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rEYAE F71AY FPES ABE A
e Qow, f7AE sEdsd Aus
W Qe geld wee @ 5 27 A4
AN AZR, w2z Fo A
AAREAe] PHlst @, v ey
2 g A 2EIQ) AP SR A4

(Hypothalamus-pituitary-adrenal cortex; HPA) 29|
AN FFIF2E Il =7 FH] ¥ thSapolsky,
1992; 1976; Oconnor, Ohalloran, &
Shanahan, 2000). ©]2]3} iEﬂ]/\ vk2- o 9
o]l Huz A

o 24
=7F AstAd 254 -°r°ﬂ—t— FabA sl
A ooiyet dide x4 e VeH &
A4S FEETHDe Kloet, Joéls, & Holsboer,
2005; Sapolsky, 1996; Schneiderman, Ironson, &
Siegel, 2005).

Selye,

%_oﬂ 0101/\1 x4£z4 o]

RS

53ty F dinke 2Ed 2o 2HH9
FFS W fEAQ TRER, q4H 2E
H2s AU AW SFLR2E A=
0] A fAEE BRIyt HaHD ¥R

g A GAEE Aoz dH % tHMcEwen
& Magarinons, 1997; Miller & O'Callaghan, 2005;
de Leon et al, 1997; Starkman, Gebarski, Berent,
& Schteingart, 1992; Gurvits et al, 1996; Villarreal
et al, 2002; Bremner et al, 2003; Hedges et al,
2003; Bremner et al, 1997; Stein et al, 1997;
Nakano et al, 2002; 2004;
Bremner et al, 1995; Wignall et al, 2004; Winter
&, Irle, 2004). 212AH| thy AAALEHo| Y
L EEEE R
W 53 mEle] 2o 9 3HE SeA
2 ol Mool g
(Wittling, 1995; 1990;
Barneoud, Lemoal, & Neveu, 1990; Neveu, Liege,

Lindauer et al,

Wittling & Pfluger,

1998), 2~E#| 27} dfnfe] w]x]&
FAAQ ke - FxE LA &
S 7154l otk HAd TE A1A] Tang
7} Zou2002)= Aol 2719 HES 2FIE
2E|Folzd wEAZTE 1 A, 1 FE0
Se 34l aljute] A7 ke U
= 6HU}91 /\1”4* 7¥ardo] S7hE e 9l
olg ~E# 27}t #inte]
Y= SAZ A
L Q17 A EAOW *Eﬁﬂ*ﬂ au} H
3

& Sarrieau,

yg 11] oL
o

1N“

857 g

dF= ]:‘3] 7}?*3 = A
18 A5 F dFdde =

= dote] 227t wng W
al, 1996; Bremner et al, 1997; Stein et al, 1997;
Nakano et al, 2002; Lindauer et al, 2004) T}&
Quode 9= duke] FxA F27h va
%] =(Bremner et al, 1995; Wignall et al, 2004;
Winter &, Irle, 2004) 5, 7 237} A& L3
St Owﬁ} 3 ~EY 27t fnte] 230
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37} YehdtiLightman, 2008). Wt o
o ZHE SHAE MUY 2~Efx vk
Alz=RlQl HPA 59| 7l B 714 2Ed
+28 ¥ 3t Waltman, Blackman, Chrousos,
Reimann, & Harman, 1991). an}e] 7] 54
¢ HdAS SH67] fEAE FDG-
PET(F-18 fluorodeoxyglucose
tompgraphy; FDGE Alg-3ls FHATEEY
e Abgetel tx e g Pt
29 2490 WGPETE 54 XIS
FPslA] e < duel AR 2=
g FAFEZ Q] F-18 fluorodeoxyglucose(FDG) T
g Ba PET 94 9e ¥ o Fe

positron  emission

i

4 g 71EAQ B9 AeE JYeile
7} HtKMorcom & Fletchera, 2004; Alavi, Dann,
Chawluk, Alavi, Kushner, & Reivich, 1986). ¥ &1
To)AE FDG-PET A= su} 49| 5
g7 FIES T8 F A9 v

PRIES S L S SA) 2 v

gAEcE B & o] #AVE e
il

4 gelg w7 94

- dy2 /71 FEIE 20| TE siole] 7|1SA 2t 8|ty
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(N=44)
¥l B  HEEEHEAD
el
kS 6 (13.63)
o 38 (86.36)
Ay 69.16 (4.60)
60 - 69A 26 (59.09)
0 - 7941 16 (36.36)
8041 ©]’% 2 (4.55)
A 10.48 (3.94)
1-69 10 (22.73)
7 - 129 13 (29.55)
134 o]/ 21 (47.73)
ZHAIARL #AZE Bl Ak D AA Fo1d
olliell A7 EAI7E 2T A}, 8) K-DRS

& A 2y T

S%ile

SEEREEEER

ddtsl pUE @ A 2T B EE

AZEH A 9 HPA & 7%

Bl FE]Z(salivary cortisol). 7]# FE|E&

S 2] A9 B DEEs AAD
o mEEe BAg] Am AAPoleld
AZHE 4 5 5 gon, deo] of

F 9NE HE Tt

otk 5¢] B el IEES SA¢ke
WHE Y o ZEE A vlE st
ZA7F g AololM 4 B A g

A HHEAo=Z AMREE WP o|tHKirschbaum
& Hellammer, 1989; Raff, 2000). 3@ =}e] e}l
MZ L Salivette(Sarstedt, German)o|#HE 7|15
olgeel ATk AR AT &) £ 1

U= 4E F 87190 Y slE HPd

DSL-2100(cortisol enzyme immynoassay kit,
England) & ARG o] Folfa, FE|E FF
o @9 ugdlz SHEAS. 714 2EHE
AFE =9 heke] 3zt AlFRE = ok 9
Al 30ZHE ©F 3A] 3020 AA U]l A
o] FOIATHOR 941 30, 124] 30%, 144] 30
T 1A 30 AF). ZEE AFH Aele
A Qe = 7 U FEH e
AP 2 Zol= ALY

EFAxE 247 052 £ 023ugdl, 044 +
0.18ug/dl, 0.42 + 0.14ug/dl, 0.38 = 0.15ug/dIF
3, o]l= R%F A4} 4F(Kahn, Rubinow, Davis,
Kling, & Post, 1988; Aardal & Holm, 1995)°] 3
g

NARAAR
@ 2w H 7 FAMKorean-Dementia

Rating Scale; K-DRS, A%, 1998). <At

AR e A QA A15E %R
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< ddle g3 Xnjg 7t AL K-DRSE A}
23t} K-DRSE= DRS(Mattis, 1988)5 = A}
el 2A Fste] ZFEse AA7E Bt
TR, 7 ssAl o]l A AT
Brkske ol Beta Al EE fHAbelth
H71Y, 1998). F<, &z, Mds), 14, 719
S2AAE FAEA Slo] ¥lwA thekdk A
7VeE Wbk, A Ha 7o 374, &
374, 74 64, st 394, 719 254
o ® skl FAlo] 1447 o]tk K-DRS
31 7to] Al e 7 AHMini-Mental - State
Examination-Korean; -8, BF£31 1989)9F &
om| g AHS Holar = 82, p < .01, B4
Atz AJuf ape] 8 Hwo| A= fofn]
g olg Hol HEErt A omEFH A

i e

=
9, Y494, uhdsg], ukes], 1998), 724
A}7187 < AH(magnetic resonance imaging, MRI)
=

AT Fa AR epdwst Gk
(Chey, Na, Tae, Ryoo, & Hong, 2006). ¥
o A =159 FH Wee 121 ~
los e, 4ol P + BEA
£ 133.77 + 533 o]tk

o oAk &

oo

M
0Q

P APEZ2E (Positron Emission Tomography;
PET). FDG-PET 7|2 <Hg7] thx oo
e dAkeE SEYY FAGSEES
g Aeietn HYolA 2P} Phillips
Allegro PET A7l (Phillips Medical System,
Cleverland, OH)E A}&-3131, A7 2] WA
3] S(intrinsic resolution)2  5.2mm  FWHM(full
width at half maximum; ®¥FZEZZ)o|Qct WAL
A Felda Fse] 34 2= AR

=

F-18 FluorodeoxyglucoseFDG)E FAFSFC], 2mm

M b

XY - 2&2 / 714 RE[E =0 g siofe] 7|58 A2 Bty

il

S Qsdel PHow el ¥ dAe
A9tk ¥ G G5 Ak e 2ok 6
8

AEE FHelA 3t 405 & 7H2(attenuation)
BAS A8 Ge-68 rod sourceS o] &3le] sE

7t EIHtransmission) ~T(scan)= AA|F AL, o]

ShA
.
d

T 108 7 WE(emission) 270 AHAIEtA 3
A9 94e A R dRe gl
vE gALS 7R HAE E 3D Row-Action

Maximum-Likelihood Algorithm(RAMLA)S A}-8-3]
o 3k4 7|7} 2 x 2 x 20]3 A WjEY A
A7)17} 128 x 128 x 9091 ¥ oz ATA

¥ 94 4

¥ 94 A8E  MATLAB  7.1(The
MathWorks, Inc., Natick, MA, USA) 7]4l<]
g Az B =9 SPM2(Statistical
Parametric Mapping; Wellcome Trust Centre for
Neuroimaging, Institute of Neurology, University
College London, London, UK)E A}&3te] HA
gk AT Aol 7 o] oA AxE
AR el BE o 9 ABRE MNL ¥
& Z} ¥ (Montreal Neurological Institute, McGill
University, Montreal, Canada) Aol 27 HtE
(spatial normalization)3g] o™, A& o ZFH]
(signal to noise)E Fo|al dFsHH JfIAE
HAxstelr] fall 3+ Aatstd o e
12mm FWHM 7}§$-A1¢t A9 (Gaussian Kernel) S
Ab-g-3te] A9 SHsmoothing) 3T} 3 ZF H-3
2o dAtgS Al P I AL
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0 2 Y50 (proportional scaling) 7§l 7t ]
WAbge AA AolE AN, 9
% EE QIS 5002 o % 13149

o, oft

Eed At Tk A G Region Of
Interest; ROI)E AAL(Anatomical Automatic

Labelling) 2 7-23H = gfnte} = &fn} o
9e dgom A ALE ¥ 913 2 5
#0 MY BRe A9 9E SlF
2 FEete] 235 a7 4 F oowslE B
s FEE Aew, W 7 wes e
THEE Ado]l AthTzouri-Mazoyer et al,
2002).

Sleh Weagel 24 vR S e
Qe e ohdlel 54 ol gatel HlyHA
A S(Asymmetry Index; ADE AAHITE A }
& 2%, W04 A} 8%
% %5 el AAE ok 3
WA4e A MBAA Asel A0
(Absolute value of Asymmetry Index; AAI):% ALg

=
=
&

;d 51

sel, Hlol g4 A5sh TEYT AAL ol
S% uy e W gaglel vy
o HEs} A%e Eak

Al = @2 2h gOAE - 93 24 Y
W) | @S B2 GOANE + §
2 F2 GhAS) * 100

AAL = [ AL |

A £4

EE BAA B4 98 SPSS 1208
olgstion, vt Fe #AE AAIH
A, QT SASE s V1A ZEE
T, 71 alvk FiAkge] 2 ¥R A
2 vt et FAAoR feld &
AQA st ek ol flal A 3t

zpolof] g TS AL, dEY ws
dAgto] 77t 714 FEE 7, ¢ HUlA
3 AF@An B gAY AR A SAAD S}
FHBAC A=A s sl AHEA
= AN =4, 714 ZHE A E]
dlwl <Hg7] BuiAbge] g wdiAg
od #ANA HAs] e FHEAE
AAE e T BN Ay, V1A ZHE
ST W Ma}, WS AT AY A Al

EE, Al ‘ﬂ’“ﬁi vt
HAP@AD 2 iAol FE@aApd] e
A 2EE o Fde 2 El
AY, wF FF, VA ZEE FEE AW
Fregresson = 3to] 3|7 BE AA Pt 3
A BEA AN AN 9", n& FE
Ads A BAeeA 714 =2 =
Ao Aol FAACR FolgA] &<
Aot Ao gE VA FEHE FEL B
ddAR vehd alivte] 7l 2 W
AA 71l oW FFels zeA &
At AF HAAES AAL Fo] A9
25%%1 A1) obel 25%% Je1)=

FEelel, F HY 2 9A A5 Bee

NP

N
=

4 4ol

=

4 3

- 820 -



=
el
2
b
=
02

O|LEA S w9}

T | Zhe| 2|

714 =EIE H sfiot =

A TEE £, vt 2 A A
4 AISE AAL ko] Aol e} freld Aol 7}
sledE gelel] 99 9 Ae 2 Pl
Aold] W -ASE AN A 47] 2%
2 Ed] et A ole EAACR {9}
7(] oJ-o]— HWHE —,o ‘F%O] 7111 Eﬁ'_ﬂ
Sa) el B9 W0AHE feld An
AR E &olsly] Y ATIEAS AAE

1=
& o 714 ZEHE 5 1t

rr

FAT FURATL e ggtorh wk
FEI AML G 3R ABEATL I3 A

o2 YEtHr = -48, p < .001). vfR|Ho 2
e A elE o2 alnk 25 wo)g

ot

=
L sy, A w420 Y 2
WA FARCE Rl ggtont 93
o

3 AL AAL Tr] ABBATL @ A

etk A®E o Al 7] ABA: » = -60,
p < 00 AT AAL ko] BB . =
.59, p < .001).

53‘*8113%_‘34 BAERIA WEAFE AAI
s

A mElE w0l vk Jrirrge] #5
HEPER I PEC RS R

-dd2 /71N FEIE 20 e

sfiofe| 7| A2 Bltiad

3 A BAZ XY
A A3, 74 =ZEE SHA F
oH FEE A 94 302 é@wla
np HIOIAA AlgAD 2 ORURAE AEE o
Wsks HAA A4 Z—étH%A(AADJM ints
AL SARCE frold Aoz UEhs
A2t A= r = -39, p < 0L r = Al p <
on. olE oFf FEE FFo] ESFE 5
sinke] Al FehAbEol w3, 2 H|Y
Ao Fert age As 9ngt E=3
U3} F WsREIN F Ad@T HaE
o] zto])& Ale} §A FRARAr = -52, p <
00DE JEREow, AAISHE A AadA st
S8tk = 64, p < 001)Q] Ao ERE
th oole FHEY U3 F W] FF
5 dfnke] FdAQl duiAbEe] x5

Mg 4e HEst avke A% elna

olxl 714 :EE +Z3} A3t F 714 =g
20| wgol g—-’r—% oHU]- 25 FuAES
omgEo] 9 HAAY Aws IA Y

714 FEE g0l

e, Gl dlnh Yiargel
49 weg4 2 Y JEe] 9
w3 7o) Al

ol

o
=]

=]

52 kg Mol g oiAls 2

ro
mn

gl
A iﬂ’\ FFo 031‘61:9/] Lo /\4% 7

2 3= doso
A3l AI9} AAL Z}Z}ol| tial f-<fet A
2 Uit HSERE, asdps ANUS
(regresson) = 3to] 3|9 42 AAIGTh Al

EREE R
Gelbl ent @, o1 aEE 39
U3} 2 FEE W]
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OFE ZElZ (pg/d) 2t § FEIE HelE (ug/d)

#= goAE 5 ddite Al AAI

09:30 ZE|E 233 05 27 -39 Al
12:30 FE|E 23X -.07 03 -19 31
14:30 FE|E 2% 3 25 16 .18 -.15
15:30 FEE 243 12 .06 11 -.15
IEE SHA BT .09 18 -15 19
A3 F HskEF @Al - FHD .06 34 -52" 647

3 1. 71N ZElE $Zof oot 9 HICHEA 7k A2EA. Al (Asymmetry Index) = (Bt&F =2 &
iAlg - 2% 34 2oiae) / (&E 34 gdiiilg + 25 32 gijAlg) * 100, AAl (Absolute
value of Asymmetry Index) = |All, Of&l ZE|E: 9:3001 SXst 7|X ZE|E ™|, Ut 5 FEIS
wisleh odnt £ £M3 J|x RE|E ZMXS F ket 2K x| 2 Aolgk,  p (.01, T p 001

—_-—

AL, AAle] e BFRYERY e A, & WPl IAWFE FHHUT AL
a5 FE ol FEE SAA, I $ 2EH 4 A, 2 e dEs A9y e
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FH
N

. ofiot 2t P ol gt 71M =ElE FY%|of d&e| 27 =4 21

5
ﬂ

NG - Hak2 /714 REIE =0 T sliote] 718X A2 vty

=

AAAS

28 1: Al = b0 + bl (A

) + b2 ZEE A + b3« (dY T FEE ¥EE)

bl
b2
b3

-0.130 (0.036) 0.001
0.143 (0.961) 0.883
-2.880 (1.510) 0.064

23 2: AAI = b0 + bl *(

AFR) + b2+ (@H + b3« (o} FEE SHA]) + b« (YT T FEE wig

bl
b2
b3
b4

0.064 (0.023) 0.010
-0.094 (0.025) 0.001
-1.223 (0.609) 0.051
4.633 (0.950) < 0.001

fFasEe A4t BAMCR fole ¢ oiolel 29 blizAel MEet olx| |5 7t
St v w20l E AU mgel o o mA
@ H9 A% JeE A3 F qEE W

o wgk AT SAA

ATHEE 2). o83 Aat=

3 AEE A9sE

¥g7] G H$

F940l Bas  ane A1%A A3 uPAY gEs 9
A3t 3 mEE W A wdte] ofd FOB A ok e,

sgo] alvk Qbgy] AL A% WA aleh Griakee A9 MU PR e
& WFYL BT ABAAL A AT AN gl 39 5% Y

W, 93} 3 @& WE Fo] 245 dvt  HE 1HT e @%(AAI s %k AAL g
MoAAel b o] a9 ud APEE S TEG 3

ERURRED XM% AZY AAL

SEEER R

F# 3. ofio} = HCHEY o e Qx| 7|52 X0l

AAL 3 Ftk AAL 7 Rk
BT EE BT EEL o
K-DRS
=4 136.64 (1.27) 131.00 (1.68) 2.71 (.014)"
Z0] 36.10 (2.51) 35.82 (0.18) 0.88 (.390)
#= 35.09 (0.73) 33.64 (0.85) 1.30 (.208)
T 5.91 (0.09) 5.64 (0.15) 1.54 (.139)
Nd st 3645 (0.28) 34.73 (0.78) 2.10 (.049)°
714 23.09 (0.44) 21.18 (0.61) 2,53 (.021)"
®p < 05
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271, p =
=210, p = 049)9} 719¢ = 253, p = .021)

Ag7b FovlstA A UETthE 3). o=
slute] 7154 ¢ HdAAGo] & =95
< v o] B =15 Hlg) Q1A )%

o] AZFE AAITE

= 9

B Ao E ~Ey v dinte 7%
25 v A v = o] s Lotr
7] 9, B8 w2159 43 F V1A 2HE

73} Y7 sint FoiAkee] 25 vy
3 e #AE gAY A7 A3, 1A =2
HEo] d3 5 st ainte] duiabed]
29 viAA e Fmo} A7 gl A
o7 yehton, vt i Hrzel o
U3} F FE|Eo wstEke] A9

o

& Fae] e SAE Fol= frefdh
g efvt Pl 2 v 7e§':7}
2 A2 % Aol vle QA 75l

ot & &40?—_ UEgh 2 AT A
T 2E# 27} 2 vk 71—”—7q P& W
AR The = Al Afshs BAlel, ol @ 4

ol QA =3tz 9244 7?0 d= AR

ks AaHoR oS ke 47
FERE B3 A Yo Z(Lavenex &
Amarfal, 2000; Rolls, 2000; Thierryu et al, 2000),
aint 2% vithA el Wste e 7leel &
A Goromuy) FFE WA 5 AT T

HAy skl gtk sflnb 71 (hippocampal theory of

cerebral lateralization)’(Tang, 2004)°] W= A
of 2719 2EH 2~ FPoz A AW =2F
AF2E|Fo|= EH|= vt A2 7R/l
A& 2dehH o= tiHe] Hwuke] 7]
A AAste s PRk = aluke] 8
3 YA B 7]solu i HitiA el o
g o] 84 JHe 1A w, vt HIA
o] ¥ste iy Aol Wi Age] Was =
e ¢ vt webd & AT dye 2Ed
7b alnte] 715A #9 WIS WS
4 7S AAE R oyel 2Eg vt
e Aduke] 7153 25 v 9F
= “l A 7¥e/d& AT

zte] sfmp 2 B A
UW% 035&011 e #d AFES
A% e B4 A7k 248w g
Smith(2005)= A~E# 27} sfjoke] &9l n
£ 9ol vaBdon wude d F
dol, 2Ed2et oo} 27 el DA
A 139e] AT =ES WEeR HE 24
& ANeET. 1 A%, o8 ¥
A el dvke FAR] Wl Fupo)
69% © 2 e 66% 9 Ze AL
R, 2Ed2ob Al wAE o
% Wk FARRE 2ES WRY. 2
o] wEl 2] fato|glel AlE ATEe
d AMAS A3 AlEY a3 28 A

X
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& 72 3 28 3yl 39 9 9=
X = (Fries, Dettenborn, & Kirschbaum, 2009),

A o AT AAE G A1 °‘HP§W
71E delle olgzol Stk ofdl & AT
e gid ~EfAE AIAY 944
2EH A ARE A YE AJFHE0] ojld F
BATS o A 2EE F3ol
o ) S A 9 el
ABRAO) 98T wBem, o sedx
A} dlelel A6 B WNARE 2712
Aolehe 7hel] djg 2707} Ak
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Basal cortisol level and functional asymmetry

of the hippocampus

Heyeon Park” Jeanyung Chey" Sang-Fun Kim”

"Department of Psychology, Seoul National University

“College of Medicine, Seoul National University

It is well known that extreme stress or continually elevated glucocorticoid levels induce functional deficit
and volume reduction in the hippocampus. However, it remains unknown whether stress induces the
asymmetry of the hippocampus. To explore the effect of stress on the functional asymmetry of the
hippocampus, we investigated an association between basal cortisol levels and the hippocampal asymmetry
in the regional cerebral glucose metabolism in 44 right-handed normal elderly female participants (mean
age 69.16 £ 4.6). Participants underwent {18F} fluorodeoxyglucose PET scanning during resting state and
were assessed basal salivary cortisol levels during daytime. In order to investigate the association between
stress related-hippocampal asymmetry and cognitive functions, we compared high-asymmetry group and
low-asymmetry group with performance of the Korean-Dementia Rating Scale(K-DRS). We found that
diurnal cortisol range was positively correlated with the degree of asymmetry of hippocampal glucose
metabolic rates. Also, the K-DRS scores were lower than in the high-asymmetry group than those in the
low-asymmetry group. These results suggests that stress may disrupt the bilateral balance in the

hippocampal function, which may accelerate cognitive aging.

Key words : Stress, Hippocampus, Cortisol, Cognitive Aging, FDG-PET
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