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We examined the effects of sucralfate and its components on indomethacin-induced
damage to cultured rabbit gastric mucosal cells. Cell viability was assessed by
colorimetric and dye exclusion methods. Exposure of mucosal cells to indomethacin
at 50 and 500 uM for 4 hr significantly reduced their viability, the viability loss being
about 40% and about 90% respectively. Pretreatment of the cells with sucralfate for
30 min prevented the reduction in viability caused by 50 pM indomethacin in
a dose-related manner. Furthermore, sucralfate also significantly protected mucosal
cells against severe damage caused by 500 pM indomethacin. However, neither
sucrose octasulfate nor AI(OH); (the components of sucralfate) significantly
prevented the reduction in viability caused by 50 and 500 puM indomethacin,
although these components tended to inhibit the viability loss. When mucosal cells
were incubated with sucralfate or its components for 4 hr, the drugs did aot affect the
cell viability. These results indicate that sucralfate directly protects gastric mucosal
cells against cell damage caused by indomethacin, and that the protective effect of
sucralfate might be expressed as a synergistic action of its components.
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INTRODUCTION

Sucralfate, an aluminium hydroxide complex of sucrose octasulfate, has ulcer-healing effect on
chronic ulcers (1—3) and protective effect against various acute mucosal injury (4—7) in animal
experiments. The mechanism underlying the protective effect to sucralfate still remains unclear.
Some investigators reported that the drug protects rat gastric mucosal cells against drug-induced
damage (8, 9). Zheng et al. (9) reported the protective effect of sucralfate on gastric cell damage
caused by indomethacin, but their damage was induced rapidly (within 1 hr) and severely at
milimolar concentrations of indomethacin. Recently, we established a new cell damage model using
rabbit gastric mucosal cells by indomethacin at micromolar concentrations (10). In the present
study, we determined whether or not sucralfate and its components exert cytoprotection on
indomethacin-induced damage to rabbit gastric mucosal cells.
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MATERIALS AND METHODS

Preparation of Gastric Mucosal Cells

Gastric mucosal cells were prepared from rabbit stomachs according to the method of
Watanabe et al. (11). Briefly, male Japanase white rabbits (Nihon S.L.C., Shizuoka, Japan),
weighing 2.0 to 3.0 kg, were anesthetized with pentobarbital (50 mg/kg, i.v.; Abbott, North
Chicago, IL). After their stomachs had been excised, the surface of the oxyntic mucosa was
removed with a razor blade and minced immediately. The minced tissue was incubated in Hank’s
balanced salt solution containing 0.05% collagenase (Wako Chemicals, Osaka, Japan) for 15 min
at 37°C, and then washed with Ca?*, Mg?* — free Hank’s solution containing 1 mg/ml bovine
serum albumin and 1 mM EDTA. These procedures were repeated twice. The mucosal cells were
obtained by filtration through a metal mesh (diameter, 300 pm). The viability of the isolated cells
was more than 85%, as determined by the dye exclusion test (12).

Cell Culture

Coon’s modified Ham’s F12 medium supplemented with 10% fetal bovine serum, 100 units/ml
penicillin, 100 units/ml streptomycin and 0.25 pg/ml amphotericin B, and culture plate coated with
rat collagen type I (Sumitomo Bakelite, Tokyo, Japan) were used. Gastric mucosal cells were
inoculated onto a 24-well plate (2 x 10° cells/0.5 ml). The cultures were maintained at 37°C under
5% CO, in air, the medium being changed every day. The cells reached confluence 2—3 days later.
Most of the cultured cells were morphologically epithelial-like, and 80—90% of the cells were
confirmed to be mucus-producing ones by periodic acid-Schiff staining (13—15).

Effects of Sucralfate and its Components on Indomethacin-induced Mucosal Cell
Damage

Indomethacin-induced damage to gastric mucosal cells was induced according to the method
described previously (10). After mucosal cells grown to confluence were washed twice with Ca?*,
Mg?* — free phosphate-buffered salne (PBS), the cells were treated with the indicated
concentrations of various drugs or the vehicle for 30 min. After wash with PBS, the cells were
further incubated in 0.5 ml of medium containing 50 or 500 uM indomethacin for 4 hr at 37°C. The
medium alone without cells was used as a blank. Thereafter, cell viability was determined as
described below.

Cell viability was assessed by the colorimetric method involving 3-(4, 5-dimethyl-2-thiazyol)-2,
5-diphenyl-2H-tetrazolium bromide (MTT; Sigma Chemicals, St. Louis, MO) (16). After mucosal
cells had been washed with PBS, 0.1 ml of an MTT solution (5 mg/ml in distilled water) was added.
Two hours later, the MTT was extracted with 1.5 ml of isopropanol containing 0.04 N HCI, and
the color change of the extract was measured at 595 nm.

Alternatively, cell viability was also assessed by the dye exclusion method (17). After the
medium had been gently removed, 0.1 ml of a trypan blue solution (0.1% in PBS) was added. Three
minutes later, the numbers of stained and non-stained cells were counted in four randomly chosen
fields in each well under a microscope (Olympus CK2, Tokyo, Japan; x 100). Cell viability was
calculated as follows:

Viability (%) = [non-stained cells/(stained cells + non-stained cells)] x 100
Cell viability was expressed as a percentage of the corresponding control value.
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Drugs

Sucralfate, potassium sucrose octasulfate (KSOS), and Al(OH); were provided by Chugai
Pharmaceutical Co. (Tokyo, Japan). Sucralfate and Al(OH); were suspended in distilled water.
KSOS was dissolved in distilled water. Ten microliter of the suspension or solution was added to
wells to the desired concentrations. Indomethacin (Sigma Chemicals) was dissolved in 0.2
M Na,CO,;. All other chemicals used were of reagent grade.

Statistical Analysis

The data are presented as means+S.E. (n = 8). Statistical difference was evaluated using the
Student’s t-test or Dunnett’s multiple comparison test, a P value of < 0.05 being regarded as
significant.

RESULTS

Effect of Sucralfate on Indomethacin-induced Damage to Gastric Mucosal Cells

Exposure of rabbit gastric mucosal cells to indomethacin at 50 uM for 4 hr
caused a significant loss of viability, as determined by both the MTT and dye
exclusion methods (Fig. I). The viability loss was 44.4% by the MTT method
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Fig. 1. Effect of sucralfate on indomethacin (50 pM)-induced gastric cell damage. Mucosal cells were

pretreated with sucralfate at 0.3-3 mg/ml for 30 min, and then exposed to 50 uM indomethacin for

4 hr. Cell viability was assessed by the MTT method (A) and the dye exclusion method (B). Data are
presented as means+S.E. (n = 8). * Significantly different from the vehicle, P < 0.05.
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and 32.9% by the dye exclusion method. Pretreatment of the cells with sucralfate
for 30 min prevented the viability loss caused by 50 uM indomethacin in
a dose-related manner. Sucralfate at 1 and 3 mg/ml significantly inhibited the
reduction in cell viability, the inhibition being 21.4% at 1 mg/ml and 39.3% at
3 mg/ml, as determined by the MTT method. The protective effect of sucralfate
was observed with the dye exclusion method, the inhibition by sucralfate at
1 mg/ml and 3 mg/ml being 35.9% and 53.6%, respectively.

In addition, sucralfate dose-relatedly prevented the severe damage to gastric
mucosal cells caused by 500 pM indomethacin (Fig. 2). The viability loos
caused by 500 uM indomethacin was 88.1% by the MTT method and 88.7%
by the dye exclusion method. Sucralfate at 1 mg/ml significantly inhibited the
viability loss by 11.0%, as determined by the dye exclusion method, while the
drug at 3 mg/ml further attenuated the cell damage, the inhibition being 32.4%
by the MTT method and 23.3% by the dye exclusion method.

(A) MTT Method (B) Dye Exclusion Method
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Fig. 2. Effect of sucralfate on indomethacin (500 uM)-induced gastric cell damage. Mucosal cells were

pretreated with sucralfate at 0.3—3 mg/ml for 30 min, and then exposed to 500 pM indomethacin for

4 hr. Cell viability was assessed by the MTT method (A) and the dye exclusion method (B). Data are
presented as means+S.E. (n = 8). * Significantly different from the vehicle, P < 0.05.

Effects of KSOS and Al(OH), on Indomethacin-induced Damage to Gastric
Mucosal Cells

Since sucralfate was found to prevent indomethacin-induced damage to
rabbit gastric mucosal cells, the effects of its components, KSOS and Al(OH)s,,
were examined. Pretreatment of mucosal cells with KSOS at 0.3 and 1 mg/ml
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for 30 min did not affect the reduction in viability caused by 50 pM
indomethacin, while KSOS at 3 mg/ml tended to prevent cell damage, as
determined by the MTT method (Fig. 3). AI(OH), at 0.3—3 mg/ml also tended
to inhibit the viability loss caused by 50 uM indomethacin. However, the
inhibition by KSOS and Al(OH), was lower than that by suclarfate (3 mg/ml
sucralfate, 43.4%; 3 mg/ml KSOS, 30.3%; 1 mg/ml Al(OH),, 38.2%). Similarly,
pretreatment with KSOS at 3 mg/ml and Al(OH), at either 0.3 or 1 mg/ml
slightly prevented the marked loss of viability caused by 500 uM indomethacin,
but their inhibition was much weaker compared to that by sucralfate (Fig. 4).
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Fig. 3. Effects of KSOS and Al(OH), on indomethacin (50 pM)-induced gastric cell damage.

Mucosal cells were pretreated with KSOS or AI(OH);, at 0.3—3 mg/ml, for 30 min, and then

exposed to 50 uM indomethacin for 4 hr. Cell viability was assessed by the MTT method. Data are
presented as means+S.E. (n = 8). * Significantly different from the vehicle, P < 0.05.

Effect of Sucralfate and its Components on Viability of Gastric Mucosal cells

It was examined whether or not sucralfate and its components alone,
without indomethacin, affect viability of gastric mucosal cells. After the cells
were incubated with each drug for 4 hr, cell viability was determined by the
MTT method (Table 1). Sucralfate and its components at 1 and 3 mg/ml did
not significantly affect viability of the cells, although Al(OH), at 3 mg/ml
slightly reduced the viability.
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Fig. 4. Effects of KSOS and Al(OH), on indomethacin (500 uM)-induced gastric cell damage.

Mucosal cells were pretreated with KSOS or Al(OH)s, at 0.3—3 mg/ml, for 30 min, and then

exposed to 500 pM indomethacin for 4 hr. Cell viability was assessed by the MTT method. Data
are presented as means+S.E. (n = 8). *Significantly different from the vehicle, P < 0.05.

Table 1. Effects of sucralfate, KSOS and Al(OH), on viability of gstric mucosal cells. Mucosal cells
were incubated with sucralfate, KSOS, Al1(OH), at 1 and 3 mg/ml or vehicle for 4 hr, and then cell
viability was assessed by the MTT method. Data are presented as means+S.E. (n = 8).

Cell Viability
(% of Control)
Control 100.0+7.4
Sucralfate 1 mg/ml 949+5.7
3 mg/ml 96.1+5.6
KSOS 1 mg/ml 926+79
3 mg/ml 1059+7.3
Al(OH); 1 mg/ml 101.1+8.3
3 mg/ml 80.2+8.8
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DISCUSSION

We confirmed that sucralfate directly acts on rabbit gastric mucosal cells,
leading to the protection of cells against indomethacin-induced damage. The
cytoprotection by sucralfate is quite effective, since the drug has the ability to
protect mucosal cells against severe damage caused by 500 pM indomethacin.
Zheng et al. (9) reported that sucralfate prevented indomethacin-induced
damage to rat gastric epithelial cells. Concerning sucralfate cytoprotection,
their results and our results are consistent. However, the effects of the
components of sucralfate were different. In this study, both Al(OH), and
KSOS exerted only a slight cytoprotective effect, suggesting that the
cytoprotection by sucralfate might be expressed as a synergistic effect of its
components. In contrast, Zheng et al. showed that KSOS, not Al(OH),,
provided nearly complete protection in rat gastric mucosal cells, suggesting
that KSOS mainly contributes to the cytoprotection by sucralfate. The
difference is thought to be due to the experimental conditions. In our model,
mucosal cells prepared from rabbit stomachs were exposed to indomethacin at
micromolar concentration for 4 hr. On the other hand, Zheng et al. treated rat
gastric cells with indomethacin at millimolar concentrations for 1 hr. Of note
was that cell damage by indomethacin appeared slowly in our model and
rapidly in their model. Accordingly, it can be considered that the mechanisms
of cell damage caused by indomethacin may be quite different between the two
models, so that the components may exhibit different protective effects.
Alternatively, it is possible that species difference may be related to the different
results.

The mechanism underlying the cytoprotection by sucralfate remains
unknown. We ruled out that prostaglandins are involved in the cytoprotective
effect of sucralfate, because sucralfate did not affect prostaglandin production
by the cells (15). Similar results were reported by Romano et al. (8).
They reported that sucralfate but not its components, protects rat gastric
mucosal cells against taurocholate-induced damage, independent of
endogenous prostaglandin synthesis. We recently confirmed that treatment
with sucralfate for 4 and 8 hr significantly stimulates mucus secretion
and synthesis by gastric mucosal cells (15). However, the effect of sucralfate
was not observed when the cells were exposed to the drug for 2 hr.
The cytoprotection by sucralfate was expressed after only a 30-min
pretreatment, indicating that secreted mucus does not contribute to the
cytoprotective effect of sucralfate. In the present study, AI(OH), rather
‘than KSOS was more effective. Microscopically, sucralfate and Al(OH),
were found to adhere tightly to the cell surface despite frequent washings.
It is suggested that Al(OH), covering over the cells may be important
to inhibit an interaction between the cells and necrotizing agents, and
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that KSOS, in concert with Al(OH),, may exert a significant protective
effect. In fact, sucralfate was reported to act by adhering to ulcerated

tissue and forming a physical barrier to reduce injury by acid, pepsin
and bile salts (7, 18, 19).

In conclusion, sucralfate, but not its components (KSOS and Al(OH),),

directly protects rabbit gastric mucosal cells against indomethacin-induced
damage. The results suggest that the cytoprotection by sucralfate might be
expressed as a synergistic effect of its components.
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