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Abstract
Diabetes mellitus, a metabolic disorder, is one of the most serious threat to public health worldwide
which has no permanent remedy. The treatment simply relies on some antidiabetic drugs whose long-
term treatment can lead to several side effects such as hypoglycemia, weight gain, hypersensitivity.
Therefore, to reduce the side effects and to improve the quality of life for diabetic patients, several
evidences have showed that some natural products and herbal medicines possess antidiabetic properties
with fewer side effects which may work as potential drug to treat diabetes diseases. Hence, this paper
covers some medicinal plants and their constituents which have shown its potential and beneficial
effect for the treat the effect of diabetes mellitus and regulation of blood glucose along with their other
health benefits.
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1.  Introduction

Diabetes mellitus is developed due to long term existence of
hyperglycemia in the body. Increased blood glucose levels above
the standard range lead to hyperglycemia and this situation may
arise due to defects in insulin secretion, action, or both (WHO,
2002; Ota and Ulrih, 2017).

The number of people with diabetes is steadily increasing due to
factors such as age, obesity, physical inactivity, and unhealthy
diet, including alcohol and tobacco consumption (Choudhury et al.,
2018; Wild et al., 2004). By 2030, it is estimated that the number of
people living with diabetes would have doubled to about 366 million
(Wild et al., 2004). If diabetes is not treated, it can lead to a number
of complications, some of which can be fatal, if blood glucose
levels rise too high. Vascular complications, which may be both
macrovascular and microvascular conditions, are one of the most
dreadful effects of diabetes. Nephropathy, retinopathy, and
neuropathy are examples of microvascular complications, while
cardiovascular disorders are an example of macrovascular
complications (Forbes and Cooper, 2013).

Natural agents of plants can be used not only for dietary purposes,
but also as a treatment for a variety of ailments. Herbal medicine,
also recognized as phytomedicine, is formulated by using of various
plants parts for medicinal purposes, including flowers, fruits, seeds,
leaves, bark, and roots (Ehrlich, 2013).

Since the control of diabetes is an important area of concern along
with improving quality of life for diabetic patients. This paper
covers the use of medicinal plants and herbs for the treatment of
diabetes mellitus to avoid the currently used medications that can
cause several side effects.

2. Conventional medicines used for diabetes and the
problems associated

Diabetes can be managed with a combination of nutritional and
lifestyle changes along with medications. Insulin therapy and orally
administered drugs such as insulin analogues, dipeptidyl peptidase-
4 inhibitors, sulphonylureas, biguanides, thiazolidinediones,
α-glucosidase inhibitors are currently used therapeutic strategies
for diabetes mellitus where different categories have a different
mechanism of action to decrease the increased glucose level
(Li et al., 2017).
The different classes of antidiabetic drugs along with their side
effects are shown in Table 1. However, side effects due to the long-
term treatment of available antidiabetic drugs have increased the
need and demand of such agents that are efficacious, produce less
side effects and are affordable (Choudhury et al., 2018).

3. Natural products and herbs for diabetes mellitus
treatment

To some degree, weight loss, increased physical activity, and other
lifestyle improvements may be beneficial for the treatment of
diabetes, but patient acceptability and compliance are low (Beccuti
et al., 2017). As a result, antidiabetic medications are now commonly
used, but they may have a variety of harmful side effects, including
hypoglycemia, weight gain, allergic reactions, and heart problems
which limits their use. Several studies have shown that the active
ingredients in the natural products and herbs have antidiabetic
properties while having lower toxicity and side effects (Xu et al.,
2018).
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Table 1: Classes of antidiabetic  drugs and their  side effects.
(Nuss and Wagman, 2000; Ganie and Kotwal, 2012;
Tripathi, 2013; Wu et al., 2014)

C las s Side effects

Sulfonylureas    Hypoglycemia

  Weight gain

   Hypersensitivity

Meglitinide analogues   Mild headache

  Weight gain

  Dyspepsia

  Arthralgia

Biguanides   Abdominal pain

  Anorexia

  Bloating

  Nausea

  Mild diarrhoea

  Tiredness

Thiazolidinediones   Weight gain

  Risk of bladder cancer

GLP-1 receptor agonists   Nausea

  Vomiting

  Diarrhoea

α-Glucosidase inhibitors   Flatulence

   Abdominal discomfort

DPP-4 inhibitors   Nausea

  Headache

  Allergic reactions

However, selecting desired herb depends on some factors such as
the stage of progression of the disease, comorbidities associated,
availability and the safety profile of the herb (Choudhury et al.,
2018).

The natural products or herbs that are known to show some anti-
diabetic properties are:

3.1 Allium sativum L.

It is known as garlic and belongs to the Amaryllidaceae family
(Iciek et al., 2009). It has been observed that the antidiabetic
medicinal potential of A. sativum is more than glibenclamide
(Gebreselema and Mebrahtu Gebreyohannes, 2013). Alliin, allicin,
ajoene, diallyl trisulfide, diallyl sulphide, S-allyl cysteine, diallyl
disulfide, and allyl mercaptan are the main active ingredients present
in garlic that have antidiabetic potential (Bayan et al., 2014; Padiya
and Banerjee, 2013).

Figure 1: Allium sativum L. Bulbs (Hammel, 1999).

Figure 2: Structure of alliin (NCBI, 2021).

3.1.1 Mode of action

Some properties of garlic that are involved in the antidiabetic
potential are antiglycation, hyperinsulinemia, hypoglycemia,
hypocholesterolemia, hypotriglyceridemia (Thomson et al., 2015).
According to another study, other form of garlic compounds such
as juice, oil of ripe bulb and its ethanolic extract decreased blood
glucose by inducing insulin secretion from pancreatic cells. It is
also established that regular administration of garlic extract (100
mg/kg) through oral route helped in reducing glucose level in plasma
with rising insulin (Andrade-Cetto and Wiedenfeld, 2004).

It also promotes total antioxidant levels along with catalase activity
along (Thomson et al., 2015) with other therapeutic effects such as
decreasing the pressure of blood as well as the level of cholesterol
(Lakshmi et al., 2012).

3.2 Citrullus colocynthis L.

It is a member of the Cucurbitaceae family and was found to be
effective for diabetes. It was found that saponins, flavanoids,
terpenoids, alkaloids, anthranol, steroids are present in C. colocynthis
(Najafi et al., 2010; Gill et al., 2011; Rodge and Biradar, 2012;
Elgerwi et al., 2013; Jayaraman and Christina, 2013; Talole et al.,
2013; Uma and Sekar, 2014).
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Figure 3: Citrullus colocynthis L. fruit and seeds (Kouadri
et al., 2018).

Figure 4: Structure of anthranol (NCBI, 2021).

3.2.1 Mode of action

Following administration of a 200 mg/kg dose of C. colocynthis
extract, it was discovered that the aqueous extract of the seed was
effective in lowering glucose levels and raising serum insulin, while
the hydro-alcoholic extract of the peel increased glucose levels and
decreased serum insulin. The seed of the fruit is the most effective
part for the treatment of type 2 diabetes, while its peel is harmful
for diabetes treatment (Ahangarpour and Oroojan, 2013). Its
actualanti-diabetic mechanism is still not very clear butaccording
to a study C. colocynthis effects isolated pancreatic islets in a similar
way to that of insulin (Nmila et al., 2000; Barghamdi et al., 2016).

3.3 Mangifera indica L.

It is commonly known as mango and belongs to the family
Anacardiaceae. The leaves of mango are known to have shown anti-
diabetic activity (Dwivedi and Daspaul, 2013). The natural C-
glucoside xanthone mangiferin is known to be found in several
M. indica parts such as leaves (Desai et al., 1966), fruits (El Ansari
et al., 1971), stem bark (Bhatia et al., 1967; El Ansari et al., 1967).

Figure 5: Mangifera indica L. fruit and leaves (Parvez, 2016).

Figure 6: Structure of mangiferin (NCBI, 2021).

3.3.1 Mode of action

It was observed that the aqueous extract of the leaves was effective
in decreasing glucose level in normoglycaemic and glucose induced
hyperglycemia (Aderibigbe et al., 2001). There was no impact on
blood glucose levels in normoglycaemic or STZ-induced diabetic
rats when mango leaves were given orally (1 g/kg), but its anti-
diabetic activity was observable when the extract and glucose was
administrated at the same time. This happens due to reduced
intestinal absorption of glucose (Aderibigbe et al., 1999).

Along with the antidiabetic activity, there was also an observed
increase in the antioxidant activity. Also, there was an improvement
seen in the glomerular filtration rate and microalbuminuria level
with this treatment (Aderibigbe et al., 1999).

3.4 Allium cepa L.

A. cepa is an herb that belongs to the family Amaryllidaceae and is
generally known as onion. Dried bulb or fresh parts of the plants
are used which are commercially cultivated across the world (WHO,
1999).
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Figure 7: Allium cepa L. bulbs (Upadhyay, 2016).

Figure 8: Structure of allyl propyl disulphide (NCBI, 2021).

3.4.1 Mode of action

It contains the chemical ingredient allyl propyl disulphide (APDS),
which prevents insulin destruction by the liver and stimulates insulin
production by the pancreas, raising insulin concentration and
lowering blood glucose levels (Verma et al., 2018). Small dose of
onion (100 g/day) was given to the patient through oral route and
its significant anti-diabetes effect was identified with fasting blood
glucose levels dropping by about 89 mg/dL in type 1 diabetes
patients and in the case of type 2 diabetes mellitus patient around
40 mg/dL decrement was recorded (Eldin et al., 2010; Jevas, 2011).
It was found that 300 mg/kg of onion are most useful dose for the
treatment of hyperglycemia and hyperlipidemia (Verma et al., 2018).

3.5 Momordica charantia L.

It is a climbing plant belonging to the Cucurbitaceae family and
commonly referred to as bitter gourd or bitter melon. The bitter
taste of all parts of the plant, has a rough texture that resembles a
cucumber (Ota and Ulrih, 2017; Grover and Yadav, 2004). Extract
from the fruit (200 mg/kg) shows hypoglycemic behaviour (Verma
et al., 2018). Sterols, triterpenes and bioactive protein are the key
chemical constituents (Yuwai et al., 1991) along with lectin, which
has an activity like insulin.

Figure 9: Momordica charantia plant (Joseph and Jini, 2013).

3.5.1 Mode of action

Lectin, which is related to insulin receptors, is a non-protein. By
acting on peripheral tissues, this lectin lowers the amount of blood
sugar (Khan et al., 2014). Intestinal glucose absorption can be
blocked (Grover and Yadav, 2004; Chaturvedi, 2012), main
glucogenic enzymes suppressed (Shibib et al., 1993) and hepatic
gluconeogenesis reduced (Tsai et al., 2012). The mode of action
involves using adipocytes and skeletal muscle to induce glucose. In
addition, bitter melon extract decreases the impaired signaling of
insulin as well as provides pancreatic beta cells with defense.
Upregulation of the expression of peroxisome proliferator activated
gamma receptor (PPARγ gene), which also involves one of bitter
melon’s pathways for antidiabetic effects in glucose metabolism
(Choudhury et al., 2018; Xu et al., 2015; Joseph and Jini, 2013).

3.6 Carica  papaya  L.

Generally known as papaya, it belongs to the Caricaceae family.
The extract of seeds and leaves indicates a lower blood sugar level
and a lower lipid level in the body (Giovannini et al., 2016). It was
found that leaves and fruits of C. papaya contains β-carotene,
lycopene, anthraquinones glycoside (Varisha et al., 2013).
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Figure 10: Carica papaya L. fruits (Krishna et al., 2008).

Figure 11: Structure of β-carotene (NCBI, 2021).

3.6.1 Mode of action

Carica papaya’s aqueous extract (0.75 g and 1.5 g/100 ml)
substantially decreased blood glucose levels. It also reduced blood
levels of cholesterol, triacylglycerol and aminotransferases. In
diabetic rats, low plasma insulin levels did not improve after
treatment, but they increased significantly in nondiabetic animals.
In nondiabetic  treated animals, pancreatic islet cells were regular,
whereas in diabetic-treated rats, papaya could aid islet regeneration,
which is manifested as cell size preservation. In the liver of treated
rats with diabetes, papaya, as well as the accumulation of glycogen
and lipids, prevented hepatocyte disruption. Eventually, the
antioxidant influence of papaya extract has been observed in diabetic
rats, too (Jurez-Rojop et al., 2012).

3.7 Catharanthus roseus L.

It is called Vinca roseus, which belongs to the Apocynaceae family.
Oral administration of a dosage of 500 mg/kg of methanolic leaf and
twig extract indicates a drop in blood sugar levels (Malvi et al.,
2011). The key biological ingredients for the hypoglycemic effect
are found to be vindoline, tetrahydroalstonine and catharanthine.

Figure 12: Catharanthus roseus L. (Mishra and Verma, 2012).

Figure 13: Structure of vindoline (NCBI, 2021).

3.7.1 Mode of action

The mechanism of action enhances insulin synthesis from the β-
cells of Langerhans (Rahimi, 2015). It exerts antidiabetic activity
by improving intestinal glucose absorption through glucose-6-
phosphate dehydrogenase activity in the pentose phosphate
pathway (Choudhury et al., 2018; Tiong et al., 2015; Singh et al.,
2001).

3.8 Trigonella-foenum graecum L.

It is commonly known as fenugreek and belongs to the genus
Fabaceae as an annual aromatic herb. Trigonelline, secondary
metabolite, mucilage, and other various compounds which are
available in dried ripe seed of plants are being utilised for medicinal
purpose (Governa et al., 2018; WHO, 2007). Diosgenin (3b-
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hydroxy-5-spirostene), 4-hydroxyisoleucine (figure 2), and the
soluble dietary fibre fraction are the most researched fenugreek
bioactive compounds with reported hypoglycemic activities (Fuller
and Stephens, 2015).

Figure 14: Trigonella foenum-graecum herb (Branch, 2013).

Figure 15: Structure of 4-hydroxyisoleucine (NCBI, 2021).

3.8.1 Mode of action

Diosgenin is a major aglycone of saponin in fenugreek, and its
recorded hypoglycemic action include renewal of pancreatic β-cell
and insulin secretion stimulation (Kalailingam et al., 2014),
antioxidant effects (Son et al., 2007), and the promotion of insulin-
dependent glucose uptake and adipocyte differentiation promotion
(Uemura et al., 2010). Fenugreek seeds (5-100 g/day) have been
found to be a promising alternative for diabetes management. Indeed,
this medication leads to improved glycemic regulation in type 2
diabetes mellitus patients (Nahas and Moher, 2009; Shojaii et al.,
2011; Suksomboon et al., 2011; Neelakantan et al., 2014).

4. Future scenario of medicinal plants for treatment of
diabetes mellitus

Individuals use a variety of herbal remedies, and various indigenous
medications are regularly introduced into modern therapeutics. For
healthcare, approximately 80% of the population, especially rural
people belong to developing countries, rely on traditional medical
remedies. There has been a surge in interest in phytomedicine in
developing countries, owing to the popularity of a large number of
products derived from natural sources. There is also a distinction
to be made between herbal medicines prescribed by a physician
and herbal remedies that are readily available for self-medication.
The discovery of plants that could be beneficial to people with
antidiabetic activity has gotten a lot of attention in recent years
(Verma et al., 2018; Rosalie and Ekype, 2016).

5. Conclusion

Diabetes mellitus has no permanent remedy, the treatment depends
on the antidiabetic medications in the market, but their long-term
use leads to several side effects which is the main problem with
these drugs. Despite the availability of antidiabetic drugs in the
pharmaceutical industry, medicinal plant treatment for diabetes is
effective. Notable medicinal plant components and herbal remedies
with low toxicity and no side effects are common options for diabetes
care around the world.

In the design of medication and treatment of hyperglycemic
problems in diabetes mellitus, substances and extracts from a variety
of natural resources play a critical role. It can be concluded that for
the treatment or prevention of diabetes mellitus, medicinal plants
with antidiabetic activity can be regarded as substitute or adjunctive
medicines.

Medicinal plants compound does not work only on one aspect to
cure, but acts at different pathways and molecules to reduce overall
high glucose concentration and its effect on other tissues. However,
it is important to research the effects of medicinal plants on DM in
detail in order to obtain further data on the biological and
pharmacological effects of these plants.
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