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Roles of Nitric Oxide in the Formation of Acute Gastric Mucosal Lesions Induced

by Water-Immersion-Restraint Stress in Rats

Akiko YANAGISAWA
Institute of Geriatrics, Tokyo Women’ s Medical University

We examined the level of NOx and the expression of nitric oxide synthase (NOS) to determine
the role of nitric oxide (NO) in the formation of acute gastric mucosal lesions induced by water-
immersion-restraint stress (WIRS) in rats. Male Wistar rats were used. Group A was subjected to
WIRS (0, 5, 30, 60, 180, 360 min, n=5 per group). Group B consisted of rats given an intraperitoneal in-
jection of L-arginine (100 mg/kg) 30 min before WIRS, which was applied as described for group A.
The ulcer index was determined. In addition, the level of NOx in gastric tissue (Griess method), and
the expression of NOS (eNOS, nNOS and iNOS) messenger RNA (mRNA) in gastric tissue (RT-PCR)
were measured. The localization of NOS was studied by immunostaining. In group A, the ulcer index
increased with time after WIRS. There were a decrease in the level of NOx and no increase in the ex-
pression of eNOS mRNA. In group B, no lesion was formed after 30 or 60 min, and the level of NOx
and the expression of eNOS mRNA increased. There was no expression of iNOS mRNA in either
group. No correlation was found between the expression of nNOS mRNA and ulcer index. The local-
ization of eNOS was found in endothelial cells on immunostaining. These results suggest that a de-
crease in NO level and no increase in the expression of eNOS mRNA are associated with the forma-
tion of acute gastric mucosal lesions. Treatment with L-arginine increases the NO level and the ex-
pression of eNOS mRNA and inhibits the formation of acute gastric mucosal lesions, suggesting that

NO derived from eNOS plays an important part in mucosal protection.
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REE - BR3P, MR - R A A e
BIUHEREREERLAE T I EHEEATY
B =, Y FMFIURELLIDVRED
NO 2SEMRNTHE I NS &, MREBEEHEZE
THLOHELH B,

BRERZ & NO 2B LT, Akimoto 51, &
MEYEFEEOBREERICBWT, ET & NO®
BREMmET L, NOXIEHHICL - & b EEZ TR
T NS, BEERBEAEORY OIS
WIEBEICES LB I ERBLTWS, T/
Konturek 5", FEERIRHFZERR T, NOS HEH O
BSICX DERREVSBLET A2 L2 EL Ty
. ZOXHITNOIZBRBEIRE D BEBIE
ET 2 EOMEFBWEL LD ICHGLTwaE L
ZZbh5b.

NO & L-arginine (L-Arg) % #&£8 & L T nitric
oxide synthase (NOS: NO & EEE) OEHICE D
ERENA.NOS (21X 3D isoform A% V) , con-
stitutive type NOS (cNOS) & L T, neuronal NOS
(nNOS) , endothelial NOS (eNOS) &, inducible
type NOS (NOS) 2% A %€ & L T\ 5. ¢NOS
(nNOS, eNOS)IZX Y EAESINEAED NO i,
MR & > CTHRERRAZET 527, INOSIZ X
DEEENLKEDNOIZ, MMkEERICEHL &
RESNTEBDY, F4ONOSIZX Y EESH
% NOWGAEMRITH T 2ER»RE LS. B EHRE
WWEIWCBWT L NOSHEEOM X ) #aEr 3 I,
cNOS DHGEERPME I N TS 7Y,

Z 2 TAMETIE, KRIWEA LAy MR
P ERBERE DO BT 5, NO OFEZH L
22T 5728, NOx B XU NOS mRNA OFEHRIZ
DWTHERT 1T, 2512, NOOERHETHS L-
Arg 285 L 720 B HBEMREN D 28 % et
L7z,

HERBELUHE

1. MR

& 9 200g D Wistar R M 5 » + (Japan
Laboratory Animals Inc, &%) %fFH L 7.

2. H&E

1) KEMER ML AEBEFRE

AR ER > 5 H#E LT, 24 BFIME AL A T
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LA —YRICHER L, 23C OKMEHIZEALT
FIRZE T TR /2. WHREE (A) LKRIMHEER
5, 30, 60, 180, 360 47 (As, As, A, Aoy Azo) D
GREZEH L AL L XA VESY =V
(30mg/kg) M T CHIE L EH 26 L7z, ONOx
L NOS mRNA %2 (6 # x & 5 PL=530 L), @
EERBEEDB L ONOS O E Mkt
(FREIZ30DL) # 4T - 72, & 5142, L-Arg (100
mg/kg) ZKBRMEA M L AEHM 30 70K
WHiTk G- L72d0% BEE L, [FRIC6E (B,
Bs, Bux, Bso, B, B ZEELLMEZTTo 7.

ARG R KL TFERRFHYWEREZRE LB E
wWsF L7z GRS 00-131).

2) BERBOEE

B2 KEI5B- TURL, 10% Fv=) v
T30 I E R, BESICHEAE L BEREORE
(mm) ZHEL, ZORMTRLLY.

3) NO DifllE

NO o il 52 1% Griess #1220 & NO o U
WTdHH NOx (NO; +NO;) =2 L7, #MlE
DI EKEBHOMBE T by AFHFU-FT 4
T A RIS E D BIREEE L, Mkt sEIA— b
(K T SPEED35, # 20 % x3, PHYSCOTR-
ON) LT, #l4HE (4C3000rpm 30 53 DI
FERRRLU. BRI 2k iR, Bk
F LS (20~30T 3 M) 27218, Griess
LR (20~30T1047) &+ (Nitrate/Nitrite
Assay Kit, Cayman CHEMICAL, California) %
W7V EEEWREE (OD540nm) THIE L
7z, ’

4) NOSmRNA il 5€

RT-PCR & CT#HT % 17 - 72. eNOS, nNOS, iNOS
122w T id Kawata and Mikuni-Takagi @ 4 %12
# 0%, B-actin 122 W Cld TaKaRa 4 V) ¥+
VAV ek i LAVAR

TR R, BB OREREHOM
Tk % BIRF 345 L, TRIZOL 383 (Life Technologies
Inc, Rockville, MD, USA) % H\»T total RNA
ZHiH L, OD260nm THIE L ZDOfEZE b &1
RNABREZHE L 72, 0.1ugtotal RNA (TaKa-
Ra RNA PCR Kit (AMV) Ver. 21, TaKaRa
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SHUZO Co, #%#) % M\, TaKaRaPCR Ther-
mal Cycler MP "TH##T %47 - 7z. Negative control
& LT, DEPCLEIKZ MM L7, RT RIS &M
(&, 25 mM MgCl 2ul, 10xRNA PCR buffer 1pl,
10mM dNTPs 1ul, 40U/ul RNase inhibitor 0.25pl,
AMV RTase 0.5ul, 50 uM random 9 mers 0.5ul,
i RNA 1l (OD260nm 12 X D EHB L% b &
12, 0.1ug total RNA/pl lZ&HR L 724> 7 v 2 1ul
VRN, DEPCHO 2t10ul & L, 30C10 4, 45C
20 4, 99C5 43, 4T5 TS S8 72,

75 4 <—I%, eNOS (324bp) sense (R-eNOS-
F):5-GGG CCA GGG TGA TGA GCT CTG-3',
anti sense (R-eNOS-R2):5-CCC TCC TGG CTT
CCA GTG TCC-3,, nNOS (383bp) sense (R-nNOS-
F):5-AAT GGA GAC CCC CCT GAG AAC-3',
anti sense (Rn NOS-R2): 5-TCC AGG AGG GTG
TCC ACC GC-3, INOS (217bp) sense (R-INOS-
F3):5-GAG ATC AAT GCA GCT GTG-3', anti
sense (RINOS-R4):5-AGA ATG GAG ATA GGA
CGT-3'% F\» 7z, PB-actin {22\ CTid, TaKaRa
F1) TVFNT 4= — Bactin (264bp) sense: 5-
AGG CAC CAA GGT GTG ATG GT-3', anti
sense: 5-GGT CTC AAA CAT GAT CTG GG-3'%
w7z,

PCR Rt SfHi, RT RS 10ul, 25mM MgCl,
3ul, 10 x RNA PCR buffer 4ul, 5U/ul Takara Taq.
0.25ul, ¥ X754 <— (20 pmol/pl) 05ul, 7
Y Iy AT T4 ~<— (20 pmol/ul) 05ul, d-H.O
2 50ul & L 72, Bactin 1 94°C 15 %5, 68°C30 T
35cycles, eNOS, nNOS X 94C3 77D, 94T30
#, 60C30F, 72T60 # T 35 cycles 17V, iNOS
1 40 cycles TiT o 72,

PCR I )& 1 5ul % 3%Nusieve 3 : 1 agarouse
gel CERKE ZITV, =F YV vaT70v A N
tuth, BHEREZTo/, WA A=V 7 F 54
#— FMBIO I MULTI-View (TaKaRa, ##) (2
X B WAL L CHEE N Y Fo s EiRE (10D
) ##lEL, &% —7 v bOHLRE% Bactin
DHENHETHIE L THEHAEZ2EM L, AOX)
SRt (Ay) e U TR EHEL BB L.

5) SRIEHRRFAR Gt

— RPN FRY s o —F ke L
T, eNOS X NOS3 (C-20): cat#sc-654 %, nNOS
1¥ NOS1 (R-20): cat#sc-648 (Santa Cruz Biotech-
nology, California) % £ 4 ARG 1: 10 THW
7o, BRBEHORV<Y VEEERE W, YN
Birsg 74 1%, WRESVE X 57— Biitt%
0.3% BEEILKE/ A ¥ ) — T 4CT30 4 FRLEE L
720 RIZ, 10% X FIMIE T 10 75 R IERF R K RS %
7y 7 L7, 1% bovine serum albumin (BSA)
THML 72— RIUEZHT L, 4T < 10 B UG
S/, PBS THAMWE L7z, MEETITH 72
B, NVFF T —BE#E T KPURIZY i
FoyE s 17 1) v Fab(200 1%, EEEY S5
8, KR % 1%BSA THRLZH 0% HW, =
mT 1 RS 2728, PBS THRAPEEL 7.
TDLET, 005% (w/v) 33-YV7 I /XYY
WERIEZ M LU 7-005M MY AIEREE#EE R (pH
75) 120.003% #BEILKEZMA 2R EHTRE
L7z, A bR UBEELITY, BK, #HA
eATolz. B, BHar bu—vE LTRIT
Hob DIy FIEFME L PBS & w7z,

6) FratF ULk

FREFE TR E L EHERE (mean =
SE) TiRL, HEEMEL Step 4 Excel #atY 7
I CT—JuBCE 7 # AT (Fisher’s PLSD ) # H
W, 5% UTOfEMREEZDL > THAEED ) L HE
L7.

1. BERHE

ARETIE, KEWMES G (A F TITRERELIC
AL RD A%, 30 4 (Ay) LLREIRE IR
IS AZFRED, 1805 (Aw) £ O IBIMETS A
DOWAIEE R, KRR E & ITEEREOBM
ROz, BETIE, 604 (Bo) T TIIREDOH
Ba#RoT, 1804 Bw) LD HMBEFSAZE
D7z (K1), ABEELIEL BETIX, 30,60 4512
BUWTREEBROIHH D S,

2. NOx OBEIFE

ABETIE, REIFRICHE 2 OFECIEA B R ZEITEE
D BT h o TN A & 5R 72, RHREE (Ao)
ERBINHE (As~Aw) DHTIIAE (p<0.05)
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1 v FPARETEEBRBERE B 2EE
BB DR
A® L-Arg JE¥% 58, B# | L-Arg 5%, mean
=SE (n=5).

NOx
(nmol / mg)

0.4 —eo AR

0.3+

0.2

0.1

0 ! ! L I
0 5 30 60

FIR R
2 5y bARBWETEEEMEREICBIT S
NOx D#ERRIZAL
AR L-Arg % 5.8, B8 | L-Arg X 5-#, mean
+SE (n=5).

1 1
180 360 (M)

A RBRD. BEETIE, 304 B £ 0¥EM
Lg% 180 2 (Biw) T THEML ZOHBET 2780
7o A BE & HEEL L C BRETIE 30, 60, 180 75 C i
xRl (12).

3. NOS mRNA OHH

%4 mRNA X, AyOFEHEL 1 & LA
mrEHL.

eNOS mRNA 1, A B TIR/KIRIEDEEB#RE
EEBDI, BT RREATHHEINEZEDL L DD,
BIMEZZRS SN edh o7, BETIIRERRON

43
eNOS mRNA
(kE)

3.5
3.0r
2.5
2.0F
1.5
1.0+
0.5r

oL L ! L 1
0 5 30 60 180

FRER R

3 v MKRBIETEEEHEREICEIT S RT-
PCRIZ & % eNOS mRNA HHEOHER
AR L-Arg B 58, B | L-Arg&58H. A/D
EEA 10 & L T#EH, meanxSE(n=5), ¥p<0.05.

|
360 (5

nNOS mRNA
(kb))
1.2

1.0}

T

0.8

0.6

0.4

T

0.2

0 1 | ! | L
0 5 30 60 180

R B
4 T MKRBETSMEBERBERZEICSBIT S RT-
PCR IZ & % nNOS mRNA B E DR
AR L-Arg JE3% 5.5, B I L-Arg %58, A D
ME% 10 & LTHEHE, mean=SE (n=5).

1
360 (5

HlEN72304 (Bo) A S¥INLIED 605 (Be)
Y —r L L, 20O# 180,360 7 (B, Buo) T
TRBEDZ, ABELRELTBECIIRERRD
PIHI s sz 30, 60 HTEMTH D, 60 5 TIHEE
(p<0.05) WXEETH -7 (K3).

nNOS mRNA (%, A B TII/KRIEE R I
L, Z0O%HIFMFEEEL & HITET L, 360 4 (Aw)
TII AR (A) LIZIZFAME L o 72, BETIE,
FKIBHIRBEFERRE & HITh Tz 2o
72 (H4). HERROMH S 7z 30,60 5T A
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AR

e NOS (324bp)
M Ao As A3 Aso A1soAs N

B-actin (264bp)
M Ao As A3 Aeo AsoAse N

n NOS (383bp)

B-actin

M Ao As Aso Aso AisoAseo N M Ao As Az Aeo A1soAseo N

i NOS (217bp) B-actin

5 eNOS, nNOS, iNOS mRNA %

FLE BREICHEEETIRDON 2 h o7,

AR, BEED, ﬂﬂgﬁﬁa L OUKIRH 5~360
7% TIZINOS mRNA OFBIIED SNz d o
72 (H5).

4, REHEBFENORE

eNOS i3, #5ET &, 52~ g O BhFfik o 1 4E A
IR TE % 7R 72 (M 6 /&) . nNOS i HifH
#EB X UF Meissner’s #i#2#, Auerbach’s fifs#
WREEED (M6h).

z

AKRFZEICBWT, LArg 2 B84 LT w A
RECUE, AKIRARIC & 0 BRI B AR B 3,
NOx Z#k A # /R L, eNOS mRNA ZH O M
MO NLrol, T, AMLAEMIZLDY
BRI EASE Z b, MR T IR0 <
KERFIREBORHFEAY, NOSmRNA O AT
SEBPZ LR, ET 2 2124 ) NOS 23 16HAL =
NP L) NOWHEBESNbDLEEZDL
Nz, TOXHIZ, NO DA% eNOSmRNA

M Ao As Az Ad AlsoAsio N

B Ny
e NOS (324bp) B-actin (264bp)

M Ao As Aso Ao A1soAse0 N

M Ao As Az Aco A1soAs0 N

n NOS (383bp)
M 0 As Aso Aeo A180A3s0 N

B-actin
M Ao As Aszo AsoAisoAszso N

1 NOS(217bp)
M Ao As Az Aeo AisoAso N

B-actin
M Ao As Aso AeoA1soAsso N

IO RT-PCR 2 X A fif 47
AR L-Arg FF¥% 58, B# | L-Arg #%%5-%, M: marker, N: DEPC LA,

FBPHMTE RV 2%, HHIEREDOERIC
Bb LML 5 EEZ S,

L-Arg 24t 62 %5 &, MNEM NOS fHE
YA L, SAEYED L-Arg 25850912 FI A &
NMNODERARET 5 & HE SN TEY., L
Arg ZJEWENGIHREG L7 BB CTIL AR L LR L
T, 30, 60 7 CHEBHRBUIIMN] S 4, NOx, eNOS
mRNA 3 &EETH-72. 2O Lh s, NO DOH
AN & 0 BRI H A S, 2 LT, 30,60
7 CNOx DA & & b 12 eNOSmRNA 25H &

WZHEINL, # L CTINOSmRNA O %D,
nNOS mRNA F&3 & WG 599 22 0 F2 e (2 A7 B 1%
PEONLEDo722 Eh 5, eNOSmMRNA OFEH

XD EHE NI NO oBEmL, BRERZEOW
HICEETH S LR ST,

KIZFHA b VAT THIKMELArg 23557
B L, KEMEZ L AR B R O JUS
ELT, SR L-Arg 23R L, RER
WAEH$ % NO z 5§ % 72912 eNOS mRNA
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X6 fREHMER G
£ eNOS HETRE (L), METE (T) oBhEkO MmN EMRIC eNOS DR
TR 7.
4 nNOS MR HHE S & O Meissner’ s i ## (E), Auerbach's fi## (T) I
HNOS @%’Tj—:%nuy)f_.

DFBAHER L 72 LHEW S, eNOS HKD NO
O¥EMAS, BHEEREIHRE I B TRERIZEH W
TwhEEzZoN7. 72, BEETKERED
180,360 73 & £ L & BI2OoN T, EEAATIIEERH
BEEEHITWMT B2 00Db 5T, eNOS
mRNA 1 Biss, NOx IE By TIRKTFTLTHDY, 180,
360 D Z OMEIE NO DER L Y 4 PG AR &ED
B R F D& F % ET % free radical % O [E 1
WX BREERRICHT LREINREVWERDbR
7z.

NO & BEHEBER N T- & OBHEIZ B W T, Sal-
vemini 5%, NO #¥COX # 4L T PG EA &
ETLEHMELTBY, $72, Brown 5% Take-
uchi 5%, NO IZERZWAHIH 3 L ORSH - iR
WA F e REL, REREICEHCTHE L
& L Cw 5. Furukawa 5%, NO & cGMP

WCHAEL, PGEA L CERBEIWAEMIES
ERELTWA., TOXHIZNO XK1 % 5
YA LT, BRBEEEION LREMICENNT
ux% LEZOND.

BB E TH A ET & NO OBRTIE
Slomiany 57, ET O¥hne cNOSHKTIZ X
WEHEDING 2 ZAD LTI, %‘Ti%‘*rﬁﬂ‘i’?ﬁ%@%
WAZB S35 EME L TWA, BREMmIEE O
e Tix, BMAL®IX, NOSHEHOKGIZLIHE
R MR T %2 328, B ARSIERIMEER O Mt
WZNO DG LCwah EliE LTwa. (HILER
TG EICEREL SN FHREREEARICIBWT
&, Davenpeck 5%, AFHEk & L8 MO
AN, NOSHEA 24545 2 2L h 8y
LEHELTWS, TDOXHIZNO L, Ry
DO, KPR T - AR T 2 SSERL,
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BHBEOEEELMERL, RENIERHLTYS
EEZON, RFFRICBWT, A BT NOx ORA
% eNOS mRNA FEBLOHMA v T &1, BHifE
DEFEEDHEFFCIREVEHOKRTICED S L& X
5h, BETOBERBEIRZEOIHIL NO OREE
HolmeEE z bhi:.

nNOS kD NO 2337 F L+ YTy »
VEEN AR RIE MR EE & L ¢, HILE R
AR BT A HEACE SR EH A s S
N, TAGTTREDHEBLEOMEDLME SN
TV, KEMHFEA M LA EREBIRE OFAER
D128 LT, BHEMEOMS?HMER LD HE
ENTWE ™Y, KBF% Tlid ntNOSmRNA @
FBETE AR, BETEHARICEZRED T, BE
BREE DMHBBESBO SN0/ &9, K
ERT 2% B HERZ OB I2 1E nNOS H 3k
DNO DEE I LW EEZ Sz,

HIWZA & INOS 2B L TI&, Helicobacter pylori
G BAEIEIN 2 T O INOS OF B s s h
TWwW5A*%, Nishida 5%, v PKBIWET A
ML AFEBEIZBWT cNOS IEHDETIZ X 512
EVEROT & INOSTEM OB I BT 5 45 51
Ha2HmE L Twahd, RIFFE T, WEERICHE
WINOSmMRNA DT D 5N % » 7.
iINOS HIR® NO &, &JEVE cytokine % 12 & Y
S X, BFHER, macrophage R E S L EICHE
EEINGEMBEEERICH EHEINALTY
5%, AMEICBT HKBEMHEICEL 220 HM0E
FBR A ClX, &EMBEOBE DY X4 7% < INOS
H3kD NO 0ol5 134w Bbhi.

RIEMMEF R A T, BETRE, ®ETRE
DOEENR O ME N MILIZ eNOS DR % RO,
ZHIZDWTIE, Fischer 573, eNOS 25L& A
BHRCRET A EZMELTWA. MENK
MARLD R b L AITK$ 5 R MR-, PR AR
DOFERED 12 & L CeNOSMRNA 58§ 5 2
A, BUBEMEREERKOMGICEETH S L
Ezohi-.

w

1. T v FMKERIHREBRIZ BT, ok R 8

EEHICEMEMEOEME D72, L-Arg 8

ENFIBES-3 5 &, 30,60 4 Tak B RIERZE O
TERL S & 7.

2. KFMWHET, NOx A L, eNOSmMRNA
DOWIMEBDO Lo 7208, L-Arg ZBHENRI*S
95 &, 30, 60 4T NOx, eNOS mRNA ZHED
Whnz #8072, nNOS mRNA ZKBHFICE D &
Lz 77, INOS mRNA OFBULERD e ho 72,

3. RIEMRRENRGIE, BHETE, EE MR
DEYEIR O ME N AL IZ eNOS O R4 % 528
7z.

PEXY, NO DA% eNOS mRNA Z8H A5
MUz &R, BRBREDTRIZED 5 fE
AR SN, T, L-Arg512X b, NO,
eNOS mRNA DFEBLASE I L 21 B KR E 28
N2 Eh s, eNOSHED NO BEET
HY, NOMPRFEWITEH L T2 HEMEDE 2
b7z,

AIREMRZDIZH720, MEE, HKEZB L
oM EEEURISIRET A L & IS, HIREW 2w
2T R F#IE, EARNBER, A M, KR
HAEHEML I CORAEEL Y ¥ —, FIGRREDOH
FeAEFITRBEHEL 5.

X 73

1) BAAREFRE  KRWHEA b L AEBREICB
A BLOBMMT Y My yolke. HE
&R 87 (6) © 1364-1370, 1990

2) Furchgott RF, Zawadzki JV: The obligatory role
of endothelial cells in the relaxation of arterial
smooth muscle by acetylcholine. Nature 288: 373—
376, 1980

3) Palmer RMJ, Ferrige AG, Moncada S: Nitric ox-
ide release accounts for the biological activity of
endothelium-derived relaxing facter. Nature 327:
524~526, 1987

4) Moncada S, Palmwe RM]J, Higgs EA: Nitric ox-
ide. Physiology and pharmacology. Pharmacol
Rev 43: 109-142, 1991

5) Moncada S, Higgs EA: The L-arginine nitric ox-
ide pathway. N Engl ] Med 329: 2002-2012, 1993

6) Whittle BJR: Nitric oxide and the gastrointesti-
nal tract. In Immunopharmacology of the Gastro-
intestinal Tract. pp155-167, Academic Press, Lon-
don (1993)

—404—



7)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

Boughton-Smith NK, Deakin AM, Whittle BJR:
Actions of nitric oxide on the acute gastroihtesti-
nal damage induced by PAF in the rat. Agents
Actions 35: C3—C9, 1992

Salter M, Knowles RG, Moncada S: Widespread
tissue distribution, species distribution and chan-
ges in activity of Ca-dependent and Ca-indepen-
dent nitric oxide synthases. FEBS Lett 291: 145—
149, 1991

Whittle BJR, Berry S, Lopez-Belmonte ] et al:
Detection of the synthase enzyme that forms the
endogenous vasodilator, nitric oxide in the rat
gastric mucosa. Gastroenterology 100: A184, 1991
Brown JF, Keates AC, Hanson PJ et al: Nitric
oxide generators and ¢cGMP stimulate mucus se-
cretion by rat gastric mucosal cell. Am J Physiol
265: G4183—(G422, 1993

Takeuchi K, Ouchi T, Okabe S: Endogenous ni-
tric oxide in gastric alkaline response in the rat
stomach after damage. Gastroenterology 106:
367-374, 1994

Middleton SJ, Shorthouse M, Hunter JO: In-
creased nitric oxide synthesis in ulcerative colitis.
Lancet 341: 465-466, 1993

Akimoto M, Hashimoto H, Shigemoto M:
Change of nitric oxide and growth factors during
gastric ulcer healing. J Cardiovasc Pharmacol 36:
S$282—5285, 2000

Konturek SJ, Konturek PC: Role of nitric oxide
in the digestive system. Digestion 56: 1-13, 1995
Lopez-Belmonte J, Whittle BJR, Moncada S:
The actions of nitric oxide doners in the preven-
tion or induction of injury to the rat gastric mu-
cosa. Br ] Pharmacol 108: 73-78, 1993

Wright CE, Rees DD, Moncada S: Protective and
pathological roles of nitric oxide in endotoxin
shock. Cardiovasc Res 26: 48-57, 1992

Nishida K, Ohta Y, Ishiguro I Contribution of
NO synthases to neutrophil infitration in the gas-
tric mucosal lesions in rats with water immersion
restreint stress. FEBS Lett 27 (425-2): 243-248,
1998

Nishida K, Ohta Y, Ishiguro I: Relationship be-
tween constitutive nitric oxide synthase activity
and mucus level in the gastric mucosa of rats
with water immersion restraint. Pharmacol Res
38: 393-400, 1998

Takagi K, Kasuya Y, Watanabe K: Studies on
the drugs for peptic ulcer. A reliable method for
producing stress ulcer in rats. Chem Pharm Bull
12: 465-472, 1964

BE &, MTREE, BERBE . 7 v PoKHER

—405—

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31

32)

33)

34)

47

BB BT A R ZEIT DWW T, Ther Res 6
928-934, 1986

Kawata A, Mikuni-Takagi Y: Machanotrans-
duction in stretched osteocytes-temporal expres-
sion of immediate early and other genes. Biochem
Biophys Res Commun 246: 404-408, 1998
McQuillan LP, Leung GK, Marsden PA et al:
Hypoxia inhibits expression of eNOS via trans-
criptional and posttranscriptional mechanisms.
Am ] Physiol 267: H1921—H1927, 1994

Chun TH, Itoh H, Ogawa Y et al: Sher stress
augments expression of C-type natriuretic pep-
tide and adrenomedullin. Hypertension 29: 1296—
1302, 1997

Tsikas D, Boger HR, Sandmann J et al: Endoge-
nous nitric oxide synthase inhibitors are responsi-
ble for the L-arginine paradox. FEBS Lett 478: 1-
3, 2000

Salvemini D, Misko TP, Masferrer JL et al: Ni-

tric oxide activates cyclooxygenase enzyms. Proc
Natl Acad Sci USA 90; 7240-7244, 1993
Furukawa O, Kitamura M, Sugamoto S et al:
Simulatory effect of nitric oxide on bicarbonate
secretin in bullfrog duodenums in vitro. Digestion
60: 324-331, 1999

Slomiany BL, Piotrowski J, Slomiany A: Role of
endothelin-1 and constitutive nitric oxide syn-
thase in gastric mucosal resistance to indometa-
sin injury: effect of antiulcer agents. Scand J Gas-
troenterol 5: 459-470, 1999

BAEXK—=, ZRHEZ, FRERER  BHHET-HER
Mo BHBEME, BEREmERIZB%NO
D5 12D>W T, Ulcer Res 25(2) © 115-118, 1998
Davenpeck KL, Gauthier TW, Lefer AL: Inhibi-
tion of endothelial-derived nitric oxide promotes
P-secretin expression and actions in the rat mi-
crocirculation. Gastroenterology 107: 1050—1058,
1994

Rodrigues-Membrilla A, Martinez V, Jimenez
M et al: Is nitric oxide the final mediator regulat-
ing the migrating myoelectric complex cycle?
Am ] Physiol 286: G207—G214, 1995

HTHOT  AEHENELRORF—RTEH
BLOT7H 7 v TEAOM— BIGEK  70:761-
776, 1993

FEH—E, ¥AKREH: A ML X &AM E KR
7. BREN 3:1419-1424, 1988

EREERE, FEGELE | LEELEMAIER,. R
E  46:1820-1828, 1991

Sakaguchi AA, Miura S, Takeuchi T et al: In-
creased expression of inducible nitric oxide syn-
thase and peroxynitrite in Helicobacter pylori



48

35)

36)

gastric ulcer. Free Radic Biol Med 27 (7 - 8): 781-
789, 1999

Bravo LE, Mannick EE, Zhang X-J et al : H. py-
lori infection is associated with inducible nitric ox-
ide synthase exprssion, nitrotyrosine and DNA
damage. Gastroenterology 108: A63, 1995

Nishida K, Ohta Y, Ishiguro I: Role of gastric
mucosal constitutive and indusible nitric oxide

37)

synthases in development of stress-indused gas-
tric mucosal lesion in rats. Biochem Biophys Res
Commun 236: 275-279, 1997

Fischer H, Becker JC, Boknic P et al: Expres-
sion of constitutive nitric oxide synthase in rat
and human gastrointestinal tract. Biochim Bio-
phys Acta 1450 (3):414-422, 1999

—406—



