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ABSTRACT

Diabetes is one of the major health and development challenges of the 21st century. According to the International Diabetes Federation, there are
currently more than 371 million people living with diabetes and another 28 million are at risk of developing the disease. Aside from conventional
allopathic medicines, traditional/alternative therapy plays a substantial part in treating diabetes mellitus. In the final few decades eco-friendly, bio-
friendly, cost effective and relatively safe plant-based medicines have gone from the periphery to the mainstream with the increased research in the area
of traditional medication. Plant-based medications are preferable as mainly non-toxic, having typically fewer side effects, better compatibility with
physiological flora, and availability at low-costs. However, secondary metabolites isolated from these plants (Diosmin, Tangeritin, Lycopene, Syringin
etc., ) possess this antidiabetic property. The power of the herb/active compound to enhance glucose utilization and lower plasma glucose level in rats
suffering from insulin deficiency suggests that these plant extracts/phytochemicals may be useful in the discussion of human diabetes.
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INTRODUCTION

Diabetes mellitus (DM) is one of the most challenging
healthproblems of our time. As one of the most common non-
communicable diseases globally, it is the fourth or fifth leading
reason of death in high-income countries and is rapidly becoming an
epidemic in many developing and newly industrialized nations. It is
a syndrome, initially characterized by a deprivation of glucose
homeostasis resulting from defects in insulin secretion and/or
insulin action, which consequently brings about impaired
metabolism of glucose and other energy yielding fuels such as lipids
and proteins [1]. Despite theintroduction of hypoglycaemic agents
from natural and synthetic sources, diabetes and its secondary
complications continue to be a major problem in the world
population. Diabetes is a leading cause of morbidity and mortality in
the world’s growing population. The International Diabetes
Federation has fore cast a world wide increase from 8.3 % to 9.9 %
by the year 2030, with China and India predicted to receive the
greatest number of diabetic cases.

Human type 2 diabetes (T2DM) is a metabolic disorder which comes
up from the comparative inability of the endocrine pancreas to meet
increasing metabolic demands and to compensate for insulin
resistance. Insulin resistance is a state of reduced responsiveness of
insulin target tissues to normal circulating levels of insulin. The level
to which glucose tolerance deteriorates in insulin-resistant
individuals vary as a occasion of both the magnitude of insulin
resistance and the capability of the pancreas to adequately pay for
this short coming. If insulin secretion fails to recover fully, a
condition of hyperglycemia despite hyperinsulinemia occurs. Hence,
the worsening of insulin resistance together with abnormalities in
compensatory insulin secretion and finally a failure of beta-cell
function may eventually contribute to the development of T2DM [2]
despite the keen interest in the evolution of novel drugs to prevent
the burden of complications associated with this diseaseand the
heightened interest in the scientific community to evaluate either
raw or isolated natural products in experimental studies [3].

As of 2010, an estimated 280 million peoplehave diabetes, with type
2 making up about 90 % of thecases globally [4]. The incidence of
this disease is increasing quickly and at the end of 2030, the number
of cases will double, as a result of increasing longevity and obesity.
Diabetes is more prevalent in developed nations; even though there

is an increment in the prevalence rate in Asia and Africa.
Environmental and genetic elements playsa significant part in the
evolution of diabetes in varying populations [5]. The incidence of
insulin-dependent diabetes mellitus (IDDM) ranged from 1.8 to
7.0/100 000 per year in Africa, 0.14 to 10/100 000 per year in Asia,
approximately 3.4 to 36/100 000 per year in Europe, 2.61 to
20.18/100 000 per year in the Middle East and 7.60 to 25.6/100 000
per year in North America andthat ofnon-insulin dependent diabetes
mellitus (NIDDM) ranged from 0.4 % to 17.9 % in Africa, 1.2 % to
14.6 % in Asia, 0.7 % to 11.6 % in Europe, 5.6 % to 40 % in the
Middle East and 7 % to 28.2 % in North America [6].

Natural plant products

In the final few decades eco-friendly, bio-friendly, cost-effective and
relatively safe plant-based medicines have gone from the periphery
to the main stream with the increased research in the area of
traditional medicine [7]. Plant-based medicine, which uses medicinal
plants as the first medicine is a general phenomenon. Every
civilization on earth, through written or oral tradition, has relied on
the vast variety of healing plants for their healing attributes. The
majority of medicinal plant products available today, originated
from the same traditional recipe or ingredients.

The benefit of plant-based cures is that they are cheap and readily
obtainable. They can be obtained straight from nature. Plant-based
medicinal drugs are preferable as they are chiefly non-toxic, having
fewer side effects typically, better compatibility with physiological
flora and availability at affordable prices. The limitations of plant-
based medicines are usually involved with the treatment of more
dangerous ailments like broken arms. These websites need constant
medical supervision and utilization of more advanced medications
and many patients are allergic to some plant-based medicines,
making matters worse once they take them in whatsoever form.
Treatments are longerwhen a natural method is chosen [7]. The
World Health Organization (WHO) estimates that 4 billion people,
i.e,, 80 % of the world's population, presently use plant-established
medical specialty for some aspect of their primary health concern
[2]. WHO has listed 21, 000 plants, which are used for medicinal
purposes around the world. Among these 2500 species are in India,
out of which 150 species are used commercially on a relatively large
scale. India is the largest producer of medicinal herbs and is called
the botanical garden of the world [8].



Raoet al.

Int J PharmPharmSci, Vol 7, Issue 6, 22-28

Table 1: List of some plants with Antidiabetic property

S. No. Plant name Family Parts of the plant USED Reference
1 Acacia Arabia Leguminosae Bark [9]
2 Acacia catechu wild Leguminosae Bark [10]
3 Aloe vera Liliceae Leaf [11]
4 Aeglemarmelos Rutaceae Leaf [12]
5 Aervalanatalin Amarantheceae Aerial parts [13]
6 Alpiniacaalcarata Zingiberaceae Rhizome [14]
7 Azadirachtaindica Meliaceae Root bark [15]
8 Allium sativum Liliaceae Bulb [16]
9 Annonasquamosa Annonaceae Leaves [17]
10 Albizzialebbek Mimosaceae Bark [18]
11 Acacia tortolis Fabaceae Seed [19]
12 Aconitum napellus Leguminoseae Bark [20]
13 Andrographispaniculata Acantheceae Root [21]
14 Asparagus racemosus Asparagaceae Root [22]
15 Allium sepa Liliaceae Bulb [23]
16 Benincasahispida Cucurbitaceous Stem [24]
17 Banbusa vulgaris Poaceae Leaves [25]
18 Brassica juncea Cruciferae Seed [26]
19 Boerhaaviadiffusa Nyctaginaceae Leaves [27]
20 Capsicum annuum Solanaceae Fruit [28]
21 Catharanthusroscus Apocynaceae Flower, roots and stem [29]
22 Centellaasiatica Umbelliferare Leaves [30]
23 Cocciniaindica Cucurbitaceae Leaves and fruits [31]
24 Emblicaofficinalis Euphorbiaceae Fruit [32]
25 Eugenia jambolana Myrtaceae Seed [33]
26 Ficusreliginosa Moroceae Fruit and leaves [34]
27 Grewiaassiatica Tilliaceae Fruits, stem bark, leaves. [35]
28 Gymnemasylvestre Ascelpidaceae Leaves [36]
29 Hyptissuaveolens Lamiaceae Leaves [37]
30 Jutrophacurcas Euphorbbiaceae Leaves [38]
31 Mimosa pudica Fabaceae Leaves [39]
32 Moringaolefeira Moringaceae Leaves [40]
33 Terminaliacatappa Combritaceae Leaves [41]
34 Tinosporacordifolia Menispermaceae Roots [42]
35 Tragia involucrate Euphorbiaceae Entire plant [43]

Some natural products (secondary metabolites) as a source of
antidiabetes

Diosmin C28H3201s

Diosmin (DS) (diosmetin 7-O-rutinoside), a natural flavone glycoside,
is readily obtained by dehydrogenation of the corresponding
flavanone glycoside hesperidin, which is abundant in the pericarp of
various citrus fruits. According to Sanjay et al, DS has been reported to
induce the pancreas B-cells, which playa essential part in the
production and secretion of insulin [44]. Theadministration of the DS
to diabetic rats decreases the blood glucose concentration to near
normal, which is an essential trigger for the liver and kidney to revert
back to its normal homeostasis during experimental diabetes. The
mechanism of antihyperglycemic action of DS may be through its
scavenging ability to protectthe pancreatic islets from free radical-
induced damage by streptozotocin (STZ) in experimentalrats. DS
possesses blood lipid lowering and anticarcinogenic activities [45].

Beta carotene C4oHse

Carotenoids are natural lipid-soluble antioxidants. -carotene, (-
cryptoxanthine, lutein, and lycopene are the most abundant
carotenoid components of the human diet. 3-carotene is a strongly
colored red-orange pigment abundant in plants and fruits. It is an
organic compound and is chemically classified as a hydrocarbon and
specifically as a sharpened (isoprenoid), reflecting its derivation
from isoprene units. -Caroteneis bio synthesized from geranyl
pyrophosphate. It is a member of the carotenes, which are tetra
terpenes, synthesized biochemically from eight isoprene units and
thus having 40 carbons. Among this general class of carotenes, -
carotene is distinguished by having beta-rings at both ends of
themolecule. Absorption of B-carotene is enhance difeaten with fats,
as carotenes are fatsoluble. The (-carotene ameliorates the glucose
level and isattributed to the hypoglycemic effect through the
insulinogenic effect and subsequent improvement of the glycemic

state. In general, carotenoids (beta-carotene, lycopene, lutein, and
zeaxanthin) contribute to preventing degenerative diseases, such as
diabetes and several characters of cancer [46].

Gamma sitosterol C29Hs00

Itisfound in Nigella sativa, Serenoa repens (saw palmetto), Pygeum
africanum, sea-buckthorn, wolfberries, Mirabilis jalapa Cannabis sativa,
Urtica dioica and Wrightiatinctoria. Beta-Sitosterol-3-0-beta-D-
glucopyranoside can be found in Acanthus hirsutus [47]. It is likewise
found in pecans, avocados, Cucurbita pepo (pumpkin seeds), cashew
fruit, rice bran, wheat seed, corn oils, soya beans and dandelion coffee.

The y-sitosterol isolated from Lippia nodiflora was screened for its
antidiabetic property in STZ induceddiabeticrats. Insulin secretion in
response to glucose was assessed in isolated rat islets. Oral
administration of y-sitosterol (20 mg/kg B.w.) oncedaily for 21 days
in STZ induced diabetic rats resulted in a substantial reduction
(P<0.05) in blood glucose and glycosylated hemoglobin with an
increment in plasma insulin level, body weight and nutrient uptake.
Furthermore y-sitosterol showed antihyperlipidemic activity as
shown by a substantial decrease (P<0.05) in serum total cholesterol,
triglycerides and very low-density lipoprotein-cholesterol levels
coupled with an elevation of high-density lipoprotein-cholesterol
levels in treated rats. A reduction in the natural processes of liver
marker enzymes in y-sitosterol treated rats when compared to
diabetic control rats indicated its protective role against liver
damage.y-Sitosterol increased insulin secretion in response to
glucose. Immuno histochemical study of the pancreas also confirmed
the biochemical findings. These results showed that y-sitosterol,
possesses antidiabetic activity [48].

N-Trissacharide

In a study conductedto investigate the effect of N-Trisaccharide (a
new compound isolated from the fruit of C. prophetarum L.)
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onhyperglycemia in streptozotocin (STZ)-nicotinamide (NA)
induced type 2 diabetic rats, different dosages of N-Trisaccharide
(25 and 50 mg/kg B.w.) wereadministered once daily for 28 days to
STZ-NA induced diabetic rats. It was found that N-Trisaccharide
increased the plasma insulin and liver glycogen levels in diabetic
rats, altered enzyme activities of carbohydrate metabolism in the
liver and kidney of the diabetic rats were as well amended.
Additionally, N-Trisaccharideincreased glycogen synthesis and
decreased glycogen phosphorylase activity in diabetic rats.
Histological studies confirmed an increase in insulin level, which is
due to stimulation of injured pancreatic $-cells. The outcomes of the
survey suggested that N-Trisaccharide possesses the propitious
effect on STZ-NA induced type 2 diabetes, suggesting its usefulness
in diabetes management [49].

Secoisolariciresinoldiglucoside (SDG) C32:H¢016

SDG can be isolated from de-fatted (hexane extraction) flax seed by
extraction of the lignan polymer precursor with a water/acetone
mixture, followed by acetone removal and alkaline hydrolysis. Or it
can be pulled from the shell of whole flax through a cold-milled
process without applying chemicals. According to Sadiget al, (2013),
administration of SDG to the diabetic model causes moderate
reduction in glucose levels, andthe lipidprofile, improved
antioxidant status and ameliorated insulin and c-peptide levels
which shows the regeneration of B-cells. The outcomes of the
investigation indicated that diabetes is linked with an increase in
oxidative stress as shown by the increment in serum
malondialdehyde (MDA), diminished levels of catalase (CAT),
superoxide dismutase (SOD), and glutathione (GSH). This SDG is
effective in slowing the development of diabetic complications [50].

2-(4-[(2-hydroxybenzyl) amino]-phenyl amino-methyl)-phenol
(HBPMP) C33H34N6O

Oral administration of HBPMP (30 mg/kg) to STZ rats produced
antidiabetic activity after 6 h of HBPMP administration. Treatment
of the STZ rats with HBPMP (30 mg/kg/d) for 30 days resulted in a
significant reduction (P<0.05) in their fasting blood glucose (FBG),
serum total cholesterol (TC), low-density lipoprotein-cholesterol
(LDL-C), very low density lipoprotein-cholesterol (VLDL-C) and
triglycerides (TG) along with an increment in serum high density
lipoprotein-cholesterol (HDL-C) levels. Activities of serum aspartate
transaminase (AST), alanine transaminase (ALT) and alkaline
phosphatase (ALP) and levels of blood urea and creatinine were
improved to approach normal levels in the treated STZ induced
diabetic rats, indicating the protective function of the HBPMP
against liver and kidney damage and its non-toxic property. Thus,
HBPMP possesses antihyperglycemic and antihyper lipidemic
activities [51].

Tangeritin C20H2007

Tangerine is an O-poly methoxylatedflavor that is found in tangerine
and other citrus peels. Ramalingamet al, (2014) evaluated the
antihyperglycemic potential of tangeritin on the natural processes of
key enzymes of carbohydrate and glycogen metabolism in control and
STZ-induced diabetic rats and observed a significant diminution in the
stages of plasma glucose, glycatedhemoglobin (HbA1lc) and increase
the levels of insulin and hemoglobin. The varied activities of the key
enzymes of carbohydrate metabolism in the liver of diabetic rats were
significantly reversed (P<0.05) to near normal levels by the
administration of tangeritin. Furthermore, tangeritin administration to
diabetic ratsimproved hepatic glycogen content, suggesting the
antihyperglycemic potential of tangeritin in diabetic rats [52].

Lycopene Cs0Hse

Lycopene (from the new Latin wordLycopersicum,referring to the
tomatospecies) is a bright red carotene and carotenoidpigment. It is
a phytochemicalfound in tomatoesandother red fruitsandvegetables,
such as red carrots, water melons, and papayas (but not
strawberries, red bell peppers, or cherries). Although lycopene is
chemically a carotene, it has no vitamin Aactivity. Nutrients that are
not red may contain lycopene as well. Lycopene's 11 conjugated
double bonds givesit its dark red gloss and are responsible for its
antioxidant action.
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Mamdouh M. Ali andFatma G. Agha (2009) studiedtheeffects of
variousdoses of lycopene in STZ-inducedhyperglycemicrats to
evaluate its possible hypoglycaemic, hypolipidemicand antioxidant
activity in diabetes. Exogenous administration of individual gradual
doses of lycopene to hyperglycemia rats causes a social disease-
dependent reduction in glucose level, an increase of insulin
absorption, a decrease of hydrogen peroxide (H:0:) and
thiobarbituric acid reactive substance (TBARS) levels, as well as
increased total antioxidant status with increased antioxidant
enzyme activities (CAT, SOD) and glutathione peroxidase (GPx) with
improvement in serum lipid profile. It is obvious from this study that
Lycopene acts as an antidiabetic agent through lowering the free
radical and has an improving effect on a serum that turns over the
average level [53].

Revasterol C14H1203

Revasterol (3, 5, 4'-trihydroxy-trans-stilbene) is produced in
response to injury. It is a stilbenoid, a type of natural phenol, and a
phytoalexin produced naturally by various plants when under attack
by pathogens such as bacteria or fungi. Gyeong-Min Do (2012)
investigated the effects of revasterol (RV) on diabetes-associated
metabolic changes in a spontaneous model of type 2 diabetes, as well
as activation of AMP-activated protein kinase (AMPK) and
downstream targets and found that RV significantly decreased
(P<0.05) blood glucose, plasma free fatty acid, triglyceride, APO
B/APO Al levels and increased plasma adiponectin levels. RV
activated AMPK and downstream targetsleadingto decreasedblood
HbAlc levels, hepatic gluconeogenicenzymeactivity, and hepatic
glycogen, while plasma insulin levels, pancreatic insulin protein, and
skeletal ~muscle  GLUT4  proteinwerehigher  after RV
supplementation. The high RV dose also increased hepatic glycolytic
gene expression and enzyme action, along with skeletal muscle
glycogen synthase protein expression. Furthermore, RV dose-
dependently decreased hepatic triglyceride content and
phosphorylated I kappa B kinase (p-IKK) proteinexpression, while
hepatic uncoupling protein (UCP) and skeletal muscle UCP
expression were increased. RV thus potentiates theimprovement of
glycemiccontrol, glucose uptake, anddyslipidemia, as well as
protection against pancreatic cell failure in a spontaneous type 2
diabetes models. Dietary RV has potential as an antidiabeticagent via
activation of AMPK and its downstream targets [54].

Carvone C10H140

Carvone is a member of a family of phyto chemicals called
terpenoids [55]. Carvone is found naturally in many essential oils,
but is most abundant in the oils from seeds of caraway (Carumcarvi)
and dill. UdaiyarMuruganathan (2013) looked into the effect of
carvone on derangement in glycoprotein levels in the STZ-induced
diabetic model. Oral administration of carvone (40 mg/kg b. w) for
30 d dose dependently improved the glycemic status in STZ-induced
diabetic rats. The points of plasma glucose decreased with a
comparable growth in plasma insulin level. The varied levels of
plasma and tissue glycoprotein components were repaired to near
normal. It indicates that carvone can potentially ameliorate
glycoprotein components abnormalities in addition to its
antihyperglycemic effect in experimental diabetes. In brightness of
these advantageous results, it is advisable to extend the scale of
carvone in a trial to alleviate the adverse outcome of diabetes [56].

Fraxetin C10HsOs

Fraxetin is an O-methylated coumarin (7, 8-dihydroxy-6-
methoxychromen-2-one). It can be found in Fraxinusrhynchophylla.
Fraxin is a glucoside of fraxetin. De Carvalhoet al, (2006) evaluated
the antihyperglycemic potential of fraxetin by determining the
activities of key enzymes of carbohydrate metabolism in STZ
induced diabetic rats. Thedose 80 mg/kg b. w, reducedthe levels of
blood glucose and HbAlc andincreased plasma insulin level. The
varied activities of the key enzymes of carbohydrate metabolism and
hepatic enzymes in the liver tissues of diabetic rats were reverted to
near normal level upon the administration of fraxetin. Further
fraxetin administration to diabetic rats improved body weight and
hepatic glycogen content, which in turndemonstrated its
antihyperglycemic potential [57].
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Diosgenin C27H4203

Diosgenin, a steroid sapogenin (3§, 25R)-spirost-5-en-3-ol), is the
product of hydrolysis by acids, strong alkalis, or enzymes of
saponins, extracted from the tubers of Dioscorea wild yam, such as
the Kokoro. The sugar-free (Aglycone), diosgenin is used for the
commercial synthesis of cortisone, Pregnenolone, progesterone,
andother steroid products. Leelavinothanet al, (2012) investigated
the beneficial role of diosgenin on oxidative stress markers and
histopathological alterations in the aorta of STZ-induced diabetic
rats. At the final stage of the experimental periods, diabetic rats
exhibited an increase in the levels of plasma glucose, glycosylatedhe
moglobin with a decrease in insulin and total hemoglobin.
Theactivities of antioxidant enzymes such as SOD, CAT, GPx, and GSH
were decreased while an increase in the levels of lipid peroxidation
(LPO) markerswas observed in aortic tissues of diabeticrats. These
findings suggest that diosgenin could have a beneficial role against
aortic damage induced by oxidative stress in diabetic state, which
was demonstrated by the propensity of diosgenin to modulate the
antioxidant defense and to decrease the lipid peroxidation in aortic
[58].

D-saccharic acid-1, 4-lactone (DSL) CsHs07. H20

Oxidative stressplays a vitalrole in diabetic complications. To inhibit
the oxidative stress-mediated damage in diabetes pathophysiology, a
special focus has been devoted to naturally occurring antioxidants
present in a sizable diet. D-saccharic acid 1, 4-lactone (DSL), a
derivative of D-glucaric acid, is present in many dietary plants and is
experienced for its detoxifying and antioxidant properties. Semantic
Bhattacharya et al, (2011) evaluated the beneficial use of DSL
against alloxan-induced diabetes in the pancreas tissue of rats.
Alloxan exposure, elevated the blood glucose, HbAlc, decreased the
plasma insulin and disturbed the intracellular antioxidant
machineries whereas oral administration of DSL (80 mg/kg b.w.)
restored these alterations close to normal. On looking into the
mechanism of the protective activity of DSL, it was discovered that it
prevented the pancreatic f-cell programmed cell death via a
mitochondria-dependent pathway. Resultsshoweddecreased
mitochondrial membrane potential, enhanced cytochrome Crelease
in the cytosol and reciprocalregulation of Bcl-2 familyproteins in the
diabetic rats. These results were likewise found to be linked with
increased levels of Apaf-1, caspase 9, and caspase 3 that ultimately
led to pancreatic B-cell programmed cell death. DSL treatment,
however, counteractedthesechanges. In conclusion, DSL possesses
the capability of ameliorating the oxidative stress in diabetes and
hence could be a promising approach in lessening diabetic
complications [59].

Ecdysterone C27H4407

Hydroxyecdysone (20E), (28, 3B, 58, 22R-2, 3, 14, 20, 22, 25-
Hexahydroxycholest-7-en-6-one) is a naturallyoccurringecdysteroid
hormone which controls theecdysis (moulting) andmetamorphosis
of arthropods. It is thus one of the most common moulting hormones
in insects, crabs, etc. It is also a phytoecdysteroid produced by
various plants, including Cyanotisvaga, where its function is
presumably to disrupt the development and breeding of insect pests.
In arthropods, 20E acts through theecdysone receptor. Although
mammals lack this receptor, 20E may affect mammalian (including
human) biological systems in vitro, but there is uncertainty whether
any in vivo or physiological effects take place. Ramalingam
Sundaram et al, (2012) assessed the anti-diabetic activity of 20E on
glucose metabolic key enzymes in control and STZ induced diabetic
rats. On oral administration of 20E at a dosage of 5 mg/kg B.w./d to
diabetic rats for 30 d resulted in a reduction in the levels of plasma
glucose, HbAlc and an increase in the levels of insulin and
hemoglobin. Administration of 20E showed a significant increase
(P<0.05) in the levels of glycolyticenzyme (hexokinase) and hepatic
shunt enzyme (glucose-6-phosphate dehydrogenase) whereasthe
significant decrease in the levels of gluconeogenicenzymes (glucose-6-
phosphatase and fructose-1, 6-bisphosphatase) in diabetic treatedrats.
Furthermore, protection against body weight, loss of diabetic animals
was noted. This work shows that the administration of 20E to diabetic
rats resulted in alterations in the metabolism of glucose with the
subsequent decrease in plasma glucose levels [60].
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Syringin C17H2409

Syringin, 4-[(1E)-3-Hydroxyprop-1-ene-1-yl]-2, 6-dimethoxyphenyl
B-D-glucopyranoside, a phenylpropanoid glycoside belongs to
eleutheroside derivative (B). This bioactive compound was
identified in several plantsincludingMusa paradisiaca,
Jasminummesnyi, Edgeworthiachrysantha, Acanthopanaxsenticosus,
etc. Shanmugaet al, isolated and characterized syringin from Musa
paradisiaca tepal extract (MPTE) and evaluated its antidiabetic
efficacy in STZ-induced diabeticrats. Syringin was isolated from
MPTE and characterized using spectral studies. Diabetic rats were
administered 50 mg/kg/d. Of syringing orally for 30 days. Elevated
blood glucose and HbAlc levels, the reduced plasma insulin and
hemoglobin levels in diabetic rats were significantly reversed
(P<0.05) to nearnormal after oral administration of syringin. Plasma
protein, blood urea, serum creatinine and uric acid levels werealso
normalized after treatment. The altered activities of serum trans
aminases and alkaline phosphatases were normalized upon syring
intreatmen tindicating it's non-toxic and hepatoprotective nature.
The ability of syringin to enhance glucose utilization andlower
plasma glucose level in rats suffering from insulin deficiency suggest
that this phytochemical may be useful in the treatment of human
diabetes [61].

Quercetin C1sH1007

Quercetin is a flavonoid widelydistributed in nature. The epithet has
been used since 1857, and is derived from quercetum (oak forest),
after Quercus. It is a naturally occurring polar auxin transport
inhibitor. It is primarily found in red onions, higher concentrations
of quercetin occur in the outermost rings and in the office closest to
the root, the latter being the portion of the plant with the highest
concentration. One survey found that organically grown tomatoes
had 79 % more quercetin than chemically grown fruit. Quercetin is
present in several sorts of honey from different plant roots [62].

According to Vessalet al, (2003), the effects of the intraperitoneal
injection of quercetin in streptozocin-induced diabetic and normal
rats were investigated and compared. Although quercetin had no
effect on plasma glucose level of normalanimals, it significantly and
dose-dependently decreasedthe plasma glucose level of STZ-induced
diabetic rats. Glucose tolerancetests of the diabetic animals
approached those of normal rats, their plasma cholesterol and
triglycerides were reduced significantly (p<0.05), while their hepatic
glucokinase activity was significantly increased upon quercetin
treatment. In normal rats, quercetin did not move the glucose
tolerance test, but resulted in an addition of plasma cholesterol and
triglycerides and a reduction in hepatic glucokinase activity. No
significant pathologic changes were observed in hepatocytes or kidney
tubules and glomeruli, while the number of pancreatic islets increased
in both treated normal and diabetic groups. It is concluded that
quercetin, a flavonoid with antioxidant properties brings about the
regeneration ofthe pancreatic islets and probablyincreases insulin
release in STZ-induced diabetic rats; thus exerting its beneficial
antidiabetic effects. Nevertheless, it may be of trivial value in
normoglycemic animals [63].

Garlic acid C7H6O5

Garlic acid is a trihydroxy benzoic acid, a type of phenolic acid,
alsoknown as 3, 4, 5-trihydroxybenzoic acid, found in gallnuts,
sumac, witch hazel, tealeaves, oakbark, andotherplants. The
chemical formula is C¢H2(OH)3COOH. Garlic acid is found both free
and equally part of hydrolyzable tannins. Garlic acid is usually
employed in the pharmaceutical industry and has many
pharmacological applications [64]. It is likewise set up in the aquatic
plant Myriophyllumspicatum and shows an allelopathic effect on the
ontogeny of the bluish-green algae Microcystisaeruginosa.

In a survey carried out by Punithavatiet al, (2011) to evaluate the
antihyperglycemic, anti lipidperoxidative and antioxidant effects of
garlic acid on STZ-induced diabetic male Wistar rats, it was found
that STZ-induced diabetic rats showed significant (P<0.05) increase
in the degrees of blood glucose, glycosylatedhemoglobin and
significant (P<0.05) reduction in the levels of plasma insulin, body
weight and total hemoglobin. Diabetic rats also exhibited significant
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(P<0.05) reduction in the action of hepatic hexokinase and
significant (P<0.05) increase in the natural processes of glucose-6-
phosphatase and fructose-1, 6-bisphosphatase. The pancreatic
thiobarbituric acid reactive substances and lipid hydroperoxides
were significantly (P<0.05) increasedandtheactivities of pancreatic
superoxide dismutase, catalase and glutathione peroxidase were
significantly (P<0.05) decreased in diabeticrats. Oraltreatment with
garlicacid (10 and20 mg/kg) dailyfor a period of 21 days showed
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significant (P<0.05) protective effects on all the biochemical
parameters studied. Histopathology of pancreas confirmed the
protective effects of garlicacid in diabeticrats. In vitro study also
revealed the potent antioxidant effect of garlicacid. Thus, the study
shows the antihyperglycemic, anti lipidperoxidative and antioxidant
effects of garlic acid on STZ-induced diabetic rats. Theeffectexerted
by 20 mg/kg bodyweight of garlic acid was more effective than 10
mg/kg body weight of garlic acid [65].

Table 2: List of some secondary metabolites with antidiabetic property

Name Source Molecular formula Reference
Diosmin Citrus orentifolia C28H32015 [45]
Beta-Carotene CaoHse [46]
Gamma-Sitosterol Nigella sativa C29Hs00 [47, 48]
N-Trissacharide Cucumisprophetarum [49]
Secoisolariciresinoldiglucoside (SDG) C32H6016 [50]
2-(4-[(2-hydroxybenzyl) amino]-phenyl amino-methyl)-phenol(HBPMP) Eugenia jambolana C33H34N6O [51]
Tangeritin Poncirus trifoliate C20H2007 [52]
Lycopene Lycopersicumesculentum CaoHse [53]
Revasterol C14H1203 [54]
Carvone Carumcarvi C10H140 [55, 56]
Fraxetin Fraxinusrhyncophylla C10HsOs [57]
Diosgenin Dioscoreaspp C27H4203 [58]
D-saccharic acid-1, 4-Lactone Eleutherococcusspp Ce¢Hs07.H20 [59]
20-OH-Ecdysone CyanotisVaga C27H4407 [60]
Syringin Musa paradisiaca C17H2409 [61]
Quercetin Lycopersicumesculentum C10H1507 [62, 63]
Gallic acid Toonasinensis C7H60s [64]

From the above review of literature, it is clear to state that the
various biochemical parameters and other variables that were used
as indices to imply diabetes condition, e.g., fasting blood glucose
were all improved upon treatment with each of those secondary
metabolites. Treatment of diabetic rats with herbal
extracts/secondary metabolites significantly reversed the anomaly
caused by diabetes in both liver and kidney. Regarding the
antioxidant status, a significant depletion in the activities of
enzymatic antioxidants in STZ treated rats were observed.
Treatment of herbal extracts/secondary metabolites also increased
the levels of enzymatic antioxidants in the liver and kidney.

Mankind uses herbal extracts and their active compounds for
alleviating ailments and for the maintenance of general health. For
example Diosmin, (DS) is a common constituent in many citrus species
[66]. DS has been reported to stimulate the pancreatic f3-cells, which
play a crucial role in the production and secretion of insulin [67].
Similar actions are noted with other a for ementioned
herbal/secondary metabolites (Table 1 and 2). Apart from
conventional allopathic medicines, traditional/alternative therapy
plays a significant role in treating diabetes mellitus due to their
perceived effectiveness, minimal side effects in clinical experience and
relatively small costs. Herbal drugs are prescribed widely even when
their biologically active compounds are unknown. One of the major
problems with this herbal formulation is that the active ingredients
are not well defined. It is important to know the active component and
their molecular interaction, which will help to analyse therapeutic
efficacy of the product and also to standardize the product. Efforts are
now being made to investigate the mechanism of action of some of
these plant products usingin vitro model systems.

CONCLUSION

Diabetes mellitus and particularly non-insulin-dependent diabetes
(type 2 diabetes) is an increasingly prevalent condition worldwide
with serious consequences of multi organ involvement and in
particular cardiovascular and renal disease.According to the
International Diabetes Federation, there are currently more than
371 million people with diabetes and another 28 million are at risk
of developing the disease. Secondary metabolites widely used in
traditional medicine have been proven to combat and cure various
ailments through exerting their pharmacological actions.
Exploitation of these pharmacological properties involves further

investigation of these active ingredients by implementing the
techniques of their extraction, purification, separation,
crystallization and identification.
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