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ABSTRACT

Diabetes is one of the serious metabolic disorders occurred due to the imbalance of glucose level because of damaged
pancreatic B-cells and lower production of insulin in body. Type 1 diabetes mellitus (TD1) and Type 2 diabetes mellitus
(TD2) are main types of diabetes. Major portion of the world is suffering from Type 2 diabetes mellitus. Drugs used for
diabetes are insulin, biguanides, sulfonylurea and inhibitors for a-glucosidase. Traditional medicines are under trial to reduce
diabetic complications with no/minimum side effects. Many antidiabetic plants are under potential research i.e., strawberry,
jamun, mulberry, fenugreek, turmeric, black pepper, garlic, ginger, grapefruit, and cinnamon. All of these have antidiabetic
potential. These plants have bioactive compounds present in minute amounts. These compounds act against inflammation,
diabetes, bacteria, fungi, other microbial infections, and obesity. These plants have antioxidant potential as well. Through
HPLC “High-performance liquid chromatography” screening, the compounds identified were caffeic acid, isoquercetin,
kaempferol and other flavonoids. These compounds showed hypoglycemic activity. They are responsible for the increased
uptake of glucose by the adipose and muscle tissues due to the activation of specific receptors i.e., PPARa “Peroxisome
proliferator- activated receptors a” and PPARy (Peroxisome proliferator-activated receptor y). These activate the enzymes
like glutathione, glutathione-S-transferase and catalase. Glutathione peroxidase inhibit the a-amylase then a-glucosidase
lower glucose level. Effect of phytochemicals present in antidiabetic plants were studied in vitro and in vivo in animal models
by inducing diabetes in them by streptozotocin, alloxan and diet on diabetic patients. Types of phytochemical compounds and
their composition vary due to environmental factors, extraction and separation techniques which can have effect on clinical
analysis. Bioavailability of oral drugs was also studied synergistically with these plants. Synthetic drugs, if are used with
these natural compounds, they have no harmful effect but increase effectiveness. These herbal medications are more
preferable, safe to use and cost effective due to which it is easily affordable by people. This review report covers the impact
of these plants on diabetes mellitus reported so far.
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INTRODUCTION obesity, and way of lifestyle. Prevalence of diabetes was
estimated nearly 171 million worldwide among adults with
more chances of that the prevalence will be doubled to 366
million [3].

Diabetes mellitus is also defined as “hyperglycemia” a
serious metabolic disorder in which glucose level is
disturbed due to ineffectiveness in the production of insulin
by the pancreas by damaging of B-CCHS or reduced Corresponding author: Muhammad Waqar Mazhar, Department of
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According to the WHO (World Health Organization) report
of 2018, incidence of diabetes is increasing worldwide and
causing a million death per year. Due to the imbalance in
glucose level, there is an increased risk of glucose oxidation
which results in forming freeradicals. This can cause the
failure of several body organs [4]. Diabetes can also be
progressed due to oxidative stress with other diseases [5]. -
cells (Beta cells) function can be disrupted by the various
stressors which can lead to Type 2 Diabetes [6] (Figure 1).

Diabetes mellitus has a major impact on the economy. There
are many complications regarding this disease and then its
cost. This can reduce the quality and expectancy of life [7].
There is still no information regarding the mechanism of this
disease i.e., progression and development. There might be
some disturbance at the molecular level, signaling pathways
which are involved in the regulation of glucose level [8].

In the case of insulin resistance, problems are caused during
diabetes, many therapeutic approaches have been developed
to overcome this problem. Many oral antidiabetic agents or
drugs have been synthesized and some are under study.
These can control the glucose level and other complications
can also be lowered. During this approach, these drugs are
the inhibitors that target the carbohydrate hydrolyzing
enzymes and ultimately reducing the glucose absorption [9].
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Figure 1. Disturbance of B-cells function by the various
stressors leading to Type 2 Diabetes [6].

Therapeutic drugs have various targets. These targets
include PTP1B (Tyrosine- protein phosphatase non-receptor
type 1), PPARa (Peroxisome proliferator-activated receptors
a), GLUT-4 (Glucose transporter type 4), PPARy
(Peroxisome proliferator- activated receptor y), AMPK (5'
Adenosine monophosphate-activated protein kinase), and
DPP-4 (Dipeptidyl peptidase 4 [10].

Nowadays antidiabetic agents used are acarbose,
sulfonylurea, thiazolidinedione, and biguanides. These drugs
have different modes of action but all of these maintain the
glucose level [8]. Drugs that are used to treat some diseases
also have their side effects i.e., misbalancing the body
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functions or any kind of organ damage. Poor people can’t
afford the drugs because they are expensive [9]. There are
other risk factors that are involved in T2D i.e., obesity and
family history. Decrease in insulin sensitivity and its
response is the other major risk factor for youth. Youth gets
prone to diabetes in two phases i.e., B-cell dysfunction in
first phase, and secretion of insulin relative to sensitivity in
the second phase responsible for impaired glucose tolerance
[6]. Synthetic drugs that are available for diabetes treatment
with their effects and mechanisms are explained in the Table
1.

Table 1. Available synthetic drugs along with their
mechanisms against Type 2 Diabetes mellitus [10].

Categories Side Effects Mechanism Drugs
Adsorption
- Effect on and glucose
; ; ; - Vocarbose and
Glucosidase  gastrointestinal digestion
s Acarbose
inhibitors tract get
disturbed
Headache, Blood
o Alogliptin,
DPP4 Hypersensitivity, glucose and ) o
o o Lingaliptin,
Inhibitors Nasopharyngitis,  glucagon o
Saxagliptin
Nausea decreases
Stimulating Pramlintide,
Increase in insulin Gliclazide,
Sulfonylurea  weight and risk secretion Glipizide,
of hypoglycemia from Glibenclamide,
pancreas Glimepiride
Increasing
Symptoms of utilization
) ; gastrointestinal of hepatic Metformin,
Biguanides ) )
tract and lactic ~ glucose and Phenformin
acidosis insulin
sensitivity
TRADITIONAL MEDICATIONS AGAINST
DIABETES

Traditional medicine is an alternative to the conventional
medicine and has been widely used all over the world from
ancient times. Traditional medicine includes herbal
medicine, also known by the names of botanical medicine or
phytomedicine. Before the conventional medicine, herbal
medicines were already in use. Herbal medicine has no
harmful effects if it is used with conventional medicine [3].
Almost 1200 plants have been known to have antidiabetic
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properties [11]. Agents having antidiabetic potential,
especially derived from plants or natural sources have fewer
or no side effects. They have no toxicity, having an effective
role in diabetes and they are less expensive. They can be
affordable and easily available [1]. People from rural or far
areas have more knowledge of traditional medicine with a
great diversity of plants [12]. Different polyphenols derived
from different plants have impact on metabolism of glucose
in various ways which include stimulating the secretion of
insulin from p-cells of pancreas, help to inhibit the
carbohydrate breakdown, increase in the absorption of
glucose in intestine, receptors activation of insulin. Thus,
increasing uptake of glucose in insulin sensitive tissues.
Figure 2 explains how phytochemicals manage glucose
metabolism and oxidative stress [5].

Due to their use a wide range of complications associated
with diabetes have been reduced [13], therefore traditional
medicine cannot be neglected. It has many uses and it plays
an important role in drug development and novel research. It
is too valuable, and their safety has been proven by
conducting various experiments [11]. Patients have a strong
belief in herbal medicine and they always prefer them due to
their affordability [3]. In most of the drugs that have been
approved, almost 50% are derived from natural substances.
About 80% of the world population prefer to use the
medicines that are obtained from plants [14].
Experimentally, inhibitory activity is checked by oa-
glucosidase inhibition assay in which microplate, having 96
wells, is taken. Besides this, a positive control is used i.c.,
acarbose and this assay has to be performed three times and
50% of the enzymatic activity (IC50) should be inhibited by
the sample [15]. Activation of specific receptors, PPARy,
that are the target for drugs or if we use the compounds
with them then these receptors increase the uptake of
glucose in adipose, liver or muscle cells by glucose
transporters GLUT-1 and GLUT-4 this will balance the level
of glucose in plasma [10].
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glucose release
_ Metabolism of

Glucose _ Stimulating insluin
secretion

_ Activating insulin
receptor

Plant - Enzyme inhibition

Phytochemicals

- Electron donor
- Chelate metal ions

_ Antioxidant
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Figure 2. Role of plant phytochemicals in the management
of glucose metabolism and oxidative stress [5].

Herbal Treatments
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After the struggles of many years, scientists have been able
to synthesize new drugs from plants bark, stem, leaves,
seeds, and plant fruit by knowledge of herbal medicine [16].
Plant parts or whole fruit is harvested and brought to the
laboratory after which they are cleaned, frozen and ground
till the fine powder form is obtained [17]. The plant parts are
used for observations and identification of phytochemicals
or clinical analysis by preparing their extracts. These
extracts are prepared by mixing sample into methanol,
ethanol or water. These extraction methods influence the
chemical composition of compounds of plants as well as
their activity for clinical purposes [12]. The phenolic
compounds present in plants are also identified as
hydroxylated aromatic rings and these combine together to
form different compounds [18].

Based on observations many studies proved that higher fruit
intake lowered the risk of diabetes [19]. Intake of food with
enriched phytochemicals results in reducing the diseases and
maintaining the oxidation reduction reactions in cells. Many
researches and studies have been reported (in vitro and in
vivo) which have shown that natural antioxidants either we
take the as food, or in form of extract, they can manage the
glucose level in body [5]. In the case of herbal medicine,
they have many other benefits. Besides diabetes they can
also regulate the body functions. These medicines have a
different mode of actions due to the compounds present in
plants, environmental factors (season, harvesting,
preservation methods) and genetic variations of plants [20].

PLANTS AND THEIR USE IN TREATMENT
AGAINST DISEASES

Dating back to erstwhile cultures, sickness typically believed
to be due to deific punishment. For instance, some people
(Aztecs Indian of South America), deemed that specific
diseases were linked to specific deities; accordingly, a god
of their called Tlaloc was related with illnesses instigated
due to water, e.g., oedema [21]. In fact, those related
diseases were unidentifiable (symptoms or causes), hence,
were associated to God’s punishments. Nevertheless,
eventually and gradually there had been traces of indication
of the practice of plants for curative drives for sixty
thousand years in eastern and western cultures as well as in
both undeveloped & developed states. For illustration, the
therapeutic use of plant’s extracts (Caster beans oil & poppy
of opium) was written about 1500 BC in The Egyptian
Pharmacopoeia of Ebers Papyrus [21].

Spices have been the oldest dietary supplement in which
every spice have its own taste and flavor. These are mostly
in dried form and obtained from plants seed, bark, roots,
leaves, stem and fruit. They are full of polyphenolic
compounds and have aromatic ring structure that give them
specific taste and smell. These compounds have effective
role in digestion and influence the metabolism. These spices
have been tested experimentally on human and animal
models such as diabetic rats in which they observed that
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these compounds have potential to activate the insulin
production in normal as well as in experiment [22].

In this section, biological benefits of some common plants
viz Cinnamon, Strawberry, Mulberry, Jamun, Neem, Black
pepper, Fenugreek, Onion, Ginger, Grapefruit and Garlic
will be discussed with respect to diabetes.

Cinnamon (Cinnamomum verum)

Cinnamon is widely used in food and has antidiabetic
properties. This makes it valuable for human health.
Research on cinnamon related to Type 2 diabetes has been in
study for 20 years. In one of the reports, scientists found a
factor and named it “Insulin potentiating factor (IPF)”, it is
involved in mitigating the symptoms and risk associated
with diabetes. Cinnamon improves the action of insulin
which is due to the change in function of insulin receptor
that activates the enzyme [22].

Cinnamon bark is one of the spices mostly used for
flavoring. It has pharmacological, antiviral, antifungal,
antibacterial, antioxidant properties which helps in digestion,
lowering cholesterol and toothache. Activity of insulin can
be checked by evaluating the effect of bovine serum album
on cinnamon [23]. Oil extracted from cinnamon tend to have
high antioxidant potential. A trial in which cinnamon with
rice pudding was used on human and it showed that gastric
emptying was delayed, and it caused the reduction in
postprandial blood glucose. Cinnamon extract has also the
property to inhibit the a-glucosidase activity of yeast. The
effect of cinnamon extract was also observed on normal and
rats induced diabetes by streptozotocin [24].

Effect of cinnamon was also studied on 60 patients. Patients
were kept under observation in which 1, 3 and 6g of
cinnamon dose for 40 days was given to them. The results
showed that cinnamon can also lower glucose level and
other diabetic complications. Inactive insulin receptors can
be activated by polyphenols and chromium. These
substances are present naturally in cinnamon. These
substances improve insulin signaling pathway. Insulin
receptors are phosphorylated and glucose level is regulated
[23]. Some of the important compounds reported in
cinnamon are caryophyllene oxide, L-bornyl acetate, o-
cubebene, terpenoline, eugenol, o-terpineol, trans-
cinnamaldehye and o-thugene. These phytochemicals from
different parts of cinnamon with their compositions are
mentioned in Table 2. The antidiabetic potential of
cinnamon is shown in Figure 3.

A flavonoid obtained from Ceylon cinnamon stem bark was
named cinnamtannin B1. It is proanthocyanidin and helps to
phosphorylate the B-subunit of insulin receptor on adipose
cells and other receptors of insulin [26]. Cinnamon oil when
combined with oregano, cumin, myrtle and fennel essential
oils, increase the insulin sensitivity and reduction in level of
glucose in diabetic rats with Type 2 diabetes, was observed.
It also increases the synthesis of glycogen and activates the
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receptors. They can also improve the function of pancreatic
beta cells by repairing them [27].

Table 2. Chemical composition of cinnamon from different
parts of plant [25].

Plant Parts Compounds

- Caryophyllene 9-14% and frans-Cinnamyl
acetate 42-50%

it Eugenol 5-10% and Cinnamaldehyde 65-

80%
Oxygenated terpenoids 9%, alpha-

C. zeylanicum Bergamotene 27.38%, Terpene

buds hydrocarbons 78%, alpha-Copaene
23.05%
Eugenol 70-95% and Cinnamaldehyde 1-
Leaves
5%
Root bark Camphor 60%

The antidiabetic effect was also studied from extract
prepared from bark. Scientists administered various doses in
Type 2 diabetic animal model (C57BIKsj db/db) in which
highest dose was 200 mg/kg. The result showed reduction of
glucose level significantly with the highest dose. They also
noticed significant increase in high density lipoprotein
cholesterol and insulin but there was also decreased amount
of a-glucosidase activity and triglycerides when the duration
of dose administration was 6 weeks. When 200 mg/kg of
dose was given for 12 weeks reduced glutathione level was
increased as well as activity of glutathione-s-transferase
activity which reduced the glucose in blood [28].

With the use of cinnamon extract in diabetic rats, there was
decrease in enzymatic activity of liver, serum lipids and
progression of hyperglycemia was inhibited. Steatohepatitis
and diabetes can be managed by the natural product from
cinnamon, multiple in vitro and in vivo studies were carried
out related to diabetes management, insulin resistance,
serum lipid profile, higher sensitive C reactive species and
liver enzymes. This trial was done on 50 patients with 1.5g
of cinnamon dose for 12 weeks while the patients were
suffering from fatty liver disease [29,30].
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Antidiabetic potential of cinnamon “
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Figure 3. Antidiabetic potential of cinnamon. Cinnamon
helps to reduce the complications related to metabolic
syndrome by important mechanisms with its antidiabetic
potential using mechanisms mentioned in the figure.
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Strawberry (Fragaria ananassa)

Strawberry belongs to the Rosacea family and the edible part
of the fruit is achene and it has 81% of antioxidant potential.
It is the major source of vitamins, flavonoids, catechin,
potassium, carotenoids, folic acid, and quercetin. It contains
a high amount of phenolic acids and according to the
researchers, there are more than 25 anthocyanin pigments in
different varieties of strawberry [4]. Strawberry has a unique
flavor, having the best source of vitamin C and knowing
about the antidiabetic as well as antioxidant potential.
Phytochemicals from strawberry juice are screened by using
HPLC [31]. Strawberry has more fiber content; its
nutritional value and taste can vary due to environmental
factors as well as genetic variation [19]. The risk of diabetes
and diabetic complications can be reduced by the intake of
natural polyphenols [32]. The role and functions of plant
food polyphenols is briefly explained in Figure 4 [33].
Strawberry has the main component that is polyphenols
these compounds provide or a source of every character
present in fruits. Characteristics include color, flavor, and
aroma, due to their presence fruits are considered to be
healthy and they are full of nutrients, antibacterial,
antifungal, anti-inflammation, reducing the risk of obesity,
having high antioxidant potential and antidiabetic activity
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additionally [34]. Phytochemicals in mixture are more
effective than their individual or purified form [35].

Phytochemicals are of hundred types in which two-third
parts are flavonoids and one third are phenolic acids [36].
Strawberry phytochemicals include flavonoids which
contains a high amount of anthocyanin and ellagic acid
which is the important compound in strawberry [37]. A brief
study about nutrient contents in fresh strawberries is given in
Table 3 [38].

Table 3. Types of Nutrient contents in fresh strawberries
[38].

Vitamins Proximates Minerals
Per Per Per 100
Nutrient Nutrient Nutrient
100 g 100 g g
Vitamin C Ener; Magnesium
58.8 & 32 £ 13
(mg) (kcal) (mg)
Niacin (mg) 0.386 Ash (g) 0.4 Sodium (mg) 1
Thiamine
0.024 Sucrose (g) 0.47 Copper (mg) 0.048
(mg)
Pantothenic Dietary Potassium
. 0.125 . 2 153
acid (mg) Fiber (g) (mg)
Riboflavin Selenium
0.022 Water (g) 90.95 0.4
(mg) (ng)
Choline (mg) 5.7 Protein (g) 0.67 Zinc (mg) 0.14
Vitamin B6 Glucose Manganese
0.047 1.99 0.0386
(mg) (® (mg)
Vitamin B12 Total Lipid
0 0.3 Iron (mg) 0.41
(ng) (&
Fructose Phosphorus
Folate (ug) » © 2.44 () 24
olate m,
He £ 4.89 . £ 16
Sugars (g) Calcium (mg)
Plant Food Polyphenols
T Y )
Decrease in Inhibition [ Activation of Regulate
gluconcogenesis, of alpha signalling production
Increase in amylase pathways and
glycolysis and and lead to secretion of
glucose alpha increase in insulin,
oxidation glucosidase insulin protection of
dependent pancreatic
L _ It _ | glucose beta cells
“ |Carbohydrate [ | | Dietary || uptake from
Y /metabolism ‘ carbohydrates | oxidative
|regulation | |absorption and : | damage
digestion Improve
the -
uptake of {Improve
N lglucose in action of
muscle linsulin
cells and Yland
adipocylcsl function of
Y . pancreatic
|beta cells

Figure 4. Polyphenols affects diabetes by managing glucose
levels in the blood [33].
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Strawberry is considered to be more useful because it can
help to manage Type 2 diabetes having such type of
phenolic compounds that has more a-glucosidase inhibitory
activity and low o- amylase activity [39]. Polyphenols in
strawberry like anthocyanin is responsible for the red color
in strawberry and they are mainly glycosides. It is involved
in the regulation of the metabolism of carbohydrate. It
improves the insulin signaling pathway and the glucose
transporters. On the other side presence of increased Vitamin
C decrease the production of sorbitol due to which diabetic
complications related to Type 2 Diabetes become lowered
[4]. Kaempferol present in strawberry is the subclass of
flavonoids. These flavonoids protect the p-cells from
damaging by inhibiting the caspase 3 activity and improves
the BCl, action. Quercetin helps in glucose absorption by the
mediation of glucose transporters by acting on the AMP
activating protein kinase. Catechin acts on the intestinal
membrane by inhibiting the action of glucose transportation;
thus, helps to lower blood glucose levels. Anthocyanins and
anthocyanidins help in the upregulation of glucose
transporters and cause delay in the absorption of glucose
which is due to inhibition of carbohydrate metabolism so
that glucose will not release, leading to the reduction of
postprandial hyperglycemia and improving the insulin
sensitivity [8]. In one research, total phenolic content in
strawberry recorded was 0.3- 0.7 mg/g FW and total
antioxidant activity 42-90% was reported. In another
research inhibitory activity on o-glucosidase was 72-90%
and on a-amylase 15-50% was recorded [5].

Mulberry (Morus)

It belongs to the family of Moraceae having total 24 species
and almost 100 varieties that are still known yet, there are
three common species i.e., red mulberry (Morus rubra),
white mulberry (Morus nigra), and black mulberry (Morus
alba). Mulberry has a great impact on human health
providing many nutritional benefits preventing many
diseases especially Type 2 Diabetes. Mulberry has a high
amount of phytochemicals mainly phenolic acids and
flavonoids [17]. The plant is 10-12 m in height and is
monoecious and dioecious. There are also dozens of species
of this plant grow in other countries in temperate and tropic
regions [2]. Some clinical studies were carried out on
animals (mice). Researchers’ first induced diabetes in mice
by streptozotocin and used mulberry fruit and leaves extracts
to check its effect. They showed a decrease in glucose level
in those animals. They identified the bioactive compounds in
them that were responsible for hypoglycemic activity
through HPLC. The compounds obtained were ethanol,
rutin, astragalin, methanol, isoquercetin, caffeic acid, and
kaempferol. One gram of mulberry leaf extract in a day
claims many health benefits. This helps to cure
atherosclerosis, enhancing immunity, diabetes, lowering the
risk of cancer, and better antioxidant potential [40].
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Morus alba is one of the common specie of Moraceae
family. It is also known as white mulberry. It has white or
purple color and has a sweet taste. Leaves, root, stem, or
fruit are used for many purposes in which important one is
diabetes. Chinese have been using mulberry leaves widely to
treat diabetes. Mulberry fruit, leaves, stem, and root contain
benzo furans, alkaloids, vitamins, minerals, steroids, amino
acids, prenylated flavonoids and triterpenes as a major bio-
active-components that are responsible for hypoglycemic
activity by acting on the pancreas. Some of the components
obtained from mulberry are given in Table 4 [41].

Table 4. Compounds obtained from different sources of
mulberry [41].

Compounds present in
Mulberry
Phenols

Mulberry sources

Mulberroside, moracins,
resveratrol, chlorogenic acid,
maclurin, oxyresveratrol
Non-anthocyanins
Flavonoids: kaempferol-3-

Leaves Stem, Roots, Fruit & rutinoside, Quercetin, rutin

Branches Polysaccharides

Anthocyanins
cyanidin-3- glucoside,
geranium-3 glucoside, cyanidin-
3-rutinoside
Alkaloids
fagomine, DNJ

Morus alba leaves extract contributes to an increase in the
utilization of glucose stored in adipose cells. Drinking
mulberry tea was traditionally used, so an increase in the
metabolism of compounds in the large intestine also lowered
the level of glucose in the blood. It was clinically proven
that both the compounds i.e., glycosides and aglycones play
role in managing Type 2 Diabetes [42].

Morus nigra or black mulberry having purple to black color
and have sweet and slightly acidic taste. Mulberry contains
plant chemicals like bioflavonoids. In Europe, it is used as a
stimulating agent for the production of insulin. Its leaves and
roots contain deoxy- nojirimycin (DNJ), an alkaloid
responsible for lowering blood glucose level. Leaves contain
a high amount of DNJ and mostly it has been using as a
dietary supplement for diabetes mellitus and hypertension,
antidiuretic, and analgesic [43].

Extraction methods are used to determine the quantity and
quality of compounds. Previously many techniques were
used for extraction like microwave-assisted extraction,
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ultrahigh-pressure extraction, ultrasound-assisted extraction,
and assisted solvent extraction. Some of these techniques are
not much efficient due to some factors which cause less
efficiency. Ultrasound-assisted extraction that give more
extraction efficiency due to low energy consumption, use of
less amount of solvent as well as automation of this
extraction technique gives more efficiency [44].

In ultrasound extraction techniques sound waves of high
intensity are used due to which greater quantity of
compounds are extracted from plants and other useful
benefit of this technique is less time is required and amount
of raw materials is limited [45]. Extraction can give high
yield if there will be the use of a high pulsed electric field,
increasing temperature, treatment given by microwave, use
of high pressure, and sonication [46].

Besides the concern about extraction techniques, there is
more concern related to separation techniques in which
separation of individual bioactive compounds from the
mixture, their reproducibility, their mechanism of action,
and their reliability is more important in case of clinical
research.

Furthermore, separation techniques that are used mostly for
research in mulberry are ion-exchange chromatography,
counter current chromatography, silica gel chromatography,
gel filtration chromatography, macro porous resins
adsorption. Analytical techniques are used in case of
quantification of compounds, their identification, profiling
and therefore, they are also contributing to increasing the
product quality control analytical methods that are widely
used and having great value are HPLC, gas chromatography,
mass spectrometry [41].

In a study, Morus nigra extract was prepared from leaves
and clinical trials were performed on diabetic rats that were
treated with streptozotocin 500 mg dose of extract per day
increased the level of insulin which caused a decreased in
the glucose level in plasma. Still, there are not any reports
published related to this plant that show antidiabetic effects.

M. nigra have many adverse effects that have been evaluated
related to obesity, cardiovascular diseases, and risk of cancer
and kidney problems [47].

In vitro and in vivo test was performed on Morus alba leaves
which shows many pharmacological activities, 5g per day of
dose of four weeks helps in controlling the glucose in
patients with impaired glucose tolerance [48].

Jamun (Syzygium cumini)

S. cumini is related to the family of Myrtaceae. This genus
has almost species 1100. In history this plant had many uses
in which its oils have many medicinal properties. This plant
is edible [49]. There are also other names of S. cumini i.e.,
Eugenia  cumini, Eugenia jambolina, and Syzygy
jambolanum. Other common names of Jamun are Jaman,
java plum, jambolan, jambul, and black plum [50]. Jamun
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has fleshy appearance with hard seed present in the center,
so antioxidant properties are of great value in seed [51].
Seed has glycoside while Jamun stem and bark has
carbohydrate and tannins that also play role in diabetes [52].
Jaman contains a significant number of bioactive compounds
having an effective function on the pancreas against
diabetes. It has also antioxidant potential present in the seed
and fruit such as flavonoids, anthocyanins, and phenolic
acids. Researchers had already analyzed the pulp of Jaman
and extract of jaman fruit was used to treat diabetic rats for
15 days. This study showed a great increase in the insulin
production (26.3%). Both Jamun fruit and seed have
antidiabetic properties, but the seed has a high potential in
reducing glucose levels in diabetic rats as compared to
Jamun fruit [53]. Another study showed the effect of fruit
pulp of E. jambolina in which water extract of fruit pulp was
prepared and 50 mg/kg of the dose was given to the diabetic
rats. The outcomes showed a significant decrease in glucose
level both in mild and severe cases of diabetic
complications. The water extract of E. jambolina showed the
reduction of blood glucose level after 90min of its
administration due to the reason that the drug takes time to
reach the target and further metabolizes [54]. The fruit
extract prepared from Jamun stem bark, ethanol extract of
bark, and aqueous extract of the leaf has also reduced the
level of glucose in diabetic rats. Jamun had also shown its
effects in reducing the a-amylase [55]. In a study, Methanol
and ethyl acetate extract was prepared from Jamun seed and
200-400 mg/kg dose was given to the Wistar rats by
inducing paw edema by carrageenan. The observed data
showed the anti- inflammatory activity in them could be
beneficial for reducing the inflammatory response linked
with diabetes [56].

The nutritional and mineral content of Jamun is elucidated in
Table 5 [50]. Malic acid and oxalic acid are the
phytochemicals present in Jamun. Malic is the major one
whereas oxalic occurs in small amounts, tannins and
Gallic acid is responsible for aroma and taste of Jamun fruit,
cyaniding diglycosides give fruit the purple color [57].

Jamun is protective in clinical studies, for example, it is
radio protective and chemo preventive against many diseases
i.e.,, ulcers, inflammation, diarrhea, and its different
compounds were reported to be antibacterial, antifertility,
antioxidant, antifungal, and antibacterial. This plant has a
high content of compounds i.e., glucosides, isoquercetin,
myrecetin, anthocyanins, ellagic acid, and kaempferol.
Jamun seed consists of many compounds jambosine,
antimellin, alkaloid, and glycoside jambolin that can prevent
the conversion of starch in sugar [52]. Various amount of
chemical substances are present in fruit which represent total
soluble solids and fruit quality and they are found in soluble
form [58].
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Table 5. Total nutritional and minerals content in S. cumini
[50].

/100 /100
Nutrients Nutrients Nutrients /100 g
g g
0.008-
0.3- 0.32-
Crude fiber Ash Thiamine 0.03
09¢g 04¢g
mg
83.7-
15-
Moisture 85.8  Phosphorus G5 Chlorine 8 mg
¢ .
0.15- 26.2 80
Fat Sodium Vitamin A
03g mg LU.
0.7-
0.23
Protein 0.129 Copper Choline 7 mg
mg
g
8.3- 1.2- 0.2-
Calcium 15 Iron 1.62 Niacin 0.29
mg mg mg
0.009-
55
Carbohydrate 14g  Potassium Riboflavin = 0.01
mg
mg
35
. mg
Magnesium 13 L
5.7- Sulphur Folic acid 3 mcg
Ascorbic acid mg
18
mg

Production of free radicals play a role in the induction of
diabetes. Jamun contributes in stimulating many enzymes
like increasing the production of glutathione, glutathione-s-
transferase and catalase glutathione peroxidase which causes
reduction in sugar level. There are many reports in which
Jamun showed the reduction of the activity of a-amylase,
which is more in case of diabetes. On basis of molecular
level, Jamun has suppressed the expression of many
transcription factors which are Tumor necrosis factor-alpha
(TNF-a), nitric oxide synthase (iNOS), and NF-kB by the
upregulation of Peroxisome PPARy and PPARa
(proliferator-activated receptor) which reduced the risk of
diabetes. Pancreatic B-cells also function properly by the
upregulation of Nrf2 transcription resulting in increase in the
antioxidants and reducing the sugar level. As a mechanism
of action reducing the sugar level is not well known by
Jamun. So, researchers supposed the mechanism of action
showing the effects of Jamun on diabetes and cholesterol
level in following Figure 5 [55].
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Figure 5. The mechanism in which Jamun is showing its
effects against diabetes.

The inhibitors for a-amylase provide efficient strategy
against diabetes and by restraining the breakdown of starch
postprandial hyperglycemia level can be lowered [59].
Different phytochemicals in many parts of the jaman have
been identified. Chemicals present in Jamun leaves are f3-
sitosterol, myricetin, heptacosane, quercetin, betulinic acid
[60]. Bark, seed, and pulp contain flavonoids and phenolic
acids. Seed and pulp also contain tannins and terpenes while
terpenes have been only found in stem and bark.
Anthocyanins are only present in pulp [61]. One of the
phytoconstituent that helps to suppress the development of
diabetes known to be lupeol. It has high amount of
antidiabetic potential due to which insulin level become
significantly high [62].

Neem (Azadirachta indica)

Agents obtained from nature are safer, easily affordable,
long-term usage with less side effects and helps to regulate
the different metabolic signaling pathways. Almost most of
the world rely on herbal medicines in which one of the
plants is Neem plant. It belongs to the family Mahogany. It
is used to treat many chronic as well as acute diseases [63].
Neem can be grown in tropics and subtropics region due to
its heat tolerating properties and in dry climate. 400
substances have been reported by HPLC in Neem. Out of
them liminoids, nimbins and salannin are the main
constituents [64]. Neem is also called as storehouse of
various phytochemicals and in other report 300
phytochemicals have been reported. Neem leaves contain
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essential oil (0.13%). Non- isoprenoids and isoprenoids are
the two major forms of phytochemicals derived from Neem.
The non-isoprenoids consist of Sulphur compounds,
dihydrochalcone, tannins, polyphenolics, aliphatic, proteins,
coumarin and polysaccharides while isoprenoids include
triterpenoids, limonoids and diterpenoids [63].

Neem leaves also undergo phytochemical analysis in which
they contain crude protein 14 to 18%, crude fiber 11 to 24%,
phosphorus 0.134.24%, ash 7.7-85%, carbohydrate 48-51%,
fat 2.3-6.9%, calcium 0.8-2.4% and amino acids including
the 10 essential ones [64]. In one study, extract of Neem root
was prepared in 70% alcohol and 800mg/kg of dose showed
significant decrease in glucose level in diabetic rats. In
another research on diabetic models, hypoglycemic action
was noticed at the 15" day after giving the dose of 250mg/kg
of Neem extract. In vivo studies on diabetic models by using
the extracts prepared from alcohol, chloroform and aqueous.
The results showed hypoglycemic action and inhibition of
glucosidase activity in intestine so neem has significant
antidiabetic potential [65]. Some of the bioactive compounds
of Neem and their roles are explained in Table 6.

Hypoglycemic action thorough leaves extract was shown in
streptozotocin induced diabetic rats due to presence of
flavonoid compound quercetin [66]. 400mg/kg of leaf was
prepared from leaf extract of Neem, showed several effects
such as lowering the hypercholesteremic activity, anti-
hyperglycemia, reducing the lipid peroxidation and lowering
of serum glyceride level in rats with alloxan induced
diabetes [48]. Greater hypoglycemic activity was lowered
when fasting rabbit was fed with Neem oil. Aqueous extract
of leaves decreased glucose level by preventing the release
of adrenaline. Extract was prepared from seed oil and leaves
when scientist performed this experiment on alloxan induced
diabetic rats. They rats showed hypoglycemia [67].

In a research extract of Neem was prepared from chloroform
and 200-300mg/kg of dose was administered to
streptozotocin induced diabetic rats and studies were made
both in vivo and in vitro. The results showed inhibition of
AGE formation, reduction of enzymatic glycation,
increasing antioxidant enzymes, reduction in oxidative
stress, enhancing the insulin plasma level, and decreasing
lipid peroxidation [48]. Some of the bioactive constituents
from different parts of Neem are shown in the Table 7 [67].

Black pepper (Piper nigrum)

Black pepper has been one of the most widely used spices
known to be the “king of spices” in the world. Using in food,
it is the major source of dietary polyphenols helps in
controlling the Diabetes mellitus and other diseases due to
presence of anti-glycation properties in it [70]. Compounds
from black pepper are already in use for pharmacological
purposes. Percentages of major components of Piper nigrum
are given in Table 8. It contains the major alkaloid
compound named “piperine”. This component has many
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applications viz antifungal, antibacterial, anti-inflammation,
sore throat, analgesic, anti-cancerous, antidepressant,
insecticidal, and it also has application for hyperglycemia
regulation [71].

Table 6. Bioactive compounds obtained from neem and their
active role in diabetes.

Active Compounds

in A. Indica

Active Role References

Epinephrine action is
inhibited on glucose

Azadirachtin and

metabolism by the [68]

nimbin
improving the uptake of

glucose metabolism

Nimbosterol,
nimbidin, nimbidol Epinephrine action blocked
and nimbin from the effect of glycogen lytic

extract of leaves

Secretion of insulin

Extract from Plant increases from pancreatic [68]

beta cells

Useful for normalizing
glucose level in blood,
increasing glycogen
enzymes and content in

liver, Reduction in serum

Quercetin [69]

cholesterol, increasing
insulin secretion in diabetic
rats and higher antioxidant
property so prevent from

oxidative damage

Insulin action is improved by
the intracellular transport of

glucose and reduced blood

Resveratrol [69]

glucose further it reduces the
risk against oxidative

damage
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Table 7. Bioactive constituents of Neem plant from its
different parts [67].

Sources of bioactive . . .
Bioactive constituents

compounds
Seed oil Nimbidin
Seed oil Sodium nimbidate
Seed oil Nimbin
Catechin, Epicatech, Gallic
Bark )
Acid
Seed oil Nimbolide
Polysaccharides GIIIA,
Bark
GIIA
Margoloine,
Bark isomargolonone, and
margolonone
Cyclic tetrasulfide and
Leaf
cyclic trisulfide
Leaf Polysaccharides
Bark NB-II peptidoglycan
Polysaccharide GIB and
Bark
GIA
Seed oil Mahmoodin

In vitro and in vivo studies were done on the piperine
compound. Two experiments were performed. In first
experiment piperine dose of 20mg/kg was administered
which showed significant decrease in glucose level but at
higher concentration of 40mg/kg, this caused increment in
blood glucose. Hence, it was proven that appropriate dose
administration is required for diabetes. Piperine shows anti-
glycation in case of in vitro studies and in case of animal
studies anti-hyperglycemic activity was observed [70].
Piperine play role in stimulation of pancreatic and intestinal
enzymes which influences the digestive system. Therapeutic
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effects can be enhanced with the increase in bioavailability
of many drugs, vaccines and nutrients due to inhibition of
various metabolic enzymes [71].

Black pepper helps to manage glucose and insulin sensitizers
and helps liver and muscle cells to use insulin more
efficiently [72].

Table 8. Composition of major components present in P.
nigrum [71].

Compounds Black White
Limonene 16.4to 24.4 22.6
Sabinene 0.1to13.8 ND
a-Copaene 0.1to0 3.9 ND
a-Humulene ND 1
a-Pinene 1.1to 16.2 4
B--Myrcene ND 2.7
5-3-Carene tr.-15.5 25.2
B-Caryophyllene 9.4 t0 30.9 234
a-Phellandrene ND 4.5
a-Cubebene 0.2to 1.6 ND
o-Elemene ND 2.1
B-Bisabolene 0.1t05.2 ND

*ND (No Data)
Fenugreek (Trigonella foenum-graecum)

It is related to family of Fabaceae. The compounds of this
plant that were studied most are 4-hydroxyisoleucine and
diosgenin. These were reported to have antidiabetic activity
and dietary fiber were present in soluble fractions of 50-65 g
fiber per 100 g of seeds of dietary fiber. It also plays an
effective role in enhancing the glycemic control [73].
Fenugreek leaves and root contain ginsenosides and
polysaccharides due to them carbohydrate digestion and
absorption become slow. They have no effect on glucose
transport [56].

Fenugreek has its own importance in term of medical for
diabetes and food purposes. Saponin compound present in
fenugreek is responsible for the increase in antioxidant
enzymes and in the reduction of lipid peroxidation. If there
is decrease in the reduction of insulin then inflammation will
be reduced and this will not inhibit the insulin action and
will ultimately increase the uptake of glucose by the cells
and will decrease the plasma glucose level [70]. Figure 6 is
showing the mechanism of three main components of
Fenugreek.
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Figure 6. Three major compounds soluble fiber, diosgenin and 4-OH-Ile showing their action on insulin and uptake of

glucose.
Onion (Allium cepa) anthocyanin pigment. During methanol extract of
compounds from onion, scale amount of phenolic

From many centuries, onion has been known for therapeutic
purposes. Its name has already in the 35 years old document
named Ebers, beneficial for treatment of tumor, for heart
diseases and for bites of worm. It also regulates the flow of
blood. Almost 25% production of onion has increased in the
world. A flavonoid named quercetin is present in the onion
reduce the risk of oxidative damage and prevent other organs
of body from damage [74].

Strong antioxidant activity and inhibitory activity of o-
glucosidase is present in the onion skin. Onion peel and skin
increased the antioxidant potential in rats and during
screening quercetin was responsible for controlling the free
radicals [75]. Onion has almost 660 species and it is related
to Liliaceae family. Sodium and lipids are present in low
amount. 90% of water is present in it. Dietary fiber and other
natural substances that are present in large amount including
folic acid, calcium, phosphorus, vitamin B6 and potassium
[74]. Phenolic content of onion other active compounds
present was caffeic acid, gallic acid, quercetin,
protocatechuic acid showed the reduction in o-glucosidase
activity [76]. Another reported research in which antioxidant
activity was checked in diabetic nephropathy, showed onion
possess high antioxidant activity so the potent antioxidants
that were reported during research includes organo sulphur
compounds such as cepaenes, thiosuplhinates, and

compounds were high in case of red onion as compared to
white onion [77]. Hypoglycemic activity of onion was also
observed by preparing the extract of dried onion with
petroleum ether and it controlled the glucose level in
diabetic rats induced by alloxan and it can act as substitute
for tolbutamide [78].

Feeding the STZ diabetic albino rats with 3% of onion
powder in their diet that was freeze dried for 8 weeks and
results showed increased hypoglycemia along hypolipidemic
and antioxidant activity. In other report 50 mg of single oral
dose of onion juice was given to three diabetic patients gave
significant decrease in post prandial hyperglycemia in blood
[79].

Ginger (Zingiber officinale)

Ginger is grown in tropical regions due to its edible rhizome.
It is used for many medical purposes like anti-thrombotic,
anti-arthritic, anti-inflammatory and against nausea [80]. It
also helps to fight against cancer, hypertension and obesity.
It is also used to treat kidney, neural system, and diabetic
liver and eye complications. Many experiments were
performed in which extract of different doses from ginger
was administered which significantly decrease glucose level
in blood of diabetic patients [81]. Potentially bioactive
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compounds present in ginger are gingerols and shogaols, and
volatile oils present in them are sesquiterpenes,
monoterpenes and - bisabolene and (-)-zingiberene [80].
The other compounds of ginger with their biological
activities are explained in Table 9.

Ginger has two major sharp-tasting compounds 6-Shogoal
and 6-Paradol. These compounds promote the utilization of
glucose in myotubes and adipose cells. Serum glucose was
lowered with the aqueous extract of ginger. Ginger oil have
the antidiabetic activity which reduce the activity of
aspartate amino transferase and alanine, total lipid in liver
and alkaline phosphatase and showed protective mechanism
against insulin resistance for diabetes [81].

Table 9. Ginger active compounds has many biological
activities listed in the following table [82].

Active Compounds Biological Activities

Antidiabetic, Antimicrobial
Paradol -
and antioxidant

) Antibacterial and anti-
Zingerone .
inflammatory

Gingerol and its related Hepato protective, Anti

compounds analgesic,

Anti-cancerous, anti-
Shogoal ) L
inflammatory and antioxidant

Ginger flavonoids Antioxidant

Anti-microbial and anti-tumor
Zerumbone o
activity

; Activation of p53 to induce
Terpenoids ;
apoptosis

Turmeric (Curcuma longa)

Turmeric is in daily practice for medicinal purposes. It is
grown in tropical regions related to the family Scitaminae.
Due to its therapeutic potential, it is used for ailment of
many diseases such as diabetes, inflammation, obesity, to
reduce the risk of cancer and for effective immunity [83].
Turmeric consists of curcumin 2-8%. This helps to improve
the hyperglycemia and metabolic problems. Curcumin is
responsible for the stimulation of beta cell function that
increased the secretion of postprandial insulin level and this
effect is due to the ingestion of 6 g of turmeric. One
experiment was performed by using turmeric and curcumin
present in it decreased the glucose level in plasma by
decreasing the gluconeogenesis and increasing glycogen
synthesis in liver [84]. Rhizome powder obtained from
turmeric plant and ingestion of 6 g of its dose caused an
increase in insulin secretion in which curcumin decreased
the peroxidation of lipid by increasing the process of
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antioxidant enzymes such as glutathione S transferase,
glutathione peroxidase. Human pancreatic amylase
inhibition by the alcoholic extract of curcuminoids reduced
the hydrolysis of starch leading to mitigation of glucose
level [83]. The phytoconstituents of turmeric and their
chemical composition in percentage is given in Table 10.

Administering the compounds extracts to diabetic rats such
as curcumin, turmeric or tetrahydrocurcumin decreased the
glucose level and glycosylated hemoglobin level. Curcumin
can also decrease the oxidative stress by increasing the ratio
of NADPH to NADP, increasing the activity of antioxidant
enzyme [85].

Table 10. Chemical composition of phytoconstituents in
turmeric [86].

Phytoconstituents % Composition
Minerals 3.50%
Zingiberene 25%
Protein 6.30%
Moisture 13.10%
Curcumin 3-4%
Sabinene 0.60%
Essential oil 5.80%
Carbohydrate 69.40%
Curcumin IIT 0.30%
Curcumin I 94%
a-phellandrene 1%
Curcumin II 6%
Borneal 0.50%

A careful examination was done on the animal models and
during experimentation different doses of curcumin at
different time interval were administered for 8§ weeks. The
common dose was 100-300 mg/kg in a day. Animal models
were STZ induced genetic models related to diabetes and
diet induced; thus, curcumin bioavailability could also be
improved by drug delivery systems using cyclodextrins,
nanoparticles, micro emulsions, liposomes to improve the
action of curcumin and its absorption. The overall action of
curcumin for glucose metabolism is in Figure 7.

Curcumin in case of Type 2 diabetes plays an effective role
by decreasing the production of hepatic glucose, AMP
activation, suppresses the inflammation in case of
hyperglycemia, increase in the gene expression of glucose
transporters i.e., GLUT2, GLUT4 and GLUT4, and it
increases the uptake of glucose in cells. Curcumin
suppresses the glucose level by the activation of receptors
PPARYy [87].
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Figure 7. Overall action of curcumin on biological functions in Animal Models for Diabetes [88].

Grapefruit (Citrus x paradise)

It is popular citrus fruit having more vitamin C and fiber
content with low calories from other fruits like apple,
strawberry or banana, rich in folic acid, improves digestion
in body preventing from CDV diseases, making immune
system strong and other benefits for human health. Drinking
juice of grapefruit helps in absorption on non-heme iron in
body [31].

Table 11. In vitro study of effect of naringenin on skeletal
muscle cells [90].

Concentration of

Cells used Naringenin and its Effect

Duration

. Increase in uptake
_ . Sambucus nigra
Primary Porcine of glucose and

flower, Naringenin

Grapefruit juice increases the bioavailability of oral drugs — myotubes decrease in level of
for diabetes when it is used with repaglinide. It causes 0.1t0 10 pM, 1 h ROS
hypoglycemia and this bioavailability of drugs remain for 24
h and increase in this mechanism decreases intestinal or Increase in uptake
hepatic efflux [89]. Grapefruit has many properties in field of glucose
of medicine as antifungal, antimicrobial, anti- inflammatory,  Insulin resistance in ]
antioxidant, lowering the cholesterol, against viral 16 pyotubes 50 and 75 uM e i BT i
infections, fighting against heart diseases and as antidiabetic = ) AMPK,
[31] induced by Duration 16 h )
: ot E— translocation of
. . . . tat
In an experiment, muscle cells were treated with naringenin palmitate (750 pM) GLUT4, PGC-1a,
which promoted the uptake of glucose followed by the SIRTI
activation and phosphorylation of AMPK. The in vitro study
on effects of naringenin on skeletal muscles is explained in Increase in the
Table 11. uptake of glucose
L6 Muscle cells 10to 75 uM, 2 h )
and phosphorylation
of AMPK
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Garlic (Allium sativum)

A spice which is commonly consumed in everyday food
from garlic tea to spicy dishes. The reason for this traditional
use of garlic is its therapeutic effectiveness. Garlic is being
used for medicinal purposes from the ancient times. For
instance, it is reported that during the most primitive
Olympic Games in Greece, athletes were given garlic in
order to increase their stamina. With the advent of
technologies, the efficacy and therapeutic usefulness of
garlic has also been proved biologically and chemically. Key
worth of research on garlic is its maximum therapeutic effect
with a minimum toxicity. Higher concentration of Sulfur
compounds is responsible for its medicinal effects. It has 33
Sulfur compounds and 17 amino acids. The phytochemical
compounds found in garlic are shown in Figure 8. It is used
for curing diseases and for prevention of diseases and was
also used to spread the infection during Second World War
by direct application of garlic on wounds [91].

The scientific name of garlic is “Allium sativum”. It belongs
to “Liliaceae” family of Kingdom “Plantae”. It is considered
as prophylactic medicinal plant; therefore, it is used for
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culinary and medicinal purposes [92]. It has different names
in different places such as it is called “Lehsan” in Urdu
language, “Agilo” in Italian, “Saum” in Arabic, “Ail” in
French, “Ajo” in Spanish, “Rashuna” in Bengali and
“Suan/Da Suan” in Chinese.

The phytochemical compounds of garlic have a wide range
of therapeutic activities. Allicin- sulfur compound of garlic
has antimicrobial activities and helps to prevent urinary tract
infections. Because of the antioxidant activity of the
components of AGE (Aged garlic extract) i.e., SAC (S-allyl
cysteine) and fructose arginine, AGE could inhibit the dense
cells formation. AGE (4 mg/ml) could deal with sickle cell
anemia, a condition in which dense cells, having an irregular
membrane and raised density, have a tendency to stick to
other blood cells such as platelets, neutrophils, and
endothelial cells by inhibiting 50% formation of dense cells,
synergistically with other nutrients such as green tea and
black tea extract. The list of other medicinal activities of
garlic  consumption includes antidiabetic  activity,
immunomodulatory  potential,  antiviral,  antifungal,
antioxidant, anti-inflammatory, cardiovascular activity [91].

Phytochemical Compound in Garlic

Sulfer Compounds Vitamins ~ Essential Oils Minerals
Vitamin A Diallyl sulfide Germanium
Sallylmercaptocystemn Vitamin Bl Dially disulfide Calcium
Vinvldithiines Vitamin C Diallyl tnsulfide Copper
- Others Methylallyl disulfide Yeom
Allimn — Ammo ACldS Methylally] trisulfide Phosphorous
= gosaccharides
Allicin . ' 2-vinyl-4H-1 Potassium
Peptides [ryptophan Lysine, e
Ajoene . : ; 3- vinyl-4H-1 Magnesium
AJOETC Steroids Leucine [hreonine A-dithiin :
. . > Selenium
Allylpropl Terpenoids Isoleucine Swine Ajoenes Zine
Diallvl Flavonos Methionine Phenylalanine
- Phenols o .
Trisulfide Valine Proline
[risulfide Carbohydrates ' — Enzymes
Sall . (Sucrose & Glucose) | Cystein Histidine
dallvicycstemn inace
- Fiber Alanine Arginine Allinase
Water Glycine Aspartic acid Peroxidases

> S Myrosinase
Glutamin :

Figure 8. Phytochemical compounds present in garlic. These are sulfur compounds, vitamins, essential oils, minerals, amino
acids, and enzymes.

Antidiabetic Activity of Garlic

Despite of being a cooking spice, garlic have been reported
antidiabetic remedy traditionally as well as scientifically. A
study was conducted in which compared antidiabetic effect

of garlic extract in normal rats and rats with induced
diabetes by streptozotocin. They claimed that the effect of
garlic extract was more effective than the effect of
glibenclamide (antidiabetic drug). The report concluded the
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garlic as an excellent candidate for the future researches on
diabetes mellitus treatment [93].

In 2012, a study was conducted to determine the dietary
effect of garlic in obese mice. The mice were regularly
administered with garlic extract for 44 days. Their study
showed a significant decrease in blood glucose level and
body weight by 18.5% and 46.5% respectively. They
concluded their observations useful in diet modifications for
obese human [94].

A systematic meta-analysis highlighted the significance of
garlic as it has beneficial effects on; improving serum levels
of blood glucose in fast, glycosylated hemoglobin and
consequences of cardiovascular diseases and diabetes. Their
results showed that garlic can improve blood levels and lipid
profile parameters in patients of diabetes and cardiovascular
diseases [95-97].

Garlic has effective impact in bringing down insulin
resistance. Volatile sulfur compounds of garlic have shown
to be responsible for antidiabetic effects [91]. The latest
research to study effect of 3 garlic pieces along with
antidiabetic drugs. Their results showed a significant
decrease in sugar levels of blood due to the use of garlic
pieces along with antidiabetic drug comparing to the effect
of antidiabetic drugs alone [98]. Garlic cloves have also
been observed experimentally and the bioactive compounds
present in them such as S-methyl cysteine transferase. These
compounds stimulate insulin production and inhibit the
production of glucose [56].

CONCLUSION

There is abundant reported data regarding antidiabetic
potential of plants and their use as cost effective traditional
medicine easily available for poor people. From early era,
people have been treating diseases including diabetes by
herbal medicine. In present era researchers are still using
conventional medicines and improving the action of
medicine effectively with less or no harmful effects. Some
studies proved that the compounds extracted from herbal
plants, tend to be more effective. Using these medicinal
plants with marketed drugs, the plants will more efficiently
act on their target sites which will increase the
bioavailability of those drugs. Applying this strategy, drugs
will be less toxic with less harmful effects. Hundreds of
plants including strawberry, mulberry, jaman, garlic,
turmeric, grapefruit, cinnamon, black pepper, fenugreek and
ginger are reducing the risk of diabetes and many diabetic
complications. Strawberry and grapefruit have highest
antioxidant potential. It means that they tend to reduce risk
of diabetes more efficiently. High amount of vitamin C and
fiber contents are present which is good in case of diabetes.
Flavonoids tend to play main role in diabetes management
by increasing insulin secretion and uptake of glucose to
adipose and muscle tissues.
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Jamun seed and fruit were considered to be more effective
antidiabetic. In diabetes some important mechanism gets
disturbed including insulin signaling pathways, breakdown
of carbohydrate hydrolyzing enzymes and increases or
disruption in the receptor sites of insulin. According to many
experimental results phytochemicals have much potential
that they can act as inhibitor for carbohydrate hydrolyzing
enzymes (inhibition of a-amylase and a-glucosidase) this
decreases the glucose level. Some compounds can play the
role of activator that can activate some specific receptors
including PPARa, PPARy and TNF-o.

These suppresses the expression of some genes, repairing the
insulin signaling pathways and increases the action of
insulin which in return contributes in the uptake of glucose.
Scientists are improving the use of traditional medicines
with the use of better extraction techniques. Because there is
need to identify more compounds that can alone act on these
target sites as a natural drug. However, their most important
mechanism of action is not completely known but scientists
are trying to figure out how these compounds and chemicals
present in the fruit part of plants are contributing in reducing
the level of glucose. These findings will be highly valuable
in medical research.
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