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Diabetes is a global health problem and a national economic burden. Although several antidiabetic drugs are available, the need for
novel therapeutic agents with improved efficacy and few side effects remains. Drugs derived from natural compounds are more
attractive than synthetic drugs because of their diversity and minimal side effects. This review summarizes the most relevant
effects of various plant-derived natural compounds on the functionality of pancreatic beta cells. Published data suggest that
natural compounds directly enhance insulin secretion, prevent pancreatic beta cell apoptosis, and modulate pancreatic beta cell
differentiation and proliferation. It is essential to continuously investigate natural compounds as sources of novel pharmaceuticals.
Therefore, more studies into these compounds’ mechanisms of action are warranted for their development as potential anti-

diabetics.

1. Introduction

The prevalence of diabetes and metabolic disease is rapidly
increasing worldwide and is becoming a major health prob-
lem [1]. Diabetes affected an estimated 285 million people
worldwide in 2013 and is expected to affect 439 million people
by 2030 [2]. Over 90% of diabetic patients have type 2 diabetes
and the cost of care is a large economic burden for many
countries. Indeed, the estimated costs of diabetes care in the
USA in 2012 were 245 billion US dollars, which was a 41%
increase from the 2007 estimate ($174 billion) [3].

Diabetes is characterized by hyperglycemia, which can
cause diabetic complications including cardiovascular dis-
ease, nephropathy, retinopathy, and neuropathy [4]. Distur-
bance of glucose homeostasis is a major factor in the devel-
opment of hyperglycemia. Insulin released by pancreatic beta
cells is the key hormone responsible for glucose metabolism
homeostasis [5]. In both type 1 and type 2 diabetes, absolute
or relative insulin deficiency results in the development of
hyperglycemia [6, 7]. In type 1 diabetes, pancreatic beta cells
are damaged by immunological factors, such as cytokines and
macrophages or T cells activated by autoimmune responses.
Type 2 diabetes results from both insulin resistance and

relative insulin deficiency that cannot compensate for the
insulin resistance. In type 2 diabetes, pancreatic beta cells are
damaged or become dysfunctional because of the persistently
high glucose or lipid levels, inflammatory mediators released
from the adipose tissue and endoplasmic reticulum, or oxida-
tive stress (Figure 1). Thus, maintaining pancreatic beta cell
function may be a strategical approach for the prevention and
treatment of diabetes. Research of novel and cost-effective
agents that can enhance pancreatic beta cell function or
can increase pancreatic beta cell mass is important for the
discovery of novel antidiabetics.

The chemical compounds/substances found in living
organisms are known as natural compounds. The various
sources of these natural compounds include plants, animals,
and microorganisms [8]. Natural bioactive compounds are
a source of novel pharmaceuticals because of their diversity,
which enables the synthesis of drugs that differ from other
chemical compounds in terms of their complex structures
and biological potency [9]. About 50% of the drugs approved
by the US Food and Drug Administration are phytogenic
compounds or derivatives thereof. Aspirin, metformin, mor-
phine, vinblastine, vincristine, quinine, artemisinin, etopo-
side, teniposide, paclitaxel, and camptothecin are examples
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FIGURE I: Mechanisms underlying pancreatic beta cell failure in type 2 diabetes. In type 2 diabetes, progressive pancreatic beta cell loss can
be caused by environmental factors such as lipids (lipotoxicity), glucose (glucotoxicity), and inflammatory mediators secreted by the adipose
tissue. Decompensation of pancreatic beta cell mass induces pancreatic beta cell apoptosis and decreases insulin secretion, thereby accelerating

the hyperglycemic state.

of natural compound-derived pharmaceuticals [10]. About
1200 plants have been claimed to contain compounds with
antidiabetic properties, and over 400 plants and their bioac-
tive compounds have been scientifically evaluated for type 2
diabetes treatment [11]. However, very little is known about
the mechanism of action of plants traditionally used as
antidiabetics, preventing them from being used in diabetes
care. Recently, more research is being focused on elucidating
the mechanism of action of these plants and their active com-
pounds. In this review, we focus on plant-derived compounds
and extracts that affect pancreatic beta cell function. The
compounds’ chemical structures and actions on pancreatic
beta cell function in cell culture systems, animal models,
and type 2 diabetic patients are also discussed (Figure 2 and
Table 1).

2. Methods Used for Literature Collection

A literature survey was performed in “PubMed” using the
keywords “anti-diabetic activity, beta cell function, beta cell
proliferation, and beta cell differentiation” to evaluate the
effects of each natural product. To investigate the response
of diabetes to natural products, we included any articles
describing the effect of natural product-derived compounds
on beta cell function using cell culture and diabetic animal
models. To evaluate the compounds’ effect on humans, we
summarized all relevant reviews, such as cohort/case-control
studies, randomized clinical trials, controlled clinical trials,
and systemic reviews.

3. Plant Extracts for the Regulation of
Pancreatic Beta Cell Function

3.1. Bidens pilosa and Polyynes. Bidens pilosa (B. pilosa) is
traditionally used as an antidiabetic herb in various countries.

B. pilosa contains flavonoids and polyynes; the latter are
reported to possess antidiabetic activity [12]. The bioactive
compounds identified in B. pilosa are 3 polyynes, 3-f-D-
glucopyranosyl-1-hydroxy-6(E)-tetradecene-8,10,12-triyne,
2-B-D-glucopyranosyloxy-1-hydroxy-5(E)-tridecene-7,9,11-
triyne, and 2-3-D-glucopyranosyloxy-1-hydroxytrideca-5,7,
9,11-tetrayne (cytopiloyne); cytopiloyne showed improved
glycemic control over that of the other two polyynes [13].
Cytopiloyne dose-dependently increased insulin mRNA
expression and insulin secretion in rat insulinoma RIN-m5F
cells, and calcium, diacylglycerol, and protein kinase Cu«
were shown to be involved in increased insulin secretion and
production [13].

Several studies have indicated that B. pilosa could
treat type 1 and type 2 diabetes in animals. Nonobese dia-
betic (NOD) mice treated with cytopiloyne at 25 ug/kg
showed normal levels of glucose and insulin after 10 weeks of
treatment [14]. Cytopiloyne at 0.5 mg/kg markedly stimulated
insulin production in db/db mice compared with the two
other polyynes administered at the same concentration.
The administration of an ethanol extract of the aerial part
of B. pilosa (1g/kg) lowered blood glucose in db/db mice,
and treatment with a mixture of two polyynes (3-f-D-
glucopyranosyl-1-hydroxy-6(E)-tetradecene-8,10,12-triyne
and 2- 3-D-glucopyranosyloxy-1-hydroxy-5(E)-tridecene-7,9,
11-triyne) significantly reduced blood glucose levels [15].

Despite the antidiabetic activities observed in animal
models, there are few clinical studies of B. pilosa in humans.
Recently, Lai et al. demonstrated that treatment with a B.
pilosa formulation (400 mg/day) for three months reduced
fasting blood glucose levels and hemoglobin Alc (HbAlc)
in diabetic patients but increased fasting serum insulin in
healthy subjects [16]. Moreover, a combination of the B. pilosa
formulation with antidiabetic drugs (metformin, acarbose, or
glibenclamide) achieved a higher glycemic control in diabetic
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FIGURE 2: Structural features of plants and bioactive compounds that affect pancreatic beta cell function and diabetes.

patients than monotherapy. Treatment with the B. pilosa for-
mulation significantly increased pancreatic beta cell function
of the study participants as shown by the homeostatic model
assessment beta (HOMA-3) values. Collectively, B. pilosa or
cytopiloyne derivatives may be potential agents to treat type
2 diabetes by acting on pancreatic beta cells.

3.2.  Capsicum annuum and Capsaicin. Capsaicin is the
major compound in Capsicum annuum, commonly referred

to as red chili pepper. It is widely used as a spice in Asian and
Latin American countries [17]. Treatment of RIN-m5F cells
with capsaicin (10 pM-10 nM) increased insulin secretion in
adose-dependent manner, and this effect was mediated by the
capsaicin-sensitive afferent neuron transient receptor poten-
tial vanilloid receptor 1 calcium channel [18]. Administration
of capsaicin to Zucker diabetic fatty (ZDF) rats reduced blood
glucose levels and increased plasma insulin levels compared
with those of control mice [19]. Dietary supplementation of
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TaBLE 1: Biological functions of plants (bioactive compounds) with confirmed antidiabetic properties.

Botanical name Active compounds Effect observed References
Anoectoclleus Kinsenoside Increases pancreatic beta cell [98]
roxburghii regeneration
3-3-D-Glucopyranosyl-1-hydroxy-6(E)-
tetradecene-8,10,12-triyne
. . 2B _D_.G lucopyranosylp xy-I-hydroxy- Increases insulin production
Biden pilosa 5(E)-tridecene-7,9,11-triyne . . . [12-16]
Enhances insulin secretion
2-3-D-Glucopyranosyloxy-1-hydroxy-
5,7,9,11-tetrayne
(cytopiloyne)
L ; . . Enhances insulin secretion
Camellia sinensis Epigallocatechin-3-gallate Inhibits pancreatic beta cell apoptosis [78-86]
Capsicum annuum Capsaicin Enhances insulin secretion [17-19]
Carica papaya Flavonoids/alkaloids/saponin/tannins Enhances insulin secretion [20, 21]
Curcuma longa Curcumin Enhances insulin secretion [71-77]
Ervatamia microphylla Conophylline Induces. differentiation into insulin [64-70]
producing cells
: . Enhances insulin secretion
Glycine max Genistein Inhibits pancreatic beta cell apoptosis [87-97]
Gymnema sylvestre Gymnemic acids Enhances insulin secretion [22-32]
Momordica charantia Momordicin Increases P ancreatic beta cell [33-43]
regeneration
Nymphaea stellate Nymphayol Enhances insulin secretion [44-46]
Panax ginseng Ginsenoside Enhances 1nsu.hn secretion [47-57]
Increases proliferation
Rhizoma coptidis Berberine Enhances insulin secretion [58-63]
Silybum marianum Silymarin Inhibits pancreatic beta cell apoptosis [113-118]
;erirsnonly found in Resveratrol Inhibits pancreatic beta cell apoptosis [106-112]
Commonly found in Quercetin Enhances insulin secretion [99-105]

plants

Inhibits pancreatic beta cell apoptosis

chili pepper powder for two weeks to streptozotocin- (STZ-)
induced diabetic rats fed a high-fat diet did not decrease
the blood glucose level, but the plasma insulin level was
higher in these rats than that in the control group, suggesting
that capsaicin possesses an insulinotropic activity rather than
hypoglycemic effect [17]. However, the effects of capsaicin in
diabetic patients are unknown.

3.3. Carica papaya. Carica papaya (C. papaya) belongs
to the family Caricaceae. It is cultivated in most of the
tropical countries. C. papaya is commonly used in tradi-
tional medicine for the treatment of various human diseases
including diabetes, obesity, and infection. In particular, the
leaves of C. papaya show antidiabetic actions. Flavonoids,
alkaloids, saponins, and tannins are speculated to be the
bioactive phytochemicals in C. papaya, but the actual active
components have not yet been identified. The aqueous extract
of C. papaya leaves (0.75g and 1.5g/100 mL) significantly
reduced plasma blood glucose levels, serum cholesterol, and
serum triacylglycerol in STZ-induced and alloxan-induced
diabetic rats [20]. Histological staining of the pancreatic
islets of Langerhans showed that these extracts significantly
induced the regeneration of pancreatic beta cells [21]. Little

information exists on the antidiabetic effect of C. papaya in
humans; therefore, future research is required.

3.4. Gymnema sylvestre. Gymnema sylvestre (G. sylvestre) has
traditionally been used to treat diabetes in India for centuries.
Triterpenoid saponins known as gymnemic acids are the
main chemical constituents of G. sylvestre and are considered
to be the active compounds responsible for the antidiabetic
effects of the extracts [22]. G. sylvestre extract is known to
stimulate insulin secretion in various pancreatic beta cell
lines, such as HIT-T15 (hamster pancreatic beta cell line) and
RIN-m5F cells [23]. In addition, treatment of MIN6 (mouse
insulinoma cell line) and isolated human islets of Langerhans
with Om Santal Adivasi extract (OSA), a high-molecular-
weight leaf extract, stimulated insulin secretion [24, 25]. The
insulinotropic activity of G. sylvestre extract was mediated via
permeabilization of the plasma membrane resulting from the
high saponin glycoside content of the extract and increased
Ca®" influx through voltage-dependent Ca** channels [23].
Administration of methanol, acetone, or ethanol extracts
of G. sylvestre leaves (at a dose of 13.4 mg/kg, 20 mg/kg,
and 100 mg/kg, resp.) to diabetic animals (Wistar and
Sprague-Dawley rats) significantly increased plasma insulin
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levels concomitant with decreased glucose levels [26-28].
Treatment of diabetic ob/ob mice with an OSA capsule
(500 mg/kg) also decreased plasma glucose levels and sig-
nificantly induced insulin secretion compared with that in
control mice [29]. Another study demonstrated that admin-
istration of G. sylvestre leaves (200 mg/kg) to alloxan-induced
diabetic Wistar rats lowered blood glucose levels through the
regeneration of pancreatic beta cells [30].

G. sylvestre has shown antidiabetic efficacy in clinical
trials. G. sylvestre leaves lowered blood glucose levels in type
2 diabetes patients by increasing insulin secretion [31]. In a
cohort study with type 2 diabetes patients, oral administra-
tion of OSA (1g/day, 60 days) induced significant increases
in circulating insulin and C-peptide concomitant with a
significant reduction in blood glucose levels [32]. Therefore,
the G. sylvestre extract showed hypoglycemic effects via the
increase in pancreatic beta cell regeneration and insulin
secretion.

3.5. Momordica charantia. Bitter melon, the fruit of the
plant Momordica charantia (M. charantia), is also known as
bitter guard, karela, or balsam pear [33]. It is referred to
as “vegetable insulin” because its extract components share
structural similarities with animal insulin [34]. The fruit and
the whole plant are believed to possess antidiabetic properties
[35], and the biochemistry and bioactivity underlying the
antidiabetic effect of the extracts of M. charantia have been
extensively studied. Treatment with a water extract of M.
charantia prevented alloxan-induced pancreatic beta cell
apoptosis and increased insulin secretion in HIT-T15 cells
[36].

Extracts of the fruit pulp, seeds, leaves, or whole plant of
M. charantia were shown to have a hypoglycemic effect in
diabetic animal models. A daily oral administration of M.
charantia fruit juice significantly increased pancreatic beta
cell numbers compared to untreated diabetic rats [37]. Aque-
ous, ethanol, or acetone extracts of M. charantia showed an
antihyperglycemic effect in STZ- or alloxan-induced diabetic
rats [38-40], and its seed extract also showed a glucose-
lowering effect in diabetic mice [41]. These results suggest that
M. charantia may either repair damaged pancreatic beta cells
or prevent their death.

The results of randomized, double-blind controlled tri-
als and case studies of the hypoglycemic property of M.
charantia were evaluated, and most of them demonstrated
that fasting and postprandial blood glucose levels were
significantly reduced by M. charantia administration [35, 42,
43]. Although several clinical studies have been performed,
their sample sizes were very small. Therefore, clinical trials
with sufficient sample size should be performed to evaluate
M. charantia as a potential treatment for diabetes.

3.6. Nymphaea stellata and Nymphayol. Nymphaea stellata
(N. stellata), commonly called Egyptian lotus, is a well-known
medicinal plant widely used for the treatment of diabetes,
inflammation, and liver disorders. The bioactive molecule,
nymphayol (25,26-dinorcholest-5-en-3b-ol), a plant sterol,
was initially isolated from the chloroform extract of the

flower of N. stellata [44]. Oral administration of flower
and leaf extracts of N. stellata lowered blood glucose levels
and increased insulin levels in STZ-induced diabetic rats
and alloxan-induced Wistar rats [44-46]. Immunostaining
of pancreatic sections from nymphayol-treated diabetic rats
showed increased numbers of insulin-positive cells in the
islets of Langerhans [44], suggesting that stimulation of
pancreatic beta cell regeneration and the subsequent release
of insulin are one of the potential mechanisms underly-
ing nymphayol’s antidiabetic effect. However, the effect of
nymphayol in type 2 diabetic patients is largely unknown.

3.7, Panax ginseng and Ginsenosides. Panax ginseng (P. gin-
seng) has received attention for its antidiabetic and antiobe-
sity effects in diabetic patients and in animal models of type
2 diabetes. Ginsenosides from ginseng extracts are known to
be responsible for these effects. P. ginseng extracts and gin-
senosides induced insulin secretion and protected pancreatic
beta cells from apoptosis. Ginsenoside Rbl and Rgl promoted
glucose-stimulated insulin secretion in MIN6 cells [47]
and protected RIN-m5F cells from high glucose/cytokine-
induced apoptosis via a decrease in nitric oxide (NO)
production and the downregulation of Fas and caspase-3
gene expression [48]. Extracts of ginseng root have also
been shown to protect against cytokine-induced apoptosis
of MING6 cells [49]. Another study proposed that Ameri-
can ginseng root (25 ug/mL) stimulated insulin production
and prevented cytokine-induced apoptosis via regulation of
uncoupling protein-2 in INS-1 cells, a rat insulinoma cell line
[50].

Extracts from roots, berries, or leaves were found to be
effective against type 2 diabetes in rodents. Administration of
red or green ginseng berry extract (150 mg/kg) significantly
reduced blood glucose levels and improved glucose tolerance
in STZ-induced diabetic mice. Moreover, insulin secretion
was increased in berry extract-treated mice, possibly due
to increased pancreatic beta cell proliferation [51]. In ob/ob
and db/db mice, oral administration of ginseng berry extract
also reduced blood glucose levels [52, 53]. Ginsenosides from
leaves and roots also showed glucose-lowering effects in
db/db mice [52, 54].

Clinical studies have demonstrated that ingestion of P.
ginseng (6 g/day) for 12 weeks improved glycemic control
in type 2 diabetes patients [55, 56]. However, one study
reported that ginseng had no antidiabetic effect in these
specific diabetes patients [57]. Since differences in the con-
centrations of the various ginsenosides may have been the
cause of the outcome variability, standardization of the types
of ginsenoside and their ratios are needed to obtain consistent
efficacy.

4. Natural Bioactive Compounds for the
Regulation of Pancreatic Beta Cell Function

4.1. Berberine. Berberine is an isoquinoline derivative alka-
loid isolated from rhizoma coptidis, which is used to treat
diabetes in China [58]. The effect of berberine on insulin
secretion is controversial. Chronic treatment with berberine



increased insulin secretion in a dose-dependent manner (1-
10 uM) in HIT-T15, MIN6, and mouse islets of Langerhans
[59, 60]. However, acute treatment with high concentrations
(50 uM for 1h) reduced insulin secretion [60]. These conflict-
ing results might have been largely owing to the different cell
types and experimental conditions used. Although controver-
sial effects on insulin secretion in vitro were reported, berber-
ine lowered hyperglycemia, improved insulin resistance, and
stimulated pancreatic beta cell regeneration in type 2 diabetic
animals. Feeding of db/db mice with berberine (380 mg/kg)
resulted in weight loss and a significant improvement in glu-
cose tolerance [61]. Daily administration of berberine for four
weeks to STZ-induced diabetic rats significantly reduced oral
glucose tolerance compared with that in the control group
[59].

In a randomized, double-blind, and placebo-controlled
trial, decreased fasting and postprandial plasma glucose with
body weight reduction were observed in type 2 diabetic
patients after three months of treatment with berberine
[62]. A meta-analysis study involving 1068 participants
showed that berberine per se did not have a glucose-
lowering effect in type 2 diabetes patients compared with
metformin, glipizide, or rosiglitazone treatment [63] but that
the combination treatment with antidiabetic agents showed
improved glycemic control over that of either treatment alone
[63].

4.2. Conophylline. Conophylline (CnP) is a vinca alkaloid
extracted from the tropical plant Ervatamia microphylla
(E. microphylla). E. microphylla is known to mimic the
differentiation-inducing activity of activin A [64]. CnP was
found to induce the differentiation of pancreatic progenitor
cells to insulin-producing cells. Treatment of acinar car-
cinoma cells (AR42]) with CnP (0.1mg/mL) induced the
expression of neurogenin-3 by activation of p38 mitogen-
activated protein kinase [65], and a combination treatment
of CnP (0.4 mg/mL) and betacellulin (1nM) in ductal cells
obtained from neonatal rats stimulated their differentiation
into insulin-producing cells [66]. Although activin A has
shown effects on beta cell differentiation similar to those
of CnP, it also induced apoptosis [67]. Therefore, CnP is
preferred in clinical applications because of the lack of
apoptosis-inducing activity.

CnP is effective in reversing hyperglycemia in diabetic
animal models. A subcutaneous injection of 5mg/kg CnP
reduced blood glucose levels and improved glucose tolerance
in neonatal STZ-induced diabetic mice. The number of
insulin-positive ductal cells and the pancreatic beta cell
mass increased after CnP treatment, suggesting a role for
CnP in the differentiation and regeneration of pancreatic
beta cells in vivo [68]. A combination of CnP (2 ug/g) and
betacellulin (200 pmol/g) administered for one week reduced
glucose tolerance in neonatal STZ-induced diabetic rats [69].
In addition, CnP administration (9 mg/kg, orally) reduced
blood glucose levels and increased plasma insulin levels
in Goto-Kakizaki rats after four weeks of treatment [70].
However, only little is known about CnP-rich diets and the
incidence of diabetes, warranting further studies.
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4.3. Curcumin. Curcumin is a major constituent of the
rhizomatous powder of Curcuma longa (C. longa, turmeric)
and is commonly used as a food product and medicine in
Southern Asia [71]. Curcumin showed a stimulatory effect on
insulin secretion by the islets of Langerhans [72]. Curcumin
pretreatment of pancreatic islets of Langerhans protected
the islets against STZ-induced oxidative stress by scavenging
of free radicals and significantly increased cell viability and
insulin secretion [73]. Oral administration of curcumin or
C. longa extract (150-300 mg/kg) significantly reduced blood
glucose levels in STZ-induced diabetic rats [74, 75]. Daily
intake of curcumin for 70 days along with a high-fat diet
also showed a glucose-lowering effect in Sprague-Dawley rats
[76]. Curcumin treatment for nine months in a prediabetic
population resulted in increased pancreatic beta cell function
with high HOMA-$ [77]. These data suggest that curcumin
ameliorates type 2 diabetes via regulation of pancreatic beta
cell function.

4.4.  Epigallocatechin-3-Gallate. Epigallocatechin-3-gallate
(EGCG) is a polyphenolic bioactive compound found
in green tea (Camellia sinensis). EGCG is known to be
beneficial as a nutritional supplement against various
diseases, including diabetes [78, 79]. EGCG protects against
cytokine-, reactive oxygen species- (ROS-), and glucose-
induced toxicity. EGCG dose-dependently protected against
cytokine-induced cell death in RIN-m5F cells. This effect was
mediated by the downregulation of inducible NO synthase
expression through the inhibition of nuclear factor-xB
(NF-xB) activation [80]. EGCG also protected RIN-m5F
cells against high glucose-induced impairment of insulin
secretion [81]. A diet supplemented with EGCG ingested for
seven weeks improved oral glucose tolerance in ZDF rats and
db/db mice [82]. However, contradictory results have been
reported in one study: when administrated for four days
(5 mg/kg/day) to STZ-induced diabetic rats, EGCG impaired
insulin secretion stimulated by high glucose loading [83].
Similarly, it was found that treatment of HIT-T15 cells with
EGCG (5-100 uM) decreased cell viability and increased
apoptotic cell death concomitant with the production of
hydrogen peroxide (H,0,) and ROS [84]. These results
suggest that controlling the EGCG concentration is difficult
under experimental conditions.

Several studies demonstrated a potential antidiabetic
effect of green tea in healthy subjects but found no significant
effect in diabetic patients. Tsuneki et al., for example, found
that in healthy Japanese subjects acute and high doses of
EGCG-concentrated green tea supplement controlled post-
prandial hyperglycemia, thus potentially reducing the risk for
diabetes [85]. However, in a long-term study performed by
Mackenzie et al. [86], no hypoglycemic effect was observed
in type 2 diabetic adults who consumed green tea extract.

4.5. Genistein. Soybean (Glycine max) is an important pro-
tein source, and soybean isoflavones have been reported
to prevent diabetes [87]. Genistein is a major isoflavone
present in Glycine max. Genistein is known to have several
beneficial effects in pancreatic beta cells, such as increased
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insulin secretion and cell proliferation and the prevention of
pancreatic beta cell apoptosis. Genistein treatment increased
glucose-stimulated insulin secretion in MING6 cells and in
isolated mouse and rat islets of Langerhans [88]. How-
ever, discrepant effects on insulin secretion were observed
depending on the concentrations of genistein used: high
concentrations (100 umol/L) of genistein inhibited insulin
secretion in isolated rat islets of Langerhans [89], while
physiological concentrations (5 ymol/L) potentiated glucose-
stimulated insulin secretion in both pancreatic beta cell lines
and isolated mouse islets of Langerhans [90]. In addition,
although pancreatic beta cell proliferation reduced and apop-
tosis increased after treatment with high genistein concen-
trations, proliferation was inhibited at low genistein concen-
trations. Acute treatment (24 h) with a low concentration
(5 yumol/L) of genistein induced proliferation in INS-1 cell and
human islets [91]. Moreover, low doses of genistein reduced
sodium fluoride-induced pancreatic beta cell apoptosis [92].
The insulin-secreting activity and proliferative effects in
pancreatic beta cells and mouse islets of Langerhans required
the activation of protein kinase A and extracellular signal
regulated kinase (ERK) [90, 93].

Soy protein containing genistein and daidzein suppressed
blood glucose levels in NOD mice by increasing plasma
insulin levels [94]. Chronic consumption of a genistein-
supplemented diet (250 mg/kg) prevented STZ-induced rises
in fasting blood glucose and improved glucose tolerance and
circulating insulin levels [95]. Administration of genistein
at 10mg/kg for 10 weeks in STZ-induced diabetic mice
significantly reduced fasting blood glucose levels [96].

The effect of genistein in type 2 diabetic patients is
largely unknown. However, data from a recent human study
investigating the effect of genistein administration in post-
menopausal women showed that genistein administration
at 54 mg/day decreased fasting glucose levels and increased
glucose tolerance and insulin sensitivity [97].

4.6. Kinsenoside. Anoectochilus roxburghii (A. roxburghii) is
one of the original plants used for diabetes. Kinsenoside is
a major constituent isolated from A. roxburghii’s n-butanol
extract. Kinsenoside exhibited antihyperglycemic activity in
STZ-treated rats at dose of 15 mg/kg. More intact pancreatic
beta cells were observed in the islets of Langerhans in
the kinsenoside-treated group, and glucose tolerance was
improved in both diabetic and normal rats [98], suggesting
that the hypoglycemic effect could be partially attributed to
pancreatic beta cell regeneration. In view of its protective
property and hypoglycemic and antioxidant activity, kinseno-
side may be a promising candidate as an antidiabetic agent for
humans.

4.7 Quercetin. Quercetin is a natural polyphenolic flavonoid
found in a wide variety of plants, vegetables, and fruits and
displays antidiabetic properties in vivo. Quercetin has been
shown to increase insulin secretion and protect against
cell death from apoptotic stimuli. Quercetin treatment
(20 umol/L) potentiated insulin secretion in INS-1 cells

exposed to various secretagogues such as glucose, gliben-
clamide, or KCI [99] and stimulated insulin release via
enhanced Ca®' uptake from isolated islet of Langerhans
cells [100]. Quercetin treatment protected pancreatic beta
cells from H, O, -induced damage and interleukin 13-induced
nitrite production [101].

Quercetin has beneficial effects in animal models of type
1 and type 2 diabetes. Quercetin (15 mg/kg) for three days
induced the regeneration of pancreatic islets of Langerhans
and increased insulin release in STZ-induced diabetic rats
[102]. Rutin (100 mg/kg), a glycosidic form of quercetin,
decreased glucose levels and increased insulin levels in STZ-
induced diabetic rats after 45 days of treatment [103]. It
also lowered fasting and postprandial blood glucose levels in
db/db mice (0.08% diet for seven weeks) [104].

Little information exists on the antidiabetic effects of
quercetin in humans. Nevertheless, in a randomized, blinded,
crossover study, a single oral dose of quercetin (400 mg)
effectively suppressed postprandial hyperglycemia in patients
with type 2 diabetes [105].

4.8. Resveratrol. Resveratrol (3,5,4'-trihydroxystilbene) is a
polyphenolic compound found in plants and has anti-
inflammatory, antiaging, and antidiabetic effects [106].
Resveratrol shows beneficial effects for the prevention of
diabetes and diabetic complications, but its effect on insulin
secretion in vitro is controversial. Resveratrols effect on
insulin secretion was found to be concentration-dependent
and to depend on the cell lines and experimental design
used. Although a wide range of resveratrol concentrations
(3-100 ymol/L) had no effect on the insulin secretion by
RIN-m5F cells [107], resveratrol (10-100 gmol/L) induced
insulin secretion in other cell lines (HIT-T15 and INS-1) [108].
Furthermore, resveratrol treatment suppressed cytokine-
induced NF-«B activation and, consequently, reduced dam-
age to isolated rat islets of Langerhans cells [109].

Consistent with in vitro reports, the effect of resveratrol
on insulin secretion differed depending on the animal model
used. In normal control mice and rats, resveratrol (3 mg/kg)
increased the plasma insulin levels and reduced blood glucose
levels [108]. However, in STZ/nicotinamide-treated diabetic
mice, resveratrol treatment (0.5 mg/kg) reduced the plasma
insulin levels [110].

Most studies in humans demonstrated that resveratrol
improved glucose tolerance. A pilot trial in obese insulin-
resistant adults showed decreased glucose tolerance after four
weeks of treatment (1-2 g/day) [111]. Bhatt et al. conducted
a randomized trial with type 2 diabetic subjects and found
that the fasting blood glucose, HbAlc, total cholesterol,
triglyceride, and low density lipoprotein concentrations were
significantly reduced in the resveratrol group (250 mg/day
for three months) compared with those in the control group
[112].

4.9. Silymarin. Silymarin is a flavonoid mixture composed
of silybin, silydianin, and silychristin, which are active
components of the milk thistle plant (Silybum marianum)
[113]. Silymarin is antiapoptotic in cytokine-induced MIN6



cell death. Treatment with 50 yg/mL of silymarin reduced
cytokine mixture-induced NF-«xB-activated NO production;
the effect was mediated by ERK-1 and ERK-2 phosphoryla-
tion [114]. It has been reported that silymarin rescued pan-
creatic beta cell function in diabetic animals. Soto et al., for
example, demonstrated that silymarin (150 mg/kg) rescued
the expression levels of insulin and pancreatic and duodenal
homeobox 1 in islets of Langerhans from alloxan-induced
diabetic rats [115]. In a pancreatectomy model, silymarin
treatment (200 mg/kg) upregulated the expression level of
Nkx6.1 and insulin in the pancreas, thereby increasing and
decreasing the serum insulin and glucose levels, respectively
[116]. Cotreatment of diabetic patients with insulin and
silymarin (200 mg/day) reduced the blood glucose levels after
three months of treatment [117]. A randomized double-blind
clinical trial also demonstrated a beneficial effect of silymarin
(200 mg/day) on hyperglycemia as shown by a significant
decrease in HbAlc at four months after treatment [118].

5. Conclusions

Natural products, such as plant extracts and their bioactive
compounds, are attractive drug candidates and more atten-
tion must be paid to their potential use in the treatment and
prevention of type 2 diabetes. We reviewed plant extracts and
plant-derived bioactive compounds with known beneficial
effects on pancreatic beta cell function. Some of these com-
pounds show highly promising effects, which indicate that the
dietary intake of these compounds may be a promising strat-
egy for diabetes prevention. Additionally, phytochemical-
based therapies may be developed as novel pharmacological
approaches for the treatment of diabetes or as adjuvants
to support existing monotherapies. However, conclusive
evidence of the efficacy and safety of phytochemical-based
therapies is still limited, and further studies are needed to
elucidate their mechanisms of action as antidiabetic agents.

Abbreviations

NOD: Nonobese diabetic

HbAlc:  Hemoglobin Alc

HOMA-3: Homeostatic model assessment beta
ZDEF: Zucker diabetic fatty

STZ: Streptozotocin

NO: Nitric oxide

ROS: Reactive oxygen species

NF-xB:  Nuclear factor-«B

ERK: Extracellular signal regulated kinase
H,0,: Hydrogen peroxide.

Conflict of Interests

The author declares no potential conflict of interests.

Acknowledgment

This study was supported by a grant from the Korea Health
Technology R&D Project through the Korea Health Industry

Evidence-Based Complementary and Alternative Medicine

Development Institute (KHIDI), funded by the Ministry of
Health & Welfare, Republic of Korea (Grant no. HI14C1135).

References

[1] S. E. Kahn, R. L. Hull, and K. M. Utzschneider, “Mechanisms
linking obesity to insulin resistance and type 2 diabetes,” Nature,
vol. 444, no. 7121, pp. 840-846, 2006.

[2] J. E. Shaw, R. A. Sicree, and P. Z. Zimmet, “Global estimates of
the prevalence of diabetes for 2010 and 2030,” Diabetes Research
and Clinical Practice, vol. 87, no. 1, pp. 4-14, 2010.

[3] American Diabetes Association, “Economic costs of diabetes in
the U.S. in 2012, Diabetes Care, vol. 36, no. 4, pp. 1033-1046,
2013.

[4] N.D. Russell and M. E. Cooper, “50 years forward: mechanisms
of hyperglycaemia-driven diabetic complications,” Diabetolo-
gia, vol. 58, no. 8, pp- 1708-1714, 2015.

[5] L. Plum, B. E Belgardt, and J. C. Briining, “Central insulin
action in energy and glucose homeostasis,” Journal of Clinical
Investigation, vol. 116, no. 7, pp. 1761-1766, 2006.

[6] M. A. Atkinson and G. S. Eisenbarth, “Type 1 diabetes: new per-
spectives on disease pathogenesis and treatment;” The Lancet,
vol. 358, no. 9277, pp. 221-229, 2001.

[7] A. E. Butler, J. Janson, S. Bonner-Weir, R. Ritzel, R. A. Rizza,
and P. C. Butler, “B-cell deficit and increased f3-cell apoptosis in
humans with type 2 diabetes,” Diabetes, vol. 52, no. 1, pp. 102-
110, 2003.

[8] K.S.Lam, “New aspects of natural products in drug discovery,”
Trends in Microbiology, vol. 15, no. 6, pp. 279-289, 2007.

[9] D. A. Dias, S. Urban, and U. Roessner, “A historical overview of
natural products in drug discovery,” Metabolites, vol. 2, no. 4,
pp. 303-336, 2012.

[10] D.G.I.Kingston, “Modern natural products drug discovery and
its relevance to biodiversity conservation,” Journal of Natural
Products, vol. 74, no. 3, pp. 496-511, 2011.

[11] J. Singh, E. Cumming, G. Manoharan, H. Kalasz, and E.
Adeghate, “Medicinal chemistry of the anti-diabetic effects
of momordica charantia: active constituents and modes of
actions,” Open Medicinal Chemistry Journal, vol. 5, no. 2, pp. 70-
77, 2011.

[12] A.P.Bartolome,I. M. Villasefior, and W.-C. Yang, “Bidens pilosa
L. (Asteraceae): botanical properties, traditional uses, phyto-
chemistry, and pharmacology,” Evidence-Based Complementary
and Alternative Medicine, vol. 2013, Article ID 340215, 51 pages,
2013.

(13] C. L.-T. Chang, H.-Y. Liu, T.-E Kuo et al., “Antidiabetic effect
and mode of action of cytopiloyne,” Evidence-Based Comple-
mentary and Alternative Medicine, vol. 2013, Article ID 685642,
13 pages, 2013.

[14] C. L.-T. Chang, S.-L. Chang, Y.-M. Lee et al,, “Cytopiloyne, a

polyacetylenic glucoside, prevents type 1 diabetes in nonobese

diabetic mice,” Journal of Immunology, vol. 178, no. 11, pp. 6984

6993, 2007.

R. P. Ubillas, C. D. Mendez, S. D. Jolad et al., “Antihyperglycemic

acetylenic glucosides from Bidens pilosa,” Planta Medica, vol.

66, no. 1, pp. 82-83, 2000.

[16] B.-Y. Lai, T.-Y. Chen, S.-H. Huang et al., “Bidens pilosa formu-
lation improves blood homeostasis and f-cell function in men:
a Pilot Study;” Evidence-Based Complementary and Alternative
Medicine, vol. 2015, Article ID 832314, 5 pages, 2015.

(15



Evidence-Based Complementary and Alternative Medicine

[17] M. S. Islam and H. Choi, “Dietary red chilli (Capsicum
frutescens L.) is insulinotropic rather than hypoglycemic in type
2 diabetes model of rats,” Phytotherapy Research, vol. 22, no. 8,
pp. 1025-1029, 2008.

Y. Akiba, S. Kato, K.-I. Katsube et al., “Transient receptor
potential vanilloid subfamily 1 expressed in pancreatic islet
B cells modulates insulin secretion in rats;,” Biochemical and
Biophysical Research Communications, vol. 321, no. 1, pp. 219-
225, 2004.

=
X

[19] D. X. Gram, B. Ahrén, 1. Nagy et al., “Capsaicin-sensitive
sensory fibers in the islets of Langerhans contribute to defective
insulin secretion in Zucker diabetic rat, an animal model for
some aspects of human type 2 diabetes,” European Journal of
Neuroscience, vol. 25, no. 1, pp- 213-223, 2007.

[20] I. E. Juarez-Rojop, J. C. Diaz-Zagoya, J. L. Ble-Castillo et al.,
“Hypoglycemic effect of Carica papaya leaves in streptozotocin-
induced diabetic rats; BMC Complementary and Alternative
Medicine, vol. 12, article 236, 2012.

[21] S.Sasidharan, V. Sumathi, N. R. Jegathambigai, and L. Y. Latha,
“Antihyperglycaemic effects of ethanol extracts of Carica
papaya and Pandanus amaryfollius leaf in streptozotocin-
induced diabetic mice;” Natural Product Research, vol. 25, no.
20, pp. 1982-1987, 2011.

(22

P. Kanetkar, R. Singhal, and M. Kamat, “Gymnema sylvestre: a
memoir,” Journal of Clinical Biochemistry and Nutrition, vol. 41,
no. 2, pp. 77-81, 2007.

[23] S.J. Persaud, H. Al-Majed, A. Raman, and P. M. Jones, “Gym-
nema sylvestre stimulates insulin release in vitro by increased
membrane permeability,” Journal of Endocrinology, vol. 163, no.
2, pp. 207-212,1999.

[24] B. Liu, H. Asare-Anane, A. Al-Romaiyan et al., “Character-
isation of the insulinotropic activity of an aqueous extract
of Gymnema sylvestre in mouse f-cells and human islets of
Langerhans,” Cellular Physiology and Biochemistry, vol. 23, no.
1-3, pp. 125-132, 2009.

[25] A. Al-Romaiyan, B. Liu, R. Docherty et al., “Investigation of
intracellular signalling cascades mediating stimulatory effect of
a Gymnema sylvestre extract on insulin secretion from isolated
mouse and human islets of Langerhans,” Diabetes, Obesity and
Metabolism, vol. 14, no. 12, pp. 1104-1113, 2012.

[26] M.-H. Kang, M. S. Lee, M.-K. Choi, K.-S. Min, and T.
Shibamoto, “Hypoglycemic activity of Gymmnema sylvestre
extracts on oxidative stress and antioxidant status in diabetic
rats,” Journal of Agricultural and Food Chemistry, vol. 60, no. 10,
pp. 2517-2524, 2012.

[27] Y. Sugihara, H. Nojima, H. Matsuda, T. Murakami, M.
Yoshikawa, and I. Kimura, “Antihyperglycemic effects of gym-
nemic acid IV, a compound derived from Gymnema sylvestre
leaves in streptozotocin-diabetic mice;” Journal of Asian Natural
Products Research, vol. 2, no. 4, pp. 321-327, 2000.

P. Daisy, J. Eliza, and K. A. M. Mohamed Farook, “A novel dihy-
droxy gymnemic triacetate isolated from Gymnema sylvestre
possessing normoglycemic and hypolipidemic activity on STZ-
induced diabetic rats,” Journal of Ethnopharmacology, vol. 126,
no. 2, pp. 339-344, 2009.

A. Al-Romaiyan, A. J. King, S. J. Persaud, and P. M. Jones, ‘A
novel extract of Gymnema sylvestre improves glucose tolerance
in vivo and stimulates insulin secretion and synthesis in vitro,”
Phytotherapy Research, vol. 27, no. 7, pp. 10061011, 2013.

Y
)

[29

(30]

(31]

(33]

[34]

(35]

(36

(37]

(38

(41]

[42]

[43]

A. B. A. Ahmed, A. S. Rao, and M. V. Rao, “In vitro callus
and in vivo leaf extract of Gymnema sylvestre stimulate f3-
cells regeneration and anti-diabetic activity in Wistar rats;
Phytomedicine, vol. 17, no. 13, pp. 1033-1039, 2010.

K. Baskaran, B. Kizar Ahamath, K. Radha Shanmugasundaram,
and E. R. B. Shanmugasundaram, “Antidiabetic effect of a
leaf extract from Gymnema sylvestre in non-insulin-dependent
diabetes mellitus patients,” Journal of Ethnopharmacology, vol.
30, no. 3, pp. 295-305, 1990.

A. Al-Romaiyan, B. Liu, H. Asare-Anane et al, “A novel
Gymnema sylvestre extract stimulates insulin secretion from
human islets in vivo and in vitro,” Phytotherapy Research, vol.
24, no. 9, pp. 1370-1376, 2010.

P. Geil and L. Shane-McWhorter, “Dietary supplements in the
management of diabetes: potential risks and benefits,” Journal
of the American Dietetic Association, vol. 108, no. 4, supplement
1, pp. $59-S65, 2008.

A. F. G. Cicero, G. Derosa, and A. Gaddi, “What do herbalists
suggest to diabetic patients in order to improve glycemic
control? Evaluation of scientific evidence and potential risks,”
Acta Diabetologica, vol. 41, no. 3, pp. 91-98, 2004.

J. K. Grover and S. P. Yadav, “Pharmacological actions and
potential uses of Momordica charantia: a review; Journal of
Ethnopharmacology, vol. 93, no. 1, pp. 123-132, 2004.

L. Xiang, X. Huang, L. Chen, P. Rao, and L. Ke, “The reparative
effects of Momordica Charantia Linn. extract on HIT-T15
pancreatic f3-cells,” Asia Pacific Journal of Clinical Nutrition, vol.
16, no. 1, pp. 249-252, 2007.

I. Ahmed, E. Adeghate, E. Cummings, A. K. Sharma, and
J. Singh, “Beneficial effects and mechanism of action of
Momordica charantia juice in the treatment of streptozotocin-
induced diabetes mellitus in rat,” Molecular and Cellular Bio-
chemistry, vol. 261, no. 1, pp. 63-70, 2004.

C.J. Bailey, C. Day, S. L. Turner, and B. A. Leatherdale, “Cerasee,
a traditional treatment for diabetes. Studies in normal and
streptozotocin diabetic mice,” Diabetes Research, vol. 2, no. 2,
pp. 81-84, 1985.

B. A. Shibib, L. A. Khan, and R. Rahman, “Hypoglycaemic
activity of Coccinia indica and Momordica charantia in diabetic
rats: depression of the hepatic gluconeogenic enzymes glucose-
6-phosphatase and fructose-1,6-bisphosphatase and elevation
of both liver and red-cell shunt enzyme glucose-6-phosphate
dehydrogenase,” Biochemical Journal, vol. 292, no. 1, pp. 267-
270,1993.

N. Singh and M. Gupta, “Regeneration of 8 cells in islets of
Langerhans of pancreas of alloxan diabetic rats by acetone
extract of Momordica charantia (Linn.) (bitter gourd) fruits,
Indian Journal of Experimental Biology, vol. 45, no. 12, pp. 1055-
1062, 2007.

P. Kedar and C. H. Chakrabarti, “Effects of bittergourd (Mo-
mordica charantia) seed and glibenclamide in streptozotocin
induced diabetes mellitus,” Indian Journal of Experimental
Biology, vol. 20, no. 3, pp. 232-235, 1982.

A. Tongia, S. K. Tongia, and M. Dave, “Phytochemical deter-
mination and extraction of Momordica charantia fruit and
its hypoglycemic potentiation of oral hypoglycemic drugs in
diabetes mellitus (NIDDM),” Indian Journal of Physiology and
Pharmacology, vol. 48, no. 2, pp. 241-244, 2004.

Y. Srivastava, H. Venkatakrishna-Bhatt, Y. Verma, K. Venkaiah,
and B. H. Raval, “Antidiabetic and adaptogenic properties
of Momordica charantia extract: an experimental and clinical



10

(44

(48]

(49]

(50]

(53]

(54]

(55]

[56]

evaluation,” Phytotherapy Research, vol. 7, no. 4, pp. 285-289,
1993.

P. Subash-Babu, S. Ignacimuthu, P. Agastian, and B. Varghese,
“Partial regeneration of beta-cells in the islets of Langerhans
by Nymphayol a sterol isolated from Nymphaea stellata (Willd.)
flowers,” Bioorganic and Medicinal Chemistry, vol. 17, no. 7, pp.
2864-2870, 20009.

S.P. Dhanabal, M. K. Mohan Maruga Raja, M. Ramanathan, and
B. Suresh, “Hypoglycemic activity of Nymphaea stellata leaves
ethanolic extract in alloxan induced diabetic rats,” Fitoterapia,
vol. 78, no. 4, pp. 288-291, 2007.

K. Rajagopal, K. Sasikala, and B. Ragavan, “Hypoglycemic
and antihyperglycemic activity of Nymphaea stellata flowers in
normal and alloxan diabetic rats,” Pharmaceutical Biology, vol.
46, no. 9, pp. 654-659, 2008.

S. Park, I. S. Ahn, D. Y. Kwon, B. S. Ko, and W. K. Jun,
“Ginsenosides Rbl and Rgl suppress triglyceride accumulation
in 3T3-L1 adipocytes and enhance f-cell insulin secretion
and viability in min6 cells via PKA-dependent pathways,
Bioscience, Biotechnology and Biochemistry, vol. 72, no. 11, pp.
2815-2823, 2008.

E Chen, Y. Chen, X. Kang, Z. Zhou, Z. Zhang, and D. Liu,
“Anti-apoptotic function and mechanism of ginseng saponins
in rattus pancreatic beta-cells,” Biological and Pharmaceutical
Bulletin, vol. 35, no. 9, pp. 1568-1573, 2012.

H. Y. Kim and K. Kim, “Protective effect of ginseng on
cytokine-induced apoptosis in pancreatic beta-cells,” Journal of
Agricultural and Food Chemistry, vol. 55, no. 8, pp. 2816-2823,
2007.

J. Z. Luo and L. Luo, “American ginseng stimulates insulin pro-
duction and prevents apoptosis through regulation of uncou-
pling protein-2 in cultured S cells,” Evidence-Based Complemen-
tary and Alternative Medicine, vol. 3, no. 3, pp. 365-372, 2006.
E.-Y. Park, H.-J. Kim, Y.-K. Kim et al,, “Increase in insulin
secretion induced by panax ginseng berry extracts contributes
to the amelioration of hyperglycemia in streptozotocininduced
diabetic mice,” Journal of Ginseng Research, vol. 36, no. 2, pp.
153-160, 2012.

L. Dey, J. T. Xie, A. Wang, J. Wu, S. A. Maleckar, and C.-S. Yuan,
“Anti-hyperglycemic effects of ginseng: comparison between
root and berry,” Phytomedicine, vol. 10, no. 6-7, pp. 600-605,
2003.

J. T. Xie, Y.-P. Zhou, L. Dey et al., “Ginseng berry reduces blood
glucose and body weight in db/db mice,” Phytomedicine, vol. 9,
no. 3, pp. 254-258, 2002.

J.-T. Xie, C.-Z. Wang, A.-B. Wang, J. Wu, D. Basila, and C.-
S. Yuan, “Antihyperglycemic effects of total ginsenosides from
leaves and stem of Panax ginseng, Acta Pharmacologica Sinica,
vol. 26, no. 9, pp- 1104-1110, 2005.

V. Vuksan, J. L. Sievenpiper, V. Y. Y. Koo et al., “American
ginseng (Panax quinquefolius L) reduces postprandial glycemia
in nondiabetic subjects and subjects with type 2 diabetes
mellitus,” Archives of Internal Medicine, vol. 160, no. 7, pp. 1009—-
1013, 2000.

V. Vuksan, M.-K. Sung, J. L. Sievenpiper et al., “Korean red
ginseng (Panax ginseng) improves glucose and insulin regula-
tion in well-controlled, type 2 diabetes: results of a randomized,
double-blind, placebo-controlled study of efficacy and safety;
Nutrition, Metabolism and Cardiovascular Diseases, vol. 18, no.
1, pp. 46-56, 2008.

S.Kim, B.-C. Shin, M. S. Lee, H. Lee, and E. Ernst, “Red ginseng
for type 2 diabetes mellitus: a systematic review of randomized

Evidence-Based Complementary and Alternative Medicine

(58]

(59]

(60]

(61]

[62]

(63]

[65]

[66

(71

(72]

controlled trials,” Chinese Journal of Integrative Medicine, vol. 17,
no. 12, pp. 937-944, 2011.

P. R. Vuddanda, S. Chakraborty, and S. Singh, “Berberine:
a potential phytochemical with multispectrum therapeutic
activities,” Expert Opinion on Investigational Drugs, vol. 19, no.
10, pp. 1297-1307, 2010.

S.-H. Leng, E-E. Lu, and L.-J. Xu, “Therapeutic effects of
berberine in impaired glucose tolerance rats and its influence
on insulin secretion,” Acta Pharmacologica Sinica, vol. 25, no. 4,
Pp. 496-502, 2004.

L. Zhou, X. Wang, L. Shao et al., “Berberine acutely inhibits
insulin secretion from f3-cells through 3',5'-cyclic adenosine 5'-
monophosphate signaling pathway,” Endocrinology, vol. 149, no.
9, pp. 4510-4518, 2008.

Y. S. Lee, W. S. Kim, K. H. Kim et al., “Berberine, a natural
plant product, activates AMP-activated protein kinase with
beneficial metabolic effects in diabetic and insulin-resistant
states,” Diabetes, vol. 55, no. 8, pp. 2256-2264, 2006.

J. Yin, H. Xing, and J. Ye, “Efficacy of berberine in patients with
type 2 diabetes mellitus;,” Metabolism: Clinical and Experimen-
tal, vol. 57, no. 5, pp. 712-717, 2008.

H. Dong, N. Wang, L. Zhao, and E. Lu, “Berberine in the
treatment of type 2 diabetes mellitus: a systemic review and
meta-analysis,” Evidence-Based Complementary and Alternative
Medicine, vol. 2012, Article ID 591654, 12 pages, 2012.

K. Umezawa, T. Taniguchi, M. Toi et al., “Growth inhibition
of K-ras-expressing tumours by a new vinca alkaloid, cono-
phylline, in nude mice,” Drugs under Experimental and Clinical
Research, vol. 22, no. 2, pp. 35-40, 1996.

M. Kawakami, A. Hirayama, K. Tsuchiya, H. Ohgawara, M.
Nakamura, and K. Umezawa, “Promotion of f-cell differ-
entiation by the alkaloid conophylline in porcine pancreatic
endocrine cells,” Biomedicine and Pharmacotherapy, vol. 64, no.
3, pp. 226-231, 2010.

T. Ogata, K. Y. Park, M. Seno, and 1. Kojima, “Reversal of
streptozotocin-induced hyperglycemia by transplantation of
pseudoislets consisting of beta cells derived from ductal cells,”
Endocrine Journal, vol. 51, no. 3, pp. 381-386, 2004.

K. Umezawa, A. Hiroki, M. Kawakami et al., “Induction of
insulin production in rat pancreatic acinar carcinoma cells by
conophylline,” Biomedicine and Pharmacotherapy, vol. 57, no. 8,
pp. 341-350, 2003.

T. Ogata, L. Li, S. Yamada et al., “Promotion of -cell differ-
entiation by conophylline in fetal and neonatal rat pancreas,”
Diabetes, vol. 53, no. 10, pp. 2596-2602, 2004.

T. Kodera, S. Yamada, Y. Yamamoto et al., “Administration of
conophylline and betacellulin-§4 increases the f3-cell mass in
neonatal streptozotocin-treated rats,” Endocrine Journal, vol. 56,
no. 6, pp. 799-806, 2009.

R. Saito, S. Yamada, Y. Yamamoto et al., “Conophylline sup-
presses pancreatic stellate cells and improves islet fibrosis in
Goto-Kakizaki rats,” Endocrinology, vol. 153, no. 2, pp. 621-630,
2012.

B. Meng, J. Li, and H. Cao, “Antioxidant and antiinflammatory
activities of curcumin on diabetes mellitus and its complica-
tions,” Current Pharmaceutical Design, vol. 19, no. 11, pp. 2101-
2113, 2013.

L. Best, A. C. Elliott, and P. D. Brown, “Curcumin induces
electrical activity in rat pancreatic S-cells by activating the

volume-regulated anion channel,” Biochemical Pharmacology,
vol. 73, no. 11, pp- 1768-1775, 2007.



Evidence-Based Complementary and Alternative Medicine 11

[73] K. Meghana, G. Sanjeev, and B. Ramesh, “Curcumin prevents [88] T. Ohno, N. Kato, C. Ishii et al.,, “Genistein augments cyclic

streptozotocin-induced islet damage by scavenging free radi- adenosine 3'5'-monophosphate (cAMP) accumulation and
cals: a prophylactic and protective role,” European Journal of insulin release in min6 cells;” Endocrine Research, vol. 19, no. 4,
Pharmacology, vol. 577, no. 1-3, pp. 183-191, 2007. pp- 273-285,1993.

(74] H. .E‘.M' A. Huss.ain, “Hyp(.)gly'cemic, hypolipidemic and [89] S. J. Persaud, T. E. Harris, C. J. Burns, and P. M. Jones,
antioxidant properties of combination of Curcumin from Cur-

cuma longa, Linn, and partially purified product from Abroma
augusta, Linn. in streptozotocin induced diabetes,” Indian
Journal of Clinical Biochemistry, vol. 17, no. 2, pp. 33-43, 2002.
[75] L.-X. Na, Y.-L. Zhang, Y. Li et al., “Curcumin improves insulin [90] P Lu.l’ W Zhen, Z. Ya.ng, J.D. C.arter., H.Si, agd K'.A' Reynold‘s,
resistance in skeletal muscle of rats,” Nutrition, Metabolism and Genistein acutely stimulates insulin secretion in pancreatic
Cardiovascular Diseases, vol. 21, no. 7, pp. 526-533, 201L. beta-cells through a cAMP-dependent protein kinase pathway,”

Di , vol. 55, no. 4, pp. 1043-1050, 2006.
[76] M. A. El-Moselhy, A. Taye, S. S. Sharkawi, S. E L. EI-Sisi, and A. iabetes, vol. 55, no. 4, pp. 1043-1050, 2006
E Ahmed, “The antihyperglycemic effect of curcumin in high [91] R. L. Sorenson, T. C. Brelje, and C. Roth, “Effect of tyrosine

“Tyrosine kinases play a permissive role in glucose-induced
insulin secretion from adult rat islets,” Journal of Molecular
Endocrinology, vol. 22, no. 1, pp. 19-28, 1999.

fat diet fed rats. Role of TNF-alpha and free fatty acids,” Food kinase inhibitors on islets of Langerhans: evidence for tyrosine
and Chemical Toxicology, vol. 49, no. 5, pp. 1129-1140, 2011. kinases in the regulation of insulin secretion,” Endocrinology,
[77] S. Chuengsamarn, S. Rattanamongkolgul, R. Luechapudiporn, vol. 134, no. 4, pp. 1975-1978, 1994.

C. Phisglaphong, and. S. ]ira:vat'notai, “Curcumin extract for 192 . Elliott, J. H. B. Scarpello, and N. G. Morgan, “Differential
prevention of type 2 diabetes,” Diabetes Care, vol. 35, no. 11, pp. effects of genistein on apoptosis induced by fluoride and

2121-2127, 2012. pertussis toxin in human and rat pancreatic islets and RINm5F

[78] Y. Fu and W. W. L. Koo, “EGCG protects HT-22 cells against cells;” Journal of Endocrinology, vol. 172, no. 1, pp. 137-143, 2002.
glutamate-induced oxidative stress,” Neurotoxicity Research, vol. « L .
10, no. 1, pp. 23-29, 2006 [93] Z. Fu, W. Zhang, W. Zhen et al., “Genistein induces pancreatic

beta-cell proliferation through activation of multiple signaling
pathways and prevents insulin-deficient diabetes in mice,
Endocrinology, vol. 151, no. 7, pp. 3026-3037, 2010.

[79] K. R. Landis-Piwowar, C. Huo, D. Chen et al., “A novel prodrug
of the green tea polyphenol (-)-epigallocatechin-3-gallate as a
potential anticancer agent,” Cancer Research, vol. 67, no. 9, pp.

4303-4310, 2007. [94] M.S. Choi, U.]J.Jung,J. Yeo, M. J. Kim, and M. K. Lee, “Genistein

[80] M.-K. Han, “Epigallocatechin gallate, a constituent of green and daidzein prevent diabetes onset by elevating insulin level
tea, suppresses cytokine-induced pancreatic S-cell damage] and altering hepatic gluconeogenic and lipogenic enzyme activ-
Experimental and Molecular Medicine, vol. 35, no. 2, pp. 136- ities in non-obese diabetic (NOD) mice,” Diabetes/Metabolism
139, 2003. Research and Reviews, vol. 24, no. 1, pp. 74-81, 2008.

[81] E. P. Cai and J.-K. Lin, “Epigallocatechin gallate (EGCG)  [95] I. Suzuma, T. Murakami, K. Suzuma et al., “Cyclic stretch-
and rutin suppress the glucotoxicity through activating IRS2 induced reactive oxygen species generation enhances apoptosis
and AMPK signaling in rat pancreatic § cells Journal of in retinal pericytes through c-Jun NH2-terminal kinase activa-
Agricultural and Food Chemistry, vol. 57, no. 20, pp. 9817-9827, tion,” Hypertension, vol. 49, no. 2, pp. 347-354, 2007.

20009.

[96

S. Yatoh, T. Akashi, P. P. Chan et al., “NeuroD and reaggregation
induce beta-cell specific gene expression in cultured hepato-
cytes,” Diabetes/Metabolism Research and Reviews, vol. 23, no.
3, pp. 239-249, 2007,

[82] S. Wolfram, D. Raederstorff, M. Preller et al., “Epigallocatechin
gallate supplementation alleviates diabetes in rodents,” Journal
of Nutrition, vol. 136, no. 10, pp. 2512-2518, 2006.

[83] S.-Y. Yun, S.-P. Kim, and D.-K. Song, “Effects of (-)-epigal- ) o B
locatechin-3-gallate on pancreatic beta-cell damage in stre- [97] H. Kaneto, T. Miyatsuka, Y. Fujitani et al., “Role of PDX-1 and

ptozotocin-induced diabetic rats;” European Journal of Pharma- MafA as a potential therapeutic target for diabetes,” Diabetes
cology, vol. 541, no. 1-2, pp. 115-121, 2006. Research and Clinical Practice, vol. 77, supplement 1, pp. SI127-

[84] K. S. Suh, S. Chon, S. Oh et al., “Prooxidative effects of green $137, 2007
tea polyphenol (-)-epigallocatethin-3-gallate on the HIT-T15  [98] Y. H. Zhang, J. Y. Cai, H. L. Ruan, H. E. Pi, and J. Z. Wu,

pancreatic beta cell line,” Cell Biology and Toxicology, vol. 26, “Antihyperglycemic activity of kinsenoside, a high yielding
no. 3, pp. 189-199, 2010. constituent from Anoectochilus roxburghii in streptozotocin

[85] H. Tsuneki, M. Ishizuka, M. Terasawa, J.-B. Wu, T. Sasaoka, and diabetic rats,” Journal of Ethnopharmacology, vol. 114, no. 2, pp.
I. Kimura, “Effect of green tea on blood glucose levels and serum 141-145, 2007.

proteomic patterns in diabetic (db/db) mice and on glucose [99]

mef[abolism in healthy humans,” BMC Pharmacology, vol. 4, insulin secretion and protects INS-1 pancreatic -cells against

article 18, 2004. oxidative damage via the ERK1/2 pathway,” British Journal of
[86] T. MacKenzie, L. Leary, and W. B. Brooks, “The effect of an Pharmacology, vol. 161, no. 4, pp. 799-814, 2010.

extract of green and black tea on glucose control in adults

with type 2 diabetes mellitus: double-blind randomized study;,”

Metabolism: Clinical and Experimental, vol. 56, no. 10, pp. 1340

E. Youl, G. Bardy, R. Magous et al, “Quercetin potentiates

[100] C. S. T. Hii and S. L. Howell, “Effects of flavonoids on insulin
secretion and **Ca** handling in rat islets of Langerhans,”

1344. 2007, Journal of Endocrinology, vol. 107, no. 1, pp. 1-8, 1985.

[87] E. R. Gilbert and D. Liu, “Anti-diabetic functions of soy  [101] J. M. Cho, S.-Y. Chang, D.-B. Kim, P. W. Needs, Y.-H. Jo, and
isoflavone genistein: mechanisms underlying its effects on M.-J. Kim, “Effects of physiological quercetin metabolites on
pancreatic 3-cell function,” Food and Function, vol. 4, no. 2, pp. interleukin-1p-induced inducible NOS expression,” Journal of

200-212, 2013. Nutritional Biochemistry, vol. 23, no. 11, pp. 1394-1402, 2012.



12

[102]

(103]

[104]

[105]

(106]

[107]

[108]

(109]

[110]

[111]

[112]

[113]

(114]

[115]

[116]

[117]

O. Coskun, M. Kanter, A. Korkmaz, and S. Oter, “Quercetin,
a flavonoid antioxidant, prevents and protects streptozotocin-
induced oxidative stress and beta-cell damage in rat pancreas;”
Pharmacological Research, vol. 51, no. 2, pp. 117-123, 2005.

P. S. Mainzen Prince and N. Kamalakkannan, “Rutin improves
glucose homeostasis in streptozotocin diabetic tissues by alter-
ing glycolytic and gluconeogenic enzymes,” Journal of Biochem-
ical and Molecular Toxicology, vol. 20, no. 2, pp. 96-102, 2006.
J--H. Kim, M.-]. Kang, H.-N. Choi, S.-M. Jeong, Y.-M. Lee,
and J.-I. Kim, “Quercetin attenuates fasting and postprandial
hyperglycemia in animal models of diabetes mellitus,” Nutrition
Research and Practice, vol. 5, no. 2, pp. 107-111, 2011.

A. R. Brown, M. Covington, R. C. Newton, R. Ramage, and P.
Welch, “The total chemical synthesis of monocyte chemotactic
protein-1 (MCP-1),” Journal of Peptide Science, vol. 2, no. 1, pp.
40-46, 1996.

M. T. Borra, B. C. Smith, and J. M. Denu, “Mechanism of human
SIRT1 activation by resveratrol,” Journal of Biological Chemistry,
vol. 280, no. 17, pp. 17187-17195, 2005.

Y. Zhang, B. Jayaprakasam, N. P. Seeram, L. K. Olson, D. DeWitt,
and M. G. Nair, “Insulin secretion and cyclooxygenase enzyme
inhibition by cabernet sauvignon grape skin compounds;
Journal of Agricultural and Food Chemistry, vol. 52, no. 2, pp.
228-233,2004.

W.-P. Chen, T.-C. Chi, L.-M. Chuang, and M.-]. Su, “Resveratrol
enhances insulin secretion by blocking K, and Ky, channels of
beta cells,” European Journal of Pharmacology, vol. 568, no. 1-3,
pp. 269-277, 2007.

J--H. Lee, M.-Y. Song, E.-K. Song et al., “Overexpression of
SIRTI protects pancreatic f-cells against cytokine toxicity by
suppressing the nuclear factor-«B signaling pathway,” Diabetes,
vol. 58, no. 2, pp. 344-351, 2009.

H.-C. Su, L.-M. Hung, and J.-K. Chen, “Resveratrol, a red wine
antioxidant, possesses an insulin-like effect in streptozotocin-
induced diabetic rats,” The American Journal of Physiology—
Endocrinology and Metabolism, vol. 290, no. 6, pp. E1339-E1346,
2006.

J. P. Crandall, V. Oram, G. Trandafirescu et al., “Pilot study
of resveratrol in older adults with impaired glucose tolerance,”
Journals of Gerontology Series A: Biological Sciences and Medical
Sciences, vol. 67, no. 12, pp- 1307-1312, 2012.

J. K. Bhatt, S. Thomas, and M. J. Nanjan, “Resveratrol sup-
plementation improves glycemic control in type 2 diabetes
mellitus,” Nutrition Research, vol. 32, no. 7, pp. 537-541, 2012.

Y. C. Rui, “Advances in pharmacological studies of silymarin,”
Memorias do Instituto Oswaldo Cruz, vol. 86, supplement 2, pp.
79-85, 1991.

E.J.Kim, J. Kim, M. Y. Lee, M. S. Sudhanva, S. Devakumar, and
Y. J. Jeon, “Silymarin inhibits cytokine-stimulated pancreatic
beta cells by blocking the ERK1/2 pathway,” Biomolecules ¢
Therapeutics, vol. 22, no. 4, pp. 282-287, 2014.

C. Soto, R. Mena, J. Luna et al., “Silymarin induces recovery of
pancreatic function after alloxan damage in rats,” Life Sciences,
vol. 75, no. 18, pp. 2167-2180, 2004.

C. Soto, L. Raya, J. Pérez, I. Gonzalez, and S. Pérez, “Sily-
marin induces expression of pancreatic Nkx6.1 transcription
factor and beta-cells neogenesis in a pancreatectomy model,”
Molecules, vol. 19, no. 4, pp. 4654-4668, 2014.

M. A. Jose, A. Abraham, and M. P. Narmadha, “Effect of
silymarin in diabetes mellitus patients with liver diseases,”
Journal of Pharmacology and Pharmacotherapeutics, vol. 2, no.
4, pp. 287-289, 2011.

Evidence-Based Complementary and Alternative Medicine

[118] H. E Huseini, B. Larijani, R. Heshmat et al., “The efficacy of

Silybum marianum (L.) Gaertn. (silymarin) in the treatment
of type II diabetes: a randomized, double-blind, placebo-
controlled, clinical trial,” Phytotherapy Research, vol. 20, no. 12,
pp- 1036-1039, 2006.



