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(4+1 °C) SEMBMESTH MERRME Ao
FIRHRERGOREE cAMP 2 Pey itk -
HRFro o FBERKEA cAMP EAE R EL -
Fmm L MRME (24 5 8 mgkg, ip.) 30
G580 B A(AHIT 2 1)l F EE
H 2 58 & -1k 7714 #u( dose-dependent) ip %)
BRFE®E4E o @1 NMDA (N-methyl-D-aspartic
acid) (0.2, 1 Fo 2 mg/kg) ., QA (quisqualic acid)
(2 and 5 mg/kg)fe KA (kainic acid) (1,2 and §
mg/kg) Elik 2 RB F- kAR FE S E
4 o
TR E NO o NMDA fepbip 4B ¢ aid g
89 A &, » L4 L-NNA > L-arginine & NMDA #
PR S E G AR B do cAMP 4L - itk
A NO Fu NMDA f2 bA7 3 75 1 F prip ik o A
& o F 4R NMDA L mg/kg oF - HiE8E % @
ﬁféi—j—é 70% ¢4 Tﬁﬁﬁxi% JHLfEl Pe B*—i—r‘?\.

P cAMP A FREZIRE - B4 LLNNA (NO
synthase inhibiter) 0mg/kg 55 57 £ Hu NMDA #f
BN R -
J:,i']‘i\% REF > L AESRMARAMRSE L
T fie 4 41 B #5 B M (mucosal barrier) 2, 4 52 35

o EMA T AR BN FEK CAMP B9 4 & - &
NMDA TAEAE M A M NO MR 0 BB
cAMP R £ ¢t B 45 ¥ (mucosal barrier) 2 4 18
ok
i 623 cold-restraint stress * cAMP » — &1L
f BB RE AR,

Abstract

Exicitatory amino acids and it's subtypes
including N-methyl-D-aspartate (NMDA), kainic
acid (KA) and quisqualic acid (QA), which
functions to protect mucosal damage and reduce
cyclic AMP concentration were also investigated

i stress-induced gastric lesions, L-Glu and it's
subtypes were administered before cold-restraint
stress (4+1°C » 2 hrs). The cAMP concentration
of cold restraint-induced mucosal lesion was
significantly different from the normal stomach.
The present study was conducted to evaluate the
effect of these drugs on the development of cold
and restraint-induced gastric ulcers. Two hours
of restraint at 4+1°C resulted in the production
of gastric lesions in all mice. The cAMP
concentration of cold restraint-induced was
inhibited by L-Glu and it's subtypes. L-Glu at 2,
4 and 8 mg/kg i.p. injection 30 min before stress
sigmficantly and dose dependently prevented
gastric lesions. NMDA at 0.2, 1 and 2 mg/kg,
QA at2 and 5 mg/kg or KA at 1,2 and 5 mg/kg
administered 30 min before stress prevented
gastric ulcer in dose dependently. On the other
hand, whether NMDA protects gastric mucosa
via NO by changing cAMP production were
studied using cold-restraint stress(CRS)-induced
gastric lesions in mice. NMDA at | mg/kg (i.p.)
had about 70% prevention on the development
of gastric ulcers. NMDA treatment and reduction
of CRS-induced ulcer index by CRS was
observed NMDA significantly attenuated
the increase in the cAMP and gastric
lesions on the CRS stomach.. L-NNA (NG-nitro-
L arginine, a NO synthase inhibitor, i.p.) at 10
mg/kg potentiated the CRS induced gastric
lesions. _

All these results suggest that 1. L-Glu and
it's subtypes also may participate in a
physiological modulation of the gastric mucosal
barrier, 2. NMDA may participate in a
physiological modulation of gastric mucosal
barrier by releasing endogenous NO and
attenuating the elevation of cAMP in the CRS
stomach
Key Word: cold-restraint stress , cAMP/cGMP
ratio , atropine , omeprazole , NO
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P M B A 8% (exicitatory amino acids) e
VRRAPL AT HLEL LR MELEERE
&9 S B (agonist) R 4L 4L (antagonist) &
3R E 5B NMDA (N-methyl-D-aspartic
acid) ~ AMPA ( -amino-3-hydroxy-5-methyi-4-
isoxazole propionic acid) ~ Kainate - L-AP4 (L-
2-amino-4-phosphonobutanoic  acid) L &
metabotropic Ff K35 - L EEHERAEF
a5t L &4 ek (L-Glutamic acid + L-
Glu) - B RIHT A A HILBET e TIEFEE
o AEFAKEAR (synapse) VA X ZMAEEN
WiERkpEr - RBERAGATRESH
L M@ pkl 2 ot iv & REGSAN PIEd
Bh% o FRBEFEEADEMNAE LHE R H8SS
f @ d NMDA % 88 4F F RS F il Sk
& (cholinergic neuron) RITHIHGES F L
FLHEAR 50 o S0 B SR oY P AR = 1 (1)
A 4T A8k 73838 R 95 4E lonotropic £ 88-(2)
BB MR M & 5L metabotropic &R A % o
71t G protein dependent phospholipase C» #
Py mnositol polyphosphates A & diacyl
glycerols By Aovs o

RFLAFRTHEEAS TSRS R M
o BN AR PL A4 A& (L-Glutamic
acid) B R 79 48 (L-Aspartic acid)& K & B &
BB T A MR B EE ke e M BER T
B P 74 glutamatergic neurons & L-aspartic
containing neurons » Bk KA FIFHEEM
HRRMENEA R RBEORAHR -

BRERBBEETHRERBDHAR
%o —RWABME L G msk ik
Bo~ ezt RagRBE - T
pituitary-adrenal axis 3| #&& corticosteroids Fv
catecholamines ® % - B¢ % % (adrenal
medulla) RS ~ R F FEBdofie RApH 8T
#lRg % (prostaglandin) & " X E £ %
Bl o REAER RAREIEF 8 1808 (cold) RIR
W4T (restraint) &9 & > T eAik R F 2 BE
G EEB - MALBEEHAMEALRER
A8 (body) #idirv e AR GE AR TR E
(lesion) Wk » Thethk A H o (1) 3o
RaRorit - (2) IRF BB AR - 3) A H5%
# (prostaglandin) 4-s% &9 &8 (biphasic) &
BIULAGRATRSY  TRIEMAR
BFLAPR » PGE2 &8 MARFRRE
Bk EAME AW N &L g
8 PGE2 284D A4 FHRE-(4) B
EH (motility) 5 & B W M A IR E R

(frequency) ~ % & & (amplitude) ~ & 85 A3
(duration)®§ » 5 ik #% F 26 B oo 74 4 05 3. PR 4% 7y
BB Fs - KMAR BB E - &
# cold-restraint &9# X RBIEE ASER B R A
AEIALEI A - A%y » s L A4
WMA LB ER ) = SR B A& 0 N-
methyl-D-aspartic acid (NMDA)» quisqualic acid
(QA)#v kainic acid (KA) - 3% § 38 £ (gastric
lesions) &9 % 1 & § + cyclic adenosine
monophosphate (cAMP) 4 F 6% « #iF+

EENR A FREHEBHLE -

= RBRREHE
VOERR AR HNEA S Ea %A

(1) BABEM a0t cAMP S ey 4

ICR ) & B BaFes cAMP 2B ER
NG wmigi - ERAGHA 1S )
B K cAMP 4 FEXMwERABE (p <
003y MEFHOMRA - LB T ROHR
TR OLS A S S ahedi (Fig. 1) -
(2) FB T
CR/ & #4838 cold-restraint (4 1°C 22

hr) R¥EH - RERBHETY ICR Jaf
HRBAE AAEAABOBERLEL -
SHTRAMBRBRET AL R BN 4
HIFwEEBEHA S 44020100 FEEE
# 5333078 mm > HE@MHL 904092
mm? (Table 1) -
2 L RaEBRAALHIY (NMDA QA
and KA) #n R hmiltex B RBHRE

(1} &% shirss

ICR /)& 8 cold-restraint (4 1°C > 1.5
hr) RIE 30 474887 - 9 B3RS L A E kg
REZHEA  L-Glu » NMDA » QA or KA »
HRREH e B RSN ERBMBRRE A
AR MR (Table. 2) - L A hpeet 4 514k
HEFE 2 440 8 mykg HNFHBMBF IR
BIERGEAIPHER - EABHE - HHBEA
REB G MAELREN QL F Skt
ERAERERD (p < 0.05) - ZH KB ES 8
mg/kg: EEIF B LT 3E 7479 % 1C50 A 4.79
mg/kg (Table. 2)-NMDA 5338188 0.2-1 Fe
2 mghkg > #AFHABBELRAR B-RAMLGY
FER - REGHE - ABEREAALE O &
AEZREG AR T > 2R EHMBK
b (p<005) - ZAMEES 2wmgkg AR E
AT 82.55% - 1Cs50 & 0.231 meskg (Table.
3) o



Quisqualic acid A& BEFE 2 fv 5
metkg o #HF IR E L RA SRG Y
HER LA AEBE  -FABRERRSEGH
MABEIKRBY ) OR T 2HAES
Mgl (p<005) REHBEE 5 mgkg
HEAE T iE 7915% 0 WCsp A& 2.525
mg/kg (Table. 4) -

Kainic acid o348 8F 12 0 5
mg/kg  HAFHBIEE ZRB ERF RS,
FAER c AEBHE A5 RAEREL BH
AR EN ORI 2REFER
WKLY (p<0.05) - REHMFESH S mgkg
ERWAE SwTE 95.10% ICsp & 0.204
mg/kg (Tabie. 5) «

3. Nitric oxide #5808 gz 8% 5 B 7 77 3]
ARAZ B RBHBE

FHTEEBRKREY ICR g Ruid
CRS(4+1°C, 1.5hr) BEE% > S hTREMY
RARMBEFHEEGAEE > L5 n# (U
No.y % 44.71 £ 9.53 %458 (U. L) £A9.06+
0.97 mm? - .n8 & 4 CRS EIF 30 44837 » &
A Lp.d4f L-arginine 200 , 300 mg/kg + &L
FTHMBMEERERN 2 FHBBER
BB RRAE300meke & A FHMIEE
ERAEZROIHER ( P<0.05 ) tp. 488
L-NNA ( NO synthase inhibitor) 10 mg/kg -2k
WM¥lRBGHRE EA&KFLELES
(Table 6) < /) & A4E CRS K IZ 30 54847 + 4
A ip. &8 NMDA 0.2 | 40 2 mg/kg » 20 F
MM RRER AR T HE SR80
F # F ik (dose-dependent) &4 T8 By 2L
RoRFELE (U No)EEEE (UL) &
HpdsE (U L)y B{ERELEEL (095%
NaCl) Ry & R bi 0 ZF & R e
B (P<0.05) - B 1Cs0 #1585 032 mg/kg - & &
HHBEL2 mgke BEBRBTHELESLE
HABARS 1113 £ 092 mm2 A 250 +
0.68 mm? + L 38 Py & T 1% 77.54% (Table 7) »
B T RIFFNOEF R NMDA R BT
Z KB &5 NMDA 2 mgkg 4 4 % 5k &
& o

L-arginine 73] iLp. 4% & 200 mgkg 4o
300 mg/kg > #2458 L-arginine 300 mg/kg 7% »
HAFHRBRBRETILIRFEEHH KR
(P<0.05) ; 4§ ip. 488 L-NNA 10 mg/kg @
MR EWREE REAST LEEER -
%4 ip. 4 NMDA Av L-NNA 10 mg/kg
& 0 ST sAdE i dy NMDA A i3 38 5%75 78 5

GE R R B b 18 NMDA 2 mg/kg thay

250+ 0.68 mm2 Ao % 8174 0.74 mm2> A&

&bl 77.54%8 B 26.59% (Table 7) -
(2) cyclic AMP RS LB

Aot B is B AR LA S
££(8 mg/kg) ~ NMDA (2 mg/kg) - quisqualic acid
(5 mg/kg) AR Kkainic acid (5 mg/kg) » £ $##
R J131 48y cAMP 3G ayBit » 2 HE
EHRRVHRE (p <0052 Pt kainic acid
#rd cAMP Ao F a9 4E B R K 0 Adpd £ 1
gy 855 % o LA B AREE P cAMP &)
H i E AR 4% 76.4 % (Fig. 2)

15.70 £ 1.24 52 11.92 + 0.45 (p<0.001) (Fig.4 ,
Fig.5 , Fig.6) »

MR ETREMATE  FRIRB R N1 5l 4
HHARMATAARE - ARG R AWK AWK
BETUBASMSES 3 5 T fafaas o K
B aRATH S » 4 cAMP 4%
BEZBELH MM BEFU 1S oA K
HERFGHEN BEAMTLERE L MG
BEAELLRIAN_HRE ML m A -
NMDA ~ QA ~ KA ## cold-restraint & #3 3
AEE o WRBEBE-RANAIH AR - i
ERES L RSBl B 53] e ok
% THHE d NMDA ~ AMPA % Kainate %
ZHRHREGHREEEAS T XL W AIE
3R €0 B e RS AR « AT SN BEE AT AR 8 36 R
THTRAKEATFRAOBYE  Hlbor A28
(convulsion) ~ 4§ 4% (seizure) -« ® NMDA &
kainic acid &4 4% % %) & /R B3] Ae sk % &,
BFHGARB Evre 5 —F - B wER
ARl - R A3 keey cAMP #
METNEIRAEZBHE Y - FhREERLAY
B E T AL NMDA S8 W3] A i e i 2
Bd cAMP X754 1% 48 (dependent pathway)
R LERAEERFEA . o dyobde ) - cAMP 15 3
BN R ERANRGH AHOMWE -

Bt LA g prae 2 L2 f &4 v — f4k
AEARANRRABERY  THAS bW
N cAMP s 4B Emiphl H RE B4 m
HR - LAMEBERL M2 E Dy
(NMDA QA KA) #o—FAL R Fr— B8 B
FRAMIANE BETE B E-RERES
WA ETEBEZIRE _Sumyg
(cAMP) B9y EVE MR S0 F fo 2 {3
WHER -

B #:



Tatste 1: The duration of CRS on utcer number (1. N}, ulcer kength (U.L.) and
utcer index {1.1.) of gastric lesions in mice. Vahicle (9% NaCl} were given i.p, 39

min before CRS.
Freatment n Mucesal lesions
Time GRS Mortality U Fo. UL (5N
{mm} (mm?y
(hr)
Vehicle - 15 015 Q 0 [
53 + & 06 2.00+0.58 1671053 14T £ 0.44
1 + 6 /6 3.00+0.71 200058 437 £ 0.83
1.5 + 11 012 44.02 £ 1.00 53311078 9.04 £ 0.92
2 + 4 2/6 3083 +£1.28 483+090 8.57+£130

CRS, Coid-Restraint Stress.
Each entry represents mean values + S.EM.

Table t. Effects of L-piutamic acid {Lp.} or stress-nduced gastric lesion in mice.

“Treatment n Mucosal tesions Freventive
index (%}
ip. Dose CRS . UNe ul. U.I.2
mm
gk (mm}) {mm?)
Vehicle - - 15 - - - —
Vehicle - + 13 10.0810.15 5.3150.11 11.4630.18

2 4+ 1l 9455014 2Rn00Y 9912021 13.54

6708020 2.2020.11°  4.8010.32" 58.12
+ 1D 5.00£0.11%  1G0+0.08"  2.89x0.14" 7479

IS
+
>

L-glutamic acid

CRS, Cold Restraint System.
Fach vatue represents meantS.E.
* ; Significantly different from control. (P < 0.05}

Tuble 3. Effects of NMDA (i.p.) on stress-induced gastric lesion in mice

Preventive
Treatment n Mucesal lesions
index (%)
ip Dose  CRS UNo UL wd
(mg/kg) () {mm?)
T Veniele - - 13 - -
Vehicle - + 13 10.08=0.13 5311011 11.4630.18

NMDA 02  + §  65650.18° 178007 60620237 4716
NMDA i £ 9 SER016T 1 8940.09° 1562025 68.94

MMDA H 9 aiE04st 12240.08° 2.0040 18" 8233

CRS. Cold Reswraint System,
Each vaiue represents meantS.E.
* |, Significanily different from contro) +F < 0.05)

Table 4. Effects af Quisqualic atid (i.p.) on stress-induced gastric fesion in mice

Treatment n Mucasal lesians Preventive
- “Dose CRS Y UL [LRN ratio
(mgfkg) {mm) (mm®) (%)
Wehicle - - 13 0 0 4]
Vehicle -+ 13 10.08+015 531 £0.1) (1462018

Chisgualic acid 2 0+ 9 7224017 26140.10 g 444020 ° 4181
«

Quisqualic acid 5+ % 537840721 % L4401 239x003 " 1915
p

CRS, Cold Restraint System.
Each value represents meant§ E.
~ ; Significantly different from contol. (P <0.05)

Table 5. Effects of Kainic acid {ip.) oa stress-induced gastrie lesion in mice

Preventive
Treatment n Mucosal lesions index (%)
ip. Deose CRS UNo UL Ul
(mg/kg)
{mm) (mm?)
Vehicle - - - - - -
Vehicle - + 13 19081015 5.3110.11 11.46x0.18
Kainic acid 1 + 9 7001222 2.2260.11% 4.7810.98° 5839
Kainicacid 2 + 9 57810011 ° 2.0080.12% 3941023 65.63
Kainic acid 5 + 9 LU0 0.5810.08° 05610.05" 9511

CRS, Cold Restraint System.
Each: value represents meantS.E.
* : Significantly different from controb. (p < 0.05}

Tahle 6. Effects of NS-nitro-L-arginiae (L-NNA}, L~arginine {L-arg) or vebicle
(0.9% NaCl) on wicer nember (U. No.) aad wleer index (U.1) of gastrie lesions
ia CRS mice. The drug andior vehicle were given i.p. 30 micutes hefare CRS.

e

Teeatment n Mucosal lesions preveniive ratia

(ip) Deose (RS T VN M (%}
(mafke) (mr’)

Wehicle — — 15 bl ¢
Yehicle — + 7 44.714£9.53 9.0640.97
L-NNA 10+ 7 A.83+0 607 12.0040.57 -32.45
L-arg 200 + 7 3011054 10.4040.16 NE
L-arg 300 + 7 3.6210.51" 24040 747 7351

CRS, cold-restraint stress.
Each enitry represents mean values + S EM.
Significant difference at P<0.03 : "a” from vehicle (CRS) group.

Table 7, Effccts of N-Methyl-D-Aspactate (NUDA}Y, N-nitro-L-arginine
{L~-NNA}, L-geginine (L~Arg) or vehicle (3.9% NaCl ) on ulcer number
{U. NoJ), ulcer length (U.L.,) and ulcer index (U.1) of gastric lesiens in
CRS mice. The drug and/or vehicle were given i.p. 30 min before CRS.

Treatment  n Mucosz! [esions Preventive

(i.p.} Dose RS U Ma. UL, u. ratia

{mg/kg} {mm} (ram’) (%)
Vehicle - - 15 7] 0 0
Vehicle - 4 V2 11022160 533£0678 1113 +092
L-NNA 10 4+ 6 10.17+0.70 483£060 12002057 -7.82
NMDA 2+ € 308£043° [43£052' L5010.68" 77.54
MNMDA+ 2 F 6 9334+ 148" SO0+ - * 2659
Laa 1o 33+ S500+133 8171128
L-Ag 200 + 3 30140.547 35040487 10.45016° 6.36
L-arg 300 % 5 362 0517 080058 240+0.78" 78.49

CRS, Cold-Restraim Stress.

Each entry represents mean values £ S.EM.

Significant difference at P<0.05 ; * a " from vehicle {CRS} graup . " b 7 from
NMDa, group.
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Fig. 1 The relationship between the duration of
stress and the level of cAMP ratio in the
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Fig. 3 Changes of cAMP in the mice stomach
treated with Vehicle (0.9% NaCl) or L-NNA
without and with addition NMDA. NMDA (2
mg), L-NNA (5 mg/kg) were given i.p. 30 min
before CRS. Each column represents mean
S.EM. (n=5-6).
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