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The central fatigue influences on the situation assessment ability and
ammonia takes part as a central fatigue factor in soccer game

Hajime OHMORI, Daisuke AOKI, Tatsumasa KUBOTA, Satoru KANEKI and Shigeru MURAKAMI

Abstract

In this text, we paid attention to the influence of the central fatigue on the situation assessment ability in soccer
game and reviewed the findings that attached to 1) the physiological responses in soccer, 2) the relationship between
physical exercise and calculation result, and 3) ammonia as the central fatigue factor.

1) The high intensity movements such as jumps, turns, kicks, dribbles and tackles are irregularly demanded
based on the run movements of various intensities in soccer game. The average oxygen intake under the game is in
the range of 70—80%\702max. Moreover, it would be true that there exists the phase the blood lactate value
temporarily becomes 10mmol/¢ or more if it conjectures from the data during or immediately after the game. 2)
There are a lot of findings that admit the reverse-U relationship between the exercise load and the calculation result.
In that case, the exercise load might be appropriate to imply the exercise intensity and the exercise duration.
Moreover, the investigation on both sides (the answer speed and accuracy) is needed further. In addition, after the
fatigue tolerance of subjects to the exercise is considered, it is necessary to discuss these issues. 3) It is conjectured
that the main route of ammonia production is a purine nucleotide cycle in skeletal muscle during exercise, and the
ammonia production rises at the high intensity exercise that the fast twitch fibers are recruited and the fatigue with
a decrease in pH. Moreover, the exercise raises the blood ammonia and the brain ammonia via the blood brain
barrier, and it can be true that the enhanced brain ammonia suppress the brain energy metabolism. In addition, it can
be thought that decreases of glutamic acid and GABA by enhancement of the brain ammonia metabolism have
negative influences on the neurotransmission function and the performance of endurance exercise, respectively.
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EEIDSHIXEEER I RIT T O TS »roEH S
NTHY, EHEFHEHEICAE I N2 EHREIC RIZ %
Bz OWTESL < HEINTWS (Gutin and DiGennaro,
1968; #EE, 2002; Heckler and Croce, 1992; HiJH &,
1999a, b; #AH &, 1973; Sjoberg, 1980). FHEZRMEIC K,
55 BED S REEDZER L v 5 FHEE X, AR—VIC
B BIRITO TR & B DR L vy 5 RS FHEFR 12 S8 {2
T5—HER>Tws, FEORID LEBE»S, ¥y
H—TOEEHZ Y I 2 v — LR O EMRER— R
HEEOFiR CEFICMEEEL2TTOY, BEEMENT 2
ZEEBS ML CRFEFER, Fig.1).

HEENC L > Th7z o 32 FiET ORRYE & LT
FohnhTwdolk, £a b = (5-hydroxytryptamin:
5-HT), 7> =7, TGF-A (Transforming growth
factor-beta) R ETH W, AT ZDOHTH T V%
=T WEHEHLIZ W, 7' = 7 HRIES R &L, EEh
R IC B W TEE SN T > T =7 HSMAERMBERT % @i
U7 >~ =7 2N B FEE, MEERENET T 2 &
WH HDTH% (Banister and Cameron, 1990), 7 >
=7 BRI RIZ T BB L LT, M aor ¥ — (R
BEYE IS T 224 7 4 7% EM (McCandless and

400 1

350 -

300 o

250 +

200 +

150 s

Error rate (%)

100 +

Schenker, 1981; Hindefelt et al., 1977) <0, BIC &) %
RIoEgEre25 & 23 2 & (Butterworth ef al.,
1987) EEINTw3, #EEPIcB I3 7 v E=7 0Ok
H1x7 7/ v >»—1Y Y (adenosine monophosphate:
AMP) DGR L2 b ONEEFZ o (FKE, 1999),
TR EEENC X o TEISA) fast type TREEA IS
v fER (Dudley ef al., 1983) %, ks 4 711 b
DOWFEMIICE > T ERET 2 LW R (Schlicht ef al.,
1990) BWESINT WL, Vv I —RBY vy 7, T v
a2, Iy 7NV EORBEEHPHERNICERI LD
(Drust et al., 1999). % D7z DEEHIIFHEHMESY 1 711 b
DHE L, TVE=TOEENEHZ ENTFHS R
5.

ARETIE, Vv —Z BT 2 HFHES HNRICHINTEES ) 2
KT PREFRTELTOT7 Y E=TIKEHL
T, UTOHEBIZOWTOHMEZ F & DT 5,

1. Vv h—I2BJ 3 EHENILE
1) ¥y —oEERE
(2) v —OEENTRE

2. SUREE) & ETEEGE
(1) EHERE & FHRAGRE

2nd

3rd

Calculation task

Fig. 1. Relative error rate in 2nd and 3rd calculation tasks in each condition.

Values are means*+SE. #* indicates significant difference between REST and INT in 3rd
calculation task (p<0.05). l:INT, @ :SR, []:REST. n=5. Unpublished data.
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W — ORGCHEIWTREST 1 K

(2) HEBHKBCRER & 5
(3) &SIV~ L SEENEE O FH R
3. PHEFRTFELTDT Y EZT
(1) BifEF L 7 2= 7L
(2) ficB 27 =7
(3) 7 v =7 DIHHKEERE I ST 5 R
i) 7rE=7 N3 —REEEEYE I FIE T
2
i) 7 &= 7 PHHRHEERRIC RT3

1. Yy H—ICHITHEENCE

1) Yy h—nEENRE

Yy h—DOEFPEICOWT, —FEFO 1HAICBT
%SRBI IR X 8-12km TH D, F D HIZI1X1000 % Bk
Z BBOEBHBEEL, Zh o OEHIK 6B T L IHmE

REFZ DL ONEIT S L3 TwS (Reilly, 1997).
Drust ef al. (1999) 2 & % &4 v 7 —O:EBHZHEX, =i
B EARGREE, 7 i3himE OEES AN D RIS b
IR EEITH L, Ty A —0 1 AE BT % #EEhHE
CHEBFMOBEIZ O W TR OHEBEFELEL
(Bangsbo et al., 1992; Ceri et al., 2000; Drust et al., 2000,
2002; McGregor et al., 1999), i & DFEITHIFEIZ B W
T, AEIWICBI L EEHNIE Sprinting, Cruising, Jogging,
Walking, Standing ® 5 D238 LT W %, Sprinting
341 E £ 7213 350m/min, Cruising /& 200-250m/min,
Jogging 1% 133-200m/min, Walking 1% 66-100m/min @
WL S Twab, 7z, Drust ef al. (2002) 1ZEEEAE
BT B1THOTaY v h—EFOHEPERESHTL, 1
AW BT 5 5 DOMEITZRRORMEL S #RE L7z, £0D
f& %, Sprinting 1% 1 %, Cruising 1% 4 %, Jogging i 30
%, Walking 1% 50%, Static315% ThH o7z L Tw
3, IhEfBRIC, 1RECBT 2 BBEHME T 25
DO DEFFREDEIS I DOWT, Drust ef al. (1998) 11 F
VA7) — 7 OERBICBVT6EZXDOY v H —FEFDHRK
EMGr 5/ HH L, ZORE, WBEERNO K
Jogging & Walking ic X2 D TH Y, Sprinting & Cruis-
ingliZ3zh*nd%, 11% Tholze LT3,

UL 5, Bangsbo (1994) 39y 7 —DHECE
WTHESR SN2 EENZOWT, FRAENS R 2 4T L7
ORI TR AR, )TN, Yy TSR ER
BEhTwlhwid, F+9Ths L TWws, Kawa-
kami et al, (1992) X4 v & —DOFERKEEDOME R ELE
PHIEST S22 2HMELT, HRAT v F 2 7 #EF1EL
Zxtguic #EH AR RERERER (K2 system) #HWT
EEEfT o, RNV 7T 427, ¥y, A,
Pvfw%mﬁbk%%,FU?»LTm%t%w?é%
W REIGE (4.0 £/min) SO LN EEHREL T
W3, F7z, Reilly (1997) 3HEER—NVICEFRT 2 7V
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ET T ' T &S DR

—ZDOWT, #EF1 ALY OEEGIIEE BT 2B
BEMDO 2% T LPrBRE 2 nELTWS, ZhoDlRE
X0, ¥vh—0EEFREX Sprinting, Cruising, Jog-
ging, Walking, Standing 2#EKIZY ¥ > 7 ¥ — >,
Fv7, BTN, ¥y 27kl OREmEEHNIHEENC
BR SN2 EHERRNEER TH L EE A 5.

(2) Yy h—DEHEE

Vv A —DOREIWC BT ZHEEIREICDOWT, LIABETE
BELTRBRIABNELHEEL T 2HEEL VL, S
Iz B 1 2 P EBIE 12 DWW ¢, Florida-James and
Reilly (1995) 3KFEY v I —EFI2B WL THEH DT
DIAFEREL, 1613/ 5rTholc e HEL T2
Ekblom (1986) &4 v » —DEEHEEL LD/ Ea
—ZBWT, AEHOTELHBIEH 80% VO, max 1 4H
BT 5L TWw5, Reilly (1997) b E/d v b —D4EH
BIEEZ £ LDV E 2 — I BWTCHAAT O S
1 75%V0,max ILAHE T 2D THL ELTVRD, 5
12, Bangsbo (1994) X% v —I2BIJ 3 3 )L F—FR
EREOVEa—ZBVT, RETOVHEBEED
70-80% VO, max IS T2 DTHZ ELTVWD, Th
SO|mELY, Vv —OREICB T 5 PHERAENEIX
70-80%VO,max TH 5 Z L HHLE S 2,

—7, RECBT 2MEHREL AV F—ERIIOWT,
Bangsbo et al. (1991) F—Y v 7 —RFOSEHE 7L
— 3 1RABGREBWTEFTHHTHY, FH2.0BDOR
Dy N 2EEDDTHLELTnD, KETE TR
BRTERIZBWT, MRFEETAVF—ZROEF L L
T A ALERE %2 HE U 79 13802 < FAE T 5. ML
OAEBEREZE, /\H (2001) 29RL T3 &5 ICfifh
RORBYETH S, Zh kb, MPFLEREIFER T A
WE—EOBERERTDDELTIRA L Z ENTE 2,
Rhode and Espersen (1988) X7 >~—27 D 15, 2#Y
— 7 DHABICBWT, HIFETER, B TEZOMF
AMEIZFNZNn5.1+1.6mmol/¢, 3.9+1.6mmol/¢ TH
Sz L Tw3, [k Gerisch ef al. (1988) 1 N A W
D7 =F 27 =Y =7 DRGITBVT, HIFKTER,
{ﬁzﬁ%@Tﬁ{ﬁ@ﬁﬂqj#Lﬁﬁfﬁbi%ﬂ%ﬂ 5.6+2.0mmol/¢,
4.7£2.2mmol/8 Tholz Lk L T35, %72, Bangsho
(1994) E7 v =—=7 18 =7 OAE B TRAFD
M FLEREORE = L7z FER, JiFo&h Tl 2.96.0
mmol/¢, B TIEH TIX 2.0-3.6mmol/8, #%}wFfT
1% 1.6-3.9mmol/L, £ TEE T 1.6-4.6mmol/L T
HolzLTws, &5, Ekblom (1986) I3 A v = —
7O 1E» S 45 % TOREF EZMRICHEGK TEROIL
HRFLIRE 2 HIE L 7RSSR, B OFETFICB W LA
2 10mmol/e L EIcE L7 2 L ZHERL Twa, Ll
BNS, THoDIMPHABED 7T — & IREDIKE Wiz
W, AATEFRAGK TERICEB T 2 M FLEE %2 —

57



KRR B WK - BHRE - & 5L B

WY % C B L W», BT B W THIE S vz
LR E IR R X W2 & 1I2BIL T, Bangsbo (1994)
FFLEEDOME & U CIRSRE OMEE)IC X - Th I #b
ANnd e, EEEIC L > TIRIBEAMmHICHiE L 2w
ZERBTTCHHALTWS, 512, Yy h—0aREHIC
B 2 M ALBEE T BRIME AT OEE I & > TR X s
ZTLZERBRLTHWS, INSDOWmELD, Vyvih—
OREF, EFEAAEBOMPARBED T —F o Hy
B —DRBIC BT B EBREE T AV F —EROL TR
T2 2 EFE LW, RECBW TR ARED
10mmol/@ LA Rz 7% 2 BB N RHNICHFET 5 2 L1
+aFz N5,

2. BFEECEERE

BAREE) A AR EEN I T T BB AR IC B »
T, PATEBI ORI S HEERE E AW eige, D& 0 Bk
FEH) LS EREOBRIC O W T OWMEIIBL S FET 5.
BER) LA EREOBRIC B VT, SEAER L ETHR
&, EBIRGRERH], HRE OB, EvnS 3 D0
ETEZ SN, ZNF N B W CEMEREE & OBIE S ES
ENTET,

(1) ZEEWEE LETERE

WH S (1973) 1ZRRA B E224 20t 51z, BT Bz
HINT A= =% AW ERT A —V 7 v N EE% &
LEEBRICHITERE R TO Y, %2 EORMBERUR THEK
ML TR Lz, ZORR, A —n7 v ME#RICIT-
7o et B T LR OFTE R & iR L TRERICEA T 5
ZERBAD, LHrLadRs, 2 TOFEREZEE S
HBURIEER, D VREOMERERZRTHOTHLD
T, F—n7 v S FREICN 2 ERENE & OBfRIZHA
HEWC STz,

S I A IEREME I DWW, Gutin and DiGennaro
(1968) IFRFAERALENRIZT V=2 I L B4 —0VT
v N EER & LERICETERRE R TO Y, WEOMEHE
EERREC T 2 IEREME ARG LTz, T ORR, -7
N IEEN R 3L R & T U ORISR B IEREME 2 A
BT, FEOMEEBECREE Lo/l LTWw
5, INSOFEERI DA — VT v MEBNIEFEBE I L
T, HEOBERE IS LT AT 4 ZIER Y 2 0/kE
MRV, FREOEMBEIC O WAL T 4 7 WHEAT
LHBEMMH B Z EHRBE NS, L LA S, MES
(1973), Gutin and DiGennaro (1968) DOWFFEHER 134 —
VT N EES RS ORI TH D, fhoEEREE
LOHEZ R ENTWERY, 20D, ZHSERO A
S SEBIERET L BRI O W C OGRS 2 10 XA~
S5ThB.

SEENEEE L RSSO BIRIC OV T OS2 3~ <,
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Reilly and Smith (1986) 13 HifzHE 2 X#EEIC B W T 6 B
FE 2 HH U 7o B am B L RS R O BIfR 2 MaT L 7z,
SEBHEE X 0, 25, 40, 55, 70, 85%VO,max THY, %
NZENOEEPICREHEE 2 TO Y . RHEE IR E I
Yo THRES NI RICR LT, BRENZOHEIELRT
FCWRELRETIHM S Nz, ZOFRBE, EEHRGE L
MEREORICY U FZOBGRLH D, FHEERESRD &<
7% 2 SR X 38% VO,max Th 2 LML T3,

(2) EEhHriReE & STERGE

Tomporowski and Ellis (1986) %—E{EEE) & FRAIELE
BRI T 232 2 LDV E2a— It BWT, 104FEUT
ODFERERE O BB X FHE RS I EY T, 109 L EoEH)
BRICHFHHEEKEPET T2 LTS, FAFICHERE
(2002) 1%, ¥ a¥>7IcB T 3104 EEB L 30453
B B W CRHERIER 2 HE U 726558, 304 B0 /08
WHERE b7 o LEAIER AR S L HFLELTW D,
ZhoeOHmE LY, [AUHEBIRE T bH LR EES X D
bEREE O A BEHFEE b S L, AREREZET S
ELHEEENEZ NS, 72, HES (1999a, b) &
RS 2 SR L7 B 2 BN B W T, EEiRE
LEBIR I O 2 R U CHERRE O S HE 0 b %
MET L7z, 2 OFER, #HBIRMHE2 —EWCEDHEICB W
T, HEEER & RERERE ORI UFORREZD T
W3, X5, HEREHEENRK L %D EHERIZDOW
T, 5 M OBEBIZEMETIZ1050 B X U155 o EEh 54
IO LHOCARNBREEZLEETLEIEERLTVS, 20
WERED, FEBENRA L % 2 BiEBERIZ DOV T,
BEBR R 2 EB AN & L CIRZ S 2 LR HEYITH
D, EBERE CEERE A RS L b OB ER AW E LT
RZDFBEBTHDIEMEZOND,

(3) P L~NIL L EEREDFTERE

Wi DRI L~V EFFREAEIC D W T, Heckler and
Croce (1992) B A ZME18%4 A v ~v D184 T2
WA, BRI B W20 HEEN R, 40 FEEERIC B T
LEHHAEOMRERE 2 2 h 2 g U7z, EB I WHE &
b PREE OO 70% BETOY + —F > 7 121
Fry=vreaniz, ZOfR, 205 FERE TIEMR I
BOWUERICHEREHEN LA U, 409ES % T
BECENT RO S THRERERENS LA L2 L
L T B, 7z, Sjoberg (1980) 130 B B I BE
(untrained) 24% L B FHILEE (trained) 244 L v
EIVv VDR L 2FHCH LT, HERE C SR
HAGCISRRE 2 i LI U7z, 2 OFSSR, KB FHIELEDD
PR & IR L CRARICHENGW I b2 RLiz e L
TWw3,

o OE LD, HEBEERE L EBIRERIC X o TR S
N 2 KGR 2 BB B IR DT v ozt U7 tEx
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b LTRZZ ZENTES, W2, FRER L
RIERGE, F 7o BHGER) &R MRERRT O RIMRIL, B E
IS 2 Wb DT IE 2 FfE L7z ETHEZ Tn
EVRRETHS.

3. PIREFEFELTOTEZT

(1) BFEEIET U EZTEE

g (1995) &2, BMNICBU %7 =7 EAR
HILHECE, B, 8K Mcdhs., LarLlzss,
BRI 27 Y= 7 OEEREIECEEBICE
%7V X7 vAF NEEE (purine nucleotide cycle :
PNC) ThzEshnTwad (GkEr, 1999). EEIFOH T
3757/ >=1 >~ (adenosine triphosphate : ATP)
W& ST T/ ¥ > ")~ (adenosine diphosphate :
ADP), AMP 2 &k & v 5. ADP ix ADP+PCr —
ATP+Cr, % 7213 2ADP - ATP+AMP O K iz & D
ATPicHEGRK I N 5, —FH, AMPIZ PNCiz 8w T
ATP ZHEKENS., ZOBBIZBWTT YE=T7 D
Eashz, PNCizZBIF % AMP »» 6 ATP &K O Wiz
X, £3 AMP 23 AMP Bii7 & VEBEROERICEI D 1/
¥ > (inosine 5’-monophosphate : IMP) i 7 & 1k

T 7 DT L RS DA

LTHUATP 24K T2 0w) bDTh3 (Fig. 2).
ZOMEICB VT AMP B IMP 2t 7 2 /b s h 2 B
W7 R E NS (Sahlin, 1978; Victor et al.,
1983).

FKEF (1999) (ZERFHEOEB AR ICBWT, EHBIFRFOIM
H7 =7 E PNCREWTHLERFY > F > O/
WIEDMHBEBEG 2D T b, % 72 Patterson ef al.
(1983), Fishbein et al. (1990) X AMP fii7 & / B##E/R
HEDBE B W TCEBKO 7 v =7 EAXRED S s
WIZEERELTWS, IhooRE LY, EBKIZET
27>=7DOFEFIZPNCIzBIF % AMP /3#IC L % b
DWETHLZENEZONS,

PNC {3 ¥ 2 AMPi 7 2 VEZDEEIC O W
T, Wheeler and Lowenstein (1979) 1% ADP, AMP Oy
mzxvijetEL, ATP, 77/ v >»=1 ~# (guanosine
triphosphate: GTP) oz X v fiflan 3 & L Tw
%, &5, Setrow and Lowenstein (1967) i3 fHARAINT
WO PH 236.1 205 6.51ch% & &2 AMP 7 3 /B
SR D ILET 2 £ LTWw 5, EEIC 3mh oA e
ENEVERSEML TEY, EFRETOmH o pH 138
BLZ6.41> T3 EHEIN TS (Sahlin, 1978).
Zh& Y, EHFICHS pH OETIZ AMP Y S/ BER %

and, LT BAULIMPRY 7 =wanz gzt LS R 2 AREENFE 2 oD,
2ADP
ATP
AMP deaminase . AMP
‘ Adenyl-Succinate
Ammonia —>» [MP

Hypoxanthine

Fig. 2. Ammonia synthesis in purine nucleotide cycle. Modified from Victor et al. (1983).
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AMP it 7 3/ BER O BB~ O HSFAEIC DOV T,
Banister and Cameron (1990) Zf5##EY 4 71l b ek
WO —FL L, HivnTlla, [DIEICKEZELTW
%. & 512 Schlicht et al. (1990) 1%, FEIRMHET 205
WHCOKRE LD 82.5%, 85%, 87.5%, 90% T 300m
ERTOELBOMB T v E=7EEHE L. 08K
B, EHIET & L T 87.5%, 90% FHE @ 300m I
BT 7 vy E=7HOEER LA 2R, E#FHho7
YEZT ERBHEES A 7 bowEEtic ks b 0T
HHEFREL TN,

NS DETFL Y, HiEHESY A 7L b a®d
B9 2 &5 iEE o »EEIRS pH O T 25 571K
WBWIT Y E=T OEENPRE 2 2 EVHEIND,

(2) BzHBIT27rEZT7RE

N7 > =7 ERORFIZ/AME: & NEREICS T 50
5. ARERFIZMH 2 S HADOER D AL TH Y, WM
RFIEMNICB T 2EETH L, N7 =7 LHODH
WERFIZDOWT, MH»SKANDT > E =7 OB
LTCIE% < OENDH 5, Lockwood et al. (1979) 1T
BEEZFICBWT, MP7 =7 ERA7 v E=71CH
ENHDH I ERERLTWS, %7, Cooper et al. (1979)
X7 v FORMIZBWTT =7 AN & RICE D A F
nsZer@FiLT, mMbo7re=7EE L pH 25K
WBIFE27 VE=ZT7 O IAHICHET ZRFTHL EL
Twa, BEHEMANT =7 LHOBEKIZODVT,
Okamura et al. (1987) 37 v  EFHWIERICB VT,
WL > TN T Y E=7 B LR L2 EEZRD TV
%. & 512, Banister and Cameron (1990) I33&E#h iz X
STRIEMIEINDIET VEZTICOVWTEF DLV E 2
—IBWT, HENC & > T EALRMFT > =7 13 MK
IBART 2l U MRA T 2 E LTWwa, s OFfE &
D, ME7E=7IIMIVAENZ2BbDELTHEZ D
ZENTE, #HENC X AIMF 7 V=7 O LEBKAT >~
E=T7 R PRIV LARELEVWET Z 5.

—7, KA7 v E=7 FRONEERTFIE, B PNCIc
BUDLT7ARTECBORT 2 /KB L 57 V=T E
ENETHD EEINTWDE (J#iE, 1995). Berl et al.
(1962), Cooper et al. (1979) 137V ¥ I v ERREERN S
D 7N RET S 2 LR R LI BT, BMRT Y E=T 1
FZV)THECET vy S vBERGAERIL, 7
NE S UERBRICE STV S ricElishs LT
W3, MNIZBWTT7Y »E=7 11X NH"* O CHEEL,
TN I UBROT I RECEASNI VY 3 U ERBERO
TERCED Ny S vl b, BUTRINVY S VIEZD
%, MRt S hMREEME CH S v 7 2 /B
[# (gamma amino butyric acid : GABA) 7% 3~
FBRIZERSND D, T S 7 BOMPEEERE - & b
fshic 3% (%, 1995).
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(3) 7 EZTHPIRBEEICRITTHE

Banister and Cameron (1990), ¥&& (1988) 12k % &,
7 YEZ7IFIME RN L, MBI 2 @i s 5 2 & 3R]
RERFEUE TH D, E512, TVEZT OHERIHIE
T, EHa—7 4 xA—v a3 VET, BEBIUOLHEL
LF2 &3, KM - PRMEET %2 b7z o TIRRME T
FhawhreFEzohTwad, EHKICBT27 VYE=7I1IC
X 2tk 57 12 D T Banister and Cameron (1990) 13,
TYEZTOHFERITI—T 42— 3 YOIE TR EOHEH
PR~V 2 ST & U CIMBERE I L T
G B R 52 5 L FRLTVS, MATHAT =7
FRICE ST, MBI 2718 2 U GABA % 8D
MR CEZEE A L, Z OMEZEE Ol b3 Xk
BEICAA T 4 TR 52 2 LB L Twd, 7YE=
7 ISR AT 5N O CIIETPR SEER & B RERIC X
STINEFTELL DAAPHFONTED, T4V F—
HBIEYE N I 3 R MREERRRR I U TR D 2
DG TTCHEZDIEINTE S,

i) PUoEZT7HAIRINVF—RBEEYMEICRIZTEE

McCandless and Schenker (1981) &5 7 > & = 7 [IiE
EET LYY ADOMERWT, M3 —REEEYE
WOWTHET L7z, TR, EREBEOPREFEZ oh
TV 5 IR R 12 8V T, PCr, ATP, MR
DETERD TS, WHE LT, BFROFHICEE L%
WHEIL & SRR B W TIZ 2D & 5 B haie <
BHONBNZ EDD, ZOMERREREROZE(LIET
VEZTICE AR DTHEELT WS, £z,

Hindefelt et al. (1977) FFIIR-ARIGERRIEAZEE 2 FELL
72y VT VESTAMAR ET o, ZORE, T
=7 #5005 1 R IIIEDETHAED s h, A
OMBFERBEOREL, £KIcB 05 ATP & PCr OEE
ET2RD. ZhoomELrD, 7rE=7EMT 2V
F—RFHF L CHFEERHER D Z ENRBINE, I
5 DFATHISEC BT B8 7 >~ & = 7 MU 13EEC R T 2
bOTIREWD, EHCBW T ER LT Y7 MK
X —REha U CIGER 263 2 0fetdbFE 2 oh
%,

i) 7 EZT7HRMEEREEICRIZTTEE

7 2 =7 DG ERAE I R L, IR v
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i, MEEEET 27 v E=T IO 2BEFRTH 2
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(Butterworth et al., 1987; %, 1995). MN7 > E=7
FRIZ, SN S UBRT R R S FHEICERAL,
TN I UERBEEOERICEI D IV S T 5k
W KnEAET S5 (Cooper et al, 1979). ZDKILD
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—7, MHRY F 7 AMEEEBICN T 27 V=T O
B LTI EYE Th 5 GABA o3 2522
MNEREINT WS, GABA X7 VY S VB2 HIHRE & 3
DNHIEMREEE TH D, BTV IV TOEHRDH
fifEH 26T 23 %250 Tw3 (Cazalets, 1994), *
72, GABA 3 ki Ed r oBEFRNEZEZ >N TEDY,
Chaouloff ef al. (1986) IZFHFLEEIZD 7 v DR
BWT GABA O 2D T3, [ARfIC Guezennec ef
al. (1998) ZRASEEKRD T v b DFERICB T, SEH
Hi & L L CGABA OBFBERBAEZRD TS, &5
12, Abdelmalki et al. (1997) &7 v b2 GABA {Ef3E
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5+ 5. Copper and Plum (1987) 1x 7 v% 2 “gld GABA
DHIETH DT, AT =7 FHICEKE 70V 3
YERIE VS S Ui GABA OWE ORA iR S
ERBELTWS, DLEOETs LD, AT =7
MBI X5 7y 2 U, GABA O IZZE N
IRAGEREE, FEAREBIOZRITICAT T 4 7T isi R 52
L2bDELTHEZDLIENTELD.,
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AFETIE [V 2 — 2B % HiE 5 AR BN RE ST 12
RIZTEE b RESRTFE L COT v E=T ] WEHL
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Fig. 3. Relationship between blood ammonia and error rate in 2nd and 3rd calculation tasks in each
condition. r=0.65. There is significant correlation between blood ammonia and error value

(p<0.05). n=30. Unpublished data.
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T = o 2 &, —KEI A FLEEEAS 10mmol/L
MR 2 REOFEENEZ 5N S, 2) EEIAR LHHE
BAEOM U FBMREZRD 2 MRAIEZ W, 2084, EHhm
B EBREERE L CTIRZ 2 23RN THS S, &
7o, PREHRIE & IEREME & v 5 TE D & ORRES—JELE &
b, 2582, Zho ORBEIEE) RIS 2 iR
DIEH T 2B LT ETHRUSNALENRD S 5,

3) EHIEHC BT B 7 > =7 OEREREIL T IR
WO X7 VvAF RRIETHD, HAERMELEIE T 2
SR EERE R pH QIR T 2D EHRICB W T v E=
TOEENEE L I ENEREIND, £, HENCL T
LR U7 > = 7 3 MK % i U TN 7 >
T=7 R ERESYE, Moy —REha L CTHIEIER %2
B BHHEMEND B, S5, MAT >»E=7RETUEIC
X3 7NV% 3 g, GABA O H % 2 AR 2
BE, WAMEINC AN T 4 T ER 52 2 #4252 L
NTE LI,

EHHEOR, Yy —TOEEHZ Y S 2 v — b LI-ERK
i oD 5 i P R R s B D T TR F W IIEEE 2 TTb ¥ 12
TR, BMEARMSHEIIL T 2 & 2B S I LT GRIEERERL
Fig.1). %7z, musEMREES & FEic k> Tk
AUlip7 »re=7 LRERE L ORICHBERR 2D T
W3 CRIEERERL, Fig.3). [V 2 —1cB T 2 k57
HURGEHIWTHE I 1 BUE 3 2 L PfikE SR LT T
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HEEOIEEE » T - N EOREES L TWwa3Dh, £
OREEDINF T > & =77 EDOREOFHIEY 25| 2
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FME O HRRRIE 57 % I S A BR, &Y - B2 M HITE 2 S 1
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Mz b7z 28U B ARES) & & 2RI AR S B
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