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Exogenous nitric oxide inhibits apoptosis in
guinea pig gastric mucous cells

C L Potter, P J Hanson

Abstract
Background—Increased nitric oxide (NO)
synthase activity and enhanced apoptosis
are features of gastric mucosa infected
with Helicobacter pylori and a causative
relation has been suggested. However,
although NO can promote apoptosis, its
actions vary with cell type.
Aims—To determine whether exogenous
NO, derived from an NO donor, might
promote or counteract apoptosis in gas-
tric mucous epithelial cells.
Methods—Primary cultures of guinea pig
gastric mucosal cells were exposed to the
NO donor S-nitroso-N-acetyl-penicillamine
(SNAP) for 24 hours. Apoptosis was
detected from nuclear staining with
Hoechst 33258, in situ nick end labelling of
DNA, and the presence of DNA “ladders”
in cell extracts. Cyclic GMP content and
caspase activity were determined by im-
munoassay and fluorimetric assay respec-
tively.
Results—SNAP 1 mM did not alter the
small proportion of cells on the culture
plate (3–6%) which exhibited features of
apoptosis. However, SNAP produced an
inhibition of apoptosis, and of caspase 3
likeactivity,whenenhancedby25µMN-hex-
anoyl-D-sphingosine (C6-ceramide), or by
detachment of cells from the culture
plate. The guanylate cyclase inhibitor,
1H-1, 2, 4-oxadiazole-4, 3-a-quinoxaline-1-
one (ODQ), prevented the stimulation of
cyclic GMP by SNAP, but not the anti-
apoptotic eVects of the NO donor. The
cyclic GMP analogues 8-bromo-cyclic
GMP and 8-(4-chlorophenylthio)
guanosine-3',5'- cyclic monophosphate did
not significantly inhibit apoptosis in the
mucosal cells.
Conclusions—Exogenous NO inhibited
apoptosis in guinea pig gastric mucous
cells by a mechanism which did not
involve elevation of cyclic GMP. NO, if
produced from NO synthase during infec-
tion with H pylori, may therefore counter
the proapoptotic eVects of this pathogen.
(Gut 2000;46:156–163)
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Extracts of Helicobacter pylori cause the expres-
sion of the inducible form of nitric oxide (NO)
synthase (iNOS) in a macrophage cell line1 and
in duodenal mucosal cells when injected intra-
venously into rats.2 Furthermore, patients
infected with H pylori exhibit iNOS activity in
inflammatory cells in antral mucosa.3 The
presence of nitrotyrosine in the mucosa of such
patients,3 suggests that the NO synthase is
active under these conditions, and that NO is
being converted to peroxynitrite. However,
perfusion of water soluble extracts of H pylori
through rat duodenum caused formation of the
NOS inhibitor asymmetric dimethyl arginine.4

Formation of this agent from H pylori in human
stomach in vivo might reduce iNOS activity. In
normal subjects breakdown of nitrite in the
gastric lumen generates NO.5 Thus in patho-
logical and physiological circumstances gastric
mucosal epithelial cells are likely to be exposed
to exogenous NO, although the extent of the
exposure is currently unclear.

NO is also generated endogenously within
gastric mucosal epithelial cells which have a
considerable activity of the neuronal form of
NOS.6–8 However, this enzyme is Ca2+ depend-
ent, and under physiological circumstances is
only likely to be transiently active, although it
could become continuously so with persistent
elevation of intracellular Ca2+ under pathologi-
cal circumstances, when iNOS may also be
present within epithelial cells.9

Sustained exposure of gastric mucosal cells
to NO could induce apoptosis. Apoptosis is a
cell death programme, which can be dis-
tinguished from necrosis by the condensation
and fragmentation of nuclear material and by
the specific cleavage of DNA between
nucleosomes.10 In macrophages and several
other cell types exogenous NO delivered from
NO donors promoted apoptosis.11 However,
not all cells show the same response to
exogenous NO. Thus in human venous en-
dothelial cells low concentrations of an NO
donor inhibited apoptosis while higher concen-
trations promoted apoptosis.12 In bovine adre-
nal vascular endothelial cells, apoptosis in
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response to NO donors was promoted by the
presence of a Ca2+ ionophore.13 In primary cul-
tures of hepatocytes NO donors only inhibited
apoptosis,14 and reduced the activation of pro-
teolytic enzymes called caspases which play an
important role in the apoptotic process.15 NO
raises cyclic GMP in cells by activating
guanylate cyclase. The proapoptotic eVects of
NO do not seem to involve cyclic GMP but
may in some instances be mediated by damage
to the DNA and accumulation of p5311: anti-
apoptotic eVects of NO can involve cyclic
GMP.11

The primary cultures of guinea pig gastric
mucosal cells used in this work have been
found by Teshima and colleagues16 to be
constituted of 89% gastric epithelial cells, 1%
mucous neck cells, and 4–5% parietal cells,
which supports our previous finding of at least
90% of the cells staining positively for mucus.17

In previous work, exposure to an NO donor
induced expression of heat shock protein 72
after eight hours, and enhanced detachment of
cells from the culture plate by 18 hours.17 The
primary aim of the present work was to use this
preparation to examine apoptotic responses of
gastric mucous cells to long term exposure to
exogenous NO, and to assess the involvement
of cyclic GMP and caspases in any responses. If
NO promoted apoptosis then this molecule
could contribute to the apoptosis that is associ-
ated with infection with H pylori.3 18 19 Alterna-
tively, if NO inhibited apoptosis, then the pro-
duction of NO on infection with H pylori could
have a defensive function.

Actions of NO donors on gastric mucous
cells are also of interest because of the possible
therapeutic use of NO donating non-steroidal
anti-inflammatory drugs. Thus the addition of
a NO donating nitroxybutyl moiety to non-
steroidal anti-inflammatory drugs generates
agents with reduced gastric toxicity, but which
suppress prostaglandin synthesis and inflam-
mation to an extent comparable to the parent
compound.20 Although the mechanism of the
reduced gastric toxicity is not fully established,
it is possible that release of NO into the gastric
lumen may be involved.

Materials and methods
ANIMALS

Male Dunkin-Hartley guinea pigs of 200–300
g body weight were obtained from Charles
River, Margate, Kent, UK, and were fed on
SDS Economy guinea pig diet supplied by Lil-
lico, Betchworth, Surrey, UK.

MATERIALS

RPMI 1640 medium, fetal calf serum, antibiot-
ics, and amphotericin B were from Life
Technologies, Paisley, UK. The NO scavenger
2-(4-carboxyphenyl)-4, 4, 5, 5-tetramethyli-
midazoline-1-oxyl-3-oxide (carboxy-PTIO),
N-hexanoyl-D-sphingosine (C6-ceramide), and
caspase substrates and inhibitors were obtained
from Alexis, Nottingham, UK. Pronase E
(70 000 PU units per g) was purchased from
Merck, Lutterworth, UK. Reagents for the
fragment end labelling of DNA were purchased
from Calbiochem, Nottingham, UK. 8-(4-

chlorophenylthio)guanosine–3',5'-cyclic mono-
phosphate (8-pCPT-cGMP) was from Biolog,
Bremen, Germany. The immunoassay kit for
cyclic GMP was from Amersham-Pharmacia,
Little Chalfont, UK. Other reagents were from
Sigma, Poole, UK.

ISOLATION AND CULTURE OF GASTRIC MUCOUS

CELLS

The method has been described in detail
previously.17 Guinea pig gastric mucosa was
minced, incubated with 45 ml of RPMI 1640
containing 2 g/l bovine serum albumin (isola-
tion medium) and 0.5 mg/ml pronase for 20
minutes at 37°C with shaking at 140 cycles per
minute, and then, after centrifugation, with 45
ml isolation medium containing 0.4 mg/ml of
collagenase for 20 minutes. Cells were filtered
through 150 µm nylon mesh, and washed in
culture medium (RPMI 1640 containing 10%
fetal calf serum, 100 U/ml penicillin, 100 µg/ml
streptomycin, and 2.5 µg/ml amphotericin B).
The yield was 60 (7) million gastric cells per
guinea pig (n=5), and 2 million cells were
placed in each well of six well culture plates.
Unattached cells were removed after 24 hours
when the culture medium was renewed. The
medium was changed again at 48 hours, at
which time the experiments were initiated by
the inclusion of agents in the culture medium.
All measurements were made after a further 24
hours, at which time there were 1.2 (0.07) mil-
lion gastric mucosal cells per well, of which 8
(1) (n=4) were in suspension under control
conditions. Cell viability (Trypan blue exclu-
sion) and number were determined as de-
scribed previously.17

DETECTION OF APOPTOSIS BY STAINING WITH

HOECHST 33258

Plates were agitated gently and the culture
medium together with cells in suspension was
removed and subjected to centrifugation for 20
seconds at 12 000 g. Cells attached to the cul-
ture plate were removed by treatment with
trypsin (0.5 g/l) and EDTA (0.2 g/l). Typsini-
sation was terminated by addition of culture
medium and cells were centrifuged as above.
Cells were resuspended in 4% (wt/vol) parafor-
maldehyde in 138 mM NaCl, 2.7 mM KCl,
and 10 mM phosphate (PBS) for 10 minutes at
room temperature, subjected to centrifugation
at 12 000 g for 10 seconds, resuspended in eth-
anol:water (4:1), and stored at 4°C. Cells were
transferred to glass slides by use of a Shandon
cytocentrifuge (800 g for five minutes); the
slides were washed in PBS for five minutes,
stained in PBS containing 8 µg/ml of Hoechst
33258 for 10 minutes, rinsed in water and
mounted in 44 mM citrate, 110 mM sodium
phosphate buVer (pH 5.5) containing 50%
(vol/vol) glycerol. Slides were coded and then
the proportion of apoptotic nuclei was deter-
mined by counting using a fluorescent micro-
scope with apoptosis defined as the presence of
two or more condensed bodies per nucleus.
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DETECTION OF APOPTOSIS USING FRAGMENT END

LABELLING OF DNA

Cells on slides, prepared as above, were soaked
in 20 mM Tris, 140 mM NaCl pH 7.6 (TBS)
for 15 minutes, permeabilised with proteinase
K (20 µg/ml) for five minutes, rinsed in TBS,
and then exposed to 3% (vol/vol) hydrogen
peroxide in methanol for five minutes. After
preincubation with buVer (200 mM sodium
cacodylate, 30 mM Tris, 0.3 mg/ml bovine

serum albumin, and 0.75 mM CoCl2, pH 6.6)
for 20 minutes, a reaction mixture containing
biotinylated deoxynucleoside triphosphates
and 15 units of ‘Klenow’ DNA polymerase was
incubated with the slides at 37°C for 1.5 hours.
The reaction was stopped with 0.5 M EDTA
pH 8.0, the slide rinsed with TBS, blocked
with 4% bovine serum album in PBS for 10
minutes and the presence of biotin detected by
using a streptavidin-peroxidase conjugate and
diaminobenzidine as substrate. Cells that
stained dark brown were counted as positive.

EXTRACTION AND DETECTION OF LOW

MOLECULAR WEIGHT DNA

Cell pellets were resuspended in lysis buVer (20
mM Tris, 10 mM EDTA, 0.5% (vol/vol) Triton
X100) and left on ice for 30 minutes, after
which the tubes were subjected to centrifuga-
tion at 13 000 g for 30 minutes at 4°C. The
supernatants were extracted with phenol:chlo-
roform:isoamyl alcohol (25:24:1) and then
with chloroform:isoamyl alcohol (24:1). DNA
was precipitated with 0.1 vol 3M sodium
acetate and 2 vol ethanol and a pellet obtained
by centrifugation at 16 000 g for 15 minutes at
4°C. Pellets were resuspended in 10 mM Tris
and 5 mM EDTA pH 8.0 and incubated with
110 µg/ml of RNAse A at 37°C for one hour.
Extracts were resolved on a 1.8% agarose gel
and stained with ethidium bromide.

CASPASE ASSAY

The procedures adopted for preparation of
homogenates, and for fluorimetric assay of
caspases using the substrates Ac-Tyr-Val-Ala-
Asp-7-amido-4-methylcoumarin and Ac-Asp-
Glu-Val-Asp-7-amido-4-methylcoumarin for
caspase 1 and caspase 3 respectively were as
described by Kim and colleagues15 for hepato-
cytes.

CYCLIC GMP

Cells were exposed to agents for four hours, the
culture medium was removed, and cells on the
plate were extracted with ice cold 65% (vol/vol)
ethanol. Extracts were centrifuged for five
minutes at 10 000 g and 4°C and dried under
nitrogen at 60°C. Cyclic GMP was determined
by immunoassay (Amersham kit).

STATISTICAL ANALYSIS

Results are presented as mean (SEM), with n
equal to the number of cell preparations, and
unless stated otherwise were subjected to

Figure 1 EVect of 1 mM S-nitroso-N-acetyl-penicillamine (SNAP; shaded bars) on
apoptosis in guinea pig gastric mucosal cells in the presence and absence of 25 µM
C6-ceramide. Apoptosis was detected by staining of nuclei with Hoechst 33258 in A and by
nick end labelling in B, with data presented as mean (SEM) of six and four separate cell
preparations, respectively. Data were analysed by analysis of variance followed by a
Newman-Keuls multiple comparison test. *p<0.05, ***p<0.001 for the eVect of SNAP in
comparison with the same treatment without SNAP.
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Figure 2 Nuclear staining with Hoechst 33258. (A) Cells treated with 1 mM S-nitroso-N-acetyl-penicillamine that were
attached to the culture plate. One of the few apoptotic cells is labelled A. (B) Cells that had detached spontaneously under
control conditions.
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analysis of variance followed by either a
Newman-Keuls or a Dunnett’s multiple com-
parison test. Data on cell detachment were
analysed before conversion to percentage of
control, while data on apoptosis were arcsine
transformed before analysis.

Results
APOPTOSIS UNDER CONTROL CONDITIONS AND

THE EFFECT OF C6-CERAMIDE

Only a small proportion of cells attached to the
culture plate were detected as apoptotic either
by staining with Hoechst dye or by nick end
labelling of DNA (fig 1). In cells which had

spontaneously detached from the culture plate,
nuclear condensation and fragmentation was
substantially increased (p<0.001 and p<0.05
by paired t test for comparison with detached
cells for Hoechst staining and nick end
labelling, respectively; figs 1 and 2). The
proportion of cells in suspension with apop-
totic nuclei was significantly greater than those
permeable to trypan blue (66 (2.4)% apoptotic
versus 28 (5.1)% permeable to trypan blue,
p<0.05 by paired t test, n=3). Addition of
C6-ceramide increased apoptosis in attached
cells (p<0.01 for both Hoechst staining and
nick end labelling; fig 1), but did not increase
apoptosis in cells which had detached from the
plate.

EFFECT OF SNAP ON APOPTOSIS

SNAP 1 mM did not promote apoptosis in
cells which were attached to the culture plate
(figs 1 and 2). If cells were incubated with the
calcium ionophore A23187 (200 nM) 1 mM
SNAP also had no eVect on apoptosis in
attached cells (4.2 (1.0)% and 4.3 (0.56)% by
Hoechst staining in the absence and presence
of SNAP, respectively, n=3). If C6-ceramide
was present, 1 mM SNAP reduced apoptosis in
cells attached to the culture plate by 49 (4)%;
in cells which had detached, SNAP reduced
apoptosis by 31 (5)% and 36 (3)% in the pres-
ence and absence of ceramide (figs 1A and 3;
percentage values are for results with Hoechst
staining in fig 1). This inhibitory eVect of
SNAP was dose related, being significant at 0.5
mM SNAP and still present at 2.0 mM SNAP
with 52 (3)% inhibition for both attached and
detached cells (fig 4).

EFFECT OF SNAP ON CASPASE ACTIVITY

Activity degrading the caspase 3 substrate
Ac-Asp-Glu-Val-Asp-7-amido-4-methylcou-
marin was detected in extracts from both
attached and detached cells (fig 5), and was
completely abolished (n=3) by the caspase 3
inhibitor Ac-Asp-Glu-Val-Asp-CHO (100
nM). Activity against the caspase 1 substrate
Ac-Tyr-Val-Ala-Asp-7-amido-4-methylcou-
marin, was 4.2 (0.7)% and 1.1 (0.4)% of that
for the caspase 3 substrate for extracts from
attached and detached cells, respectively
(n=3). SNAP (1 mM) reduced caspase 3 like
activity by 88 (4.8)% (p<0.001) and 88
(2.77)% (p<0.01) in detached cells in the
presence and absence of C6-ceramide, respec-
tively (n=5), and by 77 (3.7)% (p<0.001) in
attached cells incubated with C6-ceramide
(n=5) (fig 5).

EFFECT OF CARBOXY-PTIO ON APOPTOSIS

Carboxy-PTIO 1 mM prevented the inhibitory
eVect of SNAP on apoptosis in cells that had
detached from the culture plate (fig 6A). In the
presence and absence of 25 µM C6-ceramide,
apoptosis was increased by carboxy-PTIO in
cells attached to the culture plate (fig 6B). This
result invalidated the use of carboxy-PTIO to
probe the action of SNAP on ceramide
induced apoptosis because antagonism by
SNAP of proapoptotic eVects of ceramide and
carboxy-PTIO could not be distinguished.

Figure 3 Fragmentation pattern of low molecular weight
DNA as revealed by electrophoresis on agarose. Cells were
treated with 25 µM C6-ceramide in the presence (lanes 2
and 4) and absence (lanes 1 and 3) of 1 mM S-nitroso-
N-acetyl-penicillamine. Extracts from cells attached to the
culture plate are in lanes 1 and 2 and cells that had
detached are in lanes 3 and 4. Markers are in lane 5.
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Figure 4 EVect of the concentration of
S-nitroso-N-acetyl-penicillamine (SNAP) on apoptosis in
cells attached (A) and detached (B) that had been treated
with 25 µM C6-ceramide. Apoptosis was quantified by
staining of nuclei with Hoechst dye. Data are the mean
(SEM) of four separate cultures and have been analysed by
analysis of variance followed by Dunnett’s test. *p<0.05,
**p<0.01 for comparison with the result obtained in the
absence of SNAP.
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Furthermore, carboxy-PTIO (1 mM) in-
creased (p<0.02) detachment of cells from the
culture plate by 127 (16)% (n=3), and its use
to investigate the mechanism by which SNAP
induced detachment was therefore also inap-
propriate.

EFFECT OF ODQ ON APOPTOSIS, CYCLIC GMP, AND

CELL DETACHMENT

The guanylate cyclase inhibitor 1H-1,2,4-oxa-
diazole-4,3-a-quinoxaline-1-one (ODQ) did

not alter the inhibitory eVect of 1 mM SNAP
on apoptosis in attached cells induced by
C6-ceramide or on the proportion of cells in
suspension which were apoptotic in the ab-
sence of ceramide (fig 7A, B). However, ODQ
completely prevented the stimulation of the
cyclic GMP content of attached cells by SNAP
(fig 7C), and partially inhibited the stimulation
by the NO donor of the detachment of cells
from the plate (fig 7D).

EFFECTS OF CYCLIC GMP ANALOGUES ON CELL

DETACHMENT AND APOPTOSIS

8-Br-cGMP 1 mM had no eVect on detach-
ment of cells from the culture plate (103 (15)%
of control, n=4). 8-pCPT-cGMP, an analogue
with high membrane permeability and phos-
phodiesterase stability also had no eVect at
concentrations of 0.1, 0.3, 0.7, and 1.0 mM
(analysis of variance on data from three
separate batches of cells) on the detachment of
cells from the culture plate.

Neither 8-pCPT-cGMP (0.1, 0.3, 0.7, 1.0
mM, n=3) nor 8-Br-cyclic GMP (0.1, 0.3, 1.0
mM, n=5) significantly (analysis of variance)
aVected apoptosis induced by C6-ceramide (25
µM) in attached cells. 8-Br-cyclic GMP (0.1,
0.3, 1.0 mM, n=3) did not aVect apoptosis in
detached cells incubated in the absence of
C6-ceramide.

Discussion
The major finding of this investigation was that
exogenous NO did not promote apoptosis
under basal conditions in guinea pig gastric
cells attached to the culture plate but rather
inhibited the stimulatory eVects of C6-
ceramide. For the cells in suspension the
stimulation of apoptosis by detachment from
the plate was inhibited by the NO donor. When
counting cells in suspension very few large
parietal cells were seen, and the previous work
on the composition of the preparation16 17

strongly suggests that observed eVects were
predominantly on mucous epithelial cells.

Identification of apoptotic nuclei by staining
with Hoechst 33258 was based on key features
of apoptosis,10 namely condensation and frag-
mentation of nuclear material. The Klenow
fragment of DNA polymerase was used to label
nicks in DNA as this enzyme is purported to
give greater specificity for detecting apoptosis
than the terminal deoxynucleotidyl
transferase,21 and the results obtained showed a
similar pattern to staining with Hoechst 33258.
Finally, specific cleavage of DNA at sites
between nucleosomes and the formation of a
“ladder’ is a good, if rather qualitative,
indicator of apoptosis and this procedure con-
firmed the inhibitory eVects of NO shown with
the staining procedures. Ceramide induces
apoptosis by the activation of caspases and is a
possible mediator of the apoptotic eVects of
tumour necrosis factor á,22 which is increased
in gastric mucosa infected with H pylori.23 Lit-
tle is known about how detachment promotes
apoptosis but breakage of the matrix-integrin
interaction may be the trigger.24 The concen-
tration range of SNAP used, 50–2000 µM, was
suYciently broad for both inhibitory and

Figure 5 EVect of 1 mM S-nitroso-N-acetyl-penicillamine (SNAP; shaded bars) on
caspase 3 like activity in extracts of guinea pig gastric mucosal cells incubated for 24 hours
in the presence and absence of 25 µM C6-ceramide. Data are presented as mean (SEM) of
five separate cell preparations. Data were analysed by two factor analysis of variance, to
remove the eVect of variation in caspase activity between experiments, followed by a
Newman-Keuls multiple comparison test. **p<0.01, ***p<0.001 for the eVect of SNAP in
comparison with the same treatment without SNAP.
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proapoptotic eVects of SNAP to appear as
judged by results with other cell types,12 and
even if a calcium ionophore was added to raise
intracellular Ca2+ no stimulatory eVect of the
NO donor was seen (compare this with results
in Lopez-Collazo and colleagues13). Exogenous
NO is therefore likely to inhibit apoptosis trig-
gered by two diVerent stimuli in gastric
mucous cells.

Short term exposure of suspensions of rat
gastric epithelial cells to NO donors causes
damage, as exemplified by an increased pro-
portion of cells being permeable to trypan
blue,25 and in intestinal mucosal cells cyclic
GMP appears to mediate such damage.26 In the
present work a deleterious eVect of exogenous
NO was to promote detachment of cells from
the culture plate17 (fig 7). An involvement of
cyclic GMP was suggested by the partial
inhibitory eVect of the guanylate cyclase
inhibitor ODQ, which abolished the rise in
cyclic GMP induced by SNAP. However,
neither of the cyclic GMP analogues promoted
cell detachment, and although elevation of
cyclic GMP may therefore facilitate detach-
ment of cells eVected by NO, additional eVects
of NO/SNAP seem to be essential to initiate
this detachment. If NO is released during
chronic infection with H pylori and promoted
cell detachment it might contribute to the
enhancement of cell turnover that is found in
this condition.18

Prevention by the NO scavenger,
carboxy-PTIO,27 of the antiapoptotic eVect of
SNAP on suspended cells suggested that the
action of SNAP was mediated via NO release.
A similar use of carboxy-PTIO to investigate
apoptosis induced by ceramide was precluded

because carboxy-PTIO, by an unknown, possi-
bly non-specific, mechanism increased apopto-
sis in response to ceramide. There was no evi-
dence that the antiapoptotic eVects of NO were
mediated by cyclic GMP. Thus ODQ did not
prevent the inhibitory eVect of the NO donor
on apoptosis due to C6-ceramide or to detach-
ment from the culture plate, but ODQ
abolished the elevation in cyclic GMP eVected
by SNAP. Secondly, analogues of cyclic GMP
did not significantly reduce apoptosis in
detached cells or attached cells exposed to
ceramide.

Reasons that NO did not promote apoptosis
may include the induction of heat shock
proteins14 17 or antiapoptotic proteins such as
Bcl-2,28 or the absence of an NO activated cas-
pase distinct from caspase 3.29 The demonstra-
tion that gastric epithelial cells can produce
superoxide16 is of considerable significance and
some of the NO could have been removed by
reaction with superoxide.16 30 Inhibitory eVects
of NO could be mediated by S-nitrosylation of
caspases, such as caspase 3,15 and indeed inhi-
bition of caspase 3 like activity on exposure to
SNAP in the present study was associated with
an inhibition of apoptosis.

An agent, which when released transiently
under physiological conditions promoted de-
tachment, but which inhibited apoptosis
would be a candidate regulator of the process
of restitution where cells migrate to re-
establish an intact epithelium after damage31

and an involvement of NO in restitution has
been suggested.31 The results suggest that the
NO donating moiety of NO releasing non-
steroidal anti-inflammatory drugs may exert
an antiapoptotic eVect on gastric mucous cells

Figure 7 EVect of ODQ (1H-1,2,4-oxadiazole-4,3-a-quinoxaline-1-one) on the action of 1 mM S-nitroso-N-acetyl-
penicillamine (SNAP, shaded bars) on apoptosis (Hoechst 33258 staining), cyclic GMP content, and on detachment of
cells from the culture plate. The attached cells in panels A and C had been treated with 25 µM C6-ceramide to induce
apoptosis. Results in B are for detached cells. Data in A, B, C, and D are mean (SEM) of five, four, three, and three cell
preparations, respectively, and were subjected to analysis of variance followed by a Newman-Keuls multiple comparison test.
*p<0.05, **p<0.01,***p<0.001 for the eVect of SNAP; †p<0.05 for the eVect of ODQ in the presence of SNAP.
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and indeed these agents have been reported
to inhibit apoptosis in vascular endothelial
cells and caspase activity in gastric
mucosa.32 Endogenous NO may also inhibit
apoptosis (for example, hepatocytes).15 How-
ever, the mixture of cytokines required to
induce expression of inducible NO synthase
(iNOS) in guinea pig cells has not, to our
knowledge, been established. Furthermore, a
complicating factor is that one of the candi-
date cytokines, tumour necrosis factor á, can
itself activate both proapoptotic and anti-
apoptotic pathways.33 The eVect of endog-
enous NO and of NO releasing non-steroidal
anti-inflammatory drugs on apoptosis will be
the subject of future work. Finally, the
implication of the present work for inflamed
gastric tissue in which iNOS is active, is that,
as in the hepatocytes,14 15 NO may protect
against apoptosis induced by inflammatory
mediators.

This work was supported by funds from INTAS.
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