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A Stody on Anti-Stress Activities of Cholic Acid Derivatives
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Abstract — This study was done to investigate whether cholic acid derivatives have anti-stress activity in
various stress models. Two cholic acid derivatives, ursodeoxycholic acid (UDCA) and tauroursodeoxycholic
acid (TUDCA), were used. Physical, psychological, chemical and environmental stress models were performed.
Adrenal weight, serum glucose levels and ALP activity were elevated in restraint stress model, but this
elevation was prevented by UDCA treatment. Moreover, UDCA and TUDCA inhibited exploratory and
spontaneous movements in oscillation stress model. In alcohol-induced stress model, TUDCA improved
rotarod performance. UDCA and TUDCA significantly reduced the involution of lymphoid organs and the
increment of WBC counts in cold stress model. These findings suggest that cholic acid derivatives have anti-

stress effects in various stress models.
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2EH AT Ao vx= o= 71A] AlFez, AA=
ol@l AlAA<] Wshg sk ATl tiste] gL
A8k $13te] ou] Aa-i2 A I 2E
27k o#f7ix] Adle] gle -l vehdA Rk BE o
Al AN = ) EF] 2 3 gl F4olvh o
wEA o2 A wlx]= AFo] dATE AR oAe] & A
5 AldjA e Zgsled, olu) A= 1 252 Fiell
FAGe] DA Al et yks-oF F5417 A (Glavin
=, 1985y u| R4t weA|(David Z, 1990), A3H7]A o
A B 7A| (Selye, 1983)e 2H48led AN FF, T8, 2
et asheek, B2, 85, 4, 950 AgeixlS Jo.
715, AR o2 A& 7 AAE, HAYF 52
A7l 5 5ol AA1A ZFF-(general adaptative
syndrome)S WeERYR| AL o]i= FA WS 3k A
2% ¢15t AA Q) A FA (Selye, 1958)0]akz & 4= 9}
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g7 % 232 u Xl gck(Selye, 1950; Chowers
=, 1967; Hodges =, 1976; LaurelS, 1989). = o] 2 H.g]
2] A2 dix 2] wledA|(limbic system)el] F3-g- Fo o]
= HsleA 25E ACTHE £u]E AFs)z, o)7L +
Al 9] A& 28} ascorbic acid2] AB]2} corticosterone]
AghAl-S Zxlsle] FA12] vl 2 "Fof 4| £] amino acid,
glucose?] x& F7}e} A|ut4ke] #n|E FalshAv) dY
ZA719] 1% 4 548 FAge] 718 He 54 o8 7t
A BAGE b A Fek(Cho F, 1995; Park -5, 1996).

22 2B 2o gt HhE-S A A 7]= dEe] Mo
ksl o] FoiRan gl o, o]F Hal ZHE St de] A}
2% 77 )= 289l ursodeoxycholic acid(¢]s} UDCA)y=
FRATE e 2 o ol Aok $Ade] Al
4182 o A Al 7|7 (Kawamura £, 1989; Cho %, 1995), <
AFELEY 2 FrEws 2g-E Vel (Cho 5,
1995), o]agk LEH X 2HE-2 AR grEAkFe] o] el
o) 7)1 E etz o} (Park &, 1996).
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HEMFe BaEHA 2SO BE AT 233

cher 2Eds BdE Ageled BFAFE Gamdx
A44-g oFopn n7} kvt

ASHIE o Y

MEE=E

AYEEEL AF 190~220 g¢] Sprague-Dawley#] -4
279} 20~25 g2] ICRA| $4 AFF AL 2HE 3
ol G, Perol FAHE 2 Ao FEASAAA A
Fo oAk AGAA F Aol AT AL F
24 W9 99 2AZoR AFEAAHo LRt
22+37C, FEE 50+ 14%2 H-3]315 1L ARG A=
2 FAsgon B AGEA AHES Sk
HER

o5 2E dl¥A ©@3547< UDCA % TUDCAE- Sigma
Chemical Co.(U.S.A)NA T3} ARg-slgc). Fo 83k
L F g2 95 0,07 mmolkegs] £79E 0.5% carboxy-
methylcellulose(]3} CMC)el] AEHsle] Algslig] on], ~E
Y~ FETL 0.5% CMCHH-S S st v,
ey

71 MAF AEHA

(1) $AFELEA S

2E# 20 Hah- 2447k gl HAAZ] BFE stress
cage(Natume, Japan)el] Q1. 18+1C¢] B 134 ©
5 AR(2412C)el A 2427k A AR WRRg F
Z2¢ ST B 2uels ¥3) 243 A, A
dl 25t 5 4, 1947Fel] A5 5HATHCho 5, 1995;
Park -5, 1996).

A7) $A 27 - 979 BEE AR vlBg A%

=

3 A7) FAE TR Gk ApaAE AAT T
AL 245 FAL A2 F A9e 3] e
Qow ¥ 2L el FAS 2Hech.

3414 ascorbic acid 35 W3- AV} G %
5% TCA S 1 mlS ¥ o 3027F FASAIZ the, o]
$0& A REE FR do] 15,000 rpmell 4] 1582L <
AR Esict. A5 0.5 mlE FHsto] 5% TCA §9 o=
s BHA7] &, 2 B 05ml& #H3 0.1ml
H:PO,(85%), 0.8 ml dipyridyl(1%), 0.1 ml ferric chloride
B%)E Au2 F7lelsch Aok 8] A AFLolA
1587 WA F 525 nmold FREE 25t ¥4 F
2] ascorbic acid 3tekg &3] 5}¢iv}(Zannoni 5, 1974).

& al)) cholesterol ek W3- €A 0.5 mlE Fs}e] =
Aol ok g(1]) BEED Smish T 4 F 5B 5
QAlgalslelnt. AFsel 05 mlE #Hele] FeCli(0.07%,
acetic acid) 1.0 mlE 7}&t o2 713k 24l 1.0 mlE 713k &
Aol W2AR) B 550 nmel ) EHEE Ssisich

[
o

(Flegg, 1973).

A 24 -2 AFAE et BT AR F By
Eo ] WS AHY vk Lol oF 308 S

o

A A7l F- 3000 rpmell4] 1582 A4 E-e]sige). AL
Sigma kit(Sigma Chemical Co., USA)Z- o| &3} HAAY
Beneag Agsielen oo pAgEe susa
2} o] ¢rdkw A= lactate dehydrogenase(LDH),
alkaline phosphatase(ALP), glucoseZ Al3le] E#HA~
Az 2 Al-g-5le) cH(Bowers<} McComb, 1973).

(2) Oscillation 2~ =]~

AEH A2 Ba)— Oscillation ¥-3-3 $]35| reciprocating
shaker s AF&-sle] AEHAE 7lelget. 1002]e] A=
g} 7892 3¢ oscillation &x]e] HW1 4X7F <t 129
cycle/min.®. 2 oscillationA] Fvh AP T th2-2] vhe =
el Al#Elel), o8 Fo|E oscillation stress H3}
103 Aol A-L-Fof 3}, oscillation & F ¢} 308 Fof 2]}
AL, HAZA Y, ZA-E7) P55 S 3= 754
OFEe] R F oscillation 2Fof AFFAss LB
of Fol 3083 1208 Foll 99 AXE A4 A3t
(Takasugi -5, 1984).

A 2} A|-&(rectal temperature)s?}t 3] %1 -2-A] & (rotarod perfor-
mance) — &) A} A|-2-2. =] 2} A 24| (pyrogen test processor
type APT75, ELLAB)S AF&-3to] 248197, 54249
& Srpmel AN 387 A AFT AAE e
of %z Bl BRI © AYe) A AFE A
H 2g 8 pme] AN 327 A WA ehsx @ 3
47} 234 A7 e Astol ALgshc

A A}2-F (exploratory movement) & A} (spontaneous
movement) — A A% automated two-way shuttle box &
Algsle] 5E 3T F-S 2Asgdrl. Shuttle boxi= Hiete]]
& E|(erdyt AX=e] Qe i F How
rroizl A ] AkRlg AFE du 22 E 22
Zre] FAF(100 V, 60 Wy 3, 327}9) 7H4-& 751 5
24 AFo 2 BT fHoBRE 40Ve A7|AFE
Fe Ag 20& 7HAR 103 AAse 2 AT
E9uke-g % FAilele] &) skt (Miyamoto 5, 1985;
Araki 5, 1986). AP-E-& activity meterS AREs}e] Ap
2552 HAs ok

L} ity AER|A

sEH e Hah-3lehr cuds RAE A 40%
alcohol-&- 0.1 ml/10 g®] 4=} 02 7 FFosle] thiol 4
98 AT SFEY Foli B Fof 302 Aol AT
Fojsisich.

5%.3]9)5 &4 (active avoidance test) — 5-53] 3] 52| &
< 9o A AAEE ST L e o
Bol A, Fof & 30, 60, 90 Y 12082 573 =7|uke}

i

ruﬁﬂ o,
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THukS-g % $Hsle] 33 THMiyamoto Z, 1985;
Araki 5-, 1986).

FAZAY - AR Y Ad 8pm =AY 5] Eoll A
327t HelelA] e dlarl 239 AF TS AlHEle] A
Yol AHEs19.2.1, alcohol T - 30, 60, 90, 120, 150
1803l 2k} Alefste] AFE AF S B2 $HAkEle] &3
EiS A=

U 4E 55 & -4E 5o WA E 247 Fo ©
4L AFE F izl PA-2 Sigma kit(Sigma Chemical
Co., USA)E o]-43l ¥F 42 F=F Awsiacrh

Cl EMH AEYH A

2EBH~2] B3-S E I8 sg SAsE S ol
sle] A58 20 H3s= ZS 1Y 18] 1097 A A5k
FIuhga 2oy JF lesle] 2 FAbste] 53
gl ch(Miyamoto 5, 1985; Araki =, 1986; Sansone 5,
1994). ¢FE-2] Fols AEFHX: Hw 14)7F o A5
3}t

gl EHF AEY A

2E#H 0] B3}

Cold stress — 4C9] A &4 o]l A] 5= 42l 29k AW
A 4A7F, FRAGE 7A 2} AdA e A
& Z47F 2447 5ek MR k). Ee] Fol il dA
Az el AFFodsiglon], vkxet Aol 24X7F F
A5 F A8t A YE& A3 oH(Kimura 5, 1996).
SRR 2= Wz AAY AVl FAH g HE
3 Yol AF|A4E EAstg on, NYyT] & AFY
478 o]-g3le] salsich.

Heat stress — 3707} X ¥& 8230 4587 x54
713 49 Fob YA AZtel] S AT R o, ot

20

T

Adrenal weight (mg / 100g b.wt.)
o =)

0
Control Stress UDCA TUDCA

A} A7) 242k Fofl AFE 3|5 cold stressAl
o} FAg EA85-S 24 5yl ch(Kimura 5, 1996).

ok EAES 24

2E AfAE AFLEFELAR Yehigled, A8
F-2]-2 Student's unpaired t-testZ ©]-&3}o] p ( 0.05 54|
A Frald g AAstge). 53] SA% AL y-testE A}
L3151, 8¥]F =42 Mann-Whitney's U-test2 A3}
o] p<0.05 FEAA {24-& A sk}

agzn

b MAEH AEHA

) FATELEg 2

A7 FA L] W3t - 2B A 2447 FapA] AL 147
+0.6 mg/100 g b.wt.o 4] 18.840.4 mg/100g b.wt.E 7]
314 Hd =9l UDCA oA Aed 2T B3] f-214]
o2 oAstaont, T 227 BABSAE Depeh.
H)ZY] BAE ~Ew B o5 292+ 16 me/100g b.wt.
o4 13544 mg/100 g b.wt 2 A g 7145 B g o o]y
b s g ojo] alx si%ER) Wkeig, 1),

B2 ascorbic acid 313k} €= cholesterol @ glucose
&) w3} - RA1 ascorbic acid T8k 24A)2k AEH A F
Eof £]s) 444414 mg/100 g ad.wt.ollA] 419411 mg/100 g
ad Wt.2 7}sks Aske hehf|el 1, o] UDCA SoiA]
tld FBHYon, TUDCA £ fr&ao g Z7)alg
o}, @5 cholesterol-e AE# A -S54 HAF A4S
P45, TUDCA o A] ~EH AT v|# foldod
F7bshark. 9% gucoset A~Eelz 344 folH ez
Z7}38190 51, UDCA 2 TUDCA FoA] A= ) 1]

350

280 -

210 +

140

Spleen weight (mg / 100g b.wt.)
S

0
Control Stress UDCA TUDCA

Fig. 1. Effects of cholic acid derivatives on adrenal and spleen weight in restraint stresss model. **=Significantly different (p<0.01)
from stress group. “'=Significantly different (p<0.01) from control group. Values are means+ S.E.M. for 16 to 20 rats per group.
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Fig. 2. Effects of cholic acid derivatives on adrenal ascorbic acid, serum cholesterol and serum glucose in restraint siress model, *=
Significantly different (p<0.05) from stress group. *"=Significantly different (p<0.01) from control group. Values are means+S.EM.

for 16 to 20 rats per group.
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Fig. 3. Effects of cholic acid derivatives on lactate dehydrogenase (LDH) and alkaline phophatase (ALP) activities in restraint
stress model. *=Significantly different (p<0.05) from stress group. "=Significantly different (p<0.01) from control group. Values

are means+S.E.M. for 16 to 20 rats per group.

214 2.2 7w HrhFig. 2).

Y #4-2Ed> F34A] %5 LDHe} ALP7E -9
Ao g Zrylslg.en], UDCAS TUDCA oA LDH7}
2B 2l vlste] Zhashe e Ve glo). ALP=
UDCA FoX] LEFH AT nlste] {2402 7hasg]
t}(Fig. 3).

(2) Oscillation stress

AR AL -2Edfx 33 A FEFATNNE 24
& F3 A& t)zFe ghal 37.45+0.14C0) B]3le] AE
Hadw) GEFT 2T AL o)Al Fa
7F slglend, 308 F A5 X HzT-e] gl vle] f-218

d 7 Agich. 222 Rt F kR T gloin
T AEH AT GFRAT BFA T 303 Z 1208
F 24 dz2T gat & HolF HolA gkl ot
TUDCA Fo{ el 4] Fof 304 F-of thTe] Ftell w]ste]
o4 e F7HE el slch(Fig. 4).

HAE Y -2Edx 33 A FEFATAN = 2B
# 2 -3} 308 Fe] UDCA = TUDCA FofFelA] 2
Ed AT w3t qekshA| s AF Y Blge] Ftshe
e vepglen, 33 F JEFATNE Fo
1208 Fol] 22t Hlste] ot FUBla.ont BA
A Fro 4L dArkFig. 5).
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Fig. 4. Effects of cholic acid derivatives on rectal temperature in oscillation stress model. “*'=Significantly different (p<0.05, p<
0.01) from control group. Values are means =S.E.M. for 16 to 20 mice per group. A; Drugs were given 10 min before the exercise,

B ; Drugs were given af the end of exercise.

1 Ominafterstress 30 min after stress
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80

8
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3

<]

Fig. 5. Effects of cholic acid derivatives on rotarod performance in oscillation stress model. Values are means = 5.E.M. for 16 to 20
mice per group. A; Drugs were given 10 min before the exercise, B; Drugs were given at the end of exercise.

ANET - AT 2B AT ] s 3t
30% Fof] HET9] ghell wlsled Zramabiz ekl by
g3, »2EHA B3l ZH UDCA == TUDCA /g0 qte)| 4]
xzTol vlsle] frojH o2 ghisioivh il F ook
o] Lol A= Fof 1208 Fof] UDCA ¥x= TUDCA Fo37
oA ] groll vt {94 9lA Zaste e, o
= 2B AT Hoke a2 g vrelu ol th(Fig. 6).

AptgE - AEHA I A GERTNA AL
£ »~EY A B3} 308 ¢ UDCA = TUDCA ol
oAl 2EHLF v|Ele] zhashe AL ekl

2B~ 33 F FELAToAE T 308 T gz
ol Hsled F-2)4 9= £V el o (Fig. 7).

Lt. statd A A

L2 35 - UDCA ool glo]a] 22 &7}
el 4] =B AT wste] Hv)Fe] Zrlsldort B4
A fr) A& vpehlA) ekghoi(Fig. 8).

5% A& - UDCA B6]F8 2o 605 B 908 o
AEH AT wlste] FElebA] g AR 9 wlge] S71s)
= Agke iyl o, 1208 2 1508 ol BAA &
slde giglent 2318 ulgo] ZHastyrt. TUDCA %o



30 min after stress

1

% of avoidance
3 o1

<

0

% of avoidance
3

M| BABMA FTo| B 97 .

8 - B

30 min after stress 120 min after stress

L L

2]

xS
o
i

Fig. 6. Effects of cholic acid derivatives on exploratory movement in oscillation stress model. *"=Significantly different (p<0.05, p
<0.01) from control group. Values are means+S.E.M. for 16 to 20 mice per group. A; Drugs were given 10 min before the

exercise, B; Drugs were given at the end of exercise.

240 - 0 min after stress 30 min after stress
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=
=
2
E
!_120— . T
O
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O
=
mh ++
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0
Cortrdl Stress UDCA TUDCA Corird Siness LDCA TUDCA

Motor activity
8

B

30 min after stress 120 min after stress
240T +

3

Control Stress UDCA TUDCA Control Stress UDCATUDCA

Fig. 7. Effects of cholic acid derivatives on spontancous movement in oscillation stress model. *'=Significantly different (p<0.01)
from control group. Values are means+S.E.M. for 16 to 20 mice per group. A; Drugs were given 10 min before the exercise, B;

Drugs were given at the end of exercise.

FL Eo] Q0F Fo] AEH AT vlEte] foA Qe =
7+ veEl god(Fig. 9).

% 4T 5= -UDCA = TUDCA Fo o4 &g
Fo} 147 © 247k Fof] AEHAFEH v)wale] Y
=8 2eloat FAA o= glalch(Fig. 10).

Ch. HAH AER A

3]3]% - UDCA &= TUDCA FodFd| glolr 3|95
©] TUDCAY] 7%, 547 %8 ~EH AT vlsle] Zv}
ale] 1095)71=) A&7 0 2 Zr)sle] o], UDCAY] A%

X 6UdAEE AEH AT v]sle] Frlsle] 10457}
A AEAe g FrlstEth 2y Tl el %
o] Z7l= BAIEQ 942 ] edokoh(Fig. 11).

ch 2EE AEH A

Cold and heat stress

A7) A)4=2] W3} - Cold stress F3A] FA7} w]A}e]

FA7} Azl Hlste] fod-e g zhAasies, UDCA
w TUDCA HodX| AE#H AT Bl felzez =
A& &7} X153 ct. Heat stress -3} F454 w42 FA)7)
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% of avoidance
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20 1 ®—® Stress
B—8 UDCA
A&—aA TUDCA

0

0 30 50 90 120
Time (min)

Fig. 8. Effects of cholic acid derivatives on total avoidance
in alcohol-induced stress model. Values are means+S.E.M.
for 13 to 15 mice per group.
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% of animal
(5]
(=]
1

25 - ®*—® Stress

=—8 UDCA

A—A TUDCA

0 - i T T T 1
0 30 60 20 120 150 180

Time (min)

Fig. 9. Effects of cholic acid derivatives on alcohol-induced
motor incoordination. *=Significantly different (p<0.05) from
stress group. Values are means+ S.E.M. for 10 mice per group.

1hr after administration 2hr after administration

i

;

270

180

Blood alcohol level {(mg / dL)
3

Stress UDCATUDCA Stress UDCA TUDCA
Fig, 10. Effects of cholic acid derivatives on blood alcohol
level in alcohol-induced stress model. Values are means £ S.E.
M. for 7 to 8 mice per group.

1001 50 control
®—® Stress

% of avoidance

Session ( day )

Fig. 11. Effects of cholic acid derivatives on avoidance
performance. Values are means-=S.E.M. for 6 to 7 mice per

group.

el Wste] ZRAsldeud A o= ¢l
TUDCA FojAof F419 TA7} AEH AT vt
2|7 2 Zolstgvh(Fig. 12).

3 52] W - Cold stress 5-2LA] W=7} o2
ol Wlate] frojd e g ZFr1slgla, UDCA 2 TUDCA 5
A 2EHLT H]sle] FolAH o2 WY TRE 2hAA
FAth. Heat stress #-74A] Wl pr} dj 2o v]sle] f-o14
o2 F71819 5, TUDCA oAl HHE 747} djaiol
Bl8le] {94 0 2 ka3l oh(Fig. 13).

o #

LB T QAL wAPAAA ] HEA HAA 9] 7]
5 alel 23] BE uhgo] wirfse] AFuke-S do )
= A A 2575 2 AETElE G w3
2 o+a A g)eh(Brekhman -, 1969). A~ E#] A0 23] ale]
v AAY o] WSS AAFeRE-u sk A -ALA
(hypothalamic-pituitary-adrenal axis, HPA axis)S- %35} <]
o1} (Selye, 1950; Chower 5, 1967; Hodges =, 1976;
Laurel 5, 1989), o]+ F5A174 A1) 24215+ gt 7]
F E5le A=) SFAAA S oA s 39 A
of thEt A2 HSHAS elll=d] gl T8’ I F
+ h= 7|EeR duiA glon, de A A2
AA 3z Ao)71% 3H ATl WF AR = A5}
9] CRF(corticotropin-releasing factor)e] 1|2 A}=3}1,
o MerAle] ACTHS] ¥4l AHTste] Abehr-ss}
222 A S Qg To] A=A Ho] o) A @
3+ v A et

HEAE QA2 FBe) Bl Tl Yo olg

H
$. UEF BPE, AR F4 FAS A O B
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Ratio of thymus to body weight

00

Control Siress LDCATUDCA Cortrol Stress LDCATUDCA

Heat stress

Ratio of spleen to body weight

Cortrol Stress UDCATUDCA

Fig. 12. Effects of cholic acid derivatives on the involutions of thymus and spleen in cold and heat stress model. *,**=
Significantly different (p<0.05, p<0.01) from stress group. *=Significantly different (p<0.05) from control group. Values are means+

S.EM. for 10 to 16 mice per group.

Cold stress Meat stress

WBC count ( X103 / mm3 )

0 -

Control Stress UDCA TUDCA

Control Stress UDCA TUDCA

Fig. 13. Effects of cholic acid derivatives on white blood cells
in cold and heat stress model. *,**=Significantly different (p
<0.05, p<0.01) from stress group. “=Significantly different
(p<0.05, p<0.01) from control group. Values are means+ S.E.
M. for 10 mice per group.

£ 53 =9E ojAdzE-S R T sl 25 e R
1 EARE Tkl 4] A B o F-E Aelx] oA FE o
daA 2 wld=Ee), o)l F @&FAE FollA] chenodeoxycholic
acid(CDCA)Y= 19723 ©]2)] cholesterol A& $hx}of A}&-
gl ovk(Iser 5, 1975) ]2 670952k B A3 AlE
ZhsAe] uE}y Sl2 R 1 ¢]%- ursodeoxycholic acid
UDCAY} HEd PHEHAZ Agss] Asshc
(Makina 5, 1975). o]0 & &=zl vle} o] g4kl 5
H 7152 Ags]Rpgeolut weotele] QA A A
9] calcium F<pol] ggatde] Basiw o] 7| @F
Absde] A4 calcium E3=F FTHATIE Aoz F
23t} H47] 22 Aol w2 UDCAZ) 7H3 518 =

NP7 £ ol e AlE R A58 Ca™e] F4)
< ZAst YA PEL FAAA P, ol AEHY
F8 7|19 v Egea|ole} 2% A4 vl &g o
Fol 5L T3 Ca™9 WEg M o 2%
Ca" =8 VA AE W Ca™9 F=E-e o} 7}
3|82 A x2 FEFFS FUM T AEZR s gk
Al &b (Ono %, 1995), UDCAZ} 3l P& B 20 £
3 FER Aok YA e 2 A A 3E A A7) o]=
GEFALFo] oldAe] r|ldrky dH(Cho &, 1995;
Park 5, 1996).

AAA Y 22 ~E fishr] He& A FEAE
220 g AW S 2Rl §akg ol AEY A B
T 27l il dalel SR g gloEw
(Cho &, 1995), @EAtFol 2t ¥AFAL] Zi= 2
2 A3 27)d 32 vk} FAV) o= AR A
g9t} =3 f4dA 2} FHE v FA F4E 3)EA
712 Zat AL WGA A71e) Y5 Bk o= "o A
Zb 7 2gl vlAe] AAabelol| 4] 2447k WA Al A Y] 7
2o 7105 Aoz welr) XA coricosteroid
FA A Pejzhs AR 42zl A ascorbic acid
9] Zhie AEHA 27)d WEA Fhashy X 7ke] A
£ corticosteroid 2|7} 748l ulw} vhA] 71k
B35t 9)=d|(Cho 5, 1995), E A= F5E
& F%A] ascorbic acidZ} ZHAshe A S vlehlgled,
GEARC Q4 olzg ZAE IEAFcH 2EH 2
o]8t ®3= corticosteroid?) Er}= gl 2|2 @ w<slE
ale]] o3 8E o] B3 cholesterol E glucose 2|5 &
7FX 7] 3=H (Selye, 1983), & A& oj|x]+= T3 cholesterol®]
2EHAFA 23] Fg HARE ehll L, EEA
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o) S8} 0312 2wt A% tehiglort glucose?)
ofe EALT) o] fold0 2 Bassch BENFY
Fojellx] HZF cholesterol?] ZErbe HEALF2] A|ukg-
Skt Q3 Palo] Qi o2 AaDeh £ Cho £
(1995)]] ul= 2 F el H]E) corticosteroidel] o ¥

B3y o] whsrky deial LDHY ALPY) A& 33
T dsln, SRATA o i Bl 2 0o

o|pel A2 w5 Mol Axalry Axe & 5
g l,:— corticosteroid A AH7]el ¥4, gl g=del 2]
W ascorbic acid, ®52] glucose T corticosteroidel] °F SF2-
gh= 3491 LDH, ALP| 3] 8- o|F @547} 752
Ef ol o] sl ofe] AA WSt e G
22 Zhgo] gl = Ao g AlgFr).

Oscillation stressA] -2 %] 8}7} stress 2& A=) o v,
30% Fole 23ld Ale Aso] WA Osclation
stresse]] 2]3} A2 # s} Saito F(1974)¢]] 2|4 = B 5
o] glevh, 7 el 7|3 o) F¥wsieh B stessol
2|5k A& A2 sympathoadrenal medullary system(SAM)
-1 %}H o 71el% HPA axis®] Edse} iy ¥

o] gluh(Henry 5, 1992). ~E @2l 2)3} 3 E A)3)
—‘f'sl Ashs GFAFE TAGLEN FHAE AdeHE
ot AFART ol BEEFA B2LTE BAIA)
= &3} Gl AL2 o)ARIeh AT ALEE]
A SGFAE Tl F 395 APpEEee] 238 2B
HaF BTFE ST o)t WEAR AEd A
Jerg TP Aes Ao,

SFE AP 3eA-FAAE SAFEANA BF
corticosteroid 3 Z7}A) 7] = ek A=~ futelzlz &}
S}, 708 Wl dEe ¥a57] A% cytochrome
P4502] zhg-o 7 algld A~y Ar) fEEe] A E-Adak
£20] Ao 2 A7 FAE, DNA &4, &3 £4F B9 7}
Az o] frudv) w3k GFo] B FoA] HE2A F
dlalell Al =715 corticosteroid 2 glutamate Z Z7}4]7)
T, ol ER Cat 49 Z7ae Aote) £4bg 71
Z1t}. Corticosteroid= X3+ dwhY] olu|A]$19]l glucosed]
F =2 A &tA 71 (Robert 5+, 1994; Sapolsky 5, 1993), 2
AP T FA F a0t £ AE2 AL B
q A% YTARE FIL Tol AT H3 37}
A B, F42 B2ab] SeaE et o
¥2 Halw 4 Y WAL BT Aoz AR
ot

A ~EH2E fdslr] H8 AR SEE %
=38 g3 W] AT Fof A7IAFE 7t Ey F
A FEAE FHIA T = o] LA ~EHA £
w mllo)ch. o)) dk FEZ ] &8 F vime) v F2
AAHEE Bo|n, Adsc A7|AFFR 39 stA H+=

2

b

5o e 955 e Fue) TEg| o3 H
90 B9 4oL AR gon TIAe] A5

A wlE ShsEE ZAE] HHse] AbgsiA Hoh
(Selye, 1983). W-FAMF2 Foi 3d)5e A5Al7E &
Fg e, ol vl B 2EARe A
2EH 2% FrEd 2 9-F Yehfls 2R 1l
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7w W] E712 gakaledt) o] cold stress7]-
A Al AAH R gt AL g, FE4
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E#H A cold 2B 2o GAEHA FHE LJrEJrLH gl
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HZ FHAFIT AT AAAQ FEo) gl G
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