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Aloe-Emodin Protects RIN-5F (Pancreatic B-cell) Cell from
Glucotoxicity via Regulation of Pro-Inflammatory Cytokine
and Downregulation of Bax and Caspase 3
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Abstract

To determine the protective effect of aloe-emodin (AE) from high glucose induced toxicity in RIN-5F (pancreatic p-cell) cell and
restoration of its function was analyzed. RIN-5F cells have been cultured in high glucose (25 mM glucose) condition, with and
without AE treatment. RIN-5F cells cultured in high glucose decreased cell viability and increased ROS levels after 48 hr com-
pared with standard medium (5.5 mM glucose). Glucotoxicity was confirmed by significantly increased ROS production, increased
pro-inflammatory (IFN-y, IL-1B,) & decreased anti-inflammatory (IL-6&IL-10) cytokine levels, increased DNA fragmentation. In ad-
dition, we found increased Bax, caspase 3, Fadd, and Fas and significantly reduced Bcl-2 expression after 48 hr. RIN-5F treated
with both high glucose and AE (20 uM) decreased ROS generation and prevent RIN-5F cell from glucotoxicity. In addition, AE
treated cells cultured in high glucose were transferred to standard medium, normal responsiveness to glucose was restored within
8hr and normal basal insulin release within 24 hr was achieved when compared to high glucose.
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INTRODUCTION 1977), impairment of insulin gene transcription (Robertson et
al., 1994). Maedler et al. (2001) have reported that glucose
Regulation of pancreatic -cell mass is important for insulin induced Fas expression and its role in 3 cell apoptosis in hu-
secretion and glucose homeostasis that is involved in a variety man islets, but intermittent glucose mediator and mechanism
of physiological and pathological conditions, such as apop- are remain unknown.
tosis, autoimmunity, glucotoxicity and insulin resistance (Ber- Increasing evidence suggests that high glucose-induced
nard et al., 1999). Permanent damage and pancreatic {3 cells B-cell toxicity primarily results from oxidative stress (Lee et
apoptosis leads to a disruption in glucose homeostasis, which al., 2014). Intermittent high glucose can induce apoptosis in
plays a critical role in the pathogenesis of diabetes (Winnay pancreatic 3 cells, which is linked to increased formation of

et al., 2014). Chronic hyperglycemia impairs B cell function, reactive oxygen species (ROS) (Zhang et al., 2015). ROS has
leading to the concept of glucotoxicity (Maedler et al., 2002). the ability to oxidize or nitrify proteins, lipids and DNA by direct

Piro et al. (2002) also confirmed that chronic exposure of high chemical modification and activate signaling pathways that

glucose or free fatty acid (FFA) levels may induce apoptosis of cause cell death (Baines et al., 2005). Pancreatic -cell mass

pancreatic 3 cells. Moreover, elevated glucose concentrations is reduced in type 2 diabetic patients compared with nondia-

induce B cell apoptosis in cultured islets from humans (Federi- betic subjects (Saito et al., 1979; Gepts and Lecompte, 1981);

ci et al., 2001); but high concentrations of glucose only cause it has been suggested that high glucose-induced  cell apop-

B cell apoptosis in rodent islets (Efanova et al., 1998; Don- tosis involves generation of ROS (Mauricio and Mandrup-

ath et al., 2001). Various molecular mechanisms have been Poulsen, 1998; Park and Hans, 2014). Inhibition of ROS is a

proposed to underlie glucose-induced f cell dysfunction, such promising strategy for blocking high glucose-triggered apopto-

as formation of advanced glycation end products (Tajiri et al., sis in B cells (Park and Hans, 2014).
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Fig. 1. Structure of the bioactive compound Aloe-emodin, Molecu-
lar formula-C,,H,,0,,; Molecular mass-434 (Fig. 1A). Cytotoxic ef-
fect of AE on RIN-5F cells at 24 hr and 48 hr (Fig.1B). Each value
is mean + SD for 6 replicates.

In the present study, we aimed to evaluate the effect of
Aloe-emodin (AE) an anthraquinone (Fig. 1) on prevention of
RIN-5F cell from glucotoxicity and restoration of its function.
AE was originally isolated from leaves of Aloe vera (Hamman,
2008). Zhang et al. (2015) reported that AE have up-regulat-
ed glucose metabolism, decreased lipolysis and attenuated
inflammation in 3T3-L1 preadipocytes. In addition, AE have
been reported for its anticancer effects in various cancer cells
(Wasserman et al., 2002; Fenig et al., 2004), liver cancer cell
lines (Hep G2 and Hep 3B) and human promyelocytic leuke-
mic cells (HL-60) (Chen et al., 2004). AE glycosides stimulate
glucose transport and glycogen storage through PI3K-depen-
dent mechanism in L6 myotubes and inhibit adipocyte differ-
entiation in 3T3L1 adipocytes (Anand et al., 2010). Previously,
we have reported the possible inhibitory effect of AE on human
mesenchymal stem cell to adipocyte differentiation (Subash-
Babu and Alshatwi, 2012). In the present study, our finding
raises the possibility that AE may confer protection against
high glucose-induced cytotoxicity in RIN-5F cells. We there-
fore explored the effect of AE on B-cell survival and apoptosis
upon exposure to high glucose. In addition, both high glucose
and AE treated cells on normal responsiveness to glucose and
normal basal release of insulin were analyzed.

MATERIALS AND METHODS

Chemicals and cell culture

Aloe-emodin was originally isolated from leaves of Aloe
vera (Hamman, 2008). In the present study, we purchased
Aloe-emodin from Sigma Chemical Co., St. Louis, MO, USA.
All other chemicals used in this study were of the molecular
biology grades and commercially available.
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RINSF and L6 myotubes were obtained from American
Type culture collections (ATCC, Manassas, VA 20108 USA).
Cell culture materials such as, RPMI-1640 (AG Biochrom,
Germany), Fetal bovine serum (FBS) (Hiclone, Germany) and
streptomycin (AG Biochrom, Germany. All spectrophotometric
measurements were carried out using UV2010 Spectropho-
tometer (Hitachi, Germany). The cell line was maintained and
the experiments were carried out according to the guidelines
of CMRC ethical committee of KKUH, Saudi Arabia.

In vitro culture of RIN-5F cell and cytotoxicity study
RIN-5F cells derived from rat pancreatic B-cells were ob-
tained from American Type Culture Collection (ATCC) and
maintained in RPMI-1640 supplemented with 10% (v/v) FBS,
streptomycin (100 pg/ml) and penicillin-G (100 U/ml) under an
atmosphere of 5% CO, and 95% humidified air at 37°C.
Initially, whether aloe-emodin (AE) produce any toxic to
RIN-5F cells was analyzed by treating with increasing con-
centration of AE (such as, 0, 5, 10, 20, 40, 80 and 160 umol)
to RIN-5F cells cultured in standard medium. The cytotoxicity
was analyzed after 24 hr and 48 hr incubations, respectively
using MTT (3-(4, 5-Dimethylthiazol-2-yl)-2, 5-Diphenyltetra-
zolium Bromide) assay as described by Mosmann (1983);
the optical density was measured at 570 nm using 96-well
microplate-reader (Bio-Rad, Model 680, Hercules, CA). The
percentage of toxicity was calculated, using the formula:

Mean OD of untreated cells-Mean OD of treated cells

x100
Mean OD of untreated cells

Determination of glucotoxicity in RIN-5F cells

To determine high glucose induced toxicity to RIN-5F pan-
creatic p-cells, we cultured RIN-5F cells in two different con-
centration of glucose containing medium such as, standard
medium (5.5 mM) and high glucose (25 mM) medium; the
cytotoxicity was analyzed after 24 hr and 48 hr incubations,
respectively.

The dose of AE (5, 10 and 20 umol) has been selected
based on our cytotoxicity study; to study the protective effect
of AE from high glucose induced toxicity in RIN-5F cells. Brief-
ly, RIN-5F cells cultured in high glucose medium was treated
with AE and the cytotoxicity was analyzed after 24 hr and 48 hr
incubations, respectively. The time and dose dependent cyto-
toxic effect was compared with respective untreated cells cul-
tured in high glucose and standard (Normal) glucose medium.

Measurement of intracellular ROS

The level of intracellular reactive oxygen species (ROS)
in RIN-5F cells cultured in high glucose was measured us-
ing 2', 7'-dichlorofluorescin diacetate (DCFH-DA) (Wang and
Joseph, 1999). DCFH-DA passively enters the cell where it
reacts with ROS to form the highly fluorescent compound, di-
chlorofluorescein (DCF). Briefly, 10 mM DCFH-DA stock solu-
tion (in methanol) was diluted 500-fold in HBSS without serum
or other additives to yield a 20 uM working solution. After 24
hr exposure with AE (5, 10&20 pmol), NAC (5 umol) and in
combination, RIN-5F cells in 24-well plates were washed twice
with HBSS and then incubated in 2 ml of 20 uM DCFH-DA at
37°C for 30 min. In a separate experiment, the reference drug
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N-acetyl cysteine (20 mM) was treated with RIN-5F cells cul-
tured in high glucose and compared with AE treated groups.
Fluorescence was then determined at 485-nm excitation and
520-nm emission using a microplate reader.

Propidium iodide staining

The nuclear morphology was analyzed with 20 pmol AE
treated RIN-5F cells after 48 hr using bright-field microscopy.
Control cells were grown in the same manner without AE.
The cells were trypsinized and fixed with ethanol. Then, cell
nuclei were stained by adding 1 mg/ml propidium iodide (BD
Biosciences, USA) at 37°C for 15 min in the dark. Charac-
teristic apoptotic morphological changes were determined by
Pl staining as described by Leite et al. (1999). Briefly, a drop
of cell suspension was placed on a glass slide and cover-
slip was laid over to reduce light diffraction. At random 300
stained cells were examined under an inverted fluorescence
microscope (Carl Zeiss, Jena, Germany) fitted with a 530/620
nm filter and observed at 400x magnification; in addition the
percentage of cells showing pathological changes were cal-
culated manually. Data were collected as four replicates and
used to calculate the mean and standard deviation.

Terminal deoxynucleotidyl transferase-mediated dUTP
nick end labeling assay

Terminal deoxynucleotidyl transferase-mediated dUTP end
labeling (TUNEL) assay was performed to visualize DNA
damage in cells. 1x10* cells were seeded into the wells of
Permanox chamber slides (Thermo Scientific, Rochester, NY,
USA). Next day, the media were exchanged for fresh RPMI-
1640 medium. The cells were treated with high glucose and
20 umol of AE for 48 hrs. Respective negative control also
maintained without AE treatment. RIN-5F cells were fixed
with 4% methanol-free paraformaldehyde in PBS for 10 min
at room temperature. After fixation, wells were washed with
PBS, permeabilized with a 0.2% Triton X-100 solution for 5
min, and washed twice in phosphate-buffered saline, then 100
uL of equilibration buffer was added at room temperature and
incubated for 5-10 min. Samples were washed with PBS and
incubated with terminal deoxynucleotidyl transferase, recom-
binant (rTdT) buffer at 37°C for 60 min inside the humidified
chamber according to the manufacturer’s protocol (Prome-
ga). Reaction was terminated by adding 100 uL of SSC for
15 min. The wells were washed thrice, using PBS for 5 min
to remove unincorporated fluorescein-12-dUTP nucleotides.
Fragmented DNA was examined under inverted fluorescence
microscope (Carl Zeiss). For each sample, the total number of
cells and the number of TUNEL-positive cells were quantified
in 10 representative fields. The results were presented as a
representation from a series of three separate experiments.

Determination of inflammatory markers

The AE and their respective control samples were used
to determine the amount of inflammatory mediators, such as
IFN-y, IL-1B, IL-6 and IL-10 in RIN-5F cells cultured in high
glucose, using high-sensitivity ELISA-kits method (Quanti-
kine, R&D Systems, Minneapolis, MN, USA). This assay ana-
lyzes the soluble and receptor-bound proteins, which gives a
measurement of total concentration of inflammatory mediator
proteins. The values were expressed as pg/mg protein for
IFN-y, IL-1B, IL-6 and IL-10.
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gPCR analysis of oxidative stress and apoptosis
responsive genes

Oxidative stress and apoptosis related genes expression
was analyzed with quantitative reverse transcription-PCR (RT-
PCR; Applied Biosystems 7500 Fast, Foster City, CA) using a
real-time SYBR Green/ROX gene expression assay kit (QIA-
GEN). cDNA was directly prepared from cultured cells using
a Fastlane® Cell cDNA kit (QIAGEN, Germany); and mRNA
levels of CYP1A&TNF-a (oxidative stress related genes);
apoptotic genes such as, Bax, Bcl-2, FAS, FADD and caspase
3 as well as the reference gene, GAPDH, were analyzed us-
ing gene-specific SYBR Green-based QuantiTect® Primer as-
says (QIAGEN, Germany). gPCR was performed in a reaction
volume of 25 uL according to the manufacturer’s instructions.
Briefly, 12.5 uL of master mix, 2.5 uL of assay primers (10x)
and 10 L of template cDNA (100 ng) were added to each well.
After a brief centrifugation, PCR plate was subjected to 35 cy-
cles under the following conditions: (i) PCR activation at 95°C
for 5 minutes, (ii) denaturation at 95°C for 5 seconds and (iii)
annealing/extension at 60°C for 10 seconds. All samples and
controls were run in triplicate on an ABI 7500 Fast Real-Time
PCR system. The quantitative RT-PCR data were analyzed
using a comparative threshold (Ct) method, and the fold induc-
tions of samples were compared with the untreated samples.
GAPDH was used as an internal reference gene to normalize
the expression of specific genes. The Ct cycle was used to
determine the expression level in control and AE treated with
RIN-5F cells after 48 hrs. The gene expression level was then
calculated as previously described by Yuan et al. (2006). To
determine the relative expression levels, the following formula
was used: AACt=ACt (Treated)-ACt (Control). Thus, the ex-
pression levels are expressed as n-fold differences relative to
the reference gene. The value was used to plot the expression
of genes using the expression of 224,

Assay of insulin secretion activity

RIN-5F cells which were clones derived from rat pancreatic
beta cells, were used to evaluate insulin secretion activity. The
cells at a concentration of 2.0x10° of the cells/well in 24-well
plates were seeded in RPMI-1640 medium. After 24 h incuba-
tion, the medium in each well was exchanged 1mL of the fresh
medium and the cells were incubated for another 48 hr. The
medium in the wells were removed and the cells were washed
with the fresh medium (supplemented with 1% FBS) contain-
ing normal glucose (5.5 mM) and high glucose (25 mM). Dif-
ferent concentrations of AE (5, 10 & 20 umol) were treated to
the respective wells for 48 hrs, and then the concentration of
insulin in the mediums was determined by ELISA system. In
addition, after 48 hrs, both high glucose and AE treated cells
were transferred to standard medium, normal responsiveness
to glucose was measured after 8 hr and normal basal release
of insulin was measured after 24 hr, respectively.

The activity was evaluated by an increase of the concentra-
tion of insulin-release comparing with the control experiment
without test compounds. As a reference control, quercetin
(20 pmol) was compared with the insulin secretory effect.
Each experiment was done in triplicate and the results are
presented as means SD. Group of data was compared using
student’s t-test.

Statistical analysis
All the grouped data were statistically evaluated using

www.biomolther.org
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Fig. 2. High glucose induced cytotoxic effect in (Fig. 2A) RIN5F cells with different time intervals; Fig. 2B showing protective effect of Aloe-
emodin in RIN5F cells from high glucose toxicity after 24 hr and 48 hrs. Each value is mean = SD for 6 replicates. *p<0.05, RIN-5F cells
cultured in high glucose compared with AE-treated high glucose. **p<0.001, compared between high glucose and normal glucose.

SPSS/11.5 software package. The values were analyzed by
one way analysis of variance (ANOVA) followed by Tukey’s
test. All the results were expressed as mean + SD with suf-
ficient (six) replicates in each group. For all comparisons, dif-
ferences were considered statistically significant at p<0.05, p<
0.01 and p<0.001 (Duncan, 1957).

RESULTS

In vitro cytotoxic effect of AE in RIN-5F cells

The tested concentrations of Aloe-emodin (0 to 160 pmol)
did not produce toxicity to RIN-5F cells cultured in standard
medium, also there were no significant decline in the viability
of RIN-5F cells cultured in standard medium compared with
the control after 24 hr or 48 hr (Fig.1B).

High glucose induced cytotoxicity in RIN-5F cell

Fig. 2A shows the results of high glucose induced time de-
pendent cytotoxic effect in RIN-5F cells, were cells cultured
in standard (5.5 mM) and high (25 mM) glucose containing
media for 24 hr and 48 hr. We found significant reduction
of viability in RIN-5F cells cultured in high glucose such as,
13% reduction in 24 hrs (p<0.05) and 29% reduction in 48 hrs
(p<0.001). Interestingly, there was no significant reduction in
cell viability in tested standard (normal) glucose medium in 24
hr or 48 hr.

Protective effect of AE from glucotoxicity using RIN-5F cells

In Fig. 2B, we have shown the protective effect of AE on
high glucose induced toxicity using RIN-5F cells. AE at a dose
of 5, 10 and 20 umol significantly improved cell viability in a
dose and time dependent manner. We found, RIN-5F cell cul-
tured in high glucose medium significantly (p<0.05) decreased
the viability after 48 hrs. RIN-5F cells cultured in high glucose
medium treated with 20 umol of AE protect the cells and vi-
ability was significantly increased. We found the viability was
reduced to 86% (24 hrs) and 73% (48 hrs), respectively in un-
treated control (Fig. 2B). But, AE treated RIN-5F cell the viabil-
ity was significantly increased time dependently, such as 96 %
in 48 hrs and 92% in 24 hrs. Dose-dependent increase in the
viability of RIN-5F cells was ranged 72-79% cells are viable in
5 umol, 80-86% (p<0.05) in 10 umol and 90-98% (p<0.001)
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in 20 umol of AE treatment to RIN-5F cells cultured in high
glucose medium after 48 hrs. Viability of RIN-5F cells in 20
umol dose was significantly high as compared to lower doses.

High glucose induced ROS generation level

RIN-5F cells cultured in high glucose (25 mM) significant-
ly (p<0.001) increased ROS generation when compared to
standard glucose condition (Fig. 3A). Significant increase of
intracellular ROS production (p<0.001) was observed after 1
hr and increased till 6hr of incubation of pancreatic cells with
high glucose as compared to normal glucose. Moreover, the
increase in peroxides amounts generated by RIN-5F cells
was time-dependent, being significantly higher (p<0.001) in
the later treatment (30 mint-3 hr) in comparison to beginning
time (0-15 mint). Actually, peroxides levels were approach-
ing higher after 1hr and 3hr exposure in RIN-5F cells to high
glucose compared to normal glucose. We found an increased
ROS generation may be affecting the cell growth significantly
(p=0.001).

Fig. 3B shows the time-course effect of AE on quenching
of intracellular peroxide levels in RIN-5F cells. After treatment
with AE (20 umol), we found significant reduction of ROS
and cellular stress in RIN-5F cells cultured in high glucose
compared with untreated control. The decrease in peroxide
amount generated by RIN-5F cells was time and dose depen-
dent, being significant higher (p<0.001) at the lower doses (5
and 10 pumol) in comparison to relative higher dose (20 umol)
for 30 min after the addition of DCFH-DA. We observed a sig-
nificant (p<0.05) decrease in reactive oxygen species (perox-
ide) generation in 20 umol AE treated cells as compared with
untreated control and reference drug, NAC (Fig. 3B).

Nuclear morphology and DNA damage induced by high
glucose

Cell and nuclear morphology have been evaluated using PI
staining and DNA damage was analyzed using TUNNEL as-
say; and the results have been presented in Fig. 4. Pl staining
of RIN-5F cells cultured in high glucose medium resulted in
significant morphological changes such as, abnormal nuclei,
horseshoe-shaped nucleus, specially indicating fragmented
nuclei/chromatin when compared to untreated control cells af-
ter 48 hr. Staining allows the clear discrimination between un-
affected cells, apoptotic and necrotic cells (Fig. 4A). Pl staining
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Table 1. Glucose stimulated insulin secretion (GSIS) level of AE treated RIN-5F cells after 48 hrs; normal responsiveness and basal insulin release by AE
in RINSF cells

GSIS of AE treated RIN-5F cells Basal insulin releasing level (ng/well) of
Groups after 48 hrs (ng/well) RIN-5F cells (¥) in standard medium

Normal glucose (5.5 mM) High glucose (25 mM) 8 hr 24 hr
Control (AE, 0 umol) 6.4+0.9 45+04 10.2+0.9 52+06
AE (5 umol) 72+08 114 +0.8* 105+1.2 8.6+0.8
AE (10 umol) 125+1.6** 15.9 £ 1.6** 12.9 £ 0.9* 11.6+1.7*
AE (20 umol) 142 £1.1* 21.3+£1.3* 13.5 £ 1.4 12.9 £ 0.5*
Quercetin (20 umol) 13.6 + 1.5* 16.2 £ 0.9* 9.5+0.6* 7.1+£1.3"

*Normal responsiveness and basal insulin release by Aloe-emodin, in high glucose treated RIN-5F cells transferred to standard medium.
Each value is mean + SD for 6 replicates. *p<0.05, AE treated group compared with untreated RIN-5F cells cultured in high glucose. Com-
parison between high and normal glucose medium, **p<0.001 AE treated group compared with untreated RIN-5F cells cultured in high glu-
cose.

of RIN-5F cells cultured in high glucose showing 52% of cells Effect of aloe-emodin on inflammatory cytokines

with abnormal shape, nuclear condensation, may be cause The levels of pro- and anti-inflammatory cytokines were sig-
apoptotic/ necrotic stage after 48 hr. After treatment with AE, nificantly increased in RIN-5F cells cultured in high glucose,
protect the cells and showing clear cellular and nuclear mor- such as IL-1B (2.13 fold), IFN-y (3.05) was increased and IL-6
phology (Fig. 4A). The increased cells viability may be due (3.15) and IL-10 (2.95) were decreased when compared with
to the decreased ROS generation and oxidative stress. The untreated control (Fig. 5A). After AE treatment, the altered
increased cell viability was dose-dependent, being significant cytokine such as, IL-1B and IFN-y levels were decreased,
in high dose (p<0.01) at 20 pmol in comparison to 5 and 10 whereas IL-6 and IL-10 levels were significantly increased to
umol after 48 hr. two fold.

In TUNEL assay confirmed the presence of terminal DNA
damage in high glucose treated RIN-5F cells (Fig. 4B) com- Gene expression analysis
pared to normal cells. Increased green florescence intensity We analyzed oxidative metabolic stress related genes such
indicates the degree of DNA damage induced by high glucose as CYP1A and TNF-a in control and AE (20 umol) treated RIN-
induced oxidative stress. The results confirm RIN-5F cells 5F cells cultured in high glucose medium for 48 hr. The relative
were undergone oxidative stress induced cell death by apop- quantitation of oxidative stress related genes such as, CYP1A
tosis/necrosis. Also the manual count of Pl shows 52% of cells and TNF-a, were shown in Fig. 5B. The expression of CYP1A
were shown apoptosis, 9% of cells are in necrotic stage (Fig. and TNF-a was down regulated two fold significantly (p<0.
4A) and tunnel positive cells shown in Fig. 4B. Our observa- 01) in AE (20 umol) treated cells when compared to untreated
tion clearly showed that high glucose induced ROS production RIN-5F cells grown in high glucose medium.
take part in highly organized cellular signaling, signal trans- In addition Fig. 5B, shows the alterations in Bax, Bcl-2, Fas,
duction and apoptosis. Fadd and caspase 3 gene expressions between control and

AE treated RIN-5F cells grown in high glucose medium for 48
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hr. A marked two fold increased (p<0.001) in the mRNA levels
of Bax, Fas, Fadd, caspase-3 and at the same time Bcl-2 ex-
pression significantly decreased a fold in RIN-5F cells. After
20 umol of AE treatment significantly decreased the apoptotic
genes and increased Bcl-2 expression.

Basal and Glucose stimulated Insulin secretory (GSIS)
effect in RIN5F cells

Table 1 shows the influence of AE on baseline and GSIS in
RIN-5F cells cultured in high glucose medium. Insulin secre-
tion (ng/well) was significantly increased in AE treated RIN-5F
cells compared to untreated controls after 48 hr. We observed
the GSIS was directly proportional to the severity of glucose
and dose-dependently; and significant (p<0.001) GSIS were
seen at 10 and 20 pmol in high glucose medium compared to
standard glucose medium after 48 hr. In addition, AE treated
cells further cultured in standard medium, showed normal
responsiveness on insulin secretion after 8 hr. However, in
high glucose treated cells basal insulin release was reached
normal after 24 hr in AE treated cells, compared to untreated
control cells. Compared to quercetin (20 umol), AE treatment
significantly (p<0.001) increased basal insulin secretion.

DISCUSSION

During the progression of type 2 diabetes, glucotoxicity is an
important factor that contributes to advancing pancreatic -cell
failure and development of diabetes (Maedler et al., 2002).
High glucose-induced B cell apoptosis involves generation of
ROS (Park and Hans, 2014). Persistent hyperglycemia further
accelerates the production of ROS in pancreas and enhances
cellular stress. Inhibition of ROS is a promising strategy for
blocking high glucose-triggered apoptosis in 3 cells (Park and
Hans, 2014). We found in our study, AE significantly impaired
high glucose-induced ROS formation in RIN-5F cells. It may
be suggest that the protection of RIN-5F cells by AE is associ-
ated with suppression of ROS generation in B cells. Alteration
of ROS production may represent an important mechanism for
AE mediated regulation of cellular behaviors. In our previous
study, we have evidenced that inhibition of ROS generation in
RIN-5F cells by nymphayol is possible and basal insulin secre-
tion also restored (Subash-Babu et al., 2015).

The generation of ROS in response to the high concen-
trations of glucose also cause mitochondrial dysfunction and
trigger B-cells apoptosis (Hodgin et al., 2013). In addition, pre-
vious reports suggest that p-cells failure and diabetes is as-
sociated with inflammatory response; mitochondrial oxidative
stress and induction of apoptosis are interrelated (Jialal et al.,
2002). Increased IL-1B is an indicator of the toxic effects of
elevated glucose concentrations. In addition, it was confirmed
that IL-1p impairs insulin release and induce Fas expression,
which enable Fas-triggered apoptosis in human islets (Gi-
annoukakis et al., 1999). Most interestingly, we found in our
study, the IL-1 B and IFN-y was increased might be due to the
high glucose induced immune response. Maedler et al. (2002)
also demonstrate that high concentrations of glucose induce
IL-1B production and secretion in human B cells, leading to
Fas receptor upregulation, NF-xB activation; 3 cell apoptosis
and dysfunction. Together, the above findings led us to hy-
pothesize that high glucose may induce IL-1f secretion from 3
cells in the absence of an autoimmune process.

Mitochondrial dependent apoptotic pathway involves re-
duction of the mitochondrial potential, leakage of cytochrome
C from mitochondria (Ly et al., 2003). RIN-5F cells cultured in
high glucose up regulated TNF-a, Fas and its adaptor protein
FADD in death receptor-dependent pathways. It may be due
to the increased Bax/decreased Bcl-2 expression, which re-
lease cytochrome C via up regulating CYP1A, subsequently
activated extrinsic pathway. Those observations indicate that
chronic exposure to elevated glucose levels increases apop-
tosis in pancreatic islets and these cytotoxic effects could be
mediated by oxidative stress. However, AE treatment sig-
nificantly quenching the ROS generation and possibly down
regulate the intrinsic and extrinsic apoptotic signaling gene
expression, which decrease the high glucose induced toxicity
to RIN-5F cells.

Noteworthy that AE treatment to RIN-5F cells produce sig-
nificantly higher insulin secretion in glucose stimulated con-
ditions, relatively low generation of ROS. The stimulation of
insulin secretion by AE depends on the severity of hypergly-
cemic condition, which was not related to cellular stress or al-
tered mitochondrial dynamics. In our previous study, we have
confirmed that nymphayol possibly improve early phase glu-
cose stimulated insulin secretion and restoring cellular insulin
sensitivity in vitro (Subash-Babu et al., 2015).

In conclusion, Aloe-emodin protects RIN-5F pancreatic 3
cells from glucotoxicity. Also AE restored the normal respon-
siveness to glucose and basal insulin secretion in hypergly-
cemic condition. Aloe-emodin may be a therapeutic agent to
overcome B-cell failure that occurs most of the chronic type 2
diabetic patients.
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