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Intrarectally administered polaprezinc attenuates the development
of dextran sodium sulfate-induced ulcerative colitis in mice
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Abstract. Polaprezinc (PZ), a chelate of zinc and L-carnosine,
has been widely used in the treatment of gastric ulcers since
1994. In recent years, researchers have found PZ to have a
beneficial effect on various experimentally induced models
of colitis in mice. In the present study, 6% dextran sodium
sulfate (DSS) was used to induce a model of ulcerative
colitis (UC) in Institute of Cancer Research mice. The thera-
peutic effect and mechanism of PZ action in a model of UC
was studied in order to provide an experimental basis for the
clinical application of PZ in UC treatment. The effect of PZ
on UC was evaluated in five groups of mice: A vehicle control
only group, a DSS model control group (DSS, 6%), a validated
treatment control group (DSS 6% + Mesalamine), a low-dose
PZ treatment group (DSS 6% + PZ 60 mg/kg) and a high-dose
PZ group (DSS 6% + PZ 120 mg/kg). After the animals were
sacrificed, blood was collected and the serum levels of NF-«B
and tumor necrosis factor-a (TNF-a) were measured. Changes
in histology were observed by light microscopy. The protein
levels of AKT, phosphorylated AKT and heat shock protein 70
(HSP70) were determined by western blot analysis. The results
suggested that PZ reduced the DSS-induced increase in the
inflammatory proteins TNF-a and NF-kB in the UC model.
The high-dose of PZ also increased the HSP70 protein level,
inhibited AKT phosphorylation in a DSS-induced UC animal
model, and decreased white blood cell and neutrophil %
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counts compared to levels in an untreated DSS control group.
Histopathology indicated that the mice of the DSS model
group had irregular colonic villi, a large number of inflam-
matory cells and mucosal damage, whereas mice of the group
treated with PZ had small intestinal villus morphology and
their villi showed signs of recovery from the damage of UC.
The results of the present study indicated that PZ significantly
alleviates DSS-induced UC in mice, relieves diarrhea, and
inhibits the phosphorylation of inflammatory factors and the
inflammatory AKT signaling pathway.

Introduction

Ulcerative colitis (UC) is a refractory, relapsing and potentially
malignant inflammatory disease, and is one of the main types
of inflammatory bowel disease (IBD) (1). In recent years, the
incidence of UC in China has risen, mostly in young adults,
exhibiting regional differences and genetic tendencies, and
has become subject to an increasing amount of research in the
field of gastroenterology (2,3). Dextran sodium sulfate (DSS)
is widely used to induce UC in model mice for study (4). The
symptoms in mice with DSS-induced UC are very similar to
those of human UC, suggesting that it is an ideal model for study.
These symptoms include disruption to the epithelial cell barrier,
colitis induced by altered DNA replication, inhibition of the
growth of epithelial cells, induction of macrophage activation,
increased release of cytokines and disruption to the balance of
gut microflora (5). The disease has become a target of research
into new therapies, due to the fact it causes recurrent attacks,
has a poor therapeutic response, leads to prolonged illness and
has the possibility of developing into cancer (6,7). The main
goals in the clinical treatment of UC are to improve interactions
between the symbiotic mucosal flora and the intestinal mucosa,
to prevent the activation of lymphocytes, to induce the produc-
tion of regulatory T cells, to inhibit the inflammatory response
and concomitant production of inflammatory cytokines, and to
repair damaged mucosa. Mesalamine (MES) is currently the
first-choice drug for UC, as it can be used to both cause and
maintain the remission of UC (8-10). Meta-analyses indicated
that the effective rate and remission rate of UC patients treated
with MES was better than that in a placebo group (11,12).
However, although only a small amount of MES reaches the
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colon, it often produces adverse reactions, such as abdominal
pain, diarrhea and nephrotoxicity (13-15). Research is therefore
focused on developing a high-efficiency and low-toxicity treat-
ment. In treatment of UC, the new application of old drugs may
play a role in future clinical practice (5,16).

PZ is a chelate compound of zinc and L-carnosine, and
has been used in the treatment of gastric ulcers in Japan since
1994 (17). Researchers have found that it has a beneficial
effect in various experimentally induced models of colitis in
mice (18). The mechanism of action of PZ in the treatment
of UC may involve induction of heat shock protein (HSP)
production, inhibition of the inflammatory response,
anti-oxidation and cell membrane stabilization (19,20). In the
present study DSS was used to induce a UC model in mice.
These mice were then used to explore the mechanisms of
the therapeutic effect of PZ on UC induced by DSS, and its
influence on inflammatory AKT signaling.

Materials and methods

Experimental drugs. PZ was obtained from the Jilin
Broadwell Pharmaceutical Co. Ltd. in 5 g bags, batch number
25-160512 (Fig. 1). A pH 6.8 PZ balanced salt solution was
prepared, and mice received PZ via enema, at a dose of
120 mg/kg body weight or 60 mg/kg body weight. As a positive
control drug, MES was obtained (Sunflower Pharmaceutical
Group of Jiamusi Luling Pharmaceutical Co., Ltd.) as
enteric-coated tablets, containing 0.25 g raw material/tablet
(batch no. 170306). The mice were given 300 mg/kg MES
by enema. MES was ground into a powder using a pestle and
mortar and dissolved in 0.9% aseptic sodium chloride solution.
DSS was obtained from the Shanghai Yisheng Biotechnology
Co., Ltd. (lot no. D97990), as a white or grayish white powder,
mice received DSS dissolved in H,O via intragastric administra-
tion of 0.2 ml/10 g body weight. three times per day (Table I).

Experimental animals. Male inbred Institute of Cancer
Research (ICR) mice of specific pathogen free grade (age
6-8 weeks; weight, 17-19 g; 8 mice per group leading to a
total of 40 mice) were obtained from the National Institute for
Food and Drug Control in China [experimental animal quality
certificate no. SCXK (Beijing, China) 2014-0013]. Food and
water was available ad libitum throughout the experiment. The
mice were kept at 20-25+3°C at a relative humidity of 40-60%
and on a 12 h light/dark cycle.

UC model induction and sample collection. ICR mice were
randomly divided into five groups of 8 mice per group (Table I).
The groups were vehicle control (intragastric H,0), UC
model control, UC + MES, UC + low-dose (L) PZ and UC +
high-dose (H) PZ. The UC model mice were intragastrically
administered DSS at 3.6 g/kg/day, three times per day for
7 consecutive days, while the vehicle control mice received the
equivalent dose of H,O. In the UC + MES group, 300 mg/kg
MES was intrarectally administered once per day for 10 days.
PZ was intrarectally administered once per day for 10 days, at
120 mg/kg in PZ H group, and at 60 mg/kg in the PZ L group.
The vehicle group received the equivalent dose of vehicle by
the same method and at the same time intervals. The experi-
mental animals were observed daily for 10 days (Fig. 1B).
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Approximately 24 h after the last treatment administration,
and following CO, anesthesia, the animals were killed by
cervical dislocation. After the blood (~0.5 ml) was taken from
the fundus vein cluster of each mouse, the serum was collected
by centrifugation for 5 min, at 1,788.8 x g and 4°C. The serum
was then stored at -80°C. Serum levels of NF-xB and TNF-a
were determined within 3 days of collection.

Animal hemogram analysis. At the end of the experiment,
blood (~0.1 ml) was taken from the fundus vein cluster of each
mouse put into 20 units of heparin (Shanghai Biochemical Co.,
Ltd.) and the hemogram was measured using an automatic
blood analyzer (Sysmex Hematology Analyzer KX-21; Hitachi,
Ltd.) within 2 h.

Diarrhea scoring. The diarrhea of mice was observed during
the experimental period and the scores were recorded and
confirmed as follows: 0, no diarrhea; 1, mild diarrhea (perianal
staining); 2, moderate diarrhea (hind legs, upper and lower
abdomen staining) and 3, severe diarrhea (hind legs and whole
abdomen stained, or the mouse had persistent defecation).
Observers were not blinded, but maintained objectivity.

Colon tissue fixation and hematoxylin and eosin (H&E)
staining. The colonic tissue of each mouse was fixed with
neutral 10% formalin at room temperature for 48 h, embedded
in paraffin and then sectioned with a microtome to obtain
4-5 ym-thick paraffin sections. Dewaxed sections were then
stained with H&E, as previously described (21), and the tissue
morphological changes were visualized by light microscopy
using an Olympus PM-6 microscope (Olympus Corporation).

Mouse ELISA. NF-xB (cat. no. DG30647M) and TNF-a (cat.
no. DG30048M) ELISA kits were supplied by Beijing Dongge
Biotech Co., Ltd. and ELISAs were performed following the
manufacturer's instructions. The kits were single-step sandwich
ELISAs. Serum samples, standard samples and horseradish
peroxidase (HRP)-labeled antibodies were successively added
into the wells of a 96-well plate. After incubation and thorough
washing, TMB chromogenic substrate was added into each
well, which was converted into a blue compound by reduc-
tion with the HRP attached to the antibody. This color change
allowed for quantitative deduction of the protein concentration
in the samples. Optical density was determined using a Tecan
Infinite F50 microplate reader (Tecan Group Ltd.) to measure
the absorbance at a wavelength of 450 nm, and was used to
calculate the concentration of each group of samples.

Western blot analysis of the expression of AKT, p-AKT and
HSP70 in mouse colonic tissue. A segment of the colon of each
mouse (from the ileocecal valve to a fixed site before the begin-
ning of the rectum) was added to cell lysis solution [prepared
using 50 mM Tris base, 150 mM NaCl and 0.1% SDS (0.303 g
Tris base, 0.4383 g NaCl, 0.05 g SDS and 40 ml H,O, using HCI
to adjust pH to 8.0 in a 50 ml volume)] and the supernatant was
collected after centrifugation at 16,770 x g for 10 min, at 4°C.
The total protein concentration in each sample was determined
using a Bradford protein assay. A total of 10 ug of protein was
loaded into each lane of a 10% SDS-PAGE gel. After SDS-PAGE
the proteins were transferred onto a PVDF membrane. The
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Figure 1. Chemical structure of polaprezinc and experimental scheme. (A) Chemical structure of polaprezinc. (B) Mode and time of administration of DSS
during the experimental period. DSS, dextran sodium sulfate; PZ, polaprezinc; IR, intrarectal administration; d, day.

membrane was blocked with 5% skim milk powder in TBST
(0.1% Tween) for 1 h at 25°C. Cells were then incubated with a
1:300 dilution of primary antibody (cat. no. AB26297; Abbkine
Scientific Co.,Ltd.) or a 1:1,000 dilution of loading control anti-
body (cat. no. AC21215; Abbkine Scientific Co., Ltd.) overnight
at4°C. The membranes were washed before they were incubated
with a 1:3,000 dilution of HRP-conjugated secondary antibody
(cat. no. ZB-2305; Beijing Zhongshan Jinqiao Biotechnology
Co., Ltd.) for 1 h at room temperature. Blots were then visual-
ized using an ECL kit (Beijing Roby Biotechnology Co., Ltd.;
RBU 117-100). The densitometry was calculated using ImageJ
(version no. 20150116; National Institutes of Health).

Statistical analysis. Data (from 8 samples per group) are
expressed as the mean + SD. Statistical significance was evalu-
ated using comparisons between groups analyzed by one-way
ANOVA followed by the least significant difference post hoc
test. All statistical analyses were performed with SPSS 17.0
(SPSS, Inc.). P<0.05 was considered to indicate a statistically
significant difference.

Results

After 3 days of administration of DSS, the body weight of the
mice increased and there was a significant weight difference
between the DSS-treated mice and the normal control group
mice (P<0.01; Table IT). After administration of DSS, diarrhea
occurred and weight gain slowed down. DSS was found to
induce diarrhea in mice after intragastric administration, and
PZ inhibited this DSS-induced diarrhea. Compared with the
DSS model group, there was significant reduction in diarrhea
in the PZ L group (P<0.05) and diarrhea was mild in the PZ H
group (P<0.01; Table III).

PZ reduced the release of the inflammatory factors
TNF-o and NF-«B in mice from the DSS-induced UC model,
compared with that in mice from the DSS control group
(P<0.05). High dose PZ increased HSP70 protein expression
and inhibited the phosphorylation of AKT, an important
mediator of inflammatory signaling, compared with UC model
controls, though these changes were not statistically signifi-
cant (Table IV and Fig. 2).

A hemogram of mice with DSS-induced UC showed that
the symptoms and pathology were similar to those in humans
with UC (19), and the inflammation was accompanied by an
increase in the count of leukocytes and neutrophils in peripheral
blood, which was similar to that observed in humans with UC.
The results also showed that the white blood cell and neutro-
phil % counts were increased in mice from the DSS-induced
UC model group compared with the vehicle control group, and
decreased after treatment with PZ (Table V).

Histopathological observations in mice from the
DSS-induced UC model revealed that their colonic villi
were irregular and that they had an increased number of
inflammatory cells and mucosal damage in comparison with
the vehicle control group. The continuity of their intestinal
mucosa was disrupted and a large number of inflammatory
cells were found to have infiltrated, as the arrow shows. By
contrast, observations of the mice from the PZ-treated group
revealed that their villi were intact and that they only showed
mild colonic mucosal inflammation (Fig. 3).

Discussion

UC is a chronic recurrent form of IBD, characterized by diffuse
inflammation and ulceration. The main goals of the clinical
treatment of UC are to improve the interaction between the
mucosal symbiotic bacteria and intestinal mucosa, prevent
the activation of lymphocytes, induce production of regula-
tory T cells, inhibit inflammatory reactions and concomitant
production of inflammatory cytokines and repair the damaged
mucosa. The cascade of mucosal inflammation in UC, and
the imbalance between proinflammatory cytokines, including
interleukin (IL)-1, IL-6, IL-8 and tumor necrosis factor-a, and
anti-inflammatory cytokines are important linked events in
the pathogenesis of UC.

PZ is a chelate compound composed of L-carnosine and
zinc, which has been widely used in Japan since 1994 for
the treatment of gastric ulcers. PZ stimulates mucus secre-
tion and antioxidant production, stabilizes cell membranes,
induces the production of HSPs and heme oxygenases,
and can protect against gastric mucosal ulcers induced
by various agents, as well as promoting healing. In recent
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Table I. Mouse experimental grouping and means of drug administration.

Drug administration modes

Duration of drug administration

Group Drug doses administered
Vehicle control 0 MES/PZ
0 DES

UC only 0 MES/PZ

3.6 g/lkg/day DSS
UC + MES 300 mg/kg MES

3.6 g/lkg/day DSS
UC+PZL 60 mg/kg PZ

3.6 g/lkg/day DSS
UC+PZH 120 mg/kg PZ

3.6 g/kg/day DSS

N/A N/A

N/A N/A

N/A N/A

PO Three times/day for 7 days
IR Once a day for 10 days
PO Three times/day for 7 days
IR Once a day for 10 days
PO Three times/day for 7 days
IR Once a day for 10 days
PO Three times/day for 7 days

N=8 mice/experimental group. DSS, dextran sodium sulfate; H, high-dose; IR, intrarectal; L, low-dose; MES, mesalamine; PZ, polaprezinc;

UC, ulcerative colitis. PO, per os, intragastric administration.

Table II. Effect of PZ on mouse body weight in DSS-induced UC.

Group Pre-experiment weight (g) DSS day 3 weight (g) DSS day 6 weight (g) DSS day 9 weight (g)
Vehicle control 23.8+1.0 29.4+1.8 32.5+1.8 34.1+1.8
UC only 23.1+0.9 25.1+£1.1* 26.6x1.4* 27.1+1.8"
UC + MES 23.0+1.2 25.6+3.0° 264+1.7* 26.5+1.9
UC+PZL 23.0+1.0 25.3+2.6 26.0+1.8 27.2+1.3"
UC+PZH 232+1.0 24242 5° 26.0£1.5° 27.0+1.9*

N=8 mice/experimental group. ‘P<0.01 vs. respective vehicle control. DSS, dextran sodium sulfate; H, high dose; L, low dose; MES, mesala-

mine; PZ, polaprezinc; UC, ulcerative colitis.

Table III. Effect of PZ diarrhea recovery in dextran sodium
sulfate-induced UC mice.

Individual mouse Mean diarrhea

Group diarrhea scores score
Vehicle control 0,0,0,0,0,0,0,0 0

UC only 1,1,1,1,1,1,1,2 1.125+0.353
UC + MES 1,1,1,0,0,0,0,0 0.375+0.517*
UC+PZL 1,1,1,1,1,0,0,0 0.625+0.517°
UC+PZH 1,1,1,0,0,0,0,0 0.375+0.517*

n=8 mice/experimental group. *P<0.01 vs. UC only; "P<0.05 vs. UC
only. H, high-dose; L, low-dose; MES, mesalamine; PZ, polaprezinc;
UC, ulcerative colitis.

years, researchers have found that PZ has a therapeutic
effect on various experimentally-induced colitis models
in mice (18,19). The mechanism of action of PZ may
involve the induction of HSPs, inhibition of the inflam-
matory process, antioxidant functions and cell membrane
stabilization (18,22-26). It has been reported that intrar-
ectal administration of PZ can effectively protect against

subserous injection-induced colitis in rats, and has a benefi-
cial effect on ulcers during the healing stage (27,28)

DSS-induced acute colitis is a chemically-induced model
of UC. The model is simple and practical, and has many
similarities with human UC, thus it is widely used in UC
research (29).

NF-«B is a universal transcription factor, which is involved
in the regulation of many pro-inflammatory factors and plays
an important role in the pathogenesis of IBD. The classic
NF-«B activation pathway is related to the rapid production
of a large number of pro-inflammatory mediators, such as
cyclo-oxygenase 2, IL-1p and IL-6, in acute inflammation
in patients with IBD (30). Among the many inflammatory
cytokines, TNF-a, IL-1f3, IL-6 and IL-8 play a major role in
inflammation (31). TNF-a is one of the most abundant early
inflammatory mediators and can activate neutrophils and
lymphocytes, promote neutrophil migration to the inflamma-
tory region of the colon mucosa, increase the permeability of
vascular endothelial cells, regulate tissue metabolic activity,
promote the synthesis and release of other pro-inflammatory
cytokines and immunomodulators and lead to enterocyte
apoptosis. TNF-a also promotes platelet activating factor
release, which accelerates thrombosis, leading to mucosal
microcirculation disturbance and extensive damage to the
colonic mucosa (8,32). It has been reported that an increase in
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Table IV. Effect of PZ on levels of TNF-a, NF-«B, HSP70 and AKT phosphorylation in dextran sodium sulfate-induced UC mice.

Group TNF-a (pg/ml) NF-«B (pg/ml) p-AKT/AKT ratio HSP70 (grey value)
Vehicle control 60.28+8.27 900.33+133.54 Not tested Not tested

UC only 84.82+7.40* 1262.88+169.01° 1.941+0.016 0.484+0.013
UC + MES 64.81+£10.22° 974.12+123 .35° 0.948+0.151 1.335+0.020
UC+PZL 74.81+£10.31*¢ 1070.38+168.444 1.560+0.002 1.219+0.003
UC+PZH 62.38+8.70° 826.80+116.88° 1.427+0.019 1.577+0.015

n=8 mice/experimental group. “P<0.01 vs. vehicle control; °P<0.01 vs. UC only; °P<0.05 vs. UC only; “P<0.05 vs. vehicle control. H, high-dose;
HSP70, heat shock protein 70; L, low-dose; MES, mesalamine; p, phosphorylated; PZ, polaprezinc; TNF-a, tumor necrosis factor-a; UC, ulcer-

ative colitis.
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Figure 2. Relative levels of AKT/p-AKT and HSP70 in mouse colonic UC
induced by DSS. (A) Relative levels of AKT/p-AKT and HSP70 normal-
ized to B-actin determined from (B) western blot analysis. DSS, dextran
sodium sulfate; M, UC model only; Y, UC model + mesalamine; H, UC
model + high-dose polaprezinc; L, UC model + low-dose polaprezinc;
UC, ulcerative colitis; p, phosphorylated.

TNF-a levels in UC patient serum is related to exacerbation of
the condition (33).

Table V. Effect of polaprezinc on the recovery of the blood
hemogram in mice with UC induced by dextran sodium sulfate.

Total WBC Neutrophil
Group (x10°/1) granulocyte (%)
Vehicle control 5.70+0.53 23.33+1.94
UC only 8.32+2.42¢ 34.96+9.90*
UC + MES 7.86+1.05 31.36+11.08
UC+PZL 7.20+1.50 27.54+10.86
UC+PZH 6.73+1.14 19.4+6.50°
n=8 mice/experimental group. °P<0.05 vs. vehicle control;

"P<0.05 vs. UC only. H, high-dose; L, low-dose; MES, mesalamine;
PZ, polaprezinc; UC, ulcerative colitis.

HSPs are a family of highly conserved and ubiquitously
expressed proteins. During infection, ischemia and other
physiological stress conditions, HSP expression has a protec-
tive role. HSPs are key anti-inflammatory molecules, which
play a role in preventing a physiological reaction (34). It has
been reported that the expression of HSP in a colitis model
was significantly increased after treatment with drugs (35,36).

MES is a compound used in the treatment of UC, which has
a beneficial effect, MES inhibits the function of various inflam-
matory mediators, such as leukotriene and prostaglandin, to
suppresses intestinal inflammatory reactions, but widespread
use in clinical practice is limited due to the potential for the
development of drug dependence, long-term drug resistance
and economic pressure on patients due to its high cost (37).

The results of the present study suggested that PZ may
significantly improve the symptoms of DSS-induced UC in
mice. PZ treatment appeared to reduce colon tissue hyperemia,
edema and inflammatory responses. As these effects are related
to the anti-inflammatory activity of PZ, it can be hypothesized
that the mechanism mediating these effects involves the inhi-
bition of inflammatory signaling via phosphorylated AKT and
an increased HSP level. The present study was limited by the
small sample size and the fact that only animal experiments
could be carried out. Further research into the effect of PZ on
UC should be carried out in the clinic.

The incidence of UC in China has been increasing year
on year (38,39). However, the emergence of new drugs,
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Figure 3. Representative images of colonic tissue in a mouse model of DSS-induced UC. The colon was taken from the same part of the colon in each
experimental group, then cut open and fixed with 10% formalin, cut longitudinally into slices and stained with hematoxylin and eosin; the tissue structure
of each layer was observed under light microscope (three fields of vision were examined per tissue slice). (A) Vehicle control group (untreated with DSS).
Mucosa of the colonic tissue was intact and cells were arranged neatly. (B) UC model only group. Mucosal cell structure was destroyed and inflammatory cells
had infiltrated. (C) UC model + mesalamine group. Cell structure appeared relatively stable. (D) UC model + H. Glandular cells were arranged neatly and
had a clear structure. (E) UC model + L. Cells were ordered, though there were some signs of cell death. Magnification, x400. Scale bars represent 200 pm.

PZ, polaprezinc; H, high-dose; L, low-dose; UC, ulcerative colitis.

new dosage forms and new therapies based on the clinical
manifestation of patients should allow for the identification
of individual treatment protocols, which will be helpful
to improve or cure the symptoms and intestinal lesions
of patients with UC, and make the treatment of UC more
economical and effective.
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