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1-(5-(1H-Indol-5-yl)-1-(pyridin-3-ylsulfonyl)-1H-pyrrol-3-yl)-N-methylmethanamine (KFP-H008), a novel
potassium-competitive acid blocker developed for the treatment of acid-related diseases, has been
reported to inhibit gastric acid secretion effectively, while its effects on gastric ulcer have not been
previously explored. The current study aimed to investigate the protective potential of KFP-H008 on
ethanol-induced gastric ulcer and gastric epithelial cell damage. 0.2 ml absolute ethanol and 5% ethanol
were applied to establish a gastric ulcer model in vivo and in vitro, respectively. In vivo, pre-treatment
with KFP-HOO08 reduced ethanol-induced gastric ulcer index (gross lesions) and histopathological scores
(microscopic lesions), and also decreased the expressions of malonaldehyde (MDA), NO and
myeloperoxidase (MPO), along with the decline of pro-inflammatory cytokines (TNF-«, IL-1B and IL-6) or
iNOS in tissues and serum. Meanwhile, the levels of superoxide dismutase (SOD) and glutathione (GSH)
were both increased. Pre-treatment with KFP-HOO8 also effectively down-regulated the protein
expression of p-p38 mitogen-activated protein kinase (MAPK) and p65 nuclear factor-«B (NF-kB) in
ethanol-treated gastric tissues. In vitro, pre-treatment of KFP-HO08 promoted the cell viability after
challenge of 5% ethanol, and suppressed the expression of TNF-a, IL-1B, IL-6 or iNOS in cell
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were reversed by KFP-HOO8. In all, KFP-HOO8 presented protective effects against gastric ulcer and the
DOI: 10.1039/c7ra08879% underlying mechanism might be associated with the antioxidant properties and anti-inflammatory status
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bodily homeostasis and causes oxidative tissue damage.* ROS is

1. Introduction

(cc)

Gastrointestinal (GI) diseases have now become a global
problem which affects millions of people worldwide. Peptic ulcer
is the most common multifactor gastrointestinal disorder." It is
widely recognized that excessive alcohol ingestion, serving as the
main incentive of gastric ulcer in humans, increases the risk of
major upper gastrointestinal bleeding.> Alcohol is one of the
most commonly abused agents, thus, we chose the ethanol-
induced gastric model to investigate the effects of drugs
against peptic ulcer and the potential mechanisms.

The pathogenesis of various GI diseases including peptic
ulcers is mainly due to oxidative stress, and excessive genera-
tion of reactive oxygen species (ROS) poses a serious problem to
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excessive produced in response to cigarette smoking, alcohol
consumption, infections, ischemia-reperfusion (I/R) injury and
many other factors. A major source of ROS in ethanol-treated
gastric tissue is the infiltration of activated neutrophils, which
is evaluated by the activity of myeloperoxidase (MPO) and leads
to oxidative burst.* Malonaldehyde (MDA) is the product of lipid
peroxidation, which leads to the cross-linking polymerization of
proteins, nucleic acid and other living macromolecules.® In
addition, unnecessary MDA is cytotoxic. Nitric oxide synthase
(NOS) is a heme-containing monooxygenase expressed in the GI
tract that generates NO.> NO is involved in gastric mucosal
defense as well as injury, it maintains mucosal integrity by
regulating gastric mucosal blood flow and barrier function,
while it also has deleterious effects. Increased iNOS expression
is found in chronic ulcerative colitis and peptic ulcer patients,
thus, excessive NO generated by iNOS has immense effects on
the pathophysiological conditions of the GI tract.® On the
contrary, gastric cells have several endogenous antioxidant
enzymes such as superoxide dismutase (SOD) and non-enzyme
antioxidants such as glutathione (GSH) to scavenge ROS.
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ROS modulate a number of redox-sensitive signaling path-
ways including mitogen-activated protein (MAP) kinase. The
MAPK signaling pathway also involves in inflammation and
distributes in various cells. Suppression of the activation of p38
MAPK is able to alleviate the injury caused by extracellular
stimuli.” Nuclear factor-«B (NF-kB) can also be activated by
oxidative stress and acts as potent redox sensors. In previous
study, it has been reported that activated p38 MAPK transferred
from cytoplasm to nucleus followed by the activation of NF-kb.?
Furthermore, NF-«kB is the classic pro-inflammatory transcrip-
tion factor containing p50/p65 and IkB, and controls the tran-
scription of inflammatory cytokines. Activated NF-xB
translocates into nucleus and triggers the transcriptional acti-
vation of several pro-inflammatory mediators such as tumor
necrosis factor-o. (TNF-a), interleukin-1p (IL-1B) and
interleukin-6 (IL-6).°

1-(5-(1H-Indol-5-yl)-1-(pyridin-3-ylsulfonyl)-1 H-pyrrol-3-yl)-N-
methylmethanamine (KFP-H008, M: 366.11), a new potassium-
competitive acid blocker developed for the treatment of acid-
related diseases, is capable to inhibit gastric acid secretion
effectively," while its effects on gastric ulcer has not been
previously explored. In this study, we investigated the protective
effects and underlying mechanisms of KFP-H008 against
ethanol-induced gastric in vivo and in vitro. All experiments
were in comparison with lansoprazole (a typical PPI commonly
used in clinic) and TAK-438 (1-[5-(2-fluorophenyl)-1-(pyridin-3-
ylsulfonyl)-1H-pyrrol-3-yl]-N-methylmethanamine
fumarate, a P-CAB listed in Japan).

mono-

2. Materials and methods

2.1. Chemicals and reagents

KFP-HO008 and TAK-438 were provided by Jiangsu Carefree
Pharmaceutical Co., Ltd. (Nanjing, China). Lansoprazole (99.45%
purity) was purchased from Yuancheng Gongchuang Technology
Co., Ltd. (Wuhan, China). The enzyme-linked immunosorbent
assay (ELISA) kits for TNF-a, IL-1B and IL-6 were purchased from
ExCell Biotech (Taicang) Co., Ltd. (Shanghai, China). The
enzyme-linked immunosorbent assay (ELISA) kit for iNOS was
obtained from Cloud-Clone Corp (Houston, USA). The kits for
biochemical analysis of MDA, NO, SOD, GSH and MPO were
provided by Jiancheng Bioengineering Institute (Nanjing, China).
Anti-phospho-p38 MAPK (Tyr323) and anti-NF-kB p65 were ob-
tained from Beijing Biosynthesis Biotechnology Co., Ltd. (Bei-
jing, China). GAPDH Mouse Monoclonal Antibody (GA1R) was
purchased from Applygen Technologies Inc. (Beijing, China).
Horseradish peroxidase (HRP)-conjugated goat anti-rabbit was
products of Beyotime Institute of Biotechnology (Haimen,
China). Goat anti-rabbit IgG/FITC and goat anti-rabbit IgG/Cy3
were obtained from Beijing Biosynthesis Biotechnology Co.,
Ltd. (Beijing, China). 3-(4,5-Dimethyl thiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) was purchased from Sigma-Aldrich
Co. LLC. (USA). Dulbecco's Modified Eagle's Medium (DMEM)
was provided by Hyclone (USA). Trypsin was purchased from
Amresco (USA) and fetal bovine serum (FBS) was produced by
Hangzhou Sijiging Co., Ltd. (Hangzhou, China). All other
reagents were of commercially available analytical grade.
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2.2. Animals and experimental protocol

All animals were cared for in strict compliance with institu-
tional guidelines of China Pharmaceutical University (Nanjing,
China). All experiments were approved by the Institutional
Animal Care and Use Committee of China Pharmaceutical
University (license number: SYXK (Su) 2016-0011). Furthermore,
the European Community guidelines (EEC Directive of 1986: 86/
609/EEC) were implemented on all the procedures and animal
care. All efforts were made to minimize animal suffering and to
reduce their number.

Male BALB/c mice weighing 18-22 g were purchased from
Shanghai Jiesijie Experimental Animal Co. Ltd. (Shanghai,
China), Production License No. SCXK (Hu) 2013-0006. Animals
in this study were housed under a 12 h light/12 h dark cycle at
controlled temperature (22-26 °C) and humidity (40-70%), with
free access to food and water.

Mice were randomly divided into seven groups: control,
model, KFP-H008 (2 mg kg™ ', 4 mg kg™, and 8 mg kg™ '), lan-
soprazole (4 mg kg™ '), TAK-438 (4 mg kg™ ). Control group and
model group were treated with deionized water. Drugs and
vehicle (deionized water) were given orally (0.1 ml per 10 g) to
mice for a period of 3 days. 1 h after the last administration,
mice except the control group were fed orally with 0.2 ml
absolute ethanol, while those in control group were provided
with normal saline in equivalent volume. 4 h after induction,
blood samples were collected from the retro-orbital plexus of
each animal and were centrifuged for 10 min at 2500g, the
supernatant was stored at —20 °C before use. After the mice
were sacrificed, the stomach were rapidly removed, then rinsed
with ice-cold saline to remove the gastric contents in order to
assess the extent of gastric damage. After that, each stomach
was dichotomized, one moiety immersed in 10% formaldehyde
for histological evaluation and the other moiety stored at
—80 °C for biochemical determinations.*?

2.3. Determination of gastric ulcer index

Macroscopic scoring of tissue samples was performed by an
observer unaware of the treatment groups. The degree of gastric
mucosal damage was evaluated from digital pictures, and was
rated for gross pathology according to the ulcer score scales as
previously described.* The lesions were scored as follows: (0) no
lesions; (1) hyperemic mucosa or up to 3 small patches; (2)
erosions between 1-2 mm in length and 1 mm in width; (3)
erosions between 2-3 mm in length and 1 mm in width; (4)
erosions between 3-4 mm in length and 1 mm in width and so
on. The length (mm) and the width (mm) of each band was
measured by Vernier caliper. The partial scores were then
summed to obtain the final total lesion score for each animal.
The inhibition percentage was calculated: % inhibition = (the
average of modely; — drugy;)/the average of modely; x 100%.

2.4. Histological procedure and assessment

For histological assessment, the glandular stomach was fixed in
10% (V/V) neutral buffered formalin solution for 24 h,
sectioned, and then embedded in paraffin wax, sliced into 3 pm
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thicknesses, deparaffinized in xylene and rehydrated in
a decreasing concentration gradient of ethanol, and finally
stained with hematoxylin—eosin (H&E). The specimens were
examined under a positive biological microscope (BX53,
Olympus, USA), and were assessed according to the criteria of
Laine and Weinstein.**'® Briefly, a 1 cm segment of each
histological section was assessed for epithelial cell loss (score:
0-3), edema in the upper mucosa (score: 0-4), hemorrhagic
damage (score: 0-4), and the presence of inflammatory cells
(score: 0-3), yielding a maximum total score of 14. The sections
were assessed by an experienced pathologist who was blinded to
the treatment.

2.5. Measurements of SOD, MDA, GSH, NO and MPO levels

The activity of SOD in stomach tissues or serum was determined
using the kits on the basis of the manufacturer's instruction, as
well as the measurements of MDA, GSH, NO and MPO,
respectively.

2.6. Immunohistochemical analysis of gastric tissues

3 pm thick sections of different groups were prepared and
immunohistochemistry was performed as previously described.
Sections were deparaffinized, rehydrated, and were pre-treated
in citrate buffer (pH 6.0) in microwave, then cooled to room
temperature. Endogenous peroxide was blocked with 3% H,O,
for 30 min at room temperature. Sections were washed with
0.01 M phosphate-buffered saline (PBS), blocked with 10% goat
serum for 15 min to reduce non-specific antibody-binding and
then incubated with the primary antibody (p-p38 MAPK, at
a ratio of 1 : 300; p65 NF-kB, at a ratio of 1 : 300) at 4 °C over-
night. Sections were then rinsed with PBS, reacted with
secondary antibodies and a polymer helper for 20 min at 37 °C,
and followed by PBS and poly-HRP goat-anti-rabbit IgG for
30 min at 37 °C. Finally, the slides were rewashed with PBS and
developed with 3,3'-diaminobenzidine (DBA), followed by
counterstaining with hematoxylin.* The specimens were
examined under a positive biological microscope (BX53,
Olympus, USA), and assessed by Image J 1.50i (National Insti-
tutes of Health, USA).

2.7. Cell culture and cell viability assay

Human gastric epithelial cell, GES-1 cell line, was cultured at
37 °C under 5% CO, in DMEM composed of 10% fetal bovine
serum (FBS), 80 U ml' of penicillin and 0.08 mg ml™" of
streptomycin. GES-1 cells were seeded on a 96-well-plate at
a density of 3 x 10* cells per well for 16 h.

To investigate the effects of KFP-H008 on the GES-1 cells, the
cells were treated with the vehicle, KFP-H008 (0.3 uM, 1 uM,
3 1M, 10 uM, 30 uM, 100 uM) at 37 °C and incubated for another
24 h. The old medium was removed and 20 pl 0.5 mg ml~" MTT
was added to each well. 4 h later, the supernatant was discarded
and 150 ul DMSO was added to each well. The absorbance value
of each well was determined at 490 nm with a microplate
spectrophotometer.®

To investigate the effects of KFP-H008 on the ethanol-treated
GES-1 cells, the cells were pre-treated with the vehicle, KFP-
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HO008 (0.3 uM, 1 pM, 3 uM), lansoprazole (1 pM) and TAK-438
(1 uM) at 37 °C and incubated for another 24 h. After that,
0.5% ethanol was added and co-incubated at 37 °C for 24 h,
while the control group was challenged with PBS. The GES-1 cell
supernatant was harvested for the detection of cytokines, then
20 pl 0.5 mg ml~! MTT was added to each well. 4 h later, the
supernatant was discarded and 150 ul DMSO was added to each
well. The absorbance value of each well was determined at
490 nm with a microplate spectrophotometer.>**

2.8. Immunofluorescence analysis of GES-1 cells

GES-1 cells were seeded on glass bottom cell culture dishes at
a density of 3 x 10* cells per dish for 16 h, the cells were pre-
treated with the vehicle, KFP-H008 (0.3 uM, 1 uM, 3 uM), lan-
soprazole (1 pM) and TAK-438 (1 uM) at 37 °C and incubated for
another 24 h. After that, 0.5% ethanol was added and co-
incubated at 37 °C for 24 h, while the control group was chal-
lenged with PBS. Then, the supernatant was discarded and fixed
with 4% paraformaldehyde solution for 30 min. The dishes were
then rinsed with PBS and incubated in a blocking solution that
consisted of 10% normal goat serum and 0.3% Triton-X100 in
PBS for 2 h at room temperature. After that, the dishes were
incubated overnight at 4 °C with the primary antibody (p-p38
MAPK, at a ratio of 1:200; p65 NF-kB, at a ratio of 1 :200).
Dishes were rinsed with PBS and incubated with goat anti-
rabbit IgG/FITC and goat anti-rabbit IgG/Cy3, respectively for
2 h at room temperature, and the nuclei was stained with
DAPIL.*® The stained dishes were examined with laser scanning
confocal microscope (Carl Zeiss, Oberkochen, Germany) and
images were assessed by Image J 1.50i (National Institutes of
Health, USA).

2.9. Measurement of TNF-a, IL-1B, IL-6 and iNOS levels

TNF-a, IL-1B, IL-6 and iNOS in gastric tissues, serum and cell
supernatant were analyzed by enzyme immunoassays using
commercially available reagents on the basis of the manufac-
turer's instructions.

2.10. Statistical analysis

All data in the study were represented as mean + S.E.M.,
calculated by Graphpad Prism 5.0. The differences between
groups were analyzed by one-way ANOVA using SPSS (IBM SPSS
Statistics v19.0). P values <0.05 was considered statistically
significant and P values <0.01 was considered statistically very
significant.

3. Results

3.1.
mice

KFP-HO008 decreases ethanol-induced gastric lesions in

The model of ethanol-induced experimental gastric injury is
a widely used model that seems to cause gastric ulcer. The
stomach tissues were removed 4 h after the absolute ethanol
treatment. Extensively visible morphological changes caused by
ethanol (including mucosal erosion, ulcers, linear hemorrhages,
mucosal erythema and edema) were observed in the model

RSC Adv., 2017, 7, 49423-49435 | 49425
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group as compared to the control group (Fig. 1A), no macro-
scopic lesions were observed in control group. The mice pre-
treated with KFP-H008 (4 mg kg™ ' and 8 mg kg '), lansopra-
zole (4 mg kg™") and TAK-438 (4 mg kg™ ") significantly reduced
areas of gastric ulcer formation compared with the model group
(P < 0.01, Fig. 1B). KFP-H008 inhibited the gastric injury in
a dose-dependent manner. The % inhibition of each drug at
different dosages is KFP-H008 8 mg kg™ " (72.81%) > lansopra-
zole 4 mg kg™ (56.61%) > KFP-H008 4 mg kg™ * (51.59%) > TAK-
438 4 mg kg™ ' (48.42%) > KFP-H008 2 mg kg™ (23.28%), the %
inhibition of KFP-H008 at 8 mg kg™ was the highest (Fig. 1C).

3.2. KFP-HO008 decreases the histopathological scores of
gastric tissues in mice

Histological evaluations of gastric walls in ethanol-treated mice
had manifested certain extensive damages to the gastric
mucosa, edema, leucocytes infiltration, confluent necrosis and
a disorganizing cell process (Fig. 2B) compared with the control
group (Fig. 2A). Pre-treatment with KFP-H008, lansoprazole and
TAK-438 for 3 days protected the gastric mucosa as seen by the
reduction in ulcer area, edema, and leucocytes infiltration
(Fig. 2C-G), as well as the reduction in histopathological scores
(Fig. 2H). KFP-H008 at dose of 2 mg kg™ "' apparently suppressed
the gastric lesions (P < 0.05). KFP-H008 at dosages of 4 mg kg™
and 8 mg kg ', lansoprazole 4 mg kg~' and TAK-438 4 mg kg™"
all significantly alleviated mucosal damage (P < 0.01).

3.3. KFP-HO008 increases SOD, GSH activity and suppresses
MDA, NO, MPO level in gastric tissues and serum

SOD, MDA and GSH are critical indexes of lipid peroxidation. It
has been widely accepted that in the digestive system, excessive

View Article Online
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NO produced by inducible NO synthase (iNOS) is cytotoxic. MPO
is a key marker of neutrophil infiltration into the gastric
mucosa.

In gastric tissues, administration of ethanol significantly
decreased the expressions of SOD, MDA (P < 0.01), while
increased MDA, NO and MPO (P < 0.01) versus the control group.
By contrast, pre-treatment of KFP-H008 presented dose-
dependent response. KFP-H008 at all the dosages reversed the
reduction of SOD apparently (P < 0.01, Fig. 3A). KFP-H008 at
8 mg kg~ ' showed strong inhibitory effects on MDA (P < 0.01,
Fig. 3B). Administration of KFP-H008 at 4 mg kg ' and
8 mg kg~ ! promoted the expression of GSH significantly (P < 0.01)
and 4 mg kg~ of KFP-H008 exhibited a more potent effect on the
increase of GSH than 4 mg kg™ " of TAK-438 (P < 0.01, Fig. 3C).
KFP-H008 at all the dosages presented significant inhibitory
effects on NO and MPO (Fig. 3D and E), and the effects of KFP-
HO008 4 mg kg ' on MPO was stronger than lansoprazole
(Fig. 3E).

In serum, the levels of MDA (13.33 £ 1.44), NO (11.05 + 0.30)
and MPO (188.46 + 0.33) in the ethanol-induced model group
were 2.13-fold, 6.30-fold, 2.71-fold stronger than those of
control group (MDA 6.25 + 0.16, NO 1.75 + 0.46, MPO 69.49 +
0.57), while its SOD activity (73.64 + 2.48) and GSH activity
(57.26 + 10.39) declined to 42.34 + 1.70 and 7.26 £+ 0.43,
respectively (Fig. 3F-]). Treatment with KFP-H008 showed dose-
dependent response. Administration of KFP-H008 (4 mg kg™
and 8 mg kg ') remarkably increased the expression of SOD in
serum (P < 0.01, Fig. 3F) and significantly inhibited MDA level
(P < 0.01, Fig. 3G). Furthermore, KFP-H008 (4 mg kg ' and
8 mg kg™ ') exhibited strong inhibitory effects on ethanol-
induced NO in serum apparently (P < 0.05, Fig. 31), and all the

KFP-H008 KFP-H008 KFP-H008 Lansoprazole TAK-438
A control model 2mglkg 4mglkg 8mglkg 4mglkg 4mglkg
28
B s- " C
x 80 4 *%
o
T 604
£ —_ o
5 X 60 ** ok
2 ] *% @
s 40 i oo ®
g S 404
- ok ]
& 20 b=}
8 5
£ 20-
o_
> S S Y S () (>3
S S U N 0-
o°° & 'L‘Q W & W W 2mg/kg 4mg/kg 8mglkg 4mg/kg 4mgkg
KFP-H008 Lan TAK-438 KFP-H008 Lan TAK-438

Fig. 1 Effects of KFP-HOO8 on the ulcer index in ethanol-induced gastric ulcer model. (A) Macroscopic morphology of the gastric mucosa of
mice challenged with ethanol. The vehicle, KFP-HOO8, lansoprazole and TAK-438 were administrated orally (0.1 ml per 10 g) for a period of 3
days. 1 h after the last administration, mice except the control group were fed orally with 0.2 ml absolute ethanol and the stomach were removed
4 h later. (B) The mean gastric ulcer index of each group. n = 10. (C) % inhibition = (average of modely, — drugy)/average of modely, x 100%.
n = 8. Each column represents the mean + S.ELIM. A A, P < 0.01 versus control group. **, P < 0.01 versus model group.
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Fig. 2 Effects of KFP-HOO08 on histopathological lesions in absolute ethanol-induced gastric injury in mice. Histological sections were stained
with H&E (magnification x 100). Scale bar = 20 um. (A) The control group. (B) Model — absolute ethanol treatment. (C) Ethanol + KFP-HO08
2 mg kg~ (D) Ethanol + KFP-H008 4 mg kg™™. (E) Ethanol + KFP-H008 8 mg kg ™. (F) Ethanol + lansoprazole 4 mg kg™ (G) Ethanol + TAK-438
4mgkg . (a) Gland cell, (b) epithelial cell, (c) extensive edema and leucocytes infiltration of sub-mucosa, (d) confluent necrosis on margin zone,
(e) the alignment of the glands is distorted in the apical portion. (H) The mean histopathological score of each group. n = 3. Each column
represents the mean + S.E.M. A A, P < 0.01 versus control group. *, P < 0.05, ** P < 0.01 versus model group.

doses of KFP-H008 decreased MPO level in serum remarkably
(P < 0.05, Fig. 3]) versus the model group.

3.4. KFP-HO008 decreases the expressions of TNF-a, IL-1f3, IL-
6 and iNOS in gastric tissues and serum in mice

Previous studies indicate that oxidative stress triggers tran-
scriptional up-regulation of pro-inflammatory cytokines, such
as TNF-a, IL-1B and IL-6. Besides cytokine regulation, admin-
istration of ethanol apparently increased the level of pro-
inflammatory cytokines TNF-a, IL-1B and IL-6 in both gastric
tissues and serum (P < 0.01, Fig. 4A-F).

In gastric tissues, KFP-H008 at dosages of 4 mg kg™ ' and
8 mg kg™ ! could significantly suppressed the expression of TNF-
o, IL-1B and IL-6 (P < 0.01, Fig. 4A-C), and the inhibitory effects
of KFP-H008 were in a dose-dependent manner. At the same
time, KFP-H008 at 2 mg kg™ ' represented an apparent inhibi-
tory effect on IL-1f in gastric tissues (Fig. 4B). Both KFP-H008 at
dosages of 4 mg kg™ and 8 mg kg™ * showed stronger inhibitory
effects on the pro-inflammatory cytokines than lansoprazole
4 mg kg™ or TAK-438 4 mg kg™ " in gastric tissues.

In serum, all the dosages of KFP-H008 could alleviate
ethanol-induced increase of TNF-o and IL-6 significantly
(P<0.01, Fig. 4D and F). KFP-H008 at both dosages of 4 mg kg ™"
and 8 mg kg ' suppressed the expression of IL-1B apparently
(P < 0.05, Fig. 4E).

This journal is © The Royal Society of Chemistry 2017

NF-kB has also been related to the expression of iNOS and
the release of NO. As shown in Fig. 4G and H, administration of
ethanol could promote the expression of iNOS in both gastric
tissues and serum compared with the control model (P < 0.05).
While KFP-H008 could reverse the increase of iNOS, and KFP-
HO008 (8 mg kg™ ') showed a stronger inhibitory effect on iNOS
than lansoprazole (4 mg kg™ ') and TAK-438 (4 mg kg™ ).

3.5. KFP-HO008 suppresses the activation of p38 MAPK/NF-kB
signaling in gastric tissues

To further determine the damage mechanism, the protein
expression of p-p38 MAPK (Fig. 5A) and p65 NF-kB (Fig. 5B) were
measured by immunohistochemistry. The mitogen-activated
protein kinase (MAPK) signaling pathway is involved in
inflammation and NF-«B is a classic pro-inflammatory tran-
scription factor. Activated p38 MAPK in cytoplasm would acti-
vate NF-kB, and then activated NF-kB transferred from the
cytoplasm to nucleus and in turn activate p38 MAPK in nucleus.
Immunohistochemistry results showed that the expression of
pP-P38 MAPK or p65 NF-kB in the model group was distinctly
elevated compared with the control group (P < 0.01, Fig. 5C and
D). KFP-H008 suppressed the expression of p-p38 MAPK and
p65 NF-kB in a dose-dependent manner, and KFP-H008 at all
dosages could inhibit the activation of p38 MAPK signifi-
cantly (P < 0.01, Fig. 5C). KFP-H008 at dosages of 4 mg kg™ ' and

RSC Adlv., 2017, 7, 49423-49435 | 49427
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8 mg kg~ ' could also alleviate the up-regulation of p65 NF-kB
induced by p-p38 (P < 0.01, Fig. 5D).

3.6.

treated GES-1 cells

KFP-H008 increases the cell viability in 5% ethanol-

As shown in Fig. 6A, KFP-H008 at dosages of 0.3 uM, 1 uM, 3 uM
and 10 pM did not show any effects on the cell viability versus
the vehicle group, so we chose the doses of 0.3 uM, 1 pM and

49428 | RSC Adv., 2017, 7, 49423-49435

3 uM to measure the effects of drugs on the cell viability in 5%
ethanol-treated GES-1 cells. 24 h after treatment of 5% ethanol,
GES-1 cell viability decreased to 54.46% (P < 0.01, Fig. 6B). Pre-
treatment of KFP-H008 (0.3 pM, 1 uM, 3 uM) effectively
promoted the viability to 67.97%, 79.29% and 82.09%, respec-
tively. Lansoprazole and TAK-438 could also increase the cell
viability after 5% ethanol treatment apparently (P < 0.05,
Fig. 6B).

e
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last administration, mice except the control group were fed orally with 0.2 ml absolute ethanol and were killed at 4 h after ethanol challenge. The
serum and stomach tissues were collected for biochemical determinations. n = 3. Each column represents the mean £ S.EIM. A, P<0.05, A A, P
< 0.01 versus control group. *, P < 0.05, **, P < 0.01 versus model group.

3.7. KFP-HO008 decreases 5% ethanol-induced expressions of
TNF-a, IL-13, IL-6 and iNOS in GES-1 cells

At last, we detected the levels of TNF-o, IL-1f, IL-6 and iNOS in
cell supernatant to confirm the anti-inflammatory and anti-
oxidant properties of KFP-H008. The levels of these cytokines
in cell supernatant were dramatically increased in the model
group compared with the control group (P < 0.01, Fig. 7A, B
and D; P < 0.05, Fig. 7C). KFP-H008 at 0.3 uM reversed the
increases of IL-1f and iNOS significantly (P < 0.01, Fig. 7B
and D). KFP-H008 at dosages of 1 uM and 3 uM effectively
down-regulated all of the cytokine levels in cell supernatant
and the inhibitory effects were in a dose-dependent man-
ner (P < 0.05, Fig. 7A-D). The effects of KFP-H008,
lansoprazole and TAK-438 were similar and KFP-H008 of
3 uM was considered to be the most significant among three
doses.

This journal is © The Royal Society of Chemistry 2017

3.8. KFP-HO008 suppresses the expressions of p-p38 MAPK
and p65 NF-kB in 5% ethanol-treated GES-1 cells

In vitro, the mechanism of protective effect of KFP-H008 on 5%
ethanol-induced cell damage was detected by immunofluores-
cence. We assessed the expressions of p-p38 MAPK and p65
NF-kB. The red, blue and green staining represents p-p38
MAPK, DAPI and p65 NF-kB, respectively (Fig. 8A and B). After
challenge of 5% ethanol in cells, p38 MAPK and NF-kB were
activated, the fluorescence density of p-p38 MAPK and p65
NF-kB increased remarkably versus the control group (P < 0.01,
Fig. 8C and D). On the contrary, KFP-H008 reversed the ethanol-
induced expressions of p-p38 MAPK and p65 NF-kB in
a concentration-dependent manner. Furthermore, KFP-H008 at
1 uM effectively decreased the fluorescence density of p-p38
MAPK and p65 NF-kB in ethanol-treated GES-1 cells (P < 0.05,
Fig. 8C and D).
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4. Discussion

KFP-H008, a potent P-CAB, has not been reported in treatment
of gastric ulcer previously. In this study, we first reported that
KFP-H008 was able to protect the stomach against the gastric
lesions caused by ethanol and the underlying mechanism was
associated with the antioxidant properties and anti-
inflammatory status through p38 MAPK/NF-kB pathway.
Alcohol has been reported to inflict hemorrhagic gastric
lesions characterized by mucosal friability, cellular exfoliation,

This journal is © The Royal Society of Chemistry 2017

extensive submucosal edema and inflammatory cell infiltra-
tion."””** In mice, ethanol consumption can produce oxidative
stress and acute inflammatory reaction.' However, oral
administration of KFP-H008 effectively reversed ethanol-
induced gastric injury in a dose-dependent manner, particu-
larly at the dose of 8 mg kg™, the % inhibition was up to 72.81%
(Fig. 1). Apart from gastric ulcer index, KFP-H008 also decreased
the histopathological scores, and alleviated microscopic lesions
after ethanol consumption (Fig. 2). In GES-1 cells, challenge of
ethanol could damage the cell structures and decreased the cell

RSC Adv., 2017, 7, 49423-49435 | 49431
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viability. Pre-treated of KFP-H008 significantly increased the cell
viability after ethanol consumption (Fig. 6).

There are growing evidences that oxidative stress is an
essential factor in the pathogenesis of gastrointestinal mucosal
diseases,* and excessive generation of reactive oxygen species
(ROS) poses a serious problem to bodily homeostasis and cau-
ses oxidative tissue damage.”>** The imbalance of ROS genera-
tion and the endogenous antioxidant defense system lead to
oxidative stress.”® The gastrointestinal tract is a key source of
ROS, and ROS is produced in response to cigarette smoking,
alcohol consumption, nonsteroidal anti-inflammatory drugs,
infections and ischemia-reperfusion radiation.® Lipid perox-
idation is triggered by the process of free radical interaction
with cell membrane and produce lipid-derived free radicals.
MDA is the cytotoxic product of lipid peroxidation, which leads
to the cross-linking polymerization of proteins, nucleic acid and
other living macromolecules, and arouses the injury of mito-
chondria and lysosomes.*®*** SOD and GSH are important anti-
oxidants that protect gastric mucosal from oxidative damage.
SOD mainly converts harmful superoxide anion into less
dangerous hydrogen peroxide.> In the mucosa, the GSH system
serves as an anti-oxidative barrier, and GSH acts as a reductant
and co-factor for some antioxidant enzymes.*® In our present
study, challenge of ethanol induced a marked oxidative stress,
as evidenced by elevated MDA levels and lowered both SOD and
GSH levels in the gastric homogenate and serum (P < 0.01,
Fig. 3A-C and F-H). Pre-treatment with KFP-H008 inhibited
lipid peroxidation, prevented the depletion of GSH and SOD
activities and decreased MDA activity in ethanol-treated mice.
And 4 mg kg~ of KFP-H008 exhibited a stronger effect on the
increase of GSH versus the same dose of TAK-438 (P < 0.01,
Fig. 3C). These results indicated that KFP-H008 might have bio-
protective effects against ethanol-induced oxidative stress.

Nitric oxide synthase (NOS) is one of the major enzymes that
catalyze ROS-generating chemical reactions. NOS is a heme-
containing monooxygenase that generates NO. NO is a weak
oxidant, but when it combines with O,"~ to generate OONO, it
becomes a potent ROS, and disrupts the function of important
biological molecules such as DNA, RNA, protein and lipids.*”
Increased iNOS expression is found in chronic ulcerative colitis
and peptic ulcer patients, and NO generated by iNOS has
immense effects on the pathophysiological conditions of gastric
ulcer.”® In our experiments, we observed abundant mucosal
lesions, accompanied by the acute rise of NO in ethanol-treated
mice (P < 0.01, Fig. 3D and I). Pre-treatment with KFP-H008
remarkably inhibited the expression of NO in gastric tissues
and serum after challenge of ethanol, particularly at the dose of
8 mg kg .

Another major source of ROS in ethanol-treated gastric
tissue is the infiltration of activated neutrophils. Neutrophil
infiltration into gastric mucosal will stimulate the release of
several pro-oxidative enzymes and free radicals, which will lead
to oxidative burst, and finally promotes the development of
acute gastric mucosal lesions.” The activated neutrophils are
evaluated by the activity of MPO, which can also be interpreted
as a manifestation of anti-inflammatory activity.** In our study,
the increased MPO activity represented neutrophil infiltration

This journal is © The Royal Society of Chemistry 2017
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in the model group (P < 0.01), and pre-treatment of KFP-H008
showed a notably inhibitory effect on the accumulation of
MPO (Fig. 3E and J). In gastric tissues, the inhibitory action of
4 mg kg~ KFP-H008 against MPO was stronger than TAK-438 (P
< 0.01, Fig. 3E). Therefore, it is important to maintain balance
between reactive oxygen metabolites and antioxidant defense
systems after the occurrence of gastric ulcer.

ROS modulate a number of redox-sensitive signaling path-
ways including mitogen-activated protein kinase (MAPK), MAPK
pathway is the common pathway of intracellular information
transmission and is involved in the extracellular signal trans-
duction from the surface to the interior of cell. The activation of
MAPK is critical for various toxic substance-induced injury and
inflammation including ethanol-induced gastric ulcer in mice.
MAPK includes three subtypes: ERK, p38 MAPK and JNK. ERK
and p38 MAPK would transfer into the nucleus after stimula-
tion, while JNK might mainly promote apoptosis and dependent
on TNF-o pathway.” In this study, we focused on the activation
of p38 MAPK in ethanol-induced gastric ulcer, p38 MAPK is one
of the most important members that control the inflammatory
response. Previous studies have demonstrated that p-p38 MAPK
is up-regulated in ethanol-induced gastric ulcer model.”*"
MAPK/NF-«B is well-known to mediate the expression of pro-
inflammatory cytokines, and has been investigated for oxida-
tive stress mediation in ethanol-induced gastric ulcer.** The
phosphorylated p38 MAPK will transfer into the nucleus after
the stimulation of upstream signaling cascades (such as tumor
necrosis factor, lipopolysaccharide, platelet activating factor
and interleukin-1), and then the nuclear transcription factor
NF-kB will be activated and regulates the expression of inflam-
matory genes.*” Activation of neutrophils is also related to an
up-regulated inflammatory response with increased expression
of NF-kB that controls the generation of pro-inflammatory
cytokines including TNF-a, IL-1B and IL-6.**** Besides cyto-
kine regulation, NF-kB is also associated with the expression of
iNOS and the release of NO. Many evidences proved that NF-xB
could be activated in gastric ulceration.® In this study, we first
discovered that the antioxidant and anti-inflammatory proper-
ties of KFP-H008 might be related to the down-regulation of p38
MAPK/NF-kB signaling pathway. Immunohistochemical stain-
ing in gastric tissues and immunofluorescence assessments in
GES-1 cells showed that challenge of ethanol remarkably
promoted the expressions of p-p38 MAPK and p65 NF-kB in the
model group, which was significantly reversed by pre-treatment
of KFP-H008, especially at the dose of 8 mg kg™ in vivo (P < 0.01,
Fig. 5) and 3 puM in vitro (P < 0.05, Fig. 8). These results
confirmed that KFP-H008 could inhibit the activation of p38
MAPK and the translocation of NF-kB.

It is reported that ROS not only directly damages the cell
structures but also promotes the production of pro-
inflammatory cytokines, including TNF-o, IL-1 and IL-6. And
activation of p38 MAPK or NF-kB can also promote the release of
these pro-inflammatory cytokines. TNF-a is involved in the
induction of inflammatory lesion and injury in many tissues
including gastric mucosa.* Besides, TNF-a serves as an effective
stimulator of neutrophils infiltration into gastric mucosal
tissues and triggers a cascade of inflammatory reactions.*® IL-13
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is a pro-inflammatory cytokine produced earlier, which
contributes to the development of ethanol-induced gastric
mucosal injury, gastric cell damage and the recruitment of
other cytokines such as TNF-a and IL-6.” IL-6 is a pleiotropic
cytokine that commonly produced at local tissue and is released
into circulation. Elevated level of IL-6 activates neutrophils,
monocytes and lymphocytes at the inflammatory site, which in
turn initiates different oxidative bursts, lysosomal enzyme and
toxic metabolites in gastric injury.** Our experimental results
showed that the pro-inflammatory cytokines levels were all up-
regulated significantly in gastric tissues, serum (Fig. 4) and cell
supernatant (Fig. 7) due to the challenge of ethanol consump-
tion. However, the inflammatory status were favorably reversed
by the pre-treatment of KFP-H008 both in vivo and in vitro, and
the effects of KFP-H008 at dose of 8 mg kg™ ' worked best. These
results demonstrated that KFP-H008 could inhibit inflamma-
tory cytokines levels and exhibited its anti-inflammatory action
in ethanol-induced gastric lesions.

In our previous study, we have demonstrated that KFP-H008
is a novel P-CAB and a potential anti-acid drug, which shows
a more potent and longer-lasting effect on gastric acid secretion
than lansoprazole in rats and heidenhain pouch dogs. The
antisecretory mechanism is to block H'/K'-ATPase.** Besides,
we have investigated the toxicity of KFP-H008 before the phar-
macodynamics studies and the results demonstrated that KFP-
HO008 will not induce any organ toxicity in long-term toxicity
research (data not shown in manuscript). The protective effects
of KFP-HO008 against gastric ulcer has not been explored before,
thus, we chose the ethanol-induced gastric ulcer model in mice
to investigate the protective effects and the underlying
mechanisms.

In conclusion, KFP-H008 exerted beneficial effects in
ethanol-induced gastric ulcer, which were evidenced by
biochemical, histopathological, immunohistochemistry and
immunofluorescence analysis data. The underlying mechanism
may relate to its inhibitory effects on neutrophil infiltration,
suppression of the activation of p38 MAPK/NF-kB signaling
pathway, and subsequent release of TNF-a, IL-1B and IL-6.
Further researchers are warranted to explore the clinical appli-
cation of KFP-H008.
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