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ABSTRACT
Objective: Moringa oleifera extracts have been widely reported for insulinotropic and other antidiabetic
effects. However, mechanisms behind these actions of M. oleifera extracts are not well understood. This
study investigated a possible mechanism underlying the insulinotropic actions of acetone extract of M. oleifera.
Materials and Methods: Phytochemical composition of M. oleifera extract was determined using standard
procedures. Total flavonoid and total phenolic compounds in the extract were also quantified. Effects of
the extracts on glucose-stimulated insulin secretion, membrane depolarization, and intracellular calcium
concentration were investigated using BRIN-BD11 clonal pancreatic beta-cells. Results: Results obtained
showed the preponderance of alkaloids, flavonoids, glycosides, phenols, saponins and tannins in the extract.
The glucose-dependent insulinotropic effects of the extract were significantly inhibited in the presence of
diazoxide (48%) or verapamil (35%) and in the absence of extracellular calcium (47%). Co-incubation of cells
with the extract and 3-isobutyl-1-methylxanthine or tolbutamide increased insulin secretion by 2-fold while
a 1.2-fold increase was observed in cells depolarized with 30 mM KCl in the presence of the plant extract.
The extract significantly-induced membrane depolarization (7.1-fold) and enhanced intracellular calcium
concentration (2.6-fold) in BRIN-BD11 cells. Conclusion: These observations suggest that the insulinotropic
actions of acetone extract of M. oleifera may be mediated via the KATP-dependent pathway of insulin release.

KEY WORDS: BRIN-BD11 cells, glucose-stimulated insulin secretion, intracellular calcium, KATP channel,
membrane potential, Moringa oleifera

INTRODUCTION
Type 2 diabetes is characterized by relative insulin insufficiency
or insulin resistance and accounts for about 90% of all cases
of diabetes globally [1]. This has made the development of
agents that could either improve insulin secretion or insulin
sensitivity an important approach towards the treatment of
the disease. Sulphonylurea is a well-known class of molecules
with the ability to stimulate insulin release by pancreatic beta
cells via the inhibition of the KATP channel [2]. However, side
effects such as the risk of hypoglycemia and promotion of
weight gain have limited their use in the treatment of Type 2
diabetes resulting in increased interests in research targeted
at the identification of novel insulinotropic agents with better
therapeutic potential.
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Insulinotropic effects of several agents, including novel
endogenous peptides or their analogues [3,4], exogenous
peptides such as amphibian host-defense peptides [5] and
several plant compounds [6-8] have been reported. In addition
to several other anti-diabetic effects of Moringa oleifera [9-11],
insulinotropic actions of various extracts of the plant were
recently reported [12]. Our previous study reported significant
concentration-dependent stimulation of insulin release
from BRIN BD11 clonal pancreatic beta-cells by aqueous
and acetone extracts of M. oleifera. However, mechanisms
underlying the insulinotropic actions of these extracts are not
yet understood. M. oleifera (commonly known as drumstick
tree) is indigenous to India but is widely cultivated in many
tropical and subtropical parts of the world [10]. In addition
to many medicinal traditional uses, which include treatment
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of diabetes [9-12], M. oleifera leaves and pods are usually
consumed as vegetables.
The present study screened acetone extracts of M. oleifera
for key phytochemicals, assessed the effects of the extract on
glucose-stimulated insulin secretion and monitored changes
in the insulinotropic actions of the extract in the presence
of modulators of cellular insulin secretion. The study also
investigated the involvement of extracellular calcium in the
insulin-releasing effects of acetone extracts of M. oleifera
and examined the effect of the extract on membrane
depolarization and intracellular calcium concentration.
Membrane depolarization and increased intracellular calcium
concentration are two key events in the well-known KATPdependent insulin secretion pathway in BRIN-BD11 clonal
pancreatic cells. Agents, such as diazoxide and verapamil
are known to modulate the activities of membrane receptors
involved in the KATP-dependent insulin secretion pathway while
KCl is a known membrane depolarizing agent, hence their
inclusion in this study [13].

MATERIALS AND METHODS
Plant Material Preparation
Preparation of the plant materials has been described in details
elsewhere [12]. Briefly, botanically identified fresh leaves of
M. oleifera (voucher specimen No: OO2013-04), collected in
Yola, Nigeria, were dried at room temperature and pulverized
using a pestle and mortar. Pulverized plant material was
sequentially extracted with dichloromethane, acetone, ethyl
acetate and water as described previously [12]. Dried acetone
fraction, re-dissolved in Krebs-Ringer Bicarbonate (KRB) buffer,
was used for this study.

Phytochemical Screening
Screening of the acetone fraction of M. oleifera leaves extracts
for the presence of saponins, tannins, triterpenes, alkaloids, and
flavonoids was carried out as previously described [14].

Measurement of Total Phenolic and Total Flavonoid
Contents
Total phenolic content of the plant extract was estimated by
Folin–Ciocalteu’s method as described by Kim et al. [15]. The
plant extract or standard solution (200 μl) was mixed with 1 ml
of Folin–Ciocalteu’s reagent and incubated for 5 min at room
temperature prior to the addition of 10 ml of NaCO3 (7%)
and 13 ml of distilled water. The mixture was incubated at
23°C in the dark for 90 min prior to measuring the absorbance
at 750 nm. Total phenolic content was extrapolated from a
standard curve made with gallic acid (0-1000 μg) and was
expressed as gallic equivalent per gram of sample (GE/g).
Estimation of total flavonoid content was conducted as
described by Park et al. [16]. Plant sample (0.3 ml) or

J Exp Integr Med ● Jan-Mar 2015 ● Vol 5 ● Issue 1

standard was mixed with 3.4 ml of methanol (30%), 0.15 ml
of NaNO2 (0.5 M) and 0.15 ml of AlCl3.6H2O (0.3 M), and
incubated for 5 min before the addition of 1 ml NaOH (1 M)
to stop the reaction. Absorbance was measured at 506 nm.
Flavonoid content was extrapolated from a standard curve
made with quercetin (0-1000 μg) and expressed as quercetin
equivalents per gram sample (QE/g).

In vitro insulin-releasing studies
In vitro insulin-releasing effects of the various extracts of
M. oleifera were assessed using BRIN-BD11 rat clonal β-cells
maintained at 37°C in an atmosphere of 5% CO2 and 95% air
in RPMI-1640 supplemented with 10% (v/v) fetal calf serum,
antibiotics (100 U/ml penicillin, 0.1 mg/ml streptomycin) and
11.1 mM glucose. Cells seeded into 24-well plates (105 cells
per well) and allowed to attach overnight as previously
described [12,13]. After an overnight culture, culture media
containing fetal calf serum were poured off and cells were preincubated for 40 min in KRB buffer (pH 7.4), supplemented
with 1.1 mM glucose prior to test incubations performed for
20 min in the presence of 5.6 or 16.7 mM glucose and different
modulators of insulin release in the absence or presence of the
plant extract (100 μg/ml).
In another set of experiments, cells were incubated with
the plant extract for 20 min using calcium free KRB buffer.
After incubation, aliquots of cell supernatants were removed
for insulin measurement by radioimmunoassay as described
previously [12,17].

Intracellular Calcium ([Ca2+] i) and Membrane Potential
Assays
Effects of M. oleifera extracts on membrane depolarization and
[Ca2+]i were determined fluorimetrically in BRIN-BD11 cells
as previously described [13] using a membrane potential assay
kit or a Ca2+ assay kit from Molecular Devices (Sunnyvale, CA,
USA) according to the manufacturer’s protocols. Briefly, cells
were seeded at a density of 1 million cells per well and allowed
to attach overnight. Following a 10 min pre-incubation at
5.6 mM glucose with KRB buffer (for membrane potential) or
KRB buffer supplemented with 5 μM probenecid and 12.7 mM
CaCl2 (for intracellular calcium), cells were incubated with the
appropriate dye for 1 h at 37°C. Plant sample (10 μg/ml) or
appropriate positive controls were added to the solution and
data were acquired using a FlexStation scanning fluorimeter
with integrated fluid transfer workstation (Molecular Devices)
every 1.52 s for 5 min.

Statistical Analysis
Results are expressed as mean ± standard error of the mean with
n = 8. Values were compared using two-way ANOVA followed by
Newman–Keuls post-hoc test. Groups of data were considered
to be significantly different if P < 0.05.
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RESULTS
Phytochemical Composition and Total Flavonoid and
Phenolic Contents of M. oleifera Acetone Extract
Phytochemical screening of M. oleifera acetone extract revealed
the presence of alkaloids, flavonoids, glycosides, phenols,
saponins, and tannins. In addition, total flavonoids and
phenolic content of the extract were estimated to be 25.23 ±
0.57 mgQE/g and 54.26 ± 1.89 mgGE/g, respectively. Values
were interpolated using standard curves with R2 = 0.949 or 0.964
for flavonoids or phenolic compounds, respectively.

release increased by 2-fold (P < 0.001) in the presence of the
plant extract and 200 μM tolbutamide [Figure-2]. Similarly, an
increase of 1.2-fold (P < 0.05) was observed in cells depolarized
with KCl (30 mM) and high glucose concentration (16.7 mM).
No augmentation of insulin release was observed in the presence
of metformin (100 mM) and acetone extracts of M. oleifera.

Effects of M. oleifera Extracts on Glucose-stimulated
Insulin Secretion
Basal insulin secretion from BRIN-BD11 cells in the absence
of the plant extract increased by 1.82-fold as the concentration
of glucose increased from 1.1 mM to 5.6 mM [Figure 1]. This
stimulation index was increased to 1.98-fold in the presence
of acetone extracts of M. oleifera. Similarly, the stimulation
index increased from 1.59-fold to 1.69-fold in the presence of
M. oleifera extract as the concentration of glucose increased
from 5.6 mM to 16.7 mM.

The Role of the K ATP Channel and Membrane
Depolarization in the Insulinotropic Effects of
M. oleifera Extracts

Figure 2: Effects of acetone extracts of Moringa oleifera on insulin
secretion by BRIN-BD11 cells in the presence of modulators of KATP
channel activities. Values are mean ± standard error of mean with n = 8.
*P < 0.05, **P < 0.01, ***P < 0.001 compared with 5.6 mM glucose
without M. oleifera extract. ∆∆∆P < 0.001 compared with 5.6 mM glucose
with M. oleifera extract. +P < 0.05, ++P < 0.01 compared with respective
incubations in the absence of M. oleifera extracts

Diazoxide (300 mM), a KATP channel activator, reduced basal
insulin release from BRIN-BD11 cells at 5.6 mM glucose by 31%
(P < 0.001) in the absence of the plant extract and produced a
higher insulin-release inhibitory effect (48%, P < 0.001) in the
presence of the plant extract [Figure-2]. Conversely, insulin-

a

Figure 1: Effects of acetone extracts of Moringa oleifera on
glucose-stimulated insulin secretion by BRIN-BD11 cells. Values
are mean ± standard error of mean with n = 8. *P < 0.05, **P < 0.01,
***P < 0.001 compared with 5.6 mM glucose without M. oleifera extract.
∆∆
P < 0.01, ∆∆∆P < 0.001 compared with 5.6 mM glucose with M. oleifera
extract. ++P < 0.01, +++P < 0.001 compared with respective incubations
in the absence of M. oleifera extracts
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b
Figure 3: Effects of acetone extracts of Moringa oleifera on membrane
depolarization in BRIN-BD11 cells. Values are mean ± standard error
of the mean with n = 8. ***P < 0.001 compared with 5.6 mM glucose
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Observation of changes in membrane potentials in BRINBD11 cells showed that at a glucose concentratio n of 5.6 mM,
acetone extract of M. oleifera elicited a sustained membrane
depolarization [Figure 3a]. Though the depolarization produced
by the extract was less than that produced by 30 mM KCl
(data not shown), it was significantly (P < 0.001) greater than
the depolarization produced by glucose alone. The integrated
responses (area under the curve) for the extract showed a
7.1-fold increase in membrane depolarization compared with
glucose alone [Figure 3b].

The Role of the Voltage-dependent Calcium Channel
and Calcium Concentrations in the Insulinotropic
effects of M. oleifera Extracts
Verapamil (50 mM), an inhibitor of the voltage-dependent
calcium channel, reduced basal insulin release from BRINBD11 cells at 5.6 mM glucose by 33% (P < 0.001) in the absence
of the plant extract and by (35%, P < 0.001) in the presence of
the plant extract (Figure 4a). On the other hand, insulin release

from cells co-incubated with 3-isobutyl-1-methylxanthine
(IBMX, 200 μM) and acetone extracts of M. oleifera (100 μg/ml)
was 2-fold (P < 0.001) higher compared with insulin release
from cells incubated with IBMX alone [Figure 4a]. However, in
the absence of extracellular calcium, basal insulin release from
BRIN-BD11 cells at 5.6 mM glucose reduced by 28% (P < 0.01)
compared with 47% reduction (P < 0.001, Figure 4b) observed
in the presence of acetone extract of M. oleifera.
Effects of the plant extract or alanine (a positive control) on the
influx of extracellular calcium were investigated by monitoring
the rise in [Ca2+]i concentrations in BRIN-BD11 cells. While
alanine produced a sharp rise in the concentration of [Ca2+]i that
was significantly greater than the increase produced by 5.6 mM
glucose alone (data not shown), acetone extract of M. oleifera
produced only a mild increase in intracellular concentration
with a significantly higher effect observed in the first 30 s of
incubation [Figure 5a]. A graph of area under the curve values
showed an increase of 2.6-fold (P < 0.01) in the presence of the
extract compared with glucose alone [Figure 5b].

DISCUSSION
Insulinotropic actions of many plant extracts have been linked to
their phytochemical constituents [18]. In addition, purified plant
compounds such as rutin and apigenin have been reported to stimulate
insulin release from isolated rat islets [19]. Moreover, isolation of
bioactive compounds such as methyl 2-[4-(α-L-rhamnopyranosyl)
phenyl] acetate, N-[4-(β-L-rhamno-pyranosyl) benzyl]1-O-α-D-glucopyranosylthiocarboxamide, 1-O-phenyl-

a

a

b
Figure 4: Effects of acetone extracts of Moringa oleifera on insulin
secretion by BRIN-BD11 cells in the presence of agents that
increase intracellular calcium concentration (a) and in the absence of
extracellular calcium (b). Values are mean ± standard error of mean
with n = 8. *P < 0.05, **P < 0.01, ***P < 0.001 compared with 5.6 mM
glucose without M. oleifera extract. ∆∆∆P < 0.001 compared with 5.6 mM
glucose with M. oleifera extract. +P < 0.05, ++P < 0.01 compared with
respective incubations in the absence of M. oleifera extracts
J Exp Integr Med ● Jan-Mar 2015 ● Vol 5 ● Issue 1

b
Figure 5: Effects of acetone extracts of Moringa oleifera on intracellular
calcium concentration in BRIN-BD11 cells. Values are mean ± standard
error of the mean with n = 8. ***P < 0.001, compared with 5.6 mM glucose
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α - D - rh a m n o p y r a n o s i d e , 4 - [ ( β - D - g l u c o p y r a n o s y l ) (1→3)-(α-L-rhamnopyranosyl)]-phenyl-acetonitrile,4-(αL-r hamnopyranosyl)-phenyl-acetonitrile, methyl-N-{4[(4’-O-acetyl-α-L-rhamnopyranosyl)-benzyl]}-thiocarbamate,
methyl-N-{4-[(α-L-rhamnopyranosyl) benzyl]}-carbamate
and methyl-N-{4-[(4’-Oacetyl-α-L-rhamnopyranosyl) benzyl]}
carbamate from M. oleifera extracts has been reported [12].
These compounds together with high contents of flavonoid and
phenolic compounds in the acetone extracts of M. oleifera may
play a significant role in its previously reported insulinotropic
actions, and effects observed in this study.
Results obtained in the present study indicated that the
insulinotropic effect of the extract is glucose-dependent, and
its stimulation index (fold-increase as glucose concentration
changes) increases with increasing glucose concentration.
Glucose level in normal individuals is around 4 mM while
non-fasting plasma glucose levels >9 mM is indicative of
type 2 diabetic condition in humans. Moreover, glucosestimulated insulin secretion is usually activated at glucose
concentrations >5.6 mM. Therefore, effects of the plant
extract on insulin-secretion were examined at 5.6 mM as well
as at 16.7 mM glucose concentrations with the later mimicking
glucose concentrations observed in people with Type 2 diabetes.
No significant stimulation of insulin release is usually observed
at low glucose concentrations like 1.1 mM [Figure 1] while
higher glucose concentrations such as 16.7 mM could result in
hyper-polarization, which may mask other effects investigated
in this study. Our previous studies have shown that 5.6 mM
glucose produces a mild stimulation of insulin-release, which is
sufficient to study effects of insulinotropic agents such as plant
phytochemicals and peptides [12,13].
Most insulinotropic drugs, particularly sulphonylureas,
act via the blockage of the ATP-dependent K+ channels to
stimulate insulin release [20]. To study the involvement of
the KATP-dependent pathway in the insulinotropic actions of
acetone extracts of M. oleifera, changes in the insulin secretion
responses to the plant extract in the presence of inhibitors such
as diazoxide, a KATP-channel activator [21] or verapamil which
blocks the L-type voltage-dependent calcium channel were
examined. The significant reduction in the stimulatory effects
of the plant extract in the presence of verapamil or diazoxide
strongly suggests that the insulin-releasing effects of the plant
extract are mediated partly via the KATP-dependent pathway.
Similar inhibition of insulinotropic effects have been reported
for some plant extracts [22] and some recently identified novel
insulin-releasing amphibian host defense peptides [15,23].
Increased membrane potential is a key feature of the KATPdependent pathway of insulin secretion [24]. The binding of an
insulinotropic agent (such as glibenclamide, a sulphonylurea)
to the ATP-dependent K+ channel on beta-cell membranes
inhibits the hyperpolarizing outflow of potassium, resulting in
membrane depolarization [25]. Though the identification of
the specific binding site of the active component of the acetone
extract of M. oleifera is beyond the scope of the present study,
investigations conducted in this study revealed that the plant
extract significantly-induced membrane depolarization in
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BRIN-BD11 cells. Moreover, the combination of high glucose
concentration (16.7 mM) and KCl (30 mM) was used to induce
extensive cell depolarization with a view to examining the effect
of the plant extracts in depolarized cells. In the presence of a
depolarizing concentration of KCl, more potassium ion moves
into the cell leading to increased positively charged ions within
the cell and subsequent membrane depolarization. Effects of
the plant extracts on membrane depolarization in normal cells
and in cells depolarized with KCl, coupled with the reduced
insulin-releasing effects observed in the presence of diazoxide,
further implicates the KATP-channel in the insulinotropic actions
of acetone extracts of M. oleifera.
The opening of the voltage-dependent calcium channel and the
subsequent increase in intracellular calcium are attendant effects
of increased membrane depolarization in beta cells [24,25]. This
increase in intracellular calcium culminates in the fusion of
insulin-containing vesicles with the cell membrane and the
eventual insulin secretion by exocytosis. Acetone extracts of
M. oleifera elicited a mild increase in intracellular calcium
in this study. Moreover, the insulinotropic effect of the plant
extract was significantly reduced in the absence of extracellular
calcium [Figure 1] and in the presence of verapamil, a known
L-type calcium channel blocker [Figure 3a].
No stimulation of insulin secretion was observed in cells
depolarized with KCl, but additional stimulation of insulin
secretion was observed in the presence of IBMX. This observation
presupposes that the insulinotropic effects of the extract may not
only be restricted to the KATP-dependent pathway. IBMX stimulates
insulin release through the activation of adenylate cyclase leading
to increased cAMP production and the recruitment of calcium
from the endoplasmic reticulum [26]. The involvement of this
pathway in the action of acetone extracts of M. oleifera is not yet
fully understood and will form the focus of future studies.
In conclusion, this study has revealed that the previously
reported insulinotropic effects of acetone extracts of
M. oleifera is glucose-dependent and involve the stimulation
of membrane depolarization and elevation of intracellular
calcium concentration. These observations provide preliminary
explanations for insulinotropic and anti-diabetic effects
previously reported for M. oleifera extracts.

REFERENCES
1.
2.
3.
4.

5.
6.

Stumvoll M, Goldstein BJ, van Haeften TW. Type 2 diabetes: Principles
of pathogenesis and therapy. Lancet 2005;365:1333-46.
Rendell M. The role of sulphonylureas in the management of type 2
diabetes mellitus. Drugs 2004;64:1339-58.
Gault VA, Harriott P, Flatt PR, O’Harte FP. Cyclic AMP production and
insulin releasing activity of synthetic fragment peptides of glucosedependent insulinotropic polypeptide. Biosci Rep 2002;22:523-8.
O’Harte FP, Gault VA, Parker JC, Harriott P, Mooney MH, Bailey CJ, et al.
Improved stability, insulin-releasing activity and antidiabetic potential
of two novel N-terminal analogues of gastric inhibitory polypeptide:
N-acetyl-GIP and pGlu-GIP. Diabetologia 2002;45:1281-91.
Ojo OO, Flatt PR, Abdel-Wahab YH, Conlon JM. Insulin-releasing
peptides. In: Handbook of Biologically Active Peptides. Cambridge:
Elsevier; 2013. p. 364-70.
Bailey CJ, Day C. Traditional plant medicines as treatments for
diabetes. Diabetes Care 1989;12:553-64.

J Exp Integr Med ● Jan-Mar 2015 ● Vol 5 ● Issue 1

Ojo and Ojo: Insulin-releasing actions of Moringa oleifera extract
7.

Swanston-Flatt SK, Flatt PR, Day C, Bailey CJ. Traditional dietary
adjuncts for the treatment of diabetes mellitus. Proc Nutr Soc
1991;50:641-51.
8.
Gray AM, Flatt PR. Pancreatic and extra-pancreatic effects of the
traditional anti-diabetic plant, Medicago sativa (lucerne). Br J Nutr
1997;78:325-34.
9.
Kar A, Choudhary BK, Bandyopadhyay NG. Comparative evaluation
of hypoglycaemic activity of some Indian medicinal plants in alloxan
diabetic rats. J Ethnopharmacol 2003;84:105-8.
10. Edoga CO, Njoku OO, Amadi EN, Okeke JJ. Blood sugar lowering
effect of Moringa Lam in albino rats. Int J Sci Tech 2013;3:88-90.
11. Yassa HD, Tohamy AF. Extract of Moringa oleifera leaves ameliorates
streptozotocin-induced diabetes mellitus in adult rats. Acta
Histochem 2014;116:844-54.
12. Ojo OO. In vitro insulinotropic actions of various extracts of
Moringaoleifera leaves. Nig J Biotech 2014;26:14-20.
13. Ojo OO, Abdel-Wahab YH, Flatt PR, Mechkarska M, Conlon JM.
Tigerinin-1R: A potent, non-toxic insulin-releasing peptide
isolated from the skin of the Asian frog, Hoplobatrachus
rugulosus. Diabetes Obes Metab 2011;13:1114-22.
14. Saeed N, Khan MR, Shabbir M. Antioxidant activity, total phenolic and
total flavonoid contents of whole plant extracts Torilis leptophylla L.
BMC Complement Altern Med 2012;12:221.
15. Kim DO, Jeong SW, Lee CY. Antioxidant capacity of phenolic
phytochemicals from various cultivars of plums. Food Chem
2003;81:321-6.
16. Park YS, Jung ST, Kang SG, Heo BG, Arancibia-Avila P, Toledo F, et al.
Antioxidants and proteins in ethylene-treated kiwi fruits. Food Chem
2008;107:640-8.
17. Flatt PR, Bailey CJ. Abnormal plasma glucose and insulin responses
in heterozygous lean (ob/+) mice. Diabetologia 1981;20:573-7.
18. Patel DK, Prasad SK, Kumar R, Hemalatha S. An overview on
antidiabetic medicinal plants having insulin mimetic property. Asian
Pac J Trop Biomed 2012;2:320-30.
19. Esmaelli MA, Sadeghi H. Pancreatic Β-Cell protective effect of rutin

J Exp Integr Med ● Jan-Mar 2015 ● Vol 5 ● Issue 1

20.
21.

22.
23.

24.
25.
26.

and apigenin isolated from Teucriumpolium. Pharmacologyonline
2009;2:341-53.
Panten U, Schwanstecher M, Schwanstecher C. Sulfonylurea
receptors and mechanism of sulfonylurea action. Exp Clin Endocrinol
Diabetes 1996;104:1-9.
Dunne MJ, Harding EA, Jaggar JH, Ayton BJ, Squires PE. Endogenous
and chemical activators of ATP-Regulated potassium channels in
insulin-secreting cells: Possible mechanisms and physiological
significance. In:, Flatt PR, Lenzen S, editors. Frontiers of Insulin
Secretion and Pancreatic B-Cell Research. London: Smith-Gordon;
1994. p. 153-9.
Gray AM, Flatt PR. Insulin-secreting activity of the traditional
antidiabetic plant Viscum album (mistletoe). J Endocrinol
1999;160:409-14.
Srinivasan D, Ojo OO, Abdel-Wahab YH, Flatt PR, Guilhaudis L,
Conlon JM. Insulin-releasing and cytotoxic properties of the frog
skin peptide, tigerinin-1R: A structure-Activity study. Peptides
2014;55:23-31.
Straub SG, Sharp GW. Glucose-Stimulated signaling pathways in
biphasic insulin secretion. Diabetes Metab Res Rev 2002;18:451-63.
Henquin JC. Triggering and amplifying pathways of regulation of
insulin secretion by glucose. Diabetes 2000;49:1751-60.
Dachicourt N, Serradas P, Giroix MH, Gangnerau MN, Portha B.
Decreased glucose-induced cAMP and insulin release in islets
of diabetic rats: Reversal by IBMX, glucagon, GIP. Am J Physiol
1996;271:E725-32.

© AKAY; licensee AKAY. This is an open access article licensed under the
terms of the Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, noncommercial use, distribution and reproduction in any medium, provided the
work is properly cited.
Source of Support: Nil, Conflict of Interest: None declared.

41

