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368 &5
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EHFAMY) VRRARCZAT 5 —EEBICEEYRITTMLE
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BT HEMERE > 27 22 EH L TRERT-72. UTFD4
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1. A Y vighERe

EMERBEREC, RV EHFA LY v 026n0M i b
5.2nM OEOE 4« DBEETHEMLE.

2. AR I VLR

Totally isolated, vascularly perfused rat stomach system.

Luminal perfusate

— I

+“—— 100%

PP 02
l ' ' < Vascular

perfusate
[ Aorta Luminal perfusate
KRBB Distilled water
vi titrated to pHT7.0
’\ L Membrane _‘—‘_
oxygenator PP
0 96 % O,
|_0—-| Portal vein 4 % CO,
L—#Sli;‘:{ 0 Vascular perfusate
L_| Krebs — Ringer bicarbonate buffer
Vascular (KRBB)
effulent

+ Dextran T70 40mg,/ml
+ Glucose 5mM
+ Pyruvate 5mM

+ Ca2*t1.12mM

PP ; peristaltic pump

Ovine erythrocytes (10 % vol ~vol)

Fig.1. Schematic view of the totally isolated, vascularly perfused rat stomach system. Stomach was isolated and transferred to
an organ bath filled with Krebs-Ringer bicarbonate buffer (KRBB). The vascular bed was perfused through an arterial catheter
from abdominal aorta and celiac axis with KRBB containing an ionized calcium concentration of 1.12 mM (at pH 7.25), 5 mM
glucose, 5 mM pyruvate, 40 mg/ml dextran T70 as colloid, and 10% (vol/vol) fresh, washed ovine erythrocytes. The vascular
bed was perfused at a rate of 2 ml/min by peristatic pump (PP), and vascular perfusate was gassed with O,(96%) and
CO, (4%) using a membrane oxygenator. The gastric lumen was perfused at a rate of 1 ml/min with distilled water (pH 7.0)
gassed with 100% O, All perfusate and the organ bath were kept at 37'C. The vascular effluent was collected in six
10-minute portions through a portal vein drainage tube, and centrifugated 2X10°rpm/min for 10 minute at 4°C. The
supernatant were kept frosen-20C until histamine analysis. The luminal effluent was collected in six 10-minute portions
through a pyloric drinage tube, and acid output’ were determined by titration to pH 7.0 with 1 mM NaOH.
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g mAFREREC, e AX I Ve 5uM »b 500uM DD
EAOBETHMLE.

3. BAX IV 500uM BEB®H, FLReRrAr v
500uM L2V Z#A b YV 5.20M OHERIME T - 7.

4. 052nM DRV ERHFA MY vEIL 50M D RAX IV
i, 50uM © IBMX #@HH Uiz,
FREROEMPECR LT, 6EDT » PV

1. BEERE S AT LOESR

HRERE AT AOFRIIUTO L T, 7 v MiZ
UpER D EHE, 0.75mg FOD Y L & v (urethane) ¥ HER
FIVETRECI > THRELHEE L. BOHEBELERR
Short 5%, 8 XU Kleveland 522 @ Fkictt -7, Ticdh
LETHRABIRLD »F—FAREAL, BKREETOXBIR
PRERLIDL, HEEBIRE D BLER L. FHHRBYT
PREELE, FIRE Y7 —F A BA L CERKEEZERL
. E-BERERETEOERICIIEE, BIUKMIREEDO T
B FREFR T —TAEBEA LTI » 1. FIlk, RO+
“HEBOATF—FALVER L 2EHEOERKR, 1057 L
ORERY TS 7y avalb s a—w L R LE (K1),
0. MEFEFROES EERE

MR Sandvik SO OHEIZREER L. T78b
% Krebs-Ringer ERBEHKIC 1.12mM o Ca®* (pH 7.25),
5mM @7 FodE, 5mM oL v, X0 40mg/ml @
FEA LT Y TI0 iz -8, pHT4 W L, ZhicHiE
e v CRERNREYBREA L LTI0% ML, BEEEEE
EBEXFT8Y% 0. 4% CO & HE Lic . HEERRIZIX pH
7.0 iR L KEARY B, 100% O, % %K Lic. ERRIE-

Y & & £ v 7 (peristaltic pump, PP) % AT, MEKIX
2ml/min T, HEHEE Iml/min K TERERETR L. Bizg
5%, EBIC Krebs-Ringer ERBEFER LM/ LEABICR
Ll ERE, $IUREABSIITCICHFL, BRRIE
BEaET, |EORFHLL. Tk, KD X3 L3NS
LB RN ENSBRA L. Tibb, MERERK
I ZEENEA LIRS, EREORNIEL - cEs, BE
ERAPLE B OERERBDORELALNIES, BLV
BEABCAYIc ERBREL TV RBETED.

V. BESBEBOAE

BRI UHBERKY, BETC ImM © NaOH ¥ BT
pH 7.0 2 THEL, EBOWEYRIE L.

V. EXZ I ORE

BRER L7 A BRRERHE 12, 4 °C 2% 10%pm/min & T 104
OB, EBEAYEEL, tRAXIVSSHAL LI T ol
(radioimmuno-assay, RIA) &35 T —20C W CHERFT
L#. eAx3 v RIA F, M3 0.InM ORELX DL, NHET
S OSEHIT 25nM O e A2 3 vEHWEBE, 6.1% T
Holz. EReARAFOV, BIVPt- AFLLAZ I VERNTS
TERIGIERATERLDOTH - 1M,

V. B BRORE S BRIBRIBCE
EBROWEIINREDOS Vv E2HFAL ) v, BIUTeAR IV
RBDIREE, TiebbMERERBEDADERTHWEH
TVWASMOWE, BL'eAax i vEE L.

FRNVEAFRALVVE LT R 2 3 v LB EBRIWFIK
13, 404 O ¥ ke (wash out period) #, 60T - 7.
IBMX #8658 412, 200 MOBSREE, ERKTET

Pentagastrin or histamine

stimulation

50u M

Pentagastrin + iBMX 50 p M
or

Histamine + IBMX 50 ¢ M

Pentagastrin or histamine Wash out
stimulation without IBMX period
Pentagastrin or histamine Wash
out
stimulation with IBMX period
0 20

40 60 80 100min

Fig.2. Investigative procedure as a function time of perfusion period 0~100 min. In both experiments Krebs-Ringer bicarbonate

buffer containing ovine erythrocytes was perfused continuously.

In the first experiment (upper panel), rat stomach was

stimulated with various concentration of pentagastrin or histamine alone for 60 minutes. In the second experiment (lower
* panal); 50" #M- isobutyl “mrethylxanthine- @BMX): were added-to the vascular perfusate for-26~ mmutes, ‘and* stomach was
stimulated with pentagastrin or histamine concomitant with IBMX for 60 minutes.
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D804fE 50uM @ IBMX # oz THIEE T -7 (K 2).

VI. e X7 I - HAZAV L REARENRE

BB 3frDe R I vOREKDWTIX, Rt
R BRI A F v ¥ — €k (peroxidase-antiperoxidase,
PAPY & Lk 2L REXITVRE L., —k#ifdL LT
CHEMICON ## v 4 ¥ v A& I vEY 2 v —F L Hk
(Temecula, CA, USA) % F\~, diaminobenzidine (DAB) {2 C %
Bk,

Vi. EBRHE

Ry EAHAPNY V (Peptavlon®) i3 ICI-Pharma #+ %
(Macclesfield, UK), % A b 5 v T70 {% Pharmacia AB #-%{
(Uppsala, Sweden), IBMX %% @ fis © 3 #]12 Sigma chemicals
Co. 8 (St. Louis, Mo. USA) #H\/z. e 2% 3 v RIA
%y b {X Immunotech #: (Marseilles, France) O#if+ » t
%, XY A &KV 7% Pharmacia # % (Uppsala, Sweden) %
YA

X. #EtH¥EaoRREt

BERoWE, BXUe 2z i v WET, T LEtmse
(mean+SEM) T& L, EHEEOREIZIY 4 V2 7Y VD
IBAZFIBEE (Wilcoxon rank-sum test) % FVTEHME L, kR
SRLUTREEZD D EHE L.

B ®

[. BESBBOHE

1. _v A ) VRBCR3 2 BBoWMRIST, £8s
WED 28+05umol/hr 2 & ABMHAFM B RS U B A I
L, 1.04nM TiT 12.0+2.5emol/hr DR AKLSWELR R L. L
HLThUEORETIERSWEIMM LI (K 3).

2. e RX I VRIBCHT ARG, ERSWEN»DBEEK
EHORIEHRL, 500uM TREKAXSWE 24.8+6.3umol/hr
FRLE, LALLTHULOBETIX, e A% vOnEER
BRI X AEEOBEDID, MEEREDE R~
BERAEL, BRMOWBINBTHEL o7 (K 4).

3.52nM DRV EHFAFY v E S500uM D AR I VEFE
BRICEEL, BAIBET--BE08BsWE X 209+
8.8umol/hr THH, e A% 3 v 500uM AW EES LIZER

~
1
N
2 | * *
E | *
3 |
~ *
10}
- I
>
a2 *
=3 -1
o s }
ke —_—r
0
<
0
0 0.26 0.52 1.04 2.08 5.20

Pentagastrin concentration (nM)

Fig.3. The effect of pentagastrin on acid output in the
totally isolated, vascularly perfused rat stomach. Increas-
ing doses of pentagastrin were perfused vascularly.
Results are expressed as meantSEM, from six experim-
ents at each concentration. Significance of differences
from base line is indicated. by * (p<<0.05).

t

% (24.8+6.3umol/hr) T, BEERALRAE -7 (K5).

4. IBMX B LB E0 BRI WER, 0.520M 0~y
EZHAMY VRIBTIE T424£20umol/hr &, HEA LW B4
(8.0£1.8umol/hr) IWHRFK OB WM LI (K6). #i
50M De Az s vERLETIZ, BMX OffHIC L 5T
134X 10'4£9.5umol/hr &, A7V 484 (18.4+3.8umol/hr) It
HL®sEwHEmLe (X7).

1. FIfRIFP X4 3 ROBE

FARRIMEE D & 2 & 3 L, 0.52nM D=V EHF R+ Y v
FHABEFIZ 1 46.6+5.1nmol/hr TH H, 0.52nM DLV & % =
FY VD, 50uM O IBMX ¥ #E LB AT 479469
nmol/hr TH -7, Tichs, IBMX OFEEED S FPRML
FROeAZ I VHWBBIIAETH - (K 8).
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Fig. 4. The effect of histamine on acid output in the totally
isolated, vascularly perfused rat stomach. Increasing doses
of histamine were perfused vascularly. Results are
presented as means+SEM from six experiments at each
concentration. Significance of differences from base line
is indicated by * (p<<0.05).

N.S.

30

20

Acid output (u mol/hr)

Histamine 500 u M Histamine 500 4 M

alone + pentagastrin 5.2nM

Fig.5. The effect of pentagastrin on the histamine stimu-
lation of acid output in the perfused rat stomach. 500 4M
histamine was perfused alone (left) or in combination with
5.2 nM pentagastrin (right). Acid output is exhibited as
mean+SEM from six experiments each.
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5y tEREBTHeAX I VOREYR, PAP k2 X hiRT
2%, ex & v ECL MlaPiciRo bh, ECL MAapy T
BRERCBEL TV (B9).

% -
AR TITHBERS v PEVATARMEREL, Rviara
bY OBBFIBIC L 2 EBIWBEL, AARP=ATT—F
DIREATHD IBMX ERVEHRA MY v LABED
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Fig.68. The effect of IBMX on the pentagastrin stimulation
of acid output in the perfused rat stomach. 0.52 nM
pentagastrin was perfused alone (left) or in combination
with 50 4M IBMX (right). Acid output is exhibited as
mean-=SEM from six experiments each. Significance of
difference is indicated by * (p<C0.05).
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L
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Acid output
1

Histamine 50 u M Histamine 50 u M
alone + IBMX 50 u M

Fig. 7. The effect of IBMX on the histamine stimulation of
acid output in the perfused rat stomach. 50 #M histamine
was perfused alone (left) or in combination with 50 «M
IBMX (right). Acid output is exhibited as mean+SEM
from six experiments each. Significance of difference is
“indicated by * (p<0.05).

FMOATEBOIWEREL TS BEY AT 238EEH
TWwigw., Thw U IBMX B8 LT Kleveland % 132%® | [
BOF v FBERY 2T AT IBMX REBSWEDOR
THYRIFIETHZEERTRL, RVEFAL Y VHIBIC L AR
TENEBIWED, BMX kWA LR I - TEETSHE
BRTWB. L L IBMX 2BV 841, BRsBEsd
BTHH, P OTRLRETHAHID, Ihi TEBRBERY KRN
HLEZRBETHo. AFRTIXIBMX #HVAZ E7el
VEHAFY VORDOFBETS Z LTk oT, ARKERD
RIFLBMOWRIEEE D L TEL (K 3).

Iy aAty (C) NERSUEHCEELRIALE
TLTWAZ LA L DHBRT W™, FA L Y B
CEdeAx I voREEEBRIWER, MR C BEW
WELTOADIHL, A% I VHARIZ L 2B, BEIT
Ca* BEDOHEY 52 &nb*®, Ca* Herg v
BHZECBEGLTWA EELZBRD. IHIBMRIC RIS
BRSO WEBHIZ BT, Cat RSO0 EERBIC S W TEE
IEREERIZLTBEELLNRT B, D&% Ca* KHF
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fhi)
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Pentagastrin 0.52nM Pentagastrin 0.52nM
alone + IBMX 50 u M
Fig. 8. Histamine output in the portal vein after stimulation
with 0.52 nM pentagastrin alone (left) or in combination
with 50 uM IBMX (right). The results are exhibited as
mean+SEM from six experiments each.

A

Fig. 9. Immunohistochemical staining of histamine in the
rat stomach, showing the strong staining in the ECL cells.
(magnification, X 100)
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WO (H*, K*) ATP ik @EER, Thebb 7 r b VRV T
BIELAERTHD, 150D cAMP ® Ca> kEHDE
B vELEERIC X 2B AT 5 DEMLICEEE L o R
TH5. Sandvik HIZEEERS » AT 2B WT, #
WEDO= =4 FELTY VT V7§ v Aeb L, K
O Ca* BEWIELOERRELAD ZERHELTEH?, AR
BTRYVmMET LT I vORbbi, CfESELELV
FEALS Y TIO 2FEALE. FBBOEBRSWEIL,
Ca”* DERECRFEIRT, “vEFA M) VRIMZ L 288
SWEIFEIS Ca® BENMEVREEETH- 1 ERELT
VAT XHIC ECL MfarbBHiI¥hserz 3 vEBIZ, Ml
S Ca® BEM LI2mM TRKTH oo 2 &M, AR T
MAERERED Ca® BEIT 1.12mM & Lic: ZhETHA b
Y VHIBEHB TERSWE TS VAT ABEIR TVl o
e, AR TREFE P24 FELTFFA L5 TT0
AL, Ca BEY LI2mMCHE Lt bk h, _vE
HALY VEBRABTHDTEELEBIWBETI VAT A
YR TEL., ZhiXaef FELTFFA L5 v T0 24
AL, EfEFo Ca* BEY L1I2mM CHELE-ZELILLES
HRTHDEEL LR,
FRAPRTIE, VEFTALD VORBMICE - TEM DS
WEhEELZDhB AR I VvEBOBRHY T, BEWY
AT ATIRFARMLFOL 2 £ 3 VEOT{LR, BlrkiTs e
ZIVHWEDRB A LELLRTWB LD, KFRT
beAX I vERSCOERERKYBE G TRE L, IBMX %
BEALTEShiz 0.52nM ORY 24 A b Y vEIBIC X 5 PR
fifkDe A& I VER, BMX 2R Lish - oS L AET
Bofc (KB). TDDARAFL AT S —HHEHTHS
IBMX 12, 59 FERDODOLRX I VAMEEEL»RITI 0
ERRER., ZDZENEF Y PERBTALRE I Ve
B, T7chb ECL Mz, v H A ) vEIBUZ BT
HRRA—REEDEE LT cAMP %FIH LicL L HEI R
Jo. ¥ IBMX ¥ GBI, SRS WE 8 Sy
BrLemh, BRMCEBIOERAZ I VO REZEWE I
cAMP TH B Z L BRI,
ZOWERETALIVEDOEEREEIL, RvEAHF AL
VYV I BBEBOWERN, RVEHFALY VEEORAK Y
TRAF5 KB LB cAMP OERR IALDONE S M
WHETHD. LREIVIELIAEBSBIZEMBAD
cAMP 24 LCfibh57c®, IBMX #§fETA L2V 25 2
FYVEBERARDO=AT S - HHBEARD - TH, 0
FRIZHERTERWI LD, ZhETOWRILL »TEHY
AT ATIX, IBMX #HER+5Z &0k b X SBOWEI B
MTHZERELNTISTHBD®, IHI IBMX E_v iy
ANV Y, BIUV HLZASEEATHS 5 =5 v (Ranitidi-
ne) X VLR TIE, 2umol/l DS =+ VITEBRERSW
BRI LIV, Ry FRA LY VEIBRIZ L5 BBOWE
ZIZERECANTHZ LHEBE IR TV Y, SEOHET
WX, 5.2nM DRV EFA Y vk 500uM D R & 3 v ELRB
BALTHBLEBEEL, 500uM ez 3 vEMCHBLE
BARLE L THRE Licd, BRI ERIWREDOZITED
bhizh o7 (R5). #-T, RVEAHAL) YIZIZHKAKRY
=275 ~HHER L 5T cAMP # FR X SEAIZLV T
EWRE I, EREMRKIZ (R E =) AR Y VEREIT

FRLGGEHEIRT, LI, 6223 vk (y
F=) HAMVI VRLIDEBOWHBD AT s =— % —ThH 2
LEZ DRI

IhE CRBSWRBOBMRANDEEERIZ DV T o0
ERFRESH, BECED T TERIFETB. Thbd
Kahlson 5% Code 12 1 5, BRSO WIIHRKMITTXCe 2 4
IVENLTUBEEINDETH AR I VEEER AT, ==
# — & (histamine common final mediator theory) &®,
Grossman HIZ X%, BEfilRCIZIFA MY v, e RAZ IvEE
V7 FNa) VOSBREOZASHTEL TSI 56
(multiple receptor theory) T 5, L2 L H, Z&EGEEH O
BECLD, TXTOEBIUWRBIEEIRE ZEY, 22
TeFALaY v, BIUHFA LN vOBBSWMEAR LR 2 3
VENTAILEBNEHINACZ L I DM 2 x 3 URER
BUWDEIAT 4 == 2 —THBHLELLNRD L3R -TE
H, ERROERE~FKLTW5.
ERSWEEETAe 22 § vOSEMIZITOWT, R
BT 5 LELONTER. LrLIy P TIR, BRO
EfafM 3T % APUD % (amine precursor uptake and
decarboxylation, APUD) O#fifa T2 % ECL #ifas, R4 3
VERRTARIEN BHEMKCE-TED, £ PRBWTY
ECL #ifadie 2% s vEN L CEBRSWEBEIC EE Bty
RELTWLABLEELZLNTHA™, AFRIEBVTH 5 v b
ED PAP B TIX, A& I vi3Fx L L€ ECL Milan#ii
BRCHFELT ., ERFR MY i, ECL I BT
AR IVOEBRLEABBERTH D, e AF O VHIRBER
(histidine decarboxylase, HDC) D &R % JLH# X ¥, BN
HDC &6#Miachd 2 ECL IEOMBEEXETEThTH
B0 oz b, ECL Mgz H A M) vESENEE
THEEABLRTHD. LKL TI=ATHBA v r
{ ¥ v (impromidine) % F\ 7R X ®, ECL B ik
B CHHIE H, B %4 (auto regulatory H, receptor) 23751 %
LEXLRTWA., Zhicx LEMRT, BEENCIZS A b
VURBEIILECEE L BN, AR TLEMREC BT S
DHAMN) VEBEDOFEIBEHWTH 7.

= Ee

V4 AE—RHENT v PEACCHEEENRE v A7 A EY
L, BADOBREOSVEFA M) v, 8Lk R & 3 VHIBIZ
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FRRARC=AT S —EHEFA VT FLAFALFHVF Y
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1. AFETRFFA LIV TI0OR AV D &, 810k
4 Ca BEY 112mM KRB LItz LIzl b, RV EHA P
VvEBIVeAX I YORMABCK L, FDTHERTFRED
BROWERE LTS BT v A7 2 2B T2 &8
T&T.

2. 052nM DRV EHA MY VERHBOBES, BIO
50uM D IBMX FEZEE FIZ 351 % 0.52nM o=v & 5 & + ¥ vl
BOBETE, FIRFCIWBIhice 2% I vERRETH-
7. Zhitk»T, ECL il 2R - RkEELE X
cAMP Tidio\Z D EEBEhic.

3. 500M e R I VEMABMOBE, XU 52nM D
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ROEAT T —EIERTCHEYRIFILVWI LRI N,
F B B (R E =) HALT ) VERBFRFELRW
LEZLRI.

4. IBMX i3, ECLMIBED e 2 % 3 VA EETS Z Lis
(v EHA MY VRIBEKT HEMROBBIWERY 9
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cAMP TH 5 Z L iR S hic.
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Abstract

This study was performed to examine the gastric acid output levels stimulated by pentagastrin or by histamine in the
improved system of the totally isolated, vascularly perfused rat stomach. It also examined the effect of cCAMP levels on his-
tamine release from enterochromaffin-like cells (ECL cells) stimulated by pentagastrin alone or concomitant with a phospho-
diesterase inhibitor, isobutyl methylxanthine IBMX). In this system, Ca*" concentration of vascular perfusate was adjusted
to 1.12 mM, and dextran T70 was used as a colloid. Infusion of various concentrations of pentagastrin or histamine in the
vascular perfusate increased gastric acid output dose dependently. Pentagastrin (0.52 nM)-induced gastric acid output
was 8.0£1.8 zmol/hr, and 9-fold increment of gastric acid output (74.2£2.0 pmol/hr) was obtained from concomitant stimu-
Jation of pentagastrin (0.52 nM) with IBMX (50 x M). Histamine (50 x« M)-induced gastric acid output was 18.413.8
wmol/hr, and 8-fold increment of gastric acid output (13.4X10'19.5 xmol/hr) was obtained from concomitant stimulation of
histamine (50 # M) with IBMX (50 xM). Histamine (500 e M)-induced gastric acid output was 24.86.3 gmol/hr, and gas-
tric acid produced by combined stimulation of pentagastrin (5.2 nM) with histamine (500 M) was 20.9+8.8 ¢ mol/hr, which
did not increase in response to the added pentagastrin. Pentagastrin (0.52 nM)-induced histamine release into the portal vein
was 46.6+5.1 nmol/hr. However, concomitant stimulation of pentagastrin (0.52 nM) with IBMX (50 M) was 47.916.9
nmol/hr, which was unaffected by phosphodiesterase inhibition. The results indicate that IBMX did not affect the histamine
release from ECL cells stimulated by pentagastrin, and pentagastrin itself had no phosphodiesterase inhibitor-like effect.
Thus, these results demonstrate the capacity of the totally isolated, vascularly perfused rat stomach system to produce gastric
acid and provide a model for studying interactions of gastrointestinal peptides, such as pentagastrin or histamine. And the
results support previous observations showing that histamine is likely to be the mediator of the acid secretagogue effect of
pentagastrin.



