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Abstract

Diabetes mellitus has long been seen as a substantial economic burden on patients, their families, and society.
Impairment in blood sugar regulation has major health repercussions. Furthermore, untreated diabetes causes major
chronic complications like blindness, renal failure, and heart failure, as well as an increase in associated mortality. New
anti-diabetic medicines are being researched to help alleviate this issue. Conventional Anti-diabetic medications are
beneficial, several synthetic drugs are available in the market to treat diabetes, but they are costly and come with
inevitable adverse effects. Medicinal plants, on the other hand, may serve as an alternate source of anti-diabetic agents.
According to the World Health Organization, 80 % of the population in underdeveloped nations still relies on traditional
medicines or folk medicines, which are largely made from plants, for disease prevention or treatment. For instance, anti-
proliferative, anti-viral, anti-inflammatory and anti-hyperglycemic effects. In order to find a natural anti-diabetic source
that comes with less side effects, several studies have been conducted. The aim of this work is to review these studies and
highlight the potential of plants when it comes to their anti-diabetic effect.

Keywords: Diabetes mellitus; Medicinal plants; Antidiabetic; Hypoglycemic; Antihyperglycemic.

Published: November 18, 2021

1. Introduction

Medical plants have been used for medicinal purposes since ancient times, and they may even be considered the
origin of modern medicine. Plant-derived compounds have been and continue to be a valuable source of compounds
for pharmaceuticals [1, 2]. Medicinal plants are a reservoir of biologically active compounds with therapeutic
characteristics that have been documented and utilized for the treatment of a variety of diseases by various groups of
people over time [3]. Civilizations have produced herbal medicine based on their local environment. Some authors
even say that this passed-down knowledge is the source of medicine and pharmacy. Hundreds of higher plants are
still cultivated today to extract important compounds in medicine and pharmacy all across the world. Plants are
increasingly becoming acknowledged as promising drug discovery sources, with more than 30-50 % of current
pharmaceuticals derived directly from natural sources (plants, microorganisms, cells, etc.) or their
molecules/compounds [4]. For instance, in sector of cancer studies, plants have contributed more than 60 % of the
anti-cancer drugs, directly or indirectly [4]. Therefore, this review briefly focuses on the pharmacological effects of
some plants which have been widely studied and used in diabetic treatment.

2. Various Biological Activities of Medicinal Plants

Traditional medicines are an important part of alternative health care systems that are utilized by millions of
people throughout the world. Plants are increasingly becoming acknowledged as promising drug discovery sources,
with more than 80% of current pharmaceuticals derived directly from natural sources (plants, microorganisms, cells,
etc.) or their molecules/compounds [5].

Drug discovery from plants nowadays requires a multidisciplinary approach that combines ethnobotanical,
phytochemical, and biological techniques to provide us with new chemical compounds (lead molecules) for the
development of drugs against a wide range of pharmacological targets [6]. For instance, the Annona crassiflora
extract obtained from the seeds had a strong anti-proliferative impact. These extracts were high in phenolic acids,
particularly caffeic acid, sinapic acid, ferulic acid, and flavonoid, and presented anticancer properties that could be
related to their phenolic acid concentration [7].

Basilicum ocimum L. containing sesquiterpenoid, flavonoids, and triterpenoids like ursolic acid, agents knowing
to be inhibitor of various viral infections of DNA and RNA viruses [8]. Ipomoea pescaprae leaf extracts were found
to be effective in treating dermatitis caused by jellyfish stings and edema caused by ethyl phenylpropiolate in mice
[9].
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In another study, the phenolic molecules eugenol and its derivatives, which suppress the activity of the pro-
inflammatory enzymes cyclooxygenase-2 (COX-2) and lipoxygenase (LOX), have been linked to Syzygium
aromaticum’s anti-inflammatory properties [10]. Plantamajoside, a hydroxycinnamic acid, in Plantago asiatica L. is
a well-known polyphenolic molecule with anti-inflammatory properties, and ethanolic extracts of this plant
suppressed the mRNA expression of pro-inflammatory mediators (IL-1, 1L-6, iNOS, COX-2, and NF-B) in
macrophages, inhibiting NO generation [11]. Another example is the lectins extracted from Canavalia brasiliensis
seeds and Canavalia ensiformes seeds were found to have antidepressant efficacy through their interaction with
serotoninergic (5-HT1A, 5-HT 2 receptors), noradrenergic (alpha 2 adrenoceptor), and dopaminergic (D 2 receptor)
systems [12].

3. Anti-diabetic Effect of Medicinal Plants

Although synthetic oral hypoglycemic medications and insulin are the most common methods for treating
diabetes, they do not totally reverse the disease's complications and, in addition, they have significant adverse effects
[13]. Glucose-lowering medications commonly used might have effects on COVID-19 pathogenesis, and could have
implications for the management of patients with diabetes mellitus and COVID-19 [14]. This is the driving factor
behind the search for new anti-diabetic medications [15]. Despite significant progress in the treatment of diabetes
with oral antidiabetic drugs during the last three decades, diabetic patient treatment outcomes are still far from ideal.
The usage of those oral hypoglycemic medications has been linked to a number of disadvantages, including drug
resistance (reduction of efficiency, side effects and toxicity. Sulfonylureas, for example, are known to lose their
effectiveness in around 44 % of patients after 6 years of treatment, whilst glucose-lowering medications are believed
to be unable to control hyperlipidemia. The search for newer antidiabetic medications from natural sources continues
due to many constraints associated with the utilization of existing synthetic antidiabetic agents [16].

Natural products, particularly those of plant origin, are the primary target for identifying viable lead candidates
and will play a critical role in future drug developmental projects [17, 18]. Medicinal plants used to treat
hypoglycemic or hyperglycemic conditions are of keen interest to the ethnobotanical community because they are
known to contain valuable medicinal properties in various parts of the plant, and a number of plants have
demonstrated varying degrees of hypoglycemic and anti-hyperglycemic activity. Plant-based preparations are the
main essential component of all current medicines, especially in rural regions, due to their ease of availability, low
cost, and minimal adverse effects [16]. Furthermore, many plants have a variety of bioactive compounds that are free
of side effects and have potent pharmacological effects [19]. Traditional plant treatments or herbal formulations may
hold the key to resolving diabetic issues in a natural way [20]. Furthermore, medicinal herbs are utilized to treat
diabetes in developing countries, particularly to reduce the financial load of conventional drugs on the population
[16].

Plants' anti-hyperglycemic properties are mainly related to their ability to improve the performance of pancreatic
tissue, which is accomplished by elevating insulin secretions or limiting glucose absorption in the intestine [16, 21,
22]. The number of people living with diabetes is rising, creating concerns among medical professionals and the
general population. Despite the availability of anti-diabetic medications on the market, medicinal herbs are often
effective in the treatment of diabetes. Herbal treatments and plant components with low toxicity and no side effects
are notable treatment options for diabetes around the world.

Nowadays, medicinal plants are used to treat diseases such as diabetes because they include phytoconstituents
such as flavonoids, terpenoids, saponins, carotenoids, alkaloids, and glycosides, which may have anti-diabetic
properties. Furthermore, the combined action of biologically active compounds (e.g., polyphenols, carotenoids,
lignans, coumarins, glucosinolates, etc.) leads to the potential beneficial properties of each plant matrix, which can
serve as a starting point for understanding their biological actions and beneficial activities [16].

Coumarins have hypoglycemic properties and decrease the activity of the enzyme aldose reductase as well as
platelet aggregation, both of which are thought to be causes of diabetic problems [23]. This family of plant
compounds includes coumarin fraxidin. Likewise, various alkaloids were found potentially effective against different
diabetic models [24, 25]. Quinolizidine alkaloids, such as lupanines, sparteine and multiflorine, beside their role in
lowering the blood glucose, they have been associated with insulinotropic effects on isolated pancreatic islets [26].
Other alkaloids such as berberine, boldine and sanguinarine were found to have potential anti-diabetic activity [24].
Moreover, studies show that polyphenols are able to grant anti-diabetic effects via different suggested mechanisms:
increase insulin secretion, insulin sensitivity and insulin-dependent glucose uptake, inhibit glucose absorption in the
intestine by sodium-dependent glucose transporter 1 (SGLT1), reduce hepatic glucose output, and influence the gut
microbiome. 4-hydroxybenzoic acid, for example, has a hypoglycemic effect in normal rats by increasing serum
insulin levels and liver glycogen levels [27, 28]. Some flavonoids stimulate insulin release from isolated Langerhans
islets in a concentration-dependent way. Rutin, for example, is a flavonoid with hypoglycemic characteristics [29].
On the other hand, saponin’s ability to lower increased plasma blood sugar levels makes it a good choice for diabetes
mellitus treatment [30-32]. The hypoglycemic action of saponin come through different pathways, among them we
cite : restoration of insulin response [33], improvement in insulin signaling [34], increase plasma insulin levels , and
induction of insulin release from the pancreas [35], activation of glycogen synthesis [36], inhibition of
gluconeogenesis [37], etc..
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Figure-1. Proposed pathway of antidiabetic action of saponin in diabetes mellitus [32].
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In this section, plant species will be organized in their suggested action mechanisms in antidiabetic potential.
Although the mechanisms of action of the antidiabetic activity of certain plants are multiple and can be attributed to
several actions, plants in this review have been classified according to the most probable mechanism. Among
different actions of diabetes treatment, we cite the regeneration, protection and stimulation of the g-cells of islets of
Langerhans to release more insulin, the enhancement of peripheral consumption of glucose, the inhibition of the
intestinal absorption of glucose, and a sparing insulin effect.

Figure-2. Different possible mechanisms of plant for diabetes treatment
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3.1. a -glucosidase and o -amylase Inhibitory Effect

a-glucosidase and a-amylase are two enzymes that help digest carbohydrates. While pancreatic a-amylases
hydrolyze the internal 1,4-glycosidic bond of starch to produce maltose and glucose, a-glucosidases hydrolyze both
starch and sucrose to glucose. These mechanisms are known to occur in the upper region of the small intestine, as
well as the pancreas, and have the potential to boost plasma glucose levels, particularly in diabetic patients [38]. By
reducing the hydrolysis of starch, a-amylase inhibitors are one of the medications that decrease hyperpostprandial
blood glucose. By delaying or interrupting glucose absorption as a result of decreasing starch digestion, inhibition of
a-amylase aids to improve symptoms of type 2 diabetes. Although the primary goal of a-amylase inhibition is to
delay the formation of maltose and glucose, it can also slow the action of a-glucosidase by removing the enzyme's
substrate [39].

3.1.1. Hagenia abyssinica

Hagenia abyssinica (HA) is a multipurpose dioecious tree in the plant family of Rosaceae. It is a tree growing
up to 20 m. The species occurs in Kenya, Tanzania, Uganda, Sudan, Congo, Malawi, Burundi and Rwanda [40]. The
in vitro o—amylase inhibition of the crude extract and solvent fractions of HA were evaluated by using 3,5-
dinitrosalicylic acid (DNSA) assay model. The result of a—amylase enzyme inhibition activity was found in a dose-
dependent manner [41, 42]. In a recent study (2021), the crude extract and solvent fractions of HA leaves were
examined for in vitro a-amylase and a-glucosidase inhibitory effects. The crude extract was found to be the most
active fraction in the a-amylase inhibition experiment. At concentration of 500 g/ml, the crude extract showed
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percentage inhibition of 74.52 %, with an 1Cs, of 14.52 ug.mL™. The highest a-glucosidase inhibitory activity was
shown by the crude extract and aqueous fraction (ICso: 15.89 ug.mL™" and 11.67 ug.mL™, respectively) [43].

Figure-3. Standing Hagenia abyssinica tree and its flowers [40].

3.1.2. Canarium tramdenum

Canarium tramdenum (CT) fruits are widely consumed as meals and cooking components in Vietnam, Laos, and
China's southeast area, while the leaves are traditionally used to treat diarrhea and rheumatism. Quan, et al. [44]
looked into the possibility of using CT bark as antioxidants, as well as a-amylase and a-glucosidase inhibitors.

Figure-4. Canarium tramdenum (Syn. Canarium pimela) Plate from book [45].

Five different CT bark extracts were tested. In vitro tests revealed that CT bark has high antioxidant and a-
glucosidase inhibitory activities, according to the study. The extracts had a possible effect on a-amylase inhibition
and were considerably more effective at inhibiting a-glucosidase than acarbose, a common inhibitor used in diabetic
treatment. The of both terpenoids and phenolics may be important in inhibiting a-amylase and a-glucosidase [44].

3.1.3. Rosa canina L.

Rosa canina L. (Rosaceae) has long been utilized in Tunisian folk medicine and confectionery. Rosa canina
(RC) has traditionally been used to prevent and treat common colds, flu, digestive disturbances, and infections [46].
In Turkish folk medicine, the fruit is considered as the most promising remedy for hemorrhoids and diabetes mellitus
[47]. Vitamin C, tocopherols, carotenoids, polyphenols, organic acids, sugars, and essential fatty acids are all found
in rose hip, the pseudo-fruit of RC. The rose hips of RC have been shown in numerous studies to offer a wide range
of bioactivities, including anti-inflammatory, anti-obesity, and anti-diabetic properties [48].

Figure-5. The ripe pseudo fruits, “rose hips”, of Rosa canina [48].
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RC methanolic extract has a significant amount of total phenol and flavonoid. Results showed that RC
methanolic extract was extremely effective at inhibiting a-amylase with a high degree of inhibition. Because of this
inhibitory function, RC may be able to postpone starch breakdown after consuming a carbohydrate-dense meal [39].
As well RC 3-month administration to type 2 diabetic patients may reduce fasting blood glucose and total
cholesterol/HDL-C without any side effect [49].

3.1.4. Cayratia trifolia

Cayratia trifolia Linn. Domin syn. Vitis trifolia Linn. (Family:Vitaceae) is a native of India, Asia and Australia
[50][50]. The treatment of diabetes-induced rats with B-sitosterol normalized the altered levels of blood glucose,
serum insulin, and testosterone, lipid profile, oxidative stress markers, antioxidant enzymes, insulin receptor (IR),
and GLUT4 proteins, according to the findings of a study, Ponnulakshmi, et al. [51]. The findings showed that f3-
sitosterol improves glycemic control in the adipose tissue of high fat and sucrose-induced type-2 diabetic mice
through activating IR and GLUT4, and through inhibiting a-amylase [51, 52]. As a result, it is clear that B-sitosterol
can be used as an anti-diabetic agent.

Figure-6. Cayratia trifolia Linn. Fruit and leaf [50].

Blood glucose levels increase from 118.60 to 312.70 mg/dL as a result of CT ethanolic root extract (CTERE)
treatment at three distinct doses (50, 250, and 500 mg/kg body weight) resulted in a dose-dependent decrease in
blood glucose levels. At a 500 mg/kg body weight dose of CTERE, it dropped to 178.96 mg/dL from 312.70 mg/dL.
Similarly, intraperitoneal streptozotocin injection resulted in a considerable reduction in serum insulin when
compared to the control group [53]. The works of Shikha [54] showed that in diabetic rats, both the doses (200
mg/kg and 400 mg/kg) of ethyl acetate extract were found to be significant (P <0.05) when compared with control
and favourable changes in biochemical parameters were also observed [54]. In contrast the in vivo, antidiabetic test
conducted by animal diabetes modeling that has given streptozotocin 150 g/kg BW and 10% of sucrose solution
intraperitoneally showed that the effect of extract 400 and 500 mg/kg BW are not different significantly with
glibenclamide in reducing blood glucose levels subset of the statistics ANOVA (p> 0.05) [55].

3.1.5. Caralluma europaea

The medicinal plant Caralluma europaea (CE) belongs to the family Apocynaceae (subfamily Asclepiadaceae).
CE is distributed in Morocco, Algeria, Tunisia, Libya, Egypt, Jordan, Spain, and Italy. The different parts of the
plant are used traditionally to treat various diseases such as diabetes mellitus, flu, caught, kidney stones [56, 57].

Figure-7. A) habitus of Caralluma europaea (Guss.) N. E. Br; B) C. europaea flower [56].
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CE extracts showed 66% inhibition of a-glucosidase activity in vitro. Among other mechanism pathways, the
antihyperglycemic action of CE may be partially attributed to the intestinal a-glucosidase inhibition [57]. Another
study was done to investigate the potential and mechanism of the antidiabetic activity of the CE methanolic extract
in alloxan-induced diabetic mice [58]. Results showed that the methanol extract prevented the diabetogenic effect of
alloxan and decreased significantly the blood glucose level (P <0.001) in treated mice. Morphometric study of
pancreas revealed that C. europaea extract protected significantly the islets of Langerhans against alloxan-induced
tissue alterations [58]. Besides CE, under the genus caralluma other species has showed antidiabetic effect
(Caralluma adscendens) [59] and antihyperglycemic effect (Caralluma umbellata) [60].

3.2. Bioactive Compounds Insulin-Like (insulin mimetic)

3.2.1. Momordica charantia

Momordica charantia (MC), that's also known as bitter melon, utilized as a vegetable, it is also thought to be an
herbal remedy that is used in folk medicine. MC is a Cucurbitaceae plant which is a tropical vegetable that is widely
grown in Vietnam, India, China, East Africa, South-North Asia, and Central and South America [61, 62]. It has
many potential bioactivities, such as anti-inflammatory, anti-oxidant, antiviral, anti-cancer, anti-bacterial, and anti-
diabetic action, among others, and especially anti-diabetic activity [57].

Figure-8. Pictures show the different morphological of two varieties of Momordica charantia unripe fruit [63].

!

Many studies have been published that show bitter melon active components can help with T2D treatment [64-
67]. MC contains insulin-like proteins that are similar to human insulin [68]. Many studies have demonstrated that its
bioactivities reduce blood glucose levels considerably [69-71]. Bitter melon has also been shown to improve glucose
tolerance in normal and diabetic mice, as well as in people, according to these studies. Momordicoside U (3p,7p-
Dihydroxycucurbita-5,23(E)-dien-19-al-25-O-3-D-glucopyranoside) compound might improve glucose absorption in
an in vitro insulin secretion assay by measuring insulin secretion activity [72]. Furthermore, studies of MC have
shown the ability of their extracts to regenerate or recover partially destroyed pancreas cells, promoting insulin
secretion, and the protection of pancreatic 3-cells [73-76]. Other research looked at the effects of MC extracts on
diabetes-related enzymes like alpha-glucosidase and alpha-amylase [77].

3.2.2. Panax ginseng

Ginseng (Panax ginseng) Ginseng has long been a well-known traditional plant in Korea, and it has been
utilized in folk medicine for a long time. Ginseng is a member of the Panax genus in the Araliaceae family. It is
found in Eastern Asia, such as Korea, Eastern Siberia, Northeast China, and North America, where it thrives in
milder climates. Many bioactive substances are found in the root of this plant, including triterpene glycosides, or
saponins, also known as ginsenosides, Panaxans, vanillic acid, and salicylates. Amino acids, alkaloids, phenols,
proteins, polypeptides, and vitamins B1 and B2 have all been found as active constituents in various portions of the
plant [78-80].
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Figure-9. Panax ginseng [81].

In vitro and in vivo studies on the anti-diabetic properties of Panax ginseng root have been conducted by a
number of researchers. Ginseng-specific saponins known as ginsenosides are the most important group of
phytochemicals found in Panax ginseng [82]. Ginsenosied Rb2 was found to be the most effective in treating
streptozotocin-induced diabetic rats by lowering blood glucose levels [83]. Furthermore, the quantity of ginsenoside
Rg2, Rg3, and Rh2 in fermented red ginseng extracts is higher than in regular ginseng, so that orally administered
100 or 200 mg/kg extracts dramatically lowered blood glucose levels and boosted plasma insulin levels in
streptozotocin-induced diabetic rats [84].

3.3. Bioactive Compounds Increase Insulin Secretion From p-cells of Pancreas

(secretagogue effect)

In type 1 diabetes, pancreatic B-cells are damaged by immunological agents, such as cytokines and macrophages
or T cells activated by autoimmune responses, while type 2 diabetes results from both insulin resistance and relative
insulin deficiency that cannot compensate for the insulin resistance [85]. Therefore, maintaining pancreatic -cell
function may be of high importance for the prevention and treatment of diabetes [86].

3.3.1. Allium Genus

The genus allium contains more than 500 species [21]. Having different biological effects, the activities
of Allium vegetables are mainly attributed to their contents in organosulphur compounds [87, 88]. Even many of the
species have demonstrate antidiabetic activity, we will interest on the most important species used in our daily foods.
For instance, the essential oils of the green parts of Allium ampeloprasum decrease significantly the glucose level
[87], while the methanolic extract of Allium ascalonicum decreased blood glucose level in alloxan diabetic rats [89].

3.3.1.1. Allium cepa Linn

Allium cepa Linn. (AC), also known as onion, belongs to the Liliaceae family. Extracts from AC have been
shown to induce a variety of bioactivities, including anti-inflammatory, antioxidant, and anti-diabetic properties. [22,
90-93] S-methyl cysteine sulfoxide and S-allyl cysteine sulfoxide, which are found in the bulb, have been shown to
have anti-diabetic properties [91]. Again many mechanisms can be responsible of the antidiabetic activity but
secretagogue effect is the most relevant.

3.3.1.2. Allium sativum Linn.

Allium sativum Linn., generally known as garlic, is a member of the Allium family of plants. Garlic has been
demonstrated to be used to treat a variety of ailments for over a thousand years [94]. It has been discovered to have a
wide range of biological effects, including anti-tumor activity, antibacterial action, immunomodulatory and anti-
hyperglycemic activity, according to various scientific research investigations [95]. Alkaloids, flavonoids, cardiac
glycosides, terpenes and steroids, resin, alliin, allicin, ajoene, diallyl sulfide, enzymes, B-vitamins, proteins,
minerals, saponins, flavonoids, and so on, are all active phytochemicals found in raw garlic [22, 93, 94].
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Figure-10. A scheme of the anti-diabetic effect of garlic, showing possible roles of garlic in the development of diabetes and its com plications

[96].
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Garlic's biological activity in anti-diabetics has been proven to control the excretion of insulin from B-cells,
promote glucose tolerance, and glycogen synthesis. For example, the beneficial chemicals allyl propyldisulfide and
S-methylcysteine sulfoxide, which are derived from garlic, can lower blood glucose levels. Furthermore, the ethanol

extract from garlic demonstrated anti-diabetic effect by restoring insulin delayed response [22, 97].

Figure-11. Garlic (A. sativum) and onion (A. Cepa) [97].

3.3.2. Aloe vera L. Burm

Aloe vera L. Burm. (Asphodelaceae) is a well-known and widely used medical plant, particularly in the
cosmetics industry and as an anti-diabetic agent [98, 99]. It is indigenous to Africa and the Mediterranean. Alkaloids,
flavonoids, tannins, phenols, saponins, carbohydrates, vitamins and minerals, and various other aromatic chemicals
are phytoconstituents in the plant have been shown to have antioxidant, antibacterial, antidiabetic, anti-cancer, and
other pharmacological properties. As a result, scientists have continued to study the biological activities of this plant

in order to develop modern and traditional medicine [22, 100].

179



Sumerianz Journal of Medical and Healthcare
Figure-12. Aloe vera L. Burm plants [101].

Diabetic mice given oral Aloe vera water extract experienced dramatic decrease in blood glucose levels. Aloe
vera water extract is anti-diabetic and has less side effects, according to statistical analysis. Furthermore, Aloe vera's
lower cost is a key benefit in the creation of diabetic mellitus medicine [22, 102].

3.4. Bioactive Compounds Regenerate of p-cells of the islets of the pancreas

3.4.1. Pterocarpus marsupium

Pterocarpus marsupium (Fabaceae) is a plant that is frequently used to treat a variety of metabolic diseases,
including hyperglycemia. P. marsupium, like most plants, contains a lot of phenolic and flavonoid components
[103]. This plant is said to include alkaloids, steroids, terpenoids, tannins, amino acids, proteins, and other
compounds. Epicatechin, one of the plant's possible anti-diabetic components, has been effectively identified. It's
also said to be high in polyphenolic chemicals, which are thought to be important bioactive compounds. These
chemicals have a wide range of biological action, including anti-inflammatory, anti-bacterial, anti-oxidant activities,
and antidiabetic activity [104-107].

Figure-13. Pterocarpus marsupium: (a) whole plant and (b) leaves [22].

Diabetic patients were given an extract of P. marsupium, which had a considerable anti-hyperglycemic effect.
After being tested for five days on alloxan-induced diabetic rats, the ethanolic extract of P. marsupium demonstrated
blood sugar reducing effects, indicating that it has a strong anti-diabetes impact. It was discovered to be useful in
decreasing blood sugar levels. Epicatechin, a compound derived from P. marsupium, was found to have the potential
to regenerate B-cells in the pancreas islets. Furthermore, it has been claimed that the aqueous extract of this plant can
stimulate insulin production and increase glucose absorption, making it an antidiabetic treatment [22].

3.4.2. Tinospora cordifolia and Tinospora crispa

The Menispermaceae family includes Tinospora cordifolia (T. cordifolia) and Tinospora crispa (T. crispa.) T.
cordifolia a plant native to India and is mostly found in tropical countries like Myanmar and Sri Lanka [108]. For a
long time, it has been one of the most important medications in Indian Systems of Medicine, since it has been
recorded as the primary source of treatment for many disorders in folk medicine, including fever, dyspepsia, and
urinary diseases [22].
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Figure-14. Tinospora cordifolia, fruits [108].

T. cordifolia has been shown to contain a variety of secondary metabolites, including alkaloids, terpenoids,
essential oils, glycosides, steroids, phenolic components, aliphatic compounds, and polysaccharides, among others.
These active chemicals have been tested for antiseptic, anti-inflammatory, anti-cancer, antibacterial, and antidiabetic
properties. Aqueous, alcohol and chloroform extracts exerted significant hypoglycemic and antihyperglycemic
effects in normal and diabetic animals [109-113].

T. cordifolia, which contains polysaccharide, has been shown to have 3-cell regeneration characteristics, which
could lead to the development of an anti-diabetic drug with few adverse effects [114]. Promotion of insulin secretion
and inhibition of gluconeogenesis have been reported after the oral treatment with T. cordifolia root extract for two
weeks in induced type 2 diabetic rats leading to improvement in blood glucose level management in the body [115].

Regarding T. crispa, it has been found to be a rich source of secondary metabolites, which are classified as
alkaloids, flavonoids, terpenoids, lignans, and steroids. An orally administered extract of T. crispa could have an
anti-diabetic effect. The mechanisms of these actions were hypothesized, implying that this plant may promote
insulin production by modulating the concentration of Ca?" in B-cells. T. crispa extracts increased the glucose
transport activity of L6 myotubes in Noipha's experiment [116, 117].

3.4.3. Gymnema sylvestre

In Ayurveda, diabetes is referred to as "Madhumeh". That’s why this plant is also called Madhunashini in
Kannada or Gurmar in Hindi for “destroyer of sugar” [118]. Gymnema sylvestre (G. sylvestre) belongs to the
Apocynaceae family. It was considered among the major botanicals to treat diabetes in the Ayurvedic system of
medicine as well ase included in Indian Pharmacopoeia as an anti-diabetic plant [119]. the antihyperglycemic effect
of G. sylvestre can be, at least partly, attributed to the inhibition of a-glucosidase by its gymnemic acids [120].

Figure-15. Gymnema sylvestre [121].

Gymnemic acids, a series of triterpenoid saponins isolated and identified effectively, are the main biological
active element in G. sylvestre. Gymnemic acids' action in diabetic treatment has been reported to be able to stimulate
pancreatic cell production, thereby increasing insulin production, increase insulin sensitivity and insulin activity, and
help to control and stabilize blood glucose levels in the body, according to the literature. Gymnemic acids have also
been shown to limit glucose absorption in the small intestine and the conversion of glycogen in living cells to
glucose molecules in the blood. The mentioned mechanisms have been suggested to explain G. sylvestre's
antidiabetic action. The aqueous extract of G. sylvestre leaf informed hypoglycemic effects in normal and alloxan-
induced diabetic mice by lowering glucose levels [122]. Other research on G. sylvestre extracts revealed that via
permeabilizing the B-cell, this extract could induce insulin release in vitro [22].

3.5. Bioactive Compounds Reduce the Absorption of Glucose From Gastrointestinal Tract
Some natural compounds improve glucose homeostasis by reducing the absorption of glucose from the intestine
and permitting their loss in urine.
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3.5.1. Cyamopsis tetragonoloba

The Fabaceae family includes Cyamopsis tetragonoloba (C. tetragonoloba) sometimes known as Cluster Bean
or Guar. It had a minor antihyperglycemic effect on blood glucose level [123] in normal fasting rats due to the
presence of flavonoids and other phenolic compounds in the plant, but the blood glucose-lowering effect was
considerable in alloxan-induced hyperglycemic rats.

Figure-16. Fresh Plant of Cyamopsis tetragonoloba with pods; A-fresh pods, B-dried pods [124].

Other research has found that this herb can increase insulin release and lower HbAlc levels. Polyphenols found
in C. tetragonoloba beans were hypoglycemic and protected B-cells. As a result, this plant may be evaluated for use
in the treatment of type 2 diabetes [22, 125].

3.5.2. Ocimum sanctum

Ocimum sanctum (O. sanctum) is a Lamiaceae plant that is usually referred to as "Sacred basil™ or "Holy basil."”
It has long been used in traditional herbal medicine against Diabetes [126-129]. An experiment revealed that the
ethanol extract could lower blood glucose levels while increasing insulin production. Furthermore, an in vivo trial
revealed that the O. sanctum extract improved oral glucose tolerance, decreased blood glucose, and increased
glycogen production in the liver. Leaf power extract was found to lower plasma glucose levels due to the presence of
several active phytochemicals including as eugenol, carvacrol, linalool, caryophylline, and f-sitosterol, all of which
have been researched for their powerful hypoglycemic effects. In vivo testing revealed the antidiabetic and
hypoglycemia properties of a triterpenoid derived from O. sanctum in the other study [22]

Figure-17. Ocimum sanctum.

3.5.3. Aegle marmelos (L.)

Aegle marmelos (commonly known as Bael, golden apple) was formerly described to have anti-hyperglycemic
activity [130, 131]. The results show that anti-hypoglycemic effect is mediated by inhibiting the digestion and
absorption of carbohydrates and improving the action of insulin, which takes up glucose in peripheral tissues. In the
in situ perfused rat intestine model, a marked reduction in glucose absorption was observed. The extract was also
found to inhibit the effects of both a-amylase and the intestinal disaccharidase enzyme [130].
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Figure-18. Photograph of bael plant with fruit [131].
v

4. Conclusion

Diabetes is a major degenerative disease that is a worldwide health concern, that is rapidly growing in
prevalence and necessitating the search for products with fewer side effects and less cost than the already marketed
drugs. From 11.3 million cases to 102.9 million cases worldwide, diabetes has increased by 102.9 % [132].
Inadequate treatment of diabetes can lead to a number of problems that are costly both financially and in terms of
human suffering. Many traditional treatments have been observed as a result of the negative effects of modern
therapies. In addition, herbal extracts can now be utilized in combination with established medications for
combinatorial therapy. Each herb has its own unique components that can help reduce diabetic complications and
lower blood sugar levels. Medicinal products from endemic plants have been examined for their anti-diabetic effects
and several studies have found evidence of medicinal plants' antidiabetic benefits, even if further research is needed
to fully understand the mechanism. The isolation and identification of bioactive phytochemicals from these plants is
critical for better understanding of anti-diabetic functional foods and medication development. According to the
literature, the pharmaceutical industry has paid much more attention to the use of phytochemical elements of
medicinal plants.
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