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We applied the animal model of H. pylori
ipopolysaccharide-induced gastritis to assess the ef-
ect of antiulcer agent, sulglycotide, on the mucosal
nflammatory responses by analyzing the interplay be-
ween the activity of a key apoptotic caspase,
aspase-3, epithelial cell apoptosis, and the expression
f constitutive (cNOS) and inducible (NOS-2) nitric
xide synthase. H. pylori lipopolysaccharide applied
ntragastrically elicited within 4 days a pattern of mu-
osal responses resembling that of acute gastritis. This
as accompanied by an 11.2-fold increase in epithelial

ell apoptosis, a 6.5-fold induction in mucosal expres-
ion of NOS-2 and a 2.2-fold decline in cNOS, and a
.4-fold increase in caspase-3 activity. Treatment with
ulglycotide led to a 56.7% reduction in the extent of
ucosal inflammatory changes elicited by H. pylori

ipopolysaccharide and an 88.3% decrease in the epi-
helial cells apoptosis. Furthermore, this effect of sul-
lycotide was associated with a 51% decrease in mu-
osal expression of caspase-3 activity, a 73.7% decline
n NOS-2, and a 64.1% increase in cNOS. The findings
uggest that sulglycotide suppresses the H. pylori-
nduced mucosal inflammatory responses by up-
egulating cNOS and interfering with the events prop-
gated by NOS-2 and caspase-3. © 1999 Academic Press

Key Words: Helicobacter pylori; lipopolysaccharide;
cute gastritis; cNOS; NOS-2; caspase-3; sulglycotide.

Infection with Helicobacter pylori is a primary fac-
or in the etiology of gastric disease, and the rela-
ionship between the bacterium and gastric mucosal
nflammatory changes that characterize gastritis
nd duodenal ulcers is well established (1– 4). The
roduct of particular significance to the virulent ac-
ion of H. pylori is its cell wall lipopolysaccharide
5– 8). The pathogenic effects of H. pylori lipopoly-
accharide are manifested by a marked up-
egulation in gastric mucosal proinflammatory cyto-
15
ine expression, excessive nitric oxide generation,
epression of regulatory cytokine production, and
brogation of the processes associated with cell cycle
rogression and cellular proliferation (5, 8 –10).
Other mucosal responses elicited by the lipopolysac-

haride involve stimulation transcriptional factor
FkB nuclear translocation, and the disturbances in
itric oxide synthase (NOS) activity responsible for NO
eneration (11–15). Indeed, the sustained activation of
OS-2 has been identified as a culprit of transcrip-

ional disturbances leading to apoptosis (14–17, 19),
hile the cNOS appears to play an active role in the

nhibition of apoptogenic signals through S-nitro-
ylation of cysteine residue on the catalytic site of the
ajor executioner caspase, caspase-3.
Induction of apoptosis by lipopolysaccharide of
ram-negative bacteria is mediated by cytokines of the
NF family and involves the transmembrane type 1
eceptor, TNFR1 (12, 13). The ligand binding induces
rimerization of the receptor molecules, eliciting re-
ruitment to its cytosolic face of several death domain-
ontaining adaptor proteins that interact with caspase
ymogens causing their autocatalytic activation (17,
8). The activation of caspases is recognized as an
rreversible commitment to the execution phase of ap-
ptosis characterized by cytoplasmic shrinkage, cleav-
ge of cytoskeletal and nuclear proteins, and DNA
ragmentation (17, 18). An extensive apoptotic DNA
ragmentation and up-regulation of proinflammatory
ytokine expression are also characteristic feature of
astric mucosa exposed to H. pylori lipopolysaccharide
nd in patients with H. pylori-associated gastritis
6, 8, 20).

Using animal model of H. pylori lipopolysaccharide-
nduced gastritis (6, 8), in this study, we assessed the
ffect of gastroprotective agent, sulglycotide, on gastric
ucosal inflammatory responses to H. pylori lipopoly-

accharide by analyzing the interplay between activity
f a key executioner caspase, caspase-3, apoptotic DNA
0006-291X/99 $30.00
Copyright © 1999 by Academic Press
All rights of reproduction in any form reserved.
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ragmentation, and the expression of cNOS and
OS-2.

ATERIALS AND METHODS

Animals. The study was conducted with Sprague-Dawley rats
eighing 180 to 200 g, and cared for by the professional personnel of

he Research Animal Facility of UMDNJ. The animals were main-
ained on a regular chow diet, and deprived of food 24 h before the
xperimentation. Water was withheld for 2 h before the procedure.
ll experiments were conducted with groups of eight animals per

reatment. The animals received twice daily for 3 consecutive days
he intragastric pretreatment with either sulglycotide at 200 mg/kg
r the vehicle, and were then subjected to intragastric surface epi-
helial application of H. pylori lipopolysaccharide at 50 mg per
nimal, and maintained on the drug or vehicle regimen for an addi-
ional 4 days (10). The rats in each group were killed 16 h after the
ast treatment and their stomachs dissected.

Mucosal histology. The sections of gastric mucosa were cut into
-mm strips, fixed in 10% buffered formalin, and stained with hema-
oxylin and eosin (6). The morphological pattern of gastritis was
raded in accordance with the Sydney system (21), and the changes
n mucosal histology were quantified on the basis of the scoring
ystem of Rauws et al. (22) as detailed earlier (10).

Apoptosis assay. Measurements of apoptosis was carried out with
pithelial cells prepared from gastric mucosal scrapings (10). The
ells were incubated in the lysis buffer in accordance with the man-
facturer’s (Boehringer Mannheim) instruction, centrifuged, and the
iluted supernatant containing the cytoplasmic histone-associated
NA fragments reacted in the microtitrator wells with immobilized
nti-histone antibody. The retained complex was reacted with anti-
NA peroxidase, and probed with ABTS reagent for spectrophoto-
etric quantification (10).

cNOS and NOS-2 activity assay. Nitric oxide synthase activities
f gastric mucosa was measured using a NOS-detect kit (Strat-
gene). The individual specimens of gastric mucosa were homoge-
ized in a sample buffer containing either 10 mM EDTA (NOS-2) or
mM CaCl2 (cNOS), and centrifuged at 800 3 g for 10 min (8). The

liquots of the resulting supernatants were incubated for 30 min at
5°C in the presence of 50 mCi/ml L-[2,3,4,5-3H]arginine, 10 mM
ADPH, 5 mM tetrahydrobiopterin, and 50 mM Tris-HCl buffer, pH
.4, in a final volume of 250 ml. The reaction was terminated by
dding to each sample a 0.4 ml of stop buffer followed by 0.1 ml of
owex-50W (Na1) resin. The mixtures were transferred to spin cups,

entrifuged, and the formed L-[3H]citrulline contained in the flow
hrough was quantitated by scintillation counting (8).

Caspase-3 activity assay. Caspase-3 activity measurements were
arried out with gastric epithelial cells using a Quanti Zyme assay
ystem (Biomol Res. Lab., Inc.). The epithelial cells, prepared from
astric mucosal scrapings (15), were incubated at 4°C with the lysis
uffer according to the manufacturer’s instruction, and the lysates
ere centrifuged at 10,000 3 g for 10 min. The aliquots of the

esulting cytosolic fraction were incubated in the microtitrator wells
ith 50 mM of DEVD-pNA (Asp-Glu-Val-Asp-p-nitroanilide) sub-

trate for 1 h at 37°C, and the caspase-3 activity measured spectro-
hotometrically (8).

H. pylori lipopolysaccharide. H. pylori ATCC No. 4350 clinical
solate was used for lipopolysaccharide preparation (6). The cells
ere washed with water, treated with ethanol and acetone, dried
nd homogenized with liquid phenol-chloroform-petroleum ether
23). The resulting suspension was centrifuged, and the lipopolysac-
haride contained in the supernatant was precipitated with water,
ashed with 80% phenol solution, and dried with ether. The dry

esidue was dissolved in a small volume of water at 45°C, centrifuged
16
ubjected to lyophilization (6).

Data analysis. All experiments were carried out in duplicate, and
he results are expressed as the means 6 SD. The significance level
as set at p , 0.05. The tests were performed using Soft Stat,
TATISTICA, software. The protein content of samples was mea-
ured with BCA protein assay kit (Pierce), and the antiulcer agent,
ulglycotide, was kindly donated by Crinos Industria, Italy.

ESULTS

The effect of antiulcer agent, sulglycotide, on the
ourse of events associated with gastric mucosal in-
ammatory reaction to H. pylori infection was assessed

n the animal model, using rats subjected to intragas-
ric surface epithelial application of H. pylori lipopoly-
accharide (6). The results of histologic examination
evealed that the lipopolysaccharide at 50 mg per
nimal produced within 4 days a pattern of inflamma-
ory responses characterized by the infiltration of lam-
na propria with lymphocytes and plasma cells, edema,
yperemia, and epithelial hemorrhage extending from
he lamina propria to the surface of the mucosa. Treat-
ent with gastroprotective agent, sulglycotide, led to a
arked reduction in the severity pattern of mucosal

nflammatory changes caused by H. pylori lipopolysac-
haride. In the absence of the treatment, the mean
rade of the mucosal pathologic condition caused by H.
ylori lipoplysaccharide was 5.3, while that of the an-
mals treated with sulglycotide showed a 56.7% (mean
core 2.3) reduction in the severity of changes (Fig. 1).
The results of apoptotic DNA fragmentation assays

onducted with the epithelial cells isolated from gastric
ucosa during H. pylori lipopolysaccharide-induced

nflammatory reaction are summarized in Fig. 1. The
ata obtained revealed that comparing to the controls,
he animals subjected to H. pylori lipopolysaccharide
pplication produced an 11.2-fold increase in gastric
pithelial cells DNA fragmentation. On the other hand,
he group treated with sulglycotide showed an 88.3%
eduction in the extent of epithelial cell apoptosis
The data on the expression of gastric mucosal activ-

ty of cNOS and NOS-2 during H. pylori lipopoly-
accharide-induced mucosal inflammatory reaction are
hown in Fig. 2. In the absence of antiulcer agents, the
ipopolysaccharide evoked a 6.5-fold increase in gastric
pithelial expression of NOS-2 activity over that of the
ontrols, while the activity of cNOS showed a 54.2%
ecrease. Treatment with sulglycotide reduced the
ipopolysaccharide-induced increase in NOS-2 activity
evel by a 73.7%, wile the activity of cNOS increased by

64.1%.
The expression of gastric mucosal caspase-3 activity

n response to surface epithelial application of H. pylori
ipopolysaccharide in the absence and the presence of
reatment with sulglycotide is presented in Fig. 3. The
ssays established the mean value for caspase-3 activ-
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ty in the controls at 3.4 pmol/mg protein, while that in
astric epithelial cells following lipopolysaccharide ap-
lication reached the mean value of 18.3 pmol/mg pro-
ein. Treatment with sulglycotide caused a 51% decline
n gastric epithelial level of caspase-3 activity.

ISCUSSION

Sulglycotide is a potent gastroprotective antiulcer
gent, derived from pig duodenal mucin by proteolysis

FIG. 1. Effect of treatment with sulglycotide on scores of acu
ntragastric surface epithelial application of H. pylori lipopolysacch
erformed on 8 animals in each group.

FIG. 2. Effect of treatment with sulglycotide on the expression
ctivities in gastric mucosa of the rats subjected to intragastric surf
epresent the means 6 SD of duplicate analyses performed on 8 ani
17
nd the chemical esterification of its carbohydrate
hains with sulfate groups, recognized for its anti-H.
ylori effects (24–26). The agent shows the ability to
nterfere with H. pylori mucosal attachment, exhibits a
otent inhibitory effect on the protease, lipase and
rease enzymes elaborated by the bacterium, and
hows the ability to reverse the impairment caused by
. pylori lipopolysaccharide in feedback inhibition of

astrin release by somatostatin (7, 23, 25, 26). As the
rimary virulence factor of H. pylori that elicits muco-

gastritis and gastric epithelial cell apoptosis in rats subjected to
de (LPS). Values represent the means 6 SD of duplicate analyses

constitutive (cNOS) and inducible (NOS-2) nitric oxide synthase
epithelial application of H. pylori lipopolysaccharide (LPS). Values
ls in each group.
te
ari
of
ace
ma
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al inflammatory responses that characterize gastritis
s its cell wall lipopolysaccharide (6, 10), in this study,
e investigated the effect of sulglycotide on the inter-
lay between the extent of mucosal pathology, epithe-
ial cell apoptosis, activity of a key executioner caspase,
aspase-3, and the mucosal expression of cNOS and
OS-2.
The results revealed that gastric mucosal inflamma-

ory responses to H. pylori lipopolysaccharide, in the
bsence of sulglycotide treatment, show a pattern re-
embling that of acute gastritis (6), and are accompa-
ied by an 11.2-fold enhancement in epithelial cell
poptosis, 5.4-fold increase in caspase-3 activity, a
4.2% reduction in cNOS, and a 6.5-fold induction in
ucosal expression of NOS-2. Treatment with sulgly-

otide elicited a 56.7% reduction in the extent of mu-
osal inflammatory changes caused by H. pylori lipo-
olysaccharide, and this effect of sulglycotide was
eflected in an 88.3% decrease in epithelial cell apopto-
is, a 64.1% increased in mucosal expression of cNOS
ctivity, a 73.7% decline in NOS-2, and a 51% reduc-
ion in caspase-3 activity. These findings, together with
he earlier results indicating that H. pylori as well as
ts cell wall lipopolysaccharide cause up-regulation of
NF-a and other proinflammatory cytokine expression

10, 27, 28), point toward the H. pylori lipopolysaccha-
ide as a trigger initiating gastric mucosal inflamma-
ory events that lead to caspase cascade activation and
poptotic death.
The caspase family of cysteine proteases consists of 12
embers, of which caspases 8, 9 and 3 are situated at

ivotal junctions in apoptosis pathways (17, 29). The
mplementation of the apoptotic program requires the

FIG. 3. Effect of treatment with sulglycotide on the expression
ntragastric surface epithelial application of H. pylori lipopolysacch
erformed on 8 animals in each group.
18
articipation of two classes of caspases, the initiator
aspases with long N-terminal prodomains (caspases-8, -9,
nd -10) which activate the executioner caspases with
hort N-terminal prodomains (caspases-3, -6, and -7),
hat in turn cleave the targeted intracellular substrates.
he activation of caspase-8, positioned to respond to ex-
racellular apoptosis-inducing ligands, requires associa-
ion with FADD (Fas-associated death domain) through
he death effector domain, and this adaptor-mediated
ligomerization brings procaspases molecules into close
roximity to allow autocatalytic activation (17, 18, 30).
n the other hand, caspase-9 is positioned at the apex of

n the apoptotic signaling cascade activated by the re-
ease of cytochrome c. The activation of procaspase-9 oc-
urs in response to the alteration in mitochondrial mem-
rane permeability and the escape of cytochrome c from
itochondria, which, along with dATP, binds to APAF-1

apoptotic protease activating factor-1), inducing it oligo-
erization and association through the CARD (caspase

ecruitment domain) with procaspase-9 (29–31).
Thus activated initiator caspases 8 and 9 then acti-

ate the pivotal executioner caspase, caspase-3, which
acks the long N-terminal prodomain required for the
ecruitment of APAF-1 complex (18, 29–31). The im-
ortance of caspase-3 to the apoptotic process is under-
cored by a recent finding that this caspase liberates a
Nase termed CAD (caspase-activating DNase) from
n inhibitor of CAD (ICAD) by cleaving the ICAD pro-
ein, thus leading to DNA degradation (29). The fact
hat gastric mucosal responses to H. pylori lipopolysac-
haride were reflected by a marked increase (5.4-fold)
n caspse-3 activity supports the notion that the apop-
otic events elicited in mucosa by the lipopolysaccha-

aspase-3 activity in gastric epithelial cells of the rats subjected to
de (LPS). Values represent the means 6 SD of duplicate analyses
of c
ari
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ide display a pattern of apoptogenic signal propaga-
ion consistent with that of TNFR1 engagement.

Since the executioner caspases, including caspase-3,
emain under the regulatory control of nitric oxide (11–
4), it was of interest to examine the effect of H. pylori
ipopolysaccharide on the interplay between the gastric

ucosal caspase-3 activity and the expression of cNOS
nd NOS-2. The results revealed that the mucosal in-
ammatory responses to H. pylori lipopolysaccharide as-
ociated with up-regulation of caspase-3 activity were
anifested in a massive induction in NOS-2 and a de-

line in cNOS, while the reduction in the extent of inflam-
atory changes achieved with sulglycotide treatment
as also reflected in a decline in the mucosal expression

f NOS-2, and up-regulation in cNOS expression. It is
oteworthy that the enhanced expression of NOS-2 re-
ults in the formation of NO-related species which exert
direct inhibitory effect on NFkB causing transcriptional
isturbances that lead to apoptosis, while the cNOS plays
n active role in the inhibition of apoptogenic signals
hrough S-nitrosylation of cysteine residue on the cata-
ytic site of caspase-3 (29). Moreover, cNOS appears to be
nvolved in the inhibition of the caspase enzymes through

cGMP mechanism, associated with phosphorylation-
ephosphorylation events, that function on the level of
aspase zymogen activation that requires cleavage adja-
ent to aspartates (12, 13). Thus, the observed suppres-
ion in cNOS and the induction of NOS-2 activity by H.
ylori lipopolysaccharide may be an important factor in
. pylori cytotoxicity associated with mucosal inflamma-

ory conditions that characterize gastritis in patients in-
ected with this bacterium (2, 4).

While the exact molecular mechanism of the
ipopolysaccharide-mediated events remains obscure,
he available data point toward essential role of pro-
eins of the NFkB family consisting of c-Rel, NFkB1,
FkB2, Rel A, and Rel B, and forming a variety of
omo- and hetrodimers (12, 13, 32, 33). These proteins
ave been shown to be essential for the induction of
OS-2 gene expression in macrophages exposed to E.

oli lipopolysaccharide as well as in astrocytes respond-
ng to challenge by lipopolysaccharide from S. typhi-

urium (12, 34). In the absence of challenge, NFkB
xists in the cytoplasm in inactivated form through
ssociation with the inhibitory proteins, IkB (12, 13,
5). Following activation, the IkB proteins undergo
hosphorylation and are selectively degraded, leading
o the release of NFkB, its nuclear translocation, and
inding to the affinity site in the promoters of inducible
enes to activate the expression of NOS-2 and nitric
xide release (12, 34). The termination of NFkB activ-
ty occurs upon IkB resynthesis, which leads to disso-
iation of DNA-bound NFkB and its sequestration from
he nuclear compartment and redistribution back into
he cytoplasm (35).
19
The results of our study suggest that sulglycotide is
apable to modulate the extent of mucosal inflamma-
ory responses to H. pylori infection by countering the
ffects of the H. pylori lipopolysaccharide-mediated
FkB signaling pathway. These effects of sulglycotide
re manifested in the interference with the events
ropagated by NOS-2 and caspase-3, and up-
egulation of cNOS activity.
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