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Abstract

Diabetes mellitus, a chronic metabolic dysfunction found in people of different
age groups worldwide, is now seriously threatening mankind’s health. Despite
the application of insulin and other synthetic oral anti-diabetic drugs, there is a
great need for the discovery and development of novel anti-diabetic drugs of plant
origin as the synthetic drugs have more side effects in long-term use. Therefore,
researchers engaged in discovering novel bioactive compounds from plants
bearing anti-diabetic potential also have fewer unwanted side effects than con-
ventional drugs. In this chapter, an attempt has been made to discuss the prospec-
tive medicinal plants comprising either plant extracts or isolated bioactive phyto-
constituents bearing anti-diabetic potential, which has been reported in several
in vitro, in vivo, or clinical studies. Because of this, the mechanism of action and
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the management of diabetes will be valuable to scientists, chemists, and pharma-
ceutical corporations for the discovery of novel anti-diabetic drugs in the future.
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Management of diabetes

1 Introduction

Plant-human interaction has long been a part of the history of civilization
(Mukherjee et al., 2007). About 60% of medicine is naturally derived, i.e. directly
plant or plant-based secondary metabolites. The recent trend shows more experi-
mental work based on plants, around triple the amount from the past. Diabetes is a
steadily rising trend globally, with around 422 million adults inflicted in 2014
compared to 108 million adults in 1980, which from 4.7% doubled to 8.5%. Early
life was lost in around 43% of all deaths due to high blood glucose (World Health
Organization (WHO) Global report on diabetes, 2020). In 2021, the International
Diabetes Federation (IDF) Atlas 10 edition highlighted 537 million adults with
diabetes between 20 and 79 years, and this number of cases will rise to around
643 million and 783 million by 2030 and 2045 years, respectively, and more will be
affected in low- and middle-income countries, with loss of life accounting for
6.7 million.

It has traditionally been the most difficult process to find drugs from natural plants
through product identification and proper application of that to a “lead drug,” but
recent multidisciplinary research approaches have placed a high priority on devel-
oping natural drugs for a variety of molecular targets and the treatment of various
illnesses and disease conditions. In ancient times, people used rawer extraction, a
purification technique, for plant drug discovery. At that time, an empirical technique
was preferred over a rational method for discovering new medicines. Evidence from
recorded history suggests that the Mesopotamian culture, which dates back to
2600 BC, utilized medicine derived from 1000 different plant species. Egyptian
medicine dates back to 2900 BC, and some medical documents called the ‘Ebers
Papyrus’, which were discovered around 1550 BC, describe 700 medications
derived from plants. Ayurveda from India dates back to the first millennium BC,
whereas the Chinese medical system is over a thousand years old. Greek and Roman
cultures of medicine contributed significantly to the western world’s extensive
knowledge of herbal medicine. These cultures contribute their self-knowledge to
the Arabian medicinal system, part of which comes from India’s and China’s old
medical practices (Atanas et al., 2015). Though individuals still use them as unrec-
ognized drug states, ethnographic data on a plant with medical benefits is a big
interest to new research perspectives.

Ayurveda is a notable example of this source and is best suited for anti-diabetic
drugs—metformin and more biguanide drug were made by copying like galegine
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from Galega officinalis L. plant. Plant phytochemical for drug testing is related to
traditional in vitro and in vivo approaches. This pharmacological method is divided
into forwarding pharmacological and reverse pharmacological approaches. The
primary step in identifying and evaluating a pre-drug plant is to acquire animal
data based on signs and symptoms or in vitro experiments. If the available
biomolecules are active and interact with the target protein in vivo, or if searching
phytochemical data for specific functional molecules and their application in animals
or other species, then this is an example of a ‘reverse approach’ to the process of
discovering new drugs from plants. The preliminary step in screening plant
bioactives is the extraction of either aqueous or organic solvents. After that, frac-
tionalization for the isolation of interactive compounds is performed using methods
such as column chromatography, which is a traditional method. However, the most
sensitive characterization is performed using nuclear magnetic resonance (NMR),
gas chromatography-mass spectroscopy (GCMS), or high-performance liquid chro-
matography (HPLC), which can distinguish secondary plant metabolites more
accurately (Atanas et al., 2015).

2 History of Indian Medicinal Plants for Diabetes Control

Traditional herbal medicine has existed worldwide since the prehistoric era. It was
recorded in Ayurveda, Chinese, Greek, and Egyptian for various therapeutic uses;
meanwhile, African and American native people use herbs in their cultural rituals.
Ayurveda has become one of the ancient alternative Indian medicine systems in the
period between 4000 BC and 1500 BC, where the history of medical knowledge
about plants or herbal therapy was well recognized in two early textbooks,
i.e. Charaka Samhita and Sushruta Samhita. Around 1000 BC, the Indian medical
practice of Ayurveda referred to diabetes mellitus (DM) as madhumeha, which is a
type of Prameha. At that time diabetes was a mythological view mentioned eating
Havisha, a special type of food i.e., offered during the Yagna occasion by Daksha
Prajapati. In the Vedic period, around 600 BC, this illness was referred to as
‘Asrava’, and its detailed description was recorded in Charaka Sambhita, Sushruta
Samhita, and Vagbhatta (Singh, 2011). Since then, indigenous herbal medicines as
raw forms have been strong reflections. For example, Gymnema sylvestre
(Asclepiadaceae) is native to the tropical forest of South West India. This plant
leaf extract was used as anti-diabetic medicine in the contemporary period of
Sushruta (600 BC) (Laha & Paul, 2019). But in the early nineteenth century,
scientific advancement with time beings industrialists, scientists, and researchers
focused on synthetic pharmaceuticals, which show the declinature of herbal value.
However, recent initiatives are being utilized to revive and widely promote tradi-
tional plant medicine in the mainstream medical system while considering quality
and safety issues (Parasuraman et al., 2014). A WHO-estimated report says that
about 80% of the world population from third-world countries trust traditional plant
medicine for health care (Mathew & Babu, 2011; Amalraj & Gopi, 2016). About
60% of rural people in India use herbal medicine (Amalraj & Gopi, 2016). The
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Indian subcontinent is a rich diversity of 45,000 plant species, and 15,000 medicinal
flora have been recognized. Knowingly, out of the medicinal plants, 7000-7500
species have been used by community people to cure diseases. Ayurveda recorded
about 700 types of medicinal plants used in the ancient era (Parasuraman et al.,
2014). Importantly, literature data shows more than 400 hypoglycaemic plants have
been discovered, but still surprising to discover new diabetic plants serve as an
alternative in the most attractive field. Information from an ethnobotanical survey
suggests that 800 plants may pose potent anti-diabetic properties. Out of these, three
have been evaluated as beneficial for treating type-2 diabetes mellitus—T7rigonella
foenum-graecum, Pterocarpus marsupium, and Momordica charantia (Patel et al.,
2012; Ponnusamy et al., 2011). Because even the most advanced allopathic system
cannot entirely cure diabetes and oral hypoglycaemic medicines have caused a
number of unpleasant side effects, the entire globe is concentrating its efforts now
on herbal treatments for the disease (Srivastava et al., 2012). That is why in recent
years, considerable importance has been given to plant herbal medicine for diabetes
management. Herbal preparation makes more polyherbal formulations due to extra
therapeutic benefits than a single herbal formulation. The combination of herbs
improves the pharmacological activity of polyherbal formulation (Parasuraman
et al., 2014). Examples include the Indian company Diabet (Herbal Galenicals),
which manufactures anti-diabetic herbal medicines using a variety of plant extracts,
including Strychnos potatorum, Tamarindus indica, Tribulus terrestris, Curcuma
longa, Coscinium fenestratum, and Phyllanthus reticulates, among others
(Umamaheswari et al., 2010). Other anti-diabetic treatments include Diabrid,
Diakyur, Dihar, Dianex, Diashis, Diasulin, and Diasol, all of which have been
shown to have effects that are compatible with those of regular allopathic drugs
(Srivastava et al., 2012).

3 Pharmacological Management of Diabetes Mellitus

According to the World Health Organization (WHO), diabetes mellitus is a chronic
and metabolic disorder characterized by a rise in blood glucose (or blood sugar)
level, which leads over time to serious damage to the eyes, blood vessels, kidneys,
heart, nerves, etc. This disease is divided into type-1 diabetes and type-2 diabetes. In
patients with type-1 diabetes, once known as insulin-dependent diabetes or juvenile
diabetes chronic conditions, the body does not produce enough (or any) insulin; that
is why these patients are required to inject insulin directly. Type-2 diabetes is the
most common type of diabetes, which is usually found in adults. Diabetes develops
when the human body either develops insulin resistance or fails to produce sufficient
amounts of insulin. After a while, diabetes mellitus is accompanied by specific
vascular and neuropathic complications (Ngugi et al., 2012). The frequency of
type-2 diabetes in the population has dramatically risen in the past three decades
in countries of all income levels. It is critical to the survival of people with diabetes,
although they access affordable treatment, including insulin. There is a global
consensus that the rate of increase in diabetes and obesity should be slowed down
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by the year 2025 (WHO, 2022a, 2022b). Thus, nowadays, there is a great need to
manage diabetes to avoid or reduce chronic complications arising from it and to
prevent acute complications like hyper- and hypoglycemia, blindness, limb amputa-
tion, and cardiovascular diseases (CVDs).

4 Pharmacological Management

Over 61 million people in India have diabetes, so it can be said that India is the
‘capital of diabetes’. It is challenging to treat diabetes and manage all the
complications simultaneously because of inadequate health care and a lack of
sufficient facilities (Jacob & Narendhirakannan, 2019). In the past, medical
practitioners used insulin and sulfonylureas to treat patients with diabetes mellitus
type 2. But nowadays, several other medications are available on the market to treat
type-2 diabetes. These are acarbose, migital, repaglinide, metformin hydrochloride,
troglitazone, and rosiglitazone. In the near future, hopefully several other agents will
be available to treat patients with diabetes. To control diabetic patients’ blood sugar
levels without requiring insulin injections, physicians will need to use these agents.
Here are some common uses of these drugs.

4.1 Insulin Therapy

Insulin is a peptide hormone secreted by beta cells located in the islets of the
pancreas. Insulin is released into the bloodstream as a consequence of the ingestion
of food particles. This step assists in the movement of glucose from the food particles
we have consumed into cells so that it can be used as a source of energy.

4.2 For Patients with Type-1 Diabetes

Due to the autoimmune reaction of the body of patients with type-1 diabetes
mellitus, insulin-producing cells have been destroyed, so the body produces little
or no insulin. In this scenario, it is necessary to replace the insulin in the body on a
daily basis by injecting it.

4.3 For Patients with Type-2 Diabetes

In the case of type-2 diabetes, the body produces insulin but does not work correctly.
In order to maintain stable blood sugar levels and postpone the requirement for
tablets and insulin, lifestyle changes are necessary. When the patient requires insulin,
it is important to understand that this is just the condition’s natural progression
(Diabetes Australia, 2022).
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4.4 Sulfonylureas

Patients who still have some function in their pancreatic beta cells may experience a
reduction in their blood glucose level as a result of the ability of sulfonylureas to
stimulate increased insulin secretion from their pancreatic beta cells. The stimulation
of pancreatic beta cells by sulfonylureas can result in an increase in the amount of
insulin that is secreted. In the earlier stages of type-2 diabetes, sulfonylureas are a
more effective medication for patients who have an increased pancreatic beta-cell
function (Costello & Shivkumar, 2021).

4.5 Metformin Hydrochloride

Metformin is prescribed to patients who have type-2 diabetes. Metformin is an anti-
diabetic medication that is available in both immediate-release and extended-release
forms. Additionally, it is frequently combined with other anti-diabetic medications
in a variety of combination products. The treatment and prevention of polycystic
ovary syndrome (PCOS), the management of antipsychotic-induced weight gain,
gestational diabetes, the prevention of type-2 diabetes, etc. are some of the off-label
indications that have been approved for the use of this medication. Metformin is
currently the only anti-diabetic medication that is recommended for pre-diabetic
patients by the American Diabetes Association. Anti-aging effects, cancer preven-
tion, and neuroprotection are just some of the possible applications for this
compound.

4.6 Acarbose

Acarbose is a medication prescribed to patients with type-2 diabetes. This medica-
tion should be taken orally before each meal to reduce the amount of sugar that
remains in the blood. Diabetes mellitus can lead to many complications over time,
but taking this medication can help prevent those complications.

5 Potential Plant Used for Diabetes Control

Diabetes is a chronic lifestyle disease that is not completely curable but controllable
and manifests macronutrients—carbohydrate, protein, and fat metabolic impairments.
It will become the world’s most-wanted killer disease in the coming 25 years.
Literature source describes over 400 medicinal plant species that have
hypoglycaemic effects. Plants are diverse sources of important bioactive
components; many of these are potentially used in diabetes management (Malviya
et al., 2010). The following figure describes the potential plants with their family
bearing anti-diabetic activity (Fig. 1).
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Potential anti-diabetic plants (family and
botanical name)

Liliacea Cucurbitaceae Moraceae Leguminoseae

(Alium sativum) {(Momordica charantia, (Ficus bengalensis) (Trigonella foenum greacum)

{A.cepa), (Aloe baradensis)| Citrullus eolocynthis.) (Acacia arabica)

Coccinia indica

Apocynaceae Meliaceae Rutlceae Myrtaceae

(Gyvmnema sylvesire) (Azadirachta indica) (Aegle Mermelos) (Syzygium cumini)
Combretaceae Moraceae Asteraceae Arecaceae
(Terminalia arjuna) (Fiscus bengalensis)  (Artemisia pallens) (Areca catechu)

Myrtaceae Malvaceae Musaceae Lamiaceae
(Eucalyptus globulus) (Hibiscus rosa-sinensis) (Musa sapientum) (Ocimum sanctum)

Fig. 1 The potential plants with their family bearing anti-diabetic activity

6 Medicinal Plants and Their Active Parts in Diabetes
Mellitus Management

Due to the presence of therapeutically important active photo components, medicinal
plants have a significant potential to treat a wide range of diseases and conditions. In
recent years, various developing and underdeveloped countries have relied on
medicinal plants to cure several diseases since herbal medicines are accessible,
cost-effective, and without any or fewer side effects. Diabetes mellitus is a serious
metabolic disorder in human beings. There are several medicines available on the
market to alleviate the disease. However, these drugs are more expensive and are
associated with several complications to the human body. So contemporary
researchers have investigated various medicinal plants with anti-diabetic activities.
Here, we will discuss various active medicinal plant parts used to treat diabetes
mellitus (Tables 1, 2 and 3).
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7 Phyto-Chemistry of Medicinal Plants

Plants used for medicinal purposes are an abundant source of various vital bioactive
photo components as well as bio-nutrients. These bioactive phytochemicals are
generally called active principles or plant secondary metabolites. Plant secondary
metabolites generally group according to their biosynthetic pathways and can be
grouped into three large groups: alkaloids, phenolic compounds, and terpenes
(Francesca et al., 2019).

7.1 Alkaloids

The word ‘alkaloid’ comes from the Arabic word ‘al-qali’, which refers to the plant
from which soda was first isolated. The term ‘alkaloid’ has been in use since the
nineteenth century (Kaur & Arora, 2015). The term ‘alkaloid’ was first used in 1819
by the German chemist Carl F. W. Meissner to refer to a substance derived from
plants that possessed alkaline characteristics. According to, alkaloids are base-type
compounds that contain an N-atom at any position in the molecule and do not
include N in an amide or peptide bond. Furthermore, alkaloids are distinguished
from amines and peptides by the absence of an amide bond. According to Gutiérrez
et al.’s research from 2020, alkaloids are abundant in bacteria, fungi, plants, and
animals, and they are formed when acids combine with alkaloids to make salts. One
of the defining characteristics of alkaloids is that they do not contain nitrogen in the
amide or peptide bonds that they form. Since ancient times, purgatives, anti-tussives,
and sedatives that are derived from plants have been used as part of folklore
medicine to treat a wide variety of diseases and ailments. Alkaloids have played a
significant role in the treatment of these conditions. The low MW (molecular weight)
structures that makeup alkaloids account for approximately 20% of the secondary
metabolites that are plant-derived. It is estimated that approximately 12,000 different
alkaloids have been isolated to this point from various plant families across the
kingdom of plants (Kaur & Arora, 2015). Alkaloids are typically produced by plants
in order to facilitate their existence in the ecosystem, the formation of seeds, and
their escape from a variety of predators. Alkaloids are the most abundant and diverse
group of secondary metabolites. They also have anti-diabetic activity because they
inhibit enzymes such as beta-amylase, beta-glucosidase, dipeptidyl peptidase-1V,
aldose reductase, and protein tyrosine phosphatase-1B, among others.

The anti-hyperglycaemic activity of the roots of Aerva lanata Linn.
(Amaranthaceae) was investigated in an experiment conducted by Agrawal et al.
(2013). The results of the experiment showed that the plant exhibits this kind of
activity due to the presence of alkaloids known as canthin-6-one derivatives.
Sangeetha, Priya, and Vasanthi conducted an investigation in vitro for the purpose
of determining the anti-hyperglycaemic potential of the stem of Tinospora cordifolia
in 2013. Because it contains palmatine and alkaloid, the stem of Tinospora
cordifolia has been shown to have anti-hyperglycaemic properties when it has
been extracted with petroleum ether.
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The anti-diabetic potential of alkaloids such as vindoline, vindolidine,
vindolicine, and vindolinine was demonstrated by Tiong et al. (2013) when they
were extracted from the leaves of Catharanthus roseus. In another experiment,
discovered that the seed of Brassica oleracea var. capitata contains 2,3-Dicyano-
5,6-diphenyl pyrazine, which is an alkaloid that has anti-diabetic activities.

7.2 Phenolic Compounds

Phenolic compounds, phenolics, and polyphenolics are all umbrella terms that refer
to the same thing: chemical compounds that have at least one aromatic ring and one
or more hydroxyl substituents. Phenolic compounds, phenolics, and polyphenolics
are all examples of these types of compounds. This encompasses functional
derivatives like esters, methyl ethers, glycosides, and other compounds that are
very similar to these. Over 8000 distinct types of phenolic compounds can be
found in the plant kingdom (Bhuyan & Basu, 2017; Ho, 1992; Cartea et al.,
2011). Whereas the term ‘plant phenolics’ refers to the natural secondary metabolites
that arise through biogenesis from either the shikimic acid pathway or the
phenylpropanoid pathway, which directly provides phenylpropanoids, or the ‘poly-
ketide’ acetate/malonate pathway, which also accomplishes a very wide range of
physiological roles in medicinal plants, the phenylpropanoids that are directly
provided by the phenylpropa (Quideau et al., 2011; Harborne, 1989).

Ever since the course of evolutionary consequences of various plant lineages,
higher plants have synthesized several thousand known phenolic compounds. This
has allowed plants to tolerate adverse environmental challenges over the course of
evolutionary time. When plants are subjected to a variety of environmental stresses,
such as pathogen infections, herbivores, low temperatures, high light, and nutrient
deficiency, the phenolic compounds found in the plants play an important role in the
defence mechanisms that the plants employ. This can increase the number of free
radicals and other oxidative species produced by the plants (Lattanzio, 2013).

7.3 Terpenes

Terpenes are the most numerous and diverse group of naturally occurring chemical
compounds that can be found almost exclusively in plants. They are also known as
terpenoids and isoprenoids. Terpenes, such as sterols and squalenes, have also been
discovered in animal tissues. The majority of terpenes have structures that are
multicyclic and contain oxygen-containing functional groups. Terpenoids account
for approximately 60% of all known natural products that play a role in the
secondary metabolism of plants. Despite the fact that the nomenclature of this
compound is sometimes used interchangeably with ‘terpenes’, the compounds in
question are hydrocarbons, whereas terpenoids have additional functional groups,
most of which contain the element oxygen. Plants have a wide variety of pigments,
aromas, and flavours, all of which are caused by the presence of terpenes
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Table 4 Some medicinal plants with responsible phytochemicals bearing anti-diabetic activities
are presented here (Alam et al., 2022)
Name Family Bioactive compounds

Allium sativum L. Amaryllidaceae Allicin, alliin, diallyl trisulfide, S-allyl cysteine, allyl
mercaptan, ajoene

Aegle marmelos Rutaceae Aegeline

Correa

Artocarpus Moraceae Gallic acid, catechin, caffeic acid, rutin, and quercetin
heterophyllus

Lam.

Bauhinia forficata | Fabaceae Kaempferitrin

Link

Beta vulgaris L. Chenopodiaceae | Betavulgarosides (I, III, IV), apigenin 8-C-b-D-

glucopyranoside (vitexin), acacetin §-C-b-D-
glucopyranoside, acacetin 8-C-a-L-rhamnoside

Bougainvillea Nyctaginaceae D-pinitol

spectabilis Willd.

Cecropia Urticaceae Isoorientin, chlorogenic acid

obtusifolia Bertol.

Centella asiatica Apiaceae Asiaticoside (triterpene saponin compound),

(L.) Urb. madecassic acid, asiatic acid, brahmoside, and
brahminoside (glycosides)

Lagerstroemia Lythraceae Corosolic acid (2a-hydroxyursoloic acid)

speciosa (L.) Pers.

Laminaria Laminariaceae Butyl-isobutyl-phthalate, polysaccharides

Jjaponica Aresch

Mangifera indica Anacardiaceae Mangiferin, kaempferol

L.

Salacia chinensis Celastraceae Salasones A, B, and C; salaquinone A; salasol A;

L. 22-dihydroxyolean12-en-29-oic acid; tingenone;
tingenine B; regeol A; triptocalline A

Salacia reticulate Celastraceae Salacinol, kotalanol

Wight

Scoparia dulcis L. | Scrophulariaceae | Scutellarein, apigenin, luteolin, scopadulcic acid B,
betulinic acid, scoparic acid A

Stevia rebaudiana Asteraceae Stevioside
Bertoni

(Cox-Georgian et al., 2019). The presence of terpenoids in plants is one factor that
contributes to their aromatic qualities, and as a result, they play an important role in
traditional herbal medicine. In addition, terpenes serve a number of other important
functions in plants, including signalling, thermoprotection, flavouring, pigmenta-
tion, and solvent production. Terpenes also have a number of applications in the
medical field (Cox-Georgian et al., 2019) (Table 4).
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8 Mechanism of Action in Diabetes Management

1. Role in the Normalization of Insulin Production: The pharmacokinetic activity of
Indian traditional plants, especially insulin production from pancreatic beta cells
or similar insulin-related functions, is sourced from various literature surveys
(Patel et al., 2012) (Table 5).

2. Role in Insulin Resistance and Associated Metabolic Disorders: Noninsulin-
dependent diabetes mellitus (NIDDM) or insulin resistance can lead to carbohy-
drate, protein, and fat metabolic derangement or syndrome, which is at the
forefront of today’s research (Wilcox, 2005). Therapeutic drugs alone challenge
to manage this syndrome. There has been a long history of traditional plants used
in diabetic medicine, evident in Ayurveda, Unani, and Siddha medical systems
(Ozturk, 2018). However, the mechanism of action in various parts of the
medicinal plant will interest to know the importance of these plants, which
mentioning bellows.

8.1 Terminalia arjuna (Roxb.)

The common name of Terminalia arjuna (Roxb.) is arjuna. It is used traditionally in
various medical applications, such as for anti-microbial purposes, human immuno-
deficiency virus (HIV) treatment, bone fracture treatment, hypolipidaemic drugs,
anti-inflammatory, cardio protection, antioxidant, and diabetes treatment. This plant
is 6080 ft in height and is distributed in India, Myanmar, Sri Lanka, and Mauritius.
Tannins, polyphenols, flavonoids, saponins, triterpenoids, sterols, and mineral
constituents are just some phytochemicals found in arjuna in high concentrations.
The active parts of this plant are stem bark and root bark (Amalraj & Gopi, 2016). In
normal conditions, insulin decreases carbohydrate catabolism and promotes an
anabolic pathway. Arjuna bark extract has similar functions in the condition of
insulin limitation. These are enhanced hexokinase, glucokinase, and phosphofructo-
kinase enzyme activity. Hexokinase presents all cells and involves the phosphoryla-
tion of glucose to glucose 6-phosphates. On the other hand, it lowers the activity of
gluconeogenic  enzymes, viz.  glucose-6-phosphatase  and  fructose-1,
6-diphosphatase, in kidney and liver cells. This may indicate insulin secretion by
secretagogue in bark extract; otherwise, enzyme controlling function cannot proceed
(Ragavan & Krishnakumari, 2006).

The medicinal use of arjuna has evidence of documentation from Charaka to his
decedent Chakradatta, Bhavamishra, and present-day Ayurveda practitioners. Medi-
cation with 7. arjuna preparation may be effective in CVD. It has been suggested
that the soluble fibre, sitostanol content, and flavonoid antioxidant found in this plant
are responsible for its hypocholesterolemic effects. It reduces platelet aggregation by
inhibiting ca® release and CD62P gene expression in platelets (Maulik & Talwar,
2012). Applying bark extract on streptozotocin (STZ) induced diabetic rats in
8 weeks positively impacted left ventricular pressure, reducing inflammatory
cytokines, oxidative stress, blood lipid profile, and myocardial injuries. In
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Table 5 List of traditional plant materials having hypoglycaemic or insulin secretory activity
related to their phytoconstituents with in vivo and in vitro studies

S1.
no.

1

8

Botanical name

Aloe barbadensis

Agrimonia eupatoria

Allium sativum
(Alliaceae)

Aegle marmelos
(Rutaceae)

Azadirachta
indica (neem)

Gymnema sylvestre

Momordica charantia
(Cucurbitaceae)

Syzygium cumini
(Eugenia jambolana)

Mechanisms of action

1. Hypoglycaemic effects by stimulating insulin synthesis
or release at the beta cells of the pancreas in a diabetic rat due
to the bitterness of Aloe vera (Singh, 2011; Modak et al.,
2007).

1. Stimulation of insulin synthesis and release is glucose
dependent (Bhushan et al., 2010; Bnouham et al., 2006).
1. S-allyl cysteine (SAC) is active in insulin stimulation
and hyperglycaemia prevention.

2. SAC increases pancreatic insulin secretion in

normal rats.

3. Garlic might be an inhibitor of DPP-4 (dipeptidyl
peptidase-4), which activates insulin secretion and
deactivates glucagon secretion, resulting in reduced blood
glucose level (Modak et al., 2007; Bnouham et al., 2006,
Noor et al., 2013).

1. Beal fruit extract maintains blood glucose levels through
decreasing glycogenolysis and increasing neo-glucogenesis
in the liver (Sharma et al., 2011).

1. Glucagon-like peptide-1 hormones can enhance insulin
synthesis when the extract inactivates dipeptidyl peptidase IV
(DPP-1V).

2. Aqueous leaf extracts improve serum insulin through the
normalization of beta cells because oxidative stress destroys
the beta cells of the pancreas and causes a shortfall in insulin
levels (Yarmohammadi et al., 2021).

1. The hyperactivation of beta cells increases in size and
degenerates morphologically, so leaf extract treatment helps
regenerate or repair beta cells and insulin release. This will
restore pancreas  cells’ normal activity and normalize
insulin production, so hyperinsulinaemia associated with
type-1 DM can be alleviated (Baskaran et al., 1990).

1. Unripe karela fruit juice extract can partially stimulate
insulin release through p-cell sensitization in the pancreas,
which is not even interfered with by L-epinephrine (Raman &
Lau, 1996; Grover et al., 2002).

2. P-insulin is an insulin-like substance that works similarly
in place of human insulin and reduces blood glucose.

3. This fruit extract down-regulates the activation of
mitogen-activated protein kinases (MAPKSs) and stress
induces protein kinase/c-Jun N-terminal kinase (SAPK/
JNK), p38, and p44/42, the activity of NF-kB, etc., thereby
fortifying pancreatic f cells from oxidative stress and
normalizing insulin production (Joseph & Jini, 2013).

1. Jamun seed extracts proven in vivo and in vitro increase
insulin production (insulin secretagogue) (Zulcafli et al.,
2020).

(continued)
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Table 5 (continued)

SL
no. | Botanical name Mechanisms of action
9 Terminalia arjuna 1. Terminalia arjuna has insulinotropic effects. The bark

(Roxb.) extract raises intracellular ca>* ions, indicating f-cell

depolarization and insulin release.
2. They keep blood glucose lower, inhibiting starch
digestion by a-amylase and a-glucosidase enzymes.
3. Arjuna bark extract maintains insulin levels by inhibiting
glucose binding to insulin, which leads to weak insulin
receptor interaction at tissue sites (Thompson et al., 2014).

10 Ficus benghalensis 1. The bark extract of Ficus benghalensis contains
leucopelargonidin, which increases insulin production for
prolonged use and reduces blood sugar. A change in
metabolic fate infers this effect.
2. Due to insulin, the inadequacy of the cytochrome P-450
enzyme system in the liver alters and affects lipid
peroxidation. This bark extract normalizes the condition
(Gayathri & Kannabiran, 2008).

11 Trigonella foenum- 1. Fenugreek contains diosgenin saponin increases insulin

graecum production secretion through regeneration or repair of 3 cells.

2. 4-hydroxy isoleucine derived from fenugreek seeds
enhances insulin secretion (Ramji & Foka, 2002; Baset et al.,
2020).

12 Coccinia indica 1. Like insulin, leaf extracts regulate high blood glucose
through secretion or by controlling glucose metabolism
(Grover et al., 2002; Balaraman et al., 2010).

conclusion, it reduces diabetic-associated cardiopathy, vascular thrombosis, and
inflammation (Amalraj & Gopi, 2016).

8.2 Aloe vera

Bioactive AIIl and prototinosaponin AIIl compounds increase glucose utilization
through liver gluconeogenesis (Bnouham et al., 2006).

8.3 Allium cepa

Allium cepa is commonly known as onion, and it benefits patients with type-
2 diabetes mellitus. Insulin insensitivity is a consequence of type-2 diabetes mellitus
and may also cause hypoglycemia as a result of the exhaustion of pancreatic beta
cells. During the last 10 years, research focuses on the pathogenic role of type-2 DM
and insulin resistance due to lipid toxicity and low-grade inflammation. Because
a higher number of free fatty acids may directly activate macrophage cells to release
pro-inflammatory cytokines like TNF-a, IL-1f and IL6. Excessive stimulation of
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inflammatory cytokines leads to direct insulin resistance in muscle cells’ insulin
receptors. In addition, an increase in free fatty acid may deposit in the liver cell,
causing fatty liver, free radicals induce oxidative stress, and activation of stress
induce signalling pathway making storage glycogen breakdown and hyper-
glycemia. Onion peel extract may ameliorate hyperglycaemia and insulin resistance
by increasing glucose uptake in the peripheral tissue by stimulating GLUT-4 and
INSR gene expression in muscle tissues. Onion peel extract is highly evidenced in
quercetin in the dry outer part, which increases insulin sensitization capabilities as
well as lowered plasma free fatty, suppression of inflammatory cytokines and
oxidative injury of liver cells (Jung et al., 2011; Noor et al., 2013; Ozougwu, 2011).

8.4 Aegle marmelos

Aegle marmelos, whose common name is bael, is an Indian traditional medicinal
plant. Its leaf and fruit have been used for treating diabetes since ancient times. In
recent times, advanced research established that the ingestion of bael fruit extracts
heals the beta cells of the pancreatic gland and causes insulin sensitivity, gives
antioxidant effects and lowers the risk of diabetic-associated hyperlipidemia. In
type-2 DM, the insulin resistance triggers are higher free fatty acid (as a source of
fatty meal diet), inflammatory cytokines like IL-6, TNF-f, oxidative stress induce
beta-cell destruction, down-regulation insulin receptors, etc. For compensatory
mechanisms, insulin over-secretion and reduced insulin extraction by the liver lead
to hyperinsulinemia, which indicates beta-cell abnormality and hyperglycemia.
Recent research suggests that Aegle marmelos fruit extracts increase insulin sensi-
tivity through the up-regulation of the peroxisome proliferator-activated receptor-y
expression (PPARY) and phosphoinositide 3-kinase (PI3 kinase) and increase the
tyrosine phosphorylation of insulin receptors. As a result, the amount of glucose
taken up by muscle, liver, and peripheral tissues increases. Dyslipidemia is a
complication of insulin resistance and is evidence of increased free fatty acid flow,
total cholesterol, total triglyceride, LDL-c, and lower HDL-c. The risk factor analy-
sis suggests a high-fat diet and insulin resistance. Because insulin resistance
increases 3-hydroxy-3-methylglutaryl (HMG), coenzyme A (CoA) re-educates
enzyme synthesis and inhibits lipoprotein lipase (LPL) enzyme activity so that a
higher amount of free fatty acid mobilized from peripheral tissue deport. Normally,
insulin promotes lipogenesis and inhibits lipolysis. So the possible mechanisms of
Aegle marmelos fruit extracts are for increasing liver triglyceride (TG) synthesis,
activating LPL enzymes for the clearance of TG and free fatty acids from the blood
vessels to the peripheral organs and tissues, and decreasing dietary cholesterol
absorption and synthesis. These are the anti-dyslipidemia effects of bael fruit
extracts. The antioxidant enzyme activity of superoxide dismutase (SOD) is also
increased by bael fruit extracts, which helps prevent lipid peroxidation by interfering
with the formation of superoxides and hydroperoxides. And finally, bael fruit
extracts protect pancreas integrity and prevent beta-cell destruction due to their
antioxidant nature (Sharma et al., 2011; Sabu & Kuttan, 2004).
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8.5 Azadirachta indica (Neem)

Insulin resistance is synonymous with metabolic syndrome and includes the collec-
tive effects of obesity, insulin resistance, hypertension, high blood cholesterol,
triglyceride, etc. Neem in parts of leaf, bark, stem, and flower, are very effective in
high blood pressure, insulin resistance, antioxidants, dyslipidemia, etc. For blood
pressure lowering, several possible mechanisms demonstrate that:

1. Leave extract of neem up to regulate gene expression of the extracellular signal-
regulated kinase (ERK 1 and 2) in the smooth endothelial muscle of blood vessels
and blocking of ca®* channel for smooth muscle contraction (Shah et al., 2014;
Omobowalé et al., 2018),

2. Gene expression of nuclear factor erythroid 2-related factor 2 (Nrf2) as a
transcription factor for synthesis of anti-oxidant enzymes that prevent high
blood pressure (Howden, 2013).

3. Elevation of nitric oxide (vasodilator) (Omoébowalé et al., 2019).

The fact of neem leaf extract in lipid-lowering describes that prevent free radical
induce (ROS) oxidation of cholesterol, TG, fatty acid, and phospholipid otherwise
oxidation leads to raise bad cholesterol level and reduce HDL-c. This decreases
LDL-c, TG, and phospholipids and increases high-density lipoprotein (HDL) levels
(Zuraini et al., 2006; Peer et al., 2008). The stem bark and root extract of neem
applied for the control of obesity inhibit pancreatic lipase and a-glycosidase, which
are responsible for weight gain (Mukherjee & Sengupta, 2013). Neem powder is
used as a dietary supplement in the treatment of type-2 diabetes mellitus. It better
controls blood glucose and HbAlc in patients ages 18—70 years. This leaf extract
reduces glucose production during starch digestion by inactivating lingual
a-amylase and intestinal glycosidase and induces the glycolysis pathway by
activating hexokinase (Tadera et al., 2006). This is related to controlling high
blood glucose during insulin resistance. Neem is used to prepare poly-herbal
formulas (PHFs) and treat DM. This extract also up-regulates the GLUT-4 gene in
muscle cells, increasing glucose uptake from blood vessels and maintaining blood
glucose homeostasis (Yarmohammadi et al., 2021).

8.6 Gymnema sylvestre

The leaf of Gymnema sylvestre is an Indian traditional medicinal plant mentioned in
the Sushruta (600 BC) and is now also recommended by many Ayurveda
practitioners. At that time, this plant belonged to the ‘sala saradi’ group and was
preferred for type-2 DM treatment with dietary restriction. This plant is also known
as a sugar destroyer. The anti-diabetic role of the leaf extract is active compound
gymnemic acid which has anti-hyperinsulinemia, insulin secretion, regeneration or
repair of pancreatic  cells, and liver and kidney cell protection. The suggested
mechanisms are as follows:
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1. Managing high blood sugar during hyperinsulinemia through liver glycogen
synthesis by activating the glycogen synthetase enzyme and inhibiting glucose
6-phosphatase, which converts glucose 6-phosphate to glucose; it decreases the
activity of other insulin-independent enzymes, viz. glycogen phosphorylase,
gluconeogenic enzymes, fructose 1,6- diphosphatase, and sorbitol dehydroge-
nase, by which glucose release in to blood vessels is lower (Baskaran et al., 1990;
Khan et al., 2019).

2. Reducing glycosylated haemoglobin (HbAlc).

3. Preventing glucose absorption by the small intestine, thus lowering fasting sugar
in the blood; in lowering glucose absorption, the gymnemic acid matches struc-
turally with a glucose molecule, which is why it blocks glucose-absorbing
receptors in the small intestine (Khan et al., 2019).

4. Reducing high lipid profile, such as LDL-c, VLDL-c, TG, and HDL-c, and the
secondary development of atherosclerosis risks; this is due to the presence of
acidic polyphenolic substances such as flavonoids, saponins, tannins, etc. (Khan
et al., 2019).

8.7 Momordica charantia

Momordica charantia is commonly known as bitter gourd, karela, etc. It plays an
important role in anti-hyperglycaemic and hypoglycaemic conditions and diabetic
complications. It has bioactive compounds in fruits derived P insulin, charantin, and
seed-derived vicine. Charantin is a mixture of two steroidal sitosteryl glucoside and
stigmasteryl glucoside which have significant hypoglycaemic effects. The oral dose
of 50 mg/kg charantin has 42% lower blood glucose. Bitter gourd fruits extract vital
anti-diabetic functions in a number of ways:

1. Tt reduces Na*- and K™-dependent glucose absorption in the intestine.

2. Karela juice has clinical insulin-mimetic functions, such as enhancing glucose
uptake in muscle cells and in the liver by increasing glycogenesis.

3. Karela seed protein extracts stimulate lipogenesis or inhibit lipolysis,
neoglucogenesis, etc.

4. Hepatic and red blood cell glucose-6-phosphate dehydrogenase (G6PD-6-PDH)
activity utilized excess glucose in hexose mono phosphate shunt pathway (HMP)
that is the role of hypoglycaemic. It inhibits the activities of liver fructose
1, 6-diphosphatase and glucose-6-phosphatase that prevent free glucose release
into blood stream i.e., anti-hypoglycaemic role.

5. Insulin sensitization through AMP-activated protein kinase phosphorylation in
the target receptors may affect karela juice consumption. (Joseph & Jini, 2013;
Raman & Lau, 1996).
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8.8 Syzygium cumini

Both the seeds and bark of the Jamun stem show promise as an anti-diabetic
medicine in humans. The various parts (leaves, bark, fruits, and seeds) of Syzygium
cumini are traditionally used for diabetes treatment. It may reduce blood glucose by
inhibiting a-glycosidase for di- and oligosaccharide digestion and inhibitory effects
on pancreatic amylase. The activities of plant seeds control blood sugar through anti-
hyperglycaemic and hypoglycaemic, where increased glycogen synthesis in liver
and muscle cells and inactivation of hepatic gluconeogenesis (glucose-6-phospha-
tase) is called anti-hyperglycaemic and increased activity of key glycolytic enzymes
(hexokinase) called hypoglycemia (Zulcafli et al., 2020). Mycaminose component
shows the anti-hyperglycaemic effect of seeds. Oral administration of seed powder
continues for 3 months, effectively managing various diabetic symptoms such as
polyurea, polyphagia, weakness and weight loss. This seed extract increases cellular
glucose uptake by up-regulating gene expression of GLUT4 and protecting p-cell
dysfunction. The pathogenesis of f-cell dysfunction is due to insulin resistance
inducing inflammatory cytokines such TNF-a, IL-6, etc. Apart from glucose homeo-
stasis, this seed extract possibly reduces dyslipidemia through the gene expression of
peroxisome proliferator-activated receptor alpha (PPARa) and peroxisome
proliferator-activated receptor gamma (PPAR v) activities in the liver. That will
affect insulin sensitization through increased mobilization of free fatty acid and
storage. Endogenous cholesterol synthesis is inhibited by inactive HMG CoA
reductase and decreased intestinal fat absorption by the function of seed extract
(Baliga et al., 2011; Grover et al., 2002).

8.9 Ficus benghalensis

During diabetes, insulin resistance causes changes in the metabolic enzymes found
in the liver. These changes can include glycogen synthase, glucokinase, lactate
dehydrogenase (LDH), succinate dehydrogenase, and malate dehydrogenase. That
leads to impaired glycogenesis, tricarboxylic acid (TCA) cycle, etc., which may be
alleviated by bark extract. This suggests that gene expression of enzyme protein in
response to the released insulin and utilizes blood glucose (Gayathri & Kannabiran,
2008). Because of its amylase inhibitory action during the digestion of starch, the
pelargonidin derivative glycoside that was isolated from the bark extract has the
potential to lower fasting blood glucose levels. Leucocyanidin derivative, which was
isolated from the bark of F. benghalensis, has hypoglycaemic properties with a dose
of 100 mg/kg in normal, which is why it is better to manage diabetes as combination
therapy with insulin, and even lower the requirement of insulin therapy (Grover
et al., 2002).
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8.10 Trigonella foenum-graecum

Fenugreek seeds are similarly medicinal plants good for diabetic management and
associated chronic illnesses. With regard to blood lipid control, methi seed extracts
could reduce LDLL-c, VLDL-c, and TG and increase HDL-c. This is possible due to
the crude fibres and saponin in methi seeds as these components may increase faecal
bile and cholesterol excretion (Geberemeskel et al., 2019). Fenugreek seeds manage
blood glucose and lipid profile in several ways:

1. They increase glucose uptake through the gene expression of the GLUT-
2 transporter.

2. They enhance the messenger RNA (mRNA) transcription of CCAAT/enhancer-
binding protein (C/EBPS) and peroxisome proliferator-activated receptor-y
(PPAR-y) protein. These protein receptors are located in the liver, adipocyte,
intestines, lungs, kidneys, and myeloid cells. Due to the activation of C/EBP and
PPAR-y family receptors in adipose tissue and liver, increased lipogenesis and
excess FFA, TG and cholesterol will mobilize.

3. They activate C/EBPa-mediated glycogen synthetase enzymes, which promote
glycogenesis (Ramji & Foka, 2002; Baset et al., 2020).

4. Galactomannan, a carbohydrate-containing bioactive substances (45-60%),
reduces postprandial blood glucose by blocking a-amylase and pancreatic lipase.

5. An oral dose of fenugreek seeds may reduce renal complications by protecting the
glomerular basement membrane and lowering the creatinine level. It also reduces
TG and increases HDL-c levels. Fenugreek seeds have an antioxidant potential;
the legumes raise the level of glutathione peroxidase and catalase, preventing
lipid peroxidation (Baset et al., 2020).

8.11 Coccinia indica

It has been used in Indian traditional medicine from Ayurveda and the Unani
systems. Beta-sitosterol, an active compound in leaves and pectins in fruits, has
hypoglycaemic effects. Pectins hypoglycaemic mechanism in normal conditions is
activated through glycogen synthetase and inactivation of glycogen phosphorylase.
Leaf-containing beta-sitosterol deactivates liver fructose 1, 6 bisphosphatase, glu-
cose 6-phosphatase, and LDH and increases lipoprotein lipase activity which is anti-
hyperglycemic anti-cholesterolemic effect. Oral administration of leaf extract may
reduce fasting sugar due to halting starch-breaking enzymes, insulin secretion, etc.
(Grover et al., 2002; Balaraman et al., 2010) (Fig. 2).
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Anti-diabetic Medicinal plant various
parts: Leaf, fruit, root bark, stem bark,
bulb, flower etc.

Fig. 2 Mechanism of action of the anti-diabetic activity of different Indian medicinal plants

9 Future Prospects of Indian Medicinal Plants in Diabetes

It is estimated that approximately 33 million adults have been suffering from
diabetes mellitus in recent years in India, and it is likely to increase by 57.2 million
by 2025 (Manukumar et al., 2016). Plant-derived active ingredients are applied to
patients, along with some medications, to treat diabetes mellitus. But these active
principles are practically extractable with different solvent phases, so it is essential to
isolate individual phyto-components to confirm their activity on diabetes mellitus.
Therefore, more research is needed. Several medicinal plants play an important role
in treating diabetes mellitus and its associated complications, but herbal
formulations’ major drawback is that these active ingredients are not well defined.
Their molecular interactions and mode of action should be more carefully
investigated for future novel drug discoveries. Recently, more initiatives have
been undertaken to fight diabetes mellitus. Abdulazeez, in the year 2013, remarked
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that the cells that produce insulin might be derived from stem cells, and he is
confident that shortly scientists may come to light with solutions for the use of
stem cells as therapeutic agents to cure diabetes (Abdulazeez, 2013). Pancreas and
cell of islet transplantation is currently an outstanding achievement at the University
of Illinois Chicago (UIC).

10 Conclusion

In this chapter, we discussed the Indian traditional medicinal plants for the treatment
of diabetes. There are so many Indian traditional plants with anti-diabetic roles that
have been reported. The effect is attributed to the plant phytochemicals, single
compounds as well as extracts. The main plant phytochemicals responsible for
anti-diabetic activity are alkaloids, phenolic acids, flavonoids, glycosides, etc. Iden-
tification of anti-diabetic properties on Indian traditional ethnographic plants is
remarkable progress for human welfare and evidence-based short-term and long-
term implication has also been integrated in past, present and future also. To see the
observable effects, multiple in vitro and in vivo experiments have been conducted.
Various mechanisms are described for the anti-diabetes role of medicinal plant parts,
explaining the beneficial effects of phytochemicals, such as their role in the normali-
zation of Insulin production, Role in insulin resistance and associated metabolic
disorders, regulation of glucose and lipid metabolism, stimulating p cells and ROS
protective action. However, still many aspects such as a mark popularization over
pharmaceutical drugs, study at the genomic level to examine the role of plant
secondary metabolites in diabetes, limited availability of toxicological safety data,
etc. remain to be aspirated areas. Only a few medicinal plants have been studied for
efficacy in humans. Thus, more efficient clinical studies are warranted for further
validation.
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