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Objective. To investigate the feasibility and effectiveness of an alginate-based gastric mucosal protective gel on the gastric ulcer.
Methods. (1) In the physical protection model, after GES-1 cell attachment add the gel to transwell chamber, add different
concentrations of HCI to the gel. Absorbance was measured to assess proliferation and images of the cells migrating into the
wound were taken; then the migration rate of the cells was quantified by comparing images. (2) In the gastric ulcer model,
excise the gastric mucosal of SD rats; the gel and fixative were applied on the artificial ulcer immediately. Dissect rats after 10
days, and calculate the wound healing rate and analyzed histology changes. Results. The effect of hydrochloric acid on cells in
the lower layer was significantly reduced after the use of gastric mucosal protection gel. The protective gel had an isolation
effect on different concentrations of acid. A number of GES-1 were significantly higher than those in the control group at 24h
to 72h (P <0.01). The migration was observed compared with the control group. The average healing rate of ulcer in the gel
group was about 50%, and the control group was about 30%. Inflammation occurred in all wound regions after ten days. In
the gel group, inflammatory infiltration depth was lower than that of the control, and part of SD rats’ new muscle layer
appeared without inflammatory infiltration. The connective tissue proliferation promoted tissue repair. In the control group,
necrosis marginal, mucosal hyperplasia, marginal lymphocyte aggregation, and bleeding were observed. Conclusion. This novel
gel mainly has an isolating and shielding effect to prevent the wound from being exposed to gastric acid for a long time, and it
can reduce the inflammatory reaction on the wounds to promote the healing of the ulcer. The gastric mucosal protective gel
cannot only promote the speed of wound healing but also improve the quality of wound healing.

1. Introduction

Gastric cancer, as a malignant tumor caused by gastric
mucosal epithelial lesions, is one of the diseases of cancer-
related deaths worldwide [1-9]. The treatment of early gas-
tric cancer is particularly important for preventing the fur-
ther deterioration of gastric cancer and reducing the death
rate of gastric cancer [6-10]. Endoscopic submucosal dissec-
tion (ESD) is a minimally invasive surgery for the resection
of early gastric cancer and benign gastric tumors [9-14].
ESD can resect a larger lesion compared with endoscopic
mucosal resection (EMR) [14-17]. With the advantages of
less trauma and lower recurrence rate, it has gradually

replaced some traditional surgical procedures [17-19]. How-
ever, ESD usually results in a larger ulcer wound than EMR,
and a high frequency of complications such as severe perfo-
ration and bleeding has been found for ESD [16, 17]. It has
been reported that an ESD-induced ulcer needs 8 weeks to
heal because of exposing longer to gastric acid and pepsin
[12, 17, 20, 21]. In the first 4 weeks after ESD, the ulcer is
in a healing state but for the first 3 days after ESD, massive
bleeding usually occurs. The current treatment methods for
wound repair after ESD still cannot avoid bleeding and per-
foration [22, 23]. Therefore, in the early phase, it is necessary
to provide a product that can be directly applied to the gas-
tric mucosal surface through gastroscopy to protect the ulcer
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from the attack of gastric or bile secretions [24]. The devel-
opment of biomaterials provides new ideas for the develop-
ment of this product.

Alginate is a natural polyanionic copolymers derived
from brown sea algae [25]. In general, alginate forms stable
gels via jonic interactions between carboxylic acids and diva-
lent cations such as Ca**, Mg>*, and Ba** [25-29]. In recent
years, alginate as a novel material has been widely used in
the wound repair because of its features such as biological
origin, gel forming ability, biocompatibility, and biodegrad-
ability [29-32]. Several alginate-based wound dressings are
now commercially available [30].

A novel biomaterial gel was designed by our team [24]. It
contains a colloidal solution and a fixative solution. The
main components of the colloidal solution are alginate and
polylysine. The fixative solution contains calcium ions. Col-
loid solution and fixative solution can be directly sprayed
onto the damaged gastric mucosa surface through gastric
speculum, forming gel under the action of gastric acid,
which can protect gastric mucosa and accelerate wound
healing.

In this study, the physical protection model and gastric
ulcer model aimed to evaluate the feasibility and effective-
ness of the curative of the newly gastric mucosal protective
gel on the ESD-induced ulcer and provided data support
for its clinical application.

2. Materials and Methods

2.1. Cell Lines and Animals. Human gastric epithelial GES-1
cells were purchased from Pituo Biology Co., Ltd. (Shanghai,
China).

Twenty female SD rats aged approximately 6-7weeks
and weighing 250 + 20 g were purchased from the Labora-
tory Animal Resource Center of National Institutes for Food
and Drug Control (Beijing, China) with the Beijing Associa-
tion for Science and Technology (SYXK [Beijing] 2007-
0013). In the independent ventilation cages (IVC), all ani-
mals were housed at the temperature of 20-25°C and humid-
ity of 40-70%. They were allowed access to diet and tap
water ad libitum.

2.2. Description of the Gastric Mucosal Protective Gel. The
novel gel contains colloid solution and fixative solution.
The colloid solution contains mainly seaweed polysaccha-
ride and polylysine. The fixative solution contains calcium.
The two solutions can rapidly self-assemble forming a
solid-film with a complex network of polysaccharides and
amino acids, which further solidifies in the presence of gas-
tric acid [24]. The gel adheres to the ulcer floor through
cross-linking.

2.3. Physical Protection Model. To assess the effect of Gastric
mucosal protective gel on GES-1 proliferation and migra-
tion, we designed a physics-protection experiment according
to the literature [33] and the characteristics of the gel
(Figure 1). GES-1 cells were suspended in DMEM and
seeded into each well of a transwell plate. After cell attach-
ment, add 0.2ml of gel to the transwell chamber. The cells
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were incubated with the DMEM medium and add hydro-
chloric acid to the gel for some hours and measure cell
survival.

2.3.1. Cell Proliferation Studies. Cell number was measured
using the MTT method [34-36]. Briefly, the GES-1 cells in
the logarithmic growth were suspended in DMEM and
seeded into each well of a transwell plate at a density of 2 x
10%/well. After cell attachment, add 0.2 mL of gel to the trans-
well chamber of the sample group. The control group was
not treated. The cells were incubated with the DMEM
medium and add the different concentrations of concen-
trated hydrochloric acid (50 uL1/8 HCI, 1/16 HCIl, 25 uL1/
8 HCl, 12uL1/2 HCI, and 1/4 HCI) to the gel for 24h,
48h and 72h. MTT was added and cultured for 2h, then
the Isopropanol was added. Absorbance was measured at
570 nm and 650 nm.

2.3.2. In Vitro Wound Healing Assay. Cell migration was
analyzed with the in vitro scratch assay [37, 38]. The GES-
1 cells in the logarithmic growth were cultured in 24-well
plates at a density of 6 x 10*/well, and after the induction
of quiescence, a single scratch wound was created in the cen-
tre of the cell monolayer by the gentle removal of the
attached cells with a sterile plastic pipette tip. Add 0.2mL
of gel to the transwell chamber of the sample group. The
control group was not treated. The cells were incubated with
the DMEM medium and add different concentrations of
concentrated hydrochloric acid (50 uL-1/16HCI, 25uL-1/
8HCI, and 12 uL-1/4HCI) to the gel for 24 h. Images of the
cells migrating into the wound were taken at Oh and then
every 12h until the scratch wound was closed at 24h. The
images were captured to evaluate the migration rate of every
group. The closure of the wound was considered to represent
100% migration. The cell images were captured using a
microscope (Olympus IX71, Spain) and analyzed using
imaging software (Image]).

2.4. Gastric Ulcer Model. The procedures used in the animal
experiments are summarized in Figure 2 [33, 39-41]. All SD
rats were fasted for 24 h and then anesthetized by intramus-
cular injection of Zoletil 50. Then stomachs of anesthetized
rats from each group were opened along the greater curva-
ture and rinsed with normal saline (NaCl 0.9%). Expose
the gastric mucosa, and injecte 0.2mL of saline to form a
bulge, then excise the mucosa of similar size and area to
form a wound. The SD rat was randomized into the control
group (n=10) and the gel treated group (n =10). The col-
loid solution was sprayed on the ulcer surface and then the
fixative solution was sprayed. The gel solidified about 3-
5min. In the control group, the ulcer was managed rou-
tinely. Then photograph and suture the stomach.

2.4.1. Evaluation of Artificial Ulcer Healing. Dissect rats after
10 days, and remove the gastric ulcer wound. The percent of
healing areas was calculated with dividing healing part area
by the area of originally resected tissue. The percent remain-
ing area of the artificial ulcer was calculated by dividing the
ulcer area by the area of initially resected tissue. The final
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FIGURE 1: The schema of the experiment to evaluate protective effect of the gel on GES-1 cultured under hydrochloric acid treatment.

percent healing area was defined as 100% percent remaining
area described earlier.

2.4.2. Histological Screening of Gastric Mucosa. Dissect rats
after 10 days, and remove the gastric ulcer wound and fix
in 10% neutral buffered formalin [42, 43]. All wounds includ-
ing the ulcer and near to usual tissue were taken to perform
the histology examination. Stomachs were flushed with PBS
(pH 7.4) and fixed in 4% paraformaldehyde in 0.1 M phos-
phate buffer. Fixed specimens were processed using the
conventional paraffin embedding technique including dehy-
dration through ascending grades of ethanol and clearing in
3 changes of xylene and melted paraffin and ended by
embedding in paraffin wax at 65°C. Paraffin blocks were sec-
tioned into 4 um thickness sections. These sections were
stained by hematoxylin and eosin (HE) staining according
to the method described by Bancroft and Layton. Then, the
histopathological morphology of the general microstructure
of gastric mucosa was observed under a digital camera (Leica
EC3, Leica, Germany) connected to a microscope (Leica
DM500).

2.4.3. Immunohistochemical Examination of CD34 Proteins.
Angiogenesis was evaluated by CD34 immunohistochemis-
try [44]. Briefly, 4 ym thick paraffin sections were prepared
and deparaffinized using xylene, rehydrated in graded alco-
hols, and finally washed with distilled water. Antigen
retrieval was done in the case of anti-CD3 by heating in
10 mM citrate buffer (pH 6.0) for 10 min at 95°C. Deactiva-
tion of endogenous peroxidase was carried out using 3%
H,O0, in absolute methanol for 10 min at room temperature.
After washing with PBS, the nonspecific reaction was blocked
with goat blocking serum for 30 min at room temperature.
The sections were incubated at 4°C overnight with the spe-
cific primary antibody: polyclonal rabbit anti-human CD3
antibody (Abcam, Cat: ab5690). After washing with PBS,
the paraffin section was incubated by biotin-conjugated goat
anti-rabbit IgG antiserum (Histofine kit, Nichirei Corp.) for
45min and then washed with PBS. The streptavidin-biotin

complex was visualized with 3,3'-diaminobenzidine tetrahy-
drochloride (DAB) H,O, solution, pH 7.0, for 5min. Then
sections were washed in PBS and Mayer’s hematoxylin was
used as a counterstain. The sections were washed in distilled
water; then use ethanol gradient dehydration and soak in
xylene for 5 minutes for transparent and neutral resin for
mounting. The section images were taken with a digital cam-
era (Leica EC3, Leica, Germany) connected to a microscope
(Leica DM500).

2.5. Statistical Analysis. The results were represented as the
means + SD of at least 3 separate experiments. A t-test or a
one-way analysis of variance was used to analyze differences
between the means, which was followed by a Dunnett post
hoc test for multiple comparisons. The differences were
deemed to be obvious at P <0.05. The statistical analyses
were calculated by the IBM SPSS Statistics 26 software.

3. Results
3.1. Physical Protection Model

3.1.1. Evaluation of Protective Effect of the Gel on Human
Gastric  Epithelial Cell (GES-1) Proliferation under
Hydrochloric Acid Treatment. 200 uL of gastric mucosal pro-
tective gel had an isolation effect on different volumes and
concentrations of hydrochloric acid. The adjustment of
diluted hydrochloric acid was significantly more obvious
than those in the undiluted hydrochloric acid group.

As shown in Figure 3, the number of GES-1 in the gel
group was significantly higher than those in the control
group at 24h to 72h. Then, three groups of hydrochloric
acid concentrations (50 uL-1/16 group, 25ulL-1/8 group,
and 12 uL-1/4 group) were selected with significant differ-
ences (P<0.01) in proliferation results to continue the
wound healing assay in vitro.

3.1.2. Evaluation of Protective Effect of the Gel on Human
Gastric ~ Epithelial ~ Cell (GES-1) Migration  under
Hydrochloric Acid Treatment. To address the effect of the
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(a) (b)

(e)

F1GUre 2: Endoscopic submucosal dissection (ESD) in rats. (a) Cutting along the greater curvature of the stomach; (b) injection of saline into
the gastric mucosa layer; (c) excise the mucosa of similar size and area; (d) artificial gastric ulcer; (e) spraying gastric mucosal protective gel
on the traumatic; (f) fixing with nylon sutures.
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F1GURE 3: The result of experiment to evaluate protective effect of the gel on GES-1 cultured under hydrochloric acid treatment. (a-e) The
absorbance of the different volumes and concentrations of hydrochloric acid (50 uL1/8HCI, 1/16HCI, 25 yL1/8HCI, 12 uL1/2HCI, and 1/
4HCI) in gel and control group for 24 h to 72h. *P < 0.05 to control; **P < 0.01 to control.

gel on GES-1 migration, a wound healing assay was per-  3.2. Gastric Ulcer Model

formed. We analyzed the cell migration every 12h for 24 h. ) )

As shown in Table 1, the gel protected the migrated GES-1 3.2.1. Wound Healing Rate. Ten days after the operation, all
and the cells in the control group did not migrate at 12h  rats in the gel group and the control group were in good
and 24h (Figure 4). condition. All rats were sacrificed with CO, euthanasian
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TaBLE 1: The cell migration rate of different concentrations of hydrochloric acid group.

Migration rate (%) 50pL-1/16

25 uL-1/8 12 uL-1/4

Gel Control Gel Control Gel Control
12h 15.68% + 0.01 0% 21.08% +0.01 0% 13.73% + 0.01 0%
24h 33.59% + 0.01 0% 40.29% + 0.03 0% 29.73% + 0.02 0%

12h 24h
25 uL-1/8 HCI

Control

0h 12h 24h
12 yL-1/4 HC

FIGURE 4: The cell migration of different concentrations of hydrochloric acid group.

Gel group

(®)

Control group

F1GURE 5: The ulcer lesions on the ten days. (a) Artificial gastric ulcer of gel group; (b) the ulcer healing of ten days of gel group; (c) artificial

gastric ulcer of control group; (d) the ulcer healing of ten days of control group.
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FIGURE 7: Percent healing area ratio of gastric ulcer.

and were observed the wounds of gastric ulcer. Two rats in
the control group had hemorrhage on the ulcer surface,
but there was no significantly blood in the gel group
(Figures 5 and 6).

Statistics of wound area showed that the average healing
rate of ulcer in the control group was about 30%, and the
healing rate of the gastric mucosal protective gel group was
about 50%. The overall healing rate of the protective gel
group was better than that of the control group (Figure 7).

3.2.2. HE Staining. Inflammation occurred in the basal layer
of the gastric mucosal in all wound regions after ten days,
and the number of the gel group was significantly higher
than the control group (P < 0.01). There was a large number
of connective tissue proliferation to promote tissue repair.
The control group showed extensive necrosis and occurred
edema and bleeding, marginal mucosal epithelial cells had
irregular proliferation, and a large number of lymphocytes
in the marginal muscle layer aggregated. The gel group was
no necrosis and the marginal mucosal epithelial cells
arranged regularly, and there was no proliferation. Inflam-
matory infiltration depth of the gel group was lower than
the control, and there was no significant difference in
inflammatory infiltration depth. Part of the experimental
group rats appeared new muscle layer without inflammatory
infiltration (Figure 8).

3.2.3. Immunohistochemistry of CD34. There was an increas-
ing in the proportion of CD34(+)-perfused vessels in all
wound regions after ten days, and the number of the gel
group was significantly higher than that of the control group
(Figure 9).

4. Discussion

Endoscopic gastric mucosal resection and gastric mucosal
dissection are minimally invasive procedures for the removal
of early gastric cancer and benign gastric tumors. It not only
achieves the purpose of radical treatment of early gastric
cancer but also has the advantages of less trauma and less
impact on the quality of life of patients, which has gradually
replaced some traditional surgical procedures [8-10, 17-19].
However, there is no good measures to protect the wound
after the surgery at present, and the wound after mucosal
dissection is only treated with hemostasis, which is not con-
ducive to wound healing. Under the action of gastric acid
and pepsin, the wound healing time is longer, and the
wound is easier to form scar tissue [16, 17]. Clinical research
[45] showed that the healing rate of patients undergoing
endoscopic gastric mucosal resection and gastric mucosal
dissection at 6 weeks was about 69%. Therefore, it is neces-
sary to provide a product that can be applied directly to
the mucosal surface of gastric injury through gastroscopy.
At present, the dominant wound treatments for endoscopic
submucosal dissection include endoscopic closure and drug
therapy, but the results are not ideal. The exposed wounds
tend to cause delayed bleeding and perforation. Therefore,
it is of great clinical value in the recovery of gastric ulcers
and wounds after endoscopic submucosal dissection to study
the key technologies of regenerative materials for gastric
mucosal wound repair, develop new regenerative medical
biomaterial technology products, and expand new markets.

Gastric mucosal wound protective gel includes a colloi-
dal solution and a fixative solution. The colloidal solution
is mainly composed of sodium alginate and polylysine, and
the fixative solution is a cationic compound solution [24].
The alkaline polylysine in colloid solution is electrically neu-
tral and not cross-linked with sodium alginate. The colloid
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Ficure 8: The histopathological morphology of gastric mucosa after 10 days. (a, b) A large number of connective tissues were found
proliferation in the gel group, but in the control group, there was found extensive necrosis and occurred edema and bleeding; (c, d) in
the gel group, the marginal mucosal epithelial cells arranged regularly and there was no proliferation but in the control group, marginal
mucosal epithelial cells had irregular proliferation, and a large number of lymphocytes in the marginal muscle layer aggregated (20x).
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FiGure 9: The immunohistochemistry of CD34(+) after 10 days. (a) CD34 immunohistochemistry of gel group (20x); (b) CD34

immunohistochemistry of control group (20x); (c) number of stained blood vessels of gel and control groups. The difference between the
control and the gel groups was statistically significant. **P < 0.01 to control.
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solution is sprayed by the gastroscope to the gastric mucosal;
then, the fixation is sprayed so that the cations in the fixation
and the sodium alginate in the colloidal solution cross-link,
to solidify and avoid flow. In the colloid solidification and
acidic conditions in the stomach, the negatively charged
sodium alginate and the positively charged polylysine (in
the acidic conditions polylysine is positively charged) are
further cross-linked through the positive and negative elec-
tric attraction. When the colloid liquid becomes a gel film,
the positive charged polylysine will also adhere to the gastric
mucosa (cells with negative charge), so that the protective
gel can be tightly adhered to the wound surface. The solidi-
fied protective gel can physically isolate the mucosa from
gastric acid and pepsin to protect the gastric mucosa, pro-
mote mucosal regeneration and accelerate wound healing.
After 1 to 2 weeks, the mucosal wound heals and the protec-
tive gel is shed and exited along the intestine.

In this study, the effect of hydrochloric acid on cells in
the lower layer was significantly reduced after the use of gas-
tric mucosal protection gel in the in vitro cell culture assay,
compared to the direct effect of hydrochloric acid. The rea-
son was that the protective gel was alkaline. On the one
hand, it could neutralize gastric acid, and on the other hand,
it could block the diffusion of gastric acid, thus acting as an
isolation barrier. In animal experiments, the protective gel
group and the control group had certain promoting effect
on wound healing. In the control group, 30% of the animals
had a wound healing rate of less than 20%, whereas in the
protective gel group all healing rates were above 20%. In
the protective gel group, 90% of the animals had a wound
healing rate of more than 40%, while that of only 40% ani-
mals in the control group had a wound healing rate of more
than 40%. Therefore, it can be considered that the healing
effect of the protective gel group is better than that of the
control group. Histopathological studies revealed that many
animals in the control group showed necrosis, bleeding, and
severe inflammatory reaction. However, in the experimental
group, the inflammatory reaction was mild, the granulation
tissue was in good condition, and the regenerated epithelium
of the gastric mucosa was well aligned. And immunobhisto-
chemical staining also showed that capillaries increased sig-
nificantly compared with the control group. These could
indicate the protective gel has a good protective effect on
the wounds of gastric mucosa. Therefore, the gastric muco-
sal protective gel mainly has an isolating and shielding effect.
It reduces the inflammatory reaction on the wounds, pro-
motes the establishment of granulation tissue, especially
capillary microcirculation of new tissue, and promotes the
regeneration of the gastric mucosal endothelium. The gastric
mucosal protective gel cannot only promote the speed of
wound healing but also improve the quality of wound heal-
ing. As early as 1991, Tarnawski et al. [46] found abnormal
thickness of the regenerating mucosa and submucosal vascu-
lar network in the study of peptic ulcer and proposed the
concept of “ulcer healing quality” at the histological and
molecular levels. They pointed out that healing of ulcers
requires not only the repair of surface mucosa but also the
repair and reconstruction of submucosal tissue structures.
In their study, they found although the epithelium in the

ulcer initial healing was intact, the tissue structure was obvi-
ously abnormal. The abnormalities reduced the cell oxygen-
ation ability, energy supply, and mucosal defense function,
so they suggested that the poor quality of the ulcer healing
was the pathological basis of ulcer recurrence. The main
indicators of the quality of healing of gastric ulcer mucosal
were the maturity of mucosal structures and the maturity
of the submucosal vascular network. In our study, it was
found that the regenerated mucosal epithelium was orderly
arranged and capillaries were abundant in the regenerated
tissues with using of gastric mucosal protective gel. There-
fore, the gastric mucosal protective gel could improve the
healing quality of gastric mucosa.

Xu et al. [47] used bioadhesive hydrogel to study wound
healing of porcine ulcer. The study showed that hydrogel
could inhibit inflammatory response and promote regenera-
tion of mucosal endothelial cells and angiogenesis to protect
the ulcers. He et al. [48] developed a pH-responsive self-
healing hydrogel and investigated the promoting healing
effect of this hydrogel on the porcine gastric ulcer model.
The study showed that this hydrogel had an obvious hemo-
static effect in vivo and could promote the generation of type
I collagen and blood vessels in the ulcers. Zhao et al. [49]
developed a polyurethane intestinal submucosal matrix
hydrogel and investigated the effects in a gastric ulcer model
of dogs. The results showed that the polyurethane intestinal
submucosal matrix hydrogel mainly accelerated wound heal-
ing by reducing the inflammatory response and promoting
mucosal endothelial cell regeneration. Li et al. [24] investi-
gated a novel self-assembled hydrogel using an artificial
ulcer model of gastric surgery in pigs. The results showed
that the hydrogel could promote wound healing by promot-
ing gastric mucosal endothelial hyperplasia.

According to the literature research data and our
research results, it was found that the mechanism of gas-
tric mucosal protective gel promoting wound healing was
basically consistent with the literature reports. Gastric
mucosal wound protective gel forms a protective film on
the wound surface, to isolate the irritation and damage
of gastric acid and digestive enzymes. It promotes the
wound healing and improves the healing quality mainly
through three effects. One is to reduce the inflammatory
response of the wound tissue. The second is to promote
the tissue regeneration and the establishment of microcir-
culation. The third is to promote the regeneration of trau-
matic mucosal endothelium.

5. Conclusion

In conclusion, this study strongly demonstrates the feasibil-
ity and effectiveness of the novel biomaterial gel in repairing
ulcer after ESD. The novel gel mainly has an isolating and
shielding effect to prevent the wound from being exposed
to gastric acid for a long time and it can reduce the inflam-
matory reaction on the wounds to promote the healing of
the ulcer. The gastric mucosal protective gel cannot only
promote the speed of wound healing but also improve the
quality of wound healing. Further clinical trials are needed
to validate its clinical utility use.
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This is a graphical abstract of this study. The gastric mucosal
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