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Abstract

Millions of people worldwide suffer from diabetes mellitus, a condition that is becoming a major
global health concern. This paper provides a comprehensive overview of the disease’s types, risk
factors, pathophysiology, epidemiology, and consequences. The paper’s second section, which
focuses on medicinal plants’ potential use in diabetes management, highlights the plants’
efficacy, safety, and modes of action. We discuss the current state of affairs. Providing details on
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phytotherapeutic interventions and how they might be used to combat diabetes.
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INTRODUCTION

Hyperglycemia in the absence of therapy is a hallmark of a
range of metabolic illnesses collectively referred to as
diabetes. The diverse aetiopathology = encompasses
abnormalities in the metabolism of carbohydrates, fats, and
proteins as well as deficiencies in the secretion, action, or both
of insulin [1]. Chronic hyperglycemia is the primary symptom
of a variety of metabolic diseases together referred to as
diabetes mellitus. Either abnormal insulin secretion, different
levels of insulin resistance, or typically both are the cause [2].
A metabolic condition known as chronic hyperglycemia is
brought on by either insufficient insulin secretion,
compromised insulin action, or both. Interestingly, insulin is a
key anabolic hormone that influences how proteins, fats, and
carbs are metabolized [3]. With around 60 million cases in
India alone, diabetes is one of the top five serious health
problems in developed countries [4].In just 34 years, the
number of people with diabetes mellitus has quadrupled (from
108 million in 1980 to 422 million in 2014), while the global
incidence of diabetes in individuals over the age of 18 has
increased from 4.7% in 1980 to 8.5% in 2014. By 2030,
diabetes is predicted by the WHO to rank as the seventh
leading cause of death [5]. According to the International
Diabetes Federation (IDF), there were about 463 million
adults with diabetes in 2019, as shown in Figure 1. By 2030,

that number is expected to rise to 578 million, and by 2045, it
will reach 700 million [6].
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(Fig.1): Projection of an increased incidence of diabetes
patients worldwide[6].

Insulin and a variety of oral hypoglycemic medications,
including glinides, biguanides, and sulfonylureas, are among
the synthetic treatments for diabetes that are now on the
market. Finding a safe and effective treatment is a crucial
field of research because these methods have some very
substantial side effects. Traditional medicine has shown
promise in treating a wide range of illnesses, including
diabetes. According to ethnobotanical data, about 800 plants
may have anti-diabetic properties and have demonstrated
advantages in the management or avoidance of issues
associated  with  diabetes [7]. The majority of
phytoconstituents derived from plants that have therapeutic
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properties are described as secondary metabolites, which are
produced by the primary metabolic pathways of the plant
[8].The goal of the review is to compile the existing data on
plants with antidiabetic activity in order to comprehend the
significance of traditional herbs, as traditional medicines have
shown a promising future in the treatment of diabetes [9].

Classifications Of Diabetes Mellitus: According to World
Health Organization, Diabetes Mellitus(DM) is classified as
shown in figure 2.
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(Fig.2): Classification of Diabetes Mellitus according to
WHO [10].

1. Type 1 Diabetes Mellitus:

Between 5 and 10% of all instances of diabetes are type 1
diabetes mellitus (T1DM), often referred to as juvenile-onset
diabetes, insulin-dependent diabetes mellitus (IDDM), or type
1A DM. T-cell-mediated death of pancreatic B-cells is a
hallmark of this autoimmune disease, leading to insulin
insufficiency and, eventually, hyperglycemia [11].The
condition is characterized by immune-mediated beta cell
death, with hyperglycemia only developing when 90% of beta
cells are gone.[12].

2. Type 2 Diabetes Mellitus:

According to the old nomenclature, T2DM, sometimes
referred to as adult-onset diabetes or non-insulin-dependent
diabetes mellitus (NIDDM), accounts for 90-95% of all cases
of diabetes. Insulin resistance and B-cell dysfunction are the
two primary insulin-related abnormalities that define this type
of diabetes [11].A consistently high blood glucose level or an
increase in blood glucose following a carbohydrate-containing
meal are characteristics of type 2 diabetes mellitus (T2DM)
(Table 2.1) [13].

Table (2.1): Range of Blood glucose level before and after
meal.

Diag | HgbA | Fastin | OGTT | Insuli | Gluco
nosis | 1c g 2 n se in

Gluco | (Mg/d | v/ | Blood

se L) L) b
(mm/d Grams
L)

Norm | <5.7% | <100 <140 <10 <5.0

al (.6) | (78) | (60)

Pre- | 57- | 100~ | 140- |>10 | 5.0-
diabe | 6.4% | 125 | 199 | (60) | 6.25

tes (56— | (7.8~
6.9) 11)
Type- | 26.5% | >125 | >200 | >10 >6.25
2 (6.9 | (11.1) | (60)
diabe
tes

%0GGT, oral glucose tolerance test. At 2 h after drinking 75
grams of glucose. ®Assuming 5L of blood.

The following symptoms are typically present in type 2
diabetes mellitus (although they may not be present): frequent
urination, particularly at night (nocturia); polyuria, polydipsia,
polyphagia, and intense hunger; weight loss; weakness or
fatigue; lack of interest or focus; nausea and stomach pain;
blurred vision; common infections and inflammation; slow-
healing wounds; and tingling in the extremities [14].

2.1 Complications of Type 2 Diabetes Mellitus:
People with type 2 diabetes are more likely to experience a
number of short-term and long-term problems.Cancer is one
of the complications.Microvascular conditions including
retinopathy, nephropathy, and neuropathy, as well as
macrovascular conditions like hypertension, hyperlipidemia,
heart attacks, coronary artery disease, strokes, cerebral
vascular disease, peripheral vascular disease, and cancer, are
additional consequences [15].

2.2 Etiology of Type 2 Diabetes Mellitus:
Type 2 diabetes has a broad and complex etiology that
includes genetic, behavioral, and environmental variables (see
Table 2.2.1).

Table (2.2.1): Risk factors of Type 2 DM [16].

Modifiable

Non-modifiable

-Obesity

-Diet

-Physical inactivity
-Smoking
-Environment

-Age

-Ethnicity

-Family history

-Gastational diabetes
-Intrauterine environment/birth

weight

3. Gastational Diabetes:

A prevalent antepartum illness affecting around 9-25% of
births worldwide, GDM is defined as glucose intolerance with
onset or first recognition during pregnancy. Rates vary based
on study populations and diagnostic criteria. Impaired glucose
tolerance due to maternal pancreatic -cell malfunction, which
results in insufficient insulin to maintain glucose homeostasis
throughout pregnancy, is a hallmark of gestational diabetes
mellitus [17].
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Table (3.1): Risk Factors For Gastational Diabetes [17]:

Modifiable Non-modifiable
-Overweight -Maternal Age
-Obesity -Ethnicity

-Pre-Pregnancy Body Mass | -Genetics and Family History
Index (BMI) of Hyperglycemia

4. General symptoms of Diabetes
Mellitus include: [18]

Increased hunger
Increased thirst
Weight loss
Frequent urination
Blurry vision
Extreme fatigue
Sores that don’t heal

5. Pathophysiology:

It depends on how much insulin the body uses and how much
of it is present. Type 1 diabetes mellitus lacks insulin, whereas
type 2 diabetes mellitus has peripheral tissues that resist the
effects of insulin. When blood glucose levels rise, the
pancreatic beta cells release insulin to support the brain, an
organ that depends heavily on blood glucose levels for
optimal operation. Medication that cure hyperglycemia
include insulin and oral antihyperglycemics [19].
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(Fig.3):General Pathophysiology of Diabetes Mellitus[20].

5.1 Pathophysiology of Type 1 Diabetes Mellitus:
The pathophysiology of Type 1 diabetes appears to be
significantly more complex than previously thought. Recent
research suggests a complex interaction of genetic, epigenetic,
and environmental variables [21].

Type 1 Diabetes

Healthy Diabetic

(Fig.4): Pathophysiology of Type 1 DM [22].

5.2 Pathophysiology of Type 2 Diabetes Mellitus:
B-cell malfunction leads to diminished insulin release,
restricting the body’s ability to maintain normal glucose
levels. On the other hand, Insulin Resistance increases glucose
synthesis in the liver while decreasing glucose absorption in
the muscle, liver, and adipose tissue[23].Insulin Resistance is
the principal pathophysiological ~mechanism causing
disruption in metabolic function. In this circumstance,
mitochondria play a key role in the metabolism of energy in
cells and homeostasis [24].
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(Fig.5): Pathophysiology of Type 2 DM [25].

5.3 Pathophysiology of Gastational Diabetes Mellitus:
Insulin resistance and B-cell dysfunction contribute to the
development of gestational diabetes mellitus. Abnormalities
in the body prior to conception are a significant risk factor for
the development of gestational diabetes mellitus and Type 2
diabetes. After delivery [26].
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(Fig.6): Pathophysiology of Gastational Diabetes Mellitus
[271.

6. Epidemiology:

6.1. Global burden of Diabetes Mellitus:
According to estimates, 463 million people worldwide—or
9.3% of the adult population aged 20 to 79—have diabetes in
2019. It is anticipated that this figure will rise to 700 million
(10.9%) in 2045 and 578 million (10.2%) in 2030.According
to Figure 8.8, the anticipated prevalence of diabetes in 2019 is
9.0% for women and 9.6% for men, broken down by age
group (Fig.7).The prevalence of diabetes rises with age,
reaching 19.9% (111.2 million) among those 65 to 79 years of
age [28].
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(Fig.7): Diabetes prevalence by age and sex [29].

6.2 Burden of Diabetes in India:
Diabetes prevalence in India has consistently increased since
1990, and has accelerated since 2000.Diabetes prevalence in
India has increased from 7.1% in 2009 to 8.9% in 2019 [30].

(Fig.8): Diabetes prevalence in India [31].
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7. Allopathic Medications
(Table 7.1): Classification of oral hypoglycemic drugs in
treatment of Diabetes:[32,33,34]

Types

Available drugs

Their Actions

Biguanide
s

Metformin

It has insulin-sensitizing
characteristics, lowering
both basal and
postprandial plasma
glucose  levels and
increasing glucose
absorption by the
peripheral tissues.

Sulfonylu
reas

Gliclazide,glime
piride,glipizide,g
libencla

Increases insulin release
by pancreatic p-cells,
lowering blood glucose
levels and decreasing
baseline hepatic glucose
output.

a-
glucosidas
e
inhibitors

Miglitol and
acarbose

Inhibits  a-glucosidase
enzyme in the small
intestine, slowing
digestion and absorption
of carbohydrates and
reducing blood glucose

levels after meals.

Thiazolidi
nediones

Rosiglitazone
and pioglitazone

Targets insulin
resistance and improves
insulin  sensitivity in
muscle  tissues by
activating intracellular
receptors.

8. Plants wused in

treatment of Diabetes:
e  Fenugreek (Trigonella foenum-graecum):

Trigonella foenum-graecum,

commonly

management and

referred to as

fenugreek, is a member of the Fabaceae family and is used
extensively worldwide, especially in China, India, Egypt, and
the Middle East, for both cooking and the management of
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type 2 diabetes [35]. It has long been used to treat a number of
illnesses, including obesity and diabetes. It has galactagogic,
antibacterial, antifungal, anti-inflammatory, antioxidant, and
antihyperlipidemic qualities [36]. Numerous research have
demonstrated the antidiabetic benefits of fenugreek in vitro, in
animal experiments, and in trials including humans with
diabetes and obesity [37].

(Fig.9): Fenugreek seeds.

e  Garlic (Allium sativum L.) :

The herb Allium sativum L., generally referred to as garlic, is
a member of the Liliaceae family and is found in Asia, Africa,
and Europe. Originating in Asia, garlic is currently being used
extensively as a condiment and spice, particularly in Asian
cooking [38]. Chemical Constituents: Allicin, dially disulfide,
dially trisulfide, and other sulfur-containing chemicals make
up the 0.1-0.36% volatile oil found in garlic. The majority of
garlic’s pharmacological effects are believed to be caused by
these volatile oils. The enzyme allinase is triggered when
garlic is diced or crushed, converting alliin—which is found
in whole garlic—into allicin. Additional significant
substances found in garlic homogenate include ally methy
thiosulfonate, 1-propenyl ally thiosulfonate, Garlic contains
vitamins, minerals like selenium and germanium, and
enzymes like myrosinase, peroxidase, and allinase. Garlic
contains allicin, which has a strong hypoglycemic impact.
This is assumed to be due to enhanced hepatic metabolism,
insulin release, and insulin-sparing effect [39,40].

(Fig.10): Garlic.

e  Onion (Allium cepa L.):
Allium cepa (commonly known as onion) is a perennial herb
with its stem located in an underground bulb. Onions belong

to the Liliaceae family [41]. The ethanolic extract of dried
onion peel (Alium cepa L) has shown promising anti-diabetic
activities by suppressing alpha-amylase activity. This
inhibition reduces blood glucose levels and increases insulin
production [42].

(Fig.11): Onion.

e  Ginseng

Ginseng (Panax ginseng C. A. Meyer) from the Panax genus
of Araliaceae is a well-known herbal medication used to treat
type 2 diabetes [43]. The basic antidiabetic mechanism is to
lower blood glucose levels, limit glucose absorption, reduce
obesity, and raise the expression of GLUT-1 and GLUT-4
[44]. Ginseng and neutral ginsenosides have been shown to
lower blood glucose, improve insulin sensitivity, control lipid
metabolism, and lower body weight [45].

(Fig.12): Ginseng.

e  Aloe vera (L) Burm. (Asphodelaceae) :

Aloe vera (L.) Burm. F., also known as Aloe barbadensis
Mill., is an ancient herb of medicinal value from the
Asphodelaceae family. Aloe vera comes in over 400 different
types that are found in various locations. In India, it primarily
grows in Rajasthan, Gujarat, Tamil Nadu, Andhra Pradesh,
and Maharashtra [46]. Aloe vera has been shown to lower
fasting plasma glucose levels, boost insulin levels, and repair
pancreatic cells, both subjectively and quantitatively. Another
study found that Aloe vera can increase insulin secretion by
reducing oxidative stress and inflammation indicators [47].
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(Fig.13): Aloe vera plant.

o  Cassia auriculata L (Tanner’s Cassia) :

One such herb that is known to be beneficial for a variety of
ailments is Cassia auriculata. It is an evergreen shrub with
beautiful yellow flowers. This plant grows well in various
parts of Asia, especially India [48]. In Indian traditional
medicine, Cassia auriculata, also referred to as "Tanner's
cassia,” is frequently used to treat diabetes mellitus [49]. The
aqueous extract of buds and flowers decreased blood sugar
levels, the ethanolic extract of leaves and flowers controlled
the diabetes condition by functioning as an insulin
secretagogue agent, and the ethanolic extract of buds and
flowers shown antidiabetic qualities both in vitro and in vivo
[50].

(Fig.14): Plant of Cassia auriculata.

e  Cuminum cyminum L (Cumin):
Cuminum cyminum, often known as 'zeera', is a popular spice
used in cuisine due to its unique scent. It belongs to the
Apiaceae family. It is the most primitively grown herb in
Europe, Asia, and Africa [51]. This plant contains active
components such as cumin aldehyde (49.4%), a-terpinen-7-al
(6.8%), PB-pinene (6.3%), g-terpinene (6.1%), y-terpinene
(6.1%), p-cymen-7-ol (4.6%), and thymol (2.8%). Cumin
aldehyde, also referred to as 4-isopropyl benzaldehyde, is the
most active of these components. It inhibits carbohydrate
metabolism enzymes, including glycosidase and aldose
reductase. The existence of these enzyme inhibitors could
explain cumin's anti-diabetic benefits [52].

(Fig.15): Cumin.

e  Ocimum sanctum (L) (Tulsi):

The genus Ocimum, which belongs to the Lamiaceae family,
is highly valued for its therapeutic potential. Ocimum sanctum
(Linn) (Tulsi) is referred to as “The Queen of Herbs,” “The
Incomparable One,” or “The Mother Medicine of Nature”
[53]. The Tetracyclic triterpenoid isolated from the aerial
section of Ocimum sanctum possesses strong anti-diabetic
properties [54].Oral administration of OS extract significantly
reduced blood sugar levels in normal glucose-fed
hyperglycemic and streptozotocin-induced diabetic rats [55].

(Fig.16): Plant of Tulsi.

e  Syzigium cumini (L) (Jamun):

Syzygium cumini L., a native plant of the Myrtaceae family
from Indonesia and India, is underutilized despite its
significant occurrence in varied agroclimatic settings across
South Asia [56].S. cumini’s primary phenolic constituents,
catechin, and gallic acid, have antioxidant and anti-diabetic
qualities. They block intestinal a-glucosidases, promoting
glucose transport via GLUT4 and glucose absorption
properties [57,58].
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(Fig.17): Fruit of Syzigium cumini.

e  Ficus bengalensis L. (Banyan tree):

The British gave F. benghalensis (family Moraceae) its
popular name after observing a particular colony known as the
“Baniya” that used to rest in its shade. India’s national tree,
the banyan, is revered and seen as a representation of spiritual
wisdom. It is indigenous to several Asian countries, including
China, India, Myanmar, Thailand, Malaysia, and Southeast
Asia [59]. Banyan has significant therapeutic applications,
including antidiabetic properties. Different aerial regions of
FB were compared for their blood glucose-lowering activity.
Fruits reduced blood glucose levels more effectively than root
or bark. Aqueous extract of aerial roots of FB has antidiabetic
properties due to high concentrations of certain glycemic
components (calcium and magnesium) [60]. Stem bark
extracts and chemicals have been shown to have antidiabetic
properties in animal models [61].

:(;-7
Ak~

4
-

(Fig.18): Tree of Ficus bengalensis.

e Momordica charantia (Bitter melon):

Momordica charantia (M. charantia), commonly known as
bitter melon, karela, bitter gourd, or balsam pear, is a
medicinal plant from the Cucurbitaceae family that is
primarily grown in Africa, Asia, and South America [62].M.
charantia contains a variety of hypoglycemic substances, such
as insulin-like peptides, vicine, polypeptide-P, alkaloids,
charantin, sterol glycosides, mcIRBP, triterpenoids,
cucurbutanoid chemicals, flavonoids, and phenols [63].M.
charantia contains a variety of bioactive chemicals with
hypoglycemic  properties, including  cucurbitane-type
triterpene glycosides, charantin, and momordicin [64].

(Fig.19): Fruits of bitter melon.

e Nigella sativa L (Black cumin):

Nigella sativa L. (NS) seeds, commonly known as black seed
(English) and kalonji in South Asia, are the black-colored,
funnel-shaped seeds of the Nigella sativa plant from the
Ranunculaceae family. The plant grows in Southern Europe,
North Africa, the Middle Eastern Mediterranean, and southern
Asia (Syria, Turkey, India, Pakistan, and Saudi Arabia)[65].
Inhibiting carbohydrate-digesting enzymes (a-amylase and o-
glucosidase) is crucial for preventing abrupt spikes in blood
glucose levels [66].

(Fig.20): Flower and Seeds of Nigella sativa Plant.

e  Cinnamomum zeylanicum L.(Cinnamon):
Cinnamomum zeylanicum (Family Lauraceae), also known as
Ceylon cinnamon or real cinnamon, is an indigenous plant
from Sri Lanka. Cinnamon has been demonstrated to offer
numerous health benefits, including anti-hypertensive, anti-
inflammatory, and blood glucose management (antidiabetic)
qualities [67]. Cinnamon lowers blood glucose levels by
decreasing insulin  resistance and boosting hepatic
glycogenesis. Cinnamon’s phenolic acid may play a role in
regulating insulin signaling. Cinnamaldehyde has shown
antihyperglycemic and antihyperlipidemic effects in diabetic
mice [68].

(Fig.21): Cinnamon sticks.

e HelicteresisoralL :

Helicteres isora L., also known as ‘“Marorphali,” “Avartani,”
and “Indian screw tree,” is a small tree or big shrub in the
Malvaceae family [69]. It possesses glucose uptake activity at
200 mg/mL and has been demonstrated to be as effective as
metformin and insulin. Because of its hypolipidemic and
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insulin-sensitizing qualities, the ethanolic extract has the
potential to cure type 2 diabetes[70].

(Fig.22): Flower of Helicteres isora Linn.

CONCLUSION

Diabetes Mellitus is a complex metabolic condition that
requires several management options. This paper discusses
medicinal plants’ potential as supplementary therapy for
diabetes care, providing a natural and sustainable alternative.
Further research is needed to completely understand the
mechanisms of action and effective use of these plants.
However, available evidence suggests they can improve
glycemic control and reduce diabetes-related complications.
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