake in 3T3-L1 Adipocytes:
Differentiated 3T3-L1 adipocytes are treated with
plant extracts and 2-Deoxy-D-[3H]-glucose. Cellular
uptake of radiolabeled glucose is measured using a
liquid scintillation counter to determine insulin-
mimetic potency.

5.2 In-Vivo Experimental Animal Models
Experimental diabetes is routinely induced in male
Wistar rats or Sprague-Dawley rats (weight 180-220

g):
1. Chemical Induction via Streptozotocin (STZ):
STZ (2-deoxy-2-(3-methyl-3-nitrosourea)-D-

glucopyranose) is administered as a single
intraperitoneal (i.p.) injection at a dose of 45-60
mg/kg body weight, dissolved in freshly prepared 0.1

M citrate buffer (pH 4.5). STZ enters pancreatic 3-
cells via GLUT-2 transporters, causing DNA
alkylation,  activation = of  poly(ADP-ribose)
polymerase (PARP), intracellular NAD+ depletion,
and selective B-cell necrosis. Animals exhibiting
fasting blood glucose > 250 mg/dL after 72 hours are
selected.

2. Alloxan Monohydrate Model:
Alloxan (120-150 mg/kg i.p. or 70 mg/kg i.v.)
undergoes redox cycling inside B-cells, generating
toxic reactive oxygen species (superoxide radicals,
hydrogen peroxide, hydroxyl radicals) and dialuric
acid, destroying pancreatic tissue.

3. High-Fat Diet (HFD) + Low-Dose STZ Model:
Rats are fed a high-fat diet (60% calories from fat)
for 4 weeks to induce peripheral insulin resistance,
followed by low-dose STZ (30 mg/kg i.p.). This
combined non-genetic model closely mimics the
human T2DM disease pathology.

6. Novel Drug Delivery Systems (NDDS) for
Antidiabetic Phytomedicines

Despite promising in-vitro efficacy, many bio-active
phytoconstituents  (e.g., Curcumin, Berberine,
Gymnemic acid,Quercetin) display poor oral
bioavailability due to high lipophilicity, low aqueous
solubility, gastric acid degradation,extensive hepatic
first-pass metabolism, and poor intestinal membrane
permeability. To overcome these biopharmaceutical
constraints, novel delivery vectors have been
developed:

KEY FORMULATION ADVANTAGES

NDDS PLATFORM PHYTOPHARMACEUTICAL
LOADED

Phytosomes (Complexes
with Phospholipids)

Curcumin / Gymnemic Acid

Polymeric Nanoparticles
(PLGA / Chitosan)

Self-Nanoemulsifying Drug  Momordica charantia Seed Oil /

Delivery Systems
(SNEDDS)

Quercetin

Liposomes & Solid Lipid Epicatechin (Vijaysar)

Nanoparticles (SLNs)

Berberine / Insulin-like Peptides

Forms hydrogen bonds between polyphenols and
phosphatidylcholine, significantly enhancing lipid
membrane permeability and oral bioavailability by 3- to 5-
fold.

Protects peptide structures (like Polypeptide-p) from
enzymatic degradation in the stomach; provides sustained

release over 24 hours.

Isotropic mixtures of oil, surfactant, and co-surfactant that
spontaneously form fine oil-in-water nanoemulsions

(<100 nm) in GI fluids, maximizing dissolution rate.

Encapsulates hydrophilic and lipophilic actives,
facilitating targeted delivery to liver cells and avoiding

early renal clearance.
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Safety Profile, Herb-Drug Interactions &
Regulatory Guidelines
6.1 Herb-Drug Interactions
Combining antidiabetic herbal supplements with
conventional oral hypoglycemic agents (OHAs) or
insulin can produce profound pharmacokinetic and
pharmacodynamic interactions:

Synergistic Hypoglycemia: Concurrent
administration of Gymnema sylvestre or Trigonella
foenum-graecum alongside Sulfonylureas
(Glibenclamide, Glimepiride) or Insulin can induce
severe, life-threatening hypoglycemia.

Dosages of synthetic drugs must be titrated
downward under clinical supervision.

Cytochrome P450 Inhibition: Allium sativum and
Curcumin alter hepatic CYP3A4 and CYP2C9
metabolic isoenzymes, modifying the plasma half-
life and clearance of drugs like Metformin, Warfarin,
and Statins.

6.2 Toxicity and Safety Considerations
Although natural, herbs are not devoid of toxicity.
Long-term administration of raw Momordica
charantia seeds has been associated with favism-like
hemolytic anemia in individuals with G6PD
deficiency due to vicine content. High doses of
Cassia cinnamon contain coumarin, posing risk of
hepatotoxicity. Standardized extracts must undergo
acute, sub-acute,
and chronic toxicity studies according to OECD
Guidelines 423 and 407.
6.3 Standardization and AYUSH/WHO
Guidelines
To guarantee batch-to-batch consistency, safety, and
efficacy, herbal antidiabetic formulations
manufactured underMinistry of AYUSH (India) and
WHO guidelines must adhere to mandatory quality
control parameters:

e  Organoleptic and Pharmacognostic

evaluation (Microscopic diagnostic
features).

e Physicochemical constants: Total Ash,
Acid-Insoluble Ash, Water-Soluble Ash,
Alcohol-Soluble Extractive, Loss on
Drying (Moisture Content).

e  Heavy Metal Contamination Limits: Lead
(<10 ppm), Arsenic (<3 ppm), Cadmium
(<0.3 ppm), Mercury (<1 ppm) via Atomic
Absorption Spectroscopy (AAS).

e Microbial Load & Mycotoxin Testing:
Total viable aerobic count, absence of E.
coli, Salmonella, Staphylococcus aureus,
and Aflatoxins (B1, B2, G1, G2).

e Pesticide Residue Analysis: Gas
Chromatography-Mass Spectrometry (GC-
MS) screening for organochlorine and
organophosphorus pesticides.

VII.  Conclusion & Future Perspectives

Medicinal plants offer an immense reservoir of
bioactive chemical entities capable of targeting
multiple metabolic pathways implicated in Diabetes
Mellitus. From the insulin-mimetic peptides of
Momordica charantia to the glucose-absorption
blocking properties of Gymnema sylvestre, natural
products present viable, cost-effective, and safe
complementary alternatives to synthetic oral
antidiabetic agents. However, bridging the gap
between traditional ethnomedical claims and
mainstream modern clinical therapy necessitates
rigorous standardized phytochemical
isolation,elucidation of molecular signaling cascades,
advanced nanotechnological formulation strategies,
and robust double-blind placebo-controlled human
clinical trials. As future pharmaceutical scientists,
B.Pharm graduates are uniquely positioned to
advance phytopharmaceutical development into
standardized, evidence-based global therapeutics.

REFERENCES

[1]. Vuksan V, Sievenpiper JL, Xu Z, et al.
“Konjac-Mannan and American ginsing:
emerging alternative therapies for type 2
diabetes mellitus.” Am Coll Nutr, 2001. 20 (5
Suppl): 370S-380S.

[2]. Vuksan V, Sievenpiper JL, Koo VY, et al.
“American ginseng (Panax quinquefolius L)
reduces postprandial glycemia in nondiabetic
subjects and subjects with type 2 diabetes
mellitus.” Arch Intern Med., 2000.
160(7):1009-13.

[3]. Khan, A., Bryden, N.A., Polansky, M.M, and
Anderson, R.A. “Insulin potentiating factor
and chromium content of selected spices.”
Biol Trace Elem Res., 1990. 24: 183-188.

[4]. LanJ,ZhaoY, DongF, Yan Z, Zheng W, Fan
J, Sun G. Meta-analysis of the effect and safety
of berberine in the treatment of type 2 diabetes
mellitus, hyperlipemia and hypertension. J
Ethnopharmacol. 2015 Feb 23;161:69-81.

DOI: 10.35629/4494-110411111124 | Impact Factor value 7.429 ISO 9001: 2008 Certified Journal Page 1121



N
\

IJPRA Journal

International Journal of Pharmaceutical research and Applications
Volume 11, Issue 4, Jul.-Aug.2026, pp:1111-1124 www.ijprajournal.com

[5].

[6].

[7].

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

Abascal, K., Yarnell, E. “Using bittermelon to
treat diabetes.” Altern Complement Ther,
11(4): 179-184.

McBride, J., “Cinnamon extracts boost insulin
sensitivity.” Agricultural Research, 2000.
48(7): 21.

Khan, A., Safdar, M., Ali, Khan M.M.,
Khattak, K.N., Anderson, R.A. “Cinnamon
improves glucose and lipids of people with
type 2 diabetes”. Diabetes Care, 2003.
26(12):3215-8.

Anderson, R., Broadhurst, C.L., Polansky,
M.M., et al. “Isolation and characterization of
polyphenol type-A polymers from cinnamon
with insulin-like biological activity.” J Agric
Food Chem, 2004. 52(1):65-70.

Peterson, Dylan W., Anderson, Richard A., et
al. “Cinnamon extract inhibits tau aggregation
associated with Alzheimer’s disease in vitro.”
Journal of Alzheimer’s Disease. 2009: 17(3):
457-467.

Kim T, Davis J, Zhang AJ, He X, Mathews ST.
Curcumin activates AMPK and suppresses
gluconeogenic gene expression in hepatoma
cells. Biochem Biophys Res Commun. 2009
Oct 16;388(2):377-82.

Ford, 1., Cotter, M.A., Cameron, N.E.,
Greaves, M. “The effects of treatment with
alpha- lipoic acid or evening primrose oil on
vascular hemostatic and lipid risk factors,
blood flow, and peripheral nerve conduction in
the streptozotocin-diabetic rat.” Metabolism,
2001. 50(8):868-75.

Vijayakumar, M.V. ,Singh, S., Chhipa, R.R.,
Bhat, M.K. “The hypoglycemic activity of
fenugreek seed extract is mediated through the
stimulation of an insulin signalling pathway.”
Br J Pharmacol, 2005. 146(1):41-8.

Dahl, W.J.,.Lockert, E.A., Cammer, A.L.,
Whiting, S.J. “Effects of flax fiber on laxation
and glycemic response in healthy volunteers.”
J Med Food, 2005. 8(4):508-11.

Akhani SP, Vishwakarma SL, Goyal RK.
Anti-diabetic activity of Zingiber officinale in
streptozotocin-induced type I diabetic rats J
Pharm Pharmacol. 2004 Jan;56(1):101-5.
Bhandari U, Kanojia R, Pillai KK. Effect of
ethanolic extract of Zingiber officinale on
dyslipidaemia in diabetic rats]
Ethnopharmacol. 2005 Feb 28;97(2):227-30.
Srinivasan K. Plant foods in the management
of diabetes mellitus: spices as beneficial
antidiabetic food adjuncts. Int J Food Sci Nutr.
2005 Sep;56(6):399-414.

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].

[26].

Aziz TA, Hussain SA, Mahwi TO, Ahmed
ZA, Rahman HS, Rasedee A. The efficacy and
safety of Ginkgo biloba extract as an adjuvant
in type 2 diabetes mellitus patients
ineffectively managed with metformin: a
double-blind, randomized, placebo-controlled
trial. Drug Des Devel Ther. 2018 Apr
5;12:735-742.

Joffe, D.J., Freed, S.H. “Effect of extended
release gymnema sylvestre leaf extract (Beta
Fast GXR) alone or in combination with oral
hypoglycemics or insulin regimens for type 1
and type 2 diabetes.” Diabetes In Control
Newsletter, 2001. 76(1).

Onakpoya I, Hung SK, Perry R, Wider B,
Ernst E. The Use of Garcinia Extract
(Hydroxycitric Acid) as a Weight loss
Supplement: A Systematic Review and Meta-
Analysis of Randomised Clinical Trials. J
Obes. 2011;2011:509038.

Hattori K, Sukenobu N, Sasaki T, Takasuga S,
Hayashi T, Kasai R, Yamasaki K, Hazeki O.
Activation of insulin  receptors by
lagerstroemin.J]  Pharmacol  Sci. 2003
Sep;93(1):69-73.

Wolfram RM, Kritz H, Efthimiou Y,
Stomatopoulos J, Sinzinger H. Effect of
prickly pear (Opuntia robusta) on glucose- and
lipid-metabolism in  non-diabetics with
hyperlipidemia--a pilot study. Wien Klin
Wochenschr. 2002 Oct 31;114(19-20):840-6.
Esmaillzadeh A, Tahbaz F, Gaieni I, Alavi-
Majd H, Azadbakht L. “Concentrated
pomegranate juice improves lipid profiles in
diabetic patients with hyperlipidemia.” J] Med
Food. 2004 Fall;7(3):305-8.

Sumner, M.D., et al. “Effects of pomegranate
juice consumption on myocardial perfusion in
patients with coronary heart disease.” Am Jrnl
Cardiology, 2005 96(6): 810-814.

Liu, Ximing, MD et al. “French Maritime Bark
Extract  Pycnogenol = Dose-Dependently
Lowers Glucose in Type 2 Diabetic Patients.”
Diabetes Care. 2004 (3) vol. 27 pg. 839.
Becker, David J., M.D., et al. “Red yeast rice
for dyslipidemia in statin intolerant patients: a
randomized trial.” Annals of Internal
Medicine. 2009; 150: 830-839.

Alarcon de la Lastra, Catalina “Resveratrol as
an anti inflammatory and anti-aging agent:
mechanisms and clinical implications.”
Molecular Nutrition & Food Research. 2005
(5) Vol 49:405-430.

DOI: 10.35629/4494-110411111124 | Impact Factor value 7.429 ISO 9001: 2008 Certified Journal Page 1122



N
\

International Journal of Pharmaceutical research and Applications
Volume 11, Issue 4, Jul.-Aug.2026, pp:1111-1124 www.ijprajournal.com

IJPRA Journal

[27]. Ebrahimpour-Koujan S,  Gargari  BP, [37]. Acherekar, S., Kaklij, G.S, Pote, M.S., and
Mobasseri M, Valizadeh H, Asghari- Kelkar, S.M.Hypoglycemic activity of
Jafarabadi M. Lower glycemic indices and Eugenia jambolana and ficus bengalensis:
lipid profile among type 2 diabetes mellitus mechanism of action. In vivo, 5, 143-
patients who received novel dose of Silybum 147,1991.
marianum (L.) Gaertn. (silymarin) extract [38]. Aderibigbe, A.O., Emudianughe, T.S., and
supplement: A Triple-blinded randomized Lawal, B.A.:Antihyperglycemic effect of
controlled clinical trial. Phytomedicine. 2018 Mangifera indica in rat.Phytother Res., 13,
May 15;44:39-44. 504-507, 1999.

[28]. Axelsson AS, Tubbs E, Mecham B, Chacko S,

Nenonen HA, Tang Y, Fahey JW, Derry JMJ, [39]. Khanna, P., Jain, S.C., Panagariya, A., and
Wollheim CB, Wierup N, Haymond MW, Dixit, V.P.: Hypo-glycemic activity of
Friend SH, Mulder H, Rosengren AH. polypeptide- p from a plant source. J.Nat.
Sulforaphane reduces hepatic  glucose Prod., 44, 648—655, 1981.

production and improves glucose control in [40]. Shibib, B.A., Khan, L.A., and Rahman, R.:
patients with type 2 diabetes. Sci Transl Med. Hypoglycemic activity of Coccinia indica and
2017 Jun 14;9(394). Momordica charantia in diabetic rats:

[29]. Anderson, R.A., Polansky, M. “Tea enhances depression of the hepatic gluconeogenic
insulin activity.” J Agric Food Chem, 2002. enzymes glucose-6-phosphatase and fructose-
50(24): 7182-7186. 1, 6-biphosphatase and elevation of liver and

[30]. Biswas, K., Chattopadhyay, ., Banerjee, R.K., red-cell shunt enzyme glucose-6-phosphate
and Bandyopadhyay, U.: Biological activities dehydrogenase. Biochem. J.,292, 267-270,
and medicinal properties of neem (Azadiracta 1993.
indica). Curr. Sci., 82,1336-1345, 2002. [41]. Vats, V., Grover, J.K.,, and Rathi, S.S.:

[31]. Chakrabarti, S., Biswas, T.K., Rokeya, B., Alj, Evaluation of anti-hyperglycemic and
L.,Mosihuzzaman, M., Nahar, N., Khan, A.K., hypoglycemic effect of Trigonella foenum-
and Mukherjee,B.: Advanced studies on the graeccum Linn, Ocimum sanctum Linn and
hypoglycemic  effect of  Caesalpinia Pterocarpus marsupium Linn in normal and
bonducella F. in type 1 and 2 diabetes in Long alloxanized diabetic rats. J.Ethnopharmacol.,
Evans rats. J. Ethnopharmacol., 84, 4146, 79, 95-100, 2002.

2003. [42]. Rai, V., Iyer, U., and Mani, U.V.: Effect of

[32]. Sharma, S.R., Dwivedi, S.K., and Swarup, D.: Tulasi (Ocimum sanctum) leaf powder
Hypo-glycemic,  antihyperglycemic  and supplementation on blood sugar levels, serum
hypolipidemic activities of Caesalpinia lipids and tissue lipid in diabetic rats. Plant
bonducella seeds in rats. 1. Food For Human Nutrition, 50, 9-16
Ethnopharmacol.,58, 3944, 1997. [43]. Grover, J. K., Yadav, S., & Vats, V. (2002).

[33]. Kannur, D.M., Hukkeri, V.I., and Akki, K.S.: Medicinal plants of India with anti-diabetic
Antidiabetic  activity  of  Caesalpinia potential. Journal of Ethnopharmacology,
bonducella seed extracts in rats.Fitoterapia. In 81(1), 81-100.
press. [44]. Modak, M., Dixit, P., Londhe, J., Ghaskadbi,

[34]. Yadav, P., Sarkar, S., and Bhatnagar, D.: Lipid S., & Devasagayam, T. P. (2007). Indian herbs
peroxidation and antioxidant enzymes in and herbal drugs used for the treatment of
erythrocytes and tissues in aged diabetic rats. diabetes. Journal of Clinical Biochemistry and
Indian J. Exp. Biol., 35, 389-392, 1997. Nutrition, 40(3), 163-173.

[35]. Agarwal, V. and Chauhan, B.M.: A study on [45]. Patel, D. K., Prasad, S. K., Kumar, R., &
composition and hypolipidemic effect of Hemalatha, S. (2012). An overview on
dietary fiber from some plant foods. Plant antidiabetic medicinal plants having insulin
Foods Human Nutr., 38, 189-197, 1988. mimetic property. Asian Pacific Journal of

[36]. Kamble, S.M., Kamlakar, P.L., Vaidya, S., Tropical Biomedicine, 2(4), 320-330.
and Bambole,V.D.: Influence of Coccinia [46]. Semwal, R. B., Semwal, D. K., Combrinck, S.,

indica on certain enzymes in glycolytic and
lipolytic pathway in human diabetes. Indian J.
Med. Sci., 52, 143—146, 1998.

& Viljoen, A. M. (2014). Gymnema sylvestre:
A comprehensive review of its phytochemical
and pharmacological profile. Phytochemistry
Reviews, 13(3), 691- 702.

DOI: 10.35629/4494-110411111124 | Impact Factor value 7.429 ISO 9001: 2008 Certified Journal Page 1123



International Journal of Pharmaceutical research and Applications
x ) Volume 11, Issue 4, Jul.-~Aug.2026, pp:1111-1124 www.ijprajournal.com

IJPRA Journal

[47]. Bonifacio, B. V., da Silva, P. B., Ramos, M.
A., et al. (2014). Nanotechnology- based drug
delivery systems and herbal medicines: a
review. International Journal of
Nanomedicine, 9, 1-15.

[48]. Raza, H., John, A., & Shaforin, S. (2011).
Streptozotocin-induced diabetes and oxidative
stress in Wistar rats: protective role of natural
antioxidants. Chemico-Biological
Interactions, 191(1-3), 118-125.

[49]. World Health Organization. (2019). WHO
Global Report on  Traditional and
Complementary Medicine 2019. World Health
Organization, Geneva, Switzerland.

[50]. International Diabetes Federation. (2021). IDF
Diabetes Atlas (10th ed.). Brussels, Belgium:
International Diabetes Federation.

DOI: 10.35629/4494-110411111124 | Impact Factor value 7.429 ISO 9001: 2008 Certified Journal Page 1124



