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The aim of this study is to explore the effect of zerumbone, a natural sesquiterpene isolated from Zingiber
zerumbet Smith, on high glucose-induced cytotoxicity in pancreatic § cells. INS-1 rat pancreatic B cells
were treated with 33 mM glucose with or without different concentrations of zerumbone and cell
viability and apoptosis were assessed. The involvement of reactive oxygen species (ROS) and mitogen-
activated protein kinase (MAPK) signaling in the action of zerumbone was examined. Notably, zer-
umbone significantly (P < 0.05) prevented the reduction of cell viability induced by high glucose. Such
protection was in a concentration-dependent fashion up to 60 uM of zerumbone. Annexin-V/propidium

Keywords:
Pancreatic B cells
Oxidative stress

Zerumbone .. .. . . . . .
Survival iodide staining analysis showed that zerumbone impaired the apoptotic response of high glucose-treated
Hyperglycemia INS-1 cells, which was coupled with a significant decline in cleaved caspase-3 and caspase-9. Pretreat-

ment with the ROS inhibitor N-acetylcysteine abrogated the phosphorylation of p38 and JNK induced by
high glucose. Zerumbone significantly (P < 0.05) decreased the generation of ROS and the phosphory-
lation of p38 and JNK MAPKSs in high glucose-treated INS-1 cells. Pharmacological activation of p38 and
JNK with anisomycin reversed the anti-apoptotic effect of zerumbone. Additionally, simultaneous inhi-
bition of p38 and JNK significantly (P < 0.05) reduced the apoptotic response in high glucose-treated INS-
1 cells. In conclusion, zerumbone confers protection against high glucose-induced apoptosis of INS-1
pancreatic B cells, largely through interfering with ROS production and p38 and JNK activation. Zer-
umbone may have potential therapeutic effects against hyperglycemia-induced f cell damage in
diabetes.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction modification and activate signaling pathways that cause cell death

[6]. Several molecular pathways such as mitogen-activated protein

Irreversible damage and death of pancreatic § cells leads to a
disruption in glucose homeostasis, which plays a critical role in the
pathogenesis of diabetes [1,2]. Chronic exposure to high glucose
concentration is an important factor resulting in pancreatic § cell
dysfunction and loss [3]. Accumulating evidence suggests that high
glucose-induced B-cell toxicity primarily results from oxidative
stress [4]. It has been reported that intermittent high glucose can
induce apoptosis in pancreatic § cells, which is linked to increased
formation of reactive oxygen species (ROS) [5]. ROS has the ability
to oxidize or nitrify proteins, lipids and DNA by direct chemical
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kinases (MAPKs) have been shown to mediate ROS-induced
pancreatic B cell apoptosis [7,8]. There are three major MAPKs,
i.e., JNK, ERK, and p38 MAPK, which play critical roles in cell sur-
vival and death [8,9]. Therefore, it is of significance to develop
effective therapies against oxidative stress and apoptosis in
pancreatic B cells induced by hyperglycemia.

Zerumbone is a natural sesquiterpene isolated from the herbal
plant, Zingiber zerumbet Smith, which is widely distributed in
Southeast Asia [10]. It shows numerous biological properties,
including anticancer [11], anti-inflammation [12], and antioxidant
[13] activities. Zerumbone yields cytotoxic or protective effects in
different settings. It can trigger apoptotic death in many types of
malignant cells such as breast cancer [11] and pancreatic cancer
[14] cells. In contrary, dietary zerumbone has been shown to
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protect ultraviolet B-treated mice from cataractogenesis [15] and
photokeratitis [16].

A recent study has reported that the ethanol extract from the
rhizome of Z. zerumbet Smith shows the ability to reduce hyper-
glycemia and renal dysfunction in diabetic rats [17]. This finding
raises the possibility that zerumbone may confer protection against
high glucose-induced cytotoxicity. We therefore explored the effect
of zerumbone on f cell survival and apoptosis upon exposure to
high glucose. Additionally, the involvement of the ROS/MAPK
pathway was examined.

2. Materials and methods
2.1. Materials

RPMI-1640 medium, fetal bovine serum, streptomycin, and
penicillin were purchased from Invitrogen (Carlsbad, CA, USA),
zerumbone (>98% in purity), anisomycin, glucose, dimethyl sulf-
oxide (DMSO), N-acetylcysteine (NAC), 3-(4,5-dimethyl-thiazol-2-
yl) -2,5- diphenyltetrazolium (MTT), aprotinin, leupeptin, and
benzamidine from Sigma (St. Louis, MO, USA). Phenyl-
methylsulfonyl fluoride (PMSF), SB203580, and SP60012 were ob-
tained from Calbiochem (Gibbstown, NJ, USA) and 2/, 7'-
dichlorofluorescin diacetate (DCFH-DA) from Molecular Probes
(Eugene, OR, USA). Annexin V-FITC/PI Apoptosis Detection kit was
purchased from Becton Dickinson Biosciences (San Jose, CA, USA).
Anti-cleaved caspase-3, anti-cleaved caspase-9, anti-p38, anti-JNK,
anti-ERK, anti-phospho-p38, anti-phospho-]NK, anti-phospho-
ERK, and anti-B-actin antibodies were purchased from Cell
Signaling Technology (Beverly, MA, USA). Horseradish peroxidase
(HRP)-conjugated anti-mouse and anti-rabbit antibodies were
purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA).

2.2. Cell culture and treatment

INS-1 rat pancreatic B cells were purchased from the Shanghai
Institute of Cell Biology (Shanghai, China) and maintained in RPMI-
1640 medium containing 10% fetal bovine serum, 11 mM glucose,
streptomycin (100 pg/ml), and penicillin (100 units/ml). For
glucose-induced cell death, cells were incubated for 48 h in RPMI-
1640 medium with various concentrations of zerumbone
(10—100 puM) with 33 mM glucose, typically used as high-glucose
stimulation [18]. Afterward, cells were tested for viability,
apoptosis, and gene expression. For inhibitor experiments, cells
were pretreated for 2 h with SB203580 (a selective p38 MAPK in-
hibitor; 10 uM), SP60012 (a specific JNK inhibitor; 10 pM), and NAC
(a potent ROS inhibitor; 5 mM) before exposure to high glucose for
additional 48 h. For rescue studies, cells were pretreated with
anisomycin (a potent agonist of p38 and JNK [19,20]; 2 uM) for 4 h
prior to treatment with high glucose and zerumbone. At this con-
centration, anisomycin is effective for [NK and p38 activation in
INS-1 cells without inducing ERK1/2 phosphorylation (data not
shown).

2.3. Cell viability assay

INS-1 cells were seeded onto 96-well plates at a density of
5 x 103 cells/well and treated with high glucose with or without
zerumbone. After treatment, MTT at a final concentration of 0.5 mg/
ml was added to the culture plates and incubated at 37 °C for 4 h.
After medium removal, 100 mM DMSO was added to dissolve the
formazan crystals. The absorbance at 570 nm was measured by a
microplate reader.

2.4. Apoptosis detection by flow cytometry analysis

Cell apoptosis was detected by annexin V-FITC/PI double stain-
ing using the commercially available Annexin V-FITC/PI Apoptosis
Detection kit. Briefly, after treatment, cells were trypsinized and
resuspended in binding buffer. The single cell suspension was
incubated with Annexin V-FITC and propidium iodide (PI) in the
dark for 30 min. Apoptotic cells were examined using flow
cytometry (Becton Dickinson Biosciences).

2.5. Measurement of ROS

Intracellular ROS levels were determined using the peroxide-
sensitive fluorescent probe DCFH-DA, as described previously
[21]. In brief, after treatment, cells were incubated with 20 pM of
DCFH-DA for 15 min at 37 °C in the dark. After washing twice, cells
were re-suspended in ice-cold phosphate buffered saline (PBS).
Fluorescence was measured by flow cytometry (Becton Dickinson
Biosciences).

2.6. Western blot analysis

After treatment, cells were collected and lysed in lysis buffer
containing 50 mM Tris (pH 7.4), 150 mM NaCl, 3 mM MgCl,, 0.1%
sodium dodecyl sulfate (SDS), 1% Triton X-100, 0.1 mM Na3VOy, 1%
NP-40, 1 mM PMSF, 1 pg/ml aprotinin, 1 pg/ml leupeptin, and 1 pg/
ml benzamidine on ice. The protein samples (~50 pg) were sepa-
rated by SDS-polyacrylamide gel electrophoresis and transferred
onto nitrocellulose membranes. After blocking with 5% fat-free
milk in Tris-buffered saline containing 0.05% Tween 20, the mem-
branes were incubated overnight at 4 °C with the primary anti-
bodies. After washing, the membranes were incubated with HRP-
conjugated secondary antibodies. The proteins were detected us-
ing an enhanced chemiluminescence detection system (Amersham,
Piscataway, NJ, USA), according to the manufacturer's
recommendations.

2.7. Statistical analysis

Data are presented as means + standard deviation (SD). Statis-
tical analysis was performed using SPSS version 11.0 for Windows
(SPSS Inc., Chicago, IL, USA). The significance of differences among
groups was determined using one-way analysis of variance
(ANOVA) followed by the Tukey's test. P values of less than 0.05
were considered to be statistically significant.

3. Results

3.1. Zerumbone promotes INS-1 cell survival upon exposure to high
glucose

MTT assay revealed that exposure to high glucose (33 mM) for
48 h significantly reduced the viability of INS-1 cells, compared to
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Fig. 1. Cell viability detected by the MTT assay. INS-1 cells were incubated for 48 h
with glucose with or without various concentrations of zerumbone and tested for the
viability. *P < 0.05 vs. untreated cells; *P < 0.05 vs. cells treated with high glucose
alone.
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control cells in normal culture media (P < 0.05; Fig. 1). Up to the
concentration of 60 uM, zerumbone protected INS-1 cells from high
glucose-induced toxicity in a concentration-dependent manner
(Fig. 1). Comparable protective effects were obtained when 60 and
100 uM of zerumbone was used.

3.2. Zerumbone protects INS-1 cells from high glucose-induced
apoptosis

Next, we investigated the effect of zerumbone on high glucose-
induced apoptosis of INS-1 cells. Flow cytometric analysis
demonstrated that the percentage of early apoptotic cells (annexin-
V-positive and Pl-negative) increased from 4.2 + 0.8% to 20.5 + 1.4%
after 48-h stimulation with high glucose (Fig. 2A). Notably, zer-
umbone at 60 uM significantly prevented the apoptotic response of
high glucose-treated INS-1 cells, decreasing the percentage of
apoptosis to 7.8 + 1.1%.

Western blot analysis confirmed that high-glucose stimulation
caused an increase in the levels of cleaved (active) caspase-3 and
caspase-9, compared to control cells (Fig. 2B). Strikingly, such in-
crease in caspase activation was abolished by the addition of
zerumbone.

3.3. Zerumbone reduces ROS generation and p38 and JNK activation
in high glucose-treated INS-1 cells

Next, we examined the effect of zerumbone on ROS formation in
high glucose-treated INS-1 cells. As shown in Fig. 3A, zerumbone at
60 uM significantly (P < 0.05) decreased the generation of intra-
cellular ROS in INS-1 cells after exposure to high glucose for 48 h.
Substantial ROS has been found to activate MAPK signaling cas-
cades [22]. Consistent with ROS reduction, zerumbone markedly
prevented the phosphorylation of p38 and JNK in high glucose-
treated INS-1 cells (Fig. 3B). However, zerumbone did not alter
the phosphorylation level of ERK1/2. To confirm the role of ROS in
MAPK activation, INS-1 cells were pretreated with the ROS inhibitor
NAC for 2 h before high glucose exposure and the phosphorylation
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Fig. 2. Effect of zerumbone on the apoptosis of INS-1 cells induced by high glucose.
Cells were treated with high glucose (33 mM) and zerumbone (60 uM), alone or in
combination, and apoptosis was examined. (A) Apoptosis was detected by flow
cytometry. Representative dot plots of apoptotic cells stained by annexin-V and PI are
shown in top panels. The graph represents the mean percentage (+SD) of apoptosis
determined from 3 independent experiments. *P < 0.05 vs. untreated cells; *P < 0.05
vs. cells treated with high glucose alone. (B) Western blot analysis of active (cleaved)
caspase-9 and -3. Representative blots of three independent experiments are shown.
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Fig. 3. Effect of zerumbone on ROS generation and MAPK activation in INS-1 cells after
indicated treatments. (A) The graph represents fold change in ROS levels over un-
treated cells (assigned a value of 1). *P < 0.05 vs. untreated cells; *P < 0.05 vs. cells
treated with high glucose alone. (B) Western blot analysis of MAPK phosphorylation.
Representative blots of three independent experiments are shown. (C) INS-1 cells were
pretreated with NAC for 2 h before high glucose exposure and the phosphorylation of
JNK and p38 was examined. Representative blots of three independent experiments
are shown.

of MAPKs was examined. Pretreatment with NAC impaired the
phosphorylation of p38 and JNK induced by high glucose (Fig. 3C).

3.4. p38 and JNK MAPKs mediate the protective effect of zerumbone
against glucotoxicity

Finally, we checked the involvement of MAPK signaling in the
anti-apoptotic activity of zerumbone in INS-1 cells. Pharmacolog-
ical activation of p38 and JNK with anisomycin almost completely
blocked the anti-apoptotic effect of zerumbone in high glucose-
treated INS-1 cells, with an apoptosis percentage of 22.6 + 2.2%
(Fig. 4A). Furthermore, simultaneous inhibition of p38 and JNK
significantly (P < 0.05) reduced the apoptotic response in high
glucose-treated INS-1 cells (Fig. 4B), which phenocopied the pro-
tective effect of zerumbone.

4. Discussion

Our data showed that zerumbone enhanced the viability of INS-
1 B cells in the presence of high glucose. Furthermore, zerumbone
significantly attenuated high glucose-induced apoptosis of INS-1
cells. Activation of caspase cascade plays an important role in
apoptosis [23]. We found that zerumbone significantly abrogated
the increase in active caspase-9 and -3 in high glucose-treated INS-
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Fig. 4. p38 and JNK MAPKs mediate the protective effect of zerumbone against glu-
cotoxicity. INS-1 cells were pretreated with anisomycin (A) or SB203580 and/or
SP60012 (B) before treatment with high glucose and zerumbone. The graph represents
the mean percentage (+SD) of apoptosis determined from 3 independent experiments.
*P < 0.05.

1 cells, confirming the anti-apoptotic activity of zerumbone. Zer-
umbone has shown anti-cancer and apoptosis-inducing properties
in various tumor cells [11,14,24]. In contrast, zerumbone has mild
genotoxicity to normal peripheral blood lymphocytes [25]. These
studies suggest that zerumbone is selectively cytotoxic to malig-
nant cells. Our data point toward an anti-apoptotic activity of zer-
umbone in INS-1 cells, suggesting a potentially protective effect on
nonmalignant cells.

ROS plays an important role in apoptosis induction [26]. It has
been suggested that high glucose-induced f cell apoptosis involves
generation of ROS [27]. Inhibition of ROS is a promising strategy for
blocking high glucose-triggered apoptosis in § cells [27]. Notably,
our data revealed that zerumbone treatment significantly impaired
ROS formation in high glucose-treated INS-1 cells. This finding
suggests that the anti-apoptotic activity of zerumbone is associated
with suppression of ROS generation in B cells. Zerumbone has
shown the ability to modulate ROS formation in different cell types
[13,14]. Zhang et al. [14] reported that zerumbone induces ROS
production in pancreatic cancer cells. In contrast, Shin et al. [13]
reported that zerumbone suppresses 12-O-tetradecanoylphorbol-
13-acetate (TPA)-induced ROS generation in JB6 mouse epidermal
cells through upregulation of heme oxygenase-1. Alteration of ROS
production may represent an important mechanism for
zerumbone-mediated regulation of cellular behaviors.

Substantial ROS has been found to activate MAPK signaling
cascades [28]. Consistent with suppression of ROS production, we
found that zerumbone treatment resulted in a significant reduction
in the phosphorylation of p38 and JNK MAPKs. However, zer-
umbone did not alter the phosphorylation level of ERK1/2 MAPK. To
check the role of ROS production in MAPK activation, INS-1 cells
were pretreated with the ROS inhibitor NAC before exposure to
glucose and MAPK activation was examined. As expected, NAC
pretreatment significantly abrogated the phosphorylation of p38
and JNK MAPKs induced by high glucose. Taken together, these
results suggest that zerumbone impairs the activation of p38 and
JNK MAPKs in high glucose-treated INS-1 cells via inhibition of ROS
production. Activation of MAPK pathways may lead to either cell
survival or apoptosis depending on cellular contexts and stimuli
[29]. 1t has been reported that high glucose induces p53-dependent
mitochondrial apoptosis of pancreatic RINmS5F cells via activation
of p38 MAPK [30]. Inhibition of p38 MAPK has been shown to
prevent pancreatic p cell apoptosis after islet transplantation in a
canine model [31]. Consistently, our data revealed that simulta-
neous inhibition of p38 and JNK significantly blocked the apoptotic

response in high glucose-treated INS-1 cells. Moreover, the anti-
apoptotic effect of zerumbone in high glucose-treated INS-1 cells
was significantly reversed by pharmacological activation of p38 and
JNK with anisomycin. These studies, combined with our findings,
support that the protective effect of zerumbone on high glucose-
treated INS-1 cells is largely mediated through inactivation of p38
and JNK MAPKs. The inhibition of p38 MAPK activation by zer-
umbone has also been described in a rat model of streptozotocin-
induced diabetic nephropathy [32].

In conclusion, zerumbone has shown the ability to protect INS-1
pancreatic f cells from high glucose-induced apoptosis, which is
associated with inhibition of ROS generation and JNK and p38
MAPK activation. These findings warrant further investigation of its
therapeutic benefits for the treatment of diabetes.
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