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Abstract

AIM   To examine the effect of irsogladine, a
novel antiulcer drug, on the mucosal ulcerogenic
response to monochloramine ( NH2Cl ) in rat
stom ach, in comparison with rebamipide,
another  antiulcer  drug  with  cytoprotective
activity.
METHODS  AND RESULTS Oral administration of
NH2Cl (120 mM) produced severe hemorrhagic
lesions in unanesthetized rat stomachs. Both
irso gladine (1 mg/kg-10 mg/kg, po) and
rebamipide (30 mg/kg -100 mg/kg, po) dose-
dependently prevented the development of
these lesions in response to NH2Cl, the effect of
irsogladine was significant at 3 mg/kg or
greater,  and  that  of  rebamipide  only  at
100 mg/kg. The protective effect of irsogladine
on  NH2Cl-induced  gastric  lesions  was
significantly reduced by NG-nitro-L-arginine
methyl ester (L-NAME) but not by indomethacin,
while that of rebamipide was significantly
mitigated by indom ethacin but not by L-NAME.
Topical application of NH2Cl (20mM) caused a
marked reduction of potential difference (PD)
in ex-vivo stomachs. This PD reduction was not
affected by mucosal application of irsogladine,
but significa ntly prevented by rebamipide. The
mucosal exposure to NH4OH (120 mM) also
caused a marked PD reduction in the ischemic
stomach (bleeding from the carotid artery),

resulting in gastric lesions. These ulcerogenic
and PD responses caused by NH4OH plus
ischemia were also significantly mitigated by
rebamipide, in an indomethacin-sensitive
manner, while irsogladine potently prevented
such lesions without affecting the PD response,
in a L-NAME-sensitive manner.
CONCLUSION These results suggest that 
NH2Cl generated either exogenously or
endogenously damages the gastric mucosa, 
both irsogladine and rebamipide protect the
stomach against injury caused by NH2Cl, and 
the mechanism underlying the protective action
of irsogladine is partly mediated by endogenous
nitric oxide, while that of rebamipide is in part
mediated by endogenous prostaglandins.

INTRODUCTION
Helicobacter  pylori,  recognized  as  the  major  cause
of  gastritis  and  peptic  ulcer  diseases[1-3]has  a  high
activity  of  urease,  resulting  in  a  high  concentration
of  amonia  (NH4OH)  in  the  stomach  of  infected
patients[3].   Since   H.   pylori   associated   chronic
active  gastritis  is  characterized  by  an  invasion  of
neutrophils  in  the  gastric  mucosa[1,2,4]  and  since
neutrophils  utilize  the  H2O2-myeloperoxidase-halide
system  to  generate  an  oxidant  capable  of  destroying
a  variety  of  mammalian  cell  targets  as  well  as
microorganis  ms[5,6],  it  is  assumed  that  neutrophil-
derived  hypochlorous  acid  (HClO)  interacts  with
NH4OH  to  generate  cytotoxic  monochloramine
(NH2Cl)[7,8].   Indeed,   it   has   been   shown   that
NH2Cl  plays  a  role  in  the  pathogenesis  of  NH4OH-
induced  gastric  lesions  in  rats[9,10].  We  have  also
reported  previously  that  both  endogenous  and
exogenous  NH2Cl  damaged  the  gastric  mucosa  at
much  lower  concentrations  than  NH4OH[11,12].
        Irsogladine,   a   novel   antiulcer   drug   [ 2, 4-
diamino- 6- (  2,  5- dichlorophenyl   )-s-triazine
maleate],   has  been   shown   to   not   only   prevent
gastric   mucosal  lesions  in  a  wide  variety  of
experimental   models  but   show   the   healing
promoting   action   of   gastric  ulcers  as  well,  without
any  suppression  of  gastric  secretion[13-15].  These
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effects  of  irsogladine  may  be  accounted  for  by
cytoprotective  activity,  yet  the  detailed  mechanism
is  not  fully  understood.  Thus,  it  is  of  in  terest  to
test  whether  this  agent  has  any  prophylactic  action
against  NH2Cl-i  nduced  gastric  lesions.
         In  the  present  study,  we  examined  the  effects
of  irsogladine  on  the  mucosal  ulcerogenic  response
induced  by  NH2Cl,  either  administered  exogenously
or  occurring  endogenously,  and  compared   those
with  the  effects  of  another  cytoprotective  drug,
rebamipide.  We  also  investigated  the  underlying
mechanism  of  their  protection,  especially  in  relation
to  endogenous  prostaglandins  (PGs)  and  nitric  oxide
(NO).

MATERIALS  AND  METHODS
Animals
Male  Sprague-Dawley  rats  (200 g-240 g  in  weight,
Nippon  Charles  River  ,  Shizuoka,  Japan)  were  used
in  all  experiments.  The  animals,  kept  in  separate
cages  with  raised  mesh  bottoms,  were  deprived  of
food  but  allowed  free  access  to  tap  water  for  18
hours  prior  to  the  experiments.  Studies  were  carried
out  using  four  to  eight  rats  under  either  conscious
or   anesthetized   conditions   induced   by   urethane
(1.25 g/kg,   ip).    All   experimental   procedures
described  here  were  approved  by  the  Experimental
Animal   Research   Committee   of   the   Kyoto
Pharmaceutical  University.

General  procedures
The  experiments  were  classified  into  roughly  two
studies:  one  was  to  investigate  the  effects  of
irsogladine  and  rebamipide  on  gastric  ulcerogenic
response  to  exogenously  administered  NH2Cl  in
unanesthetized  rats,  and  the  other  was  to  investigate
their  effects  on  gastric  ulcerogenic  response  to
NH4OH  in  anesthetized  rats  subjected  to  ischemia.
In  the  latter  situation,  it  is  assumed  that  NH2Cl  is
generated  endogenously  from  interaction  of  NH4OH
with  neutrophil-derived  HClO[10].

Induction  of  gastric  lesions  induced  by  NH2Cl
The  effects  of  irsogladine  and  rebamipide  on  gastric
mucosal  ulcerogenic  response  induced  by  exogenous
NH2Cl.  The  animals  were  administered  1 ml  of
NH2Cl  (120 mM)-po  by  esophageal  intubation.  The
solution  of  NH2Cl  was  prepared  by  mixing  NH4OH
(240 mM)  and  HClO  (240 mM)  in  a  test  tube,
immediat  ely  before  the  administration.  The  animals
were  sacrificed  1  hour  after  the  admi  nistration  of
NH2Cl,  and  the  stomachs  were  removed,  inflated
by  injecting  8  mL  of  2%  formalin  and  immersed  in
2%  formalin  for  10 min  to  fix  the  gastric  wall,  and
opened  along  the  greater  curvature.   The   area
(mm2)  of  hemorrhagic  lesions  was  measured  under
a  dissecting  microscope  with  a  square  grid  (×10).

The  person  measuring  the  lesions  did  not  know  the
treatment  given  to  the  animals.  These  procedures
were  used  in  all  the  subsequent  studies  for  evaluating
macroscopical   lesions.   Irsogladine  ( 1,   3   and
10 mg/kg )   and  rebamipide  ( 30  and  100 mg/kg )
were  administered  po   30 min   before   NH2Cl
treatment.      In     some     cases,     indomethacin  (10
mg/kg,  sc)  or  L-NAME  ( 10  mg/kg,  iv )  was  given
60 min  or  40 min  before  NH2Cl  treatment.

Measurement  of  transmucosal  potential
difference
Transmucosal  potential  difference  ( PD )  was
measured  in  chambered  stomachs  of  anesthetized
rats  as  previously  described[15].   Briefly,   a   rat
stomach  was  mounted  on  an  ex-vivo  chamber  (area
exposed  3.14 cm2)  and  perfused  at  a  flow  rate  of
1mL/min  with  saline  (154mM-NaCl).  PD  was
determined  using  two  agar  bridges,  one  positioned
in  the  chamber  and  the  other  in  the  abdominal
cavity,  and  monitored  continuously  on  a  recorder
(U-228,       Tokai-Irika,     Tokyo,     Japan ).
Approximately  1h  after  PD  was  stabilized,  the
perfusion  system  was  interupted  and  the  solution  in
the  chamber  was  withdrawn,  and  the  mucosa  was
exposed  to  1 mL  carboxymethyl  cellulose  (CMC)
solution  (control  group),  20 min  later  followed  by
1 mL  NH2Cl  (20 mM,  the  final  concentration  is
10 mM)  for  10 min.  After  application  of  NH2Cl,  the
mucosa  was  rinsed  with  saline,  another  2 mL  saline
was   instilled,   and   the   perfusion   system   was
resumed.   Irsogladine   ( 3  mg/kg )  or   rebamipide
(100 mg/kg)  was  app  lied  to  the  chamber  for  30 min
in  place  of  CMC  solution,  starting  20 min  before
NH2Cl  treatment.  In  a  separate  experiment,  the
animals  were  subjected  to  ischemia  by bleeding  from
the  carotid  artery  ( 1 mL/100 g  body  weight ),  then
the  mucosa  was  exposed  to  1 mL  of  CMC,  2 0min
later  followed  by  1  mL  of  NH4OH  (120 mM,  the
final  concentration  is  60 mM )  for  1  hour. At  the
end  of  the  experiment,  the  mucosa  was excised,  and
the  area  ( mm2 )  of  hemorrhagic  lesions  was
measured   as   described   as   above.   Irsogladine
(3 mg/kg  )  or  rebamipide  (100 mg/kg)  was  applied
to  the  chamber  10min  before  the  onset  of  ischemia
plus  NH4OH  treatment.  Control  animals  received
CMC  as  the  vehicle.  In  some  cases,  indomethacin
(10 mg/kg)  was  given  sc  30 min  before  rebamipide,
while  L-NAME ( 10mg/kg )  was  given  iv  10  min
before  irsogladine  treatment.

Preparation  of  drugs
Drugs  used  in  this  study  were  urethane  (Tokyo
Kasei,   Tokyo,   Japan ),    irsogladine    ( Nihon-
Shinyaku  Co.,  Kyoto,  Japan),  rebamipide  (Otsuka
Pharmaceutical   Co.,   Toku   shima,   Japan ),
indomethacin  and  L-NAME  (Sigma  Chemicals,  St.
Louis,  MO,  USA).  I  ndomethacin  was  suspended  in
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saline  with  a  drop  of  Tween  80  (Wako,  Osaka,
Japan),  while  L-NAME  was  dissolved  in  saline.
Other  drugs  were  suspended  with  0.5%  CMC
solution.  Each  drug   was   prepared   immediately
before  use  and  administered  poorsc  in  a  volume  of
0.5 mL/100 g  body  weight  or  iv  in  a  volume  of
0.1 mL/100 g  body  weight  or  applied  topically  to
the  chamber  in  a  volume  of  1mL/stomach.

Statistics
Data  are  presented  as  the  means±SE  from  4  to  8
rats  per  group.  Statistically  analyses  were  performed
using  two-tailed  Student’s  t  test  or  Dunnett’s
mult  iple  comparison  test,  and  P<0.05  values  were
regarded  as  significant.

RESULTS
Effects  of  irsogladine  on  gastric  ulcerogenic
response  to  NH2Cl
Intragastric  administration  of  NH2Cl  caused  severe
band-like  hemorrhagic  lesi  ons  in  the  gastric  mucosa,
the  lesion  score  being  138.0 mm2 ± 19.0 mm2.
Pretreatment  of  the  animals  with  irsogladine  (1,  3
and  10 mg/kg,  po)   significantly   reduced   the
severity  of  gastric  lesions  in  response  to  NH2Cl  in
a  dose-dependent  manner.  The  degree  of  inhibition
was   35.1%,   86.3%   and   83.3%,   respectively
(Figure  1 ).  Rebamipide  ( 30  and  100 mg/kg,  po )
also  lowered  the  severity  of  gastric  lesions  induced
by   NH2Cl,   but   the   degree   of   inhibition   at
100mg/kg  was  59.3%,  which  was  less  than  that
obser  ved  by  irsogladine  at  3mg/kg.

Effects  of  L-NAME  and  indomethacin  on
protective  action  of  irsogladine  against  NH2Cl-
induced  gastric  lesions
The  severity  of  gastric lesions  induced by  NH2Cl
was  not  affected  by  prior  administration  of  either
indomethacin  (5mg/kg,  sc)  or  L-NAME  (10  mg/kg,
iv),  the  lesion  score  being  146.8mm2±9.8mm  2  or
135.6 mm2±7.0 mm2,  respectively  (Figure  2).
However,  the  pro  tective  action  of  irsogladine  (3
mg/kg,  po)  against  NH2Cl-induced  gastric  lesions
was  significantly  mitigated  by  prior  administration  of
L-NAME  but  not  indomethacin;  the  lesion  score  in
the  presence  of  L-NAME  was  72.8 mm2±9.1 mm2,
which  was  significantly  greater  than  that  observed
in  the  absence  of  L-NAME  (19.8 mm2±3.1 mm2).
By  contrast,  indomet  hacin  but  not  L-NAME
significantly  antagonized  the  protective  action  of
rebamip  ide  (100 mg/kg,  po)  against  these  lesions.

Effects  of  irsogladine  on  mucosal  PD  response
induced  by  NH2Cl
Normal  stomachs  mounted  on  the  chamber  and
perfused  with  saline  generate  d  a  stable  PD  of  -30
to  -38 mV  ( mucosa  negative ),  and  the  values

remained  relatively  unchanged  during  a  2-hour  test
period.  Mucosal  exposure  to  NH2Cl  (10 mM)  caused
a  marked  reduction  of  PD  to  60.0%±6.2%  of  basal
values  within  10 min,  and  the  PD  remained  low  for
1  hour  thereafter  (Figure  3).  The  PD  reduction  in
response  to  NH2Cl  was  not  affected  by  prior
exposure  of  the  mucosa  to  irso  gladine  (3 mg/kg).
However,  the  reduced  PD  response  to  NH2Cl  was
signif  icantly  mitigated  when  the  mucosa  was  pre-
exposed  to  rebamipide  (100 mg/kg) for  30 min;  the
PD  reduced  to  57.7%±3.1%  of  basal  values  10 min
later,  which  was  significantly  less  as  compared  with
that  ( 60.0%±6.2%  of   basal   values )   in   control
rats.

Effects  of  irsogladine  on  mucosal  ulcerogenic
and  PD  responses  induced  by  NH4OH  under
ischemic  conditions
To  confirm  the  protective  action  of  irsogladine  and
rebamipide  on  NH2Cl-induc  ed  gastric  toxicity,  we
tested  the  effects  of  these  drugs  on  the  mucosal
ulcerogenic   and   PD   responses   induced   by
endogenously  generated  NH2Cl  by  application  of  a
low  concentration  of  NH4OH  (60 mM)  in  the
ischemic  stomach[9].  As  shown  in  Figure  4,  topical
application  of  NH4OH  at  60 mM  produced  a
persistent  reduction  of  PD  in  the  stomach  made
ischemic  by  bleeding;  the  PD  was  reduced  to 42.6%
±6.2%  of  basal  values  within  10min  and  remained
low  thereafter.  This  conc  entration  of  NH4OH  did
not  have  any  effect  on  PD  in  normal  stomachs
without  subjecting  to  ischemia  (not  shown).  The
reduced  PD  response  to  NH4OH  plus  ischemia  was
not  affected  by  prior  exposure  of  the  mucosa  to
irsogladine  ( 3 mg/kg ),  in  the  absence  or  presence
of  L-NAME.  By  contrast,  rebamipide ( 100 mg/kg )-
pre-exposed  to  the  mucosa  significantly  attenuated
the  PD  reduction  in  response  to  NH4OH  plus
ischemia.  In  these  animals  the  recovery  of  PD  was
also  significantly  expedited,  and  the  PD  almost
completely  normalized  within  60min  after  NH4OH
plus  ischemia.  In  addition,  the  preventive  effect  of
rebamipide  on  the  PD  response  to  NH4OH  plus
ischemia  was  also  significantly  antagonized  in  the
presence  of  indomethacin.
        On  the  other  hand,  the  mucosal  exposure  to
NH4OH  in  the  ischemic  stomachs  resulted  in  severe
hemorrhagic  lesions  within  1  hour,  the  lesion  score
being  53.6 mm2 ± 12.2 mm2  ( Figure  5 ).  The
development  of  gastric  lesions  induced  by  NH4OH
plus  ischemia  was  significantly  prevented  by
irsogladine  ( 3 mg/kg )  as  well  as  rebamipide
(100 mg/kg ),   the   inhibition   being   79.5%   and
82.3%,   respectively.   The   protective   effect   of
irsogladine  or  rebamipide  against  NH4OH  plus
ischemia-induced  gastric  lesions  was  significantly
antagonized   by   L-NAME   or   indomethacin,
respectively.
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Figure1 Effects of irsogladine and rebamipide on ga stric lesions
induced  by  NH2Cl  in  rats.  The  animals  were  given  NH2Cl
(120 mM:5mL/kg) po, and sacrificed 1 hour later. Irsogladine
(1mg/kg-10 mg/kg ) or rebamipide ( 30, 100 mg/kg) was given
po 30 min before administration of NH2Cl. Data are presented
as the mean±SE fr om 5-7 rats. aStatistically significant difference
from control (P<0.05).

Figure2  Effects of indomethacin and L-NAME on the mucosal
protective action of irsogladine and rebamipide against NH2Cl-
induced gastric lesions in rats. The animals were administered po
with 1mL of NH2Cl (120 mM), and sacrificed 1 hour later.
Irsogladine (3 mg/kg) or rebamipide (100 mg/kg) was given po 30
min before NH2Cl treat ment. Indomethacin (5 mg/kg, sc) or L-
NAME (10 mg/kg, iv) was given 30 or 10 min before the
above agents. Data are presented as the mean±SE from 5-8
rats. Statistically significant difference at P<0.05; *from the
corresponding control (CMC);#from the corresponding value in
normal group.

Figure3   Effects of irsogladine and rebamipide on ch anges in
transmucosal PD in response to NH2Cl in anesthetized rat
stomachs. Th e stomach was mounted on an ex-vivo chamber, and
NH2Cl (20 mM; 1 mL) was applied topically to the stomach for
10min. Irsogladine (3 mg/kg) or rebamipide (100 mg/kg) was
applied to the chamber for 30 min, starting 20 min before exposure
to  NH2Cl.  Data  are  presented  as  the  mean ± SE  of  value
sdetermined every 5min from 5-7 rats. aStatistically significant
differen ce from control, P<0.05.

Figure4   Effects of irsogladine and rebamipide on changes in
transmucosal PD in response to NH4OH in rat stomachs under
ischemic conditions. The stomach mounted on a ex-vivo chamber
was subjected to ische mia by bleeding from the carotid artery
(1 mL/100 g body wt), and then e xposed to NH4OH (120 mM;
1 mL) for 1h thereafter. Irsogladine (3 mg/kg) or rebamipide
(100 mg/kg) was applied to the chamber 20 min before the onset
of ischemia and NH4OH treatment. Indomethacin (5 mg/kg, sc)
or L-NAME (10 mg/kg, iv) was given 30 or 10 min before the
above agents. Data are presented as the mean±SE of values
determined every 5 min from 5-6 rats. Statistically significant
difference at P<0.05; *from control; #from vehicle.

Figure5  Effects of irsogladine and rebamipide on ga stric mucosal
lesions induced by NH4OH in anesthetized rat stomachs under
ischemic conditions. The stomach mounted on an ex-vivo chamber
was subjected to ischemia by bleeding from the carotid artery
(1 mL/100 g  body  weight),  and  then exposed  to  NH4OH
(120 mM)  for  1 h  thereafter.  Irsogladine  (3 mg/kg)  or
rebamipide (100 mg/kg)- was applied to the chamber 20 min
before the onset of ischemia and NH4OH treatment. Indomethacin
(5 mg/ kg, sc ) or L-NAME ( 10 mg/kg, iv ) was given 30 or
10 min before the above agents. Data are presented as the mean±
SE from 4-6 rats. Sta tistically significant difference at P<0.05;
*from control;#f rom vehicle.



DISCUSSION
The  present  study  demonstrated  that  irsogladine,  a
novel  antiulcer  drug,  conferred  a  protection  against
gastric  damage  induced  in  rat  stomachs  by  NH2Cl,
either  given  exogenously  or  occurred  endogenously.
We  also  found  that  rebamipide,  another  antiulcer
drug,   showed   similar   protection   against   such
damage,  although  the  effect  was  less  potent  than
that  of  irsogladine.  In  addition,  the  present  results
suggest  that  the  mechanisms  underlying  their
protection  are  different;  the  protective  action  of
irsogladine  is  partly  mediated  by  endogenous  NO,
while  that  of  rebamipide  is  accounted  for  by
endogenous  PGs  as  well  as  a  radical  scavenging
action.
        H.  pylori  has  a  high  urease  enzyme  activity,
resulting  in  an  abnormally  high  concentration  of
ammonia  (NH4OH)  in  the  stomach  of  infected
patients[3].  It  is  also  known  that  NH4OH  interacts
with  neutrophil-derived  HClO  to  gen  erate  cytotoxic
NH2Cl,  a  powerful  oxidant  capable  of  destroying  a
variety  of  micro-organisms  as  well  as  mammalian
cell  targets[4-7].  Murakami  et  al[17]  demonstrated  in
rats  that  NH4OH-induced  gastric  mucosal  lesions
were  significantly  inhibited  by  taurine,  a  scavenger
of  HClO,  suggesting  a  pathogenic  role  of  NH2Cl  in
the  development  of  such  lesions.  We  also  found
previously  that  the  mixture  of  low  concentration  of
NH4OH  and  HClO,  which  did  not  have  any  gastric
mucosal  toxicity  by  each  alone,  caused  severe  lesions
in  the  rat  gastric  mucosa  under  unanesthetized
conditions[11,12].  In  addition,  we  reported  that  the
gastric  lesions  induced  by  endogenously  generated
NH2Cl  by  a  low  concentration  of  NH4OH  plus
ischemia  were  totally  prevented  by  taurine  in
anesthetized  ex-vivo  stomachs[11,12].  It  is  known
that  ischemia  activates  xanthine  oxidase,  which  is
responsible  for  the  production  of  reactive  oxygen
metabolites  such  as  H2O2,  and  that  the  generation
of  HClO  by  neutrophils  is  dependent  on  the  quantity
of  H2O2  produced[4,5].  It  may  therefore  be  assumed
that  NH4OH  even  at  low  concentrations  produces
NH2Cl  by  intera  ction  with  HClO  in  the  ischemic
stomach,  resulting  in  damage  to  the  mucosa.
       The    gastric    lesions    induced    by    oral
administration    of    NH2Cl    were    significantly
prevented  by  irsogladine  as  well  as  rebamipide  in  a
dose-dependent  manner,  although  the  effect  of
irsogladine   was   more   potent   than   that   of
rebamipide.  Similar  results  were  obtained  by  these
drugs  against  gastric  lesions  induced  by  NH4OH
plus  ischemia,  where  NH2Cl  is  assumed  to  be
generated  endogenously  from  inter  action  of  NH4OH
with  neutrophil-derived  HClO[10].  These  results  clearly
showed  that  both  irsogladine  and  rebamipide
conferred  a  protection  against  damage  induced  by

NH2Cl,    either    administered   exogenously   or
occurring  endogenously.  However,  the  mechanisms
underlying  gastric  protection  seemed  to  be  different
between  these  two  drugs.  The  protective  action  of
irsogladine  was  significantly  attenuated  by
pretreatment  with  L-NAME  but  not  indomethacin,
while  that  of  rebamipide  was  attenuated  by
indomethacin  but  not  L-NAME.   These   results
suggest  that  the  protective  action  of  irsogladine  and
rebamipide  may  be  mediated  by  endogenous  NO
and  PGs,  respectively.  Moreover,  these  drugs  caused
different  effects  on  the  PD  response  induced  by
NH2Cl   or   NH4OH   plus   ischemia.   Rebamipide
signifi  cantly  prevented  the  PD  reduction  in  response
to  these  treatments  while  irsogladine  had  no  effect
on  such  PD  responses.  It  is  considered  that  gastric
PD  is  one  of  the  indicators  for  the  integrity  of  the
gastric  mucosa,  including  the  develop  ment  of
mucosal   injury   as   well   as   the   recovery   from
injury[18,19].  From  the  present  results,  it  is  suggested
that  irsogladine  does  not  inhibit  the  onset  of  injury
caused   by   NH2Cl   but   prevents   the   ultimate
generation   of   gastric   damage,   probably   by
preventing  the  later  extension  of  injury,  while
rebamipide  redu  ced  the  gastric  ulcerogenic  response
by  inhibiting  the  initial  irritating  action  of  NH2Cl
on  the  mucosa.
         The  local  release  of  NO  regulates  the  gastric
mucosal  microcirculation  and  maintains  the  mucosal
integrity  in  collaboration  with  PGs  and   sensory
neurons[20,21].  At  present,  the  mechanism  by  which
irsogladine  stimulates  the  release  of  NO  in  the
gastric  mucosa  remains  unknown.  We  previously
reported  that  mucosal  application  of  NO  donor
prevented  the  development  of  gastric  lesions  induced
by  NH2Cl  without  any  influence  on  the  PD
responses[11,12].  These  data  are  in  agreement  with
the  present  findings  that  irsoglandine  reduced  the
severity  of  NH2Cl-induced  gastric  lesions  but  had
no  effect  on  the  reduced  PD  response.  On  the
other  hand,  it  has  been  shown  that  rebamipide
protects  the  gastric  mucos  a  from  various  necrotizing
agents  by  increasing  PG  biosynthesis  in  the  mucosa
and  scavenging  free  redicals[22-24].  Exogenous  PGE2

has  also  been  shown  to  inhibit  gastric  lesions  in
response  to  NH2Cl  or  NH4OH  plus  ischemia[11].
These  data  support  the  present  observation  that
rebamipide  protected  the  stomach  against  NH2Cl-
induced  damage,  in  an  indomethacin-sensitive  manner.
It  should  also  be  noted  in  the  present  study  that
rebamipide  prevented  the  PD  reduction  in  response
to  NH2Cl  or  NH4OH  plus  ischemia.  Since  taurine,
a  scavenger  of  HClO,  markedly  suppressed  the  PD
reduction  caused  by  NH2Cl[11,12],  it  is  likely  that
rebamipide  may  prevent  gastric  ulcerogenic  and  PD
responses  to  NH2Cl  through  a  radical  scavenging
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action,  in  addition  to  mediation  by  endogenous
PGs.
       In   conclusion,   the   present   results   taken
together  suggest  that  NH2Cl  generated  either
endogenously  or  exogenously,  damages  the  gastric
mucosa  at  a  low  concentration.  Gastric  mucosal
lesions  caused  by  NH2Cl  was  prevented  by  both
irsogladine  and  rebamipide,  although  the  former
action  was  more  potent  than  the  latter.  Although
the  exact  mechanisms  underlying  gastroprotection
afforded  by  irsogladine  and  rebamipide  remain
unknown,  it  is  assumed  that  their  mechanisms  are
different;  the  effect  of  irsogladine  is  mediated  at
least  partly  by  endogenous  NO,  while  that  of
rebamipide  is  attributable  to  endogenous  PGs as  well
as  its  radical  scavenging  action.  Since  an  important
feature   of   H.   pylori   infection   is   neutrophil
infiltration  in  the  gastric  mucosa[1,2],  it  is  possible
that  NH2Cl  is  formed  in  the  inflammed  gastric
mucosa,  where  neutrophil  and  H.  pylori  are  located
in  juxtaposition.  Thus,   the   present   study   also
suggests  that  irsogladine  may  have  therapeutic
potential  in  the  prevention  and/or  treatment  of
gastric  mucosal  damage  related  to  H.  pylori.
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