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Stevia rebaudiana (Bert.) Bertoni besides being a source of noncaloric sweeteners is also an important source of bioactive molecules.
Many plant extracts, mostly obtained with ethyl acetate solvent, are rich in polyphenol compounds that present insulinotropic
effects. To investigate whether the nonsweetener fraction, which is rich in phenolic compounds isolated from Stevia rebaudiana
with the solvent ethyl acetate (EAF), has an insulinotropic effect, including interference at the terminals of the autonomic
nervous system of the pancreatic islets of rats. Pancreatic islets were isolated from Wistar rats and incubated with EAF and
inhibitory or stimulatory substances of insulin secretion, including cholinergic and adrenergic agonists and antagonists. EAF
potentiates glucose-stimulated insulin secretion (GSIS) only in the presence of high glucose and calcium-dependent
concentrations. EAF increased muscarinic insulinotropic effects in pancreatic islets, interfering with the muscarinic receptor
subfamily M;. Adrenergic inhibitory effects on GSIS were attenuated in the presence of EAF, which interfered with the
adrenergic a, receptor. Results suggest that EAF isolated from stevia leaves is a potential therapy for treating type 2 diabetes
mellitus by stimulating insulin secretion only in high glucose concentrations, enhancing parasympathetic signal transduction
and inhibiting sympathetic signal transduction in beta cells.

1. Introduction

Stevia rebaudiana (Bert.) Bertoni is exploited worldwide for its
leaves, which contain in diterpene glycosides with high sweet-
ening power [1, 2] that is up to 300 times greater than that of
sucrose [3]. Stevia sweeteners, which are nontoxic and non-
mutagenic compounds [4], are an alternative to artificial
sweeteners that, despite widespread use, are still of concern.
Animal studies indicate that artificial sweeteners not only pro-
mote food intake and body weight gain but also induce meta-
bolic changes that increase the risks of obesity, type 2 diabetes
mellitus (DM2), and cardiovascular disease [5]. Stevia, how-
ever, does not cause cardiometabolic dysfunctions [6].

In addition to being a source of noncaloric sweeteners,
stevia is also an important source of bioactive molecules.
The results reported in the literature, in different experimen-
tal animal models as well as in humans, indicated that stevia
has hypoglycemic properties [7-9], stimulating insulin secre-
tion in vitro [10-12] and presenting antihyperglycemic, insu-
linotropic, and glucostatic effects [13, 14].

Glucose is the main physiological stimulant of insulin
secretion in mammals [15]. When taken up by pancreatic beta
cells by the GLUT?2 isoform transporter, glucose is phosphor-
ylated by the enzyme glucokinase to form glucose-6-
phosphate [16]. Glucose-6-phosphate molecules can follow
different pathways; however, glucose is primarily metabolized,
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increasing the ATP/ADP ratio and causing the inactivation of
ATP-sensitive potassium channels (K ,p). The decrease in the
conductance of potassium ions leads to depolarization of the
cell membrane and consequently, the opening of voltage-
dependent calcium channels. The increase in intracellular cal-
cium causes exocytosis of the insulin granules [17]. In addition
to the stimulus of insulin release by glucose, the beta cell is sub-
mitted to intense neural regulation.

The pancreatic islets are widely innervated by parasym-
pathetic and sympathetic branches. Thus, catecholamines
and acetylcholine (ACh) are considered signals of great
importance for the regulation of pancreatic beta cell activity
[18]. The autonomic parasympathetic nervous system regu-
lates insulin secretion through the vagus nerve, which
releases ACh into the neuronal junctions of the islets for
binding to muscarinic cholinergic receptors [19]. While five
subtypes of muscarinic receptors have been described in pan-
creatic beta cells (M;-M;), the subfamily M is crucial to the
cholinergic insulinotropic effect [20]. The presence of a,
adrenergic receptors in pancreatic beta cells has also been
reported, and these receptors have an inhibitory action on
insulin secretion, which is mediated by epinephrine and nor-
epinephrine. Both signals from the autonomic nervous sys-
tem (ANS) are transduced through G proteins. Cholinergic
signals cause stimulatory effects, and adrenergic signals cause
inhibitory effects by G proteins. Although, ACh stimulates
calcium influx, catecholamine inhibition of adenylyl cyclase
causes suppression of calcium influx by voltage-dependent
channels [21].

Many functional foods and herbal products have antiox-
idant substances and present insulinotropic effects. However,
the mechanisms involved in improving insulin secretion and
glycemia are not known. In view of the complexity of the pro-
cess of modulating insulin secretion and the lack of studies
showing the mechanisms by which the substances produced
by stevia act on glycemic homeostasis, the objective of the
present study was to test whether the fraction of stevia iso-
lated with the solvent ethyl acetate (EAF), rich in phenolic
compounds and low contamination of glycosides, interferes
with insulin secretion stimulated by glucose in the presence
or absence of ANS neurotransmitters.

2. Methods

2.1. Animals. The experimental procedures were approved by
the Committee of Ethics in Animal Experimentation
(CEUA-9076141116) of the State University of Maringa.

Male Wistar rats (Rattus norvegicus) were used, provided
by the Central Animal House of the State University of Mar-
inga. The animals were kept in boxes (4 animals/carton) of
polypropylene (40 cm x 33 cm x 15 cm) at the Department of
Physiological Sciences, under controlled conditions (23 +2°C
and photoperiod of 12 hours light/12 hours dark). Standard-
ized balanced “ad libitum” was fed to rats (Nuvilab CR1©,
Nuvital, Colombo, PR).

2.2. Preparation and Composition of Stevia rebaudiana
Fractions. The processes of extraction and fractionation of
stevia leaves as well as analyses of proximal composition were
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carried out at the “Center for the Study of Natural Products”
(NEPRON) at the State University of Maringd, from the
Stevia rebaudiana leaves-seminal variety UEM 13, cultivated
in the same institution. Several fractions were obtained from
methanolic extracts, among them, ethyl acetate fraction
(EAF), evaluated in this article, rich in phenolic compounds
and also with a high value of antioxidant activity.

2.3. Proximal Composition and Identification of Phenolic
Compounds of EAF. The proximal composition of EAF, its
phenolic compounds, and low glycoside concentration were
determined by means of an LC-MS/MS (Supplementary
Material, Table S1) analysis. A chromatogram shows that the
main phenolic compounds present in EAF are caffeic acid,
quercetin 3-O-glycoside, cyanidin-3-glycoside, kaempferol,
quercetin, apigenin, and rosmarinic acid (Supplementary
material, Figure S1) [22].

2.4. Isolation of Pancreatic Islets. The pancreatic islets were
isolated by the collagenase method [23]. Male rats, approxi-
mately 90 days old and overnight fasted for 12 hours, were
anesthetized (thiopental 40mg/kg+lidocaine 10mg/kg,
0.6ml/100g p.c. i.p.) and then euthanized by decapitation.
After median laparotomy, 8 mL of collagenase solution
(collagenase type V—Sigma Chemical CO—0.7 mg/mL)
was perfused via the bile duct/pancreatic duct in order to
expand the pancreatic parenchyma. The pancreas was then
removed, placed in a conical tube with collagenase solution,
and incubated at 37°C for 15 minutes. With the aid of a
stereomicroscope, the islets were collected, one by one, with
an open-ended pipette. The isolated islets were preincubated
with 5% CO, and 95% O, at 37°C for 60 minutes.

2.5. Islet Incubation. After preincubation, the solution was
replaced with 1 mL Krebs/Ringer’s solution containing EAF
(0.3 ug/mL) with 5.6 mM, 8.3 mM, or 16.7 mM glucose. The
islets were incubated with 5% CO, and 95% O, at 37°C for
60 minutes. After this period, samples of the incubation
medium were collected in test tubes and stored at —20°C for
subsequent quantification of the secreted insulin.

In order to investigate how EAF stimulates insulin secre-
tion, we first tested whether the observed effect is calcium
dependent and the possible effects on ATP-sensitive potas-
sium channels (K,1p). After preincubation, 0.3 ug/mL of
EAF in 16.7mM glucose was added in the presence or
absence of verapamil (50 uM) [24] or diazoxide (250 uM)
[25], the former being a calcium channel blocker and the lat-
ter a K, p channel activator. It was also evaluated whether
EAF causes membrane disruption using KCl (30mM), a
depolarizing agent [26].

Subsequently, experiments were performed to evaluate
the participation of cholinergic and adrenergic receptors in
insulin secretion induced by EAF. After preincubation,
0.3 ug/mL of EAF was added in 8.3 mM glucose in the pres-
ence or absence of acetylcholine (ACh) (10 M) [27] and in
the presence or absence of 4-diphenylacetoxy-N-methylpi-
peridine (4-DAMP) (100 uM), an antagonist of muscarinic
M, receptor [28], or in the presence or not of metoctramine
(1 uM), an antagonist of muscarinic M, receptor [20].
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The presence of epinephrine (1uM) [27], as well as
yohimbine (10 uM) [29], an antagonist of adrenergic «,
receptor, and propranolol (1 M), an antagonist of adrener-
gic B, and f3, receptors [30], were evaluated under the same
incubation conditions (0.3 ug/mL FAE in 16.7 mM glucose).
All incubations were performed for 60 minutes at 37°C with
5% CO, and 95% O,. Samples of the incubation medium
were stored in a freezer at —20°C for further quantification
of the secreted insulin.

2.6. Dosage of Insulin. The concentration of insulin in the
incubation medium was determined by radioimmunoassay
method. This method is based on the competition between
25T labeled recombinant human insulin (PerkinElmer) and
unlabeled insulin by the anti-insulin antibody (Sigma-
Aldrich) produced in guinea pigs. Considering that the
amounts of radioactive hormone and antibody are constant,
complex formation (labeled insulin/antibody) depends on
the amount of cold insulin present in the solution [31]. The
intra- and interassay coeflicients of variation were 12.2 and
9.8%, respectively, for insulin. The detection limit for the
insulin level was 1.033 pmol/L. A gamma counter (Wizard2
Automatic Gamma Counter, TM-2470, PerkinElmer) was
used to measure radioactivity.

2.7. Statistical Analysis. Data were submitted to analysis of
variance (one-way ANOVA, Tukey) or Student’s t-test with
significance level when p<0.05. The analyses were
performed in the program GraphPad Prism version 6.0
(Windows GraphPad Prism Software, San Diego, CA, USA).

3. Results

Figure 1 shows insulin secretion of isolated pancreatic islets
in the presence and absence of EAF (0.3 yg/mL) at different
glucose concentrations. It was found that in both 8.3 and
16.7mM, the compound significantly stimulated insulin
secretion (p <0.01), with no effect in the presence of
5.6 mM of the secretagogue.

The results presented in Figure 2 represent an increase or
decrease in insulin secretion of isolated islets, expressed as
percentages, calculated from the secretion values occurring
in the presence of 16.7mM glucose. It was found that the
addition of EAF increased the glucose-stimulated insulin
secretion (GSIS) by approximately 50% (p<0.01). The
reduction of GSIS caused by verapamil was significantly
higher in islets incubated in the presence of EAF (70% reduc-
tion) than in the absence of EAF (25% reduction) (p < 0.01).
Diazoxide, a K,p channel activator, had a significantly
higher inhibitory effect on insulin secretion in the absence
of EAF (50%) than in the presence of EAF (2%) (p < 0.01).
EAF did not significantly alter GSIS in the presence of KCl,
a depolarizing agent.

Figure 3 shows the results expressed as percentages,
calculated from the insulin secretion values found in the
presence of 8.3mM glucose. The addition of ACh to the
incubation medium increased GSIS by approximately
45%, and when added together with EAF, an additional
69% (p <0.01) occurred, doubling GSIS values. 4-DAMP,
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FiGure 1: Effects of ethyl acetate fraction (EAF) (0.3 yg/mL) on
insulin secretion in pancreatic islets isolated from rats and
incubated in medium containing 5.6, 8.3, or 16.7 mM glucose. The
values represent the mean + SEM (n=20; *p <0.01 in relation to
the control, t-test).

an antagonist of the M; receptor, reduced the GSIS by
38% (p<0.01), but in the presence of EAF, this effect is
not observed; methoctramine, an antagonist of the M,
receptor, caused an increase in GSIS of 83% and 180%
in the absence and presence of EAF, respectively.

Figure 4 shows the results expressed as percentages of the
increase or decrease of insulin secretion, having as a baseline
the results obtained in the presence of 16.7 mM glucose. The
presence of epinephrine reduced GSIS by almost 75%,
whereas the presence of EAF in the incubation medium
reduced this inhibitory effect by 32% (p < 0.01). Yohimbine,
an antagonist of the a, receptor, increased GSIS by 42%,
and in the presence of EAF, this increase was approximately
3 times greater (p < 0.001). Both in the presence and absence
of EAF, the reduction of GSIS caused by propranolol, an
antagonist of 3, and 3, receptors, was approximately 70%.

4. Discussion

This is the first work that evaluates the effects on insulin secre-
tion by a fraction of extracts of Stevia rebaudiana thatis rich in
phenolic compounds and nonsweetener. The most important
result found in this study was the fact that EAF stimulates insu-
lin secretion only in the presence of high glucose concentra-
tions. This effect is extremely advantageous when, for
example, compared with the effects of sulfonylurea, a drug
widely used as an oral hypoglycemic drug that stimulates insu-
lin secretion even at low glucose concentration and may, with
prolonged use, lead to deterioration of type 2 diabetes control
[32]. The antidiabetic sulfonylurea acts on K,;p channels,
inactivating them and depolarizing the membrane, which in
turn leads to opening of the calcium channels and release of
insulin granules. This mechanism operates at low or high con-
centrations of glucose [33]. A new generation of antidiabetics,
such as those acting as incretinomimetics, has an advantage
over sulfonylureas. As with GLP-1, these drugs act by inacti-
vating the K, channel at high glucose concentrations, but
when glucose levels decrease, they may promote the opening
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F1GURE 2: Effect of verapamil, diazoxide, and KCI on insulin secretion in the absence (empty bars) or presence (filled bars) of the ethyl acetate
fraction (EAF) (0.3 pug/mL). Insulin secretion was stimulated or inhibited as indicated above or below the x-axis, respectively. Values represent
percentage (mean + SEM; n = 20), calculated from insulin secretion in 16.7 mM glucose represented by line 0 (*p < 0.05 in relation to control,

one-way ANOVA, Tukey).
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FiGuUrk 3: Effect of acetylcholine, 4-DAMP, and metoctramine on insulin secretion in the absence (empty bars) or presence (filled bars) of the
ethyl acetate fraction (EAF—0.3 yg/mL). Insulin secretion was stimulated or inhibited as indicated above or below the x-axis, respectively.
Values represent a percentage (mean +SEM; n = 20) of the insulin secretion in 8.3 mM glucose represented by line 0 (*p < 0.05; ***p <

0.001 in relation to control, one-way ANOVA, Tukey).

of these channels by other mechanisms [34]. This duality of
GLP-1 allows better control of insulin secretion and prevents
beta cell overload. Similar to incretinomimetic substances, as
shown in the current work, EAF showed insulinotropic effect
sat high glucose concentrations but not at low glucose concen-
trations. As with incretinomimetic substances, EAF acts in
postprandial and not in fasting situations.

Other studies have previously found that stevia has insu-
linotropic properties, but most of those studies refer to the
glycoside sweetener or total extract of stevia leaves.

Extracts rich in polyphenol compounds from several
plants have been reported to be effective against cell dam-
age mediated by reactive oxygen species by increasing
antioxidant defenses and reducing hyperglycemia [35].
Fractions obtained using the ethyl acetate solvent have a
high concentration of polyphenols, as has been obtained
from Trichilia catigua [36], grape skin [37], and stevia
leaves [22, 38]. In addition, insulin-producing effects of
polyphenols in chronic treatment in vivo, in pancreatic
islet culture, and in insulin-producing cells [39, 40] have
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FIGURE 4: Effect of epinephrine, yohimbine, and propranolol on insulin secretion in the absence (empty bars) or presence (filled bars) of the
ethyl acetate fraction ((EAF) 0.3 yg/mL). Insulin secretion was stimulated or inhibited as indicated above or below the x-axis, respectively. The
values represent percentage (mean + SEM; n = 20) of the insulin secretion in 16.7 mM of glucose represented by line 0 (*p < 0.05; ****p <

0.0001 in relation to the control, one-way ANOVA, Tukey).

been reported, but direct effects on isolated islets, such as
those shown in the current work with a fraction of stevia,
have not been previously reported.

As previously mentioned, EAF stimulated GSIS only at
high glucose concentrations. There are no in vitro studies
showing the effects of antioxidant compounds on insulin
secretion from pancreatic islets. However, it is known that
the decrease in the formation of reactive oxygen species in
these cells is directly related to the increase of GSIS [41].

To investigate the mechanisms involved in the increase of
GSIS caused by EAF, a K, 1p channel enhancer and a voltage-
dependent calcium channel blocker were used. Diazoxide is a
compound that acts on the K, channels, increasing the
conductance of the potassium ion and causing hyperpolari-
zation of the plasma membrane [42]. Our results indicate
that the EAF components were able to maintain GSIS levels
even in the presence of diazoxide. It has already been shown
that molecules with antioxidant actions block the K, chan-
nels [39]; therefore, it may be a possible mechanism involved
in the action of EAF. However, the other results lead us to
note that there may be no involvement of K,p channels.
In addition, the rebaudioside A and stevioside glycosides,
which also stimulate insulin secretion in the presence of high
glucose concentrations, were not able to reverse the action of
diazoxide on K, channels [7, 9].

In the presence of verapamil, a voltage-dependent cal-
cium channel blocker [43], EAF failed to stimulate GSIS,
but when incubated with high KCI concentration, which acts
as a depolarizing agent, there was no significant difference in
GSIS. Such results suggest that EAF does not cause perturba-
tion in beta cell depolarization and that its insulinotropic
effect is critically dependent on extracellular Ca*".

The muscarinic M, receptor is the receptor subtype crit-
ical for cholinergic transduction in many cell types, such as in
beta cells [44]. Muscarinic cholinergic agents or muscarinic
cholinergic receptor antagonists prevent the effects of ACh
by blocking its binding to cell receptors in the parasympa-
thetic junctions [45]. The 4-DAMP compound binds to the
muscarinic M, receptor and blocks the effects of ACh on this
receptor [46]. Our results showed that 4-DAMP significantly
reduced the action of ACh on insulin secretion, but in the
presence of EAF, its inhibitory effect was decreased. There-
fore, these results indicate that a possible alteration in musca-
rinic activity is caused by stevia EAF via M, receptors or its
signaling pathway.

Among the 5 muscarinic subfamily receptors, binding of
M, and M, (the even numbered receptors) with ACh reduces
the insulinotropic effect caused by M; and M, (the odd
numbered receptors) [20], indicating that a possible additive
effect of EAF in GSIS does not involve M, receptors or its
signaling pathway.

It has been reported that plant extracts containing anti-
oxidant properties interfere with muscarinic receptors,
improving memory and contractile activity of the intestinal
muscle [47]. In the present work, the results showed that cho-
linergic M, receptors may be a possible target of the insulino-
tropic action of EAF.

We also investigated the role of adrenergic receptors. The
inhibitory effects on GSIS caused by epinephrine were atten-
uated in the presence of EAF. The effect of yohimbine was
significantly greater in the presence of EAF, suggesting that
the adrenergic a, receptor or the signaling promoted is a pos-
sible target of this fraction. Propranolol caused GSIS reduc-
tion, indicating that adrenergic 8 receptor blockade may



provide a greater amount of epinephrine to , receptors, with
a consequent inhibitory action.

In conclusion, the ethyl acetate fraction, isolated from
leaves of Stevia rebaudiana, potentiated insulin secretion in
the presence of high glucose concentrations. This effect may
involve autonomic nervous system terminal activity. Taken
together, the data obtained in the present work show that
the compounds contained in EAF, without sweetening prop-
erties, may be a significant therapy for the treatment of DM2.
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chromatogram for identification of the phenolic compounds
of the Stevia rebaudiana ethyl acetate fraction (EAF) in
LCMS and LC-MSMS. (1) Caffeic acid. (2) Quercetin 3-O-
glycoside. (3) Cyanidin-3-glycoside. (4) Kaempferol. (5)
Quercetin. (6) Apigenin. (7) Rosmarinic acid. Source: Milani
et al. [22]. (Supplementary Materials)

References

[1] A.S. Dacome, C. C. da Silva, C. E. M. da Costa, J. D. Fontana,
J. Adelmann, and S. C. da Costa, “Sweet diterpenic glycosides
balance of a new cultivar of Stevia rebaudiana (Bert.) Bertoni:
isolation and quantitative distribution by chromatographic,
spectroscopic, and electrophoretic methods,” Process Biochem-
istry, vol. 40, no. 11, pp. 3587-3594, 2005.

[2] J. Hubert, N. Borie, S. Chollet et al., “Intensified separation of
steviol glycosides from a crude aqueous extract of Stevia
rebaudiana leaves using centrifugal partition chromatogra-
phy,” Planta Medica, vol. 81, no. 17, pp. 1614-1620, 2015.

[3] H.M. A. B. Cardello, M. A. P. A. Da Silva, and M. H. Damasio,
“Measurement of the relative sweetness of stevia extract, aspar-
tame and cyclamate/saccharin blend as compared to sucrose at
different concentrations,” Plant Foods for Human Nutrition,
vol. 54, no. 2, pp. 119-129, 1999.

[4] R. Lemus-Mondaca, A. Vega-Gélvez, L. Zura-Bravo, and
K. Ah-Hen, “Stevia rebaudiana Bertoni, source of a high-
potency natural sweetener: a comprehensive review on the bio-
chemical, nutritional and functional aspects,” Food Chemistry,
vol. 132, no. 3, pp. 1121-1132, 2012.

[5] J. Shearer and S. E. Swithers, “Artificial sweeteners and meta-
bolic dysregulation: lessons learned from agriculture and the
laboratory,” Reviews in Endocrine & Metabolic Disorders,
vol. 17, no. 2, pp. 179-186, 2016.

[6] M. L. Ragone, P. Bonazzola, G. A. Colareda, M. L. Lazarte,
F. Bruno, and A. E. Consolini, “Cardioprotection of stevioside
on stunned rat hearts: a mechano-energetical study,” Phytome-
dicine, vol. 35, pp. 18-26, 2017.

International Journal of Endocrinology

[7] R. Curi, M. Alvarez, R. B. Bazotte, L. M. Botion, J. L. Godoy,
and A. Bracht, “Effect of Stevia rebaudiana on glucose toler-
ance in normal adult humans,” Brazilian Journal of Medical
and Biological Research, vol. 19, no. 6, pp. 771-774, 1986.

[8] W.J. Malaisse, A. Vanonderbergen, K. Louchami, H. Jijakli,
and F. Malaisse-Lagae, “Effects of artificial sweeteners on insu-
lin release and cationic fluxes in rat pancreatic islets,” Cellular
Signalling, vol. 10, no. 10, pp. 727-733, 1998.

[9] P.B.Jeppesen, S. Gregersen, C. R. Poulsen, and K. Hermansen,
“Stevioside acts directly on pancreatic f3 cells to secrete insulin:
actions independent of cyclic adenosine monophosphate and
adenosine triphosphate—sensitivie K'-channel activity,”
Metabolism, vol. 49, no. 2, pp. 208-214, 2000.

[10] C. Costa, S. Costa, M. Rocha et al., “Rebaudioside A, a glicoside
of the Stevia rebaudiana, stimulates insulin secretion in rat iso-
lated pancreatic islets,” Diabetes, vol. 52, p. A370, 2003.

[11] R. Abudula, P. B. Jeppesen, S. E. D. Rolfsen, J. Xiao, and
K. Hermansen, “Rebaudioside A potently stimulates insulin
secretion from isolated mouse islets: studies on the dose-, glu-
cose-, and calcium-dependency,” Metabolism, vol. 53, no. 10,
pp. 1378-1381, 2004.

[12] P.B.Jeppesen, S. Gregersen, S. E. D. Rolfsen et al., “Antihyper-
glycemic and blood pressure-reducing effects of stevioside in
the diabetic Goto-Kakizaki rat,” Metabolism, vol. 52, no. 3,
pp. 372-378, 2003.

[13] P.B.Jeppesen, S. Gregersen, K. K. Alstrup, and K. Hermansen,
“Stevioside induces antihyperglycaemic, insulinotropic and
glucagonostatic effects in vivo: studies in the diabetic Goto-
Kakizaki (GK) rats,” Phytomedicine, vol. 9, no. 1, pp. 9-14,
2002.

[14] A. Raskovic, M. Gavrilovic, V. Jakovljevic, and J. Sabo,
“Glucose concentration in the blood of intact and alloxan-
treated mice after pretreatment with commercial prepara-
tions of Stevia rebaudiana (Bertoni),” European Journal of
Drug Metabolism and Pharmacokinetics, vol. 29, no. 2,
pp. 87-90, 2004.

[15] W.J. Malaisse, “Insulin release: the receptor hypothesis,” Dia-
betologia, vol. 57, no. 7, pp. 1287-1290, 2014.

[16] A. L. Olson and J. E. Pessin, “Structure, function, and regula-
tion of the mammalian facilitative glucose transporter gene
family,” Annual Review of Nutrition, vol. 16, no. 1, pp. 235-
256, 1996.

[17] A. C. Margal, S. Grassiolli, D. N. da Rocha et al., “The dual
effect of isoproterenol on insulin release is suppressed in pan-
creatic islets from hypothalamic obese rats,” Endocrine, vol. 29,
no. 3, pp. 445-450, 2006.

[18] B. Ahrén, “Autonomic regulation of islet hormone secretion —
implications for health and disease,” Diabetologia, vol. 43,
no. 4, pp. 393-410, 2000.

[19] R. Sharp, S. Culbert, J. Cook, A. Jennings, and 1. M. Burr,
“Cholinergic modification of glucose-induced biphasic insulin
release in vitro,” The Journal of Clinical Investigation, vol. 53,
no. 3, pp. 710-716, 1974.

[20] J.C. Miguel, Y. H. A. Abdel-Wahab, P. C. F. Mathias, and P. R.
Flatt, “Muscarinic receptor subtypes mediate stimulatory and
paradoxical inhibitory effects on an insulin-secreting 8 cell
line,” Biochimica et Biophysica Acta (BBA) - General Subjects,
vol. 1569, no. 1-3, pp. 45-50, 2002.

[21] T. Nilsson, P. Arkhammar, P. Rorsman, and P. O. Berggren,
“Suppression of insulin release by galanin and somatostatin
is mediated by a G-protein. An effect involving repolarization


http://downloads.hindawi.com/journals/ije/2018/3189879.f1.docx

International Journal of Endocrinology

(22]

(23]

(24]

(25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

and reduction in cytoplasmic free Ca2+ concentration,” Jour-
nal of Biological Chemistry, vol. 264, no. 2, pp. 973-980, 1989.

P. G. Milani, M. Formigoni, Y. C. Lima et al., “Fortification of
the whey protein isolate antioxidant and antidiabetic activity
with fraction rich in phenolic compounds obtained from Ste-
via rebaudiana (Bert.). Bertoni leaves,” Journal of Food Science
and Technology, vol. 54, no. 7, pp. 2020-2029, 2017.

P. E. Lacy and M. Kostianovsky, “Method for the isolation of
intact islets of Langerhans from the rat pancreas,” Diabetes,
vol. 16, no. 1, pp. 35-39, 1967.

S. Lenzen and U. Panten, “Characterization of succinate dehy-
drogenase and a-glycerophosphate dehydrogenase in pancre-
atic islets,” Biochemical Medicine, vol. 30, no. 3, pp. 349-356,
1983.

M. Gembal, P. Gilon, and J. C. Henquin, “Evidence that
glucose can control insulin release independently from its
action on ATP-sensitive K+ channels in mouse B cells,”
The Journal of Clinical Investigation, vol. 89, no. 4,
pp. 1288-1295, 1992.

B. Sorrenson, E. Cognard, K. L. Lee et al., “A critical role for -
catenin in modulating levels of insulin secretion from f-cells
by regulating actin cytoskeleton and insulin vesicle localiza-
tion,” Journal of Biological Chemistry, vol. 291, no. 50,
Pp. 25888-25900, 2016.

G. Elmbhiri, L. F. Barella, D. Vieau, S. Camous, P. C. F. Mathias,
and L. Abdennebi-Najar, “Acute exposure to a precursor of
advanced glycation end products induces a dual effect on the
rat pancreatic islet function,” International Journal of Endocri-
nology, vol. 2014, Article ID 378284, 6 pages, 2014.

T. R. Renuka, B. Savitha, and C. S. Paulose, “Muscarinic M1
and M3 receptor binding alterations in pancreas during pan-
creatic regeneration of young rats,” Endocrine Research,
vol. 31, no. 4, pp. 259-270, 2005.

T. Takahashi, T. Kawano, S. Eguchi, H. Chi, H. Iwata, and
M. Yokoyama, “Effects of dexmedetomidine on insulin secre-
tion from rat pancreatic f3 cells,” Journal of Anesthesia,
vol. 29, no. 3, pp- 396-402, 2015.

E. Adeghate and R. Hameed, “Mechanism of orexin B-
stimulated insulin and glucagon release from the pancreas of
normal and diabetic rats,” Pancreas, vol. 40, no. 1, pp. 131-
136, 2011.

A. M. Scott, I. Atwater, and E. Rojas, “A method for the simul-
taneous measurement of insulin release and B cell membrane
potential in single mouse islets of langerhans,” Diabetologia,
vol. 21, no. 5, pp. 470-475, 1981.

O.Yu, L. Azoulay, H. Yin, K. B. Filion, and S. Suissa, “Sulfonyl-
ureas as initial treatment for type 2 diabetes and the risk of
severe hypoglycemia,” The American Journal of Medicine,
vol. 131, no. 3, pp. 317.e11-317.€22, 2018.

A.J. Scheen, “Investigational insulin secretagogues for type 2
diabetes,” Expert Opinion on Investigational Drugs, vol. 25,
no. 4, pp. 405-422, 2016.

H.-J. Kwon, H. S. Park, S. H. Park et al., “Evidence for
glucagon-like peptide-1 receptor signaling to activate ATP-
sensitive potassium channels in pancreatic beta cells,” Bio-
chemical and Biophysical Research Communications, vol. 469,
no. 2, pp. 216-221, 2016.

Y. Zhang, H. Dong, M. Wang, and J. Zhang, “Quercetin iso-
lated from Toona sinensis leaves attenuates hyperglycemia
and protects hepatocytes in high-carbohydrate/high-fat diet
and alloxan induced experimental diabetic mice,” Journal of

(36]

(37]

(38]

(39]

[40]

[41]

(42]

[43]

(44]

(45]

[46]

(47]

Diabetes Research, vol. 2016, Article ID 8492780, 10 pages,
2016.

R. M. Gomes, L. F. de Paulo, C. P. . N. Bonato Panizzon et al,
“Anti-diabetic effects of the ethyl-acetate fraction of Trichilia
catigua in streptozo-tocin-induced type 1 diabetic rats,” Cellu-
lar Physiology and Biochemistry, vol. 42, no. 3, pp. 1087-1097,
2017.

Y. Liang, W. Tian, and X. Ma, “Inhibitory effects of grape skin
extract and resveratrol on fatty acid synthase,” BMC Comple-
mentary and Alternative Medicine, vol. 13, no. 1, p. 361, 2013.

N. Shivanna, M. Naika, F. Khanum, and V. K. Kaul, “Antioxi-
dant, anti-diabetic and renal protective properties of Stevia
rebaudiana,” Journal of Diabetes and its Complications,
vol. 27, no. 2, pp- 103-113, 2013.

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

M. Rouse, A. Younes, and J. M. Egan, “Resveratrol and curcu-
min enhance pancreatic f3-cell function by inhibiting phos-
phodiesterase activity,” Journal of Endocrinology, vol. 223,
no. 2, pp. 107-117, 2014.

A. C. Munhoz, P. Riva, D. Simdes, R. Curi, and A. R. Carpi-
nelli, “Control of insulin secretion by production of reactive
oxygen species: study performed in pancreatic islets from fed
and 48-hour fasted Wistar rats,” PLoS One, vol. 11, no. 6, arti-
cle e0158166, 2016.

J. C. Henquin and H. P. Meissner, “Opposite effects of tolbuta-
mide and diazoxide on **Rb* fluxes and membrane potential
in pancreatic B cells,” Biochemical Pharmacology, vol. 31,
no. 7, pp. 1407-1415, 1982.

K. S. Lee and R. W. Tsein, “Reversal of current through cal-
cium channels in dialysed single heart cells,” Nature,
vol. 297, no. 5866, pp. 498-501, 1982.

R. K. Goyal, “Muscarinic receptor subtypes,” The New England
Journal of Medicine, vol. 321, no. 15, pp. 1022-1029, 1989.

B. Chughtai, D. Thomas, and S. Kaplan, “a-Blockers, 5-a-
reductase inhibitors, acetylcholine, 3 agonists, and
phosphodiesterase-5s in medical management of lower uri-
nary tract symptoms/benign prostatic hyperplasia: how much
do the different formulations actually matter in the classes?,”
Urologic Clinics of North America, vol. 43, no. 3, pp. 351-
356, 2016.

H. C. Barbosa, S. Bordin, G. Anhe et al., “Islet neogenesis-
associated protein signaling in neonatal pancreatic rat islets:
involvement of the cholinergic pathway,” Journal of Endocri-
nology, vol. 199, no. 2, pp. 299-306, 2008.

I. O. Ishola, F. M. Adamson, and O. O. Adeyemi, “Ameliora-
tive effect of kolaviron, a biflavonoid complex from Garcinia
kola seeds against scopolamine-induced memory impairment
in rats: role of antioxidant defense system,” Metabolic Brain
Disease, vol. 32, no. 1, pp. 235-245, 2017.



	Stevia Nonsweetener Fraction Displays an Insulinotropic Effect Involving Neurotransmission in Pancreatic Islets
	1. Introduction
	2. Methods
	2.1. Animals
	2.2. Preparation and Composition of Stevia rebaudiana Fractions
	2.3. Proximal Composition and Identification of Phenolic Compounds of EAF
	2.4. Isolation of Pancreatic Islets
	2.5. Islet Incubation
	2.6. Dosage of Insulin
	2.7. Statistical Analysis

	3. Results
	4. Discussion
	Conflicts of Interest
	Authors’ Contributions
	Supplementary Materials

