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Experimental Studies on Peptic Ulcer

—On the Mechanism of Duodenal Ulcer Formation after

Administration of Cysteamine in Rat—

Yoshikazu NARASAKI and Tsuyoshi YABANA
Department of Internal Medicine (Section 1), Sapporo Medical College

(Chief:

Prof. T. Wada)

Studies on the mechanism of duodenal ulceration in rats induced by administration of cysteamine

were carried out.

@

The results obtained were as follows;

Remarkable and significant secretions of gastric acid and pepsin were observed with marked

distention of the stomach. However, pepsinogen content in the fundic mucosa was significantly decreased.

@)

Cysteamine administration, which gave rise to edema in 5 minutes in the upper portion of villi

of the duodenal mucosa with gradual mucosal damage with lapse of time, resulted in the extremely high

incidence of duodenal ulceration at 12 hours.
()
adrenal glands which showed severe hemorrhage.
(4)
were decreased by the pancreozymin-secretin test.

)

Influence of cysteamine upon the various organs was histologically negligible except for the
Pancreatic exocrine secretions increased by administration of cysteamine alone, whereas they

Gastrin, glucagon, insulin, glucose and corticosterone levels in blood were significantly increased

after administration of cysteamine, whereas plasma secretin levels were significantly decreased. On the

other hand, release of secretin in rats pre-treated by cysteamine was decreased by intraduodenal adminis-

tration of hydrochloric acid.

In conclusion, it was suggested that edema selectively induced in the duodenum and the remarkable

secretions of gastric acid and pepsin were mainly involved in the induction of duodenal ulceration

by cysteamine.

It was also presumed that the dramatic changes of the several humoral factors and

associated hemorrhage of the adrenal glands played synergetic roles in the development of duodenal

ulceration.
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2 RBA&

2:1 Cysteamine (Cyst) D% ik

AT 150~420 g © Wistar RbE7 » MCKDAE E H
C5-% C 24 R &8 ek, Fujii and Ishii? few
Cyst 100 mg Z/EBRARIAR (EfK) 1 ml iR LT,
ChAEAE Lkg 240 400 mg (4 ml) OFIE TR T ESHL
oo SIRBPHC A RK D 2k AR B P L. Rila 22
THERCII TV 2 v B
22 BRBRE

k1R 295~340 g D 7 v M ICHREERNE L, I A EAR B
TP LA L THE lmm Ov =—vExE D NCH N
~FEAL, JoiE AT EE Lic. T TEE
IR AL, WA R CEANIESmm DY Y =2
vERBRALTEEL, ZORHIA AR, HE S
THNNGFE L. BPINITA L7 208 LTk &
ATBE, ZhhtBBAOENLBERTS 2 eI
W5 o & wilEE L CUBiAIZ Ui, WRER O D4
BN CERETBI R L. 1HEZ BB L VAR
K 10 mZ AHHEA LCHEREC L, Cyst #5508k
iR F O OMRE 2 NWET 2 &30, 6IFHE X TD
BT D\ C pepsin iM% JUGE Lic.

2:2:1 BREDRE

AR LA S B EEHHZ RSN O HE T HE
Vv, pH-stat #FHGTHBE 2 WEL, 1EHEOS hEY
#Eq/hr & LTEb L.

2-2-2 Pepsin EHEDRIE

[ U < BAMEARFEATASRED ey, Hb H
IR H I E Nz C 37°C, 10 5 fiH{LEs, 5% TCA %
WS EE L, U O 1-tyrosine &4 LA NE (U2
£ 640 nm) LT, pepsin jEfExFEH L1

2-2-3 B¥EA pepsinogen DHEIE

ki 380~420 g D 5 » + 21 PumKIERE  Cyst $e5-f%
S B TE, 6 M A TS X oY 12 e[ B I 4 PR 431,
RS & BRI U CBHIE UCRR S o B AR e B O fifE flsil
ik (Wi LRI E2ET) e fhikdiE 20 mg 7o\
L 30 mg £ L, 0.1 M phosphate buffer (pH 7.3) #hT
Teflon homogenizer (WAPR(LTZEH) % T homo-
genize L7:#%, 10,000 G, 4°C T 20 s3fihsmin L, _Bisic
DT pepsin {EPEEIE Lic. 7ekifitkoZIhCiiF—
B OEARE S Lowry ¥ I X hIELC, HEAHE
1mg YT ONTEDEEHEERH L.
2:3 - B REORBRNRTE

th# 150~210 g D 7 » b 27 U % 5f AT, Cyst ¥ 5
SEHIE R, 6 A Tk X O 12 BRI R BED 4 BV,

FLMLEERE 1979

T TEHEBIRE M X o PLmsee Lot EBIE L, 22bil
TRZB(EDME N & & ZiED DT L TH &+ I8 on T
DT ogaittntc. $ichb, Bk (i i b
U, SEEERMEEA IR, i, BA, 3 X0
OFEMEE, FROORERR - RS - I h I h N
2. wieZhw Formalin [E%E L, Hematoxylin-Eosin
(H-E), PAS, Alcian blue (pH 2.5), 3 X 0" Colloid-iron
Yuft, (Mowry )4 &, PAS-Alcian blue FE¥:ffts LN
Azan Pt lii U CHMZ LA OB Lic. 7ok, FRc
Bz e ER 25 B C Cyst #5454, 1645, 3047, 1
PEFE s Z 0% 2 WETH R @ B BT 4 AR 2ot sb i,
2-4 B I, BEKLUCAIBOHEEZNRE

ZhBD 5y FeOWTRFRS, I TF, Bk X OENE
2T H-E 7 hovic PAS et s il L CHlik 7 (s
HHET-7C.
2.5 BEOMYIAEERE

2:5:1 & cannulation [ZD(T

{515 140~185¢g D 7 » + 20 TLARIERE, Cyst #2453
MIETE, 6B R XV 1205 BRED 4 Fhe o), Th
DT A G L rc D BN o i fev, 87
HBIEF#E ETYB L CAHE 05 mm DR ) = 5 L v @R
MO+ " f5lGm X 0 IBA L, BRI L. o8&
PRI I 258 X S U CIHHA R ¥, BN
REWTH S 2 & affER U CHEBRbG L.

2:5:2 Pancreozymin-Secretin 3 5k

Pancreozymin (Pz) 35 LU Secretin (Sec) X -hFh
10 U/kg Z#SA# IR X 0 S Lic. 375508550 20 4o
I &, Pz {EGHL 10 43/, R\ C Sec JEGHR 40 43Tl
51 50 Zricdste B I A EII L, M, amylase 1§
P, o XOERMMEEAWE L. BERZEPICIE T

AN TKAKTERL Tt/ gl 4 DECH~ 1 ml D2k
FOKTPRGIT.  Zh AV B AERIKIL 60°C Tl LT
A AR L, WB)e7 7 4 v THEERE - T4£CK
BT 525, ZHEARBD blank & LTLHAWVH R
5. Amylase 3L PO EICit Caraway 25310 | L %
iodometric method (FIVGHIZE Kit 1) &\, HRNE A
VB A AR A 2 S5 HiEs (ABL1, Acid-Base Labora-
tory, Radiometer Co.) I X » CTHlZE L.

2:6 FRMAPKRILEVISBTICHBEDRE

{AHE 270~330g 7 » » 50 L% Cyst £ 45 1% 1547,

30 75, L1WERE, 21, o XO3WERIATE L, XA LLE
TEe D OV A KSR 3R, 3 X0V 6 0§ A FEoF)
BHHT /T, ThEhnsbFHBIRE NI X » T i Ll
E L.
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2:6:1 Gastrin (G) ORIE

BERRYD o & & Thufkk & ol '!EJ’LCJ:‘"(JE/'E‘J'“\‘%\’%*;‘
1% 7- RIA-Kit (Dainabot Lab.) % H\ T G i % Jil &
e

2:6:2 Secretin (Sec) MAIE

RIAKit (159474 Y + —7HERD & B 1o,
IR Kit OFIBE 21T - 7o R, ERHEdhER, FRE,
ER s L OFBM LRI, miEAENESS s T5R D
256~800 pg/ml O T B\ Tl R T RERMANE b h
7z. It Sec D43 % & JE) 57z Trasylol 500 Hifiz/
01mlic EDTA 1.2 mg L TK G Lic/ B & A
CRHIIK 1 ml % & o TRl L, —20°C FicjliE
R CRE LT

2:-6-3 Insulin (Ins) 75 5 TS Glucagon (Glu) DHIE

312 polyethyleneglycol % i\~ 5 —Hi{£k18:19 12 X »
THIE L7,

2-6-4 Corticosterone (Crst) DRIE

Murphy?0 {Zf£\~ competitive protein binding assay
Z X b PE L.

Wl - RAE—— LS B 3 % BRI R gE

4aT
2:6:5 MEBORE
7V U PR bEE TR W X CRIE L.
2.7 +IEEAERNEARSENICDNT
1AHE 220~330g D7 » b 14 TUERMIER:, Cyst ¥54

54y, LHf, X0 2K:HEBHRED A BRCH, LT
BN TARIGRUAGHR & D RS 1 &0l L T ER 01N
HCl1 m/ % 10 Fpfc+ 48HA~NEA Lic. #imik HCL
FEAT S L O ABEIAH: 5 45, 104, 304%, 35 X 006045

BWZHEH IR L Ty, 22084 ke Trasylol-EDTA
VISR T g 2401 U C it a4t L, Sec 7c BV
G ORI HEL 12

IR BTN & BT ZARIBNIED 7 v ) LE T B

fodIT, XER (2:6-1) /R LA CIFIRE 2 b & 1
BT 20k a & o e,

3 E B K
3:1 Cyst 55 v FOBHEI W
3-1-1 BEk - pepsin DT
Table 1 © & & < Cyst $5HE S IMIRRC 2 R H

Table 1 Changes of gastric acid output in rats after cysteamine
administration
Body Acid output (#Eq/hr.) after cysteamine administration
; BAO
Case weight

(&) |GEgmey| *he | 2 | 3 | ? ¢
1 320 0.9 b7 12.1 215 37.0 382 52.8
2 340 15 4.8 20.4 29.3 35.6 — —
o) 300 22 252 75.3 99.1 90.2 67.5 55.0
4 310 10.8 5.8 16.0 214 21.5 16.0 —
5 295 35 8.7 34.2 65.2 147.7 140.5 59.0

Mean=+S. E. | 313+80 | 38+1.8 \ 126+4.4 ] 316x=115 ’ 47.3+152% | 66.4+23.4% | 65.9+23.5% | 55.6+1.8%*

Differences are statistically significant between basal at levels;

Table 2

administration

* p<0.05 and ** p<0.001.

Changes of gastric pepsin output in rats after cysteamine

‘ Body Basal | Pepsin output (X103 pg/hr) after cysteamine administration
Case weight gﬁ?;lllrtl

(6) (xiOmghey the | 2 | 3 [ 4 \ 6
1 L 320 11 34 Tl J 7.2 8.0 74
2 { 340 0.9 2.9 6.8 75 57 —
3 ‘ 300 2.9 78 14.1 10.5 10.4 7.0
4 310 24 24 8.7 8.9 9.3 —
5 ‘ 295 24 4.5 10.4 13.0 ‘ 16.0 15.4 ’ 8.7

Mean+S. E. l 313+8.0 19+04 \ 42+£1.0% | 9.4£1.3%% | 9441 1%k | 9.9 +£1.7%* “ Q4 2.2% | WNE= S

Differences are statistically significant between basal at levels; p<0.05 and ** p<0.001.
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LhEUhC Ny, 4ANFRIHEICX 6642234 uEq/hr &4
BobEAard

Pepsin 43h% Table 2 & & <, HLiE 4 wac kb L
C, Cyst B 5% 1M B 3 X 02 BEFRFR
42+10 % L 00 9.4+13mg/hr * HHEIC F 7L (p<0.05
F L0 p<0.001), Z D 6 T Tc h S % ki L7
pepsin ZIMLEIE WL b L5 {JTERR L.
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3:1-2 BHEHEEEA pepsinogen DEH)

Table 3 & <, BARFHIIE pepsinogen 1% Cyst
B G A EIR AR L, 12 R B RECIsE gAY & ofEic s
BOET2Z b (p<0.001). —FRIEE R DU T
(L Cyst $5--0MnEm AR Licas, AEOZE L
HIE I hish o 1.

Table 3 Changes of peptic activity in the fundus and antrum tissues
of rats after cysteamine administration
Timer after A : Fund ;
Group cysteamine No. of rats LRI, Hssue undus tissue
administration (O. D. 640 nm/mg protein) |(O. D. 640 nm/mg protein)
Control 0 5 0.090 +0.01 1.032+0.11
Cysteamine 3 hr 5 0.135+0.01 0.728 +0.14
6 » 5 0.116 +0.01 0.746 +0.11
12 » 0.116 +£0.01 0.347 +£0.03*
Difference is statistically significant between control at levels; * p<0.001. (mean+S. E.)

32 Cyst 5SSy bO+=iEBBOUTICBMREDEE

Cyst #5-7 v bicik, 2MRIE OFW 7 BIRSWITHE
AR, BRI X BIRINESR A B Z ORI
CRW X BRIBEEC D7 < & b AR L& R
<, 12IHEI BT Photo 1 D & L, +IgIGIC %
R OD A & BIHHRD 3B hie.

Photo 1 Mucosal findings of the duodenum of rat
at 12 hr after administration of cysteamine.
The arrow indicates ulceration.

FIRBAMEE A AV TR IR 2 gz 5 & e, Mk
RZAEA AT O b B rd e, bbb, MREEOILEH
% (Grade 0) IX Photo 2 A 0= & <, HBEEmCIIEN
itz T glycocalyx 2VH g/ < RodbHh, MM D

PAS-Alcian blue FH I X 5 RIGYEEGR.  #EEE
AL —E T 2 HIEEE 2 5B A RRE TH B. Grade
LipHERE OGO ET, EWMRCLEXS A
AR S, ST EE ORIE & b roshiolk
fEc, Photo 2B R T X O DEEREONEE, —&
W b e MM 2 L TIRIE S A DD . & OFFEIR
DFHENTHOREPIC LY E b g, FEORVIEE
FTEC it PAS-Alcian blue GRS L, WL
bR AEORTIAELA, BT A A ERD S,
Brunner [0 PAS K b T masnbih
5. L LEECFELS e, S bi3s A L%
fbxRBDbiel. TeAARETM, FilE T &k O B
FEF ARSI DL EoB L, Cyst #5545 BRfiC
FOTLHME TR SCEECRDbR B2, &L
T3MMEMNCE W TURLIFEMTREB O Hlic R D b
b Byl

Grade 2 %, Photo 2C D Z & < ¥hE[EA BB S Hs
(LA RDBHET, 1 BHEOSFREOD D LUK
wx, 6WEECRVTRLFHTH 1. BT L &
Xb, BEOMELEE L, HIKERERCTtERD
HHAZ, ERcdifia >

Grade 3 ¥, Photo 2D DI & KTk 21 5 (555
LT, 12 E:R AT 80% LU EX Z OREDE(L A=
Lic. BHEOUIEIIE - BESRS L, L LIZRIRE
Bd D ISREEFHYR AT MPRE T O Tk
Brunner R23F T 5B ERL, ZORBKRTINSET
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Photo 2 Histological changes of the duodenal mucosa of rats after administration

of cysteamine.

Normal control: Grade 0. (PAS-Alcian blue staining, X100)

Edema is seen in the lamina propria of mucosa and in the absorbtive

cells: Grade 1. (PAS-Alcian blue staing, X100)

C. Erosion, infiltrated with inflammatory cells in the lamina propria of
mucosa: Grade 2. (H-E staining, X100)

D. Extensive and deep duodenal ulcer: Grade 3. (H-E staining, X100)

o

Table 4 Grade of mucosal changes of the duodenum in rats after
cysteamine administration

Time after 5 Grade
cysteamine 1\(1)1f1n;:ter Body weight
administration 5 (g) 0 ’ 1 2 3 4

0 5 160+ 4 b*
3 hr 4 150 +15 3
6 » 6 174+ 7 6
12 » 10 175= 4 1 I 4 4

Grade 0: Normal Grade 1: Discoloration * means number of rats
” 2: Erosion ” 3: Ulceration

” 4: Perforation
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Photo 3

administration of cysteamine.

A. Control group

Histological findings of the stomach of rats with and without
(PAS-Alcian blue staining, X 100)

B. Cysteamine group (at 12 hr)

OIFEEE 10 mm §ikCTH B 0%, %< OFEHIKIE Brun-
ner ROV OTHMCHY L CARbND . FEHHEKIC
il - BEEEEEO RN A0S H 5. [ S/
B, FHERIOOHARE, SUREERT. fokiti
THILERTUE Grade 4 & Lich, 12 BRED 40%
R & OFE DAEFTIEA LA dR D 7.

DL Lok A % LT Table 4 wikLic. g
b, HilEZEix Cyst feb-toRERIRIC HE - ClifT %
RLIE.

—JiBRe oW T o a AR B L, Cyst #5577 AL
BOFETT DT, i ds X OVl o R E 2
NERS WA AR L. 12 B B R0 #l% Photo 3 1
AT, —REBRSWITECKT S, Wi BHE bar-
rier OIS B 5. Fiia B - CTRElC A5 &,
6 [ E LU0 OFE O A bR MRS B IR B A~
ThI R BRI b E, BAMNAC RGN 2R3
FIn RO B Xz,

3:3 ZOfbDFCHBNDIEL

Cyst 55 o b B AFERIPHC DTS, - -
B e b e RN i o o Lo LEIRE,
Cyst $£45- 3 FiHl H AR OTRCEIE B 2 L BE DFUIR 1
F IO R AT B HIRb b . EENE
Photo 4 {3117
3-4 Cyst OEEINYHEBEN DR E

3-4-1 BEEEICDNT

Table 5 =& <, WIIERES WL Cyst B HREAV
WEREX 0 LA RL, 6 M B AR IRRE & T E R
#EHR LI (p<0.05). LA L Pz-Sec ATt DI 55 W

HAT 44 2 = A SR

Photo 4 Extensive hemorrages in the adrenal cor-
tex and medulla of rat at 12 hr after cys-
teamine administration. Zonal orientation
of the cortex is obscure due to hemor-
rages in this picture. (H-E staining, X40)
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OF 12 i FBE O RFIRAE & 0 A i e 7k L 7.
3:4-3 EBERBIESWICONT
Table 7 =& <, TRIEEDOKBES WML, Cyst Brb-

% 6 W[ B RHIRIIREE & b R ORI AR Lic (p<0.01).
Pz-Sec {4 1if hOKSE RIBIE /7 Wik Cyst #45-3, 6 3 LU
12 B B REE R bR IERE & 0 A B R AR L, 4
BAETRDL R - 1.

Table 6 & <, [# amylase OXfEF WAL, Cyst #
G B X 0 4 3t Lt 12 e B BT s\ TH
BOWINA R L B8 p<0.05). LaL, Pz-Sec Afio
# amylase /WAL, Cyst ¥ 5 B b LT 6 B
THIAIRTE & O HEEZ R LTz (p<0.05). 3 HHilk X

Table 5

Changes of pancreatic juice secretion before and after
pancreozymin-secretin (Pz-Sec) administration in rats of

control and with cysteamine pre-treatment

| Time after

fireus cgsteamine No. of < ;jasal " Atfer Pz-Sec administration ng)lf;arlle
administra-| rats 1z 14/0~10 N s ‘ - ‘ n
tion 20 min.) min. pl}~20 11/ ~30 plf~40 | plf~50 | (1££/50 min.)
| |
Control 0 51 10.8+2.0 ‘ 478+54 | 429+56 | 35.9+55 | 12.0+1.9 ‘ 6.0+11 | 1406+11.6
Cysteamine 3 hr 4 129+25 | 501+42 | 345+24 | 240+29 | 11.7+28 | 49+0.9 | 125.3+ 6.0
6 » 287+6.7%| 470+3.4 | 35.2+59 | 23.3+3.4 | 12.0+25 | 65+1.0 | 123.0+11.6
12 » 6 17737 | 398+78 | 31.4+45 | 236+4.1 | 10018 1 58+1.1 | 1109+151
Difference is statistically significant between control at levels; * p<0.05. (mean=+S. E.)

Table 6

Changes of pancreatic amylase output before and

after Pz-Sec administration in rats of control and

with cysteamine pre-treatiment

Time after Basal After Pz-Sec
Group cysteamine No. of rats g administration
administration (1 U/20 min.) ‘ (I U/50 min.)
|

Control ; 0 5 234+ 50 l 701.0+79.0

Cysteamine 3 hr 74.7 £20.7* 591.4+36.1
6 » 948-+31.0 459.1 + 42 8%

12 » 76.5+18.2% 488.0 +90.6

Differences are statistically significant between control at levels; * p<0.05.

Table 7

(mean=S. E.)

Changes of pancreatic bicarbonate output before and

after Pz-Sec administration in rats of control and

with cysteamine pre-treatment

Time after Basal After Pz-Sec
Group cy§te:amin.e No. of rats administration
administration (#Eq/20 min.) (#Eq/50 min.)
Control 0 5 08+0.2 11.2+0.8
Cysteamine 3 hr 4 0.9+05 99+0.4
6 » 5 2.2+0.3% 9.9+0.6
12 » 6 1.3+0.6 94+15

Difference is statistically significant between control at

levels; * p<0.01. (mean=S. E.)
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Changes of immunoreactive gastrin, secretin, glucagon, insulin

and corticosterone, and of glucose levels in blood of rats of

control and with cysteamine pre-treatment

S ;r}i:tlga?rfitser Gastrin Secretin Glucagon Insulin Cog?gr(gne Glucose
administra- | (pg/m/) (pg/m) (pg/mi) (#U/mli) (ug/dl) (mg/d/)
tion No. o. (No.) (No.) (No.) (No.)

Control 0 0= 5 (6)] 7710 (6)[149+ 7 (6)| 14x1 (6)| 20=3 (6)| 84= 3 (6

Cysteamine 15 min |187+54 (7)[116+17 (8)[213x 29  (8)| 25+2%* (8)| 38=3** (8)|113 8* (8)
30 - 44+ 2 (5)| 34£13% (5)[504% Tdwrx(5)| 3130k (5)| 37T£7* (5)[127=11%¢ (5)

1 hr 144 £ 37%% (6)| 30+ 9*k (6) 615+ 48%H* ()| 27 +£2%* (6) | 34£3* (6) 124 12%* (6)

% 108+41  (5)] 25+ 6%* (6)[895=121%kx(6)| 26=1%0%(6)| 25+2  (6)[138 =12+ (6)

B w 155+ 255k (5)| 47+ 0% (8)882+ 556k (7)| 27w 1ier(7)| 2821 (7) 146 = 125k (5)

Saline 5 = 63= 1 (5)[146+21% (5)|140+ 13 (5)| 12+1 (5)| 20«2 (5)| 83« 2  (5)

6 = 50+ 8 (7)18l+12*% (7)[140+ 11 (7)| 16:2 (7)| 232 (7)| 86« 5 (7)

(mean=+S. E.)

Differences are statistically significant from control at levels; * p<0.05, ** p<0.0l and *** p<0.001,
and from group of saline administration at levels; # p<0.01 and # p<0.001.

3:5 Cyst OERMABPAKRILE V155 CCIEEEADRE

R MEMEZ—FELC Table 8 iR L, RIEHCIEE G
Lt Ltz

3:5-1 [Mi#F Gastrin (G) IZDT

Table 8 & Fig. 1 32 & <, Cyst &5 8imE
G 2154y, 1R XU 2MfEcih e h 3 Wic EBARL,
3 IRy [H] E R AR FoRk B G HERIE & DR B B oRfEZ R L
7o (p<0.01).

3:5:2 [M#% Secretin (Sec) [CDVT

Table 8 & Fig. 2 {Z/;Rr4Z & {, Cyst ¥H5EMmEE Sec
iy 16 7y Fie —W B 737505, Zh D53 Wik T%
AL, 3R B RHE AR G R & o e A5 B DAl
L1z (p<0.01). L7cpios T, Cyst BL5easiosL
Sy b 3 AT OMIER A 7R LDk, —ay7s Sec |k
A& OMWCBEER A TH Lo LHENI R L 5.

3-5-3 [M#% Glucagon (Glu) (DT

Table 8 & Fig. 3 w324+ <, m#E Glu ix Cyst
b5t A aRid, SIREHIB R CHIERE L O EEEY
RLTz (p<0.001).

3-5-4 [M#% Insulin (Ins) [CDWT

Table 8 & Fig. 4 cir3 =& <, Cyst #r5RHE 15 4
H LA R & DR A B0 EF %R L (p<0.001).

3-5-5 [M3% Corticosterone (Crst) [CD (T

Table 8 & Fig. 5 R4 Z&<, WWBE LT
Cyst 5D Crst L@ EEZRL, 155 B CIRLE
R CHEEZE%R LI (p<0.01).

Serum gastrin
(pg/ml)

300 i

(7

200

L (5) (7)

.0

3hr. 6hr.
(saline)

102 1 2 3hr.

Fig. 1 Changes of serum gastrin levels after
administration of cysteamine in rats.

* p<0.01, ** p<0.001, # p<0.01.

Plasma secretin
(pg/mi)

300

200

100

112 1 2

3hr. 3hr. 6hr.

( saline)
Fig. 2 Changes of plasma secretin levels after
administration of cysteamine in rats.

* p<0.05, ** p<0.0l, # p<0.0L
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3-5-6 MFEEICDNT

Table 8 & Fig. 6 kT &<, Cyst BE5HOMmEE
W EA U CEPEE R L OB R SRR LIc.
T 3R BRHIIR b S EE R L.

Plasma glucagon

(pg/ml)
1,000
500
(5} (1)
0 14 12 1 2 3 hr. 3hr. 6hr,
( saline)

Fig. 3 Changes of plasma glucagon levels after
administration of cysteamine in rats.

* p<0.001, ¥ p<0.001.

Plasma insulin
(uU/ml)
0r

30

0 v 12 1 2 3hr. 3hr. 6hr.
(saline )

Fig. 4 Changes of plasma insulin levels after
administration of cysteamine in rats.

* p<0.001, # p<0.00L.
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3:6 +IRIEPIEEREA (CHES M4 Sec LB
G [EOXE)
Table 9 =& <, WIBETOMMEE Sec \LRTEI ik
LT HCl &tk 5 10k L03053 & FNEFREED L

Plasma corticosterone

(ugldD)

(5)

(7)
(5)

i

i
]
|

Q kil

0 U4 1R 1 3hr. 3hr. 6hr.
(saline)

Fig. 5 Changes of plasma corticosterone levels
after administration of cysteamine in rats.

* p<0.05, ** p<0.01, ¥ p<0.05.

Glucose
(mg/dl)
300

(7
(51#

100
L0
0 2 S
0 u4 12 1 2 3hr. 3hr. 6hr.
( saline)

Fig. 6 Changes of blood glucose levels after
administration of cysteamine in rats.
* p<0.05, ** p<0.01, *F p<0.001,
¥ p<0.0L.

Table 9 Changes of secretin and gastrin levels in plasma before and after
intraduodenal infusion of HCL (0.1 N, 1 ml) in rats of control and
with cysteamine pre-treatment

Time after | No. Plasma secretin ([_Jg/m?) _ Plasma gastrin ([?g/ml')
- S ct}ist?a.mine of | Before after HCI infusion Before after HCI infusion
'ilior;unlstra- rats | (basal) | 5 min 10 30 60 (basal) | 5 min 10 30 60
Cotitrol 0 5 121 + 91l 191+ 227= 124+ | 138+ 93+ 85+ 105+ 207+
e 21 57Fk 2% 140k 15 25 14%  17% 25 48%*
Oyst ; B 3 136+ 281+ 167+ 192+ 184 + 93 + 60 = 58 = 175+ 300+
SREEATLIE —— 23 64 20%%k  ZTkEE ogk | 3D 16 16 85 148
1h 3 176 = 178+ 150+ 137+ 94+ | 253+ 311+ 223+ 153+ 141+
T 55 32 36 28 26 21 118 76 15 31
2 4 3 64+ 287+ 170+ 150+ 104+ | 155+ 133+ 117+ 362+ 515+
29 69%* 10%* 6% 46 62 52 37 327 248
(mean=S. E.)

Differences are statistically significant between basal at levels; * p<0.05, ** p<0.0l and *** p<0.001.
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AxRL, 604 HICiifHor ~vicEl i L. oh
Cyst #45-5 3 Hlfcan &, HClL Afific L 5 Sec F
VISHIERE L D b0, Zo#kd HCl AT X5 E5A
TEREER IR BE L 0 LigRTlENS. LavL 60 BTk
T 7t il C, AHATE & DI FEEZ D (p<0.05).
hk Cyst 05 1B RECAR S &, T OIEEsEEE
L0 @b EREE RS, HCl AR X » Tl Rif ok
7 ERNICERET, EORIGIET LAWK & ST
%. Cyst #5452 R B FEClxaifEaME T L, HCL Afii4
Wit & 5 9 Bie e 45 Bo LA SIGw R (p<0.05),
LIgIA 3 5.

G D Tk Table 9 =& <, SBEECIXpifEC I
%L HCl A5 3 L0010 5 Hicik FhF g &5 o [k
THaRL, 605 HCiEmEARHBRC. Cyst 54 HEf
CRWTHE, o HCL AT, BE TRV ASIR
FERBRC —E 7 G DK FEF A A B, 3045k LT
60 43 Bic i LR &R Lic. Lo L Cyst LIRS HBECURRT
flErE <, HCl A EL 5 HICkWTEbIK EAL,
DABRI Uic. Cyst 2 5[ B BE R ER) B & 12 F
LR THBHA, HCL AL 105 H F TR TE27RL,
30 F LIS O AR B .

Lichio T HCL & X B+ SR NERE s L,
SBRECIX MRS See B & GIETALEBEINS
7, Cyst FfClIit 5 ors g 4 - i~ o
BOCHEEE S B, L, SACiiimep Sec Zilas
&<, 7z »>TGowhiEmnERzRLC.

4 BELEZR

Cysteamine (Cyst) I X %+ _IRIHEE OIS
WTER AR ED T, S E TSR O B W E T s
TN AT B LD LIS h TE . Z DA BL
T Cyst 5 4B, IS WOk L2 175
435 IS THE D IR B e, TR LY, Groves
et al® % Cysteamine 7% histamine DA & 7cb
Z EHRHEMIL T B 25, Ishii et @l® % histamine M
BARTH 5 = & L FMHC, MY atropin 5T
Cyst 12 X 5 B SwiEN M IHE N5 & 2 A5 B, choli-
nergic 7OBTROE 5E2FEELTWB. Lichis TLrokk
ORI O TE—F xR B In 003, Ko Bk Bl s
PNEHE - T BB -5 &\ 5 ek —F L
T 5B.

FEHDLDLSRIOREL Chax LT b0 THLN, F
T LTHW pepsin SWEMET S &, Cyst 5T L
T W 7e pepsin SFWOHEIMA AR B, 2 R B IIIEHE
DI LT 5 KT, LI 6 FpHH & CcrEfiEa ki L

FLWEEEEE 1979

7. Lavd pepsin 45 W O (GIE X BWES W L 0 L F- I
Zbh, UAALTDOERDIBGWITIECES b, EERE
BRroETtcoihhdFmBERE X ET2L0:E LR
B OO BIEIRERIBN D pepsinogen % i~
B&, Cyst LT L, 12MEBCIIESERLIT
WA ARL Tz (p<0.001).

ZMFET Cyst #4542 X » pepsin, pepsinogen OZL

FROTCFEFT A S iy T OZ LR HINFERO &
hb#Ez BL, Hf-hHl pepsinogen S Cyst 12X T
TR BRI &4, 2 D L 2 Wi e
TBEEL L > TEDEBTWY 4 7 v Pl k-
Te Ol G A R 5. R HE BTk, Cyst
NEOERERETALEES L0 b, FoHPHC X -
THIEPY pepsinogen 23R8 LICIRENE 2 BB A,
BlEFETHR OB H G YA RIC X 5 pepsinogen O
WHEe, BIEMCENIAD pepsinogen JEUKL @ 4 )i %
MRBEFEREC L > THBHICER LS

FEREEPHT F1 ) Bk - pepsin OB ENTOWTIE, D
JEEE 720 T Te Dy Te BRI D RS Y L g, 24~
48 [ &\ 5 £ I iC 47 B BRI ER D F2 5-C If
DTEBED BB B A2, Fo IV kbR
B ETH- THEE B EA LR DRI . HIKEE
B OIS WHBELT L L TUE LT g, LasL D
TG & s o el ey, R L v S CH - T D,
Wi CoENRD BN B, Db+ BB EE TR
RS WATTHE IR Fe 4 & S, RN EORENLE]
B LTI B pie R &\ 2.

—7J7, pepsin JEPEDOITHELBEEE B B B H &
BH3A 2 Lk, Schiffrin® © % 2 O, Leveen? o
A XDER, S DTy b B ERTLE DR G
5. FICWEER L pepsin 25U b+ IRIGESEE D EE
BT LMD Z £ THhBH. Pepsin O+ IRIGIE
SR B LC, % Liebman and Samloff*) (%7 v
r O+ IR & %= acetylcholine THENR L C pepsi-
nogen 4 WAL, FhAS Brunner 2Bt
BT ERFEIE LTEEEONT . bhubh O
2= CIL Cyst {55 DRRICOWT Z D ZIBIEL T 5
D, ISR AE A BT TC - T gL,

Lz AT, Cyst 55O RGBRIC DL T DM
MREFEZ LD BB, e+ ZIiRGo9NZ b B Lic
WEEAD RIS SENEEABEMETA A T o O
ft, OBADREE, PHEE X OBIMRD LT, 2
ZlLlc. ZofEE, Cyst #5575 B\ T+ IBH
B R OZ A TRS b B, W& OB A TG
Hedens, 6 I EICITE & A ELBICT DA ZRD, 121

E55 DY
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M EIZ 30 Tik 80% LU i ISR A 228D 5 .
WM ANz 5 &, B UoREE, #
HORTRIE AR U, WEE L i 7 i i A iR %
OB AN OV TE, 13 & A E DU 75 - 1
MEBEDBIE - G EZE L, FHIEEA PRk o
MEHR, BN 2 RD 5. E, i
S DUITERHREI T A~ & RS & O A E TR 2338 &
o, BRI DWW TIRM 6~12 i o BT HEFT L
T, L2HHEB RO 40% X X bz FELe R 1C 5. gl
TR ARSI O TR E O35 & R 1/3 L 2
EBBIRLE 5. ELPHIALE LTALN DIEEIHM
BT X 0aE A2, EET Brunner R385 45 LT
HHMET X 0 b, SAinsd e neRfLF IO MBI L
T, EOELIEEIRS.

aDtodiT, BEBIT LT LA R E AT - 1o
75, Cyst $25-30 43 B LRRICIR B & 22 K ks X OME
IR ORI HE 5 WA A R L L 12 % T
LTI, bT I BARTER oL B E RN
IFEEA A RS, WHEN R EBTERINE RS hie
IS

e bhlc ch b D bERT B L, BT
it Cyst $¢ 5B OBWHE RTINS LTED “fi¥E bar-
rier” AUIGT B A DRI SN A R T 2 o i
s CixMailid & Brunner JJROWKGE LS barrier ZhR 0
THERITLOLELORTHBA, Cyst BEITE D
Ha7e O F SR AR o KGR R AT i & R B
PICIEE AL L, FORdIt AT EORLbID. &
DAL, MK barrier [ EI AT 2 R & B
BHICHTIEHFE L INDL. BEEURCR T, T
HATEOIAUEREE s, —J5, WL B glyco-
calyx OEHBEERT DT 1%, TS - B
HYEER O ECmEE IR T %2, [ - pepsin ~D
SHGITEYS Tlie &2 L 5. M - pepsin (EJCE
LA 5 e A OB I & S R LA, B
HxRE, BEPRERDLDEELDBNS. BRI FEH
oz { oo life cycle 1% 2~4 H & fiddTrEps L3,
B BB E I b 5~6 i E Ebh T\ B0 b, 5
EH EEANRDZI IR 5 b O THIUETMIEA LS L
THBEENLWMRIELDH A 55, Cyst HHIZ X 58 45 W
TUE - BIRRBL G ORI L D s ) B b7 5
Z, AL &SN E A RS & VRHE i < 7x
W B A X IR R A o b D &
2B, T HHREErHBIIEERYZIT LIS L, K
EERERANIANE, Paneth #llare & oApgEic 4 2 k%
HET 5.
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B L T4 L, RS AR R o Bh SRR 4 s
B XN T % Secretin (Sec) D4 WAEE A Gastrin
(G) &Iz, Fio Sec pWEK I X O3 Wb A (i
T, Wi B AN TSR T O EII O Tl HE SR At
¥yle.

Cyst QIO L UL, 3 RFICHmE 5w
EEED FRAYTRTH, WbWs Pz-Sec izl &,
SIBREX D LT LAWL AR L. 2Dz L1k Cyst 5
BRI F I RS 505, Cyst 2RI LT LiEE:
MCEErFTHL0EELBRDL. T DD, Pz-Sec
AT &, T UABSWMOETRLIEbINE LD
R L 5.

—J7, BESWITECEEL Cifirh G #35 &, Cyst
B 530 75 RIS —M AR Tk 45235, 1R E LS 5 o
CHBO EAZR L. ZoMiit Lichtenberger et al3®
DH|EC b —FT 525, BHWLER L O THTF O
T, Gofb ERDINS, ZORZHRT #inD s LT,
Wb ERETFEEHNE LOOfMA, L FT Cyst
EDEWCED O B L ODERFETH B

L2 LEFHCE R Ehtc o &k, Cyst 5% 2 8HE
MO ENO BRI AATUE L CEW R BIREX R L2
ETHD. Szabo et al® 13 Cyst 5 BHHEFR D
EEARE L T BA, & OBLEITE S WITE & FFHC,
B O T - BMIERTOBEN L eb S B,
S BITIXHEE RO A5 fedTH Db LTl
Z5THBETIUL, WP L7 81 B A B v i
FHT 205, TOdi b8 G MEAREI RS, —J
TlL, Sec ¥ LOERO—WFHGWTTEN b Sh, &
NG OG5 b2 b b, 4%
(X Cyst £e5-7VH i R0 8 EAE BT L Tobnie b
WA L2 By, FOZ EDWEHEE A THSS.

T Cyst H5IME Sec ITABLRID HR LI,
IS TARIGPENE AT Al LI o it Sec o fi) &
wh Bk, Cyst BEROEMTH > THBRIEL O & Sec
IO THAE SR DR, Teksiiilic s &, IR
At Sec IKT AT 7 » ik, Sec OHifE 220 pg/ml
I ST =1 1= 2o U P 3 s e 11 =0 N L D]l el
AIHEME 2 X 5. Sec 13F DL ARICIREI 2335 —
T3, I 3433 L Xk, (EARERLIEG. Lichd- T
ZDBETE,  FRRISERE R X 5 T Sec JiANT
ELTEDERAMICEbIWIREEEN xS, —T
1% Cyst 2 5-%® Sec 2FRIEL b LARGI L A B Ife
2%, AUSE R AR Ui i B R R Lo s
b, H5WEBIREDICDIZ B O+ RGN~ OF A
ZEIlkLicticdTH B2 Lhisy.



426 W - RAE—— WAL EBR B 3 5 EBR VDR gE

Z OMBOEERTF O FEIEC OV TiE, i Crst v
~ous Cyst B 5 #H &b TR EA L, 15647 BiCidix
bEfEE7e ) (p<0.01), WyfE T Lic. 228K
X ARV AEBERTYL, 54 kcild Crst © R
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bHENBHANBERIST B, I & Waterhouse-
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LD LHBH L, prednisolone FijUER X » T Cyst Bl
DI I HIZhB L F 5 Robert et al® DG L 5
5. L Cyst 855 A Crst v~ wE LT
WA 45 7e .

SENTfbEy ~ v~ ELE Lz bR E 2 AB IR
BB E, Cyst HHEHEOWTHORRTET L ML EE
T ERZ R LT, B 28 Thc B3 L Cifirb Ins & W B 0s
R BT m Y ~ v kb, ot Glu ik
COENTEAEZR L. FOBFCIEZ b L 2 DBE5
LA TR D, PR - BRI b 2o
BIMAEIBRTH D5, ZDfnb L Cyst o [ Hhge
RO EILEHTHULERSHS 5.

W b LAFEBREMLTC, Cyst KIXEDBEHW
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WL Crst, Ins, Glu 7t ¥ OFKRTFHWANS X
DTRECEEERRIFL, MEAE® LebT 2w b
M LTe. ARSI~ OFEL N THL T L
B, I DG - A HEEICIERE LT iR
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i, T TIRIBESZEANO pepsin D5, 3 XY Cyst
D A AR OIE T OB 5 2%, Sl X iThh
T AHEDOMERERITFE B,

5 ¥

Cysteamine ¥#54C X % 7 » + O+ I5IGES FEIER
R L CE s, DU MR A 157,

1. Cyst EHERBRSWICEN L ch Sh, FHC 21
[ E 2> Bk BIRRIRE & £y, 12 e dsre b R Bk
R A iR e,

2. Bl Cyst BEHAMMBC e — 2 2R, i
SR 17 5 L.

—7J5, pepsin (XEHM L 9 LR L& &7, 2HMB
¥— %Rz, BIEAIEA pepsinogen 1% Cyst #
Hiz X by L.

3. IR oMK LA 2B &, Cyst #5-
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