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Background: Diabetes mellitus (DM) is a growing disease across the world; diabetes is a complex metabolic disorder
in which blood glucose concentration level increases and continue for a prolonged period due to a decrease secre-
tion of insulin or action, resulting in the disorder of carbohydrate, lipid, and protein metabolism. The plant-related
bioactive compounds have proven their efficacy with least toxicities and can be utilized for the disease treatment. Our
objective is to elucidate the mechanism of action of plant bioactive compounds which can give future direction in

Main body: In this review paper, we briefly study more than 200 research papers related to disease and bioactive
compounds that have therapeutic applicability in treatment. The plant contains many bio-active compounds which
possess in vitro and in vivo anti-diabetic effect which may be responsible for the hypoglycaemic property by inhibit-
ing the digestive enzyme i.e. alpha-amylase and alpha-glucosidase, by producing mimetic action of insulin, by reduc-
ing the oxidative stress, by showing antihyperglycemic activity and hypolipidemic activity, by inhibition of aldose
reductase, and by increasing or enhancing glucose uptake and insulin secretion.

Conclusion: Our study revealed that terpenes, tannin, flavonoids, saponin, and alkaloids are important bioactive con-
stituents for anti-diabetic activity. The mechanistic approach on alpha-glucosidase and alpha-amylase, hypolipidemic
activity, and AR inhibitory action clear-cut explain the therapeutic applicability of these bioactive compounds in
disease. Plants that contain these bioactive compounds can be good drug candidates for future research on diabetes

Keywords: Diabetes mellitus, Medicinal plant, Phytochemicals, Hyperglycaemia, Insulin, STZ, Alloxan

Background

Diabetes is the collection of metabolic illnesses in which
increased blood sugar levels persist for a prolonged
period due to a malfunction in insulin production that
affects the metabolism of various nutrients such as
proteins, lipids, and carbohydrates [1]. Metabolism is
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normally altered through congenital and environmen-
tal variables [2]. The disease pathophysiology suggests
that patients may experience frequent urination, thirst,
and hunger with other symptoms. Serious complications
such as kidney, eye, foot, and another organ failure may
be aggravated if properly not managed. In adults, the dis-
ease affects 4—5% of people, with the number anticipated
to rise to 5.4% by 2025 [3]. Research is now being done
on medications that can continually control blood sugar
levels. Diabetes is primarily managed with oral hypogly-
caemic medications and insulin injections [4]. Injections
of hypoglycaemic agents are used in Western medical
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treatment for diabetes (insulin, insulin analogs, etc.), the
pharmacotherapy suggests that the biguanides, glinides,
sulfonylureas and glycosidase inhibitors, thiazolidinedi-
one used as hypoglycaemic medications in oral formula-
tions [5, 6]. These medications have some adverse effects
such as severe hypoglycaemia, weight gain, gastrointesti-
nal discomfort, and nausea [7]. Various new medications,
including DPP-4 (Dipeptidyl Peptidase) inhibitors, GLP-1
(glucagon-like peptide) analogues, and SGLT-2 (sodium
glucose co transporter) inhibitors, have been developed
and are available on the market [1]. With the long-term
use of oral anti-diabetic agents in patients, the efficacy of
all of these inevitably diminishes. As a result, there is an
ongoing need to identify and develop novel anti-diabetic
medications, particularly given the fact that diabetes has
become a global epidemic [2].

Main text

Types of diabetes

The disease has two major types: Type 1 diabetes (T1DM)
is an autoimmune disease characterized by insulin insuf-
ficiency, whereas Type 2 diabetes (T2D) is characterized
by ineffective insulin action [8].

Type 1 diabetes is defined as insulin-dependent diabe-
tes and have characterized by low insulin secretion in the
body due to the degeneration of beta cells in the pancreas
[9]. Type 1 diabetes patients are always at risk for devel-
oping ketoacidosis, the insulin injections required for the
maintenance of blood glucose levels under control. The
disease is more common in children and teenagers [10].

Causes

1. Genetic factors
2. Environmental factors

Type 2 Diabetes is noninsulin-dependent diabetes due
to ineffective insulin action with hyperglycaemia [11-13].
Many of diabetic patients have NIDDM (Non-insulin
dependent diabetes mellitus), also known as Type 2 dia-
betes mellitus (T2DM), which is a lethal disease with
severe disability rates.

Causes

1. Obesity
2. Over weight
3. Insulin resistance

Medicinal plants

Medicinal plants and herbs are excellent sources of
alternative and complementary medicine and they have
a significant function in disease treatment [14]. The
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entire medicinal plants specific portions can be used for
research purposes in this way.

The plant-derived chemicals are preferred because they
were created in a biotic environment and are assumed to
have been subjected to evolutionary selection as a result;
they communicate better with proteins and are to be
prominent medications. Long-term human use of plant
extracts provides reliable evidence for diabetes treatment
in traditional medicine system. The plant extract contains
a variety of phytochemicals that contain many primary
and secondary metabolites that can enhance the efficacy
of plant-related drugs in treating disease [6].

According to WHO (World Health Organization), to
satisfy the primary healthcare needs more the 80% of
the world population used natural herbs as a medica-
tion furthermore, more than half of all new medications
researched and licensed for sale are derived directly from
modified medicinal plant products or their active ingre-
dients [15].

Herbal medicine is low in cost, easily available, high
effectiveness, and has low side effects due to this feature
it is used and prescribed all over the world. As a result, it
has been utilized in traditional Indian medicine to treat a
variety of ailments and disorders.

Our aim in this review work is to establish the knowl-
edge of plants’ bioactive compounds that have the poten-
tial to manage diabetes with a full mechanistic approach
that can help in future research with regard to efficacy in
disease and minimization of toxicities with current allo-
pathic-based medication.

Material and methods

In this review, we systematically reviewed more than two
hundred research papers from the Cochrane database.
The key words for the search were diabetes, bioactive
compounds, plants, and animal models. The exhaustive
review was done using the latest information from 2021
and past year data (i.e., 1991), which is relevant to the
review work.

Approximately 93 papers were excluded from the
review work, of which 57 papers did not have sufficient
data related to our work and others did not illustrate sig-
nificant work.

In the brief review work shown in Table 1, these plants
were selected on the basis of their use in the treatment of
diabetes in the Indian traditional system of medicine.

Discussion

The various primary and secondary metabolites of the
plant are responsible for their activity in diabetes. We
conceptualized the available data through a brief litera-
ture review. The findings of this work are as follows.
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Saponin

According to some researchers, the root and bark of
Berberis vulgaris Linn. show a hypoglycaemic effect
due to the presence of saponin which has a stimulating
effect on remnant beta cells, along this it improves the
lipid profile, so it is used in the diabetes treatment [83].
Fenugreeks also contain saponin which inhibits choles-
terol absorption and reduce sugar level [84].

Tannin
Many studies indicate that black tea contains many
active compounds out of which many are tannins which
are 90% catechins that show anti-diabetic action by
inhibiting intestinal glucose absorption [85, 86].

Grapes contain epicatechin as a major active com-
pound, which prevents hyperglycaemia by inducing p
cell regeneration [87].

Terpenes

Inhibition of a-glucosidase and a-amylase 1t is reported
thata triterpenoid that is heptadienic acid withdrawn from
the root of Potentilla fulgens inhibits the a-glucosidase
enzyme and aids in the treatment of diabetes [88]. A
research work reported on stem bark of Fagara tessman-
nii contain Pentacyclic triterpene acetates illustrates inhi-
bition against a-glucosidase [89].

Insulin stimulated action of terpenes The rhizomes
of Costusspeciosus contain costunolide and help in the
management of diabetes by stimulating the restoration
of beta cells and producing the insulin resemble action
on the peripheral tissue [90].

Action on oxidative stress by terpene compounds Some
authors reported that a triterpene known as lupeol
found in mango has a significant action in the treatment
of diabetes through ROS (Reactive oxygen Species)
level and reduced oxidative stress which implicates the
antioxidant potential in the liver of Swiss albino mice
[91]. A few research works suggests that saffron contain
an essential oil known as safranal, a monoterpene that
protects diabetic rat against oxidative damage [92]. The
reduced blood glucose level and improved antioxidant
activity reported by some authors through administra-
tion of safranal intraperitoneally in the diabetic rat in a
dose-dependent manner [93].

Anti-hyperglycaemic activity of terpene compounds An
unsaturated triterpene presents in the root and bark of
Bumelia sartorum isolated from its ethanolic extraction
shows hypoglycaemic action by increased insulin pro-
duction from B-cells [94]. A clinical trial on Momordica
charantia reported anti-hyperglycemic activity [95].
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Hypolipidemic activity of terpenes A triterpene called
momordicoside, which is extracted from the bitter melon
Momordica charantia, improved the fatty acid oxidation
and glucose excretion in both types of mice i.e., insulin
sensitive and insulin resistant mice during the OGTT
[96]. Some authors reported hypo-lipidemic activity
through Momordicoside which stimulates the GLUT4
translocation with increased activity of AMP-activated
protein [97].

Terpenes as AR inhibitor Research work reported on rat
lens implicated the inhibitory effect on AR (Aldose reduc-
tase) through friedelane type triterpene salasones A, B,
and C and norfriedelane type triterpene, salaquinone A
and acylated eudesmane type sesquiterpene, salasol A,
which is extracted from Salacia chinensis and Salviam-
iltiorrhiza [98, 99].

Alkaloids

Inhibition of digestive enzymes Some researchers
revealed that two digestive enzymes hydrolyse the dietary
polysaccharides and increase the levels of blood glucose
which is a-Amylase present in the pancreatic juice and
saliva catalyzes the hydrolysis of a-1,4-glycosidic link-
ages of starch, glycogen, and various oligosaccharides
and increase the blood glucose level and the second one
is a-Glucosidase secreted by cells lining in the epithelial
cells of the small intestine catalyzes the hydrolytic break-
down of oligosaccharides into absorbable monosaccha-
rides and causes postprandial hyperglycaemia. Alkaloids
inhibit these digestive enzymes and decrease the post-
prandial blood glucose level [100].

Inhibition of aldose reductase and protein tyrosine phos-
phatase-1B  The compound which has both antioxidant
and AR inhibitory activities piqued the interest of the sci-
entific community for research to manage diabetes [101].
In hyperglycaemic conditions, AR increases the sorbi-
tol and its metabolite accumulation in a cell leading to
osmotic swelling, overproduction of reactive oxygen spe-
cies, and cell dysfunction [102].

Effect on insulin secretion Various researchers have
concluded that for the rise of insulin release and decre-
ment of blood sugar concentration, inhibition of DPP-IV
is required because diminishing DPP-IV enhances glu-
cose tolerance because of latencies in the action of GLP-1
and GIP [103]. GLP-1 and GIP are two hormones that
stimulate insulin release [104], decrease glucagon release,
improve glucose digestion increased lipoprotein lipase
activity and regulate fatty acid production and enhance
[-cell proliferation and cell survival [105].
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Enhancement of glucose uptake Vindolicine III an alka-
loid isolated from the Catharanthus roseus (L.) is ben-
eficial in the treatment of hyperglycaemia because it
increases glucose absorption through translocation of
glucose transporter 4 (GLUT-4) [106].

Flavonoids
Inhibition of a-glucosidase Flavonoid reduces the post-
prandial blood sugar concentration by inhibiting the
a-Glucosidase enzyme, an enzyme present in the small
intestine epithelium and involved in carbohydrate diges-
tion, by delaying the conversion of complex carbohydrates
to glucose by -glucosidase inhibition, glucose absorption
in the small intestine is also delayed, ultimately lowering
postprandial blood sugar levels [107].
Inhibiting glucose absorption Type 1l diabetes GLUT4
plays an important role in homeostasis through glucose
uptake mechanism. Diabetes is managed by inhibiting
glucose absorption and this can be achieved by inhibiting
the GLUT4 translocation [108].

The mechanism of action can be seen in Fig. 1.

Conclusion

Our review work strongly suggests that plant which
contains metabolites such as flavonoids, terpenes and
alkaloids is having therapeutic value in the treatment of

diabetes. The mechanism of action on alpha-glucosidase
and alpha-amylase, hypolipidemic activity, and AR inhib-
itory action explains that these phyto-constituents can be
utilized for future research on diabetes treatment. In our
future research work, we will try to emphasize on these
bioactive compounds for drug discovery process for dia-
betes treatment.
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