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Behavioral Response and Immune Alterations by Electric

Footshock in Mice*

Jung Bum Kim, M.D.,**' Won Kyun Park, M.D.,*** Dae Kyu Song, M.D.***

—— ABSTRACT Korean J Psychosomatic Medicine 4(1) : 44-53, 1996 —

he present experiment was designed to investigate the effects of behavioral, response to
immune function in response to electric footshock in mice.

Mice were subjected to electric footshock for 3 days(two sessions a day, 11 times of shock
for about 31 minutes a session). The humoral immune response was measured using mice
immunized with rat RBC. The cell-mediated immune responses were evaluated by contact
hypersensitivity to 2, 4-dinitrofluorobenzene(DNFB) and by phytohemagglutin(PHA)-stimu-
lated splenocytes proliferation assay.

In stressed group, electric footshock suppressed significantly anti-rat RBC antibody produc-
tion(p <0.05), but enhanced significantly T, relative to T,, in contact hypersenstivry(P <.01)
and T-cell proliferation response(P <.05) by PHA stimulation relative to control group. T-cell
proliferation response by PHA stimulation was significantly correlated to the movement than
the sensitivity and coping behavior in the mouse, in response to the electric footshock.

These data support the importance of behavioral response in stress-induced changes of
immune functions.

KEY WORDS : Electric footshock - Behavioral response - Immune function.
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M =

A 2EY 2 N3 S AHRHE Hhg o R0 ~EY
. 2x(Selye 1950), FATFo2X9] 2E#HA(Holmsst

Rahe 1967), 71#]9} 8743 4328020 2EF 2
(Holroyd$} Lazarus 1982)¢] 371x] #tyelr}. 9532}
Fo2A Y 2EHA IS AR G o 2E2VtH
H7)%d vXe G e FE AEEHE 2Y §4
ol 33 Fxo| 2EH2E /1% A diFEe Ao
A A YA (Solomon 1969 ; Taylors} Ross 19893 Al
4 (Joasoos} McKenzie 1976 : Shavit 5 1984) B
7150l GAEAY. 22y FEYR] FEEY 2Ega
(Weissg 1989a, 1989b)i} w+3<Q1 ~Ez~(Mon-
jan%t Collector 197T)¥ 238 A¥A BY7|5L &
AR 4% AT glo 99 A BIHE 2A
At d97] AIZHA a9, 2Ed A9 e} 7)1
A, oA A= A, F4A R (EF Ao))
9 thag Q180 B AFE vA =2 (I
win$} Livnat 1987) 2Eg2o) 93 HAuS A9
Ash=d o) 2954 Tl & Aol 1%
Ha7)5d e A+ 499 %, immunoglo-
bulin(Ig) 434, mitogend] 3 Ut F2utS, =}
A A E S (NK cell activity), Zeiuhsz} o]
A&k (graft-versus-host reaction) 59 wisf
H5E S o]FojZtt

Holl e A} §HALol9] Fs AL OB 2E
g2 o] RAEHA gz} s aAe gy o
T3 A, BAF Hrte e TS FEeHA F
Act. Ag3 89L& 2Ed 20 tigh AeH uhg 2
29 WA Ao ZA %L A7) dEd 2EH
2 Ao o} ZF 28t (Sklar®} Anisman 1979 :
Kagan® Levi 1974 ;: Dantzer® Mormde 1983). &
T AEH 892 A7 2L BeA 2EH AV}
AY7)5 vX= a9 28402 F a8 Laud-
enslager % 1983).

WA A 2EH 29 FALY oJFA o] 2EH2
Bhgo] 83 9¢S #X=dl(Bohus % 1987), ol&
#} HE7lsHe] d@AE A7g Sklar®t Anisman
(1979)& FeA A= digk FAE /571 9975
d 2 9%S "4 AT F g A7ASE T 9K

A T 5 A YR FF 4o F/1EE B
#1912, Laudenslager 5(1983)2 €48 & Y= A
7|35 RAAAE frEdY BAE 7 SlE AVAS
Gukge] gL A A e sk 95T
B AZIASE Ee UMM &8 5 gl AV

N, 7. 54 59 2d0] & of Z5F0]
25 4%l dv TR 93T F4%0] FAEA 7
28 Btka sy

744 =dd gia 34249 T2 554 usd
A HF3EA FEL 54 ddAe gike Az
°](Bohus 5 1987 : Benus 5 1991) 7i7/19) 58EL
8744 T g g3 o2 AAYRY|A, HY
&3 Fd7Eo] th2a, B2 AFEAA g8 ZMF
£919] 7IQA oy} 2EH 29} WA o} Fad
2x9lo] HHH L E AEH 29 WAs 5o BE 7]
£ B A7oA AL £AF s gt
(Koolhaas%} Bohus 1995).

old & AT HRAFoZAN 2EHE g
el A7|AEE AMgSl] 71Ee] Beld ~Ed At |
A7)5ol WX TS AT, B Aol A
AL 2 2EH: Jidd w2 A2|F wsfEs
FHE ol A7|AF tig FFuHE-E U= (sensi-
tivity), €39 (movement) 2 o-3-34% (coping beha-
vior) 02 Uiro] o]E3 WA 23 7] FEAHE
ZAIBlY PEukgo]l W75 WA JTS gold

7 ssiet.

=

L~

Ty X

1. o7 ot

A% 8~1058 49 ICR AFAE A3k &4 4
o 2134 g% Frrt Hhed Aale) gake v
4 9le 22 (Raab 5 1986) A% 22 cagedlA A=t
A7 & 5reld & cagedll ¥ol A o 43 ARH
AT AFHE FRES FEARGIITAANET
YA FFEL s 2EHAE UX YEE A}
F3 ¥t AEEEY Fo|le 2 6ARH oF

6A7AE WEAZ HEAZT ) A8 AL
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Z 3pmtElR, OUA AT t)g So|gAAAIuS
& A S 7RSS e F(0]3} AEH AT
oz} g 107te]et 2 5vlE], @ FEAN VS-S
A7) 98] 2EHAT sekalst =T 4vke], @
phytohemagglutinin(PHA)l &g+ v]% @33 34
Bhe-g A7) Y8 2EYAT 40t gET 4nt
=3

2. o7 oY

1) H7|1K=5 =%

AF e o] gom A7]%2Ax](Campden Instru-
ment, model 521/CS)E5E A7AZE P2 FalA
$ 5mm A 22 FYH A 22 H4(grid) Set2E B
(235% 380X 2mm)& cage Lutgo)] ¥ 258 £33 I
W AEA] 2 cagesl FAIY A7IASE 7181

A7|AZ2 13](eF 318 50 28)d 11 ¥ix 3%
A, 1029 7|12Ee 2 J1eilom, 3o @A 9A |9 &
T 5NA F A 347 T AR s
23] 1.0TmAE AFte] 24203t 2HE 02 9F 0.2mAX
S7HFH 2 3, 481 1.28mA, 5, 631 1.49mAST
ojs} Aol N FUS WY A7|2FE sl HGEF
WARSE Z2ASPY. ANATY B goFE 9
fe QUEL FYT A AFE B FF A3
m2E 520 A7 AErt Zadns 2EYASE AL
A8 AR (dsT 2714 1988). RS
ANATE A PR Goka 2EYATHY B A7
7 3 B T AR A7 AAE cagedl
A cageZ St

2) M7IXI2Sot MF|e] WEpHE

$ YRR DAL b A Adsa vE A
YA PSR ARAAT. AP0l 4 el Aok
o 7p7ko] lomz M ofm AEA AT R
FEZ A7)AT P Folo] AEL AN ArlATS F
T BB U] 49 Y5 BRHAG duluge
Sajo} WIS we AT Ve A4 B
2 A% 2742 § 1 9Euse ugs, ¢49, U
P59 AENL0T THY & YN o] T PE
22 Edz 9398 WD 2 FENeL A5
shstel 71 WYE 1~48 02 su BEVSY HEst A
AL NS BeeS e e FUTH

A= A7A5E 32 A% BF9 geigos
Rostn H ghgol dojuA| gom 13, HY 2
e 92 "He 24e 4822 gt Aol
A7IAFol BU dojue 859 A== B3ty 8
&0l A9 Y= Ate 13, 88 SHols A4e
4oz A3t dePFolR WA R £ =
e n gAY A2 Hol R2EA, FFY AF
€ 2o7] A dEE EAY U TESC S
PFos Aosta ojd FFE0] AY Bolx] ged
13, Hlad A5 dojubd 43202 ARk 7 dF
ol s et HE oA & 639 AAS
L FHFE AU WHE 4BoIAT. 28
Izt AHY A FEwee ArE BF Pt F
YT HrT e

(1) Anti-rat RBC &7} 24

Rat RBCE phosphate buffered saline(PBS) 2.2
33 YAAAE 5 PBSAl 2X10cell/ml FE2 24
ANA AEFFEE B F A7 B4 0.5mly FAL
sto] HAZX ST ThedRE 39 AAFE
PR L, 48R AFE 3As A8 F gy 2
2st5es, 3 anti-rat RBC FA7Hs AP
SR (direct hemagglutination method)2.2 A
At AL 56T £29 3087 WA st HF3HA
71 % 96 well microplated] R Gl 50u® BF3tn
PBSE EE welldl] 504 £33 & hand diluter®
AL 298 wiFE Attt g3l A A plated)
2E welldl 0.5% rat RBC £94& 50u¥ B3t
A 3AZF A B S FF-E B, 33
S Uehd H1 g8 g5 73 H log S
Fsto] A7 E JepATHE - 5 1989).

(2) HEF4 Aes 54

AN FUNSL FE37] Astel aceton-oliverol
3l 0.5% 2, 4-dinitro-1-fluorobenzene(DNFB) £
Bg 25uH AR B3 wBd) 2971 A4 Tl 7H3t
ZAAZ F R E 3U AVIAEE 8l 44 A
0.2% DNFB £94& 47 57 ¥ 247 1044
Tt JEA AEHS-E o) AH Y. Micrometer
(Mitutoyo Co.)Z AHE-3}e] DNFB k7|24 AA(T),
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UNTHT,) 2 48AZHTy) F AZF T2 24590
9 AFE T4 A5E T TH R BIISIATHEHH
fr 5 1989).

% Increase=Mﬂ9x 100

[

(3) v|F T F2% AA
71255 3¢ B Ut 1 g AFE AN
A vAE H&9 5 G (squeezing)ste] BIFAHE B
F4g e or)e] 5% Hank's balanced salt
solution(HBSS)& o] 54& 5 Ficoll/Hypaque(F/
H) solution o F=YA FZA17]2 2400rpm(900g)
oA 2087 AR EIEY. F/HET HBSSE Aol
e g MESS 78k HBSSH AR-FA7
33 YAMASIT HF ML pelletS 10% fetal bovine
serume| 3-¥ RPMI - 16408)%] (RPMI-10)l 2x 10"
cel/ml FEE F-HAZ oM mitogen® ZAM PHAE 2.
5Pg/ml FEE 7Kl AEFRFYS FHeiT. 28
EH4S 96 well platecl] welld 200w £5%
= é} 3% H 36T, 5% CO, #jg7]el 2o 60413t vl
Fatglon, &i7]9l *H-thymidine< 2+ welldl 0.51Ci¥
A7tetd 12~18A1F o HiksiTh HYEET cell
harvester(Dynatech Co.)2 M¥Z glass filter paper
ol A% = 11 toluenedll 2,5-di-methyl oxazole 4g.
1.4-bis (5-phenyl-2-oxazolyl] benzene, 2,2 -p-phe-
nylenebis {5-phenyloxazole] 0.1ge} E¢] & cock-
tail solution®l %o} beta-counter(Packard Co., TRI-
CABB 4530)2 cpm< A s (EHf 5 1992).

4) EAH £4
Anti-rat RBC 847} 54, &4 ARukg &3, v
Z AT FAF A glo] 2E#H AT dl2y 74
8w B E5AZEA Mann-Whitney U testE o]§
et 2B~ PEs F, UHEE, 329 4 g%
P51 Hauke Ax 7to] JAAAE 2AE] 8 @
A% 3724 (simple linear regression analysis)&

Hgarh. $AF f5F p<0.05 2 sk
Z }

1. Anti-rat RBC & gts
A7|A o] AANA] WA RBC 3t &l HY

oo u]x)= g3 Yoln ) 9JEle] WA RBCE ¥
AAZ] & A7|AES 3¥7E ICR mice 2E#H 270 71
3 5 A RBCe tigt A J4eHe-2 AFE T3
o2 ZA%a 1 AAE 2T 9 TR HFig. 1.
2EF AT A dzTret ARGl foJatA 3
(p<0.05). 2E# 20 w2 Pt FAA
Aurg-re] AL

2. DNFBoll ot &4 njoivts

A71AFe] AA ol A DNFBe| digt HEA] gk
of lAE dFE €otr7] #sto] DNFBZ 233t
HA7|1ASE 397 718t 5 DNFBd| digt 334
S ASHE S/ AR F4%kn 1 ARE dix
7 v REATHFIg. 2). Tue 2EdHETH gE2T
Zboll Zol7t il o, Ty tlZatolle Tyol Bl 3.
9% 718 H¥ou 2EHATL 70.7%9 Frojst F
718 B9 (p<0.01). 2Ed 2o g2 PFikdn A
EA kS ) FAALE Ul

3. Hi¥ ol B4l

A7]A=°] PHA mitogendl| thgh v]7g @49
Ao v)xE GFL Lolnr) Yalo] FAYEE °
thymidine incorporation assayd22 &7t dj=
3 v walgtiFig. 3). 2EHATAA xR
v @l FA5 o] folatA skt (p<0.05).

oo

forn ke

oy

b

*

Anti-rat RBC antibody titer, log,
D
T

Stressed group
(n=10)

Contro! group
(n=5)

Fig. 1. Effects of electric footshock on the anti-rat RBC an-
tibody response in ICR mice. Mice were subjected
to electric footshock for 3 days(two sessions a day,
11 times of shocks, and for about 31 minutes a ses-
sion) after immunization with 0.5ml of rat-RBC
suspension and bled for detection of anti-rat an-
tibody 4 day later. Data are expressed as mean +SE.
*P .05 vs. control group.
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Fig. 2. Effects of electric footshock on the contack hy- Fig. 3. Effects of electric footshock on the DNA synthesis of
persensitivity to DNFB in ICR mice. Mice were sub- splenocytes  stimulated with PHA(2.5pg/ml) in ICR
jected to electric footshock for 3 days{two sessions mice. Mice were subjected to electric footshock for 3
a day, 11 times of shocks, and for about 31 days(sessions a day, 11 times of shocks, and for about
minutes a session) before sensitization with DNFB. 31 minutes a session) before removing spleen. PHA-
Data are expressed as mean+SE. P01 stimulated cells were cultured for 60 hrs. After ad-
between T,, and T, within each group. **P<.01 dition of *H-thymidine, cells were cultured for 12-18
amount of changes in T, between stressed and hrs and then harvested. Data are expressed as mean+
control group. SE. *P <05 vs. control group.

35 35
[ ] ®
- r=0.281
S 30F [ >4 30 |-
X
£
o 25 25 F
£ ° ]
= 20 + Y 20 ®
£ r=0.916
= p<.05
F 15 15
o [ ]
10 1 1 i < 10 1 i L 1
5 10 15 20 25 5 10 15 20 25
Sensitivity score Movement score
35 ~ 35
] ®
e 30} 30 |
x
£
% 25 25 |-
£ ° (]
el
= 20 20 F
_g ¢ r=0.896 L r=0.794
= 05<p<.1 1<p<.25
L 15k 15 |
® ®
10 1 1 i 1 10 ! ] 1 1 ]
5 10 15 20 25 20 30 40 50 60 70
Coping score Total score

Fig. 4. Scatter plot relating amount of *H-thymidine incorporation into DNA of splenocytes stimulated with

PHA(2.5pg/ml) to stress response parameters.
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2Eg 2o tE JEuhg AEFAT ] Aud
AE 1A A7 |1AF F AU A EF2 fr
23 ABHE BYom(r=0.916, p<0.05)(Fig. 4),
g A5 AEZAT Bole FrodshA] got vua

& 4AA e A% BAHr=0.896, 0.05<p<0.1).
PEAE TF 5ol dAo] dojded AFA 7d
ko] B pANA [ FEH P5& HolA ¥}d
1vlele) AF7E 397 A7|AFE e AR 109E
¢ ol FAA P5& B

=
-3

E =

B d7ofjA] WA RBCeo gt LA A2 ~E
274 foJ8tA AE[T. £ 289 Ao FAk8)
A A7|1AS <ls] gl 34121 keyhole limpet he-
mocyanin{KLH)*l ti¥ 50]4 in vivo IgG 3|44t
o] AAHhs o2 dFEol I (Laudenslager 5
1988 : Moynihan % 1990), 712158 A (Boranic
5 1983), overcrowding(Solomon 1969) 2 immobil-
ization(Taylor®} Ross 1989)¢ll sl = A AAIRES-
o] Zagrhe e 7 FAAE U Fleshner T
(1992)2 3% = gl 71450 23 FAEP8ol
AAH = 714-L dutT o} (subpopulations)?] o]
W3} 2 cluster differentiation(CD)4™ ¢} CD8"9} ¥
(CD4*/CD8")7} %7}5)7) wW&elaba kgl CD4™¢
CD8"& TAXS] EAsh= EARE 2oy dizoz
CD4* MX9] 7)%52 helper/inducere]il CD8%Y) 71%
< suppressor/cytotoxicolth, ~E#2r} FA S
o U]l A= IL 2EH 2o wE7 AL 24
of o3 g werh 477 9¢ A8 (SRBO)2
A 2R57] Ao JA o =F2 F$ FA Ao
Ao HEEA] & oA AEH2 22 FS
£ FAARG0] ZAHRA E}rHOkimurast Nigo
1986). A5 2E#| 20| xFo| 1 FFHE 7 A
A7t AL 2Eg 29 Y| AYRX AR, 99 §
B ko) ojd) A4S w=thlLaudenslagers}t Fles-
hner 1994).

DNFBel ti&t &4 A3 op7|2X] 2447
Te 22 g2 b f2dd Zolzt gljle
U}, op7| 2 48A)7 Foll= of7| R A] 2447 Fol) v
Z2EH TN K $7HE AT Gross® Sie-

gel(1988)& AE# A Al¥A WY e £
7Iv ob7l= AA I gt H7|AF o9 2E
gz 9% (A Hugrgo] B3 A+E Y, Bl
echas(1982)& HEZZY =Y Edd @A
2E 27} FAZ Azbel FAGO] 214 GA, Ty,
2EYAE B2 AF = DNFBe dlgd 424 7
ukg-o] Z7hslg ot SRBCH thdh 24 ghalukg-
223 A siMe Zastn 2Ed A e
F7Feta gyol JiAe F7IHAY AT B
3ok, Hri, Bikel sl SRBC DNFBel thgt |
A4 ARIgkEe] A H = AFE YRATHETFSH ¥
0] 1989).

PHAS| tig v @87 SAT2 2EHATA
EFRD F93H 713k 222 YEHt 79
YREY A7l FAHY B4 F A5 =59 B¢
AFA Bukg-o] A7} dofd ¥ Agre] AT
9 B2 A FA 2B =FA] AXA By
$-0] gAFAH Berkenbosch 5 1986 ; Croiset 5 19
87). Weiss 5(1989%a, 1989b)2 o} A% 2=(handl-
ing)¥} 7388 219417 B meld] A71AT)S £
4 Boure-g JA3la F5x A3 HrAF)S
Hwvhe-& FAAATE ST Av)ztelut wHEAQ
A 2Ead L&A WIS doidth Mon-
jan} Collector(1977)E A4S 4~657 =22 o
mitogenesis®t A|EoAH EXo] ZrlEvin 1Yt
2EF 2o PHPH wFo] 2719 WY A &
ZANTE AR 2AEF A 277 mFo] T4
Aol gt AgE 7T FG LA dig d
JHE Axg Ba rHRiley 1981 ; Sklars} Anis-
man 1981). £ AFNNE A7 7|7+ 39 o
AT A7)AF NEe F 6632 §HEAHQ 2EH A
il £ 4 3lo] WY F o] Yol Ao 2 AztEr

TEo| 2EH 20 dtESA =52 o A e} A
= 2B 2 o3 H 28 7] WP} HAEHE
%/ sH(habituation)7} fejvt AEA BAWH-E-2] A=)
7H 2 9Adg & Qe ol HolA] AVgEE-RaA 9
noradrenergic neural systems2] @48 dFo 4o
Wtk (Weiss 5 1976 ; Zigmond®t Harvey 1970).
2} 2Eg 20 o8 AAFFE ofH ST F 4]
fdslol sl=d 1 o)fE A, ol RE THIF

& e

F 4T vje A1 SR, AEG A &

fo
ng
3

N o 2 ¢

rir

R ot |

v ol¥

£
°

Q
==

(x
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F7teed 228 Age Al Ao e AWS
23cH(Weiss® Sundar 1992). 28m
A& HANSY] A& FAANA MIFHE oA H
A8 o/pdsE A o2 o2 dolglth

A7|A = oa] MY HYurE-E AAEHE= W,
M EA AGRE-E gRH o] 22 YHeo} AT AEH
2ol ofs] Hulgo] X2 th2 7] (dissociation) &
Aol ojytt} o] AL T2 AT ENME B & 9]
t}. Mormde 5(1988)9] &7lA shuttle box*l4]
10319 ALAQY 59 85 & dFA= 259 P5
BAG ] footshockE ¥ F2 1T} mitogensel tlg
Yup FANRGo] ] Fobe ¥, SRBC tjgh &
A G7be o ¢ Ayt 2 o] Wedukgof o
ot ~2Eg 2o tid SA49 27} e AABHA
I, Coke 5(1993)2 shocked donorsZ FE{2] 213
(odours)ell 24717t =28 AFAE h2TH v 2sA
T A ¥ mitogen22 A% v]ZA L9 interleukin-2
At AAGHAE gAo] #Astn KLHY did
immunoglobulin(lg)M® IgG A H7le F/HEA
o}, BrE, Bkl 93] SRBCS DNFBO| tgt 2|84
elukgo] g vhd SRBCo the SR HA L o)
HATHE T Beo] 1989). B AEFH A i3]
WA o2 8BS BAFE 2549 Aold g
etet Aol o} glexz, olH zlolE AL
9} T A ¥ subsetss} 2& HANEI} Autg-o) zbz}
g2 o g3y oz #ge wdd £ i Mo-
rmde 5 1988). Moynihan 5(1994)& ojehgre HX
Ao A Agrgo] AEA Hsl= T1 helper(Ty
1)= T2 helper(Ty2) AX F71A] Ty cell subsets
o] apd A @4 Z, ojd o] T2 AXEE 84847
o Tyl A¥E 818 24 (down regulation)Al717] @
wolgtx 7t s At

43 Q0] JE Aol 2E G20 WA BAE
olsish=d] o5 Fis}rH(Koolhaas Bohus 1995). ©]
o  dfe ArAE & 2EgA PFuke-S Ui,

9], iE PF o2 o] o]EF WNE At
I #AE FAY8H 23} PHA mitogeno] tidh v)3 93l
FA%% AR AU Fot Bl Ak
79 Aol BULFE F o] T
Mormde 5(1988)2 footshockE &3 ah= FEolA] ¥
9 F R 248 FAE-S B o= A3 o

A ox b

3 P52 SAE ALl BT TR LA
A &%) Z718l51(Henry$t Stephens 1977 : Henry
1982), A YAHAQ A Ao FAHA 9
& 717 Folata(Beesedovsky F 1979 : Willi-
ams 5 1981) A3},

A gAdste dutrete] catecholamine-
rgic interactiond 2EHAZ Q18 A¥A HAu-Lo]
AAE wiAisked] d3s drie A7dnst J(Cu
nnick ¥ 1990). 53] Weiss®} Sundar(1992)= 2E&
AE e ZAA BF o] dubee wkAl
7AAS @5 $ASHA TS B Y Qe &8
3He steroidsel] 3] $-AIEHAl S LETT S
e 2Ed 2 FEo SAA wa AFuEy] e
o] g} g4 2E# 2 Y= UukH O cortisol
norepinephrine®} #4871 $7HEu, T 2E#2dA
Wxjo] AdeA norepinephrine® %714 1 (Irwin
1986), cotisol F&& A3tEAtHMason 1968). =
AYoA] 24T F g 2EY2d w32 3L F
N7AA Y catecholamineo] A48t} o)) Q74
2z o) 3Uzte) 24 = Y 2EHLE G R
FolA] 8% catecholamined} cortisole =33ttt
AAY AL AEFH T Y ARAAE dHE
b =80 2 Aoz Yzt
Gellhorn(1969)2 53] 2E# 20 93] fdxe A
AE A4 28 QAR AY T TEX 9
AgAZA ] FEE A EAAFI] g FAA F
A% AHE 7t FAE ook w2 M FAS
A A R A AAY FuRNAA} FA
S 7143 2Bt ASH 3 Yoyt 4014 2
So] A"y FASAT B dfolA AxHed A
7IAZN & E78la YEE 7] okn Zuts] S o A
He dF8 AFARG 37 EAYG RugdFA 8

ZA2AE F glof old A3 WHwk g Ftele]
Azt 5 led oo daide ¥ a7/t 9
2 Aztdr

£ A7 g5 v g 54
ol BAALE 3R o) =& 4
B2Ad ASA dluAa £33 gguae 72
AU A et uhgAe] gt A5A U gL
ZAARA L wreAo] T AFH deurale AAtst

F-RA9E Sl o ¥4t (Bohus T 1987). A

¢ o}ﬁ O{H r[r
it}

B

re g R

et
sy o
o

ox o
lo
o
o ox
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ZHEEAZE H o} AAA e nFe T2 v o
S @h(Carlson®} Felten 1989)& ZHA|dA M=
O dae 7Hd FEES 289 "Gl dEg
I A34E 5 Qi
£ Aol Sold &
oA W3 344 PF
7} 3¢z AriAS<

doz A A 797 PEH
& Bo|R] goid 1ntele] AF

B2 A% 1098 5% ol F
A PFS HAT o= 2EH 20 o3 FAA P
A& TN F LS TEHFD 08 dFdME 3
Z(Mine 5 1981), 7% R 7|25 2EH2(Guile
1} McCutcheon 1980)°l <J3l F24do] AE L Bof
Flct.

B A7ATA Ar|AF 2Ed 2 g PN
F A Qo] "k} F@Ae] Qe Ho= Hol &
Edze dig HASA A2 HME 0 o] HE wi=
Al 2 E sor @ A 2} B AFA mujgt e 2
gsl7] AalAE APFEE 78 soln A9 FA7A
% u3)7] YA 2EH 29 dBE ZT2ES FA
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