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Abstract: Diabetes mellitus (DM), a group of chronic metabolic disorders characterized by hyperglycemia resulting from
defects in insulin action and/or insulin secretion. It represents one of the main contributors to ill health and premature mortality
worldwide and its prevalence has been rising during the last decades. Unfortunately, many antidiabetic agents for diabetes either
have inadequate efficacy or significant mechanism-based side effects. A great deal of interest has been developed to the various
natural bioactive compounds isolated and characterized from medicinal plants. This review focuses specifically on four nature
phytochemicals such as polysaccharides, flavonoids, saponins and alkaloids whose properties are potencial to antidiabetic
remedy.
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1. Introduction
Diabetes mellitus (DM) is a metabolic disorder which is
characterized by the presence of persistent hyperglycemia
due to defective insulin secretion, insulin action, or both [1].
Symptoms of high blood sugar include increased thirst,
frequent urination and increased hunger [2]. Over time,
diabetes can damage the heart, eyes, blood vessels, kidneys,
and nerves. Furthermore, hyperglycemia can stimulate
oxidative stress by the autoxidation of glucose in the
presence of transition metals as well as the generation of
reactive oxygen species (ROS) during the process of
glycation, and also can induce vascular injury through
complex overlapping pathways, formation of advanced
glycation end products, activation of protein kinase C and
generation of ROS [3]. The number of people with diabetes
in the world has risen from 108 million in 1980 to 422
million in 2014 [4], with more than 80% of these deaths
occurring in underdeveloped and developing countries [5].

The World Diabetes Foundation estimates that there will be
438 million people with diabetes by the year 2030. Type 2
diabetes mellitus is the most common form of diabetes
comprising of 90% to 95% of all diabetes cases [6]. It is
strongly influenced by the complex interplay of genetic
determinants of individual susceptibility and environmental
factors, including lifestyle, eating behaviour, and physical
activity [7]. The global diabetes market featuring insulin
products is worth $20.8 billion in the recent times, including
administration and diagnostic devices. Monitoring devices
and other related equipment are established with an
investment of $13.5 billion. Global market for diabetes
therapies and diagnostics is to be worth $51.2 billion in 2015.
The current synthetic agents for type 2 diabetes have their
own characteristics and advantages on the hypoglycemic
mechanism of controlling sugar, like sulfonylurea stimulating
insulin release by pancreatic beta cells by inhibiting the
ATP-sensitive potassium (channel [8], biguanides acting on
the liver to reduce gluconeogenesis and causing a decrease in

24

Ming-jun Chen et al.: Phytochemicals for Non-insulin Diabetes Mellitus: A Minireview on Plant-Derived
Compounds Hypoglycemic Activity

insulin resistance via increasing AMP-activated protein
kinase (AMPK) signaling [9]. Alpha-glucosidase inhibitors
reducing glucose absorbance by acting on small intestine to
cause decrease in production of enzymes needed to digest
carbohydrates, thiazolidinediones reducing insulin resistance
by activating peroxisome proliferator-activated receptor-γ
(PPAR-γ) in fat and muscle, etc. [10]. But these drugs are
expensive, scarce especially in rural areas and can’t improve
other body's functions especially having certain side effects
and even toxicity [11]. So, alternativing approaches to
diabetes management such as isolation of phytochemicals
with hypoglycemic activities from medicinal plants is
therefore imperative. Current understanding is almostly
based on the majority of data provided by in vitro and in vivo
animal studies. However, these data cannot be extrapolated
into the human setting without reliable human data which is
warranted given the strong evidence of potential effects.
Research had shown that some natural phytochemicals like
polysaccharides, flavonoids, saponins and alkaloids have
hypoglycemic effects.

2. Natural Hypoglycemic Substances
2.1. Polysaccharides
Polysaccharides are polymeric carbohydrate molecules
composed of long chains of monosaccharide units bound
together by glycosidic linkages. They are abundant in plants
and the source of all biological energy [12]. Recently,
polysaccharides have aroused great attention for their unique
bioactivities and chemical structures. A variety of useful
bioactivities, such as anti-aging, antioxidant, anti-tumor,
anti-inflammatory, hypolipidemic and hypoglycemic
properties have been reported [13]. Polysaccharides of plants,
fungi, algae, animals and bacteria have shown anti-diabetic
properties in vivo and in vitro experiments by alleviating β-cell
dysfunction in addtion to eliciting other anti-diabetic activities
[14]. Levan polysaccharide is effective in the protection of
liver, kidney, pancreas and heart tissue from the damage of
alloxan-induced diabetic rats [15]. Moreover, polysaccharide
from Acacia tortilis is also devoid of adverse effect like
constipation, reduced high-density lipoprotein cholesterol,
increased serum glutamic pyruvate transaminase for which
acarbose is criticized clinically [16].
2.2. Flavonoids
Flavonoids are a subdivision of polyphenols that are highly
present in fruits, vegetables, nuts, seeds, stem, flowers, tea,
and the most ubiquitous part of plant constituents [17].
Chemically, flavonoids have the general structure of a
15-carbon skeleton, which consists of two phenyl rings and
heterocyclic ring. Flavonoids include chalcones, flavanones
and their derivatives [18]. It is important antioxidants and
promotes several health effects. In recent years various
approaches have been made to utilize the flavonoids in animal
model to by incorporating few novel methods to improve its
antidiabetic propert. Flavonoids in diabetes usually alternate

the diabetes treatment by reducing the aldose rudctase,
regenerating the pancreatic cells, enhancing insulin release
and incresing calcium ion uptake [19]. The role flavonoids are
quite important in fighting with the complications of diabetes
mellitus than any other method of treatment [20]. Also,
flavonoid stimulated glycogen synthesis in rat soleus muscle
through mechanisms well known to insulin signal
transduction [21]. Almost all the flavonoids having potential
for antidiabetic activity but they are limited in usage on
account of deprived solubility and bioavailability.
2.3. Saponins
Saponins are bioactive compounds generally considered to
be produced by plants and second metabolites which act as a
chemical barrier or shield in the plant defense system to
counter pathogens and herbivores [22]. They have long
attracted scientific attention, due to their structural diversity
and significant biological activities [23]. Saponins have been
found having pharmaceutical properties of anti-inflammatory,
antifungal or antiyeast, antibacterial, antiparasitic, antitumor,
antiviral and antidiabetes [24]. In the aspect of antidiabetes,
saponarin activates AMPK in a calcium-dependent manner,
thus regulating gluconeogenesis and glucose uptake [25].
Saponins from Polygonatum kingianum could effectively
alleviate hyperglycemia in diabetic rats by up-regulating the
expression of glucose transporter type 4 (GLUT4) while
down-regulated the expression of G6P in insulin signal
pathway [26].
2.4. Alkaloids
Alkaloids are a group of naturally chemical compounds that
mostly contain basic nitrogen atoms. Specifically, they are
amphipathic glycosides grouped phenomenologically by the
soap-like foaming they produce when shaken in aqueous
solutions, and structurally by having one or more hydrophilic
glycoside moieties combined with a lipophilic triterpene
derivative. Alkaloids are one of the largest classes of
secondary
metabolites
and
many
alkaloids
are
pharmacologically
active
[27]. Medical use
of
alkaloid-containing plants has a long history. Three
norditerpenoid alkaloids from the seeds had anti-diabetic
effect by activating the phosphatidylinositol 3-kinase
(PI3K)/Akt insulin signaling pathway and suppressing the
protein-tyrosine phosphatase-1B (PTP-1B) in cellular models
[28]. Vindogentianine, an indole alkaloid, had hypoglycemic
activity by enhancing the glucose uptake and PTP-1B
inhibition, implying its therapeutic potential against type 2
diabetes [29].

3. Hypoglycemic Mechanisms
In conclusion, the hypoglycemic mechanisms of these
nature phytochemicals are α-glucosidase and α-amylase
inhibition as well as up-regulating the expression of GLUT4
which is the insulin-regulated glucose transporter found
primarily in adipose tissues and striated muscle, activating
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AMPK, PI3K/Akt signal pathways and suppressing PTP-1B
(Figure. 1). The AMPK system is a key player in regulating
energy balance at both the cellular and whole-body levels,
placing it at centre stage in studies of obesity, diabetes and
the metabolic syndrome [30]. In type 2 DM, the major
insulin-resistant organs include liver, muscle, and adipose
tissue [31, 32]. Liver AMPK controls glucose homeostasis
mainly through the inhibition of gluconeogenic gene
expression and hepatic glucose production. Chronic muscle
AMPK activation, by exercise training and by AICAR
treatment, can further enhance muscle lipid breakdown and
the capacity for ATP generation by transcriptional activation
of mitochondrial fatty acid β-oxidation enzymes via PGC-1α
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[33]. The PI3K/AKT are important in internalizing the effects
of external growth factors and of membrane tyrosine kinases.
Activation of membrane kinases including epidermal growth
factor receptor (EGFR) by external growth factors initiates
receptor dimerization and subsequent events to activate these
intraCell ular pathways. AKT is activated downstream of
PI3K and has multiple targets [34]. PTP-1B acts as a
negative regulator of insulin signaling by dephosphorylating
the phosphotyrosine residues of insulin receptor kinase.
PTP-1B dephosphorylates epidermal growth factor kinase as
well as Janus kinase 2 (JAK2) and tyrosine kinase (TYK2) in
cell growth control and cell response to interferon stimulation
[35].

Figure 1. Hypoglycemic mechanisms of nature phytochemicals.

4. Discussion
Diabetes mellitus especially the type 2 diabetes is the most
common chronic tetabolic disease in modern society. Those
synthetic agents are associated with prominent adverse effects.
With the development of modern molecular biology and
pharmaceutical engineering, there is growing interest in the
potential use of medicinal plants to treat various disorders due
to the advantages of them being cheaper, less toxic and having
fewer side effects. Diabetes is the wide spread pandemic
disease resulting in increased morbidity and mortality, so it is
of importance to develop a variety of hypoglycemic synthetic
drugs with phytochemicals which are stable, less side effects
of hypoglycemic activities and madicative for diabetes
chronic complications. This review provides some feasible

ideas to researchers in the hypoglycaemic field that it is
significant of commercial and clinical value to deepening the
research on further and clear pharmacology, toxicology and
hypoglycemic mechanism of those natural phytochemicals
which may have the potential to be used in the prevention or in
the management of diabetes.

5. Conclusion
With the effects of globalization and industrialization,
human environment, and human behavior and lifestyle have
undergone significant changes, which have resulted in
escalating rates of both obesity and diabetes. Currently
available therapies for diabetes include insulin and various
oral antidiabetic agents which are used as monotherapy or in
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combination to achieve better glycemic regulation. But many
of those antidiabetic agents for diabetes either have inadequate
efficacy or significant mechanism-based side effects.
Therefore, the search for more effective and safer
hypoglycemic agents has continued to be an important area of
investigation. A lot of natural resources which contained
phytochemicals such as polysaccharides, flavonoids, saponins,
and alkaloids have hypoglycemic activities and some of their
hypoglycemic mechanisms, which are α-glucosidase and
α-amylase inhibition as well as up-regulating the expression
of GLUT4, activating AMPK, PI3K/Akt signal pathways and
suppressing PTP-1B have been clarified.
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