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Abstract. Diabetes mellitus (DM) is a chronic metabolic 
disease, where the predominant pathogenesis is pancreatic 
β-cells dysfunction or injury. It has been well established that 
inflammation leads to a gradual exhaustion of pancreatic β-cell 
function with decreased β-cell mass likely resulting from 
pancreatic β‑cells apoptosis or death. Vitexin, a major bioactive 
flavonoid compound in plants has numerous pharmacological 
properties, including antioxidant, anti‑inflammatory and 
antimyeloperoxidase. Whether vitexin can protect pancreatic 
β‑cells against lipopolysaccharide (LPS)‑induced pro‑inflam-
matory cytokine production and apoptosis has received little 
attention. The present study investigated the potential effects of 
vitexin on LPS‑induced pancreatic β-cell injury and apoptosis. 
It was revealed that apoptosis and damage induced by LPS in 
islet tissue of rats and INS‑1 cells was significantly decreased 
in response to vitexin treatment. In addition, pretreatment with 
vitexin decreased the levels of the pro‑inflammatory cyto-
kines tumor necrosis factor-α and high mobility group box 1 
(HMGB1) in LPS‑induced rats. Further experiments demon-
strated that vitexin pretreatment suppressed the activation of 
P38 mitogen‑activated protein kinase signaling pathways in 
LPS-induced INS-1 cells. In conclusion, the results indicated 
that vitexin prevented LPS‑induced islet tissue damage in rats, 
and INS-1 cells injury and apoptosis by inhibiting HMGB1 

release. Therefore, the present study provided clear evidence 
indicating that vitexin may be a viable therapeutic strategy for 
the treatment of DM.

Introduction

Diabetes mellitus (DM) is traditionally characterized by 
dysfunction of pancreatic β-cells and insulin resistance. 
Inflammation has been shown to be a key contributing factor to 
DM, and the importance of inflammation in insulin resistance 
and complications associated with diabetes has been previously 
reviewed (1,2). Inflammation may contribute to pancreatic 
β‑cell apoptosis and pro‑inflammatory cytokines, including 
interleukin (IL)-β and tumor necrosis factor (TNF)-α, and 
activate signaling pathways resulting in pancreatic β-cell 
death and dysfunction (2,3). Lipopolysaccharide (LPS) is a cell 
membrane endotoxin of Gram‑negative bacteria that produces 
local or systemic inflammatory reactions in the host following 
bacterial infection. In animal models maintained in germ-free 
environments, the endotoxin is associated with cardiometa-
bolic abnormalities, including obesity, insulin resistance and 
diabetes (4). Both prevalent and incident diabetes are associ-
ated with endotoxemia, suggesting that endotoxemia is a key 
player in the pathogenesis of diabetes and that microbes may 
have a central role, thereby linking metabolic disorders to 
inflammation (5).

High mobility group box 1 (HMGB1) is a nuclear 
non-histone chromatin-binding protein that maintains 
nucleosomal structure and stability, and regulates gene tran-
scription (6). In addition, intracellular HMGB1 serves a role 
in a number of fundamental cellular processes, including 
transcription, replication, DNA repair and recombination (7). 
HMGB1 is commonly found in mammalian cells, but can 
be actively secreted into extracellular spaces in response to 
external stimuli, including LPS and TNF‑α, as well as being 
passively released from necrotic cells (8). Extracellular 
secretion of HMGB1 is closely associated with increased 
mortality in animal models of sepsis and septic patients, and 
it has been reported that extracellular HMGB1 may interact 
with TLR and/or the receptor for advanced glycation end 
products (RAGE), which can lead to the activation of the 
p38 mitogen‑activated protein kinase (MAPK) signaling 
pathway (9). Inhibition of HMGB1 protects animals from 
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lethal doses of LPS and reduces injurious ventilation‑induced 
lung inflammation (10).

Vitexin is a major bioactive flavonoid compound derived 
from the dried leaf of hawthorn (Crataegus pinnatifida), 
a widely used conventional folk medicine in China (11). 
Vitexin has been shown to exert a variety of biological and 
pharmacological activities, including anticancer, antioxi-
dant, anti‑inflammatory and antimyeloperoxidase functions. 
Previous findings have indicated that vitexin has a protective 
effect against myocardial ischemia/reperfusion injury in the 
isolated rat heart model, an effect that is associated with the 
release of inflammatory cytokines and myocardial apoptosis 
by reducing the gene expression of Bax, while increasing the 
gene expression of B‑cell lymphoma (Bcl)2 (12). Vitexin also 
inhibits the production of pro-hyperalgesic cytokines and 
increases the production of anti-hyperalgesics (13). As DM 
is associated with inflammation, the issue of whether vitexin 
may alleviate LPS‑induced the release of HMGB1 and protect 
islet cell injury remains to be examined. Therefore, in the 
present study, LPS treated rats and INS-1 cells were used to 
investigate the effects of vitexin on HMGB1 release, and to 
examine possible mechanisms associated with this effect.

Materials and methods

Reagents. Vitexin, with a purity >99.9%, was obtained from 
Xi'an Haoxuan Biotechnology Co. Ltd., (Xi'an, China). 
The P38 MAPK inhibitor, SB203580, was purchased from 
Selleck Chemicals (Houston, TX, USA). RPMI-1640 medium 
and fetal bovine serum (FBS) were purchased from Gibco; 
Thermo Fisher Scientific, Inc. (Waltham, MA, USA). LPS was 
purchased from Sigma‑Aldrich; Merck Millipore Darmstadt, 
(Germany). Rabbit polyclonal antibodies against HMGB1 
(Rabbit IgG, cat. no. 6893, 1:1,000), Bcl2 (Rabbit IgG, 
cat. no. 2876, 1:1,000), cleaved caspase‑3 (Rabbit IgG, cat. 
no. 9664, 1:1,000), P38 (Rabbit IgG, cat. no. 14451, 1:1000), 
phosphorylated (p-)P38 (Rabbit IgG, cat. no. 4092, 1:1,000) 
and β-actin (Rabbit IgG, cat. no. 4970, 1:1,000) were purchased 
from Cell Signaling Technology, Inc. (Danvers, MA, USA). 
The streptavidin‑peroxidase (SP) and 3,3'‑diaminobenzidine 
kits were purchased from Beijing Zhongshan Golden Bridge 
Biotechnology; OriGene Technologies, Inc. (Rockville, MD, 
USA). The primers (P38, F:GCC TCA CCG CCT CAG TAT , 
R:GCA GTC TTC TCA TTC CCT TG; β-actin, F:TTT TGT GCC 
TTG ATA GTT CG, R:GGA GTC CTT CTG ACC CAT AC-3) 
for P38 (Mapk14) and β-actin were synthetized by Sangon 
Biotech Co., Ltd. (Shanghai, China). HMGB1 and the TNF-α 
enzyme-linked immunosorbent assay (ELISA) kits were 
purchased from R&D Systems (Minneapolis, MN, USA).

Animals and treatments. The present study was approved 
by the animal care and use committee of Harbin Medical 
University (Harbin, China). All research was performed in 
accordance with the internationally accepted principles for 
laboratory animal use and care. Sprague-Dawley rats (n=36, 
6‑weeks‑old; weight, 200‑220 g; SPF grade) were obtained 
from the Animal Center of Harbin Medical University. All 
animal protocols were approved by the experimental animal 
care and use committee of Harbin Medical University, were 
housed under specific pathogen-free conditions. Animals 

received humane care according to established standards with 
free access to water and food, and they were maintained in 
an air‑conditioned room at 25˚C with a 12‑h light/dark cycle. 
The animals received intraperitoneal injection of LPS solution 
(2 mg/kg) on the first, third and fifth day of experiment. The 
control rats were fed with standard diet and tap water. The 
rats were randomly divided into five groups (6 rats/group): 
i) control group with rats fed with standard diet for 7 days; 
ii) LPS group with rats receiving intraperitoneal injection 
of LPS solution (2 mg/kg) on the first, third and fifth day 
of experiment, and fed with standard diet and tap water for 
7 days; iii) vitexin (5 mg/kg) group with rats that received 
intraperitoneal injection of LPS solution (2 mg/kg) on the 
first, third and fifth day of the experiment, and received intra-
peritoneal injection of vitexin solution (5 mg/kg/day), whilst 
being fed a standard diet and tap water for 7 days; iv) vitexin 
(10 mg/kg) group with rats receiving intraperitoneal injection 
of LPS solution (2 mg/kg) on the first, third and fifth day of the 
experiment, and intraperitoneal injection of vitexin solution 
(10 mg/kg/day), whilst being fed with standard diet and tap 
water for 7 days; v) SB203580 group rats receiving intraperi-
toneal injection of LPS solution (2 mg/kg) on the first, third 
and fifth day of the experiment, and intraperitoneal injection 
of SB203580 solution (1 µM/kg/day), whilst being fed with 
standard diet and tap water for 7 days.

ELISA detection. An ELISA was performed to determine 
serum HMGB1 and TNF-α levels, according to the manufac-
turer's protocol (R&D Systems).

Histology. Samples of the pancreas were fixed in 4% 
mediosilicic isotonic formaldehyde for 24 h (4˚C), and were 
subsequently dehydrated and embedded in paraffin. Tissue 
sections (5 µm‑thick) were cut from each paraffin embedded 
tissue sample, stained with hematoxylin and eosin and 
observed under a light microscope to evaluate the degree of 
pancreatic islets damage.

Immunofluorescence and terminal deoxynucleotidyl trans‑
ferase dUTP nick‑end labeling (TUNEL). The expression and 
localization of HMGB1 in the pancreatic islets were detected 
by immunofluorescence from the aforementioned 5 µm‑thick 
tissue sections. To identify the types of injury, apoptosis-asso-
ciated analyses were performed using TUNEL. The TUNEL 
reaction was performed using the in situ TMR red cell 
death detection kit (Roche Diagnostics GmbH, Mannheim, 
Germany). Briefly, the slides containing tissue samples were 
incubated with the enzyme terminal deoxynucleotidyl trans-
ferase at 37˚C for 1 h and washed 3 times with PBS. The 
TUNEL mixture was added, and the slides were incubated for 
30 min at 37˚C. Finally, the positive cells were observed with 
fluorescent microscopy. For quantification, the mean number 
of TUNEL‑positive cells was calculated under a magnification 
of x100 in five different fields.

Cell culture and treatment. The INS-1 cell line was purchased 
from American Type Culture Collection (Rockville, MD, 
USA). The cells were cultured in RPMI-1640 medium 
containing 10% fetal bovine serum (FBS) at 5% CO2, 37˚C. 
INS‑1 cells were seeded at a density of 2x105 cells/ml in 6-well 
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plates, then divided into five groups according to different 
processing methods: i) Control group, cells were cultured in 
RPMI‑1640 medium containing 10% FBS at 37˚C without 
treatment; ii) LPS group, cells were cultured in complete 
RPMI-1640 medium with LPS (5 µg/ml) for 24 h; iii) Vitexin 
group, cells were cultured in complete RPMI-1640 medium 
with LPS (5 µg/ml) for 24 h, then cultured in complete 
RPMI‑1640 medium with vitexin (50 µM) for 24 h; iv) P38 
MAPK inhibitor (SB203580) group, cells were cultured in 
complete RPMI-1640 medium with SB203580 0.5 µM) for 
24 h, then cultured in complete RPMI-1640 medium with 
LPS (5 µg/ml) for 24 h. An ELISA was used to determine the 
HMGB1 levels in cell supernatants.

Cell viability assay. Cell viability was estimated using a 
colorimetric assay based on conversion of a tetrazolium dye 
(MTT) into a blue formazan product. Briefly, INS‑1 cells were 
seeded at a density of 1x104 cells/well in 96-well plates. The 
cells were cultured in complete RPMI-1640 medium with 
LPS (5 µg/ml) for 24 h, then vitexin was added to the wells at 
different concentrations (20, 30, 40, 50, 100, 200 and 300 µM) 
and the cells were cultured for 24 h. The culture medium 
was subsequently replaced with 20 µl MTT solution. The 
MTT solution was removed after 4 h of incubation at 37˚C 
and the produced formazan was solubilized in 200 µl DMSO. 
The absorbance was measured at 490 nm using an automated 
microplate reader.

Reverse transcription polymerase chain reaction (RT‑PCR). 
The total RNA was isolated from INS-1 cells using TRIzol 
reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA). Briefly, cDNA was synthesized from 1 µg RNA in 
the presence of ribonuclease inhibitor (Sigma‑Aldrich; Merck 
Millipore), dNTPs, Oligo (dT) 18 primers, and RevertAid™ 
M‑Mulv reverse transcriptase (Fermentas; Thermo Fisher 
Scientific, Inc.) in a total volume of 25 µl. PCR was performed 
using a Takara mRNA Selective PCR kit (Takara Bio, Inc., 
Otsu, Japan) in a total volume of 25 µl, under the following 
cycling conditions: PCR amplifications were performed in 
duplicate at 94˚C for 2 min, followed by 35 cycles at 94˚C for 
5 sec, 56˚C for 20 sec and 72˚C for 60 sec, and a final extension 
step at 72˚C for 10 min. The primers used were as follows: 
P38 (Mapk14), sense: 5'-GCC TCA CCG CCT CAG TAT -3' and 
antisense: 5'‑GCA GTC TTC TCA TTC CCT TG‑3' (252 bp); 
internal control β-actin, sense: 5'-TTT TGT GCC TTG ATA GTT 
CG-3' and antisense 5'-GGA GTC CTT CTG ACC CAT AC-3 
(265 bp). The PCR products were separated by 1.5% agarose 
gel electrophoresis, followed by ethidium bromide staining. 
Target bands were analyzed by densitometry, using a GS-800 
calibrated densitometer (Bio-Rad Laboratories, Hercules, 
CA, USA) and Gel-Pro Analyzer 4.0 gel analyzing software 
(Media Cybernetics, Rockville, MD, USA). The results were 
calculated as the ratio of the optical density value relative to 
that of β-actin.

Western blotting. INS-1 cells were collected by scraping 
and washed with PBS. The cells were lysed in RIPA buffer 
containing phosphatase inhibitor cocktail I (Sigma‑Aldrich; 
Merck Millipore) and protease inhibitor cocktail mini-tablet 
(Roche Diagnostics, Indianapolis, IN, USA). The total 

cellular protein was extracted and separated using 10 or 12% 
SDS-PAGE. The proteins were transferred onto nitrocellulose 
membranes (Merck Millipore). Non‑specific protein binding 
was inhibited by incubating the membranes in blocking buffer 
(5% milk diluted in PBS). Following blocking, the membranes 
were incubated with specific primary antibodies at 4˚C over-
night. After washing, the membranes were incubated with 
horseradish peroxidase‑conjugated anti‑IgG (Anti‑rabbit IgG; 
cat. no. 14708S; 1:3,000; Cell Signaling Technology, Inc.) at 
room temperature for 2 h. Signal detection was carried out with 
an enhanced chemiluminescence system (Merck Millipore). 
Protein bands were quantified using Gel Pro Analyzer soft-
ware 4.0 (Media Cybernetics) and the intensity of the bands 
were normalized against that of β-actin.

Statistical analysis. The data are presented as the mean ± stan-
dard deviation. The differences among the groups were 
analyzed using one‑way analysis of variance with SPSS 19.0 
statistical software (IBS SPSS, Chicago, IL, USA). P<0.05 was 
considered to indicate a statistically significant difference.

Results

Vitexin inhibits LPS‑induced release of HMGB1 in islet tissue. 
Under basal conditions, HMGB1 is predominantly located in 
the nucleus of macrophages, while LPS stimulation can result 
in the secretion of this intranuclear HMGB1 into extracellular 
spaces (14). As shown in the in vivo rat model, LPS injections 
induced the release of HMGB1 in the islet tissue. Following 
pretreatment with vitexin, the expression and distribution of 
HMGB1 in islet tissue decreased and attenuated LPS-induced 
the levels of HMGB1. Similar results were observed for TNF‑α 
in the serum (Fig. 1). These results provided evidence to 
suggest that vitexin alleviates LPS‑induced HMGB1 release.

Protective effects of vitexin on LPS‑induced islet cell injury 
and apoptosis. The present study also observed that vitexin 
protected against LPS-induced islet tissue injury (Fig. 2A). 
Apoptosis is regarded as one mechanism contributing to the 
inflammatory response of β-cells in DM. As shown in Fig. 2B, 
treatment with LPS increased the levels of extracellular 
HMGB1 and apoptosis in islet tissue. However, a signifi-
cant decrease was observed in these parameters following 
pre‑treatment with vitexin (5 and 10 mg/kg). These results 
suggested that vitexin protects against LPS‑induced islet cell 
injury and apoptosis.

Vitexin enhances INS‑1 cell survival. An effect of vitexin on 
LPS‑induced INS‑1 cell survival was also observed. As deter-
mined by MTT assays, the survival ratios of INS‑1 cells were 
reduced in response to 5 mg/kg LPS, while INS‑1 cell survival 
ratios increased significantly in a dose-dependent manner 
following treatment with vitexin, compared with LPS alone 
(Fig. 3A). These results suggested that vitexin protects INS‑1 
cells from LPS-induced death.

Vitexin suppresses LPS‑induced release of HMGB1 and 
caspase‑3 activation in INS‑1 cells. Complementing the 
results from the present in vivo experiments, it was also 
observed that LPS induced the release of HMGB1 in INS‑1 
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cells, as shown in Fig. 3B. When vitexin was added to these 
LPS‑treated preparations, the level of HMGB1 in cell superna-
tants was reduced. The distribution of HMGB1 in INS-1 cells, 
as observed by immunocytochemistry, is presented in Fig. 3C. 
The dyeing intensity of HMGB1 in the nucleus faded when 
INS‑1 cells were treated with LPS, however, vitexin attenuated 
the change. In addition to suppressing LPS-induced release of 
HMGB1, the protein expression of cleaved caspase‑3 in INS‑1 
cells was also decreased by vitexin, compared with LPS‑alone 
(Fig. 3D). The expression of the key antiapoptosis factor, 
Bcl-2, which contributes to the caspase pathway of apoptosis, 
was significantly increased, while expression levels of the 
capase‑3 protein was decreased in response to vitexin + LPS, 
as compared with the LPS alone group.

Influence of LPS on the P38 MAPK pathway in INS‑1 cell. The 
present study observed the release of HMGB1 induced by LPS 
to further demonstrate the effect of HMGB1 release on P38 
MAPK pathway in pancreatic islet cells. As shown in Fig. 4, 

compared with the control group, the mRNA and protein 
expression levels of P38 (Mapk14) exhibited no increase 
following LPS treatment; however, the phosphorylation of P38 
increased following LPS treatment. Therefore, LPS-induced 
release of HMGB1 may induce the activation of the P38 
signaling pathways in INS-1 cells.

Vitexin protection of islet cell injury induced by LPS is 
dependent on inhibiting HMGB1 release. To further clarify 
that vitexin inhibits HMGB1 release or the P38 pathway, the 
present study used a P38 inhibitor (SB203580). Following 
stimulation with LPS, the serum level of HMGB1 and the 
rate of apoptosis of islet tissue increase (P<0.001); however, 
a significant decrease was observed following treatment with 
10 mg/kg vitexin (Fig. 5A and B). Treatment with SB203580 
also decreased the serum level of HMGB1 induced by LPS 
(Fig. 5C) and the apoptosis of islet tissue in rats (Fig. 5B). 
Notably, the level of serum HMGB1 and the rate of apoptosis 
were markedly higher compared with the vitexin group 

Figure 1. Vitexin inhibits LPS‑induced release of HMGB1 in islet tissue. The effect of vitexin on LPS‑induced release of cytokines in inflammatory rats was 
assessed. (A) Serum levels of HMGB1 and TNF‑α were examined using an ELISA following LPS‑induction. The data are presented as the mean ± standard 
deviation (*P<0.05, ***P<0.001 compared with LPS group). (B) The expression and distribution of HMGB1 was assessed in the islet tissue (n=6/group), magni-
fication, x200. HMGB1, high mobility group box 1; LPS, lipopolysaccharide; TNF, tumor necrosis factor.
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(P<0.05). Additionally, the present study also performed 
in vitro experiments to confirm that vitexin inhibits HMGB1 
release or the P38 pathway. The level of HMGB1 in the INS‑1 
cell supernatants increased following stimulation with LPS, 
but decreased following treatment with vitexin (Fig. 5D). 
SB203580 also decreased the level of HMGB1 in INS‑1 
cell supernatants induced by LPS, but was markedly higher 
compared with the vitexin group (P<0.001). In addition, 
immunocytochemistry demonstrated that vitexin inhibited 
LPS-induced HMGB1 translocation from the nucleus to 
the cytoplasmic compartment; however, weak inhibition of 
LPS-induced HMGB1 translocation from the nucleus to the 
cytoplasmic compartment was observed (Fig. 5E). Following 
the LPS treatment, INS‑1 cells were treated with vitexin or 
SB203580. This revealed a significant reduction in the protein 
expression levels of p‑P38 and cleaved caspase‑3, but the levels 
of Bcl2 increased (Fig. 5F). A more significant effect was 
observed in the vitexin group compared with the SB203580 
group. The present results suggested that vitexin protects cells 
from LPS-induced islet cell injury and apoptosis.

Discussion

HMGB1 can be passively released from damaged cells or 
necrotized tissues (15,16). The present results demonstrated 
that LPS can induce the release of HMGB1 from islet tissue. 
These findings are in accord with previous reports indicating 
that HMGB1 is associated with islet destruction (17). This 
LPS‑induced release of HMGB1 was significantly decreased 
following the addition of vitexin, suggesting that vitexin 
protected islet cells from injury and enhanced their survival. 
LPS can also induce the activation of the P38 MAPK pathway, 
which represents a crucial synergistic component that contrib-
utes to pancreatic islet cells destruction. Based upon the 
present results with the P38 inhibitor (SB203580), it is clear 
that the protective effect of vitexin upon LPS‑induced islet cell 
injury and apoptosis resides primarily in its capacity to inhibit 
HMGB1 release.

The inflammatory response has been regarded as one 
of the mechanisms associated with impaired insulin signal 
transduction, as the secretion of inflammatory cytokines can 

Figure 2. Protective effects of vitexin on LPS‑induced islet cell injury and apoptosis. Islet tissue staining was performed using hematoxylin and eosin. 
(A) Photomicrographs showed the islet cell injury in the control, LPS, LPS + vitexin (5 mg/kg) and LPS + vitexin (10 mg/kg) groups, magnification, x400. 
(B) The effect of vitexin on LPS‑induced islet cell apoptosis and the distribution of HMGB1 was determined. HMGB1 was stained in green and apoptosis 
was stained in red, magnification, x200. The rate of apoptosis in islet tissue was quantified. The data are presented as the mean ± standard deviation (*P<0.05, 
***P<0.001 compared with the LPS group). HMGB1, high mobility group box 1; LPS, lipopolysaccharide.
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contribute to alterations in both insulin signaling and insulin 
sensitivity. HMGB1 is a vastly abundant and conserved protein 
that exerts a number of significant intra and extracellular 
biological activities, and is linked with inflammation (18). It 
is commonly considered a nuclear molecule, however, when 
stimulated by LPS, it can be translocated to the cytoplasm. 
HMGB1 is also actively secreted by inflammatory cells and 
binds with high affinity to several receptors, including RAGE 
and the Toll-like receptor (TLR)-2, TLR-4 and TLR-9 (19). 
The release of HMGB1 into the extracellular environment, 
where it can function as an endogenous danger signal or 
‘alarmin’ to promote inflammation, has been implicated in 
several diseases, including sepsis, acute lung injury and type 
1 diabetes (20). Type 1 and 2 diabetes are associated with 
inflammatory cytokines, which can serve important roles in 
islet dysfunction and death in DM. Growing evidence suggests 
that inflammation, lipids and insulin sensitivity are tightly 
interconnected (21). Metabolic disorders, which contribute 
to β-cell dysfunction and insulin resistance in patients with 
DM, have also been shown to induce an increase in inflamma-
tory cytokines, including C‑reactive protein and IL‑6 (22). A 
growing body of evidence supports the hypothesis that inflam-
matory responses may alter the normal structure of β-cells 
and induce insulin resistance, as well as decrease insulin 
secretion (23). Therefore, any processes that can attenuate the 
inflammatory response will be beneficial for the improvement 

Figure 4. Effect of LPS on the P38 MAPK pathway in INS‑1 cells. The 
effects of LPS on the P38 MAPK signaling pathway in INS‑1 cell was 
assessed by reverse transcription‑quantitative polymerase chain reaction 
and western blotting. (A) LPS had little influence on the mRNA expression 
of P38 (Mapk14). (B) The cells were stimulated with LPS (5 µg/ml) for 24 h. 
The protein expression levels of HMGB1, P38 and p‑P38 were analyzed by 
western blotting. HMGB1, high mobility group box 1; LPS, lipopolysac-
charide; p‑, phosphorylated.

Figure 3. Vitexin suppresses LPS‑induced release of HMGB1 and caspase‑3 activation in INS‑1 cells. The effect of vitexin on INS‑1 cell survival rate was 
assessed. The INS‑1 cells were treated with vitexin at a concentration of 20, 30, 40, 50, 100, 200 and 300 µM in the presence of 5 mg/l LPS. (A) An MMT assay 
was performed in INS‑1 cells. The data are presented as the mean ± standard deviation (*P<0.05, ***P<0.001 compared with the LPS group). (B) The increase 
of HMGB1 levels stimulated by LPS was reversed by vitexin pretreatment (50 µmol/l). **P<0.01, ***P<0.001 compared with the LPS group; ##P<0.01 compared 
with vitexin. (C) Immunocytochemistry was used to observe the distribution of HMGB1 in INS‑1 cells, magnification, x400. (D) Western blotting was used 
to observe the influence of vitexin on the protein expression levels of HMGB1, Bcl2 and cleaved caspase‑3 in LPS‑treated INS‑1 cells. HMGB1, high mobility 
group box 1; LPS, lipopolysaccharide; Bcl2, B‑cell lymphoma 2.
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of β‑cell function. Numerous cytokines have been identified 
to contribute to the occurrence and development of β-cell 
dysfunction. The c‑Jun N‑terminal kinases (JNK)/nuclear 
factor (NF)-κB signaling pathway, which has been shown to 
be closely associated with the activation of TLR4, contributes 
to the release of inflammatory mediators, including TNF‑a 
and IL-6 (24). NF-κB can be activated by MAPKs, including 
JNK, P38 and extracellular‑regulated kinase. P38 kinases 
are members of MAPK and are well documented as being 
involved a wide range of signaling pathways and biological 
processes. The prototypic P38 MAPK, P38α MAPK, was 
originally identified as a tyrosine phosphorylated protein 
detected in LPS-stimulated macrophages, and is essential for 
inflammatory cytokine production (25). In the present study, 
the levels of HMGB1 and TNF‑α were increased in response 
to LPS stimulation, which is consistent with other reports 

indicating that HMGB1 is involved in the pathogenesis of DM 
and involvement of HMGB1‑mediated activation of inflamma-
tory signaling in Sprague-Dawley rats (19). The present study 
revealed that vitexin treatment significantly inhibited TNF‑α 
and HMGB1 production in response to LPS-stimulation, as 
demonstrated both in vitro and in vivo.

Vitexin, a naturally occurring flavone glycoside in plants, 
has been reported to exert a variety of pharmacological activi-
ties, including anti‑inflammatory, anticancer, antinociceptive, 
antispasmodic, antioxidant and antimyeloperoxidase effects, as 
well as a protectant against ischemia/reperfusion injury and an 
α-glucosidase inhibitor. Accordingly, a wide range of potential 
applications exist for vitexin in the treatment of cardiovascular 
diseases, diabetes and cancer. The present study examined the 
effects of vitexin upon LPS‑induced islet cell injury, and revealed 
that pretreatment with vitexin attenuated HMGB1 translocation 

Figure 5. Vitexin protection of islet cell injury induced by LPS is dependent on the inhibition of HMGB1 release. (A) The effect of vitexin on LPS‑induced islet 
cell apoptosis and the distribution of HMGB1 was assessed by immunostaining. HMGB1 was stained in green and apoptosis was highlighted in red. (B) The 
rate of apoptosis in islet tissue was assessed. The data are presented as the mean ± standard deviation (**P<0.01, ***P<0.001 compared with LPS, ##P<0.01, 
###P<0.001 compared with vitexin). (C) The rats were treated with LPS, vitexin or SB203580, and the levels of serum HMGB1 were measured by ELISA. The 
data are presented as the mean ± standard deviation (***P<0.001 compared with LPS, ##P<0.01, ###P<0.001 compared with vitexin). (D) INS‑1 cells were treated 
with LPS, vitexin or SB203580, and the levels of HMGB1 in the cell supernatants were measured by ELISA, The data are presented as the mean ± standard 
deviation (***P<0.001 compared with LPS, #P<0.05, ##P<0.01, ###P<0.001 compared with vitexin). (E) Immunocytochemistry was used to demonstrate HMGB1 
translocation from the nucleus to the cytoplasmic compartment magnification, x400) Dyeing intensity of HMGB1 in the nucleus faded. (F) INS‑1 cells were 
treated with LPS, vitexin or SB203580, and the protein expression levels of the indicated proteins were measured by western blot analysis. β-actin was used as 
a loading control. HMGB1, high mobility group box 1; LPS, lipopolysaccharide; p‑, phosphorylated; Bcl2, B‑cell lymphoma 2.
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from the nucleus to the cytoplasm in LPS-stimulated islet tissue 
and INS‑1 cells. This effect may serve as a significant factor 
that decreases LPS-induced islet cell injury. A summary of the 
protective effects of vitexin is presented in Fig. 6.

In conclusion, the present study evaluated the therapeutic 
effects of vitexin in LPS‑induced inflammation and examined 
its potential mechanism. Vitexin alleviates LPS‑induced islet 
injury and apoptosis by reducing the release of HMGB1. The 
present study shows that vitexin may serve as a promising 
therapeutic agent for the treatment of DM.
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