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Abstract

problems.

The present review focused on plant extracts or phytochemicals role in diabetes management has been tried by
many researchers. | have attempted to compile a list of total 419 plant species belongs to 133 families have been
used for in-vitro and in-vivo studies. The plant extract or phytochemicals have involved in decreasing or increasing
or stimulating different mechanisms in reducing diabetes and they have been listed in tabular form. By this review,
few molecules are used in diabetes management and they possess molecular mechanisms or involved in signal
transduction to initiate the insulin production or utilization of blood glucose level bring down to normal stage. The
researchers have used different parts of the plant extracts or individual phytochemicalsfor antidiabetic activities.
This review brings the researcher data on antidiabetic activities of different plant extracts role in reducing of diabetic

Keywords: Plant extracts; Antidiabetic activity; Mechanism of action

Introduction

Diabetes mellitus is characterized by alterations in the metabolism
of carbohydrate, fat and protein, is caused by a relative or absolute
deficiency of insulin secretion and different levels of insulin resistance
and it is resulting from both genetic predisposition and favoring
environmental factors. In the patients, late complications develop
consisting of alterations and failure of various organs (especially the
non-insulin sensitive ones) including the eyes (retinopathy with vision
loss), kidneys (nephropathy leading to renal failure), nerves (peripheral
and autonomic neuropathy), heart and blood vessels (precocious
and severe cardiovascular, cerebrovascular and peripheral vascular
atherosclerosis) [1,2].

People with diabetes is increasing due to population growth,
aging, urbanization and increasing prevalence of obesity and physical
inactivity. Globally the prevalence of diabetes was estimated to be 2.8 %
in 2000 and 4.4 % in 2030. Worldwide, the total number of people with
diabetes is projected to rise from 171 million in 2000 to 366 million
in 2030 [3]. More than 80% of diabetes deaths take place in low- and
middle-income countries (WHO, 2011). Comparative data was given
by differentiating Diabetes Mellitus 1 (DM 1) and Diabetes Mellitus 2
(DM 2)(Table 1).

The recent survey studies of diabetes of the International Diabetic
Federation (IDF) estimate about 8.3 % of adults, over all 382 million
people all over the world and in India about 65.1 million people were
having diabetes. It will reach beyond 592 million in further 25 years.
Presently, still 175 million people were undiagnosed. Unknowingly
there was the vast number of people were suffering from the diabetic
complications. But 80 % of diabetic affected people were from low and
middle income countries. This is becoming a great threat to the human
beings and stepping towards an alarming rate [4].

Prevalence of diabetes and impaired glucose tolerance were
estimated from the data provided by 219 countries and territories
for the year 2013. These were grouped under seven IDF regions. AFR
(Africa) 20 M, EUR (Europe) 56 M, MENA (Middle East and North
Africa) 35 M, NAC (North America and Caribbean) 37 M, SACA
(South and Central America) 24 M, SEA (South East Asia) 72 M, WP
(West Pacific) 138 M and 382 M people were suffering from diabetes

worldwide(Table 2). Table 3 predicting the diabetes prevalence in 2035
compared with existing data of 2013 of 10 top countries [4].

The projections of top ten countries from the current prevalence
indicates that, China remains the top most country in having highest
diabetic people, i.e., around 98.4 million in 2013 and an estimate of
142.7 million by 2035. India stands behind the China in having second
highest diabetic people, i.e. around 65.1 million in 2013 and an estimate
of 109 million by 2035.

Diabetes is a complex multisystemic disorder characterized by a
relative or absolute insufficiency of insulin secretion and disturbances
in carbohydrate, protein and lipid metabolism [5]. The International

Feature Type 1 DM Type 2 DM
Frequency 10-20% 80-90%
Age at onset Early (below 35 years) Late (after 40 years)
Type of onset Abrupt and severe Gradual and insidion
Weight Normal Obese/non-obese
Family history <20% About 60%
Genetic locus Unknown Chromosome 6

Autoimmune destruction
of B-Cells

Islet cell antibodies Yes No

Insulin resistance, impaired

Pathogenesis ) . )
insulin secretion

Blood insulin level Decreased insulin Normal or increased insulin
Islet cell changes
Clinical management

Acute complications

Insulitis, B-cell depletion No insulitis, later fibrosis of islets.
Insulin and diet Diet, exercise, oral drugs, insulin

Ketoacidosis Hyperosmolar coma

Table 1: Comparing type 1 and type 2 diabetes mellitus [28].
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Prevalence of diabetes for 2013

IDF Code Seven IDF regions (M-millions)
AFR Africa 20M
EUR Europe 56 M

MENA Middle East and North Africa 35M
NAC North America and Caribbean 37M
SACA South and Central America 24 M
SEA South East Asia 72M
WP West Pacific 138 M

Diabetic deaths under 60 years of age

Diabetic expenditure (USD) in 20 to 79

people in 2013 (%) years of age group (Billions)

76 4
28 147
50 14
38 263
44 26
55 6

44 88

Table 2: Diabetic prevalence, deaths and expenditure estimated from the data provided by 219 countries and territories for the year 2013 [4].

Top 10 Countries (millions)
1 China 98.4
2 India 65.1
3 USA 24.4
4 Brazil 11.9
5 Russian Federation 10.9
6 Mexico 8.7
7 Indonesia 8.5
8 Germany 7.6
9 Egypt 7.5
10 Japan 7.2

Diabetic people in 2013

Countries Diabetic people by 2035 (millions)
China 142.7
India 109
USA 29.7
Brazil 19.2
Mexico 15.7
Indonesia 141
Egypt 13.1
Pakistan 12.8
Turkey 11.8
Russian Federation 11.2

Table 3: Top 10 diabetic countries/ territories under 20-79 years of age group in 2013 and expected to be in 2035.

Diabetes Federation has predicted that the number of individuals with
diabetes will increase from 240 million in 2007 to 380 million in 2025
with 80% of the disease burden in low and middle-income countries

[6].

Modern lifestyle, advanced food habits, less physical work, mental
workloads and other parameters may be responsible for diabetes which
was seen in high income families. It is confirmed by a survey conducted
by IDF that, low income groups were having least diabetes prevalence
when compared to the groups of increased income groups.

It is expected to be the biggest economic burden of national health
services, families, social health services and countries to manage the
diabetes and its complications. For diabetes itself, it accounts 10.8%
of gross expenditure on health worldwide in 2013. 90 % of countries
were spent 5-18% of overall health expenditure for only to the diabetes
management. Expenditure on health involves spending by individual
diabetic people, families or health systems or government on diabetes
management.

Around 548 billion USD was spent on the management of diabetes
and its complications in 2013 all over the world. It may be even
projected to exceed 627 billion USD by 2035. In terms of International
Dollars (ID), the expenditure on diabetes management was estimated
581 billion ID in 2013 and 678 billion ID at 2035. It is estimated that,
an average of 1,437 USD (1,522 ID) was spent on diabetes management
globally per person in the year 2013.

It is unfortunate that the most diabetic prevalent regions were
spending less amount in treating diabetes and the proportion of deaths
due to diabetes in these regions were very high. It was found that,
highest diabetic mortality, i.e., 76% in Africa and 55% in South-East
Asia.

Ethnobotanical information indicates that more than 800 plants
are used as traditional remedies for the treatment of diabetes due to
their effectiveness, less side effects and low cost [7]. Plant extracts or
individual phytochemical or group of phytocehmical has exhibited the
many reactions or mechanisms to reduce the diabetes status. These

extracts decreased or increased or stimulates the number reactions to
reduce or minimize the risks of the diabetes in animal experiments. The
Tables 4 and 5 clearly indicated the different process are carried out
by plant extracts/ phytochemicals in reducing the problem of diabetes.
Based on these evidences conclude that, all the plant extracts reported
have nothad similar mechanisms ofaction and serving various processes
by inhibiting or increasing or stimulating to minimize the diabetes
in animals. The plant extracts have evidence that, they recovered the
various organs get affected of malfunctioned due to diabetes. The
extracts have ability to change in the structure and functions of affected
parts viz., regeneration of B-cells of pancreas, initiation of receptor
and ligand interactions in productions of insulin, activation of signal
transduction for production of insulin and reduction of blood glucose
level, initiation of number of liver enzymes for conversion of sugar into
various products or limiting the production of byproducts etc. Some
of the extracts have acted as insulin like activity or induce the activity
of insulin and some the extracts inhibited the activity of enzymes viz.,
a-amylase, a-glucosidase etc. The growth of herbal research in the
diabetes management of diabetes was increase from past 20 years. The
Asia stands first followed by Africa. The use of plant parts percent as
follows, leaves (35%) followed by whole plant (12%), fruits (13%), seed
(12%), root (9%), stem (8%), aerial (7%) and flower parts (2%).

Several studies have shown protection in body weight loss,
anti-diabetic activity [8,9], reduction in serum cholesterol, serum
triglyceride, total protein and blood urea [10] and recovery in liver
glycogen content.

Insulin is secreted in pancreatic f-cells in response to increase in
postprandial blood glucose level. Glucose seems to be the nutrient
responsible for insulin secretion and the process called glucose
stimulated insulin secretion[11]. Glucose transporters, GLUT1 allow
the glucose molecules to enter into the cells and start the first phase of
insulin secretion. Glucose-6-phosphate is phosphorylated from glucose
by glucokinase enzyme [12]. The generation of ATP by glycolysis, the
Krebs cycle and the respiratory chain close the ATP-sensitive K* channel
(KATP) [13], allowing sodium (Na*) entry without balance. These two
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Family Number of plants Family Number of plants Hypodoxiaceae 01 Ulmaceae 01
Acanthaceae 08 Liliaceae 04 Irvingiaceae 01 Umbelliferae 03
Achariaceae 01 Linaceae 01 Juglandaceae 01 Urticaceae 04
Acoraceae 01 Loganiaceae 06 Labiatae 05 Xanthorrhoeaceae 02
Actinidaceae 01 Loranthaceae 02 Lamiaceae 04 Zingiberaceae 06
Agavaceae 02 Lythraceae 05 Lauraceae 04 Zygophyllaceae 04
Aizoaceae 04 Palmaceae 01 Leguminosae 09
Alangiaceae 01 Papilionaceae 01 Note: total 419 plants from 133 families.
Alliaceae 01 Passifloraceae 01
. . Table 4: Number family plants were selected which were exhibited as antidiabetic
Apiaceae 03 Piperaceae 04 plants
Annoaceace 03 Malvaceae 05
Araceae 01 Melastomataceae 01 events depolarize the membrane and open voltage-dependent T-type
Araliaceae 04 Meliaceae 02 calcium (Ca**) and sodium (Na*) channels. Na* and Ca** entry further
Arecaceae 02 Menispermaceae 03 depolarizes the membrane and voltage-dependent calcium channels
Asteraceae 13 Moraceae 05 open. This activation increases intracellular Ca** ([Ca?*] i) [14], this
Amaranthaceae 05 Moringaceae 01 leads to the fusion of insulin containing secretory granules, plasma
Anacardiaceae 03 Melianthaceae 01 membrane in the first phase of secretion of insulin [15,16].
Apocynaceae 06 Mimosaceae 02 . . . ..
ey ; The intracellular glucose has been utilized by insulin in several ways.
Asclepidaceae 04 Molluginaceae 01 R . L. .. .
" . The increased level of insulin influences the activity of gluconeogenic
Balanitiaceae 01 Myricaceae 02 . L . .
. enzymes that results in the initiation of hepatic glycolysis. All types
Basellaceae 01 Myrsinaceae 01 . K . ! .
. of cells contain hexokinase. Hexokinase D or glucokinase is more
Berberidaceae 03 Myrtaceae o7 . A 3 . .
F— specific for glucose and differ with other forms of hexokinase in
Bignoniaceae 06 Musaceae 02 - A . . .
Bixaceae 01 Nyctaginaceae 03 kinetic and regulatory properties, which has been found in hepatocytes
[17]. Hexokinase plays a central role in the maintenance of glucose
Bombacaceae 05 Nymphaeaceae 03 L. Rk
: homeostasis, it catalyzes the conversion of glucose to glucose-6-
Boraginaceae 03 Oleaceae 04 . . K
. phosphate. Also, hexokinase is an important regulator of glucose
Brassicaceae 03 Onagraceae 01 ddi lin the li 18
Burseraceae 02 Orchidaceae 02 storage and disposal in the iver [18].
Caesalpiniaceae 04 Oxalidaceae 02 Second, insulin secreting phase is triggered by metabolic coupling
Campanulaceae 01 Pandanaceae 03 signals which are generated through the glucose metabolism apart from
Capparaceae 02 Papilionaceae 01 increasing in the ATP/ADP ratio. Metabolism and anaplerosis cycles
Capparidaceae 03 Phyllanthaceae 02 were processed by the participation of some coupling factors in the
Caricaeae 01 Piperaceae 04 mitochondria. This involves the NADPH, maleate, citrate, acyl-co-A,
Caryophyllaceae 02 Poaceae 02 pyruvate, glutamate and isocitrate [19]. Glucose induced secretion
Celastraceae 03 Polygalaceae 03 of insulin was also contributed by CAMKII and diverse signalling
Cecropiaceae 03 Polygonaceae 02 pathways [20,21], PKA [22,23], PKC [24,25] and yPKG [26,27]. Most
Chenopodiaceae 07 Polypodiaceae 01 secretagogues and insulin secretory potentiators, neurotransmitters,
Chrysobalanaceae 01 Portulacaceae 03 nutritive substances and hormones were come across in the modulation
Costaceae 03 Primulaceae 01 of insulin secretion through these pathways.
Combretaceae 10 Punicaceae 01 . . . .
Compositae 10 Rhamnaceae 02 The present review was .almed to role of .plants in diabetes
Convolvulaceae 06 Rhizophoraceae 02 ma.nagement .m—vztro flnd. in-vivo §0nd1t10ns was discussed in Tf\ble 4.
Crassulaceae 01 Rosaceae 10 Thl-S report gives a l?rlef information on plant extracts mechanism of
Crussulaceae 01 Rubiaceae 07 action in reducmg diabetes.
Cucurbitiaceae 06 Ranunculaceae 04 Materials and Methods
Cupressaceae 01 Rutaceae 02
Dilleniaceae 01 Salicaceae 01 Totally 419 plants belonging to 133 families information were
Ebenaceae 04 Salvadoraceae 03 collected and studied and based on family wise distinguished and made
Elaegnaceae 01 Sapindaceae 03 in tabulated form (Table 5). All the plants have possessed different
Equisetaceae 02 Sapotaceae 04 mechanisms of activities by increasing or decreasing or stimulation of
Eucommiaceae 01 Scrophulariaceae 02 reaction in diabetes management (Table 6).
Euphorbiaceae 07 Solanaceae 12 .
Fabaceae 14 Sterculiaceae 06 Conclusion
Fagaceae 01 Strelitziaceae 01 The data presented based on findings from different reports clearly
Flacourtiaceae 01 Symplocaceae 01 tells that the use and role of plant extracts or phytoechemicals in
Fomitopsidaceae 01 Tiliaceae 01 diabetes management by possessing different mechanisms. Only few
Geraniaceae 01 Theaceae 01 plants have shown the clear mechanism in in-vivo conditions and other
Gentianaceae 07 Thymelaeaceae 02 plants have shown only strong in in-vitro conditions. Hence, more
Hericiaceae 01 Verbenaceae 05 work has to be carried out to find solutions for management of diabetes
Hippocrateaceae 02 Violaceae 01 by using plant extracts. This review gives the a brief information on
Hypericaceae 01 Vitaceae 01

plants role in diabetes management.
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Increases

Decreases

Stimulation of reactions

Liver hexokinase

Adipogenes of 3T3-L1 cells

Activated the PKB by SV473 and thr 308 physphorylation

Pancreatic secretion of insulin from B-cells
of islets

Lipolysis in 3T3-4 adipocytes

Consumption of proinsulin to insulin

Spleen increase

a-amylase, a-gluvosidase, glutathione, glycogen

Sizes of B-cells of pancreas

Glyconeogenesis and gluconeogenesis

Absorption of glucose from Gastrointestinal tract

Liver ACC phosphorylation and muscle GLUT4

Blood urea

Aldose reductase activity

Activation of opioid p receptor of peripheral tissues

Glucose metabolism and uptake

Activity of disaccharides in the intestine

Expression of insulin receptor a subunit

Glycogen content

Blood glucose nitrogen

Insulin receptor substrate-1

High Density Lipoproteins Cholesterol
(HDL-C)

Bilirubin

Phosphotidylinositol 3 kinase (PI3K)

mRNA expansion of PPARa and PPARy

Glycosylated HbA1 level

Amino acids

Urine output and water intake

Glucose reabsorption

CYP through CYP2C9 and glutathione-S-transferase, insulin like effects
stimulates insulin secretion

Lipid profiles

Basal endogenous glucose

Blood hormone insulin and albumin level

Insulin secretion

Plasma thiobarbituric acid reactive substances

ATP sensitive potassium channel in pancreas B-cells

Fasting glucose level

Hydroperoxide and glucoplasmin

CYP1A2, CYP2C9, CYP2C19, CYP2D6, 3A4,

Liver  enzymes  SOD
Dismutase), catalase,
peroxidase (GPa)

(SuperOxide
Glutathione

Glycosylated haemoglobin

Pregnane X receptor

Insulin biding on insulin receptor

Serum alkaline phosphatase

GSK3 phosphorylation in L6 myotubes help for glycogen synthesis

Glycoxylase 1 activity in liver

Lucose tolerance level

Regeneration of B-cells

Creatinine kinase level in tissues

Food and water intake

Post-prandial blood glucose

Glucosylated hbA1c

Free radical formation in tissues

Restoring insulin level

Urea nitrogen

Glucose absorption in intestine

Protective function of heart

Peripheral glucose utilization

Monoaldehyde

Intiates the insulin release

Liver glycogen and serum insulin

Glycosylated Hb

Halt the oxidase stress and dylipidema

Free fatty acids

Malondialdehyde level in liver and tissues

Stimulates glycogemesis

Haemoglobin

Plasma lipid and insulin level

Insulin secretageogue activity

Melonyldialdehyde total protein

Plasma triglycerides-ALT, AST, aminotransferase
level

Effect of pancreas B-cells count

Glucose absorption

Blood glucose/serum glucose level

Tubular necrosis and mild fatty acid changes in kidney and liver

c-peptide level

Activities of glucose-6-phosphatase, fructose-6-
biphosphatase, total cholesterol and triglycerides,
lipid accumulation, in differentiated adipocytes

Liver enzymes activation (ALP, GPT, GGT, GOT etc)

cAMP in pancreas islets

CYP2C9, CYP2C19, CYP2D6, CYP3A4 and
glucose transporter (GLUT4)

Swelling and necrotic cells in pancreas

B-cells function and survive

LDL-C and high density lipoprotein cholesterol

Expression of homeostatin enzymes (glucokinase, glucose-6-
phosphatase, phosphophenol pyruvate carboxykinase, glucose-6-
phospate dehydrogenase, insulin Il

Glucose uptake in MAC-12 hepatocytes L6
myotubes

Serum creatinine

Protein kinase activation in liver and skeletal muscle

Serum glutamate oxaloacetate transaminase

(SGOT), SGPT (pyruvate)

Insulin like activity

Urea, uric acid

Stimulates muscle cells glucose and amino acid uptake

Activation of epinephrine on glucose metabolism

Glycation inhibitors

Urinary glucose

Neoglycogenesis

Table 5: Role of plant extracts and its phytochemicals in decrease or increase or stimulation of reactions for the management of diabetes through different process.
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Plant Name Extracts or.Act|ve Mechanism of action References
phytochemical
Primulaceae
. ; . Reduction in blood glucose, glycosylated hemoglobin, decrease in the activities
. . Flavonoids, alkaloids, terpenoids, . .
Aegiceras corniculatum (L.) Blanco ) : of glucose-6 phosphatase and fructose 1, 6-bisphosphatase and increase [29]
tannins and steroids - . .
activity of liver hexokinase
Arecaceae
Plant extract (arecaine and Reduction in blood glucose levels, pancreatic secretion of insulin from existing
Areca catechu X . [30]
arecoline) B-cells of islets
Chamaerops humilis L. Leaf extract Decreased plasm_a gluco_se level, increase in the weight, decreased total [31]
cholesterol and triglyecerides
Acanthaceae
Plant extracts (flavonoids,
Acanthus ilicifolius alkaloids, terpenoids, tannins, and 'Reduced the blood glucose level and better regeneration of B-cells [32]
steroids)
Plant extract (diterpenoid lactone | Increase glucose metabolism
] [33, 34]
andrographoloid)
Plant extract Reduced lipid accumulation in differentiated adipocytes. [35]

Glibenclamide, glimepiride,
glipizide, nateglinide,
rosiglitazone, pioglitazone,
repaglinide

Inhibit CYP2C9, CYP2C19, CYP2D6, CYP3A4 and glucose transporter (GLUT4)

[36, 37, 38]

Increase in glucose uptake, reduction in plasma glucose, plasma insulin, total
cholesterol, low density lipoprotein (LDL)-C triglyceride, glucose-6- phosphatase

major sesquiterpene lactone

Andrographis lineata Leaves extract and fructose -1, 6- bisphosphatase, glycogen content (liver and muscle), high [39]
density lipoprotein (HDL) cholesterol, hexokinase increased
Increase in glucose uptake, reduction in plasma glucose, plasma insulin, total
. . cholesterol, low density lipoprotein (LDL)-C triglyceride, glucose-6- phosphatase
Andrographis serphylifolia Leaves extract and fructose -1, 6- bisphosphatase levels, glycogen content (liver and muscle), (39]
high density lipoprotein (HDL) cholesterol, hexokinase increased
Asystasia gangetica Leaves extract a-glucosidase and a-amylase enzyme inhibition [40]
Acanthus ilicifolius Root extract Decreased blood glucose levels and better regeneration of B-cells [32]
Barleria montana Leaves extract Reduction of blood glucose levels [41]
Graptophyllum pictum Purple leaves extract Reducing blood glucose levels [42]
Rhizophoraceae
Cen'op s roxburghiana or Plant extract Insulin-stimulatory effect [43]
Ceriops decandra
. . Decreased total cholesterol, triglycerides, VLDL and LDL with increase in HDL,
Bruguiera gymnorrhiza Plant extract A . A [44]
having a protective function for the heart
Annoaceace
Anemarrhe:na Rhizome extract Reduced blood glucose levels [45]
asphodeloids
Fasting plasma glucose, serum insulin levels, serum lipid profiles, changes in
Plant extract body weight, liver glycogen and pancreatic TBARS [46]
Plant extract Reducef:l the' Ievel§ gf blood glucose, lipids and lipid peroxidation, increased the [47]
Annona squamosa plasma insulin activities
Leaves extract (acetogenins- Hypoglycemic and antihyperglycemic activities, increased plasma insulin level
squamosin B, squamosamide, ypogly ypergly ’ P [46]
reticulatain-2, isosquamosin)
) o Stem bark extract Antihyperglycemic activity [48]
Polyalthia longifolia - o -
Leaves extract a-amylase and a-glucosidase enzymes inhibitory activity [49]
Asteraceae
Artemisia pallens Aerial part extract (germacranolide) Blood glucose lowering and moderate hypoglycaemic effect [50]
Reduced the glucose levels, cholesterol, triglycerides, low density lipoproteins
Artemisia amvadalina Plant extracts (LDL), serum creatinine, serum glutamate pyruvate transaminase (SGPT), 51]
Vg serum glutamate oxaloacetate transaminase (SGOT) and alkaline phosphatise
(ALP) and regenerative/protective effect on B-cells of pancreas
28Nor-22(R)Witha 2,6,23-trienolid ' Reduced the blood glucose levels and restoring the insulin levels [2]
Elephantopus scaber 5 -
Root and leaves extract Regeneration of islet B-cells [52]
caffeic, chlorogenic and three
Smallanthus sonchifolius dicaffeoilquinic acids, enhydrin, the Reduce the post-prandial glucose [53]
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acacetin-6-C-(600-acetyl-
b-D-glucopyranoside)-8-C-
a-L-arabinopyranoside (5)
Achillea fragrantissima (Forsk.) gl)on:ngr? d\g:tghfg::llli(lz]:s\q’:rol ) Delay the absorption of ingested carbohydrates, reducing the postprandial [54]

Sch. Bip glucose and most significant a-glucosidase inhibitory activity

quercetin-3,6,7-trimethyl ether
(chrysosplenol-

D) (2), isovitexin-40-methyl ether
(3) and isovitexin (4)

Flavonoids such as luteolin,
quercetin, cosmosiin, hyperoside
Achillea santolina L. and cynaroside, terpenoids. Inhibition of a-amylase and a-glucosidase [55, 56]
Essential oil (1,8-cineole, fragranol,
fragranyl acetate and terpin-4-ol)

terpenoids, flavonoids and

Ambrosia maritima L. . Blood glucose level reduced, change on post-prandial blood glucose [57]
coumarins
Eudesmane sesquiterpene,
Varthemia iphionoides Boiss and | flavonoids: jaceidine, Inhibitory activity of pancreas a-amylase, decreased the blood glucose levels 58]
Blanche kumatakenine, xanthomicrol, seven and hypoglycaemic activity

3-methoxyflavones. essential oil

Reduction in plasma glucose, HbA1(C), cholesterol, triglycerides, LDL, VLDL,
Vernonia anthelmintica Seeds extract free fatty acids, phospholipids and HMG-CoA reductase, plasma insulin, protein, [59]
HDL and hepatic glycogen

Creatinine concentration and glucose levels decreased, liver enzymes such as

Silybum marianum Plant extract aspartate aminotransferase (AST), alanine aminotransferase (ALT) reduced

[60]

Blood glucose and urine sugar lowered, body weight found to be highly
Caledula officinalis Plant extract significant, normal levels of blood glucose, urine sugar and serum lipid, [61]
increases the total haemoglobin level

Rise of serum insulin levels and reduction in hyperglycemia or hyperlipidemia

Stevia rebaudiana Leaves extract and increase the m-RNAs expansion of PPARa and PPARYy, recovery of B-cells 162]
Root extract (alkaloids, flavonoids, -
Anacyclus pyrethrum phytosteroids and also glycosides) a-amylase inhibitory effect [63]
Strelitziaceae
Ravenala N Leaves extract Reducing the blood glucose levels [64]
madagascariensis Sonn
Alliaceae
Garlic extract Hypoglycaemic and hypolipidaemic activity [65]
Garlic extract Lowered serum g!ucose, cholesterol and triglyceride levels, increased the urine [66]
i . output and water intake
Allium sativum L blood di livid profile. d |
Rhizome extract owers blood pressure and improves lipid profile, decreases serum glucose, 67]
triglycerides, cholesterol, urea, uric acid, increases serum insulin levels
Plant extract Inhibition glycogen-metabolizing enzymes [68]
Meliaceae
Azadirachtin and nimbin Improves perlph(_aral glucose uptake by inhibiting action of epinephrine on 69]
glucose metabolism
Azadirachta indica A.Juss L_eav_es ext_ract (nimbidin, nimbin, Glycogenolytic effect due to epinephrine action was blocked [70]
nimbidol, nimbosterol)
Plant extract Increasing insulin secretion from B-cells of pancreas [68]
Trichilia emetica Extract of flavonoid-rich fractions | Antihyperglycemia, antilipidemia and antihypertensive activities [71]
Palmaceae
Areca catechu L. Plant extract Reducing and normalizing the elevated fasting blood glucose levels ‘[72]
Basellaceae
Leaves extract Fasting blood glucose levels reduced [73]
Basella rubra L. Leaves extract Decrease in blood sugar level and increased level of liver enzymatic Super [74]
Oxide Dismutase (SOD), Catalase (CAT), Glutathione peroxidase (GPx))
Bixaceae
Bixa orellana L. Plant extract (oleo-resin) Increase plasma insulin level and insulin binding on insulin receptor ‘[75]

Melianthaceae

Decrease in BG (blood glucose), TG (triglycerides), TC (total cholesterol) and
Leaf extract increase in LDL-C (low density lipoprotein cholesterol), HDL-C (high density [76]

Bersama engleriana Gurke lipoprotein cholesterol) level

Leaves extract Reduced the blood glucose level [77]

Leguminosae

Reductions in plasma glucose, triglycerides, total cholesterol and HDL-

Plant extract cholesterol

[78]

Bauhinia forficate . - - PR
Reduction in serum and urinary glucose, urinary urea and inhibition of

Decoction ’
neoglycogenesis

[79]
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xylitol)

decreased
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Acacia arabica Willd Seed (arabin) Initiate release of insulin [80]
Glycerrhiza glabra Linn. Root ext're'lct (triterpenoid, saponin, Lowers plasma glucose level [81]
glycerrhizin)
Seed extract Decrease blood glucose concentration [82]
Trigonella foenum graceum i ivity in li i i i
g9 g Plant extract I_ncreaSIng the glyoxalase 1 activity in liver and the creatine kinase levels in 68]
tissues
Glycyrrhizae uralensis ;‘Z t;i;:nd penta-O-galloyl-3-D- 510t aidose reductase inhibitory activities [83]
Cyamopsis tetragonolobus Plant extract Increa_smg g_lucose utilization, reduction in absorption of glucose from 68]
gastrointestinal tract
Oxalidaceae
Lowered blood glucose and triglyceride concentrations, change in the total
o Leaf extract cholesterol and HDL—cholesterol, no difference in liver thiobarbituric acid [84]
Averrhoa bilimbi L. reactive substances (TBARS) and cytochrome P, values
Leaf extract Increase serum insulin level [85, 86]
Biophytum sensitivum Amentoflavone Insulotrophic effects i.e. improvement in synthesis and release of insulin from the 87]
B-cells of Langerhans
Amaranthaceae
Phenolics and betacyanins Pancreatic regeneration and antihyperlipidemic activity [88]
Beta vulgaris Repairs damaged B-cells, increases insulin levels, enhance the sensitivity of
Plant extract insulin, inhibit glucose, oxidase and glucose absorption and suppresses the [89]
activity of disaccharides in the intestine
Achyranthus aspera L Plant extract Decrease blood sugar [90]
Amaranthus spinosus Linn. Plant extract Loweljed _the plasma and hepatic lipids, urea, creatinine levels and lipid [91]
peroxidation
Amaranthus caudatus, Amaranthus Serum cholesterol, serum triglyceride, high density lipoprotein, low density
. . Plant extract : ] [92]
spinosus and Amaranthus viridis lipoprotein
Reduce the blood glucose level, lipid profile, increase body weight and reduce
. . serum glutamate-oxaloacetate transaminase (SGOT), serum glutamate-pyruvate
Aerva lanata Linn Juss Aerial parts extract transaminase (SGPT), creatinine, alkaline phosphatase (ALP), blood urea (93]
nitrogen (BUN) and total bilirubin to normal level
Compositae
Atractylode japonica Rhizome extract (three glycans, Significant hypoglycemic actions [94]
Y Jap atractans A, B and C) 9 ypogly
Reduced glucose levels in diabetic rats. Cholesterol, triglycerides, low density
. . lipoproteins (LDL), serum creatinine, serum glutamate pyruvate transaminase
Artemisia amygdalina Plant extracts (SGPT), serum glutamate oxaloacetate transaminase (SGOT), and alkaline (51]
phosphatise (ALP) reduced
. . . Decreased blood glucose and increased serum insulin levels, improved glucose
Bidens pilosa Aerial parts extract, tolerance, decreased HbA1C levels and protected islet structure [99]
Lactuca indica Lactucain A, B and C Lowering of plasma glucose [96]
Eclipta alba Linn. Leaves extract (cliptin alkaloid) Decrease activity of glucose-6-phosphatase and fructose-1-6, bisphasphatase [97]
Gynura procumbens Leaves extract Lowers plasma glucose level [98]
Xanthium strumarium Frults_ extrgct, Phenolic compound Increase glucose utilization [99]
,caffeic acid
Tridax procumbens Plant extract Blood glucose reduction and hypoglycemic activities [100]
Sphaeranthus hirtus Willd Plant extract Fasting plasma glucosg, serum |n51_JI|n, serum_llpld profl_les, magnesium levels, [101]
glycosylated hemoglobin, changes in body weight and liver glycogen levels
. . Aerial parts (acacetin-6-C-(600-
Achllleg fragrantissima (Forssk.) acetyl-b-D-glucopyranoside)-8-C-  a-glucosidase inhibitory activity [54]
Sch. Bip. ) )
a-L-arabinopyranoside)
Caryophyllaceae
Spergularia purpurea (Pers.) Plant extract Decrease in blood glucose levels, potent inhibitory effect on basal endogenous [102]
G.Don. Fil glucose production
Paronychia argentea Plant extract a- amylase inhibitory activity [103]
Myrsinacea4
Maesa indica Stem bark extract Reduction in blood glucose level,a- glucosidase inhibition activity [104]
Salicaceae
Reduction in plasma thiobarbituric acid reactive substances (TBARS),
Root extract hydroperoxide and ceruloplasmin and elevation in plasma reduced glutathione  |[105]
) (GSH), ascorbic acid (vitamin C) and a-tocopherol (vitamin E)
Casearia esculenta Total cholesterol, triglyceride, free fatty acid and phospholipid (LDL-C and
. otal cholesterol, triglyceride, free fatty acid and phospholipi -C an
Root extract (3-hydroxymethy! VLDL-C in plasma) levels,increased in plasma and tissues, the plasma HDL-C  [106]

Pandanaceae
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fructose-1, 6-bisphosphatase, decreased plasma glucose and HbA1c and insulin
and Hb levels
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Flavonoid extract Increased secretion of insulin [107]
Pandanus fascicularis Lamk Ca_rbohydrat(_-)s, prote?ns, amino . [108]
acids, saponins, tannins, phenolic |Reduced blood glucose level
compounds, alkaloids & flavonoids
4-hydroxybenzoic acid Hypoglycemic effect and increased serum insulin and liver glycogen content 109
Pandanus odorus v Y yPOogy geog f109]
Root extract Decrease plasma glucose level [110]
Pandanus odoratissimus Root extract Reduce the !ncreased l_)lood glucose, reduce the increased blood urea, inhibit [111]
the body weight reduction
Nyctaginaceae
Plant extract Reduction of glycosylated haemoglobin anq increase in total haemoglobin level [112]
L and glucose-6-phosphatase, fructose-1,6-bisphosphatase decreased
Boerhavia diffusa - - - — -
Leaves and plant extract (alkaloid |Increase in hexokinase activity,decrease in glucose-6-phosphatase and fructose [113]
punarnavaine, punarnavoside) bis-phosphatase activity, increase plasma insulin
. . . Reduced the total cholesterol, triglyceride and Low-Density Lipoprotein
. AIka!mds, ﬂavc_)nmds, saponins & Cholesterol (LDLCholesterol), increased the High-Density Lipoprotein [114]
Bougainvillea glab