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Abstract

Diabetes is considered one of the common and serious
metabolic disorders throughout the world. As the
incidence of diabetics, allied mortality is increasing
rapidly and it has become a big threat to the global
population. It is mainly identified as deficiency in
insulin release by the pancreas and hence inability of
the body to metabolize sugar. Such chronic
hyperglycemia can lead to longer duration damage,
abnormality and organs failure. Conventional
expensive synthetic drugs failed to reduce the overall
complications of this disease and also demonstrate
several side effects. Such limitations necessitate the
development of alternative therapies using antidiabetic
agents originated from commonly available medicinal
plants.

Presently herbal medicines have received enough
attention for the successful management of diabetics
due to added advantages like better access,
affordability and lower side effects. The present review
provides enlightenment about the ability of herbal
plants, mainly from Indian origin to regulate diabetics
and their mechanisms involving bioactive compounds.

Keywords: Diabetes mellitus, Health impact, Medicinal
herbs, Bioactive compounds, Hypoglycemic activity.

Introduction

Diabetes mellitus (DM) which is known as a serious
metabolic disorder is highly prevalent among the citizen of
both developed and underdeveloped countries. It is also
considered as a metabolic abnormality mainly characterized
by inadequate secretion and action of insulin followed by
alteration in lipid, carbohydrate and protein metabolism3.
Mainly two types of diabetics are well-known based on
insulin dependency (i.e. type | and type Il diabetes). People
are mostly suffering from elevated levels of glucose in the
blood caused by insulin deficiency in the first type.

The second type is known as insulin-independent and mostly
affects people with abnormalities in lipid metabolism
through chronic hyperglycemia 4'. For a diabetic person,
blood sugar level remains high after taking meal due to the
inefficient production of insulin from B-Langerhans islet
cells of pancreas or as a result of imperfect insulin uptake
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mechanism through peripheral tissues*. People above the age
of 40 are mostly affected by the disease and disease is also
responsible for developing other disorders including
retinopathy, cardiovascular disorder, polyuria, polyphagia,
damage and failure of various organ systems*'. Presently
25% of the citizens of the world are suffering from this
crippling disease and in India, more than 61 million patients
are affected with diabetics®®’. International Diabetes
Federation (IDF) predicted that worldwide around 642
million people will be affected by the end of 2040*° and in
India, the affected number is likely to be 69.9 million by the
end of 2025%".

The management of diabetes is still considered a big
challenge and a fully successful treatment procedure for this
disease is yet to be discovered. Conventional diabetes
treatment mainly includes application of insulin and several
synthetic drugs. Most of such drugs have serious
undesirable side effects upon administration like
gastrointestinal abnormalities, gain in body weight, changes
in blood glucose level and chances of cardiovascular
disease.?1%" Therefore, there has been a demand for the
development of more reliable and efficient hypoglycemic
agents. On the other side, due to the expensive nature of such
conventional anti-diabetic medicines, they are not affordable
for common people in developing countries.

Such overall drawbacks of the conventional system mainly
attributed the need for inventing an alternative way for the
management of diabetics through cost-effective indigenous
plant and herbal formulations. Considering the large
accessibility of medicinal plants compared to synthetic drugs
and its minimal side effects, herbal therapy has been widely
validated and implemented for the treatment of diabetes 32,
Plants are always considered as a genuine source for drugs
and bioactive compounds like carotenoids, flavonoids,
terpenoids, alkaloids, glycosides in the form of several drugs
which have been successfully formulated and implemented
against diabetes?.

The performance of pancreatic tissue can be largely
enhanced in terms of regulated insulin secretions upon the
administration of such traditional herbal medicine or related
fruits or vegetables?>%, Already 700 recipes containing
more than 400 plants were successfully investigated for their
antidiabetic activity®?.

A number of review articles have been published in the
direction of revealing antidiabetic properties of medicinal
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plants with their bioactive compounds!%182856 for treatment
of diabetes. The present review clearly explains about the
characteristics of such important medicinal plants which are
specifically available in India and subcontinent regions in
terms of their bioactive compounds and their pharmaceutical
formulations for prospective management of diabetes. The
review also elucidates with some case studies that represents
how different animal models were successfully implemented
to prove the effectiveness of such plant extract against
diabetic associated disorders.

Diabetics and its impact

Diabetes mellitus is considered as a metabolic disorder in the
form of chronic hyperglycemia which is developed due to
improper insulin release and/or its activity and comes up
with elevated level of sugar level in bloodstream 2234, The
particular disorder is responsible for altering lipids,
carbohydrates, hindering common protein metabolism
mechanism and increases the risk for getting affected by
cardiovascular diseases 4. Even untreated cases of diabetes
for a long term can develop complications like
cardiovascular disease, nerve damage, kidney damage, eye
damage and skin conditions which are schematically
represented in fig. 1.

The occurrence of diabetes and its impact is very large
throughout the world. People who are having poor control of
their life style are likely to be more affected by diabetes
complications. Considering the facts of several associated
health complications, early mortality and continuous

Res. J. Chem. Environ.

involvement of treatment and prevention cost, Diabetes
Mellitus (DM) is regarded as one of the main public health
disorders®. Due to the rapid expansion of such chronic
disorder, it is also comparable with the diseases which are
responsible for pandemic conditions. In view of the facts like
number of affected people with diabetes in 2011 and
prediction about doubling the death rates between 2005 and
2030, The World Health Organization already warned about
the effect of diabetics on economic conditions of patients,
their families and in national health systems®.

It was indicated that 69% adult populations will be more
infected by the disease in 2030 in developing countries
whereas 20% increase will be prevalent in developed
countries®. It was estimated that more than 30 million adults
in the U.S which is 9.4 % of the overall population was
affected with type 2 diabetes’. According to Murphy et al®?,
around 84.1 million population which is more than one out
of three adults in the age of 65 in United States are affected
with diabetics. Based on the estimation of American
Diabetes Association, overall financial cost involvement for
treatment of diabetics, associated complications and
premature death was $327 billion in 2017 48,

According to the Government report of Japan, 16.2 million
populations were affected by such deadly disease and there
was rapid increase in this number by 3 million in the last 5
years®. Among the available ways to trickle diabetics,
treatment through the application of medicinal plants or
herbal medicines is considered as low-cost promising
method with less side effects.

Kidney Nerve Cardiovascular
Damage Damage Disease
Diabetes
Eyve Skin Hearing
Damage Damage Impairment

Fig. 1: Health complications of Diabetics
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Importance of medicinal plants to treat diabetics
To control diabetes, traditional therapies originating from
medicinal plants got enough attention and importance. Many
plant species including several from indigenous Indian
origin have been identified for better management of
diabetics. Accessibility, cost-effective nature and
insignificant side effects are the most important features of
such plant species . The existence of different bioactive,
pharmacologically active compounds like phenolics,
alkaloids, flavonoids, terpenoids, coumarins and glycosides
made those plants highly demanding for multinational drug
companies. Some of such medicinal plants are considered as
aregular part of our diet, vegetables and fruits. WHO already
identified around 21000 plants across the world that can be
used for therapeutic purposes and among them, 2500 plants
are of Indian origin*.

Specifically, 400 traditional plants got special attention by
the scientists to cure diabetics and among that few were
experimentally evaluated for management of diabetics *. It
was observed that significant number of studies were
conducted using animal models till now. Hence emphasis
should be given more on human cell lines during
experimental investigations. There has been a practice of
using numerous plants as a dietary supplement for the
treatment of different diseases by common people without
knowing their active constituents or their functions. So, it is
important to spread detail information about the
effectiveness of such individual medicinal plants in terms of
their active ingredients to common people.

On the other hand, due to huge therapeutic applications,
requirement of such type of medicinal herb has been largely
enhanced in both national and international market which
comes up with rapid depletion of such wild plant populations
38, At the same time, performing over-exploitation with such
precious herbal species caused extensive reduction of their
natural habitat. As a result, Government from different
nations developed some regulations for conservation of
critically endangered medical herbs. Descriptions of some
important medicinal plants which have been actively utilized
for the treatment of diabetes and experimental investigations
carried out with such plants is presented here.

Allium cepa - Onion: Onion is considered a cardinal
constituent of the diet. From ancient days, it has been
traditionally used for the treatment of various diseases.
Among different therapeutic activities, Allium cepa is
mostly regarded for its hypoglycemic activity. The
secondary metabolites and bioactive compounds present in
onions such as quercetin and organosulfur were reported to
have anti-obesity, antidiabetic and hyperlipidemia
activities*®. Sulphur containing compounds like S-methyl
cysteine and flavonoids like quercetin present in onions
mainly helps to reduce blood glucose levels, serum lipids,
oxidative stress and lipid peroxidation®. Administration of S-
methyl cysteine sulphoxide (SMCS) from Allium cepa with
dosages of 200 mg/kg for 45 days to diabetic rats induced by
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alloxan was found to have regulated glucose and lipids levels
in blood and serum respectively*6.

In a separate case study, it was observed that Allium cepa in
boiled conditions could effectively reduce its hypoglycemic
potential and it is comparative effectiveness with
conventional drugs like insulin or metformin in improving
hyperglycemia was also proved>.

Aloe barbadensis - Aloe vera: Aloe vera, an evergreen
perennial ayurvedic plant is usually well known for
multipurpose folk remedies including anti-diabetic effects.
Throughout the world, Aloe plants have been traditionally
used as therapeutic medicine and specifically recognized for
its antidiabetic properties. Along with that, the plant extract
is also well known for other biological effects including anti-
tumor activity, antimicrobial activity, anti-inflammatory
activity, antioxidant activity and for wound-healing
properties®”. Methanolic extract of the plant was dragonized
with significant effects in eliminating carbonyls bound to
proteins by inhibiting the formation of AGEs group of
compounds®®. The plant leaves possess different groups of
bioactive compounds like anthraquinones, anthrones,
chromones, flavonoids, amino acids, lipids, carbohydrates,
vitamins and minerals’.

Allium sativum - Garlic: Allium sativum is a perennial herb,
generally available as raw vegetable and well-known to
people as garlic. Due to its most effective therapeutic and
medicinal properties, the herb is largely used in both
traditional and modern medicine. In a case study,
antidiabetic potential of garlic was evaluated against diabetic
rats where the effects of garlic in depression and anxiety-
related behaviors were checked and the oxidative reaction of
the brain in diabetics induced rats was found to be
normalized®. Sulfur consisting of non-volatile amino acids
like alliin or S-allyl-cysteine sulfoxide (ACSO), present in
the plant extract is mainly responsible for flavor and
anticancer, antidiabetic, anti-inflammatory, antimicrobial,
antioxidant, cardioprotective and immunomodulatory
activities*.

Azadirachta indica - Neem: This fast-growing evergreen
tree is available throughout India, more specifically in
deciduous forests. The plant has been traditionally used for
therapeutic purposes in different forms and its preparations
have been consumed through various generations of people.
Gedunin, a limonoid present in the plant extract was reported
with anti-hyperglycaemic activities*®. Other bioactive
compounds like nimbins (triterpene), catechins which are
present in the plant extract are having antipyretic, antifungal,
antihistamine and antiseptic properties=’.

Aegle marmelose - Bael: Aegle marmelos is mainly
cultivated in dry forests and it was successfully implemented
in ethno medicinal system. The tree is well-known for its
therapeutic property for the management of Diabetes
mellitus while lowering blood glucose level®. Different parts
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of the plant like leaves, fruits, stem and roots have been
investigated for several medicinal properties including
astringent,  antidiarrheal, antidysenteric, demulcent,
antipyretic, antiscourbutic, haemostatic, aphrodisiac and as
an antidote to snake venom3.

Pharmacological properties of the plant were examined by
using Streptozotocin-induced rats and positive results like
restoration of plasma glucose level to normal level, lipid-
lowering activity, a- glucosidase inhibition, improved
hepatic function enzymes were observed 2. In another case
study, effect of Aegle marmelos seed extract was examined
on normal, abnormal and mild (FBG 120-250 mg/dl)
diabetic rats with varying doses like 100-500 mg/kg . A
dose of 250 mg/kg was highly effective for lowering blood
glucose level by 60.84% and urine sugar by 75% from 14
days treatment.

Biophytum sensitivum - Lajjalu: Biophytum sensitivum
belongs to the family of Oxalidaceae and is normally
observed in tropical parts of India. This annual herb also
grows in the foothills of the Himalayas, surrounding the
inner Tarai region of the Eastern Nepal®. It is a well-known
folk medicine for the treatment of diabetes as dry leaves
powder developed from the plant are having a traditional
application against Madhumeha or diabetes®. Presence of
bioactive  phytochemicals  like two  biflavones,
(cupressuflavone and amentoflavone) three flavonoids,
(luteolin 7-Methyl ether, isoorinentin and 3-methoxyluteolin
7-O-glucoside) was proved in the plant extract. In the same
report, effect of aqueous extract of Biophytum sensitivum
leaf was studied against streptozotocin (STZ)-nicotinamide-
induced diabetic rats and as a result, blood glucose and
glycosylated haemoglobin level were significantly reduced
after 28 days.

Citrullus colocynthis - Bitter apple (English): The plant
fruit is recognized for its anti-diabetic properties 2°. Along
with diabetes, the plant extract is also useful for the
management of infectious diseases, inflammation,
haemorrhoids and cancer'>!57. In an experimental
investigation, when alloxan-induced diabetic rats were
orally administrated with plant pulp extract with doses of
300 mg/kg, it shows reduction in plasma glucose and
improves insulin level after 1 to 6 hours. Secondary
metabolites content, essentially cucurbitacins, saponins,
polyphenols, flavonoids, alkaloids and terpenoids which are
present in the plant extract are mainly responsible for its
pharmacological activity?%5361,

Coccinia indica - lvy Guard (English) or Kanturi
(Hindi): This perennial tendril climber is well known in
Ayurveda and Unani system for treatment of diabetics, skin
eruptions, tongue sore, earache etc.?® The plant is well
recognized in Ayurveda as it has been successfully used for
effective treatment of Diabetes mellitus from ancient times.
Additionally, the treatment through the plant extract is
comparatively known for negligible side effects or toxic
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contribution'?. Oral doses of the plant leaves extract were
proved for hypoglycemic activities in alloxan-diabetic dogs
and 18 hrs fasted STZ diabetic rats when they were treated
with ethanolic extract of the same plant’™. Ethanolic plant
extract from its aerial parts was evaluated in terms of
antihyperglycemic and hypolipidemic effects while doing
experiments with STZ induced diabetic rats!2. Treatment
with the dosages of plant extract (100 to 200 mg/kg) for
continuously 14 days was effective to develop efficient
antihyperglycemic and hypolipidemic effects.

Eugenia jambolana - Indian Gooseberry: Since ancient
times, the plant fruit has been traditionally implemented for
remedial purposes for diabetes. The plant is also well known
in Indian traditional medicine for the remedy of various
other health complications. Significant antihyperglycemic
potential was already established from different parts of the
plant like kernel, leaves and septum3. The plant was
reported to contain bioactive compounds like alkaloids,
glycosides, terpenoids, flavonoids with anti-diabetic
property®.

Eucalyptus globulus - Safeda (Hindi): This lofty tree is
normally find out in different places of India, Australia,
South Africa, Southern Europe and it is around 90 m in
height. Along with diabetics, the plant is well recognized for
antibacterial, antioxidative, antiplaque, antiviral and
antifungal activities®”. The compounds isolated from
Eucalyptus globulus leaves like quercetin, d-limonene,
dipentene, citronellal, caffeic, gentisic and protoca techuic
acids were reported with anti-inflammatory, antianxiety and
other medicinal properties®’.

Ficus bengalensis - Moraceae or Indian Banyan tree
(Hindi): This holy tree is available throughout India and it
is traditionally well reputed for its antidiabetic properties
including diabetics. The plant is also known to cure various
other diseases in Indian traditional medicinal system 72,
Different parts of the plant extract were evaluated to have
anti-tumor and anti-bacterial activities and it was
implemented as folk medicine to cure respiratory problems
and certain skin disorders®. The promising hyperglycemic
effect of the plant extract was successfully observed in STZ
diabetic rats, normal and moderately alloxanized diabetic
dogs when they were administrated with bark extract of the
plant?®. In another study, the plant root extract was examined
for antidiabetic potential using normal, sub and mild diabetic
model rats and the extract with dosages of 300 mg/ kg was
effective to reduce 43.8 and 40.7% in BGL during FBG and
glucose tolerance test. Existence of glycemic elements in
high concentration was proved in the plant extract.

Gymnema Sylvestre - Periploca of the woods: Gymnema
Sylvestre is popularly well-known as Gudmar or Merasingi
in India and along with India, such woody perennial vine is
also available in tropical areas of Africa, Australia and India.
Such therapeutically potential plant has been largely used in
folk, ayurvedic, homeopathic and in modern medicine. Oral
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use of such plant extract was diagnosed with diverse range
of remedial properties for diabetes, obesity, pancreatic
malfunction and other chronic disorders®. It is medicinal
properties are mainly recognized due to the presence of the
classes of triterpene saponins, gymnemic acids (I - XVIII
and gymnemosaponins | - V)33,

Antidiabetic properties of the plant extract due to the
presence of bioactive compounds and the relationship
between such antidiabetic compounds with antioxidants
present in plant extract was identified in the reduction of
blood sugar®®. In an experimental observation, effect of
ethanolic extracts of the wild plant leaves and in vitro grown
suspension cells of the plant was observed on alloxan
induced diabetic rats®. It was significantly effective to
reduce glucose level from blood and urine and sugar and
lipids levels from serum.

Momordica charantia - Bitter Gourd (English): Bitter
Gourd is widely cultivated in India and Africa as an edible
vegetable. The plant has been successfully used for the
medicinal purposes in different Asian countries and it is
having a long therapeutic history. It is well recognized for its
several therapeutic activities which includes anti-tumor,
anti-inflammation, anti-oxidation, improving immunity,
lowering cholesterol and anti-AIDS®%6377 Presence of an
important compound charantin, an a-glucosidase inhibitor in
the plant extract is responsible for developing antidiabetic
properties?’.

Ocimum sanctum - Holi basil or Tulsi (Hindi): This
traditional herbal plant is normally available all over India
and is specifically cultivated in gardens or surrounding of
temples. From the ancient times, the plant has been
effectively used for the treatment of cough, respiratory
disorders, poisoning, impotence and arthritis and due the
nontoxic nature, application of the herb is considered fully
safe for human®®23, It was already reported that the plant
contains bioactive components with antihyperglycemic
potentials. Additionally, the plant is known for its wound
healing, antioxidant, radiation protective,
immunomodulatory, antifertility, anti-inflammatory,
antimicrobial, antistress and anticancer activities’. The
leaves of the plant are enriched with volatile oil (0.7%),
phenolics, flavonoids, neolignans, terpenoids and fatty acid
derivatives®. Blood glucose levels were significantly
reduced for both normal and alloxan-induced diabetic rats
when they were administrated with aqueous leaves extract of
the plant’s.

Swertia chirayita: Swertia chirayita which is the most
popular Ayurvedic plant indigenous to the climate of
Himalaya has been successfully used for the treatment of
numerous diseases including diabetics. Due to the presence
of multiple bioactive compounds like amarogentin,
swertiamarin, mangiferin, swechirin, gentianine, sweroside,
gentiopicrin, the plant contributes for several medicinal
purposes®. Traditionally, this herb has been effectively used
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to reduce blood pressure and blood sugar®®. Substantial
antihyperglycemic activity with improved glucose tolerance,
increased glycogenesis, decreased insulin resistance was
noticed in neonatal-streptozotocin induced type 2 diabetic
model (nNSTZ-T2DM) rats when they were treated with the
stem-bark extract of the plant!’. Similarly, methanolic
extract of the plant leaf was also diagnosed with anti-diabetic
potential®. Therapeutically active phytochemicals which are
normally available in S. chirayita plant extract are
amarogentin, mangiferin, swertiamarin?,

Tinospora cordifolia - Guduci (Hindi): This medicinal
plant is well known in Ayurveda to cure diabetics and other
metabolic disorders®. The plant is normally available in
some places in India, Myanmar, Sri Lanka and China 24, Due
to the presence of enormous therapeutic properties, the plant
has been traditionally used for the treatment of jaundice,
rheumatism, urinary disorder, skin diseases, diabetes,
anaemia, inflammation, allergic condition and to develop
strong immune system’3. Chemical constituents which are
mainly responsible for the pharmacological potential of the
plant are terpenoids, alkaloids, lignans diterpenoid lactones,
glycosides, steroids, sesquiterpenoid, phenolics, aliphatic
compounds, essential oils, fatty acids and polysaccharides®.
Even it was also evident that regular administration of
alcoholic or aqueous plant extract was effective to bring
down blood glucose level as well as to increase glucose
tolerance in rodents?®.

Conclusion

The review concludes that medicinal plants are able to show
potential antidiabetic properties similar to or even more
efficiently than conventional synthetic drugs. Plant extracts
in different forms are quite capable in the management of
insulin secretion, regulation of blood glucose level as well as
serum lipids. Different animal models including normal
fasted rats, alloxan-induced diabetic rats, diabetic dogs,
normal fasting guinea pigs and rabbits were successfully
investigated for standardization of such plant extract
dosages.

Still there is a lack of belief in such derived medicines over
commercially known medicines. More significant research
studies are needed to be conducted for the development of
trust on such plant-based remedies of diabetics.
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