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ABSTRACT

Persistent hyperglycemia is a hallmark of diabetes mellitus, a chronic metabolic disease that has serious consequences for
the cardiovascular, renal, neurological, and visual systems. Although synthetic antidiabetic medications are available, their
long-term usage is frequently constrained by side effects, decreased efficacy, and high cost. For ages, traditional medical
systems including ayurveda, traditional Chinese medicine and unani have used herbal remedies to treat diabetes. Scientific
validation of many antidiabetic plants has led to the identification of various bioactive components that have the ability to
reduce blood sugar. Through a variety of mechanisms, including insulin sensitization, increased insulin secretion,
inhibition of enzymes that break down carbohydrates, and antioxidant activity, these bioactive components which include
alkaloids, flavonoids, terpenoids, phenolics, saponins, and glycosides exert antidiabetic effects.

The journey of antidiabetic plants from traditional herbal use to contemporary drug discovery is highlighted in this study,
which focuses on key bioactive chemicals, their mechanisms of action, experimental evidence, and development hurdles.
The review also addresses recent developments and prospects for converting antidiabetic bioactives derived from plants
into pharmaceuticals that have received clinical approval.
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1. INTRODUCTION

Diabetes mellitus (DM) is a chronic, multifactorial
metabolic  disorder  characterized by  persistent
hyperglycemia resulting from defects in insulin secretion,
insulin action, or both.(1) The disease has emerged as a
major global public health concern due to its rapidly
increasing prevalence, high morbidity, and mortality
rates.(2) According to global health estimates, diabetes
affects hundreds of millions of individuals worldwide, with
a disproportionately high burden in developing countries.(3)
The long-term complications of diabetes, including
cardiovascular disease, nephropathy, neuropathy, and
retinopathy, significantly impair quality of life and impose
substantial economic strain on healthcare systems.

Conventional antidiabetic therapies such as insulin
injections and oral hypoglycemic agents remain the
mainstay of diabetes management. Although these drugs
effectively control blood glucose levels, their long-term use
is frequently associated with adverse effects such as
hypoglycemia, weight gain, gastrointestinal disturbances,
hepatotoxicity, and cardiovascular risks. Furthermore, many

patients develop secondary failure or drug resistance,
necessitating combination therapy or dose escalation.(4)
These limitations highlight the urgent need for safer, more
effective and affordable therapeutic alternatives.

Herbal medicine has been used for centuries in the
management of diabetes across various traditional systems
of medicine, including Ayurveda, Traditional Chinese
Medicine (TCM), Unani, and Siddha.(5)
Ethnopharmacological knowledge accumulated over
generations has identified numerous medicinal plants with
glucose-lowering properties. The continued use of these
herbal formulations by a large segment of the global
population underscores their therapeutic relevance and
cultural acceptance.(6)

The therapeutic potential of antidiabetic plants is largely
attributed to the presence of bioactive phytochemical
constituents.(7) These compounds including alkaloids,
flavonoids, terpenoids, phenolic acids, saponins, and
glycosides, exhibit diverse pharmacological activities.(8)
Unlike single-target synthetic drugs, plant-derived bioactive
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compounds often act on multiple molecular targets
simultaneously, thereby offering a holistic approach to
diabetes management. Their ability to modulate insulin
signaling pathways, enhance glucose uptake, inhibit
carbohydrate-digesting enzymes, and protect pancreatic -
cells makes them particularly valuable in addressing the
complex pathophysiology of diabetes.(9)

Advances in modern analytical and molecular techniques
have facilitated the scientific validation of traditional
antidiabetic plants. Techniques such as high-performance
liquid chromatography (HPLC), liquid chromatography—
mass spectrometry (LC-MS), and nuclear magnetic
resonance (NMR) spectroscopy have enabled the isolation
and structural characterization of bioactive compounds.
Additionally, in vitro assays, animal models of diabetes, and
computational tools such as molecular docking have
provided deeper insights into the mechanisms of action of
these phytochemicals. These developments have
accelerated the transition of herbal medicine from empirical
use to evidence-based drug discovery.

The success of several plant-derived compounds in modern
pharmacotherapy further supports the importance of natural
products in drug discovery. Metformin, one of the most
widely prescribed antidiabetic drugs, originated from
Galega officinalis, exemplifying the potential of medicinal
plants as sources of effective therapeutic agents.(10) This

historical precedent has renewed interest in exploring
antidiabetic plants for novel lead compounds with improved
safety and efficacy profiles, this review highlights the
therapeutic potential, mechanistic insights, and future
prospects of plant-derived ant diabetic bioactives as

promising candidates for the development of next-
generation antidiabetic drugs.(11)

2. HERBAL MEDICINE IN DIABETES
MANAGEMENT

Many plants, known as "Madhumeha" in Ayurveda, have
been used to treat diabetes in traditional medical systems.
Many civilizations make extensive use of plants including
Momordica charantia, Gymnema sylvestre, Trigonella
foenum-graecum, Azadirachta indica, and Syzygium
cumini.(12) These herbal treatments, which are frequently
given as extracts, powders, or decoctions, are thought to
work in concert because they include a variety of
phytoconstituents.(13)

The apparent safety, affordability, and holistic approach of
herbal treatment have sparked a resurgence of interest
worldwide. Numerous plants have been shown in
experimental and clinical trials to have strong
antihyperglycemic activity, supporting these traditional
beliefs. (14)

Sr. Medicinal Plant Family Common Major Active | Antidiabetic
No. Name Constituents Relevance
1 Aegle marmelos Rutaceae Bael Marmelosin, aegeline Improves glucose
tolerance
2 Allium cepa Amaryllidaceae | Onion Quercetin, sulfur | Reduces blood glucose
compounds
3 Allium sativum Amaryllidaceae | Garlic Allicin, alliin Enhances insulin
sensitivity
4 Aloe vera Asphodelaceae Aloe Aloin, aloe-emodin Lowers fasting glucose
5 Azadirachta indica | Meliaceae Neem Nimbin, nimbidin Controls
hyperglycemia
6 Cichorium intybus Asteraceae Chicory Inulin, sesquiterpene | Improves insulin action
lactones
7 Coriandrum Apiaceae Coriander Linalool, flavonoids Enhances glucose
sativum metabolism
8 Cuminum cyminum | Apiaceae Cumin Cuminaldehyde, Reduces blood sugar
terpenoids
9 Curcuma longa Zingiberaceae Turmeric Curcumin Improves insulin
resistance
10 Emblica officinalis | Phyllanthaceae Amla Ascorbic acid, tannins Antioxidant,
antidiabetic
11 Foeniculum vulgare | Apiaceae Fennel Anethole, phenolics Regulates glucose
levels
12 Gymnema sylvestre | Apocynaceae Gurmar Gymnemic acids Suppresses glucose
absorption
13 Mangifera  indica | Anacardiaceae Mango Mangiferin Improves glucose
(leaves) metabolism
14 Momordica Cucurbitaceae Bitter gourd | Charantin, polypeptide-p | Potent hypoglycemic
charantia effect
15 Ocimum sanctum Lamiaceae Tulsi Eugenol, ursolic acid Reduces stress-induced
diabetes
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16 Pterocarpus Fabaceae Vijaysar Epicatechin, Stimulates insulin
marsupium pterostilbene secretion

17 Syzygium cumini Myrtaceae Jamun Jamboline, ellagic acid Enhances insulin

activity

18 Taraxacum Asteraceae Dandelion Chicoric acid, inulin Improves glucose
officinale regulation

19 Trigonella foenum- | Fabaceae Fenugreek 4-hydroxyisoleucine, Delays glucose
graecum diosgenin absorption

20 Tinospora Menispermaceae | Guduchi Berberine, tinosporaside | Improves insulin
cordifolia sensitivity

3. BIOACTIVE COMPOUNDS IN ANTIDIABETIC
PLANTS

Antidiabetic plants contain a wide range of bioactive
phytochemicals that contribute to their therapeutic effects.
The major classes of compounds are discussed below.(15)

3.1Alkaloids

Alkaloids with strong antidiabetic properties include
catharanthine and berberine.(16) Berberine decreases the
amount of glucose produced by the liver via increasing
insulin sensitivity and activating AMP-activated protein
kinase (AMPK).(17)

3.2 Flavonoids

Quercetin, kaempferol and rutin are examples of flavonoids
that have anti-inflammatory and antioxidant qualities.(18)
These substances protect pancreatic P-cells, improve
glucose absorption, and block the enzymes a-glucosidase
and a-amylase.(19)

3.3 Terpenoids and Triterpenes

Terpenoids with insulin-mimetic properties include
charantin and oleanolic acid. They are good candidates for
antidiabetic treatment because they enhance lipid profiles
and glucose metabolism.(20)

3.4 Phenolic Compounds

By lowering oxidative stress and preventing intestinal
glucose absorption, phenolic acids such as gallic acid,
ferulic acid, and chlorogenic acid support glucose
homeostasis.(21)(22)
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3.5 Saponins and Glycosides

Plants like Gymnema sylvestre contain saponins that
increase insulin secretion and decrease the feeling of
sweetness.(23) In both experimental and clinical trials,
cardiac glycosides and steroidal glycosides have
demonstrated strong antihyperglycemic activity and
glucose-lowering effects.(23)

4. MECHANISMS OF ANTIDIABETIC ACTION
Bioactive substances derived from plants have antidiabetic
effects by targeting different phases of insulin signaling and
glucose metabolism through a variety of complimentary
methods.(24) Phytochemicals treat diabetes mellitus and its
consequences holistically by acting on multiple biochemical
pathways at once, in contrast to traditional single-target
synthetic medicines.(25)

4.1 Stimulation of Insulin Secretion

A number of bioactive substances stimulate pancreatic [-
cells to increase insulin production. This process includes
calcium influx, membrane depolarization, and ATP-
sensitive potassium (KATP) channel regulation, which
eventually results in insulin exocytosis. It has been
demonstrated that alkaloids, flavonoids, and saponins found
in antidiabetic herbs increase glucose-stimulated insulin
release.(26)

Gymnemic acids from Gymnema sylvestre and alkaloids
from Trigonella foenum-graecum are two examples of
substances that enhance insulin release and reinstate -cell
responsiveness. Because B-cell activity is still present in
type 2 diabetes mellitus, this process is very important.(27)
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4.2 Enhancement of Insulin Sensitivity

One important antidiabetic mechanism is the enhancement
of insulin sensitivity in peripheral tissues including adipose
tissue and skeletal muscle. Bioactive substances facilitate
the absorption of glucose by activating insulin receptor
signaling pathways and encouraging the translocation of
glucose transporter type 4 (GLUTA4) to the cell membrane.
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Increase insulin
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DPP4 inhibitors
Enhance increlin effect

A key regulator of energy balance, AMP-activated protein
kinase (AMPK), is triggered by substances like berberine
and flavonoids like quercetin. Similar to how metformin
works, AMPK activation increases fatty acid oxidation,
decreases hepatic glucose synthesis, and increases insulin
sensitivity.(18)
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4.3 Inhibition of Carbohydrate-Digesting Enzymes

Inhibiting the intestinal enzymes o-amylase and o-
glucosidase, which are involved in the digestion of
carbohydrates, helps regulate postprandial hyperglycemia.
These enzymes are efficiently inhibited by phenolic
chemicals, tannins, and flavonoids found in medicinal
plants, which delay the gastrointestinal tract's absorption of
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glucose.(28)

Significant a-glucosidase inhibitory activity has been
shown by plants including Ocimum sanctum and
Azadirachta indica. Similar to synthetic inhibitors like
acarbose, this method lowers postprandial glucose
increases. (29)
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4.4 Suppression of Hepatic Glucose Production

One of the main causes of fasting hyperglycemia in
diabetics is excessive hepatic gluconeogenesis. By
controlling important gluconeogenic enzymes, such as
glucose-6-phosphatase, a number of bioactive substances
originating from plants reduce the amount of glucose

produced by the liver.(30)
It has been demonstrated that berberine and chlorogenic
acid inhibit the expression of gluconeogenic genes via
AMPK-dependent pathways, which causes the liver to
produce less glucose.(31)
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4.5 Protection and Regeneration of Pancreatic -Cells

Maintaining B-cell bulk and function is essential for
managing diabetes. Pancreatic P-cells are shielded from
oxidative damage and inflammatory stress by antioxidant
phytochemicals. Additionally, several bioactive substances
support the neogenesis and regeneration of p-cells.
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Triterpenoids, flavonoids, and saponins improve overall -
cell function by decreasing apoptosis and increasing insulin
production. In experiments, gymnemic acids and chemicals
from Momordica charantia have shown protective
properties against -cells.(32)
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4.6 Antioxidant Activity

The pathophysiology of diabetes and its consequences is
significantly influenced by oxidative stress. Antioxidants
derived from plants scavenge reactive oxygen species
(ROS), boost endogenous antioxidant enzymes including
glutathione peroxidase, catalase, and superoxide dismutase
(SOD), and stop lipid peroxidation.(33)

Tannins, flavonoids, and phenolic acids all dramatically
lower oxidative stress, which enhances insulin signaling and
shields tissues from the negative effects of diabetes.(34)

4.7 Anti-Inflammatory Effects
Insulin resistance and P-cell dysfunction are linked to
persistent low-grade inflammation. Bioactive substances

reduce inflammatory signaling pathways by inhibiting pro-
inflammatory cytokines such TNF-a, IL-6, and nuclear
factor.(35,36)

Well-known plant-based substances with strong anti-
inflammatory properties that enhance insulin sensitivity and
metabolic homeostasis include curcumin, quercetin, and
resveratrol. (37)

4.8 Regulation of Lipid Metabolism

Diabetes and dyslipidemia are closely related conditions. By
lowering triglycerides, total cholesterol, and low-density
lipoproteins (LDL) and raising high-density lipoproteins
(HDL), bioactive substances control lipid metabolism.
Better lipid profiles lower the risk of cardiovascular disease
and insulin resistance.(38)
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4.9 Multi-Target and Synergistic Effects

The capacity of plant-derived antidiabetic medicines to
operate on several targets at once is one of their main
advantages.(39) Herbal drugs are attractive options for
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long-term diabetes therapy because of the synergistic
interactions between different phytochemicals that improve
therapeutic efficacy and minimize side effects.(40)

Table 2. Bioactive Compounds and Mechanisms of Antidiabetic Action:

Sr. | Medicinal Key Bioactive | Major NNovel Formulation | Expected
No. | Plant Compound Limitation AApproach Advantage
1 Aegle Aegeline Low oral | Polymeric nanoparticles Improved
marmelos bioavailability absorption and
sustained release
2 Allium cepa Quercetin Poor solubility Solid lipid nanoparticles | Enhanced solubility
(SLNs) and stability
3 Allium sativum | Allicin Chemical Liposomes Protection from
instability degradation
4 Aloe vera Acemannan Poor skin | Ethosomes Enhanced
penetration transdermal
delivery
5 Azadirachta Nimbidin Low permeability | Nanoemulsion Improved
indica bioavailability
6 Cichorium Inulin Rapid Hydrogel systems Prolonged intestinal
intybus metabolism retention
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7 Coriandrum Linalool Volatility Nanostructured lipid | Improved stability
sativum carriers (NLCs)

8 Cuminum Cuminaldehyde Low aqueous | Self-nanoemulsifying drug | Rapid absorption
cyminum solubility delivery system

(SNEDDS)
9 Curcuma longa | Curcumin Extremely poor | Polymeric nanoparticles Increased systemic
bioavailability exposure

10 Emblica Gallic acid Rapid clearance | Nanogels Sustained
officinalis antioxidant effect

11 Foeniculum Anethole Volatility Nanoencapsulation Controlled release
vulgare

12 Gymnema Gymnemic acids Low permeability | Phytosomes Enhanced intestinal
sylvestre absorption

13 Mangifera Mangiferin Poor solubility Lipid-based nanoparticles | Improved
indica bioavailability

14 Momordica Charantin Degradation in | Enteric-coated Targeted intestinal
charantia GI tract nanoparticles release

15 Ocimum Eugenol Volatile and | Microencapsulation Improved shelf life
sanctum unstable

16 Pterocarpus Pterostilbene Low water | Solid dispersion | Enhanced
marsupium solubility nanoparticles dissolution

17 Syzygium Jamboline Poor absorption Polymeric nanocapsules Increased oral
cumini bioavailability

18 Taraxacum Chicoric acid Poor stability Nanoemulsion gel Improved stability
officinale and delivery

19 Trigonella 4- High dose | Controlled-release matrix | Reduced dosing
foenum- Hydroxyisoleucine | requirement tablets frequency
graecum

20 Tinospora Berberine Efflux by P-gp | Nanoparticles with | Enhanced cellular
cordifolia transporters bioenhancers uptake

5. BIOLOGICAL PATHWAYS
DIABETES MANAGEMENT
Diabetes mellitus is a complicated metabolic disease that
causes persistent hyperglycemia and increasing tissue
damage. It is characterized by decreased insulin production,
insulin  resistance, oxidative stress, and chronic
inflammation. The development and course of diabetes
complications are largely influenced by these interrelated
pathogenic pathways. A growing body of research indicates
that herbal remedies have positive benefits by modifying
important biological pathways related to glucose
regulation.(41)

The main targets of herbal bioactive substances include
oxidative stress processes, incretin hormone control, and
insulin signaling pathways.(42) While certain plant-derived
components improve insulin sensitivity and encourage
peripheral tissues to absorb glucose, others decrease incretin
hormones like glucagon-like peptide-1 (GLP-1), which
improves insulin secretion and glycemic control.
Furthermore, by scavenging reactive oxygen species (ROS)
and lowering pro-inflammatory cytokines like tumor
necrosis factor-a  (TNF-a), interleukin-6 (IL-6), and
interleukin-1p  (IL-1P), plant-based antioxidants are

INVOLVED IN

essential in reducing oxidative stress. Pancreatic B-cells are
shielded from apoptosis and their functional integrity is
maintained by this antioxidant and anti-inflammatory
effect.(43) Herbal medicines provide a multitarget
therapeutic approach that enhances traditional antidiabetic
therapy and emphasizes their potential significance in
diabetes care by simultaneously addressing numerous
disease pathways.

6. IMPORTANCE OF HERBS IN DIABETIC
MANAGEMENT

Medicinal plants are important in the treatment of diabetes
mellitus, a dangerous metabolic disease. Strong antidiabetic
effects with few or no side effects have been shown by
traditional herbal medicines. Nearly 80% of people in
underdeveloped nations use traditional herbs as their main
source of healthcare, according to studies. (44) Traditional
medicine is still a vital part of primary healthcare systems
in many low-income countries.

Because they are readily available, reasonably priced, and
less expensive than traditional synthetic medications, herbal
remedies are being utilized more often to treat diabetes.
These medicines, which have fewer adverse effects, can be
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used either on their own or in addition to insulin or other
common antidiabetic medications.(45) Herbal remedies
have been recommended by the World Health Organization
(WHO) for the treatment of diabetes mellitus and its
consequences. Many antidiabetic herbs have been shown to
exhibit antihypertensive, nephroprotective, and
retinoprotective qualities in addition to their hypoglycemic
benefits. These characteristics might lessen frequent
consequences associated with diabetes. Therefore, the
management of diabetes and its long-term problems may
benefit greatly from the ingestion and therapeutic use of
medicinal herbs.(46)

7. EXPERIMENTAL
PRECLINICAL STUDIES
The antidiabetic potential of bioactive chemicals produced
from plants has been confirmed by several in vitro and in
vivo investigations. Antihyperglycemic action is frequently
evaluated using animal models, such as diabetic rats
produced by streptozotocin and alloxan.(47) These studies
show that treatment with plant extracts or isolated
substances significantly lowers fasting blood glucose levels,
improves lipid profiles, and restores antioxidant enzyme
levels.(48)

EVIDENCE AND

8. FROM HERBAL MEDICINE TO MODERN DRUG
DISCOVERY

Bioactivity-guided  fractionation, active ingredient
separation and  characterization,  pharmacological
evaluation, and clinical trials are some of the steps involved
in turning traditional antidiabetic therapies into
contemporary medications.(49) The discovery of bioactive
phytochemicals has been expedited by developments in
analytical methods like HPLC, LC-MS, and NMR
spectroscopy. Understanding target interactions and
optimizing lead compounds are further aided by
computational techniques, molecular docking, and high-
throughput screening. (50)

The success of fusing traditional knowledge with
contemporary drug discovery techniques is demonstrated by
the number of plant-derived molecules that have influenced
contemporary antidiabetic medications or are presently
being studied. (51)

9. CHALLENGES AND LIMITATIONS

A number of obstacles prevent medicinal plants from being
successfully translated into contemporary therapies, despite
their widespread use in traditional diabetes management
systems and the mounting scientific evidence demonstrating
their antidiabetic potential. The inherent heterogeneity in
phytochemicals content resulting from variations in plant
species, geographic origin, harvesting conditions, and
extraction techniques is one significant restriction. This
heterogeneity affects consistency in therapeutic efficacy by
making standardization and repeatability challenging.

The poor pharmacokinetic profile of many bioactive
chemicals originating from plants is another major obstacle.
Low bioavailability and decreased clinical efficacy are
caused by problems such inadequate intestinal absorption,

fast metabolism, low water solubility, and chemical
instability. Furthermore, a lot of phytoconstituents have
short half-lives and need to be taken often or in large doses,
which might reduce patient compliance and raise the risk of
toxicity.

Clinical applicability is further limited by the absence of
thorough toxicology and safety data. Despite the widespread
belief that medicinal plants are harmless, many antidiabetic
phytochemicals lack enough research on long-term toxicity,
herb-drug interactions, and dose-dependent side effects.
Furthermore, there are few well-designed clinical trials to
verify efficacy and safety in humans, and the majority of the
evidence that is now available comes from in vitro research
and animal models.

Significant obstacles also come from translational and
regulatory issues. Approval and commercialization are
made more difficult by the lack of standardized regulatory
frameworks for herbal and nano-herbal compositions.
Additionally, although therapeutically beneficial, the
complicated multitarget and synergistic character of herbal
bioactives poses challenges for drug development pipelines,
mechanism elucidation, and intellectual property protection.
To fully utilize the potential of antidiabetic plant bioactives
in contemporary drug discovery, these issues must be
resolved by standardization, sophisticated formulation
techniques, stringent preclinical and clinical validation, and
regulatory alignment.

10. CONCLUSION AND FUTURE DIRECTIONS

A rich and varied source for the creation of innovative
therapeutic agents against diabetes mellitus is the bioactive
chemicals derived from antidiabetic medicinal plants.
Flavonoids, alkaloids, polyphenols, terpenoids, and
saponins are examples of phytochemicals that have strong
antihyperglycemic effects by acting on a variety of
biological targets, such as stimulating insulin secretion,
improving insulin sensitivity, inhibiting enzymes that break
down carbohydrates, suppressing the production of glucose
in the liver, and lowering oxidative stress and inflammatory
reactions. These compounds have long been used in
traditional medical systems because of their multitarget
character, which gives them a clear advantage over standard
single-target synthetic medications.

The therapeutic use of plant-derived antidiabetic drugs is
frequently impeded by constraints such poor aqueous
solubility, limited bioavailability, chemical instability, rapid
metabolism, and heterogeneity in phytochemicals
composition, despite promising pharmacological findings.
Innovative solutions to these problems have been made
possible by recent developments in nanotechnology,
allowing the creation of delivery systems based on
nanoparticles that greatly improve the therapeutic efficacy
of herbal bioactives. Polymeric nanoparticles, lipid-based
nanoparticles, phytosomes, liposomes, nanogels, and
ethosomes have all shown promise in preventing the
destruction of delicate phytoconstituents, enhancing cellular
uptake, improving intestinal absorption, and facilitating
regulated and sustained release. These characteristics boost
the translational potential of herbal antidiabetic medicines
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by improving pharmacokinetic profiles, enabling dose
reduction, and improving patient compliance.

A crucial stage in preclinical development is the assessment
of nano-formulated herbal medicines utilizing verified
diabetic animal models. While high-fat diet-induced and
genetically diabetic models more closely resemble insulin
resistance and type 2 diabetes in humans, experimental
models such as those induced by streptozotocin and alloxan
offer important insights into pancreatic B-cell protection,
insulin secretion, and glucose homeostasis. When compared
to traditional herbal extracts, studies using these models
have demonstrated that phytoconstituents loaded into
nanoparticles had better antihyperglycemic activity,
increased bioavailability, and improved tissue targeting. The
scientific data needed for clinical translation will be
strengthened even more if pharmacokinetic, biochemical,
and histopathological evaluations are integrated into animal
investigations.

Advances in computational biology, molecular docking,
network pharmacology, and systems biology are supporting
the shift of herbal antidiabetic substances from traditional
medicine to contemporary drug discovery. These methods
make it possible to predict synergistic interactions, identify
molecular targets, and optimize lead molecules made from
medicinal plants. Such contemporary drug discovery
approaches can hasten the creation of plant-inspired
medicines with enhanced efficacy, safety, and repeatability
when paired with nanotechnology-based formulation
techniques. Furthermore, for herbal extracts and
nanoformulations to be accepted in mainstream healthcare,
they must be standardized, adhere to regulatory criteria, and
undergo thorough clinical validation.

In conclusion, a potential and comprehensive approach to
the creation of next-generation antidiabetic treatments is the
merging of ethnopharmacological expertise  with
nanotechnology, diabetic animal model studies, and
contemporary drug discovery platforms. It is anticipated
that more multidisciplinary research in this field would
produce plant-based antidiabetic medications that are safe,
efficient, and reasonably priced, thereby mitigating the
increasing prevalence of diabetes mellitus worldwide.

The integration of traditional knowledge with contemporary
scientific and technical advancements is critical to the future
of antidiabetic medication discovery from medicinal plants.
Plant-derived bioactive chemicals can be identified and
optimized more quickly, and their molecular mechanisms
can be clarified, thanks to omics technology, bioinformatics,
and artificial intelligence. Nanoparticles, nanogels, and
lipid-based carriers are examples of novel drug delivery
methods that can get around issues with low stability and
bioavailability. Furthermore, phytochemicals medication
combinations and synergistic phytochemicals may enhance
therapeutic efficacy. Transforming herbal antidiabetic drugs
into successful contemporary treatments requires well-
designed preclinical and clinical research, appropriate
standardization, and regulatory validation.
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