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ABSTRACT 

Management of diabetes mellitus is a challenge for clinicians. Uncontrolled hyperglycemia increases the risk of microvascular and 
macrovascular complications, damaging the body systems. Although a number of antidiabetic drugs are available for therapeutic 
intervention, toxicity, loss of efficacy in chronic use and high cost of treatment have necessitated the search for new molecules to manage 
diabetes. Safety and cost are the main prerequisite for the new antidiabetic molecules. Medicinal plants and their purified phytochemicals 
have shown promising antidiabetic potential in the past few years. The current review summarizes the antidiabetic activity of alkaloids, 
phenols, flavonoids, saponins, polysaccharides, terpenoids, glycosides and xanthones isolated from medicinal plants. 
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INTRODUCTION 

Diabetes mellitus (DM) is the world‘s fastest growing 

metabolic disorder, characterized by hyperglycemia, altered 

metabolism of lipids, carbohydrates and proteins.
1,2

 DM is a 

global public health threat and is listed as the third major 

―killer‖ of mankind, along with cancer and cardiovascular 

diseases.
3 Its prevalence among adults aged 20–70 years is 

expected to rise from 285 million in 2010 to 438 million by the 

year 2030.
4
 Asian countries contribute more than 60% of the 

world‘s diabetic population, with China and India sharing the 

major burden.
5 

Recent estimates have shown that 90 million 

Chinese people are currently living with diabetes and 1.3 

million died due to the disease in 2011.
6
 Prevalence estimates of 

DM and impaired glucose tolerance (IGT) are high for all Asian 

countries and are expected to increase further in the next two 

decades.
7
  

DM is broadly divided into Type1 (T1DM) and Type 2 

(T2DM), the latter being the most prevalent form. T1DM is 

commonly seen in juveniles, and is characterized by failure to 

produce insulin due to autoimmune destruction of β-cells of the 

pancreas, while T2DM is usually adult-onset and is associated 

with insufficient production of insulin and loss of 

responsiveness by cells to insulin.
8-9

 
 

Effective blood glucose control is the key to preventing or 

reversing diabetic complications and improving quality-of-life 

in diabetic patients. Controlled hyperglycemia decreases the risk 

of developing microvascular and macrovascular complications 

and better diabetes management .Until the discovery of insulin 

in the 1920s, nutritional therapy was the only available remedy 

for treating diabetes. The discovery of insulin revolutionized 

diabetes care and this hormone is currently the drug of choice 

for patients with TIDM and T2DM. Apart from insulin, several 

types of glucose-lowering drugs, including insulin 

secretagogues (sulfonylureas, meglitinides), insulin sensitizers 

(biguanides, metformin, thiazolidinediones) and α-glucosidase 

inhibitors (miglitol, acarbose) have been developed.
10

 New 

peptide analogs, such as exenatide, liraglutide and dipeptidyl 

peptidase (DPP)-4 inhibitors, increase serum concentration of 

glucagon-like peptide (GLP-1) and slow down gastric 

emptying.
11

 Most glucose-lowering drugs have side effects, 

including severe hypoglycemia, lactic acidosis, idiosyncratic 

liver cell injury, permanent neurological deficit, digestive 

discomfort, headache and dizziness. 

The side effects associated with the prolonged use of present 

day antidiabetic drugs have necessitated the demand for safe 

and effective drugs, especially those of herbal origin.
12,13 

Different traditional medicinal systems use crude plant extracts 

or their active constituents for management of diabetes. Herbal 
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drugs are generally considered safe compared with synthetic 

drugs and are relatively cheap and popular.
14

 Furthermore, after 

a recommendation made by the World Health Organization 

(WHO) on the use of herbs in the management of DM, 

investigations into antidiabetic agents from medicinal plants 

have become more important.
15

 It is estimated that more than 

800 plant species having hypoglycemic activity have been 

reported across the globe,
16,17

 and more than 450 plants have 

been experimentally tested.
18

 A number of papers have been 

published on the isolation, purification and characterization of 

active antidiabetic constituents from medicinal plants. A 

number of reviews on antidiabetic agents from plants have been 

published in past few years.
19-22

 Phytochemicals such as 

alkaloids, saponins, terpenoids, glycosides, flavonoids, etc., 

with potential antidiabetic activity have been reported by a 

number of research groups. The present review discusses 

different antidiabetic molecules isolated from plants. The 

structure of reported phytochemicals has been included along 

with discussion about their potency in antidiabetic therapy.  

ANTIDIABETIC PHYTOCHEMICALS 

The chemical diversity of natural products is complementary 

to the diversity found in synthetic libraries. However, natural 

products are more complex and have a greater diversity due to 

the long evolutionary selection process. Therefore, strategies to 

exploit natural sources and to develop methodologies for the 

preparation of natural products, as with synthetic libraries, by 

combinatorial biosynthesis and related techniques are possible.
23

 

As current therapeutic agents are becoming ineffective largely 

due to indiscriminate use, plant-derived drugs are gaining 

acceptance across the globe, especially in the western world.
24

 

The ancient Indian Ayurvedic System of Medicine lists vast 

resources of herbal drugs. Information on medicinal plants in 

India, China and the rest of the world has been systematically 

organized.
25-27

 
 

More than 13,000 secondary metabolites have been isolated 

from the medicinal plants.
28

 The secondary metabolites serve as 

defense molecules or perform specialized functions in plants. 

These secondary metabolites possess medicinal properties, 

including antidiabetic activity. Alkaloids, phenolics, terpenoids, 

flavonoids, saponins, xanthones, polysaccharides and other 

compounds have been reported to have antidiabetic activity.  

1. ALKALOIDS 

Alkaloids are naturally occuring nitrogenous organic 

molecules with pharmacological effects on humans and other 

animals. Alkaloids are recognized as a major class of 

phytochemicals due to their structural diversity and wide variety 

of biological activities.
29

 The first medicinally useful alkaloid 

was morphine, isolated in 1805 from the poppy plant Papaver 

somniferum Linn.
30

 Use of plant alkaloids in the management of 

diabetes has been reported. Berberine promoted glucose-

stimulated insulin secretion in a dose-dependent manner in rats‘ 

pancreatic islets, probably via a pathway involving hepatic 

nuclear factor 4α, which is distinct from sulphonylureas.
31

 

Details of antidiabetic alkaloids isolated from medicinal plants 

are given in Table 1 and the structure of some of the compounds 

is given in Figure 1. 

Kinenoside from the methanol extract of whole plant of 

Anoectochilus roxburghii exhibited potential lipid lowering 

activity in rats at a dose of 15mg/kgbw. Inhibition of α-

glucosidase activity by Schulzeines from seeds of Penares 

schulzei and Radicamines form Lobelia chinensis possess 

further scope for potential drug development possibilities.   

2. PHENOLICS 

Phenolic compounds are known to interact with proteins and 

inhibit enzymatic activity.
32,33

 Food-grade phenols from dietary 

plant extracts that inhibit α-amylase activity are potentially safe, 

and therefore may be a preferred alternative for modulation of 

carbohydrate digestion and control of the glycemic index of 

food products. Details of phenolics exhibiting antidiabetic 

activity are given in Table 2 and the structure of some of the 

compounds is presented in Figure 2. 

Increase in glucose uptake by Chlorogenic acid isolated form 

stem of Cecropia obtusifolia in 3T3-L1 adipocytes may be 

potentially explored for antidiabetic potential, especially in type 

2 diabetes. Anacardic acid form Anacardium occidentale also 

enhanced glucose uptake in C2C12 myotubes. Inhibition in α-

glucosidase activity also been reported from Cuscuta reflexa, 

Hyssopus officinalis and Terminalia sericea. 

3. TRITERPENES  

A large number of studies have been carried out into the 

antidiabetic activity of terpenoids of plant origin. A new 

cycloartane triterpene (23-oxo-3α-hydroxycycloart-24-en-26-

oic acid) isolated from an ethanol extract of Larix laricina K. 

Koch (Pinaceae) bark showed strong enhanced adipogenesis in 

3T3-L1 cells with an EC50 of 7.7 μM and was therefore reported 

to have putative antidiabetic activity.
34

 An acycloartane-type 

triterpene isolated from the methanol extract of Krameria 

pauciflora roots showed antidiabetic activity in rats at doses of 

3, 10, 30, and 100 mg/kgbw.
35

 A number of triterpenes 

exhibiting antidiabetic activity are listed in Table 3, and the 

structures of some of these compounds are provided in Figure 3. 

Palbinone form stem of Paeonia suffruticosa Increase 

glucose uptake and enhance glycogen synthesis by activating 

AMPK in Hep G2 Cells. Stimulation of insulin secretion as 

possible mechanism of antidiabetic activity has also been 

reported from Scoparia dulcis and Stevia rebaudiana. 

4. FLAVONOIDS 

The flavonoids are polyphenolic compounds possessing 15 

carbon atoms; two benzene rings joined by a linear three-carbon 

chain. Flavonoids show a wide variety of activities, including 

anti-hyperglycemic activity.
36-37

 Numerous studies on the 

antidiabetic potential of flavonoids from plants have been 

published.
38-39 Quercetin regenerated pancreatic islets and 

increased insulin secretion in streptozotocin (STZ)-induced 

diabetic rats.40 It has also been found to stimulate insulin 

release and enhance glucose uptake from isolated islet cells.
41,42
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Intraperitoneal administration of prunin (naringenin 7-O-β-D-

glucoside) produced significant hypoglycemic effects in 

diabetic rats.
43

 Details of flavonoids exhibiting antidiabetic 

activity are provided in Table 4 and the structure of some of the 

compounds is presented in Figure 4. 

Kaempferol glycosides from Cinnamomum osmophloeum 

exhibited insulin like properties and stimulated glucose uptake 

in   3T3-L1 adipocytes cell line. Phytochemicals from  

Tetracera scandens increased and induced GLUT4 and GLUT1 

mRNA expression levels and enhanced uptake of glucose.  

5. SAPONINS 

Saponins are glycosylated compounds widely distributed in 

the plant kingdom and can be divided into three major groups; 

triterpenoid, steroid, or a steroidal glycoalkaloid. Saponins 

isolated from leaves of Acanthopanax senticosus (Rupr. and 

Maxim) decreased hyperglycemia induced by adrenaline, 

glucose and alloxan. A number of saponins exhibiting 

antidiabetic activity are listed in Table 5, along with the 

structures of some of these compounds (Figure 5). 

Increase in insulin secretion has been reported from saponins 

or plant extracts enriched with saponins.  Plants with potential 

insulin secretary activities are Gymnema sylvestre, Gynostemma 

pentaphyllum and Panax ginseng. 

6. GLYCOSIDES 

Plant glycosides are molecules in which a sugar is bound to 

a non-carbohydrate moiety. Glycosides play various important 

roles in living organisms. Many plants store chemicals in the 

form of inactive glycosides that undergo enzyme hydrolysis to 
yield a non-sugar moiety available for physiological action.

44
 

Many such plant glycosides possess medicinal properties, 

including antidiabetic activity. A new stearoyl glucoside of 

ursolic acid, urs-12-en-3β-ol-28-oic acid 3β-D-glucopyranosyl-

4'-octadecanoate, isolated from the leaves of Lantana camara L. 

showed significant reduction in blood glucose levels in STZ-

induced diabetic rats.
45

 Details of antidiabetic glycosides 

isolated from medicinal plants are given in Table 6 and the 

structures of some of the compounds are given in Figure 6). 

Casuarine 6-O--glucoside from Syzygium malaccense and 

Salacinol from Salacia reticulatea showed -glucosidase 

inhibitory activity in animal models.  

 7. XANTHONES 

Xanthones are polyphenol compounds, biosynthetically 

related to the flavonoids. The xanthone backbone consists of 

two benzene rings attached through a carbonyl group. The 

unique backbone along with type and position of the attached 

chemical groups defines the specific properties of xanthones. 

Xanthones are reported to have numerous bioactive properties, 

including antidiabetic activity. Methyl xanthenes isolated from 

chloroform, ethylaccetate and n-butonal extracts of Ilex 

paraguariensis have been reported to have anti-hyperglycemic 

potential, be able to improve diabetic status and are probably a 

source of multiple hypoglycemic compounds.
46

 Xanthones with 

potential antidiabetic activity are listed in Table 7 and their 

structures are given in Figure 7a. 

8. POLYSACCHARIDES 

Polysaccharides are the most abundant natural products 

produced by plants. Polysaccharides are well recognized for 

their importance in our food. Polysaccharides reduce the level 

of blood cholesterol, regulate flow through the body and reduce 

uptake of glucose from intestines. Some of the polysaccharides 

showing antidiabetic activity are listed in Table 8. 

Although no mechanism of hypoglycemic activity of 

polyschhrides has been reported, possibly the intake of complex 

polyscahhrides compared to simpler ones is known to show 

glucose lowering effect.  

9. OTHER COMPOUNDS  

Some phytochemicals (Figure 8), which could not be covered 

in above classification have been reported to possess 

antidiabetic activity. Five new gallotannins, maplexins A–E, 

isolated from Acer rubrum (red maple) stems showed 20-fold 

greater α-glucosidase inhibitory activity than acarbose.
47

 

Dehydrodieugenol and dehydrodieugenol B isolated from 

flower bud ethanol extracts of Syzygium aromaticum were 

reported to have potent peroxisome proliferator-activated 

receptor (PPAR)-γ ligand-binding activities and significantly 

suppressed the increase in blood glucose level in type 2 diabetic 

KK-A(y) mice.
48

 Licochalcone E aretrochalcone isolated from 

the root of Glycyrrhiza inflata lowered blood glucose levels and 

serum triglyceride levels in diabetic mice and showed weak but 

significant PPARγ ligand-binding activity.
49

  Details of these 

compounds are provided in Table 9. 

CONCLUSION 

In order to check the prevalence of this alarming health 

problem, there is the utmost need for potential antidiabetic drug 

leads. Therapies developed along the principles of allopathic 

medicines are often limited in efficacy, carry the risk of adverse 

effects and are too costly during long treatment regimens. 

Therefore, discovering novel antidiabetic molecules of herbal 

origin with low cost, easy accessibility and high safety indexes 

is an exciting area of research.  

The medicinal plant, Galega officinalis provided the first lead 

antidiabetic compound that led to the development of 

metformin, one of the widely prescribed antidiabetic drugs. 

Large numbers of articles are published every year on plant-

based medicines. NCBI‘s ‗Pub Med‘ literature survey showed 

that 317 articles were published on the antidiabetic activity of 

medicinal plants in 2011, advocating use of herbs in the 

management of diabetes. The current review compiled data 

regarding the antidiabetic plants and their active 

phytochemicals. Opuntia streptacantha Lem, Trigonella foenum 

graecum Linn, Momordica charantia Linn, Ficus bengalensis 

Linn, Polygala senega Linn, Gymnema sylvestre R and 

Pterocarpus marsupium Roxburgh plants are reported to 

possess potential hypoglycemic/antidiabetic activity. A number 

of phytochemicals have been isolated from the medicinal plants 

exhibiting antidiabetic activity. Many of these phytochemicals 

have shown hypoglycemic/antidiabetic activity equal and 

sometimes even more potent than currently used drugs. In this 
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review an attempt has been made to categorize these 

antidiabetic phytochemicals into alkaloids, terpenoids, saponins, 

flavonoids, phenolics, glycosides, xanthones and 

polysaccharides. In vitro and in vivo activity of these 

phytochemicals along with effective concentration/dose and 

possible mechanism of action have been documented in the 

review. The literature showed that antidiabetic compounds have 

been reported from a variety of chemical groups. Alkaloids (11-

hydroxypalmatine, kinsenoside, pongamol) phenolics 

(protocatechuic acid, mullberroside A), terpenoids (betulin, 

lupeol, epicatechin), flavonoids (6-hydroxy-flavonoids, 6-

hydroxyapigenin), saponins (phanoside, momordicin), 

polysacchrides (anthocyanin), and other compounds such as γ-

sitosterol, cinnamaldehyde, and achyrofuran have been 

identified as the proming antidiabetic molecules. 

Therefore, considering the promising potential of 

phytochemicals in antidiabetic drug development, large-scale 

clinical trials are required for efficacy and safety evaluation of 

these compounds. The antidiabetic phytochemicals may also be 

used in combination with existing drugs. The combination 

therapy may reduce the dose of synthetic antidiabetic drugs and 

help in addressing the toxicity and cost-related issues in chronic 

use during the management of diabetes. 
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