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The Brain Mechanism of a Failure in Adaptation to
Stress . Neuroimaging Studies by fMRI and MEG

Yasumasa Okamoto, MD* Hidehisa Yamashita, MD Kazutaka Ueda, MD
Naoko Shirao, MD Shigeto Yamawaki, MD

Abstract

In order to clarify the brain mechanism of a failure in adaptation to stress. We conducted
neuroimaging studies by using fMRI and MEG in order. At first, to investigate which areas of the
brain play an important role in the perception of stressful events, we performed a functional
magnetic resonance imaging (fMRI) study that involved recognition of unpleasant words concerning
interpersonal relationships. Secondly, we evaluated the effect of various stresses on the sensory
gating system by magnetoencephalography (MEG) to show whether or not stress could affect the
brain mechanism. Finally, we studied the neural activity associated with the expectancy of emo-
tional stimuli using TMRI and MEG, considering the importance of expectancy in adaptation to
stress. These results suggested that stressful events might be recognized in some brain regions, that
acute stress might affect part of the brain mechanism, and that expectéancy might suppress incom-
ing stressful stirnuli.

B Key words : functional magnetic resonance imaging (fMRI), magnetoencephalogr'aphy (MEG), stress,
adaptation

Topics Address given at the 44th Annual Congress of the Japanese Society of Psychosomatic
Medicine, May 8, 2003 at the Okinawa Convention Center
* Department of Psychiatry and Neurosciences, Hiroshima University
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DN L A DEBHROMAAN T XLEBD DT BEDHL, WISHERRITEZR
NEBEIETSTNS, AW TR ZOFERREDVCHELE, FTRALRBRIE TR
HENBHEESHICTBEDE, WABRR L ACEET 2REORMNDUEBEICET B
B ETOE, RIZARL S MRIBICS X 288DV TES T BEDIZ, BEINLAD

C BREANRCRETHEBCDOVNTREILE. BRICTRN L IADBMBEERON LI ST
BEEZ, ANLABROTRICHET DMRSOBEIETOE. TOBR, ARLIBRIZMNAIC
BNTBRENDTE, BEINLRICEDMPEEO—BCBILSECDIE, FAFRLR

EROANENHT DTN TEIDNIE.

B Key words | #EMSRBERE (TMRD, MEEEIRE (MEG), ARLXR, @l

EUsHIZ

BISHEEE 2 A MR EERDIREEI NS &,
fEX OB TEBEDR AL RS — Y ADEEE
N, BECHHEREENS | &R &b, MTOME
JERHE D RIRBDEMEREOBEE TH D, FBl
EHH R, S A5 L, IMEHBRA NV ABER
KIDRBINKEETEEEZLGNS, LT
Do T, A VAT B BEICHHE DRI A A
ZRALRIEERT B Z L iE, AV ABGEMEREM
(B DFAEMER - AHERR OEIRIC & Db D,
B, TOHREOEAPEEENTREID
FBOREEOWE DFETHEELRELR
b,

I, MEEEPIESILISEHRE (functional mag-
netic resonance imaging ; fMRI) & ERi5ET
I3 (magnetoencephalography ; MEG) &
Vo T EEEEERET FEE AT, DR
DIRETEIT> T 5, ETA PV RABRIS S
25 BRI B L TRAE N D 2B 0TS
Bl i, XPABMRR bR ICBEET % BEEED

AN OBEEREWC BT 2B 21T o7z, 8 51T,
A P VABEBRPHAEICED L S hBes
ZBEDEHEHLDIT B0, BERAMVAD
REA Y AT A RIETREW DWW TRE L
o, BRI, A MVABROTFEDA b VAN
DOBEIEHIEOPLLICERTH B EFX, APV
ABRO TN T 5 BIFRIRE 21T o 72,

ZDX3REENS, bUULbIIEA N AD FRETE I 5 DFERR 20BN L
FEEHIEDMA A =R L ZHESHIZT B0 v,

* RERFAEREMRERE
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(B)
bnscllncl cue | word set lJ+l word sct 2l+| word set 3 I+I word set4 + word mSi | y
A
i ldsccl|4sec[|4sec||4suc||4 H
9sec 3sec 1.4 sce 1.4 sce 4 1.4 sce

g A block of interpersonal relationships trials ——-—————b

One cycle

lcuc | word set | l+I word set 2 |+l word set 3 |+| word set 4 |+I word set 514—]

| |4scc|]4cIldscc]|4scc|[4sec||
3 sec 4 sce 4 sec 1.4 sec 1.4 scc

4———————— Ablock ofneulral trials —————eeee——fp ¥

Unpleasant

(A) Overview of block-designed stimulus presen-
tation paradigm for the tasks. Six alternating blocks
of word sets of unpleasant words concerning inter-
personal relationships (I) and neutral words (N) were
successively presented. The total scan time of each
task was 189 sec (3 min and 9 sec), while yielding 63
images of 28 axial slices (1,764 images).

(B) Blocks of word sets of unpleasant words
concerning interpersonal relationships and neutral
word sets preceded by baseline fMRI measurement.
Each block began with a cue indicating “unpleasant
words concerning interpersonal relationships” or
“neutral words”. The subject was instructed to select
the word that he/she judged to be the most unpleas-
ant or neutral, respectively, in each word set, by
pressing one of the three buttons.

(C) Typical examples of word sets presented in

% this study that are translated into English. The

actual word sets consisted of Japanese words.

Fig.1 The design of the emotional decision task

IEEIEYA L 2 EEBDRAD
HAESEIC BIT BARET"Y
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WRREL 72 A M VAR E 2EIE R HD,
PREEN
3,

BRI B L 2RI O SRAIC B T B FE
LTI, REORARRAOWIHESS {{Th
T3, o OWE» 53, BikE, BIR
BRRRE G UEEZEBROFEENIONT
W3, UL LEss, sSTABMRAR bV A REE
THHERRME UTHOARREINTE
59, BEIA NV A LR EEEN, hkb
BEITHRMENE N ERALPIT I EIZER
Th5,

BEOEONIEEE 1301 RIc, 1.5T

I:lﬂﬂ

LTBboTwabDLFEZON

DEE-2004E3F - HUE E3B

O MRIZEE (B Marconi #5) # v,
emotional decision BREEZHTTRFD fMRI %* &
U7z, SRR, 358 TAEDOXWABIRA b v R
BET 2 A0EEEE b DBEEOF ML o &
bR BEE R AR L, 358 1EOEERY
BRI OREOBEEOFLS b o & b
Pl EEER B REMERAW 3ETD, 5167
oy 7#B0R LI (Fig.1), 1 7oy 27 =30%
M 5 HDEEY Y N RRTRT 5, HEER,
BREELy M LTRSS VLI TRBEL
o, fEFTIE SPM 99 % v, SEABSMRA bV A

W BEE U BRI NI & R D BEEIRREG D
Méﬁﬁﬁ%%ﬁﬁﬁbk.%a%?&p%ﬁ
ERERRREC R L BEOFEN TR
R BEHE L 7.

e D HEFEERTRIF LR L T, ABFRX
MY ACEE L BERRFCIEELERR
%, ERIK, EEEEENEE I N, 251,
EERRE, ERROBEBIEA PV A7V
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(Fig. 2),
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Pleasantness of words concerning interpersonal relationships

(A) Clusters of activation are overlaid onfo a T 1-weighted anatomical MR image. Correlation
analysis was performed on the entire brain and several brain areas showed a significant correlation.
Simple regression analysis ; corrected p <0.05 in extent ; n=13 ; df=11.

(B) The scatter diagram demonstrates the correlation between the BOLD response of this cluster and
the average rating of pleasantness of the words concerning interpersonal relationships among the 13

female subjects.

@ Spearman’s rank-order correlation analysis ; correlation coefficient=—0.851 ; p=0.00068 ; »=13.
Fig. 2 Relationship between the degree of activation of brain areas and the average
rating of pleasantness of words concerning interpersonal relationships

72, ZOMEBOEBOEE I, RO EHY
RRREOBELEELTVWEZHDEEZLS
iz, TNE TOED S I, BIREPHEKIZ
FELLRKEORAMCEEL Tna I &btb
Mo TW3, Eiz, N5 DIADOIFEED, A
N VR 7V AR R Rk LB L 7o iR ERE 1
E@hosleZ s, APMVATIVEEED
AN ZTRET L BRE 2 D OAEEESHEEE N
7z, :

BIER L AD sensory gating
system @I zE"

A bV ABRSMABRLEERECEZ 2
BELHET AL, A MVAANDHEGE
iR+ 25 2 TCELOTEREEEILONS,
SN, A MV REREAT 2BEOMAERL
HEED > b, BHOIVR—2 Y b
LEVE A% (sensory gating system) 12
RER TR 2T,

sensory gating system & &, EEIC & 2T

HEDVBEETZWREERBICY L TRREZ
NE& L (gating out), EEZFIEIZL T
BRIGZ K& <3 % (gating in) BADEIEE
e ERNERETH 5. Z DIFHRNEETE
WERKEEEN I, EROERBEEEMNM
Lo THRENTEY, A MVARNT 5H
IO LTEERREZRILTWwE EF
o5,
KFETIE, A bV RT3 B0 &
L T ® P50 suppression (gating out iZ¥5)
WEBHL, SETERRAUA PV REFTOR
Bz oWTHRE L,
AEOBONEEEENRLT, X b
LV A BRI P50 suppression D% 4L &
204 channel fdRgEt = EWTHIZE L7z, P50
suppression i% 500 ms M@ RIS 5 —3¢
D7)y 7E(1st, 2nd) % SWHERTRREL,
IV w7 BRNT ARGOBEDL (2nd/
Ist i t/cratio) TFHE L7z (t/cratio 23/N&
WiE ¥ gating out DEESIVF ) (Fig. 3).
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(A)

P50m

Ist

2nd

Stimulation eI

8sec

(A) Task procedure ; The paired-click paradigm with an inter-click interval of 500
msec with click pairs (0.1 ms, 60 dB above thé'individually determined subjective hearing
threshold) separated by 8 sec inter-pair was used.

(B) The average response waveform.

(C) Dipole locations over the primary auditory cortex. The P50m peaks were obtained
from the latency ranges of 35-80 ms after the stimulus presentation. The latency, loca-
tion, and strength of the P50m source were analyzed with single equivalent current dipole
modeling, found by a least-squares fit using a subset of 34 channels separately over each

auditory cortex.

Fig.3 Auditory sensory gating studied by magnetic P50 suppression
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FIRE T,

SEOBSNLFFRE, AV ABRFIC
BREADYATLORENERZY, D%
S DHFE» o DERICEEIND ZEZERL
T2, ZOZEEFAEDOX PV ARRTT
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BEERRITEIEED1IDIChBEEZB L
HbTED, 5%, CORMNERIET 270123
B AMRETEITo T SLENH 2,

ARV ABROFRICET D
fe S H0ARET

ARMVARKT B LEER SRS 5
Hiz, bbbz LIEVIELENZ#EL 28

5, FlziE, BEIBDLLZWEEI,
BRARONCERETHEL, Zhbhroxl)
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Cold pressor test
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IAPS

(A) Physical stress ; The degree of the B50m suppression was significantly attenuated after

exposing physical stress of cold pressor test.

(B) Emotional stress ; Three hundred digitized pictures, one hundred per each category,
were chosen from the International Affective Picture System. The categories were negative,
neutral, and positive. The visual stimuli were presented using projector and screen during the
interval of click pairs presentation for 6 sec, from 1 sec after the second click to 1 sec before the
first click of the next pairs. The degree of the P50m suppression was significantly attenuated

when viewing negatively valenced slides.

Fig.4 Various stress modulate auditory sensory gating : Studied by magnetic P50 suppres-

sion

VAEROTFHE T MBI FRE 2
fMRI % & O MEG 2R\ TiTo 72,

fMRI i & 245, ABO/ SN EEE
15 fFl &5t giz, 1.5 T @ MRI #E& (B3 Mar-
coni ##4) % BV, FHRIAY KGR I RRE R THY
D fMRI ##& L7z, 88, 2 D 1 HEORIE
(BERIBMS 1 SEWRIMS 2) Z2—E DRI
il W) TE=F—KRRL, S2&KAK
yUBLRIGE &, S1AEELT, O,
A, O3 ##7% LYz (100 msec).
S2HM e LT, B2 3B (R/AHR/H
M ZK) BLDATAL NERRLE (2
), ERE I, O-%, O-TR, A-FED X
542, S1-S2DlAELEZEE L 7 &ME
(FEATIRESRME) &, S1-S2 DEAEDLEN T
¥ 3 Gl (FHAIRTIRESRME) 2R AT -
7z, fEATIZ SPM 99 2 AV, FEITIRESRBE L T
BT BE S D BF O B 16 BY B8 & ELBARET L
7> (Fig.5).

MEG % B\ 7o Ratid, BEE 6l 2R
W2, & B M 204 channel I ¥ X 7 A
(Neuromag #8%) % A\, FHEIRIRIGH R
BERITRE ORI % 508k L 7o, fEERE 1L, O-
B, O-FRO L 512, S1-S2 DfAEDE %
BEL&HET, MEE7T -2 3B &
S22 R 1,000msec 2 INEFH L,
visual evoked field (VEF) ORESIED
WERTTo7: (Fig.6),

TR TR TR RE S & b L
T, BIEERTEF OB (MAFTEATEF, TAiEEal
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7= (Fig.5),
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condition >

(B)  Coronal

(A) A warned reaction task ; Each trial involved the consecutive presentation of a warning stimulus (geometrical
pattern, duration=100 msec) followed 3,900 msec later by an emotional picture (duration=2, 000 msec). Pictures
were chosen for use in this study from the International Affective Picture System on the basis of their normative
valence ratings (pleasant, unpleasant, and neutral). Subjects were required to respond quickly by pressing a button
with their right index finger when they detected an emotional picture. The subjects were administered two
alternating experimental conditions. In the ‘expected’ condition, subjects could anticipate the valence of the
emotional picture as a result of seeing the warning stimulus, because the geometrical pattern and the valence
category of the emotional picture were fixed (e.g., a circle-pleasant ; a triangle-neutral ; a square-unpleasant). In
the ‘unexpected’ condition, the warning stimulus consisted of a cross pattern. In this condition, subjects could not
anticipate the valence of the emotional picture as a result of having been shown the warning stimulus.

(B) Statistical parametric maps of brain regions in the second level group analysis showing significant increases
in BOLD contrast associated with expected condition compared to the unexpected condition at a statistical
threshold of p <0.001 (uncorrected) at the single voxel level and p <0.05 (corrected) at the cluster level. Clusters
of activation were shown as through-projections onto representation of standard stereotactic space (Sagittal, side
view ; coronal, view from back, transverse, view from above).

Fig. 5 Brain activity during expectancy of emotional stimuli : an fMRI study

Warrant Expectancy Emotional Visual evoked field
stimuli stimuli

iy
Pleasant ‘%iﬁ .

Rt

1 {
70 90
(nAm)

Participants were subjected to a warned reaction task. Each trial involved the consecutive presentation of a
warning stimulus (geometrical pattern, duration=100 msec) followed 3,900 msec later by an emotional picture
(duration=2,000 msec) from the International Affective Picture System. Subjects could anticipate the valence of
the emotional picture as a result of seeing the warning stimulus, because the geometrical pattern and the valence
category of the emotional picture were fixed (e.g., a circle-pleasant ; a square-unpleasant). Visual evoked field
was measured in occipital lobe after exposing emotional stimuli. The degree of the visual evoked field was
attenuated when they expected unplesant pictures compared to pleasant pictures.

Fig. 6 Effect of expectancy of emotional stimuli on visual evoked field : an MEG study
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FMBRERTROBMIEENE R, ) omoRmE
HEEELFOXRBLLLIMEHOBEL L VAL
PETBEIATHEREEZON, WOHDET
Fpgg eomuds ik B C & B4, PEREL DR —FL
FBEIZIE L N T Wiy, BN REBE

(functional magnetic resonance imaging :
fMRI) ZATHEBERBCAEERTzRELICCV
EVioZBEREH B 0O EHEBIE L,
LR MRRE, MESMEEL HICPET KE~NER
BEV) B, G, BRERTROBIEBMNEICE
CBwWHNRB LI TR TWE, FEbIULNE,
INETOREEENRE LR, L EMNE
3 oo FIRE AT ER 07 LR RIET A 2 LS
NTWLERRBERELBY, I ORBEOR
R TROMIES % (MRI 2 AV CREL, &%
EOMIED & BREEITI & E DI, IOFE
R L CIHAAm A TEIRERICHL N
BRI R LT, FRPHE ) DWIBRIZ L B
DIMERENELERE L 2D THRE T 5.

PEBAEXEREREERESMAY AEERFHFRALERMSR

FraEmm ORAMRERERE) ;7 734-

8551 JRBWHXE 1-2-3, *F FHERAHRASEMA Hsa LRk £E% (CREST, JST)
* Department of Psychiatry and Neurosciences, Division of Frontier Medical Science, Programs for
Biomedical Research, Graduate School of Biomedical Sciences, Hiroshima University, 1-2-3, Kasumi,

Minami-ku, Hiroshima 734-8551, Japan.

**Core Research for Evolutional Science and Technology

(CREST), Japan Science and Technology Corporation (JST), Seika, Japan.
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Table 1 Description of depressed subject

(depressed) (remission)
age gender  HRSD medication HRSD medication
34 M 15 amoxapine 150mg 8 amoxapine 150mg
35 M 22 fluvoxamine 150mg 7 fluvoxamine 200mg
" 42 M 15 clomipramine 150mg 3 clomipramine 150mg
45 M 25 imipramine 200mg 10 imipramine 200mg
46 M 27 fluvoxamine 150mg 4 fluvoxamine 200mg
52 M 13 fluvoxamine 200mg 6 fluvoxamine 50mg
52 M 21 ~ paroxetine 20mg 6 paroxetine 20mg
54 F 18 amoxapine 225mg 6 amoxapine 225mg
55 F 19 - fluvoxamine }’50mg 6 fluvoxamine 200mg
57 F 15 fluvoxamine 150mg, 4 fluvoxamine 200mg,
47.2+8.2 19.0£4.7 6.0x2.1
% 5 L UH mﬂuﬁ%%T&,ﬁﬁﬁgmtbgw%wn—?
%86 A54ADTLMAY — 7 2V XITXHHE
1. W& E{% (voxel size = 0.94 X 0.94 X 2 mm) %* &

513 DSM-IVV TR ) ofEREO AR L
Al TIRBREEEHMBHRERMEARRD S
OB 1051 (BUETH, K3, FHEH
SD = 47.2 = 8.2%) B LUER - R - MEF
R F v S SEREERT VT 47 106 (FH
= 8D = 46.5 = 9.3 %) T, BERTIIHHA
# (17 itemm Hamilton Rating Scale for
Depression | HRSD = 19.0 = 4.7 5) &#9>
FIZ L BB TERKES (EWRH) (HRSD =
602184 N2ENEET ok, TLBEH
HOWThONERICSH ) 2BEARPTHo 2
(Table 1). %3, TOFIFRIEBREEFRGHE
FREOERRBE YT T b a— Vi, MR
FLEBIERC Lo THIENEMENEERBAL
T, XFECLLEEZFELI 2 THRbIL.

2. MRI %

fMRI i 1.6 Tesla ® MRI #& (GEHR) %#H
WT, AC-PC line I2F4T%2 8 A7 4 X (RTHEHE
AC-PCline Y 1294 ATH) kA74AET
mm (gap 1 mm) T T2* M, gradient echo,
echo planar imaging (EPI) ¥—2 I Y RIiZ&D
gL (TR = 3000 ms, TE = 50 ms, flip
angle = 90° , FOV = 240 mm, matrix = 64 X
64, voxel size = 3.75 X 8.76 X T mm). X7

L.

3. ERINSHA L

PREIY, EEEHMRELSRBREE 0D
WAL SETOH|NBET IOy s PS4 L,
COBOKIEE % MRI CTHllE L. ERWEYE
BECBOTRERECHL 3B ITEICEXFE
(B2 ‘72') % head coll BENE=F— %@L
THEMCRRL, TOEXLFTHILHELRE
KIHEETEORTRWEBIRTH 5oz, W
BMETIE, BBRECNLIPFILIC RTA L
BRL, TOLTC ®TH LHOPTERYE
LTbbor, ERBERTRICEHRNGHENRE
B AMEOEEEK (), I<l, 8] 2hE
HIZDWT 30 WEICTE L2372 SADHERR
EoThbw, Tof (#8) #MELL.

4. HREIHER ‘

HEOEBBICOWTIE, BEERLEBEH
(FARM), REBHREBEN (EMEH), BER
(AN LBERE (EMM 2tMREZRVTH
Bikgd L.

fMRI |2 & o TELNLEET— 713, BIFEY
7 }Tdh B SPM99 (Wellcome Department of
Cognitive Neurology, London, UK) %W, #i
WE L HERIT R T2 o, BIREL LT, £#
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%

number of words generated
Ined
(S,

depressed patients

remitted patients

control subjects

Y
Fig. 1 Verbal Fluency Performance
% P < 0,001 two sample t-test
* % P < 0.001 paired t-test

137 vozxels

Right Cingulate Gyrus, Brodmann area 24
Left Anterior Cingulate Gyrus, Brodmann area 24

_ 524 voxels

Left Thalamus, Medial Dorsal Nucleus,
Right Thalamus, Medial Dorsal Nucleus,
Left Thalamus, Pulvinar,

., 2284 voxels

Left Precentral Gyrus ,Brodmaan area 6,
Left ,Inferior Frontal Gyrus ,Brodmann area 45,
Left ,Inferior Frontal Gyrus ,Brodmann area 9,

Fig. 2 Statistical parametric maps of brain regions (on the second level analysis for 10 control subjects)
showing significant activation associated with word generation, compared to word repetition at a sta-
tistical threshold of p < 0.001 (uncorrected) on the single voxel level and p < 0.05 (corrected) on

the cluster level.

Bl D —EOMEE N & OMIE & ZHAIREAL,
3 K55 Gaussian-filter < & % smooting 17 % o
Fe. MEERMARAT S, WERE I MLAT YRR SUG B B
(HRF) # convolve L7z box-car B &k o T—
BREEF MRS CHMEMBEE LT, S6IC
R RGO BIIC Lo TV T A
BB EL BWlEERE B ORIz
SAVEBEACTEREC LBV TRITE
v, BEE (RN, BEW (BER) BXU,

BEEROFRENICBWTES RS L EERT
K BBREEITR LB L CHBILES LA
L% (p<0001%EELLTHEL, TOZE
RED ) 2 W TS ERBOWMIER p < 0.05 %
W) kEEL, HEREETRo 2.

L R

1. WHROIBFOFME (HEOEHE)
EREBEREIC BT s REOEL S, R
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470 voxels

4, Left ,Inferior Frontal Gyrus ,Brodmann area 45,
Left Inferior Frontal Gyrus ,Brodmann area 13,
Left Insula ,Brodmann area 13,

Fig. 8 Statistical parametric maps of brain regions (on the second level analysis for 10 depressed patients)

showing significant activation associated with word generation, compared to word repetition at a sta-
tistical threshold of p < 0.001 (uncorrected) on the single voxel level and p < 0.05 (corrected) on
the cluster level.

781 voxels
A Left Insula ,Brodmann area 13,

Left ,Inferior Frontal Gyrus ,Brodmann area 13

’

w162 voxels
Right Middle Frontal Gyrus ,Brodmann area 46
Right ,Inferior Frontal Gyrus ,Brodmann area 9,

Fig. 4 Statistical parametric maps of brain regions (on the second level analysis for 10 remitted patients)
showing significant activation associated with word generation, compared to word repetition at a sta-
tistical threshold of p < 0.001 (uncorrected) on the single voxel level and p < 0.05 (corrected) on
the cluster level.

BEHTIITEY+:SD =264 721, BER (&
) TiZ164 48 WEBEHICBVTHEK
BT LCwizds, BRI 21.9 £ 33 H¢AE
WEL: (Fig. 1).

2. fMRI THE 5 h-BFEEE
REBBTREMMRI KL TCEERSM

BRITHRICAEMENE & HEB & U IREATES o
BUWIEBLREHLANED SR (Fig. 2). —
7, IOMBER (FHEM) BV TR REN
RTRERLEH LA ALNT, EFNENET
BEBLAIALNZbOD, BEELRBLT
RIEFEBE A LT (Fig. 3). T/, BEl
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CUEERRERONEIC BV T L HREFHOM
Elda by, EHEIE TR XL DBy
HETRENALNbOD, REEHLLEL
CIREFREBRS LTV, 861, ERBER
O BB & SR RAT B (275 BT A B OO BRI AT
roybhiz (Fig 4).

% %

SEOHELS, I ORBETRERE LK
LCAERT R B # R E AT i B v T BRGNS
WERITROMORERENMET LTV LN
RIEE N7, o OHRIE, Tower of London A8
BB ICERETROBRIERHONT, HEHNE
DHEBTORBLREZLHBLETL WAL
T BEFHEOL—HTARERTHY, ThETH
EXNTEAREBFOLKETLALET, IO

BETCINLOEROBERTENSHH I L 2RE

T30 ThrEEZONS, L2 L, Wisconsin
Card Sorting HL8E 9% Stroop BEE Wk AWz %17
WETIE, I ORBECENENT ORERER
TiALNEZVIEHFBESA TS, ZhbHD
TR, BniBEIclrBEWROR, KAD
FH—RILBLOROPERLPIT B
3, SRFA—BECBVWTERORELZ AR
HEFLSRY, LOBRMLREILELELD
na. £, SEHOMKHFROBR,S, WHE
b2 A & U7 72 B HE AT B <o 4 K I i o0 FR B B B
BT, MOy oBlcrrERTERLTITEL
BV EBRIREN, BEREOLEERIFT
BHREELONE. &b, ERMOBERT
OAENERFCBWTEERRENALNLC
Eabh, MELEENEMTIREELLED,
FORBERAMEHEFIREELRL2oTE
D, EROBMRO LR T S MMl RaMEEOR
%&Et%ﬁtfw%ﬂ%%ﬁ%i%ﬂt.ih
SEESEATCERRO T 0 —-T v T ThHo 2
25, H4 QEFATEREBEOWEFOALNT
Bh, SHREBEOWEN L ERBHTTT
RO R EERETT B R EE b % BT
HTH D LT, fMRI ZEBHREOHESR,
JOMDRE, R LOEBENLEZEL LN
HLTWwWIATiEdbHHLELONL.
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ABSTRACT

Effect of antidepressants on the frontal lobe function in major depression ! an fMRI study

Go Okada*#*#*, Yasumasa Okamoto*** Hidehisa Yamashita®** Kazutaka Ueda***, Shuji Asahi**¥*,
Shigeto Yamawaki**##

* Department of Psychiatry and Neurosciences, Division of Frontier Medical Science, Programs for
Biomedical Research, Graduate School of Biomedical Sciences, Hiroshima University, 1-2-3, Kasumi,
Minami-ku, Hiroshima 734-8551, Japan. **Core Research for Evolutional Science and Technology
(CREST), Japan Science and Technology Corporation (JST), Seika, Japan.

Functional neuroimaging studies on patients with depression have found abnormal activity in the
left prefrontal and anterior cingulate cortex compared with healthy controls. Other studies have shown
that these regions become active in healthy subjects during verbal fluency tasks, while patients with
depression show impaired performance on such tasks. We used functional magnetic resonance imaging
to investigate changes in cerebral blood oxygenation associated with a verbal fluency task in depressed
patients and healthy volunteers. Ten right-handed patients with major depressive disorder according
to DSM-IV (17 item Hamilton Rating Scale for Depression : HRSD = 19.0 = 4.7) and ten age-and
sex-matched healthy subjects participated in the study. Depressed patients were rescanned following
clinical remission (HRSD = 6.0 + 2.1). In contrast to 10 age-and sex-matched. healthy control sub-
jects who activated the left prefrontal cortex and the anterior cingulate cortex during word generation,
10 depressed subjects showed attenuated activation in the left prefrontal cortex and did not show sig-
nificant activation in the anterior cingulate cortex. These differences between patients and controls
persist following symptom remission.

(Ann. Rep. Mitsubishi Pharma Res. Found. 2004, 36 : 248 ~ 253)
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5 DEDBAF I I S EMERER D Uk n b = VEGE 2RI Ik

IZDWTTHRTI N,

I B R KB R R R A T SRS i E R

IFFEH, LA

E MR L S EMEORER o T
BELEELRIDD—D2TH b, ERELT
I EREFIT G LI S Wi 2 =2k,
=N E@WWE& EHER OB &
PREBNTH D, REFEAHE UTIE RS
VEMER OB ZEDVETET LN, B
I FEMEROFERIC LD EEINS T
LHFELALTH DN, D OEOHTH

RIS VW /E R 2 3% D sulpiride ®
amoxapine 72 ¥ CH BRI I h 2 WHEME
HHs (LS 2003), —H. o b=
FEREITMAOD b U0 RETTE
W ko TRYFRPHEL L W o EEEODREE,
T, BRI OEMER. 3470 —
X R, HrEaRl. HRER. SFER & OMREER.
F. FIF. THL BRI & O B RERE
RipgLhEIERIEND, PADDOHEDOHT
FERW o bV ER DA ARER
(SSRI) OFERAICLVEISRBIEINDES

% < FEROELLE D B LD EIEER
Y DOEMDEBEICRDZBENH D (BR
5 2003),

TR X3, BRI FS I 40
BADMEEEET. o Mo UEERE D
b U R DEEEFEIC L DEIESREIE
N2, #5 2EDHEIC & o TEIMLE
BES Uidtn b= UEIEHEDEI SRS
XhaEEEEErRDEL. ERLRTN
s 20 old. L ATHD DEOBEIE
BEODHTRWPEELOND. 71D DE
DBEBEIREEEIZ 1959 4£1Z Mann 512X o T
imipramine 1= & ZIEFIDHES N (Mann et
al. 1959), Z0D®%Z DOMOZIRATL D DHK,
E) 7 I VBEBREZER. SSRIIZLS Y
DHIEXNT WD, D DEOEHER
YUTRESS. B, BE. TROER
B RIRREDRIHSN, Lo b= EE
BCEMERE TR SNERE —HE
BB () BHEE UTE— I fREE A
Wit 24-72 RERS T IR L. 3 EREILWIC B A
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CRIET B, BRERICRELTETIRE
FAWEIRETIE 14-66% & MESINTHBD
(Rosenbaum et al. 1998), —fi&ic&E X 5N T
W3 & DD DEDBEBEREE O R E R
1A

TS o oMBERHEOHRICREEL S
ZBERE UTRES DFEdla] O RRZERE
B, B AE. EFHREDPET SN,
B RE T — IR, AT R O ARSEHA
EASEWT Y. AICPET 21T 8. d
HOBWERFNT C BB ERFEZE R8I L
RTVWHZ DT LR D DD BE IR
CHUTIET S 7D OEBPUERBFEOR
EFPE LT, $1D oFEe kT 3R
BW-LK D EFRTAIE, A TIAT
v A DR BE TIREHZ D BV EH]
ERAWLZ LREDEIOND. iDDH
OBREEBRZEL T LD DHEOER
KEZDDEHED S NIR . FiD DD
BERREEEEDSE S o B e O AEE L
TIIER D EBENE SIS B E I ERET
WZOWTOBEZB IRV, 7 QICERIE
BAFBZ L EHPAT I RIS R
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HOo < h L TN,
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SSRI HERAE 153 O BA AL e

A Dzl d 1 AU ED SSRI FHEKD
REOHU EFIZEEICLIDELDTNS

B. LIFIZZTF = ERH 2 D k. SSRI fif
HAEOREORR E-I3REDLIS 10 HUL
PICHIELTWA

1. ®FW, FER 2. EOH, B 3.
R 4. BEH 5. TR, BB 6.
HERS, BREHE, EBERE 7 Ik
B 8. FIT 9. FERE 100 FEd4E 1L
EEEtEH FW 12, TH

C. WA B OmERIZHESH, B2, i
DOFERFEHOBEEIZ BWT. BRNICE
BliEERRIZLTNS

D. BRI B BERBIZES S DHODTIE
2. R OEMERBOBERB L UMthoR
FEMEEDBRRIZEIZ2DDTH RN

Tamam and Ozpoyraz, 2002 % — RN A
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B O A REDHE N

W3, HERA
RBRERZEFAEMREERS

T ALK UTCEICHERAZINTWBDIE
RYVY 7RV RER (BIP) TH B
BZP I3 A ZefE B iz $EESR - EARIEA.
HRMBAEER . FUTWHA/ER R E 2B
D
@ =hE Tl BIP oBWEA & L CHRE - B
FREEE R CHRIEIZ R DT <L B
HAOBEWERIOFEADPEE LW
@ ERWto = VEIRDIAAHEEA
(SSRI) ot b= (BHT) 1A 7d=
2 PR BFEICHALEE L LTERS
NEHTNWS
@ ETEDOTRIIN U TITHAREDHE
oD SIN 7)o e e N D Al iV - i3
EDERKIR T &N
key words UV U 7EEVREHL BEIR
o b= B IAHEER (SSRD. &
mh=y (BHT) IA7d=X}
L I=qMolN
EiE O EREEDEYEEICBWTHAT
LEIF T L R BEEITH b FHRLSL
DOERERTROHERINTW S AR
TYHH D, 2ORBITEHEETIIEEE
BOBBEDEDIIZLT 2 BETORRE
WREFRZDEEDENT &, BREBEHSE
QEERBHEAPRIFVPTVWI LR Y
BEFTOND, UL LEHESTIIESRE
PEEHE LU THARESLA SN TN S
&%, IIC X 2FEYEFHROE(LREITX
DEBOBEEAZEIERBI TIHEIDRL
e AEIEBNWTIEE T, RPIZHBNT
BEHHAINTWAIRARETHDIRVY
7P UREHK (BIP) I OWTHHRES
RV, FOEHFLWIRAREE UTHW
BENIEHTVWEEIRKo b= BEDA
#HPAZEH] (SSRI) o+t b= (BHT) 1A
FAZRMREIZOWTHIERT 5o

O~ VT REHR (BIP) OREEE
A
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ROV VT EE Y ZRERIIMAD RNV Y
TEEUSBMRIZER LT GABA, ZEED
R ED, CI2filEACRAZIE S
LT L o T HEEIASRIZ GABA, ZBE B RO
vz ixrz) (M) o b= (5HT).
RS2y (DA) =a—o iz ¥ OMEIEE
EMEITEIETCHMAREAZRIET S L
2 BNTW3, BIP OXRBERIZITR
Ve BB DI RS - AEERVER . EhShARiE .
FITOWNAEADET NS, FITEEKL
LTEBEICAWSEE. AR IER MU
OVERIFEWER L ES T &iixd b5, IRE
D& AMARERAE T EBIRWICETS
BIP IXEAE Lz, ORIV U T7EY
VZARAIZIZ BIL & BI2 @ 2 FEEH B, BIL
TR, BE, WEER. BI2 ILEEE.
WBE. BREKIIZ LA/ LU TH D BL RFEH]
TREICRDIPTVLEL D ECRIEEEX
FIZ BI2 SBEADEE LT\ & OHEDS
hENTW3, BIP o THIRIEEAHT
X BZ1 MR OB WERIDARI L. 55
D& REBEREER Y OEWER QBB IR
XNTWBD, BELHENTWBHAIAE
X T ARTCIEBIRE RV Y TEE L Z
BE7I=ZZAMNTH B,

@ iniric X 2 EyEeo &1t

RIS« —f&iZ BZP IZ LB S ORI R
Fe. Bliomfic Ao TERS O S BTl
MEMEFE2EBT 50T, BOEEE
30-60 Db T B ELMENBRIRT 5, RILE
RIS OWTIZIERIC L 2 &8 bid i,
WEHLIHREBEWVWERICYD T ENLDE
AREHRZBIRIBEDH 205, HAW
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BEDOFRHEWED (Hillestad 1974).
Bishit 2 AR U CERN 2 B 2R3 HEICE
HTEIRAR S 2 BRI BENDH D,
A% BIP DI A LRBWIEESRMNM &
o, BETIRAEIC SO IEFEMO



Modern Physician 24(6), 1031-1034, 2004

ElEHEINT 2 =D AN 5,
FD I DEME TR IEE I & 3K Hs
FREIEA DSBS 2 DI 2
EOBHWERDR T DI BH O EEIY
BTHd, $/-. BhECIZEETIshE
HTMETZNVTIVDETEEELDT W
8. BR-BWER I EB I
H3o

& FFIRTOREICIEEIC 2 20847
DILERIERR 5N, 1D DILREA
FIVALDH B WEKERBIZ L BB DT, R
METEE 2> TNDZHDDBLE 0, B2 0
HDIFFIZT TNV IOV EBEBICL25DT
PG EERBY DS OBRIC L v IE
EMEfbE 2, BIP DIFEAYIEITAED S
A 7ORERERIT DD, a>EaTiEy
Voo vBEE R TREEI NS, FiRo
BRI DBV TOREEEDE
WREIZ X DRI HES NS, SihE
TIROHEEDOETICES FEAOMKE
DK, FFIROBRIEEDE T2 & 588
BT <. FMEAMSERE LPT W,
Bett c ic LoV F v ) TS
YZFET U SHE TR ADLLSLUT
a3 EBFEZbNTWADS, BIP I3isEH
MEDE N =DBIED 5 EEHEH XN 24
FIEDR DD TIEIZ X 2 BEI3 X W,

@BIP I ER/ MR EGHEEAET 2
EIREIZBR o/ & & Tldirnvas, BIP 0%
RIIBEICR D RE L HoBBEBICE
TR EDEFRLI DR IR B, F =
5/ R BF D BRI R 0 HERSERE 1L 3 A
UEDERBHATELIRBENVIHFELH D
7= (Petrovic 2003). EfiD@MRE L=
|53, DESNEEEERER TS
ZEDEE l_/l/\ BRI D> TR 2 5
TN BHITIE DR &b EEEIT BIP BR
FEizEBADw MeFRAY v b0 (5
2) BB, TA)Y MBEEBZ LS R
BITIL BIP OH B2 ERAA D DLEDH B,

@BZP I BWHOE N D EFEH TS
ErE D BIP OFERHICBEW TSRS EEY
5 DITERE - BIT-PBESR YO BIP O

}Eﬂ:‘:ﬁﬁ Lugj < H ﬂgﬁ%f%%o *ﬁﬁﬁ@ﬁ .

WERITIZEEREICET 2 & IR
PRBEI LT, REOYHRICIIEY M

Pﬁﬁﬁmfwk%%mm%%?<ki%
WU WEDMBEERHBE 2D BN,
txiﬁ@MWLi5%%@&@WMk
DAFHITEICER L2 <. RED L8
HEADBESICHEE LRV, BIP oAz
L DU - BT O EBRME SRR O 3R
FICBARTERBHAOEWERTEL 22 2
EWRENTHED (Ray WA, 1989), B
D BIP OERICHE U Tl LMD 3
WEFERATZIEPERINTN D, 1R
MO WEH I Rk O R 22 0B iER
WETHEEFPFEWI BRI TIFNE DS
(Noyes R Jr. 1991), COF AV w |2
RICANTOERETCOERBIEAR O
BZP DEFITEREE AR O DD
BILUIRWBEEZRETH B S,

® BIP ¥ HHEER
VEBETHEIYAF YL, BRT2Z 7))
REY I Uyl BIP oRE A HET 2 )=
DICMHPEEL LR 8200385,
SRBEBH D, TIVI—EDHBILIRE
T dD 2 1= DEH LT WA BAITI: BIP
DOFRDPEWIFT 205, BEHRS5CHAT S
BEITOPBEES LET 2 -0 BDNHE]
TERDPHIRT 285808 3,

O HAEREVEET BB TCIIEE I VY
B VBRAS THRMIBI I W B R 2 5
RS

"BIP IXBFIEDMRELED DBER TR A F )11k

BBV REBIE N, 2he )
HITEE R > TN 3, EiEfB S
oo VEBREEATREM LI N, R HE
MINZ, DSENNATZEZEI VIOV ER
e Z R TREEIN 20 CEERASI
RWe FHEACHSfEREEZ A LTV S
BITIEBERA F ALK EM L DB S DS E X
N BHAN DM DSBIES B DTHS S A
LOERDEID SN S,

@EF Rt b=V EHE D AHAHEEH
(SSRI) & v RRYO VR DHA
IE, BIP DAL CBIRKEo h =V HERD
IAHPBEER] (SSRI), BHTIA ZR/E 7T =2
Ma X OREREIIN T 2HESBEX N,
Wl A REY UTHBAIWVED TV S
(Vaswani 2003, Small 1997),

— 190 —



Modern Physician 24(6), 1031-1034, 2004

SSRI DAL EEI T 2 RBEE G IL A FT
SO FtFUoBNSSw IEE, 7IVRF
I UNHEMEEEDHTH B, BT
BEFITERTEEEINLUTHEEDED D
TREELBICENTHILEEZI LN, R
HEEREOE LBRELRoTETWD,
T, BEHOTREETIES DRDOEH
WBERTH D, SSRI OFERBIFZ D L5 IRE
BRI EEDREVWEE L B b,
AT 2T REEICN LT SHTIA %
BEFPIZAMTCHBTAET L DEME
WELHEEINT WS, TAET VAR
TEET SN TWRWE, FERd SHTIA &=
BET7I_AMEFE DY RRERY
BEHXNTEH, TV EERKICE
R LEECN U TRAENTH D EEL
bBhbo

SSRI . SHTIA ZB/E7I=X & &I BIP
TR & T2 2 Bt E B IR E R E O
EEVBMTHI-DEHEDOTRIINL
TiEd - EBEBKICHANWTHRWVWHDEE
bhbd. EL. INSDOHAZRERELD
HUWERHRINS BIP & H S % & Bisiitic 4
B RFARE YT IMEBZ Lin 2R
ULond ML (R 2hEDIHEA
ZHEATAHRICIZBEFCN UTERARIRD
BIIZDOWTHAREBREEB IR D BED
H5bo

¥ 7=, SSRI IZATIEORBBRICEE 25 X\
HEEFOMTEED LEE b5 THEE
MWDH 2o ZNWARFYIUIEZE D BIP O
RENZBEIRLTWAF bo—A P450 @
3% 30 2FEET 2 7= BIP OFFRRFICIX
HETOIMDEIH D, NaxtF i3 2D6
ZIHET 208D X, BHEEOMH
B AR MAEEP LR LTV,
AIFSILRIAITIIVIREDZIA
B DOEY = w VEECHRE S EEA
ORI L SMEINTWBE. HiaY
UERR ol ZREEERERR L. BE
PR - B Y OBRIEDSE WD
EMEANIERTARETERN,

S EMEIRDHA

TRIEEDIBRIC BT 5 EYEE 0 %EIx
BEZODHORBWI YL L TIIRL,
TERPBENRRFLERI L 2IH
Do BERRMMTRLT DEBRBOERHD

— 191 —

ETREDPEDICLDBHINDZ LIIL
D BESHAORBIZHNNT ZEHADEE
o THRIEEDWVER M FV—IZIZEY
Bk & &b ICRAMTERE P B R
CORBMBEEDPBETONTVEB. ZThbd
HEEHEOMLENZ2ED2HDHE
iR 5 0. BT REEZEDREOHER
RIZBWTIZEE LS Wiz BaRk il
STCHREOHFIIC U DERIET. &
HDDOL I WHRERBRT LD IR E et
it & Y ORI L o TR T 36008
Wiz, £l BRMEOTREESRE
TIEEWIC N UGEBRIRIR/FF TRz
TWBIHEDE W=, EYIZHERRE =
=B EMHAGT E HHR,
ZORWERREEZHBE L TN Z L HBH
OREESH BALERZ I LIZDRNE D,

References

DuPont RL. A practical approach to
benzodiazepine  discontinuation. J
Psychiatr Res. 1990, 24 Suppl 2: 81-90.

Hillestad L, Hansen T, Melsom H, Drivenes
A. Diazepam metabolism in normal man. I.
Serum concentrations and clinical
effects after intravenous,
intramuscular, and oral administration.
Clin Pharmacol Ther. 1974,16: 479-84.

Noyes R Jr, Garvey MJ, Cook B, Suelzer M.
Controlled discontinuation of
benzodiazepine treatment for patients
with panic disorder. Am J Psychiatry.
1991, 148: 517-23.

Petrovic M, Mariman A, Warie H, Afschrift
M, Pevernagie D. Is there a rationale for
prescription of benzodiazepines in the
elderly? Review of the literature. Acta
Clin Belg. 2003, 58: 27-36.

Ray WA, Griffin MR, Downey W.
Benzodiazepines of long and short
elimination half-life and the risk of hip
fracture. JAMA. 1989, 262: 3303-T.

Small GW. Recognizing and treating



