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Emotional effects on the healing process of gastric ulcer in rats. Tetsuo Yokota, Depar-
tment of Internal Medicine (IlI) (Director: Prof. K. Hattori), School of Medicine, Kanazawa

University.
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FHERWHEELT, ER I TI3{EE 200 ~ 250g ©
Wistar %5 » b 104 88 (i 52, #52). KR I Tid4k
%4 50 B&E 150g Bk O Wistar Rt 5 » + 70

BBEAVEZ. ChoIBABERLVBERETHTS
h:bDTH3.
2. HERMHE

EEBRITIH, 3B X330 X BnDRBEHLET 5 2F
shh—-U(AA7LT8Rlzavyr-Y)YEHOV, 17—
V4 ~5BSHDOEBEBTEITE - .

ERITIR, BEEAE I, IKBE 14 x21 X 15m
D5Er—~Y (BELOREIEIRF v L ABIORTH
FEABAN VI IEH-TVR)EFEAL, I XKEOIR
M IS AN, BEAFTFRER] LEHEC
LAY Al

A4 ) vy vEREREFER L, BEBIU
kit ad lib. ©H 2 7. BEEE LH < 22 CRIEIC
i, BEARFR6MEITL, FHROBICHEHITTS
I cANOHBERMFEHREGS STV,

3. EBFE

1) 1EEE0E

{EEE DRISE IR, Hall'® @ open field test iz & 3
— R EBNE, B LU Brady'" S OoREEE—HHURL
rERAPOFEIC L B 2 HiETB I -
fo. KBRI TR, —BREHEEEREL L, RBRI T
—RREEE S &b, WRlBEL LD BT,

i)  open field test

ChizgBHoMEFEOEE T, KEOERE 60 .
tEoEZE 0, BEF 4T T, TONMISKEE
WHBEISNT RKERF2 Y+ T IIXELIToNT
WA ESICKEOPL,S 80 andE & 100 7 v b
OHBMETEHRE L, BEEONESEFCHEINS
LAl

open field test DMEfTICH > T, 5 v + %
home cage L DEMICED R L, RO—ED AL IC
BricbsE, 2ol s BRI EREL .

—EBHHEOAETOLDOBEIFEFR & L T,
ambulation, defecation, rearing (X kv 178)) & &
¢ preening (PEERFTE) O 4IEB %2 &0 HiF .
ambulation (&, 5 v t DIEDESLL EAEKICHE 5 1
rTEREEEY -~ @A ETOBEE L TED L,
defecation (33O T, rearing ¥ & U preening i
THoHBREIKTERD L.

i) HERlE

WHIBHOBER, Kok HIRIFERIK VWTEIA
ot DFEZBEICE U L B0 RIE (attack) @<
v Zic3td 3 RIG (muricide) @R Z§H T TIIE AL

B It (startle)

AR, UTo@icBI-7k. Qo attack ic-
Wi, 0: JRIG, 1 #0 o 0kENTTE, 2: o
PFEENTTE), 3: B~ O EEORENITE. 4: o
L WIEHMITE, @0 muricide it T, 0: &
RIS, 1: b iciEerRd, 2: PEEORML, 3%
W ITE), 4 BLCWARYT, Qo startleicon T
2, 0 BRIG, 1t b B0, 2: PEREOML, 3:
B, 4B CEBE, WO RETRELK.

2)  EBERE

BBEREE, BRSPORME L AKEREEAV
#-. Chiz Nembutal 30 mg/ kg% 7 » FIERERN i
ABEEELBARE, BE & 0720, BREHOTHIN LW
PHER DB RIAI I 15 %EFEEIR 0.015ml%E < A 7 0 v
Yy S EROCTERETICEATEIHIETSS.

3) HBoHig

BoHigid, AIEOMBIC = — 7 VEREET IHFER,
FoywcmmEmL 2 %EEL, BELolLik. #8
DiEHUREE L EREICEE LEET 2oz, Bicl
% =) vEEAL, ISMBEREZBECEEL LD
B, K- TYBAL . BEOKREXIE, 2T
IR DRt & B O TEBEHE (ulcer index') &L
Thobli.

4 RBFEES
1) EERI

EBERKHET 3 HiEC 1 B 1[E0 open field test %
BEHITL, FHOEEMNE &P H TS
B, b LFMEE 17,18, 8L 19 HBIKKEZN
Zh open field test 2 1 H 1 & frHB T4 - 7. open
field test i3, FH 1L F% 4BE TOMIZEC
1ot BOSRIZBEBEERZ 20 BB E L. fEFR
LI IR L L.

2) FERI

BMEHABEE CITGr sy kB8 5) 36 HRAkE
BHHE (W TFIs 7 b EB8T2) 3 FHD 2 IS 1o,
open field test i3, FREEFEERILGHT 3 B MLERE, Rk
BB BALATL 55 37.38,39.57.58 B L U B9 HE I ZnE
NI 1IEF%IBEY SHETOMICBIM 1.
wedligk i3, RELERERRART, BAtA%E 3T 8L UST
BB, FRIO LY 11 B ToOMICEEL L. #S
ek, REERGEBE 0 B, BoMREZD
0AKIKBI -1,

5. EBRBEOMRKITFELIE

e, Mann — Whitney U test'®,Median
test'”,Spearman rank correlation coefficient'® %
A,
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1. BERKAR (K1)

RIBFT R TIE, M 1a,b OB, HilE 3 B AHaTEE
DikER & MPIER O ERMALCEE L, HELHBERE
2B» 550 (Kla) » SBEEERL THRELTL
260 (R1b) g TEELFIN/H L.

7, BREBFREOMEE (X2)

H20& i, BEEHE. T 5.46 £6.63 (M
+8D), T2 10.78 £ 11.18 (M £ SD) TH » 1.

b

Fig. 1. Gross appearance of acetic acid ulcers in
rats 20 days after the injection of 159 acetic
acid (0.015ml) into stomach wall. a. Large
ulcer can be seen in the glandular portion of
the stomach. b. The ulcer was completely
healed.

i1 & % Median test TIRE L TA % &, HfOEBEZREK
BHICHERTHEBILKEh -7 (X2 =13.88 p <
0.001).

3. —MEEBEOME (K3, ®1.LEB)

1) ambulation

FliRLc&LSiC, HHES » + O ambulation &
M5 » bR T, BEIEVEERLEL. (F =
17.58 df 1102 p < 0.01). & 4+ i 8 o
ambulation O RIEHTIC L 2BBEM LR D vy —
Kb FEZ2EMA (F=19.12df 1102 p <
0.01). 25 EBRITTEDEERLKTELE, M3
RLfck D, S - b S » MicktbxT, &
BERATOSITTIREIIES S whs, fEREOR
ITTHBEAL EBH, BLUERATRBLT, HEI
BAEER L (BARITY=24.04 p<0.001. 8
54T x* = 18.64 p< 0.001. % 6 & 71 x* = 16.96
p < 0.001).
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Fig. 2. Distribution of ulcer index of male and
female rats.
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2) defecation 7.68p <0.01. 41T x*=3.85p <0.05).
AEATTREROMIcRERIAD A1 4. WHEMERBRHMEOREN
A%, Median test K TERAITT L O ER T 5 &1 1) s~ r0BE (M4, ®198)
#5 v b © defecation MM S » M IHNRT,E 1B —MEHEC DLV THEBERTROHEM:
JUSARTTEERCSVMEERLIE I Rfrx? = Spearman rank correlation coefficient T H# L

Table 1. Summary of results of analysis of variance. This table showes the differ-
ence of general behavior in open field test between male and female rats, and between
large and small ulcer groups in each sex.

Defecation Ambulation
df MS F Signif. MS F Signif,
Sex difference
Sex (&) 1 42.48 1.59 NS 40098.80 17.58 p<0.01
error 102 26.68 2280.66
Trial (8) 1 258.77 25.62 p<0.01 236115.70 265.64 p<0.01
A B 1 0.17 0.02 NS 16992,30 19.12 p<0.01
error 102 10.10 888.87
Males
Ulcer size(A) 1 85.13 7.58 p<0.05 13182.72 3.52 NS
error 20 11.23 3744.97
Trial (8) 1 117.82 14.86 p<0.01 62929.46 70.65 p<0.01
A -8B 1 12.53 1.58 NS 4622.16 5.19 p<0.05
error 20 7.93 890.72
Females .
Ulcer size(A) 1 2.29 0.07 NS 720.14 0.24 NS
error 12 30.60 2948.72
Trial (B) 1 0.57 0.07 NS 7557.14 11.47 p<0.01
A - B ’ 1 1.28 0.16 NS 4080.15 6.19 p<0.05
error 12 7.93 658.64
0
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I} L 1 i " J 1 1 1 1 1 4
1 2 3 ] 4 5 6 1 2 3 1 4 5 6
OPERATION TRIALS OPERATION TRIALS

o FEMALES (N=52) [}

o MALES (N=52) *% p<0.01 * p<0.05

Fig. 3. Difference of general behavior in open field test between male and female rats.
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< # 5 &, ambulation & & U defecation & bIcHE
oA A St (ambulation rs = (.42 t = 3.31
p < 0.001.defecation rs = 0.47 t = 3.80 p <
0.001). FH-EBERAIOIATTcHESL
defecation O & BBRHKE OIS LHEE DO HE
pwE» o (rs=10.39t=3.01 p <0.01).

o, EBEE 10 Lo KEVELKEER (N
=0), EEFK0E/NEEE (N=13) o0 2815
L EBRO—RESEERE L (MEOSBEIIASR
g M = SD 2R L.

i) ambulation

K4 wrLlickdic, KiEBEo ambulation (/)
BEBICHANT. B4 BEOBLUVESRITTHELE
mote (BARTU =26p <0.05, ®5RTU =27
p<0.05. 86T U=22p<0.02). &5 icifff¥
@ ambulation OREH LD S —vicbBEEEE
#wtz (F=5.19 df 1-20p<0.05). £ L ififED
ambulation O 1 HAITEHORITL D EETH £ L
LTHEELTAH S L, KBBHOTEZ /NGB
RTHECNESP -2 (U=19p < 0.02).

ii) defecation

KEBEH O defecation 13/NEBHICH~XTHE I
AKEVEERLA(F =7.58df 1-20p <0.05). &
SIBRIT T EICHIRT 5 &, KBBR D defecation
WNEBEILHENE 1, B2BLUELRITTEER
BWEERLA (B1ETU=23p<0.05, 8 2 %
fTU=23p<0.05. 584770 =23.5p<0.05).

2) S o roES (K5, #1TE)

0r
60 -
S0
40

nf ~ i

20r

NO. OF BLOCKS TRAVERSED

OPERATION TRIALS

@ Large ulcer group
( N=9)

Qw———0 Small ulcer group
(N=13)

—RIEBE I > L TERBERFIROBEMEA S &,
ambulation ¥ & tf defecation L bicHEEDHME %
B 7 (ambulation rs = (.48 t = 3.87 p <
0.001.defecation rs = 0.71 t = 7.13 p < 0.001).
L 2 L defecation & @B E oML . EEOEY
BEDOSNIED -1,

SO » bOBALERIC, BEBEEK22.0
JOREVHEERBBEHWN=T7) 2.0Lb/hasuvl
ENEEBEE (N=17) L LT—REHELHLEL .
(M * SD %= F|H)

i) ambulation

SR LcLdk, ERfFCLwiRT 2L, X
BB D ambulation I I/NEBEIC T, 8 15T
ILBWT 10 B/KEOBERBCEVEBEHSED &l

(U=14p=20.104). £7-ifif® ambulation DK
WHEITIC & 2 RBMLED 7 - VI b EREEED
72 (F=6.19df 112 p < 0.05). &5 cilifEo
ambulation O 1 FHITLE 6 RAITL D EAK T =L
LTHKT 2 &, REBHOETZ I/ NEERIIC A~
FEICPEWVEEZRLEZ (U=T7.5p<0.02).

ii)  defecation

WFEOMIC I, BASEREBHN, 12,

5. REREHIHERTH S ORBRE, —BF

EE 6 £ UHRIBE O g

1) HBERE (”6)

B6icRd LHic, Is 5 b OEBHEE I 8.61
6.3 M£8D), Gr3v brbDZERI 5T = 5.038
(M + SD) ©& - 7. Median test iz & b, HEEDRY

NO. OF DEFLCATION
~ > e
T T T
o /////’///. ’
L//*
*

/O
o/
1 1 1 I} 1 —t
1 2 3 l 4 5 6
OPERATION TRIALS

% p<0.05

Fig. 4. Difference of general hehavior in open field test between large and small ulcer

groups in male rats.
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NO. OF BLOCKS TRAVERSLD

1
! 2 3'4 5 6
OPERATION- TRIALS

® Large ulcer group o
(N=7)

H
‘.
=
<
= ir
<
o
g 2f .
L g ‘\\\\\
S 3
g T '7\" \°><’
= o @ o
I 1 1 J
1 2 3 ] 4 5 6
OPERATION TRIALS
o Small ulicer group + p<0.10
( N=7)

Fig. 5. Diffefence of general behavior in open field test between large and small

ulcer groups in female rats.

30 e
%
o wp -
~n
£
13
-~ a
o
g (1] E
- ﬁf o0
& &
e @
= ¥
[ ]
10 ¢ . .
%0
° [ ]
L ]
® ———
L)
- &€
e %
L3
[oX cosa
Isolation Group
(N=34) (N=36)
P < 0.05

Fig. 6. Distribution of ulcer index of group-
housed and isolated rats.

KHEEEMED O (X*=4.63p <0.05).

2) open field test (B 7)

i) ambulation

B7icRt &>, Is 75 + @ ambulation (3 Gr
F oy MCHANT, BEEEFERORITICEEST VM,
BEBERFIORTE L UCFHRAIORIT THEEL
femR L GABYERET x* = 4.59 p < 0.05, BElR
Al x®=5.60p <0.02).

ii)  defecation :

RO o EZRERBOE, - 1.

iii)  rearing

Is 5 v b® rearing (& Gr 5 » MITHAT, FREESE
BRORFTTIREREED SV, BEERIO
RITCRERBICEVE (*=4.59p <0.00) 2. B
SRETORIT TIHE VR (x* =3.64p < 0.10) %
wL7.

iv) preening

Is 5 v F @ preening 13 Gr 5 » hick~T, FH
BBERORITTRCICBLTEEIEVEELRLL
(HEERAT x° = 20.59 p < 0.00L, & &I # AT x° =
20.65 p < 0.001).

3)  #eRIEE (K8)

i) attack

BEETESRE I BLUSTABoBETE, s 7y
PixEREN LT, 3.0THBDIHL, Gro v b i
0.2, 0 EBEVEVERL, BHOMICHEEELEHL
(F3THE x*=25.28p < 0.001. 5T HE x* =
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200

150 M

e

NO. OF BLOCKS TRAVERSED

Before Isolation Before Operation After Operation

Ir

1l ﬂér&

Before Isolation Before Operation After Operation

NO. OF DEFECATIOR

KO. OF REARING

Befare Isotation Before Operation After Operation

ND. OF PREENING

r
1 N 0 [
ﬂg@ &

efore Isolation Before Operation After Operation

m Isolation * p0.10

*% p - 0.05

D Group Hk% P < 0.001

Fig. 7. Effect of isolation-housing on general behavior in open field test.
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Jef
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&
1 1 A
Before Isolation 37 57 pays
*
Ir e

Attack
~
T
R

Muricide
T

3 -
@ *
T2r * °
¥ _
g tr /.
bl ) Q
Before isolation 37 57 pays
®——————® [solation
% P < 0.001

O—————0 Group

Fig. 8. Effect of isolation-housing on emotional
reactivity.

66.05 p < 0.001).

ii)  muricide

[s7vbtcid, BITBE1.8. BTHH 1.8 TH
BDIXL, Gro v FTROSBLV0.4&Is 5w
POSEBICSWEERL: (E3THB x*=51.66p
< 0.001, 3% 57 HE x* = 46.04 p < 0.001).

iii)  startle

FEEERORAITC, [s 5 » FAFEBRBEVEETR
LAGE3THH x> =20.89p <0.001, 5T HE x°
=44.96 p < 0.001).

6. MESATRCSIIRRBHLNRBE SO

— AR EN & K PR B D EE B

AL E RN THEBRR 4 LU EoBE:RBBHWN
=8), HBRH2LUTOME/NESE N=8) &L
T2EITHT (ABMICM =+ SDAFE L) &118
WD W CHEBRRET L 7.

1) open field test (49 )

i) ambulation

B9 R d & 510, KB O ambulation {2/
BEICHANT, BERATEMORITICRENS L LY, &
BERBTORITTREREICEVEWU = 14p < 0.05)
AL, BEHRAIORITTHSVER (U =10.5p <
0.08) Z/R L 7. & i D ambulation O GRS
AIOHITE BHBRATORTEDEEEBHE L L Tk
T45L, RKBBHOEHE I/NRBERICH~, HFHEI
NEhote (U=14.5p <0.05).

ii)  defecation
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2000 sor
2 « 30p
£ 150 M =
3 E:
- b
2 g 20
< 100 -
=2 2
w 104

o
=

Before Isolation Before Operation After Operation

201

N so sn

Before Isolation Before Operation After Operation

NO. OF PREENING

NO. OF DEFECATIOR

G222 ‘75 4iss ™% % p <o

small ulcer group s % P < 0.05
(=8 )

I

Before Isolation Before Operation After Operation

Fig. 9. Difference of general behavior in open field test between large and small
ulcer groups in isolated rats.

KigB#E O defecation i3/MNEBERICH~T, Bk
BRIORITIcBWVWTHVER (U=17.5p <0.10)
ZRLICH, ZORORITTREAED L, -2,

iii) = rearing

KBABH O rearing &/NEBEE I AT, BEBEKR
HIOHITTHBECEVWVE(U=Tp <0.05) 2RL%
B, TOMORFTTEEREED U, - 12,

iv) preening

FEEOMICIIf S ZRETD L - .

2)  HpREE (K10) ir 2

WVo&Sic, TRTOEFBLUORATIIBLT,

FAECEERAD L, - 1. 1F /

\

Score of Emotionality
~ -
T T T T
\
(o)

L L

efore Isolation 37 57 Days

@

8 , .
% % .
1. FREBSERBLEHELOBER IO ° .
T
open field test »» & & - FHEMEIC > W T OHIEIL, . )
HITOLCHDELICE B 5 » b D defecation & -

urination (BERRTTE)) O#EIRHEESEET HL 09D
1934 550 Hall'® O$&1ci3 U & 0, £ D% %13 open
field B¢, 5 v b @ defecation & urination O 4HRE
BEVEEARDNRDVTAIAEENLS, ChSDTH® Befare Isolation 17 57 Days

L]

Startle
~N
T

oo

Muricide

—_— N~

T T

e\

\ |

ﬁmwﬁﬁﬁﬁﬁ$%§MLTM5&%MLt.éé ° ® larqe ulcer group (N:=8)
KIhoDITE*BETA LIk, HEtEO@K e O small uicer group {(N-8)

EELJIFAILNTRTHIOCEERE L. L Fig. 10. Difference of emotional reactivity between
%, BiTENE L, defecation (S48 B HE O BEHE 1T 54E large and small ulcer groups in isolated rats.
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ELTIELSHMASENTETLE, ambulation Iz =
Tid, defecation & DBFEERIT 2 Lickn, %
DITHFELOBEKRMHESE L TE TV 3B,
Hall®”,Broadhurst &*"i&, #7812 & OHEA,
DEVMEADT » FIZOVTWAF, defecation A5
CHEBEOEV S » b Tl ambulation #4{E <,
defecation B {ELSHFHHE O E Vv 5 » + T &
ambulation BE B EHME LTV S, hicwl
T, open field test D RERTIC & 2 BN L TH D
Flhic2OTbEBICANLLER S L T,
Whimbey 52#i4, ambulation & defecation & B
FERFIHTT 5 &Lic &k b, open field W T
ambulation i< 3 emotionality & exploration &
D200 L 2EHFHEE L, & 5ic ambulation
it, % 1 577 Tld emotionality & F D%, & 9 5
TUBTHRAEOHBBEERT EHRE L . —F,
Welker®® |&, novel situation Ic 4 1} 2 B 178 1o
THRERESB I\, open field test D & 5 75 BREIE
RERTRARMIPRBTHTH S & L. durh 520
bCDRMETH L, open field test dRERIFIC &
5 5&#] 0 ambulation O i, FEHIBIC K T 338
MHORIGD 7o DK BITEDIET Td 2 L L /-
BlE® & i ambulation I= &, emotionality &
exploration & @ 2 >Of|fgh S DIRR A ELET 5
CEEJMITBANETH D, —RIEBIED M I &
o= Tid, defecation DKL OBEKED & & i, &
BT ORI b BH THRIRT 3 2 L HNETH 3
LEZOSNB.

1) S o r 04

RIEEFED defecation A/NEBEICHNTE L &
Lk, RIBBHOEHEWNEBROZA LY 5L
CEERBELTVS. £20TE0RBNELE(LAE
HTHB L, KEBED defecation H55 1, 58 2 57T
THEIEC, BIRTTHRML 2%, & 5w 3:8m
RORITTH BB LRI BV THOFEIE 1 -
TW3, ool &'ti. CO¥ED 5 5 b+ i3 open field &
WIORERIBIC & o THURICKIG L CISE) TR e
BERLST L, 2o B8 UEREERRITO < D
BLIZED, THOMPICMIET S &V 3ME b T
WELEER SN B, F 8 43T T defecation AijE
BINL7oc iz, 3BMOBITRIEI & 0 HaeE o i
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Emotional Effects on the Healing Process of Gastric Ulcer in Rats Tetsuo Yokota, Department
of Internal Medicine (III) (Director: Prof. K. Hattori) School of Medicine, Kanazawa University,
Kanazawa 920, Japan. J. Juzen Med. Soc., 89, 369 —381(1980).

Abstract In an attempt to elucidate the emotional effects on the healing process of gastric
ulcer, chronic gastric ulcer was produced by submucosal injection of acetic acid in rats and the
emotional level in those rats was evaluated by means of Hall’s open field test.

(1) Female rats showed a significant delay in the healing of gastric ulcer as compared with
male ones.

(2) The delay of ulcer healing was associated with high defecation score in male rats and
persistently elevated ambulatory activity in both male and female rats in the open field test. The
former is widely accepted as an index of high anxiety level and the latter indicates the poor
adaptation to a novel environment.

(3) Hyperemotional (aggressive and irritable) state was induced by prolonged isolation of a
rat from its normal social group. Such isolated rats, as a group, showed a significant delay in
ulcer healing as compared with the group-housed rats.

(4) Among the isolated rats, the same relationships as described in paragraph (2) were ob-
served between ulcer healing and behavioral parameters in the open field test.

(5) Thus, it is apparent that both native emotional trait and experimentally induced change in
emotional state have strong influence on the healing process of gastric ulcer.



