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ABSTRACT

Diabetes Mellitus, one of the leading metabolic disorders, has become a worldwide pandemic and socioeconomic
challenge where one in eleven adults are suffering from this condition. India is among the leading country that due to its
populace’s changing lifestyle and genetic predisposition is harboring nearly 77 million diabetic patients. Current
hypoglycemic drugs in the market that are used in the treatment of diabetes can merely manage the condition and have
side effects. Hence, improved and effective strategies harboring herbal medicinal plants and bioactive drugs are needed in
the paradigm of diabetes therapeutics. Various neutraceutical plants/bioactive focusing on anti-hyperglycemic, increased
insulin secretion, pancreatic/beta cell regenerative properties, islet-neogenic properties, are stated. The positive
antidiabetic effect and nutritional value of Enicostemma littorale have been extensively explored. Pancreatic/beta cell
regenerative properties combined with the current stem cell/ regenerative technology demonstrating differentiation
potential into insulin producing cells can thus become an attractive strategy for the therapeutic intervention. The
traditional nutraceutical/ herbal medicines can provide an effective alternative to the synthetic side effects of the existing

diabetes drugs which will not only improve our existing knowledge but will provide a novel effective clinically acceptable

diabetic cure.

Keywords: Herbal therapy, Diabetes Mellitus, Stem cells, Bio-active molecules.

1. INTRODUCTION

Diabetes mellitus (DM) is a metabolic disorder that
affects a large number of people. Patients suffering
from diabetes continue to increase worldwide. The
prevalence of both Type 1 and Type 2 diabetes mellitus
is increasing throughout the world along with the
ensuing morbidity and early mortality because of
premature microvascular and macrovascular disease.
The international diabetes federation in the year 2019
stated that around 463 million adults were suffering
from diabetes. Statistically, India is severely afflicted by
DM, there were over 77 million cases of diabetes in
India in 2019 [1]. Diabetes is a complex metabolic
disorder associated with hyperglycemia, hyperlipidemia,
and oxidative stress either due to decreased insulin
secretion (type 1) or lack of insulin response (type 2). In
type 1 diabetes, there is the self-destruction of insulin
producing pancreatic B-cells whereas in type 2, long
term insulin resistance gets transformed into type 1 with
loss of B-cells, which creates a chaotic state for B-cells
[2,3]. There are different approaches for the treatment

of diabetes; first and foremost is insulin itself, apart
from this, many other drugs are in the market which
target different levels such as Sulfonylurea, which
efficiently releases insulin from PB-cells by blocking the
ATP-sensitive potassium channels. Meglitinides like
repaglinide and nateglinide are other important insulin
secretagogues  [4, 5]. Biguanides, decrease insulin
resistance, a thiazolidinedione, increase insulin
sensitivity; alpha-glucosidase inhibitors like acarbose,
decreases glucose absorption from the intestine, and
Sodium-Glucose  Cotransporters inhibitors (SGLT)
cause increased  glucosuria  thereby  decreasing
hyperglycemia. Clinical trials indicate that, in some
instances, control of blood glucose can be restored by
transplantation of cadaveric derived and in vitro newly
differentiated islets.

2. TRADITIONAL NUTRACEUTICAL/HERBAL
PLANTS WITH ANTIDIABETIC ACTIVITY

In recent years, the popularity of complementary

medicine such as traditional herbal therapy, described
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by ayurvedic and indigenous systems of medicine in
India has increased. Herbal preparations/agents are
preferred, antidiabetic agents. Table 1 demonstrates

traditional Nutraceuticals/herbal plants with anti-
diabetic activity.

Table 1: Summarizing traditional Nutraceuticals/herbal plants with antidiabetic activity

Anti-Hyperglycaemic effect

Increased Insulin secretion

Azadirachta indica [6]

Allium sativum and Allium cepa [7]

Aegle marmelos [8]

Aloe vera [9]

Curcuma longa Linn [10]

Acacia Arabica [11]

Catharanthus roseus [12]

Gymnema sylvestre [13]

Emblica officinalis Gaertn [14]

Ocimum sanctum [15]

Ginseng species [16,17,18]

Insulin-mimetic property Coccinia indica [19]

Momordica charantia [20,21]

Mangifera indica L [22]

Pterocarpus marsupium [23]

Silibummarianum [24,25]

Trigonella foenum-graecum [26,27]

3. COALESCING MEDICINAL PLANT/BIO-
ACTIVE MOLECULES WITH REGENERATIVE
MEDICINE FOR DIABETES TREATMENT

Currently, commercially available drugs manage the

diabetic condition but portray health risks hence

medicinal plants or natural bioactive molecules derived
from herbs with pancreatic/islet regenerative properties
with regards to differentiation potential from various
stem/progenitors into insulin producing islets like
clusters with minimal to no side effects gives an

improved edge to the regenerative medicines.

4. STEM CELLS IN ISLET REPLACEMENT
THERAPY

Stimulation of endogenous tissue regeneration is an
important avenue that is being examined for B-cell
replacement therapy. The capacity to repair tissue
following an insult has been demonstrated in many
tissues, including the skin, liver, and heart [28]. This
mechanistic  tissue regeneration has also been
demonstrated in many animal models of pancreas injury
such as partial duct ligation and partial pancreatectomy
or by B-cell  specific injury with alloxan and
Streptozotocin  [29]. These studies have attempted
to identify the source of new B-cells following
regeneration as a means to generate an increased supply
of B-cells. There are three main sources of new B-cells:
replication, islet ductal neogenesis, and stem/
progenitor cell differentiation.

The islet transplantation therapy for type 1 diabetes
patients pioneered in 2000 by the Edmonton group [30]

demonstrated its potential with remarkable freedom
from exogenous insulin-dependence for the majority of
patients for up to 1-2 years. Although there are
limitations of this approach because more than 50% of
the patients were back on insulin in five years, some
continuing function of residual grafts is required [31].
Islet therapy is a promising approach. Stem cells both
embryonic and adult, along with induced pluripotent
stem cells (iPSCs) opens new vistas in pancreatic
regenerative or islet replacement therapy. These cell-
based therapies may eventually provide new rays of
hope for curative treatment for diabetes. The availability
of this treatment option is limited due to (i) the death of
cadaveric islet donors [32], (ii) generation of new islets
from stem cell pool, and (iii) availability of islet
neogenic or differentiating agents [33]. However,
hurdles of islet transplantation can be significantly
improved. Medical practitioners had started using islet
transplantation therapy to treat diabetes in the year
2000 [34]. Various methods have been developed to
create in vitro large quantities of glucose-responsive
functional islets from the pancreatic stem or precursor
cells under well-defined stimulus conditions [35, 36].
Another more famously used technique is the use of
human embryonic stem cells by “Novocell protocol”.
This when used in a defined sequence, and with specific
differentiating agents helps to direct the stem cells
finally towards hormone expressing group of endocrine
cells which represent “islets” [37]. It is ideal that islets
created in vitro have all the cells present in natural islets,
but at least they must have majority of insulin-releasing
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[-cells mixed with a small fraction of a-cells so that the
“new islet cluster” can independently maintain glucose
homeostasis by tightly regulating the release of insulin in
response to glucose. Various differentiating agents for
this rationale are now being rummaged around for.
Biological growth factor like Keratinocyte growth factor
(KGF), Fibroblast growth factor (FGF), Glucagon-like
peptide-1(GLP-1) and Betacellulin [38-40] and chemical
agents like Nicotinamide, Activin-A, Exendin-4 [41-43]
are conveniently used by researchers. But the yield of
islets after differentiation is not sufficient to overcome
the verge of demand and the high cost of therapy. Hence
scientists are now shifting towards the use of dramatic
medicinal properties of herbal plants that may possess
islet neogenic activity.

5. MEDICINAL PLANTS IN PANCREATIC
REGENERATION AND ISLET NEOGENESIS:

5.1. Citrullus colocynthis

According to the findings of one of the studies, the
application of 125 mg C. colocynthis once per day for 2
months can lead to a considerable decrease in the mean
levels of HbAlc and FBS among patients with type II
diabetes without any side effects [44]. C. colocynthis
aqueous seed extract stabilized animal body weight and
ameliorated hyperglycemia in a dose- and time-
dependent manner which was attributable to
regenerative effect on B cells and intra-islet vasculature.

It increased the islet diameter and [ cell count [45].

5.2. Tinospora cordifolia

Authors have reported that treatment with T. cordifolia
stem powder caused a reversal in the level of fasting
blood sugar by 9 % in Type 2 diabetic patients
compared to control human controls [46]. The novel
polysaccharide from T.cordifolia possesses hypolipidemic
and hypoglycemic properties. It also has glucose
oxidizing and [ cell regenerative properties.
Regeneration of B cells in the pancreatic sections was
found in the histological studies of Streptozotocin-
induced Diabetic Wistar Rats [47].

5.3. Moringa oleifera

Kumari et al. demonstrated the treatment of type 2
diabetic subjects with 8 g of powdered M. oleifera leaf in
a tablet form per day for 40 days. A total of 46 subjects
were involved in the study. At the end of the study,
fasting blood glucose and postprandial blood glucose
were 28% and 26% lower, respectively, in the treated

subjects [48]. Aqueous extract of M. oleifera leaves
possesses potent hypoglycemic effects through the
normalization of elevated hepatic pyruvate carboxylase
enzyme and regeneration of damaged hepatocytes
and pancreatic cells via its antioxidant properties.
Moreover, it restored the normal histological structure
of the liver and pancreas damaged by alloxan in diabetic
rats [49].

5.4. Ephedra sinica Stapf, and Ephedra
distachya

Glycans and ephedrans A, B, C, D, and E, isolated from

Ephedra distachya herbs have been confirmed to have

anti-hyperglycemic activity in alloxan-induced diabetic

mice by regenerating atrophied endocrine pancreas and

restoring insulin secretion [50].

5.5. Oreocnide integrifolia:

Here, the study examined the potential of the flavonoid-
rich fraction of Oreocnide integrifolia in pancreatic
regeneration of 70% pancreatectomized BALB/c mice.
Although they explained that the ductal progenitors
were responsible for the pancreatic regeneration, they
did not comment on either the active principle
responsible for the flavonoid fraction or its mechanism
of action for the same [51]. Figure 1 depicts the islet
neogenic activity of various herbal plants and table 2
describes medicinal plants with pancreatic/ B cell
regenerating ability.

Islet of
Langerhans

Pancreas

*  Citrullus colocynthis

+ Tinospora cordifotia

*  Moringa oleifera

* Ephedra sinica Stapf and
Ephedra distachya

*  Oreocnide integrifolia

*  Enicostemma littorale

Fig. 1: Islet neogenic activity of various herbal
plants
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Table 2: Plants with pancreatic/ B cell regenerating ability

Plants with pancreatic/ cell regenerating ability Mode of action Reference
Citrullus colocynthis Regenerative effect on B cells and intra-islet [45]
vasculature
Tinospora cordifolia B cell regenerative properties [47]
Moringa oleifera Regeneration of dar.naged pancre.atlc cells via its [49]
antioxidant properties
Ephedra sinica Stapf, and Ephedra distachya: Acts by regenerating atrophied endocrine pancreas [50]

and restoring insulin secretion

Oreocnide integrifolia

Pancreatic regeneration of 70% pancreatectomized

BALB/ ¢ mice. [>1]

6. ENICOSTEMMA LITTORALE: ANTI DIABETIC
EFFECTS AND A NEW TARGET FOR ISLET
NEOGENESIS

Enicostemma littorale (Gentianaceae) belonging to the

family Gentianaceae is a glabrous perennial herb. It

grows throughout India up to 1.5 feet high and more
frequently near the sea. It is called Chota-kirayat or

Chota chirayata in Hindi, Mamejavo in Gujarati,

Nagajivha in Bengal, and Vellarugu or Vallari in Tamil.

As for the high nutritional value of EL, 2 g of EL fresh

leaves is daily recommended in diabetes [52]. A 100 g of

fresh EL contains 140 kcal energy with 26.5¢g of carbo-
hydrate, 7g of protein, 0.7g of fat, 8.4 g of minerals,

1.641 mg of calcium, 49.9 mg of iron, 81mg of phos-

phorous, and 4.2 g of fiber as per the nutritional analysis

report of Indian Council of Medical Research [53].

Traditionally aqueous extract and dried powder of this

herb have been used for the treatment of malaria and

diabetes, however was not evaluated scientifically till
the year 2000. Taking lead from the reverse
pharmacology approach, studies with aqueous extract of
this plant were initiated [54, 55]. Alloxan-induced

diabetic rats showed increase in serum insulin levels
owing to hypoglycemic and antidiabetic effects of
aqueous extract of Enicostemma littorale along with
insulin secretagogue action in isolated rat pancreatic
islets [54, 56, 57]. The methanolic extract imparts an
insulinotropic effect, normalizes dyslipidemia, and
reduces oxidative stress [54, 55]. In another study,
diabetic rats when treated with plant extract for 45 days
showed a reduction in blood glucose levels and also
provided nephron, neuro, and cardioprotective effects
[58-60].

It is also reported that the EL extract improved lipid
profile at a small dose of 0.5 g/kg [61]. Our group has
also suggested that the methanolic extract of Enicostemma
littorale imparts cytoprotective and anti-apoptotic effects
to the islet of Langerhans against oxidative stress [62].
Apart from animal studies, we have also reported the
antidiabetic effect of EL in Non-insulin dependent
diabetes mellitus (NIDDM) patients showing hypo-
glycemic, antioxidant, and hypolipidemic actions with
aqueous extract [63]. Table 3 demonstrates Enicostemma

littorale extracts and its anti diabetic properties

Table 3: Enicostemma littorale Plant extracts & anti diabetic properties

Enicostemma littorale

Aqueous Extract
Hypoglycemic effect, insulin secretagogue action &
Cardioprotective.

[54,56,57]

Methanolic Extract

The hypoglycemic, insulinotropic effect, Hypolipidemic,
antioxidant as well as preventive effects of Nephro-
toxicity & Neuropathy. Moreover, Methanolic extract
recently demonstrated CytoErotective and anti-apoptotic
effects on the islet of Langerhans against oxidative stress.

[54,55] [58-60] [62]

7. PANCREATIC REGENERATIVE AND ISLET-
NEOGENIC PROPERTIES OF HERBAL
AGENTS (BIOACTIVE)

7.1. Geniposide

Geniposide significantly decreased the blood glucose,

insulin as well as triglyceride levels in diabetic mice. It

also promotes P cell regeneration and survival in in vitro
study in isolated mouse islets & mouse pancreatic cell
line (MING6). Further, mouse pancreatic islets in vitro as
well as mouse in vivo study identified a role of

geniposide in enhancing B-cell survival and regeneration
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by mechanisms involving the activation of [3-catenin/T-
cell factor 7 like-2 signaling pathways [64].

7.2. Kinsenoside

Kinsenoside from A. roxburghil is a major component of
its n-butanol fraction, exhibited glucose lowering effect
in STZ rats at 15 mg/kg dose along with increased
glucose tolerance. Enhanced integrity of islets of
Langerhans was observed in the Kinsenoside treated
rats, which indicated pancreatic B-cell regeneration.
Thus, rendering Kinsenoside as a promising antidiabetic
agent for therapy [65].

7.3. Silymarin

Silymarin = recovers the normal morphology and
endocrine function of damaged pancreatic tissue in
alloxan induced diabetic rats. Moreover, the Silymarin
treatment induced an increase in both Pancreas/
duodenum homeobox protein 1 (Pdx!) and insulin gene
expression as well as B-cell proliferation in Wistar rats,
partially pancreatectomized (60%) model [66]. Five
randomized human clinical trials on 270 diabetic
patients showed that routine silymarin administration
regulates a momentous reduction in fasting blood

glucose levels as well as HbA1c levels [67].

7.4. Genistein

Genistein enhances insulin secretion & inhibits
pancreatic B—cell apoptosis.  Genistein  treatment
increased B-cell proliferation in cell culture models as
well as in the pancreas of Genistein-treated diabetic
mouse model. The effects appear to involve cAMP/
PKA (cyclic Adenosine monophosphate/Protein kinase
A) signaling. Genistein treatment was also associated
with increases in intracellular cAMP, PKA activity, and
active ERK1/2 (extracellular signal-regulated kinases),
suggesting that the cAMP/PKA and ERK1/2 pathways
are stimulated by Genistein treatment. Identical effects
were observed in human islet B-cells that were exposed
to Genistein, suggesting non—species—speciﬁc and
human-relevant effects [68]. Randomized Human
clinical trials revealed that 1-year genistein treatment
significantly reduced fasting glucose and fasting insulin
as well as HOMA-IR (Homeostatic model assessment
(HOMA) insulin resistance (IR)) without any side
effects [69].

7.5. Quercetin
Commonly found in plants (In many fruits, vegetables,
leaves, and grains) enhances insulin secretion and

inhibits pancreatic P cell apoptosis. Quercetin
potentiated both glucose and Glibenclamide-induced
insulin secretion in the insulin-secreting cell line INS-1
and rat isolated pancreas. The ERK1/2 signaling
pathway played a crucial role in the potentiation of
glucose-induced insulin secretion by quercetin. Also,
quercetin protected -cell function and viability against
oxidative damage induced by H,0, and induced major
phosphorylation of ERK1/2 [70].

7.6. Berberine

Berberine is isolated from Rhizoma coptidis. It enhances
insulin  secretion and lowers hyperglycemia. It
stimulated pancreatic B cell regeneration in type 2
diabetic animals [71]. Moreover, the pilot human
clinical trials study on 36 types 2 diabetic patients for 3-
month treatment of berberine revealed that significant
decreases in hemoglobin Alc, fasting blood glucose,

postprandial blood glucose [72].

7.7. Nymphayol

Nymphayol enhances insulin secretion. Nymphayol
isolated from Nymphacastellata (Wild.) flowers demon-
strated Partial regeneration of f cells [73].

7.8. Ginsenoside

Ginsenoside Rg3 (Rg3), an active ingredient of ginseng
saponins, has been reported to enhance insulin secretion
stimulating anti-apoptotic activities in pancreatic beta
cells. Ginsenoside administration might be a prospective
management approach to enhance- islet function and
ameliorate early inflammation after islet transplantation.
Also, anti-obesity effects were observed in diabetic
patients and diabetic animal models [74].

7.9. Conophylline

Conophylline is a vinca alkaloid. It is extracted from
the tropical plant Ervatamia microphylla. Conophylline
addition to pancreatic rudiments in culture as well as to
AR42] cells (a model of pancreatic progenitors)
increased the number of insulin, and Pdx-1-positive
cells. Treatment with Conophylline of neonatal
Streptozotocin diabetic rats increased as well the
number of insulin-positive clusters budding from ductal
structures. This resulted in glucose normalization and
improved glucose tolerance for 2 months. The data
supports the role of Conophylline in B-cell
regeneration, which has also been described in the same
animal model treated with glucagon-like peptide and
Exendin-4. Moreover, the same group also previously
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demonstrated that the number of islet-like cell clusters
and pancreatic duodenal homeobox-1-positive ductal
cells were greater in 2-month conophylline-treated rats.
These results propose that conophylline induces
differentiation of pancreatic progenitors’ cells and
increases the formation of Pancreatic B-cells. [75]. This
compound acts as well in the Shh pathway, mimicking
the effect of Activin-A. Besides, Activin-A, when bound
to its receptor, can activate p38 mitogen—activated
protein kinase inducing the expression of neurogenin3.
Conophylline acting as a ligand for Activin-A was later
proved by performing differentiation in presence of
Activin-A antagonist. The antagonist blocked islet
generation  when incubated with  Conophylline
confirming the mode of differentiation [76]. This was
the first evidence that provided some clue that herbal
compounds possess islet neogenic property, thus playing
a crucial role in islet differentiation.

7.10. Resveratrol
Differentiation protocols incorporating Resveratrol
(RSV) treatment yielded numerous insulin-positive

Irz vitro
model

ARA4A2T cells

cells, induced significantly higher PDX1 expression, and
were able to transiently normalize glycemia when
transplanted in streptozotocin (STZ) induced diabetic
mice thus promoting its survival [77]. A Human clinical
study showed that daily resveratrol treatment for 3
months significantly decreased HbAlc levels in 28
Type-II diabetic patients [78].

7.11. Curcumin

Several studies highlight curcumin’s benefit as a
hypoglycemic agent as enhances insulin secretion.
Researcher suggests pancreatic islets regeneration in
diabetic rats when treated with Curcumin for forty days
(Long term study). Anti-inflammatory and antioxidant
effects of curcumin create a favorable environment to
promote islet neogenesis [79, 80]. A 9-month curcumin
clinical trial on humans demonstrated that Curcumin has
a positive effect on the prediabetic population. Besides,
the curcumin treatment appeared to recover the overall
function of pancreatic B-cells, with very lesser adverse
effects [81]. Figure 2 demonstrates the islet neogenic
activity of various plant bioactive.

Irz vivo

model
Type 1 & Type 2 diabetic model
HFD.db/db.STZ rat
Alloxan induced rat

INS-1
MIN-6 — Partially pancreatomized mice
e =3
.§ Ngn-3 Swertisin
? = PDX1 Resveratol
= = -
g = Conophylline
= = Silymarine
x>~
R X,
Islet like cell cluster
Regeneration & proliferation & A poptosis
Survival Replication —|—
Swe_rtlsu:l Qercetin
Geniposide Silymarin Genistein
klnsen?SIde Genistein Ginsenoside
Berberine Conophyline
Nymphavyol
Curcumin

Fig. 2: Islet neogenic activity of various plant bioactives

8. ANTIDIABETIC ACTIVITY OF ISOLATED
COMPOUNDS FROM ENICOSTEMMA
LITTORALE:

Many compounds have been isolated and reported from

Enicostemma littorale. Five alkaloids, two sterols, and

volatile oil have been reported by Natarajan and Prasad
[82]. Seven flavonoids including swertiamarin have been
reported by Ghoshal et.al. [83] and swertiamarin a
gentiopicroside was isolated from ethyl acetate extract
[84]. Further swertisin and swertiamarin were

Journal of Advanced Scientific Research, 2021; 12 (3) Suppl 1: Sept-2021



Gupta et al., | Adv Sci Res, 2021; 12 (3) Suppl 1: 10-20 16

successfully isolated from EL and proved potent insulin
inhibitor

swertiamarin in NIDDM rats and hepatic steatosis

sensitizer and adipogenic property of

models [85,86]. Swertisin has been proved as a potent
inducer of islet differentiation from stem/progenitors.

8.1. Swertisin imparts Islet neogenic activity to
E. littorale:
Recently stem/progenitor differentiation activity of
Enicostemma littorale has also been reported where human
pancreatic carcinoma cells Panc-1 and mouse embryonic
fibroblast cells NIH3T3 were converted to functional
insulin producing islet clusters [87]. Dadheech et al., in
2015 identified the active principle molecule Swertisin,
a flavonoid that was responsible for the above islet
neogenic property. Swertisin, not only gave a better
yield of islets but it was also superior in terms of the
amount of insulin released after a glucose challenge.
Further, the islets generated using Swertisin were
treated diabetic
BALB/c mice, which became normoglycemic after the

transplanted into  Streptozotocin

transplantation. Further, the molecular mechanism of

Swertisin was extensively studied and was found to
follow Activin A mediated MEPK-TKK pathway during
islet Neogenesis. Insulin transcript levels increased
owing to swertisin. It also decreased expression
of Nestin, Ngn-3 (Neurogenin-3), and Pancreatic
Duodenal Homeobox Gene-1 (PDX-1) in a post (PPx)
partial pancreatectomised mice model [88]. Swertisin
when administered into STZ diabetic mice (in vivo) also
triggered the resident pancreatic progenitors to
replenish and recover the endocrine function by
increasing islet formation [89]. All these properties of
Swertisin make it an ideal candidate for a novel
therapeutic intervention in treating diabetes mellitus.
Hence, presently islet differentiating activity —of
swertisin has been explored with human mesenchymal
stem cells and further our efforts are in the direction of
designing potent islet therapy using plant-derived
compounds for effective diabetes treatment. Table 4
demonstrates Plant bioactive with pancreatic/ B cell
regenerating ability. Figure 3 depicts islet neogenic
activity of swertisin.

Enicostemma littorale

|

Swertisin

A

|

Invitro

Cell lines

Pancl
NIH3T3

p-38 MAP Kinase-SMAD
pathway
Upregulation of
Ngn-3.PDX-1,
msulin,Glucagon

v

Islet like clusters

|

Invivo
Partial Triggered
pancretomy pancreatic
progenitors
in STZ mice
model
Upregulation Upregulation
of mmsulin of PDX-1,
transcript levels Neurog3, -.
and down- MafA and
regulation of Nkx6.1
Nestin, Ngn-3
and PDX-1 Pan‘greatic Pancreatic
regeneration regeneration

Fig. 3: Islet neogenic activity of swertisin
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Table 4: List of pancreatic/ B cell regenerating bioactive agents

17

Sr no.

pancreatic/ 3 cell
regenerating agents

Mode of action

Reference

1.

Geniposide

Promotes [ cell regeneration and survival

[64]

Kinsenoside

Enhanced integrity of islets of Langerhans was observed in
the Kinsenoside treated rats, which indicated pancreatic -
cell regeneration. Thus, rendering Kinsenoside as a
promising antidiabetic agent for therapy

[65]

Silymarin

Effect of Silymarin in Pdx-1 expression and the proliferation

of pancreatic B-cells in a pancreatectomy model.

[66]

Genistein

Enhances insulin secretion & Inhibits pancreatic 3 cell
apoptosis

[68]

Quercetin

Commonly found in plants(in many fruits, vegetables,
leaves, and grains) enhances insulin secretion & inhibits

pancreatic 3 cell apoptosis

[70]

Berberine

Berberine enhances insulin secretion and stimulated

pancreatic B cell regeneration in Type 2 diabetic animals

[71]

Nymphayol

Nymphayol enhances insulin secretion. Nymphayol isolated
from Nymphaeastellata (Wild.) flowers demonstrated Partial

regeneration of B cells.

[73]

Ginsenoside

Ginsenoside Rg3 (Rg3), an active ingredient of ginseng
saponins, has been reported to enhance insulin secretion
stimulating anti-apoptotic activities in pancreatic beta cells.

[74]

Conophyllin

Increased the number of insulin, and Pdx-1-positive cells in
vitro resulted in glucose normalization and improved glucose
tolerance. B-cell regeneration. Conophylline acting as a
ligand for Activin-A was later proved by performing

differentiation in presence of Activin-A antagonist.

[76]

10.

Resveratrol

Differentiation protocols incorporating Resveratrol (RSV)
treatment yielded numerous insulin-positive cells, induced
significantly higher PDX1 expression.

[77]

11.

Curcumin

Anti-inflammatory and antioxidant effects of curcumin

create a favorable environment to promote islet neogenesis

[79,80]

12.

Swertisin

A flavonoid which is responsible for islet neogenic property.
Swertisin, not only gave a better yield of islets but it was
also superior in terms of the amount of insulin released after
a glucose challenge. Further, the islets generated using
Swertisin were transplanted into Streptozotocin treated
diabetic BALB/ ¢ mice, which became normoglycemic after
the transplantation. Further, the molecular mechanism of
Swertisin was extensively studied and was found to follow
Activin-A mediated MEPK-TKK pathway during islet
neogenesis. Swertisin was extensively studied and was found
to follow Activin-A mediated pathway during islet
neogenesis. Swertisin when administered into STZ diabetic
mice (in vivo) also triggered the resident pancreatic
progenitors to replenish and recover the endocrine function
by increasing islet formation.

[54,55,56, 57]
[88,89]
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9. CHALLENGES IN IPC DIFFERENTIATION

There are far too many inducers and various sources of
stem/precursor cells used for differentiating insulin
producing cells. The major challenge thus faced by the
clinicians is the combination of the stem cell source and
the differentiating inducer. The molecular mechanism of
most of the naturally derived molecules is not well
established and even if they are known, it is concerning
a particular type of cellular system. Hence, the
mechanistic pathway involved might differ from one
cellular system to the other. Thus, it is an imperative
challenge to understand the effect of these inducers not
only at the pancreatic level but at the systemic level by
using these molecules in vivo. Further cost effectiveness
is another important issue for translation into clinical

therapy.

10. CONCLUSION

There is enough literature and experimental evidence to
suggest antidiabetic effects of various bioactive derived
from herbs with few reports with regards to
differentiation potential from various stem/progenitors
into insulin producing islets like clusters. We have
successfully demonstrated the role of bioactives from
Enicostemma littorale having this potential and thus
become the basis of a successful regenerative therapeutic
strategy for treating diabetes mellitus. However, there
is still a need to find more such compounds in perfect
combination which can optimize the generated Islet like
cluster (ILCs) in terms of yield, size, insulin production,

and glucose homeostasis.
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