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MITRI7UBRDERN L R-h R FBEERT DEREAN=X L

[XCHIZ

RS ORHECHHHIE AR S LD BSR4
TEPRERMB LT — T4 T AT ADE, 18
PE7RIE F 2L, A A ODLEEFSE5, Ziudst
FANDIZHL, $I60%DERMEHE A HL, TD3T%H
HARLL L FFEE T DR MR 57 1T ES I TOD ORA,
2000), ZOXH7RIBITRLAITIRS T, /NRICE TR MK
L, HETERT BT, TOAI=ALEHLMNTT
LTENEETHD,

PR LiE, EGE 2R R EH D\ IE A O
EHICIVAELS —BEOEB T+ —~< U ADE T
R AR RIEER O LB END, T, HEITIE
WA 57 CRAE PRI 57) , R eh PR 57 (AR 57)
CUPE TF R TN BT E D, FRIT, WA MR 57 118
& 7 fiE7RE (Chronic fatigue syndrome: CFS) Dy
FIHIRREL BAMR L (Castell, Yamamoto, Phoenix &
Newsholme, 1999), FREBEREDIENS, tESENLORK
W, IRRE DR E 2L, Bl 2, RBREE D FEH
BT, 8 M7 AR e s 2 HA & U7 A M8 57 D
FEARHT40%-80%% 5 (Farmer, Fowler, Scourfield
& Thapar, 2004; =, 2009), w2~ 0K # (Tomoda,
Miike, Uezono & Kawasaki, 1994; Tomoda, Miike,
Yonamine, Adachi & Shiraishi, 1997), KRB D
F$9E (Farmer et al., 2004; —jth, 2009) , fixtaEDkEEA
AT DHIENHESN TS (Tomoda, Miike, Yamada,
Honda, Moroi, Ogawa, Ohtani & Morishita, 2000), =
DI, ZLOEEFRLITBNT, FEEERENORT
ZPED XS 57 DMEAEL , IR (IKF2) 8D\ TR GR
TENTIBUVIAFNAZ LITNZ, ASmdise P i 5|
T D, FIT, Toa L INERCRE BIRET IR B
G, BIG, RV 7355 T 0 AN =X L h R 3572
I, BAG-T DM I7 W E DR E S RSB RE L D BIFR
PEERFFEREEL CND, 2 LT, Fox 13PN 5 E D
BERELC, WET BN T N7 7o OEEMICER LT
%, N N7 7 g, AEDOERICUERTI/BETHY,
WEESCASE, ARICEEND, LIL, T N770DE
RIS DA R R L R E R DTS IE RS, N
N7 7 AZIIERMELHY, Fox OREHIEENC S EA K
THHETLHD, Tz, T N7 72 DSEIA CHLErh =2
DI ETEY, HAR PRI 57 O AR E L
FDHIEIR O IR RE O 2 L N iR S TRY, 4
W= REZM PN T 7 7o OB EEICH K&
&55, b, NN N7 7o R0abh=C A OF A FIv 7

WT - lLEx BRE

7RI XY, AP SRR AV E R T D T SR
B0 LAEDD, NI N7 7 ISHUARMEE 55 D/ SAF T 7 — 2
PO —RAHHI LB 2N TET -,

P I TA Y - R HHR A B HSETHY, K
PRBEFIESE DRI KBRS ThdD, it T, HRMEE
7 DELEN BE G- 27 AR (B OO fE IR & 2 OIS
EHESL T DITITENM A AT FE AL LR ] R THY,
PO I O FT B2 BRL , BT DL
TEOINEBZDEERNE DT ERD, AR TIETY e
e W R 5B 7 VAL, N7 N7 7 %
DELUTZ5Y T IR AT = R LSRR M 57 3 .00 FEBR T
BEERRITT D,

MITR D72 DINRFBITEDRIHTI/BREDFRE

FRAX P 57 DS T AERE L L C, Acworth, Nicholass,
Morgan & Newsholme (1986) |ZJ0$E"ES /- Erh=
AR A4 TdhD, T b= AR B IR R
5L, MEEIZ£<{#1E9 5 (Rapport, Green & Page,
1984), —J7, IMHRRERICAFIE T D rb= 3 s iE
WL L COEEZF, FEIR-FEEY 17V, (IR
SOERATENTINZ, KRS RSB G975 (Jacobs &
Azmitia, 1992), 52, Brbh= NI ETIBETHLHH
VN7 7 DIRIBMATEHY, HX MR 576 E MR O 58
DENDE I IEAD A =K LIFAET DIEDD, Tib
VIR B CHE B SV CE T,

IR R = A R DO ESER BB XN 7 7 7 o K L
FOTEMICHD, WEHERIN 7 N7 7 A3 N T L7
EDOFEE R CHAELERS NS, IBMiBL E-7 V7
IUNTHRE A LIIES LTS, UL, RIFHIERNCLY M
HROERERTR AR S ESLL, BIRIMERID @ LT
> ERERAERORE A BRI LIRS R, P IR N
TN 7RIS, £z, REROEENZID M FNDSy
B8 /R =¥ —JRECTHI NS, N7 ~7 7
ERERRIS, SR T R OB IA AT T R RN
VAR—H—D—FETHDHY AT AL T IR T AR —
2 — (LAT-1) SFIHS S, 16-T, ZNHDT I /BRI
ET 570, T RT 7 DR ~OFANIT ST/
PRI B\ R A3 AT LIT705,

PR DEFRANXLIZEE T RN T
ro7o DiE SR

TEENRIE T ET LTy MIBWT, MHANOSEET
IVBBIRENMETL, AoERER N STy R E O E
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Figure 1 N7 77U BERICE DA —T7 07 40—V RNOB BN (A-F), BEhREE (G) B L OBEIRR (H) 021k
Note: D,L- 8 -(1-naphthyDalanine% 5-#f (D-F) (2 B} 2 8#5R X Control #f (A-C) Ll L, #HIL T 5,

FI2XY, LAT- 1 TOBAITERL -T2 N 7T 703
P IA T, BN OIREIIZBEVErh= A 5%
TLHESHE5 (Acworth et al., 1986; Blomstrand, Perrett,
Parry-Billings & Newsholme, 1989) , %7-, Yamamoto
& Newsholme (2001) IR RV EIZIDIE H 277 LT
7 )77k (Nagase analbuminemic rat: NAR) &
Z®Control Téh5Sprague-DawleyZ >  (SDR) D#hfE
RN TR —2) T N7 7oA & BEREL
7o hER, NARD i - FHEFEIROIAFEFH TR 7 v 78
JO5-eRuad U N7 N7 7o & mOBINEHREL TS,
IBIT, in vivo~wA7aX AV AL, NARESDR
DHIFAIMEN 7 N7 7 B e % ELB R AT LT S, 57
HOMGEAENN T N7 7 R EIINARTHEE, mL~L
EHERFL, I ORI U CEBUIIIS AT 52825
MIZL TG, Fe, ZOFAF Iy 7L I3
TR B S F TORRNICHRELEI, NAROFFA 1T
SDRDT1%IZLAMHY Lien o7z,
NARIEZSDRIZH KT 2@ IR IMAE 7 MO F R T IZ,

B>
Vs

Figure 2 RRERR SR X NE 55 €7 L OMERLIS KON L RV T AN L A% 57 L~ L O G
(Yamashita & Yamamoto, 2013L051H, —#ikZ)

Note: Ki%4.8 ecmDBIEFHIZIWC, 5B MfAE 52 & CHEIRFEER PR 5 € 7 LV E 2 ERLILTZ,
L INER RV T ANMIEVRE LT, 7 — X3 EE S AE RS TR, %% p < .001, * p < .05

Nagase, Shimamune & Shumiya (1979) (2203 A
72 NARITEAAIC LN O T V7 % KL TS
B, 60%DR T N7 7 3 IR L U CTIFEEL T
Do ZOHFEFEIFISDRITEE N, NARDME F5 IR I EDH7-8
DAEPRAVRFERMEZ FEAH 2 CODEHERITE S,
ZOIHT, TIT IO TIZ/ W NAROWERER
V777 OEIMERNEabh =R O TLERRRIE,
WM 7 250 TR L L Cl o ORI E R L CQD,

EMZBITSMRIEFTEHONM T o7 EEDZE L
EhD FREMIE SFRFIEICRB N TH, N7 N7 7o AV 55
(R L CHUBURE T2 2R MRS TV, Bz,
Yamamoto, Castell, Botella, Powell, Hall, Young &
Newsholme (1997) (X KBEERE $14H T Db 4 k5
(2, Mt IRE IR A PR B L O LT
AN 7 N7 7 AREZRETL TOD, i E2H
BB THTRTE LI U TR S, RN 7T 7 R
I ERL, TAT7I~OREEBRIMHEBR FL TV, S5
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I, BHT B E DR E LD A RITHEINL 722 e,
N 77 SN~ T DT8O D SAENIESTNDH D
LEMERTED, ZLTC, T N7 7o OEENCRT 6
FIFEHLEL C, Lieberman, Corkin, Spring, Growdon &
Wurtman (1982) DAFZEA %, Lieberman et al. (1982)
IR LT 7o M B G L TG R, IRKBLUYE 57 K
DOHBERBD NI EEREL T,

F72, TAMER S ZEIX e N CFSOfiE-A N LB D HI
TRY, CFSEEITITFR 7 S EHICIEDZ A
HITWD, ZORKFEL T, IMNHRIREDE O A R
T, FHCBBME T B ChHDI NI EDE K T ED
BEEMEDE 2 BT,

Hopkins & Cole (1901) (20, H¥ A (AL E
FNDTANESE) DREERIELN DR 7 N7 7 o AR T
MO TIRRAEIN, 4 B ETITHII00ERGE TS, D/,
M7 77232 REIREO b TET, N 77
AFERDREEATH R T /B THHTEND (Willeock
& Hopkins, 1906; Osborne & Mendel, 1914; Harper,
1977), N7 N7 7o mE EO RN 3L G 2 i
DO~—4ry NCIRGESIL, —HOMERES 7 I A ML TR
R NKREE LU=, UL, N N7 7o ma EfE RS
JRIK T DU ERE 2 AR IEERE I A DD 01T, N
TRT 7 AT NS IR R R LA BRI DM 15> T D,
SHIZ, TIWETOMIEREID, MABETI /BN T N7 7
AT FERMEL AL, BEAERIZBNT, Bx
DFEEBN A KT AAAE THHIEL S TUIRHR
2

ERESEE SRR FTEZTDETILEIYMIOD
e

92 7 LRI IR EE— RO BIRIZH D, MEIRIZIZIRY R
JRMEIRZ & TeNon-REMHIEIRE, B ADIKELTLIEDE
TEAZ X HZREMHMEIR 0 BHS0D, Zhbi3kI904) & i
T1HEKIEHRDIRL, %57 LTS RE D [RIFEIZ 55 TV
%o BNG, HHCORRZRE HRALIRIZ 09 557 U7 o e
IRZEDZETHID TREL, 2 HORBMEENIfHAZ T
%o LA, MEIRA R A R ORKAAE, FHEMEE YT
DOFFRNIDIFEERIIOIKT, HEESIET DK
WAEFHEL, RSP e S Ot RIS
Do Fo, B ITE IS THEIR PR A H b L7z FPAX
PN 57 DRERFIT40%-80%% 15D 572 (Farmer et al.,
2004; =, 2009), MEIRFEEZ2TS 50 & Lo R M 57
I, HEAEERD ITHHEL, #ELLDRIAE LSS THITFH
KRB ER | L L ChE 2 BND, (- TC, MEIRFEEZTY
ST HAX IR 57 OFB R AR L, 2 D IaENE (7
B TR ZRESL T 5720120, WO T VA M
T2,

FIT, TR IFN TN 7 HERME THOD,L- B

-(1-naphthylalanineZ fv\C, v MU 7 v 72D
B EYEEZT T 77, D,L- f -(1-naphthyl)alanineiZh) >
N rombab=r a2 AT Db DN T 7 7 KR
{LEEZ DOIEEEIHI T2 LT, ub=EkE EL
(Weicker & Struder, 2001), Non-REMAEIRDHE K &
REMHEIROJE 275595 (Rogemont, Sarda, Gharib
& Pacheco, 1988), D,L- f -(1-naphthyl)alanine% 5-t%
DI FERTAMNT DI, A—T 74— /LRND BRI T
& (BERRE, BB, BEMEE) 2HIE L7, D,L-
B -(1-naphthylalaninef: G- #E O EhEEEE, FEF X
VLR X Control BEL LR L, (K T8 1A Toh 7= (Figure
1), YA kXY, D,L- f-(1-naphthylalaninel3 7"~ 7>
OEEMERL, HERVALEZZEASHEHIET, PHRMIE S
FRERA S [ E T 2N ATRETHHEE 2 DD,

BT, EMTI T HIEAR A1 b LT R B 7
R 727 NCHELT D720, Fox 137y M WlRIE 7
BRHELIR T 2L TR LIz, ERFED2D, Tvha
T MR — DN E E ST K48 enDBLEE TR B LT
(Figure 2), ZOWRSEE 57 AFEIL T M REMEIRIK?
(CHRRRIRREIC 2 DL 7Ty MR — 20K FL, B
FRIRAEL 72D 2 L E AL TG, I, ST, 15
SOy RULVT AN GHEE : 25 m/min) VT, 20
T BATRDDE M U, WHIRERSH B BXUBH
HIZIRWT, MEAREEER XM 57 (CFSD) O R
RV R7 p—< A X Control B EHER L, A EIZIfIL
7= (Figure 2), L EXD, " RILT AR DE S
CFSDFEFSMER J7 I XFGHPEEERE N AR, Mo
FIRMEIREEA AL T D,

AR TR I7o BLUE/ TIURBIEDOBIRE

BMEREH DN TR IR E B A AT I, PN o R
HICRWT, NN ED ER L rub= A0
LA 3% (Acworth et al., 1986; Blomstrand et
al., 1989; Yamamoto et al., 1997).

N7 77 #584AKD,L- f -(1-naphthylalanine% 5
MZH# 5325, ControlBE& B, R PN 7k
T REITRE ERARLER, Eub=o BEITRE
Wb % 2 L7= (Table 1), Weicker & Struder (2001) i
D,L- § -(1-naphthyDalaninel®, N 77 7 7Kg Li%E
DORIEHALAFETHILT, ab=ARZTHEL, M
BB KOS REZ B T2 22 L CD, 1t
<, D,L- B -(1-naphthyDalaninef% 5-(25% H 381 TEIRD
KTixeeb=2kbbielLA, NNF 772 BIERZEDR
=B Ew ™ BT 5, — T, SEFRETET L
AW b= R R TS D PR 5 G A
L7zKatafuchi, Kondo, Take & Yoshimure (2005) DA
Fend 5, D,Lr f-(1-naphthylalaninef% 5-(c L5 ah=
VIREEDOIL T, Katafuchi et al. (2005) DAFFEH & E—
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Table 1 N Z'h7 7 iFgdds JOMRIRRE E R AR 97 €7 WS BIT DN T N7 7o L8/ 7 IR EM D 2L,
(Yamashita & Yamamoto, 2013; Yamashita & Yamamoto, 201450 —¥5| HEB L OUZE)

Alterations in tryptophan and monoamine metabolite (versus control)

Brainregions Conditions Tryptophan Serotonin Kynurenic acid  Noradrenaline Dopamine
Hypothalamus D ,L-B-(1-naphythyl)alanine i.p. ﬁ @ @ @
CFSD T L T
Hippocampus D,L-B-(1-naphythyl)alanine i.p.
CFSD 1 = i
Striatum D L-B-(1-naphythyl)alanine i.p.
CFSD = I =

Note: 2D 7 —ZFControl FELD HE THY, MNSMEICH T H0E ER, SIEED, =132l ermd, 2k, 22Tk

HEZRmT,

By a0, BE ERAAELIN T N 7 ATE0ER K
AR Th DT XL = RIS A ATREME A HERIC
E5%, Ball, 7y MIF XL = RN O B ARETPEY) X
VI RER GBI RUL, F—T VT 4 — LR, FURA
KRB 31T /37 4 —~ L AR A B 528
LS TS (Yamamoto, Azechi & Board, 2012),

ZDIHNZ, D,L- B -(1-naphthylalanine#% 512 X053
Sz ARITEIEDIK FITE, FXLUBAREEL TS
LEZHND, Fiz, D,L- B -(1-naphthyDalaninef% 512
0, R TEHA LT R F U BRI — SR X
ControlfE& iz L, A% L7 (Table 1), ZDX
V7R R — SRR R O I L IEERE TR E A AR L L,

SR B R A e S 2 (Marshall, Richardson
& Teitelbaum, 1974), 24U, D,L- 8 -(1-naphthyl)
alanine B FEI TR AR T - (RS AR-A

Pre-synapse
(Synaptosome)

A9 B ER[E] BE A4 L TN D 2L AR5, E5IT,
Rassoulpour, Wu, Ferre & Schwarcz (2005) |3#R-Z 1A
F XL ARIRED BRI, MISMER —/ S~ 2R
TERLILEHEL WD, ZOXI2RHF AL, N7 M7
Y BRUF L R RER TR O IR 5352k
BT 5,

F)TRT7o DXL UEEE R D FTHEBIE (L PR
MRS EIEIESE S

Tz (TMEIR L E 4 AR L U7 PR S5 2 BT
CFSDET V& T, IR (B T, W%,
BMER) DN T 77y, Bub=rBLOF XL U BRE
FEDOBEACEBIER LT, B REZLIZ, CFSDTvhORR
TERCHRSE DR E 72 A Z DI, NI T N7 7R
IZControlBEL b L, HERIRE EHAZZLN, Br

@ynurenic @

Central fatigue

o . °
A L]
Post-synapse

Glia (Astrocyte)

O: Tryptophan <: Kynurenine A: Kynurenic acid

Figure 3 M J5 DFFFEAL =K LI DA - Hk i B DR
Note: KN T EF LR N 7~ 7 70 BLOF XL =3 iR B 2 @il L, BPNICTEAR, N7 7 7 RED
ERERXV RO TTHELELS, ZhbiE=a—ny, HDWITVTITT 7B AL, WHIEE J7 475 561, Mhtadabkne

EGIEEITHbLALRY,
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h= AT T L7220 > 7= (Table 1), £Z2A23, CFSD
F o hOBR TR, WS X XL g B 1L Control fE L
L, A ERIRE EAA 2L (Table 1), ZOXIIT,
CFSDMAR T MR I BN T, FERAVRN 7 N7 7
VEWIAFEX XL AR O TR T AT LA R
T5, £z, FUIR FEITrEFRAGE, a1 TER R
$19 (Dombret, Nguyen, Schakman, Michaud, Hardin-
Pouzet, Bertrand & De Backer, 2012; Lopatina,
Inzhutova, Salmina & Higashida, 2012), FE&AEF
BIZ, NNF R 7 RED ERITMRE = —ar D%
KEINHIT 5 (Gallager & Aghajanian, 1976), CFSD
EFITBIBN TR T 7o LD ERBE, K
TEROWE IS 1T BT DR KA ML Tt L
20, SHITHEFLFERINT, NF XL L ~r o b5
X7V AT = AN L TN- AT L-D-T ARG UL T L
23 (NMDA) BX Qe 7T=aF B T7vFral (a
TnACh) 2 BMREMHIL, T IVEIU L ~IVE D SE 5
(Hilmas et al., 2001; Schwarcz & Pellicciari, 2002; Wu,
Pereia, Bruno, Pellicciari, Albuquerque & Schwarcz,
2010), 7 NVHIRL L OIK T ITRLIE 7 ERE O
il (Curzon, Anderson, Nikkel, Fox, Gopalakrishnan,
Decker & Bitner, 2006), FLRL/ 37 —< U ADK
T (Yamamoto et al,, 2012), #-2ATE D E (Taccarino,
Suckow, Xie & Bucci, 2013) (ZFEL 7= 3850 - #E S HERE
BEELZ 5| X E T, CFSDET /LCBITHF XL L
NAD EFHEZNITHI T NEIEEL L O,
PR T R HEREZR T E L= 4R A B {EH (Yamashita
& Yamamoto, 2013) <45 B BhTE B2 351 DR
FIEREARRORIEZ 72T b LW, 16> T, NI’k
77 BN IA B D | L% XL B AE R D TUEDS,
BRI b S Rat: -] 1B S ey S AN e e Y
(Yamashita & Yamamoto, 2014), &512, 971280
5% XL AR EHUWT, Coppola, Wenner, Tlkayeva,
Stevens, Maggioni, Slotkin, Levin & Newgard (2013)
DIFFEDN S5, Coppola et al. (2013) 1%, IEBREFEME TS
BT BT a5 UIRER, IR XL i
IRED EFZHHTD5ZL2MEL TND, ZOLH7RHF5E
FREE, HAR S 97 I C KRB SV AR SR A RE N A
BT BT T 7o —% X = AR O BB 2
T DEBENRRHLTHD,

SHROFELRE
HAX PSR 571X CFS D ERR IR REIC BALRL , HEHRIR
DFAEEEL TR D, ZOfERIEITZ< D%
HEBLTROON, BLAREILL, RREADIT-EBICH
K SZETHD, WeoT, LEAFEEMIRIEEL T, X
PR 55 DIFEIT IR TERV b D TDHD,
ARG TIE, RS A% = X DO TFFER RO

T, L C&Tz, TORBRICIY, T WEFERHELT,
NZ 77 BEFESN TS, N7 R 73 E ROk
RACHE T I BEO—DTHNIRNG, R Ehth & fa ik
Z O RO, TESR D MR ST I8 ClE, SRR
AR RONDENT, MPNICBATU IR N 7
F7 72 ED, BN Ea b= RS TUHEE LA R, A
PG 3 Z BT 5B 26N TE, L LD, M
IZIRDIAENTZ N TR T 7 D95%H3F XL = AR IR
RIENDIDNT, FARNERE J7 DFFEFEAT = A LIZN 7R
T7 =% X =R OB LIRS LT D, B2,
XL W 5325 L0 BT E R RLIE AU DK
F (Yamamoto et al., 2012), iE&j% 57 (Coppola et al.,
2013) RWiHRSE 77 (Yamashita & Yamamoto, 2014) (235
FBRMAN I Z DT 7o B XL BRI EE D BRI, PR
P97 DA T T B CORHIERL TVD,
ZDEIIZ, FI1005FDIERZRF SN 77 7 B 5ED>
B, N 7 7o SO BAMAELfERERIEIZ DWW TR L T
T2, FTHRES, ZLOREGTET D, F—
(2, N7 N7 7AiM BA FY 1 (i A2 PN Rz A A 12
FHELTHLAT- 1%L, HHITHNITBATT 5, 2L T,
FEPIZED A TR 7 7 7 o 3R oR B oo filfa fs
\ZHE BT A BRI R ED, MRS (= —m)
IZT 7 BAL, FHSREICET D, Z0JDI, N7 77
Y OEAMIILAT- LIZEV IS L TVD, 2, Friedman,
Kaufer, Shemer, Hendler, Soreq & Tur-Kaspa (1996)
°Esposito, Gheorghe, Kandere, Pang, Connolly,
Jacobson & Theoharides (2001) DWFZENS, LIRS
FARL AROY SR BEIZ D, Mi—AMBAFS O F i EiE |k
AT HZENHMESILTCND, AlD, EFEPRN) 7~ 70D
VFEAE DG AT LT MR- BE P A B, %
EBREZLND, W T, TR ET L EANT,
ME-4BAF D Z A ARG D FRES, iRk B
EREEE, ANUT DI YCESE (TR TR DBRFE N
HETHHEEZD, 12, BITBITL, BRNREICH
BT N7 7o BNENLFE, E DXk 8] EE T HAX M
RSB S IL TODMEVORI-ETH S, BIE, difxis
BANFET D=2 — IR RO 10% R E 12720,
FROD 0% TAHREIBAMIE (V7)) THERRS AU (Allen
& Barres, 2009), Z V727 Aba Ak, AV TR
Ak, /a7 )7 MFEL (Allen & Barres, 2009), =
NBIF=a—nr O FHlilE (GO T b)) LLTE
ZBITET, LL, BaEDOWFERERND, 77 3R
A AE B RFR AT BEZ FHO Z E SN, Bk 7el)
DGR = o —a s OIEEFRE T35,
BRI B 59722 83 E ST A (Barres & Raff,
1999; Allen & Barres, 2009; Fields, 2013), 512, K
TR7 7 ARG BEMN T VT THEASH TS EDWED
7% (Schwarcz & Pellicciari, 2002; Wejksza, Rzeski,
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Okuno, Kandefer-Szerszen, Albrecht & Turski, 2005),
BN, WO 57 OFE s A = A LELT, KA H Ol
BN N7 7 SRR T LT, EDJH7eiEmaild
DD, DN, NT N7 7o B ED T2 DNRBE Y
U7 NTBEICAR 7SR REZR D)y, X DARBED fEk
ThDH, ZDIDT, KiH-FHERHDZ AT Iy 772k n
HRAX IR 57 DFFFE AT = A LZFR T 5 L COgE 7257
H LAV (Figure 3),

AR PSR 57 L 3 AR DR 2 8 AR T D, HIIX
MR STAIFSEIE, EOFRERIIfERRMEIIRHLL, #hITiETe
LOREOR AR EH 5350 DEE R D,

AR
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The mechanism of central fatigue disclosed by the history of
tryptophan research in human and rats

Masatoshi YAMASHITA and Takanobu YAMAMOTO

Abstract

Central fatigue is implicated in clinical conditions such as chronic fatigue syndrome, and leads to reduced
cognitive function, disrupted social life, and impaired brain functions. In adults, these conditions can result
in retirement or suspension from work. Similarly, the prevalence of central fatigue that is induced by chronic
sleep disorders in schoolchildren has been reported at 40-80%, children are occasionally excused from school,
and brain function can become disrupted. Studies have reported that an increase in plasma concentration
of free tryptophan can result in postoperative or exercise-induced fatigue in human and rats. Additionally,
more free tryptophan crosses the blood-brain barrier in the brain, and leads to higher levels of serotonin. In
mammals, outside of serotonin synthesis, the vast majority of tryptophan is metabolized via the kynurenine
pathway into kynurenic acid and quinolinic acid. Very recently, injection of kynurenic acid was shown to impair
rat performance in the running, open-field, and Morris water-maze tests. Moreover, we have been provided
that increased tryptophan concentration in the brain and subsequently synthesized kynurenic acid may
produce an amplified effect that induces central fatigue induced by chronic sleep disorder and possibly directly
lead to social-interaction deficits. The role of kynurenic acid in fatigue that we report is supported by the recent
findings that administration of a branched-chain amino acid in rats not only lowerd exercise-induced fatigue
but also reduced the higher concentration of kynurenic acid in the brain. However, the crosstalk between
excessive brain tryptophan-kynurenic acid and neuron-glia network in central fatigue remains to be explored
further.

Keywords:sleep disorder, central fatigue, tryptophan
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