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ABSTRACT

Diabetes mellitus, a global metabolic disorder, continues to affect millions, necessitating alternative therapeutic strategies to
complement existing treatments. Medicinal plants have historically been significant in managing various diseases, including
diabetes. This review paper profiles three potent medicinal plants — Allium sativum (garlic), Azadirachta indica (neem), and
Annona squamosa (sugar apple) — that hold promise in the arena of diabetes management. Delving into their historical context,
chemical constituents, pharmacological activities, and modes of administration, this paper aims to provide a comprehensive
overview of their therapeutic potential. Preliminary studies have indicated that the bioactive compounds in these plants exhibit
antidiabetic properties, supporting their traditional use in many cultures. This review underscores the importance of integrating
such natural remedies into modern therapeutic strategies, offering potential benefits in diabetes care and promoting holistic health.
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INTRODUCTION

Diabetes mellitus, predominantly characterized by chronic
hyperglycemia, is emerging as one of the most pressing health
challenges of the 1% century.! The World Health Organization
(WHO) estimates that nearly half a billion people worldwide
are afflicted with diabetes, a number projected to escalate
further in the coming decades. This global prevalence,
coupled with the associated morbidity and mortality, demands
innovative therapeutic solutions.’

Historically, the realm of herbal medicine has been an
intrinsic part of various cultures, offering remedies for a
plethora of ailments, diabetes included. Long before the
advent of insulin and oral hypoglycemic agents, traditional
healers turned to nature’s bounty to treat symptoms of high
blood sugar. Herbal treatments, rooted in ancient systems
like Ayurveda, traditional Chinese medicine, and African
traditional medicine, have provided a foundation upon which
many modern medicines are based. In recent times, there’s
a resurgent interest in these traditional remedies, fueled by
a combination of factors — the adverse side effects of certain
modern drugs, the high cost of synthetic medicines, and a
growing inclination towards natural and holistic healing.?

Among the myriad of medicinal plants documented,
this review focuses on three that have garnered significant

attention for their antidiabetic properties: Allium sativum
(garlic), renowned for its cardiovascular benefits and potential
blood sugar-lowering effects;* Azadirachta indica (neem),
traditionally used in various cultures for its broad spectrum
of medicinal properties;’ and Annona squamosa (sugar apple),
whose leaves and seeds have been employed in traditional
systems to combat diabetes.® A summary is given in Table 1.
Through a detailed profiling of these plants, this paper
endeavors to shed light on their potential role in diabetes
management, thereby paving the way for integrating traditional
wisdom with contemporary healthcare practices.

A. sativum (Garlic)

Historical context

Garlic, scientifically referred to as 4. sativum diagram of
bulbs shown in Figure 1, and has its roots deeply embedded
in human history, with evidence of its cultivation dating back
over 5,000 years.” Hailing from Central Asia, garlic found its
way into the ancient civilizations of Egypt, India, China, and
Greece, where it was a culinary staple and a revered medicinal
plant. Egyptian pharaohs valued it for its health-enhancing
properties, and ancient Indian scriptures cite its therapeutic
utility in balancing bodily humors. Hippocrates, often deemed
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Table 1: Historical overview

24-26

Plant Origins Traditional uses Historical significance Ref. No.
Food flavoring, anti- Used by ancient civilizations such as 24
A. sativum (Garlic) Central Asia infective, cardiovascular Egyptians, Greeks, and Romans for

health

A. indica (Neem) Indian subcontinent

Tropical Americas &

A. squamosa (Sugar Apple) Caribbean

Skin disorders, anti-
infective, detoxification

Dietary, anti-inflammatory,
digestive health

various medicinal purposes.

Integral part of Ayurvedic medicine for 25
over 2,000 years. Widely revered in
Indian culture.

Used in traditional systems across South 26
and Central America, and parts of Asia.

Figure 1: Bulbs of 4. sativum
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Figure 2: Chemical constituents of 4. sativum

the ‘father of medicine’, prescribed garlic for a range of
conditions, validating its multifaceted medicinal significance.®

Chemical constituents

Garlic owes its therapeutic prowess to an array of chemical
constituents shown in Figure 2. The most noteworthy of these
is allicin, a sulfur-containing compound responsible for garlic’s
distinctive odor. When garlic cloves are crushed, the enzyme
alliinase transforms alliin, a precursor molecule, into allicin.
Apart from allicin, garlic houses other sulfur compounds like
ajoene and diallyl sulfides, along with flavonoids, saponins, and
trace minerals. These compounds synergistically contribute
to its health benefits.”

Figure 3: Parts of A. indica used medicinally; a) Leaves b) Flowers ¢)
Fruits d) Bark e) Seeds

Pharmacological activities in diabetes

Over the years, both experimental and clinical studies have
unveiled garlic’s potential in diabetes management. Animal
studies suggest that garlic extracts can lower blood glucose
levels, potentially by enhancing serum insulin. Its antioxidant
properties further protect pancreatic beta cells, fostering
insulin secretion. Clinical trials in diabetic patients mirror
these findings. A systematic review of randomized controlled
trials found that garlic supplementation could lead to modest
reductions in fasting blood glucose. Another aspect worth
noting is garlic’s lipid-lowering effects, crucial given the lipid
abnormalities often seen in diabetics.'”

Modes of administration and dosage

Garlic can be incorporated into the diabetic diet in various
forms: raw, cooked, powdered, or as oil and aged extracts.
While consuming raw garlic cloves (1 daily) is a popular
traditional remedy, odorless garlic supplements have gained
traction for those deterred by its pungent aroma. Standardized
garlic supplements typically contain 600 to 100 mg of active
constituents and can be taken once daily. It’s pivotal, however,
to consult healthcare professionals before starting any
supplementation, especially given garlic’s potential to interact
with antidiabetic drugs and anticoagulants."!

A. indica (Neem)

Historical context

A. indica, commonly known as neem and the parts used in
it are shown in Figure 3. It is an evergreen tree indigenous
to the Indian subcontinent. Its use in the realms of medicine
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Figure 4: Chemical constituents of 4. indica

can be traced back over 4,500 years, making it one of the
oldest documented medicinal plants. Celebrated in ancient
Indian scriptures as ‘Sarva Roga Nivarini’ or ‘the curer of all
ailments’, neem holds a pivotal position in Ayurveda, Siddha,
and Unani systems of medicine. Traditional uses span treating
skin disorders, purifying blood, and mitigating fever. Given its
extensive medicinal portfolio, it’s often dubbed as the ‘village
pharmacy’ in India.'?

Chemical constituents

Neem’s pharmacological arsenal is brimming with many
bioactive compounds, a few of which are shown in Figure 4.
Its leaves, bark, and seeds contain limonoids like azadirachtin,
nimbin, and nimbidin, which are credited with most of its
therapeutic properties. Additionally, neem contains flavonoids,
coumarins, polysaccharides, and essential oils. Among these,
nimbolide and gedunin are particularly noteworthy for their
potential antidiabetic activity."

Pharmacological activities in diabetes

Neem has garnered attention in the scientific community for
its potential antidiabetic properties. Experimental studies
on animals have revealed that extracts of neem leaves can
potentiate insulin action, lower elevated blood sugar, and
improve glucose tolerance. Additionally, its antioxidant
properties help combat oxidative stress, a prominent feature
in diabetes. Few clinical studies, though limited, have echoed
these findings, indicating that neem can be a promising
adjunct in diabetes management. It also plays a role in
ameliorating diabetes-associated complications, especially
diabetic nephropathy and retinopathy, primarily due to its
antiinflammatory and antioxidant properties.!

Modes of administration and dosage

Traditionally, fresh neem leaves were often chewed on an
empty stomach for their health benefits. However, given its
bitter taste, many now prefer neem capsules or tablets available
in the market. Neem tea, made by steeping neem leaves or
bark in hot water, is another popular mode of consumption.
For diabetes, a typical dosage recommendation is one capsules
(containing 300—-500 mg of neem extract) daily, but this can
vary based on the product’s concentration and individual needs.
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Figure 5: Chemical constituents of 4. squamosa

Figure 6: Parts of A. squamosa plant: a) Branch b) Flower c¢) Stamen d)
Carpel e) Fruit f) Seed g) Longitudinal section of seed

Like any herbal supplement, it’s essential to exercise caution
and consult with healthcare professionals to determine the
appropriate dosage and ensure there are no adverse interactions
with existing medications.!’

A. squamosa (Sugar Apple)

Historical context

A. squamosa, more commonly known as sugar apple or custard
apple, is a fruit-bearing tree native to the tropical regions
of the Americas but has been widely cultivated in various
parts of Asia and Africa. In traditional systems of medicine,
particularly Ayurveda, various parts of this tree, especially
its leaves and seeds, have been used to treat a myriad of
ailments. Historically, the sugar apple has been prized for its
sweet, creamy fruit and its medicinal attributes in managing
conditions like dysentery, cold, and even diabetes.'®

Chemical constituents

The therapeutic properties of the sugar apple can be attributed to
its rich reservoir of bioactive compounds. Some major chemical
constituents shown in Figure 5 include alkaloids like squamocin
and annohexocin, essential oils, and acetogenins, which are
unique to the Annonaceae family. Flavonoids, tannins, and
glycosides are other significant components. The seeds contain
fixed oils and are a source of alkaloids, particularly annonaine,
which may play a role in its antidiabetic activities. A diagram
of plant parts is shown in Figure 6.7
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Table 2: Summary of chemical constituents of plants

27-35

Plant Compound name Known effects Ref. No.
Allicin Antibacterial, antifungal, potential blood glucose and cholesterol-lowering 27

A. sativum (Garlic) Ajoene Antiplatelet, potential antidiabetic 28
S-allyl cysteine Antioxidant, potential antidiabetic 29
Azadirachtin Insecticidal, antimalarial 30

A. indica (Neem) Nimbin Anti-inflammatory, antipyretic 31
Gedunin Antimalarial, antifungal 32
Annonacin Antioxidant, potential neuroprotective 33

:pqulz;l mosa (Sugar Squamostatin Potential antidiabetic, antitumor 34
Bulatacin Cytotoxic against various cancer cell lines 35

Pharmacological activities in diabetes

Research, especially at the preclinical level, has spotlighted
the potential of 4. squamosa in diabetes management.
Animal studies have demonstrated that extracts from its
leaves and seeds can effectively reduce blood glucose levels.
The mechanism postulated includes pancreatic beta cell
regeneration, enhancing insulin secretion, and increasing
peripheral glucose uptake. Additionally, the antioxidative
properties of sugar apples play a role in mitigating oxidative
stress, often elevated in diabetic conditions. While the bulk of
evidence stems from animal models, there’s a growing interest
in translating these findings to clinical settings.'®

Modes of administration and dosage

Traditionally, decoctions made from the leaves or crushed
seeds of sugar apple have been consumed for health benefits.
In contemporary settings, A. squamosa extracts are available
in capsule or tablet forms, providing a more standardized
dosage and easier administration. A typical dosage might range
from 500 mg of extract per day, but this can vary depending
on the product and individual factors. As always, it’s vital to
seek guidance from healthcare practitioners to determine the
optimal dosage and monitor for potential interactions with
other medications. Summary of the chemical constituents of
all three plants are given in Table 2.

Synergistic Effects

The art of combining multiple medicinal plants to achieve
heightened therapeutic efficacy is not new. Traditional systems
of medicine, such as Ayurveda, have long championed the

Table 3: Summary of experimental and clinical studies

use of polyherbal formulations, tapping into the synergistic
effects of plant compounds. The three plants in discussion—A4.
sativum, A. indica, and A. squamosa—each bring their set
of medicinal attributes. When combined, they may offer
synergistic effects, enhancing the overall potential for diabetes
management.19

Rationale for combination

Each of the three plants carries unique bioactive compounds that
can target various aspects of diabetes. Garlic, with its allicin and
other sulfur compounds, acts as an antioxidant and improves
lipid metabolism. Neem’s limonoids have antiinflammatory
and blood glucose-lowering effects. With its acetogenins and
alkaloids, sugar apple can support pancreatic function and
reduce blood glucose levels. In combination, these plants can
provide a multipronged approach to diabetes management.

Enhanced pharmacological activity

By addressing multiple pathways involved in diabetes
progression, the combination of these plants might substantially
reduce blood glucose levels more than when used individually.
For example, while one plant might enhance insulin secretion,
another might increase peripheral glucose uptake, and yet
another could offer antioxidant benefits to counteract oxidative
stress common in diabetics.

Improved side effect profile

Synergy doesn’t only mean enhanced efficacy; it can also
translate to reduced side effects. Sometimes, when medicinal
plants are combined, they can mitigate each other’s side effects
or toxicities, leading to a safer therapeutic intervention.

36-44

Plant Study type Sample size Results Ref. No.
In-vitro NA Allicin showed potential in increasing insulin secretion 36

?Giﬁtllcv)um In-vivo (Rats) 30 Reduced blood glucose levels after 4 weeks of treatment 37
Clinical (Humans) 100 Significant reduction in fasting glucose levels in patients 38
In-vitro NA Demonstrated potential antidiabetic properties 39

é}é’;ﬁ;a In-vivo (Rats) 25 Reduction in blood glucose and improved lipid profile 40
Clinical (Humans) 80 Patients showed improved glucose tolerance 41
In-vitro NA Extracts exhibited potential antidiabetic activity 42

A. squamosa In-vivo (Mice) 40 Demonstrated antidiabetic and antioxidant effects in diabetic mice 43

(Sugar Apple)
Clinical (Humans) 60

Reduced postprandial glucose levels in patients after 6 weeks of intake 44
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Optimizing dosage

Using plants in combination may allow for a reduced dosage
of each individual plant while still achieving the desired
therapeutic effect. This can further limit any potential side
effects and make the treatment more tolerable.
Considerations and challenges

While the idea of synergy is promising, it’s not without challenges.
Determining the right ratios for combination, ensuring the
consistent quality of plant extracts, and carrying out rigorous
clinical trials to validate the synergistic claims are essential
steps before these combinations can be widely recommended.
Additionally, understanding potential interactions among these
plants and with other conventional medications is crucial.

SAFETY PROFILE

Natural or herbal doesn’t always equate to safe. Like all
therapeutic agents, medicinal plants can also have side effects,
and contraindications and require certain precautions. Let’s
delve into the safety profiles of the three plants: 4. sativum,
A. indica, and A. squamosa.

A. sativum (Garlic)
Adverse effects

* Digestive issues

Consumption can sometimes cause gastrointestinal
disturbances like gas, heartburn, and nausea.

* Body odor and breath

Known for its pungent smell, garlic can lead to strong body
odor and breath.

» Allergic reactions

Though rare, some individuals might exhibit allergic reactions
to garlic.

Contraindications

* Blood thinners

Garlic has antiplatelet effects. Those on blood thinning
medications (e.g., warfarin) should exercise caution as garlic
can potentiate the effects.

o Surgery

Due to its ability to prolong bleeding, it’s advised to stop garlic
consumption before surgeries.

Precautions

Consuming excessively high doses can lead to several issues,
including headaches, fatigue, and muscle aches.*’

A. indica (Neem)

Adverse effects

* Liver function

There have been rare reports of neem causing liver problems.
* Kidney function

Extended use might have potential implications on kidney health.

Contraindications

* Pregnancy and lactation

Neem oil and extracts have shown contraceptive effects in
animal studies. Pregnant or breastfeeding women should avoid
its consumption.

Precautions

Neem might lower blood sugar levels. Diabetics should monitor
their blood sugar and adjust medications if necessary when
consuming neem.?!

A. squamosa (Sugar Apple)
Adverse effects

e Neurotoxicity

The seeds, in particular, have been linked to neurotoxic effects
if consumed in large quantities.

Contraindications

* Pregnancy

Some parts of the plant, especially seeds, have abortifacient
properties. Pregnant women should avoid consumption.

Precautions

As with neem, A. squamosa can lower blood sugar. People
with diabetes need to be vigilant with their blood sugar levels
when consuming sugar apple or its extracts.?

It’s vital to remember that while these plants offer potential
health benefits, they should be used judiciously and preferably
under healthcare professionals’ guidance, especially when
used for therapeutic purposes or in conjunction with other
medications. Individual responses can vary, so close monitoring
for any unusual symptoms or reactions is essential.*> Always
consult with a healthcare provider before starting any new
herbal remedy when in doubt. Summary of experimental and
clinical studies is provided in Table 3.

CHALLENGES AND FUTURE DIRECTIONS

Herbal medicine boasts a longstanding history and numerous
therapeutic benefits and isn’t without challenges, especially
when juxtaposed with modern pharmaceutical standards.
Understanding these challenges is pivotal for directing future
research and ensuring herbal preparations’ efficient, safe, and
effective use.

Challenges

Standardization issues

Due to the innate variability in plants owing to differing growing
conditions, harvesting times, and processing methods it can be
challenging to achieve consistent potency in herbal preparations.

Bioavailability concerns

Certain bioactive compounds in these medicinal plants
may have low bioavailability, requiring modifications or
coadministration with other agents to enhance their absorption
and efficacy.
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Adulteration and contamination

The herbal market is riddled with issues of adulteration and
contamination, making it imperative to ensure the authenticity
and purity of the herbs.

Drug herb interactions

As more individuals opt for both traditional and modern
treatments, there’s an increased risk for potential interactions
between herbal preparations and allopathic medicines.

Limited clinical studies

While anecdotal evidence and traditional use support many
herbal treatments, rigorous, large-scale clinical trials are scarce
to validate their safety and efficacy.

Regulatory hurdles

Herbal medicines often fall into a regulatory gray area,
leading to challenges in approvals, quality control, and market
monitoring.

Future directions

*  Molecular and genetic studies

Advances in genomics and molecular biology can help
understand the specific genes responsible for the synthesis
of therapeutic compounds in plants, potentially leading to
increased yields.

* Enhanced delivery systems

Researching innovative drug delivery systems, such as
nanoparticles or liposomes, can address bioavailability
issues and improve the therapeutic efficiency of herbal
preparations.*>4¢

* Holistic approaches

Embracing systems biology or holistic approaches can help
in understanding the multitargeted mode of action of herbal
medicines, differentiating them from single target allopathic
drugs.

* Phytosome technology

Encapsulating herbal extracts in phospholipid complexes can
enhance their solubility and absorption, offering a promising
avenue for future pharmaceutical developments.

* Rigorous clinical trials

Investing in welldesigned, largescale clinical trials can validate
the therapeutic potential of these medicinal plants and pave the
way for their acceptance in mainstream medicine.

e Collaborative research

Building collaborations between traditional herbal practitioners
and modern scientists can lead to a fusion of knowledge,
accelerating drug discovery and development.

In a world where chronic diseases like diabetes are on the
rise, the harmonization of traditional wisdom with modern
scientific rigor can unveil novel therapeutic strategies. With
challenges addressed and a future-centric approach, these
medicinal plants have the potential to play a significant role in
the next wave of pharmaceutical advancements.*’*3

CONCLUSION

Diabetes mellitus stands as one of the most pressing public
health challenges of our era, with millions grappling with
its multifaceted complications daily. Amidst this backdrop,
the reemergence of traditional herbal medicines as a viable
therapeutic avenue brings a beacon of hope. This review aimed
to illuminate the potential of three medicinal plants A. sativum
(garlic), A. indica (neem), and A. squamosa (sugar apple) in the
management of diabetes.

From their historical contexts rooted deeply in ancient
medicinal systems to modern scientific validations, each plant
showcases a myriad of bioactive compounds that hold promise
against hyperglycemic conditions. Garlic, revered for its allicin
content; neem, laden with nimbidin and other potent agents;
and sugar apple with its unique array of phytochemicals, all
exhibit significant antidiabetic properties as evidenced by both
traditional lore and contemporary studies.

The prospect of these plants working synergistically in
polyherbal formulations presents an even more tantalizing
opportunity, hinting at improved therapeutic outcomes when
used in conjunction. However, as with all potent agents, their
efficacy must be judiciously balanced with safety. Recognizing
and addressing the potential adverse effects, contraindications,
and the necessity for precise dosing remains paramount.

Yet, the journey of integrating these botanical treasures
into mainstream medicine is fraught with challenges. From
standardization issues and bioavailability hurdles, to the
need for robust clinical validations, the path is intricate but
invaluable. As research continues to delve deeper, bolstered
by advances in molecular studies, delivery systems, and
collaborative initiatives, the day may not be far when these
plants, once restricted to traditional recipes, find their rightful
place in modern pharmacopeias.

In conclusion, 4. sativum, A. indica, and A. squamosa
embody the timeless wisdom of nature’s pharmacy. With
a judicious blend of tradition and technology, their full
potential can be harnessed, offering a novel, effective, and
holistic approach to diabetes management in the 1% century
and beyond.
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