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LlJ rl!3" ~ nx:, # ilPii'f V))h.-f-, * ii ~ ~. 1:. 83 ~ c:, ff JII rf!r 
••**~*B~ftM~~*-~ (~ff:~ffi~Bft~) 

(-']Z)jjt 9 if llfl 288 ~it) 

mtA!1!lti~'!in1u~~25:ti-M*t L, l B~t.:~(J) 
caffeine m:irur 1: J: 0 -C :t-:i:m~ff (L ff) t ::k:i:HOfl 
ff (H ff) t 1: 5Ht, double-blind cross-over design 

(caffeine (CAF) ff : placebo (PLA) ff) (J) ~ t 1:, 

caffeine W: ~ ( 3 mg/kg B.W.) 1: J: 611!¥JJtt!:~Je~f1 
(AEP) tni!JiBt(!)~fti-~!tLt.:o ljLf,! · lJlffi~~iP 

G AEP t ij~il!t i-W:~ifrif&1: ;b t.:-? -c ~llif tr-J f: acJlk L, 
!Uttr-J f:9.!hJ:!11. L f.:o caffeine W: ~ff(!) AEP (J)~:i'. 1J: ~ 
ftli N 4, P 5 mt5J'i- g:i{,1:~il6 G n, i!ll¥W:*11H&f:ffi 
~M-iJi\~::j,' L t.: o ij~iBt(J)~:i'.IJ: ~1tli~-C, a w~ power 
%(1)±ti1Jot o, e, ~~w~power %(J)~y-r:·~0t.:o 

:::..(1):::.. t iPG, caffeine f:ti, :;kij~S[1/{(J) - .:j,:JU¥j}tffil' 
G= .:):!U¥JJtfffti6:1:i3ft 61JE:i!f'l=ffl t t ~ 1:, ~Mf'l=ffl 
ifjjjllliff:f?:(f-t 61JJ'{j~·tiil'7F~ ~ ht.: o ~ G f: CAF(H) 
!lf-C1i, J!.li'ff(J)3!J]ffjlJf'1=ffl(J)f?:(ft, CAF(L)ffJ: ~J:i! 
< !I!! li' · ji M (J) 1'1= ffl ii' tl:\ ;ffl. L t.: :::.. t iJ, G , caffeine g:i Wf 
1: J: 6 ~~tt(!)Jtj!iJ,ff-~ ~ nt.:o 

caffeine 1i ::i-1::::- · *I~IJ: c'(!)IJtH£f:-a-i n, 7 
Jv ::i -Jvffi-t-> 7 1"::i t jjj.11*, ft-"' (J)&=_i\§-f:i* < i'j:~ L -c 
1.t, 6 ii'il' ~ -c 7'J: < , Hfi:;n., ~."&~-? 1fn. ~!Jt*ttEJ1m'i 7'J: t' 
f:M-t6~~Jt L-C, iii~1:~J;Gffl~h-Cv'61. 2\ -

1J, caffeine (J)::k:l:m~i: J: 0 -C:if't21UHr f:ffif.!;J, Lt.: 
;'jJJ;Ji;iJ,tl:\lJ! Lt.: t "' "J Greden (J)l974if=.(1)$1l-JS"3) i- Ii t 
il6 t L -c, f?Rf? ~ -a-il6g:illlt$wfif-(J)g=i:jl;fil'.~;Ji;f:"".:)1.t>-C(J) 
liJf~ ~ ~:;¥:i-q:i{,1:$R{s-~ ;/'l -Cv>,64\ 

caffeine f: MT 6 &:J:!l!.~tr-Jli}f~5l ~ ~~$R-is- ~ ;/'l -C 1..,, 

6 ii\ j,:ij~~Je~f.\L (cerebral evoked potential ; .l2J, T 
EP t -t 6 ) f: "".:) v, -c 1i, 7 Jv ::i - Jv ffi6l -t-> 7 1" ::i f: M 
-t6M~7lf:It'-~< lifJ:v' o it.:, ::kn~ ~J:!11.~ . !f;fl:JU¥J 
Jt·ti~Je~f1 (J.:J T AEP t -t 6) f:M-t 6 caffeine (J) 
f}J -511: Ii Bruce G s)-? W olpaw G 9>, Tharion G JO) 7'J: t' iJf: 
$R is- L -C v ' 6 iJf:, P 2 -N 2 (:~ M ~ (J) P 5 -N 5 ) ffi ~g 
il'~!cJlkllif rai-c placebo W'.-9-(J)1*if f:Jt.--z -C~j,' L -c 1..,, 

t.: t \t' "J Tharion G (J) $R {s-10) (J) J: 'J 1:, ~ 'lit i!U~ ~ (J) 
~lliftr-J~1ti-¥R-is- Lt.:M~li:'.J,'IJ: <, i t.:-f(!)Ji/¥Hi -

:i&: L -C "' 7'J: "'o 
*M~1:1i~tt*(J)*JJ.filEt-J1J:::kn~~Jemf1lilf~(J)- * 

t L-C, ~1t11U~~1:"".:)1.t>-C caffeine (J)wf01'5t~f: J: 6 
AEP t niMBt(J)~llifEr-11J:~1t i-t~!t L t.:o 

AEP (J)tf:5JU 11> 1: J: 6 JYI i- i!lHt 6 t.: il6 1:, mt A!1!l ·ti 
~'!it:tt~~25:t i-M* t L t.:otJt~~tiiJ::~24-44~ (.if 
:l5J 31. 9 ± 5. 6 ~) , tt-ffe: 161. 0 - 181. 0cm ( .i:JZ:15] 169. 7 ± 
5.0cm), i*!l:48.0-99.0kg (.i:JZ:i5J68.9±14.3kg) (!)~ 
tt~f2sr,,jffei (f2s Bffl) 25:t-r:·~ ~, ~ffel. :t!H$*,i!,-t-'EJ1$ 
nm(J)retf:Eli!J:il'0 t.: o i t.:r/ilffH$~(J)f<effl~-r:·7'J: <, 
iE.'/itij~il!t-C&i) 0 t.:o tJt~*f: fi~ G iP til6,tM~l: °".:)v' 
-c+5t7'J:~~i-frv>, jjjj:i':i-flt.:o 

~tJt.~~ (J) l 8 ~ t.: ~ (J) caffeine mlfit:1: t;l:, Greden3l 
-t-> .:::ff G12l 7'J: c'(J)$R{s- i-~~ 1: L -C.5£ L t.: o ~ G 1: 
Truitt (J) $R {s-13l ,t-,, DSM- N 14 > (J) caffeine intoxication 
(J)~tflrti~ 7'J: t' i-~~ 1: L -c, ~25:t (!)tJt~~ff (J,J T 
T ff t -t 6 ; .if :15J caffeine m ~ :i:251. 4 ± 169. 6mg/ 
8 ) i- , l 8 ~ t.: 0 (J) caffeine m ~ :I: iJ{250mg .12J, T (J) 
:t-:i:m~llf (J.:J, T L ff t -t 6 ; 11:t, .i:JZ:15] caffeind~ 
~;92.7±71.6mg/8) t, 250mgi-~x..6*:ocm~ 
ff (J,J TH ff t -t 6 ; 14:t, .i:JZ:15] caffeine m~.;_376.1 
±105.3mg/8) tl:5tlt, caffeinem*JR:(!)~~f:"".:) 
\t' -C t f~M L t.: o i t.:, ~~ i- double-blind design 1: 

fr 'J t.: il6, ~11t~~ff ( T ilf) i- caffeine i-W: ~ L t.: 1* 
if (U T CAF(T) !lf t -t 6) t, placebo i-1'5i:4 L t.:1* 
if (.l2J,TPLA (T)fft-t6) tf:5tlt, jjjj~I:, Y:I: 
t~~ff (Lff) (J.:J.T-fh-f'hCAF(L)ilf, PLA (L)ilf 
t-t6), ::k;m~ilf (Hff ) (J,JT-fh-f'hCAF (H) 
llf, PLA (H) ff t T 6 ) f: "".:) v' -C U~!t Lt.: o 



1. }~~15$ 

~1&'..~~t:--:)1.,,,-c, ~·~* B Li caffeine ~'2i"trlt~ · 

~~ ~ (7) 1t!!, xanthine tf~IJ ii ~ -C ~ t, d; ~ < t ii ~ 
•mJMi(l) 5 ~rdlwiiJ" G (l)jxjt~~:/;I ~~x. ~ ·ttt.=o 
~ .~ !± double-blind design -C-fr v\ 1* :m &J t.: VJ 3 
mg/kg (7) caffeine (7 :J... r 7 :) -t )'\:.,, (**)), &J ~ \_.,\ 
!± placebo t L -c :¥Lffl ( 7 :J... r 7 V -t ;'{:.,, (**)) ~ :t 
7''7 -r (7) :tJ 7 °-t Jv t:Jdt, ji-ft · P*~ t~~!t-LJ.: -5 
x. -C:f&'..~~ t: ~200ml (7) 7k -C-*f D t5t-$ ~ -lt t.: o caffeine, 

placebo ~ 1 @] -f --:) , ~ B ~ ~~ -C -C 1T -5 cross-over 

design -C--Jiffifr Lt.: o 

2. AEP t ~j}t(7)!c~n$ 

10-2000lHlttiii1:t15l t:ilt9!! L -C ~1&'..~(l) ~Ji~J:. t: ic 

iiffi:tiii ~~~Lt.: 1&, ~ i.lfil.24~25°C t: i'f: t.: n t.: shield 
room (7) r:f:l (7) icwiffl ;ftFf t: ~t!r ~t, ~70° 1&1tll L -c 1!P IR 

~-tt. *DMmtt~-r:A~~'2i"trS~~~-L~off 

wu•t= tiffWIJi!J:~ti (SSS-3100; B *J'cffi:, .l2L r~ic 

~~thif[PJ t) iJ" G (l)llOdBSL (7)1:j!-je click ff~, 5 sec 

rai~~-C-H;j-(7) :J... ~ -:tJ - (Foster SH10, 8 ohm) ~ft 

L -C80cm (l)JEe~iP G fffijlf t: [PJ~ t:.!:} iZ. t.=o ff WIJi!J:(7) 2 

sed& t: ijfj v) °ib IE g:i tUf WIJ i!i ~, -f (7) 1 sed& t: * (7) ijfj 
v' M J'cWIJ iii~-$ x., M J'cWIJ • (7) 2 sec 1& t: * (7) click ff 
~·~-$x.~~·(7)~1J~~-VJ~L-C, -·~(7)~ 

M7k$ ~-5Et: i'f:t.:-tt, 1&'..~(l)Jl~llkil ~ ~tti L t.:o 

{f :\iilJ i!J: c [PJ MT ~ trigger pulse ~ Data Recorder 
(TEAC, RX-50L) (7) m13channel (J,,,1 r eh t -t ~) 

t:wiS L t.:o 

AEP (7)icwi~$!±, 1}f, ,: *fX~ (7)~Jf~16l'"('£i@:~$ 
t L -C ~Lfttt.: Cz--A1+2 (!i!tiii~~) t Cz--Ts (~;fiii 
~$) ~ffli..,,f.=o fffijicwi~~iJ"G~~~ht.: AEP ~'2i" 

trniMJl ~, M"ti±~~i~ AB-622M ~ ffl v\ ~5Efi0. lsec, 

Jt:ri 7 1 Jv -7 -lOOHz -C:, hum ~*tlHI ~ 1ti!J ~ -lt-f 
t:±~~i L, M"~c Data Recorder (l)m 3, m 6 eh t:wim 

Lt.:o 

AEP (l)~cii~rai ii, caffeine (7) Tmax (~30%~ 1 ~ 

rai) ~ *~ t: L -c, caffeine i t.: t± placebo t5t-$ AA", t5t 

-$1&30%, 60%, 90%(7)~~.~iJ" G (7)~105trai t L, AEP 
~ '2i" tr mMt ~ ~cil Lt.: o 

3 . data ~!In)! 

3  ·  1 AEP (7) data 9&J.!:1Jy:t 

m 3, m 6 eh t:iiS Lt.: AEP ~'2i"trmMt ~11}~ L, 
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tl~H: J: VJ ~1i1lt~ ~ c~(l) artifact ~ ~#;* L ~ ii{ G, m13 
eh t:iiS Lt.:ffWIJ?tt(l) trigger pulse~ fflv\ 1JD.f:itJ 

~ti (ATAC-210, 1024addressX 220bit) t: J: ~ -C, 

WHJr ~ rdl 1024msec t: -C 100@11JD. f !s; L -C 1i 4 (7) AEP 

~ ~cii L t.:oPANAFACOM U-llom: J: ~ -C floppy disk 

t:iiS Lt.:~ 4 (7) AEP iJ1%t±~-C, ~r.ii~~ffi(l)~Jzt~ 

~ktr~~j}(l)~f~14t: J: ~£*!(7),fi V) ~1tlli{~' lli:11--= 

*i! t: J: VJ £*iii" G (7)~~~1i (7) =*lDil{Jli1J" t: ~ ~ J: 
-5 t:*IE L, 1&t:iJLffl :i:.,, ~ :i - -7 --C-9&J.! L t.:o 

3  ·  1  ·  1 IFf!s; AEP (Group Mean AEP) (1)9&J.! 

caffeine, placebo (7) ~ 15 t:--:) v' -C, ~251&'.~~ (7) AEP 

it%~ tt1JD.f!S) L t.:IFf!s; AEP ~' fffijicwi~~5JIJ . 

~~cii~rai-=, t t:>Jt66, CRT (cathode-ray tube) @Joo 
J:.-C-~1ltnx:Al001':r (7) group schematic AEP11l c !itl-C 
*~ L, Goldstein, Rodman17)(7)~1';i!~*~': L -C, 

~Minx:% P 1 ~ P 8, ~itinx:5t N 1 ~ N 8 ~ ~5£ L, nx: 

%ii~ t JJL~ rai (peak-to-peak) ~~  ~ >Jt 66 -c, -f: n G 
(7)~~89~1t t:--:) v) -C f~~t Lt.: o 

3  ·  1  ·  2 ~1&'..~~(l) AEP (1)9&J.! 

~f:it] AEP (1)9&J.! t [PJ**t:, caffeine, placebo ~:Jj 
(7) fifjjicii~~5JIJ · ~icii~rai -=-t (l)~f:it] AEP ~ £$ 
t L -C CRT @IffiJ:.t::m:ti-c*~ L, ~f&'..~~(l)*iHr. 
8~00(7)A~(l)~nx;5t~~5EL-C, -z:(l)nx;JtM~tm 

.~ra,~$it>lt66t.=o ~ G t:, ~251&'.~~t: --:)v'-C, fffijir. 

i!~$531Jt:43-nx:5tii~. JJL~rai~$i~nr~IJ Lt.:o ~.B. 

&J G ii" t 66 t5t .!:} JIIJ[ ~ ( caffeine t5t -$1Jf. 1T IF : placebo t5t 
.!:}1Jf.frlF) ,: J: ~~~,:--:)1.,,,-c-x~c.t1Jttt?ttfr~fr0 

t.: 1&, caffeine t5t-$1F ( CAF IF) c placebo t5t .!:}ff (PLA 
IF) t:--:) P -c tt 1}1&~~ rai (7)Btr~IJ1f t t5t .!:} AA" (7)nr~IJ1f (7) 
~ ~ Wilcoxon signed-ranks test t: J: 0 -C ft5£ Lt.: o i 

t.=, t5t .!:}1Htr~IJ1t (7)t5t-$ %Jnr~u1i ~=M-t ~ .1:t ( % ) (7) f 

!s; ii >lt66 t.=o v'-fft(l)ft5£t:--:) v'-C ii, fit~~$ 1 % it-: 

tt 5 % ~*1cBt~89~:1t t =t=Uttlri" ~ t§'~ t L t.:o 
3  ·  2 ij~iBl (7) data 1111l.!1Ji:t 

H~il11W1Jr,±fffijicwi~$il" Gm'A-=t-7°t:ie.wi ~ nt.:~ 

icii~rai-=-t (l)~~i}lt: "".)\_.,\"'(' tt~t=-c~{r(l)y~ i..,,g:~ 

5t ~ ~tR L -Cfr 0 t.=o ~ (l)~~iBl ~A/DJ£~ L, FFT 

(~ :it 7 - 1
) x. J£ ~) i! ~ 1~ 0 -C sampling rate 

128Hz, 512point -C-43-4 sec rai (7) 8 epoch (32sec) t: --:) 

v' -CO. 25Hz ~IJ J-J-t: ml iBl tiiWiffr t 1T v', ~M power 1f ~ 
•t11 Lt.: (Dell 333s/L) o mliJl~w:tt,±2. OHz ii" G30. 0 
Hz i-C-~5ttlJ L -C 8 (2. 0~3. 75Hz) , e (4. 0~7. 75Hz), 
a1 (8. 0~9. 75Hz), az (10. 0-12. 75Hz), ~1 (13. 0-



19.75Hz), ~2 (20.0-30.0Hz) 0)61'\'~c l, -itw~ *l : caffeine, placeboO)i\ilH'Jcfflt:M-tJ.i§lc'J¥fiffi 

5JIJ ,: power % i' * ~ t:. O "t° l l ~ -9-t&-it ir. ii~ ra, 0) 
power % c f'i £j-frJ power % 0) ~ i', Wilcoxon signed-

ranks tesU: J: ".) -C~~ l t:.o 1 t:., -itJ!Jr!ttw~I:-:> 

v't-1!ricit~ra90) power %0)~-9-frrl:M-t 7->lt (%) 

O)-'f1$] i' *~ t:. O 
3  ·  3 AEP U~r!O)ffl~ 

~~reu: ii It 6 -itmJ r!ttw~ power % c AEP -it nlt5t 

0) if~, 1Ji -~ rilH!Hi c 0) ffl ~ i.?f-tt (Pearson's product 

moment correlation coefficient) i' ;1(~, ~~ l t:. o 

3 . 4 11Htm 0) EI e~fiffi 

caffeine, placebo O)~ -9-WU& 1.1' G ~~ B 0) ~ B 1 -c· 

1: El 1t l t:.IIJftffl O)~~ c l*J~t:-:i i.,,-c, t't~~1:ji;J;R: 

~c:~5tMl~~ftfflO)~~ffl (7~~-~) O)~~i' 

~ffil, EJe~fiffi~'tt°t:. (fitt@J~PJ)o 

1 . i'.iilH'J=fflO) El c~Hilli 

caffeine, placebo 0)15tlj-{&O)Jljf'fffl 0) El e ~fiffi i' ;if-

l t:. (j< 1) 0 " JIH'Fffl ~I')" C lJ:.illi:~~tt U:f:l.m l t:. 

/liiJf'ffflO)tt,i, CAF(T)tlf. (13~: 27) O)n7'J'PLA(T) 

t/f. (6~: 7) J: IJ b~1J'-:)f:.o if:., £3:~ffltt7'J{j,'7i 

v>CAF(L)tlf. (7~:16) O)n7'J'CAF(H)tlf. (6~: 

11) J: IJ ~ <, PLA (L) tlf. c PLA (H) c 1:" ti tic A, c'§: 
iFt:t iJ, ".) t:. :::.. c i.l' G , L tlf. 0) n 1J' H tlf. J: IJ IIJft ffl i.f t±l 
JJ! l ~ -t v, :::.. c 1J' ff-~ n t:. o li i3, caffeine, placebo 
0)1.'i lj-t: J: ".) -c IIJftffl 1J' lli JJ! l t:.-1!,t/f.O)t,t~~O) tt 1: -:i 
i.,,-c Ii, i.,,-fn '4o ~'.f.~ti!?.?.~ G ::h.lj: 1J'-:) t:. ( x2~~ 

(El EEi Ii l )  :  T tlf. ; x2=3. 06, p=O. 080, L tlf. ; x2= 
1. 65, p=0.199, H tlf. ; x2=0. 66, p=O. 418, p <O. 05) a 
2 . ~~i'5.J AEP 

25~ O)~flt~~ t:-:> v' -C, 1.'i -9-frJ J: IJ ~~89 t: icii l 

t:.11! ~~if(. 0) caffeine (CAF (T) tlf.) (~ 1 ) , placebo 
(PLA(T)tlf.) (~2) O)t/f.-'fLMJAEPi';if-lt:.o jilfjirJi 

~~0)-iticit~rdl ~ c O)t/f.ifMJ AEP O)iBOFi,i, caffeine, 

placebo c. b 1:~~A91: li~j;Jitt~ N 4, ~:kl!£-t!:~ 
P5i'~~-~6fflttO)•Hi'¥l-C.i31J, -1!rnlt5ti'fi 

~T 6:::.. t 7'J,-r:· ~ t:.o 
iltif~cii~2¥ 1: :.ftjj l -C t±l.f)l L, t:. AEP 0)-1!,nlt5tO)~{t 

li*O)jjl'.)-c·~".)t:.a caffeinet.'i-9-(CAF(T)tlf.) O)~ 

@-, N 4 nlt53'1:-:> v'-C Ii, b-f 7'J,-f-:> 1:" Ii~ i 1J'nlt5tif 
~1J'1'i£}1!3053', 605t, 905t c ~ra9*-l~ c t b 1:m*fa l 
-C J3 I'), tt1: CAF(L)t/f-1:."M-fl.J-l t:.fl;Ii[o)7'J'~2~ G nt:.a 

CAF(L) CAF(H) CAF(T) PLA(L) PLA(H) PLA(T) 

IIIH'F!llft L, 4 8 12 8 11 19 

ll!f,!ll;I; ~ (IIIJf,)ljQJft:) 7(16) 6(11) 13(27 3(3) 3(4) 6(71 
,(., . .m'lf ••. •L.•1t1CJI l  l 2 0  0  0 

lliH[il 0 l  l 0 0  0 

~ft-~ iilMi ·iillil8 0 l  l 0 l  l -~ ,,,,,,,,ig 
l  l 2 0 0  0 

/fi',".>~Q)?;:M) 2 l 3 0  0  0 

!ll'!l!/8. tl'IJt/8i!!j~ l  l 2 0 l  l 

'I'll! 2 0 2 0  0  0 

il!1tli lli'Ml'l''!l!/8 2 l 3 0  0 0 

:8:llk.'!'lli l 0 l 0  0  0 

U\ 0 l l 0 0  0 

TI!! 0 l  l 0 0  0 

ll$alti 'f!Jal 3 2 5 l  l 2 

-fQJil!r' Dill 0  0 0 0 l  l 

ll.:/Ji8 l 0 l 0 0  0 

~lll·ll!Jli'. l 0 l 2 0 2 

JU!/8 l 0 l 0  0  0 

* : caffeine O)f,ljfj,ffl /:: i±~t.: J., /:: ~ x. C:, *1.J., t 0) ~ - t! L f:.o 
x'tfri:5£ (El El3Jt 1, p<0.05)  : ~tiH?i~ff (T ff) : x'=3.06, P 
=0.080, j,'iiHO&.ff (Lff) : x'=l.65, p=0.199, :;kiitlU1~ff 
(H ff) : x'=O. 66, p=O. 418 
CAF(T); caffeine ~-'J-~f/t~~ff. CAF(L); caffeine fl:-'J-Piiffi 
JU(M, CAF(H) ; caffeine fl:-'J-:;k-1:HOl~ff 
PLA(T ) :placebo~-'J-~f/U?i~M. PLA(L ) :placebo~-9j,'iiffi 
~M. PLA(H); placebo ~-'J-:;kiiHl~ff 

1 t:., t'ilj-1&905t""Z"ll£-t£n[o)l:fflfi l -Cv>t:.o P 5 nlt5t 

1:-:iv>-Cli, 1.'ilj-{&605t, 905t""Z"~ttn[o]l:fflfi l-Cii 

I) , tt 1: CAF (H) ff -CM f.l;L l t:. ffi [oJ 1J' af ~ G ::h. t:. o 
placebo t'ilj-(PLA (T) tlf.) O)J:j~, f'i lj-{&305t, 605t, 90 

5t""Z" N 4 nit JJ'1J'i!£-tt n [oJ 1: 11 ft l, tt t: PLA (H) t/f-1:." 
M-fl.J lt:.ffi[o)iJ'~.<16 G nt:.o i-O)ffilO)nlt5J'l:-:iv,-c lif!J3 

G i.P1d:~ft1ii~.~ G nli 1J'-:) t:.a 

3. ~~Mi=ffO) AEP O)~ft 

-itli/l~~l:-:>v>-C, caffeine, placeboO)t.'ilj-frr J: IJ 

~~A9t:icii lf:.jilijicii~iff.O) AEP 0)1!rnlt5t0)-'f1$Jil 

~ (*2) , 1Ji,~ra9-'¥:ltJt1Hi (*3) i'ff-Lt:.o caffeine, 

placebo 0)15t~frJ0)-1!,t,t~~O) AEP Ii, £*1Y-J 1: IHt 

~T6~&aiff.0)15t-9-frJO)t/f.-'fLMJA~-%~~ttii 

IJ, -1!rnlt5tifi~-t~:::..c#-z:"~~o 

liii, ~lj-)IIN~ (caffeinet'i£}:$tfit/f.: placebot'i~ 

5tfitlf.) ,: J: '-> ~~ ,: -:i '-'' -c 0)5tfl'X5tlfr-c·,i, .1,:;. r 0) J: 
-J 7d:*5:l!U:/j:".)f:.o nlt5tit~1:-:ii.,,-c,i, jilfjicii~iff.1:" 

P 3 nlt5tif~I:, !j!~~if(.-c· P 4 nlt5tif~I:, ~~~  

1:" N 5 nlt5tif~l:i"::h.-f'::h.~i:~7'J'~2~ G nt:.o 1 t:., 

m,~ rill~~; 1: -:i '-'' -c ,i, jilijicii~iff.-c P 3 -N 3. P 1 -
N7, P8-N8, P3-N41!t~~il:, !j!;j;,)!~if(.-c·liN6-

P7tJHil:, ~~~$1:."Pl-Nl, N5-P6, P6-N6 

-1!r~~it:i"::h.-f'::h.~i:~7'J'!2~ G nt:.o 

3  ·  1 1!r1&:M!~O) AEP 0)-1!,1*;5tif~O)~ft 

caffeine 1'i lj-f&, AEP 0)-1!, nit 5tif ~ 0) ~'.f. 7d: ~1t Ii 

~-Cif~m*fa-c·~ ".) t:.o CAF(T)tlf.-c·li, jilijicii~iff.-c· 



~ 1  : .ljl.~~~ (Cz-A1+2) i?'C:,~c.f/<~:/1.t-:£:251&:Mi~O)#fifZ:lt.J 
AEP 0) caffeine (:: J: J., ~it 

2000 

1500 

l OOO 

500 

-500 

-1000 

-1500 

N4 

CAFFEINE 

P5 

N5 

e:/Jiqi\1i 
.A.: !ll:la-li30~ 
• : /ll:qlf60~ 
+ : /Jiqlf90~ 

-2000 >----~~~......+~~,........~---+----+------+-----+-+----+--< 
0 l 00 200 300 500 1000 

NSEC 

~ 2  : .ljl.~~~ (Cz- A,+zl i?' G ~c.ii ~ :/1.t-:£:251&:Mi~O)ffifZ:lt.J 
AEP 0) placebo.(:: J: J., ~it 

2000 

1500 

l OOO 

500 

-500 

-1 OOO 

-1500 

-2000 

N4 

0 l 00 

PLACEBO 

P5 

N5 

200 300 

e:!ll:qi\ii 
.a.: !Ji4li30~ 
• : !l):qlf60~ 
+ : /ll:qlf9o~ 

500 1 OOO 
NSEC 

N 4 nit 5t ii~ 7J' :t1t -1H&605t, 905t 1:, P 5 ,  N 5 ~ nit 5t 

iillif:>J':t1t41&305tl:-f:n-f·:tt1ffl.l:m*111 L -Cv>t:.o it:., 

CAF(L)ff't"Li, Jmrncifka•""('· N 4 nlt5tii~7J':f1t41&60 

5t, 905tl:1f'.@":l:m*1ilL-C.t31'J, CAF(T)ffC1.)N4nlt5t 

if~CT)~ftc:-~ L -Cv>t:.o -15, CAF(H)ff't''li, 7J.. 

•a•-c-P5nlt5J'M~#, ~~•a•-c-N5nlt5J'M~#, 

:t1t 41&305t 1:-f :tl-f':tl1f'.@": 1:m*1il L -C .t3 l'J , CAF (T) ff 

(1) P 5, N 5 ~nlt5tif~(l)~ftc:ff!!p-~ L -Cv>t:.o 

placebo :t1t 41'~ 1:-:J v' -C Ii, AEP C1.)~nlt5tif~<l)1f:f; 

tj:~ft1iifcl6 G :tltj:7J'-::> t:.o 

3  ·  2 ~tit~~ (1) AEP C1) ~ nit 5t TJi .#. rai (peak-to--

peak) t!]f$/;IC1.)~ft 

caffeine :t1t 41&, AEP C1) ~ nit 5t ni .#. rJJ tm $I (1) 1f '.@": tj: 

29 

]i( 2  : caffeine, placebo (.:: J: J., AEP 0)-*/it:S}i~'*O)~ft 

C.A.F\T) ..... MEAN 13.0 20.4 31.6 44.0 56.3 76.2 90.9 Ll0.3 17&S 280.l 328.9 383.2 .t52.3 503.1 553.2 602.6 
(25:t) (C1-Al•2 Af30 J J 

AF60, i 
AF90 I 

M•1t• MEAN 10.7 20.5 34.2 4-U 56.8 79.3 9l.3 110.9 177.1 282.7 339.4 390.0 UU 00.2 545.6 598.4 
(C1- TS) AFJO 1 i I I• 

AF60 i 
Af90 i 

CAF!L) •• ,,. MEAN 13.5 21.7 32.6 44.2 56.9 74.8 86.9 112.6 181.9 280.0 335.9 385.8 454.7 509.8 562.6 606.3 

(11 :g) (C1-Al + 2.l-',~C,C~:--+--+--+--+--+--+---l-j--l--1--1--l--l--l--1--.J--

AF90 ! l 
.!R. • .,,. MEAN 9.5 20.5 34.5 45_2 57.3 76.9 86.6 ll2--4 179.0 28H 352.9 395.8 455.0 503.8 557.2 607.l 

(Ci-TS) r.:~~!~ci---1---1--+-+---+---+--h-j -c-1! ---,f--.--f----1-----1------1----1---+---

CAF'lliJ •••• ::~ 12.6 19.4 30.8 43.8 66.6 77.4 94.9 1oi-+, 1-75-+.92-80--1.23-24--1.2 -382--1.0 -,51--<.01-'9-.- .5'-5"-gl-s,--,. 
(14ft) (C,-Ati2) AF30 i 

AF60 .,., 
.llaaw MEAN ll.8 20.6 34.0 43.& 56.4 81.2 95.0 109.6 175.6 281.4 329.0  386.0 444.4 479.4 536.6 591.6 
(c,-T5) AFJO l i• 

AF60 .,., 
PL,\(T) ._. •• MEAN 12.2 20.9 31.7 42.9 57.7 80.0 90.5 10!.4 170.6 280.8 346.1 384.8 461.5 500.7  558.2 602.3 
{25ft) (Cz-Al+2) AF30 

rocAF60=t--+--+--t--t---+--+--+--+--+--+--+---<l---1---1---'---

;IJ(.••• MEAN 10.5 20.0 34.0 44.9 57.6 75.9 85.8 105.l 167.7 283.l 334.4 380.6 444.0 477.9 636.4 582.4 
(Ci-T5) AF30 

>-c,,=so+-+--+--+--+--+--+---+--+--+---1--+---1--1----1--1--
.,., 

PLAlL) •••• MEAN 12.3 21.4 32.8 44.2 59.8 79.8 87.4 111.3 173.l 282.7 341l.8 386.5 465.5 507.4 557.9 602.0 
(11;f,) (C1-A1+2) AF30 

>-c,FS=o+-+--+--+--+--+--+--+--+--+---1---1---1----1----1---+--

a••• MEAN 9.6 20.5 33.8 45.4 59.0 78.Z 85.6 109.4 174.4 284.l 343.9 390.3 40.2 478.2 632.3 574.l 

(Cz-T5) '7:=c~~+-+--+--+--+--+--+---+--+--+---1---l---l----1--1--1--

.,., 
PLA(li) •••• MEAf,I 12.2 20.6 30.9 41.9 56.0 80.l 91.8  106.2  168.7 279.6 342.7 S83.4 448.4 495.4 658.4 60 2.6 
(14:l!;) (C1-Att2) AFJO 

>-cAFS°"o+-+--+--+--+--+---+--+---+--+--+--+---l--1----1--1--
.,., 

~--· MEAN 11.4 19.5 34.3 44.5 56.6 74.0 86.0 103.2 162.4 282.3 326.5  373.2 444.6 477.6 639.6 588.9 
(C1-TS) AF30 

l-','AF=c60+-+--+--+--+---+---+--+--+--+---1---l---l--l----1--1--

fi!ii ~c. ii~ i!J i?' C, ic. ii ~ :/1. t; AEP 0) -* lit :S} :I~ 4 jjlJ IfZ :ltJ ii '* 
(MEAN) (msec) t, :tll: 4{&30:$} (AF30)  , :tll: 4{&60:$} (AF60), 
ill:4{&90,r (AF90) O){il[O):t\l:!j-jjlfig t O)ifi.O) Wilcoxon signed-
ranks test O)fa:!11:o ( t :p<0.05, t t :p<0.01, t, i1i-t-n 
-f':/1.J!~. ~HliiHlt"o) 
* : Wilcoxon signed-ranks test 'Z'~~ifi.n!lf',:fJ!. L. t-:Jit:S}iill#0) "1 
t,, :tll:4fflfi)'j'; (caffeine:t\l:45\:;frff: placebo:t\l:451:;frff) O)~fl 
~ ~lt L.t-:-5ctic.li,rlti,rtfi 1.::-? 1i, -c 'I> ~:f:i!i-.n• tf:lJJ!. L. t-:-: t ~ 
'i<-t o 
CAF(T) : caffeine :tll:4£:~Mi~ff. CAF(L) : caffeine :tll:4:'.J,':iiffi 
*ff. CAF(H): caffeine :t\l:4,1;;::iif~*ff 
PLA(T): placebo :t\l:4£:1&:Mi~ff. PLA(L); placebo fit4:'.P:i:ffi 
*ff. PLA(H): placebo1~4,1;;::iiffilfl(ff 

~ftli£-Cffi$ii,i/(,2,l't'·;h -:i t:.o CAF(T) ff't'·,i, ~ icifk 

a~-c-N 4 -P 5 ffi$17J', ljL~a~-c-P 3 -N 4 t!]f$17J'. 

:t1t41&905tl:-f:tt-f':tl1f:i":l:i,i/(,j,' L -Cv>t:.o it:., CAF 

(H)ff't"li, ~!cifka~-c-N 4 -P 5 ffi$M':t1t41&605t, 90 

5t 1:, ljL~~~'t" P 3 -N 4 ffi$i7J':f1t 41&905t1& 1: -f :tl 

-f':tl1f :i: 1: i,i/(,'.'./.,' L -C v' t:. o 

placebo :t1t 41& C1) AEP C1) ~ nit 5t TJi .#. rJJ tm $1 C1) 1f ~ tj: 

~ftiil £-Ctm$ii,i/(,Y't" ih -:i t:.o PLA (T) ff 't"li, CAF(T) 

ff c: -~ L t:.~ft 1:1Ja x., P 2 -N 2 ffi$/;IC1)-5E L tj: v 'v,£. 
'.'./.,'7J'i!.?.cl6 G nt:.o PLA (H) ff 1b CAF (T) ff (!)~ft 1:ff!,{tl 

- ~ L -Cv>t:.o 

tj:.t:,, CAF(L)ff, PLA(L)ff't'·li, AEP (l)~nlt5tn! 

.#.raiffi$1C1)1f:f; tj: ~ft Ii v>-f :tl 1b ~¥> G :h. tj: 7J' 0 t:.o 

4. ~ ~~~~~~~ ~~~ ~ ~ ~ 

~fl:: 

~Wi~~l:-:Jv>-C, caffeine, placebo (1)1~4%T J: l'J 

~~B'-J 1: icifk L t:.6&Jrt<l)jjlij!cifka•1=.t31t 1.i ~m.Ji1Ut1fi' 



30 

ffe". 3  : caffeine, placebo ,: .J: J., AEP ~/ilt5tO)]Jj,1;':;:lllHJHJiiO)w;:1t 

~:sr:1jC;~:;72 ~!~: 324.0 576.5 621.t H5.3 tlU 441.5 1141.t 31\U 3247.6 1293.5 7U.1 982.S 736.2 770.3 669.7 1545.1 
~,!! I 
AF90 I I • 

___ .,. MUH 2101: 417.0 377.0 409.' 805.1 )03.7 126.7 26·11.2 2732.2 1119.6 705.5 930.2 63U 762. 719.5 130.S 

(C,-T!I) r.:::;;::,::i---1i---1i---1i---1i---lf------f------f------f------f------f------f------f---f.--f---f---

"" j CAF(U ..... ME..U. 345.1 571.3 621.4 sou 79&., 292.0 933.3 21199.1 3 191.1 1349.S 7Sl.1 9U.5 asu 797.4 , , o.7 Uk.a 
C11fl) (C1-A1•2r.:~::+--t--t--t--t--t--t--t--t--t--t--t--t--t--t--+--

"'° ........ MtAJrl 251.1 4 19.0 377.0 OU 605.1 190.7 837.0 2,ss.8 2726.0 1241.7 515.9 90U 751.7 707.l 682.9 13116.5 

<c,-TsJ f-'ii:~aea'; 1--ll---,f------,e------,f-------,f------.f--------f--------f--------f--------f--------f--------'--'--'--'---

"" CAFOfl ·---M!.AJ,1 SCU 5110.9 621.5 4S0.6 1016,4 U0.9 752.5 3301.2 3295.4 1264.6 806.5 995.6 683.t ~1.6 692.4 1585.3 
(11:f,) (C,-Al•2 AF30 

'"'""""+--+--+--+--+--+--+--+-,-, +--+--+--+--+--+--+----1--
AFIO ii • 

----M£AJ,1 173.9 415.3 375.9 3H.3 9'65.1 404.2 n&.4 2742.7 2737.1 1020.3 136.7 94SJ1 557.6 SOll.2 ?IIU 1315.7 

(C1-TS) r,i;L;;:c!: __ i---li=:_~l=:_~1=:_~l=:_~l=:_-=.i=:_-=.~'=il=:_-=.i=:_-=.i=:_-=.i=:_-=.i=:_-=.i=:_-=.I=:_-=.'=-..-

l'\,A(TJ •• .,,. WEAJI 167.2 55&1 ~U. l 529.9 tlH.! S3U HU 3099.7 2~ .5 ll7t.5 7!iS.5 91U U#i.8 74U 669.7 1530.6 

C25t,) {C,-Al•2,fe~See,!:+--+--+--+--+--+--+--+--+--+--+--+--+--+--+---I--

Mt(I I I I • 
___ .,.. WEAi 202.9 402.9 ,06.G 444.5 904.6 179.3 557.1 2824. L 2711.8 1045.9 UU &Ol.3 48).4 661.1 577.S 1450.8 

(C, -TS) fc:~ ... ~" f---f---f--.--f-------,f---f---f---f---f---f---f---f---f---f---f.--f---

"'° nA(LJ ...... MEAN 350 s , 1.9 S9S.I 560.0 1197.4 2S5.6 600.9 2'95.4.4 21163.2 998.7 59:U 909.3 SIU 60 U6.9 1526.i 

(\If,) {C1-A1•1.fe:See~t--t--t--t--+--+--+--+--+--+--+--+--+--+--+---I--

"'° ----Wt.AM 258.3 39U 458.7 490.4 954.2 191.9 525.0 2765.7 2746.2 974.4 5S0.4 72!.2 432.2 618.1 567. 1'611.9 

<c,-n) r.::~;;:c!~ i---li---li---li---li---li---li---lf---f---f---f---f-'f---f.--f---f---

""' PLAIH) •• .. • Mt.AJ( 376.9 566.i 571.3 S06..3 1236.3 372.6 714.9 3211.5 307fL.9 12112.6 116U 917.9 64!.7 U0.6 703.3 153S.6 

(1,f,J (C1-A1•2,fe~:~:~t----,t----,,---,,---,f------,f------,f------,f--'--f--'--f--f--'--'--'--

___ .,.. WlAJI 160.3 U0.9 35U 409.1 116:tl 164.3 601.9 1ST1.7 26Mi.6 l\O!i.5 1110.11 1161.0 S2S.6 694.9 HS.2 U?.5.6 

(c,-T5) r.:Z~;;:c'; i---li---li---1'--li---li---lf-'f---f---f---f-'i---lf------f.--f---f---

"" 
~~---~;~a~n~A~&/ilt5tO)t.,!:48JJIA~•~-~ 
(MEAN) (ffi.lli: 50µV=l2800) /::, &4f&305t (AF30) , &4 
f&605t (AF60), &4f&905t (AF90) O)~O)t.,!:48~/:: O)ff_O) 
Wilcoxonsigned-rankstestO);f;!/:11!:o ( t  : p<0.05, t t  : p <0.01, 
t. i l±-f:tli'':tl411*. ~d--fffe".T o) , 
* : Wilcoxon signed-ranks test -r~~lf..;1,f/f:l:ffl. L t.:JJl.i:':i:r.llffi•JiiO) 
-'J -t:,, &4ft1Ji)¥; (caffeine &4,1cfi/W : placebo &4,1ct'r!W) O)~ 
WH~M Lf.:~5cl!Gffi'.5tttMJrt: ·'.::>1.,,-c 'Ii ~~lf..1,1{/f:l:ffl. Lt.:.:: I:: 
tffe".To 
CAF(T); caffeine &4~t&:~~IW. CAF(L); caffeine &4d-'iH~ 
l!lm, CAF (H) : caffeine f.,!: 4 *:iiffilll(!W 
PLA (T ) ; placebo t.,!: 4~t&:~~IW. PLA (L) ; placebo t.,!: 41,':iiffi 
lll(/W, PLA (H) ; placebo :tl 4 *:iiffil&ff 

b.x power % 0) '.4: 1 t 'a' 5Jn., t.: ( * 4 ) 0 
caffeine fJt l:j-f~, ij&J rt 1: s 1t ,Q ~ mi rtfdWb.x power 

%0)::tf]t;>j:'.4:ft,i~-C, amb.xpower %0)~:tJac 8, 0, 

p ~mb.x power %0)i'-~' -C: if.> -::J t.:o CAF(T) ff -C: ,±, 

3:.1: a1mb.x power %n'~PfJtl:j-fiO)~ici!1dlHdl 1:::ti'.f: 

1:J1:tJaL-Cv>t.:o it.:, 8, 0, P2~mb.xpower %1,1Lf 

n-f·nr,t l:j-f&3o5t, 905t, -tl l:j-f&3o5t, r,t l:j-fiO)~icii 

11:Hdl 1: ::tf ft 1: ifilx.~' L -C 1,, t.:o CAF (L) ff -c: Ii, aim b.x 

power %7J',rll:j-f&905tl:~'.f:l:J1:tJa t., "'(1,,t.:o -jj, 8, 

0, 13,~mb.xpower %i,Lf;h-f'h,rxl:j-f!305j-, 9051", fJt 

l:j-fi305t, -tl l:j-fi605t, 9051" 1: ::tf '.i: 1: i'-~' L -C 1,' t.: o CAF 
(H)ff1.''li, -tll:j-f&305tl:;tf'.f:7j:'.4:fl:il'~9'1 L-Cv>t.:o 

a.1, a2~mb.xpower %1,1,::tJ'.f:1:~:tJa L, 8, 0, P2~m 

b.x power % 1,J'-f h-f'h::tf'.f:l:~y L -c1,, t.:o 7j: S, CAF 

(L)ff-c:,i;tf'.f:;>j:'.4:ft,i~<l6 G ;h;>j:i,,-'.:) t.: t 0)0), jjfjjic 
&i~~-c: a1mb.x power %ilt,tll:j-fi605ti:~:ba L -Cs~ 

(!jLt,,!~~: -tll:j-f&605t0) power %0),t5tl:j-]VJl:Mi" -Q 

JtO)"f:l:SJ (AF60/BE) = L 12, ~~~~ : AF60/BE= 

L 30) . CAF ( T) ff 0) -tl l:j-f&605t, 9051" 0) '.4: 11: c i Hf-

I 
J>ltUtlflt ' ' .1 ., p l p2 
(Hz) (2.0-375) (4.0-7.75) (8.0-9.75) (100-12.75) (13.0-19.75) (20.0-30.0) 

CAF(T) •••• AF30 I  t  t I I 
(25~ ) (Ct...,.Al+2) AF60 I 

AF90 t II 
ll1111l!. AF30 I  I II  II II 
(Cz-TS) AF60 t I 

AF90 I 11 II 
CAF{L) •11M• AF30 
(11t,) (Cz-AJ+2) AF60 · , I 

AF90 I I I 
lRlllll• AF30 I I 
(Cz-TS) AF60 I 

AF<lC I I I I 
CAF(ll) ••M• AF30 I  I t II 
(14.t,) (Cz-Al+2) AF60 

AF90 

lR!IM• AF30 I I  I  I I  I 
(Cz-TS) AF60 

AF90 

PLA(T) ••M• AF30 
(25~) (Cz-Al+2) AF60 

AF90 

lRIIM• AFJO 
(Cz-TS) AF60 

AF90 

PLA(L) •••• AF30 Ill~) (Cz-AI+2) AF60 

AF90 

lR!llll. AF30 
(Cz-TS) AF60 

AF90 

PLA(H) ••M• AF30 
(14.t,) (Cz-A1+2) AF60 

AF90 

lRIIM• AF30 
(Cz-TS) AF60 

AF90 

~~Giik&~,:i::HtJ.>t.,!:4f&305r (AF30) , &4{&6051" (AF60) , 
&4f&905t (AF90) O)H~i~O)~rnJiiHHi\'~power %!:::t.i!:4M 
power % /:: O)ff_O) Wilcoxon signed-ranks test O)*a*o ( t  : p < 
0.05, t t  : p <0.01, t. i ,±-f:tl-'f:tl41!1Ju. iJ£.d-'fffe-.T ol 
CAF(T); caffeine &4~t&:~~ff. CAF(L) ; caffeine t.i!:41,':iilh 
lll(ff, CAF(H) : caffeine &4*:iiffil&ff 
PLA(T) ;placebot.,!:4~:t'lt~itff, PLA(L) ;placebo&4d-':li:ffi 
!&ff, PLA (H); placebo t.i!:4*:iiffil&ff 

tt L -c1,,t.:o -jj, CAF(H)ffO);tfi°;;>j:'.4:fl:li, CAF(T) 

ff O)f,t l:j-ff305t0)'.4:ft c ~p-tt L -c 1,, t.:o 

placebo f;t l:j-f& 1: "'.:) 1,, -C ,±, ij&Jrt 1: S ft ,Q ~ mirtf,(1* 

b.x power %0)::tf]t;>j:'.4:ft,i[f&") G ;h7j:il'0 t.:o 

5. ~~~:l-0) AEP t liisJ5Bi,: s ,t ~ ~Jal5JU!t:;m;~ power 
% cO)t~IUJ 

~ ~~ 1: "'.:)1,,-c, r,t l:j-wJ J: ~ ~flif s'-.n: icii Lt.: jjfjjic 
ii~~O) AEP O)~J£5ti!flif c ij&Jitl: S It ,Q ~mirtf,(1* 

b.x power % c 0) ffl M (* 5), ~ 1£51" JJL~ rdl :J=JHiii c ij&J 
rt i: s 1t ,Q ~ mi iJ1if,c1ifb.x power % c O)ffl M (* 6) :a-
~ Lt.:o 

5  · 1 ~flt~~O)AEP0)~~5ti!flifU~itl:J31t,Q 

~mlrtf,cwb.x power % c O)fflr~ 

caffeine f;t l:j-f{O)::rf]t 7j:ffl M ,±~ff c 'b 1: ~-C :iE O)ffl 

M -c: if)-'.:) t.: 7J'' I, ,-r n 'b -5E L t.:Mlfol ,±tf <l6 G n 7j: 7J'-'.:) 
t.:o it.:, placebo1l1:j-ffO)~ffl:s1t,Q:iE, ~O)fflM 

i: "'.:) 1,,-c ,iv,-f n 'b -;iE L t.:Mlfol lit2<l6 G n;>j: 7J'-::J t.: o 

5  · 2 ~flt~~ 0) AEP 0) ~ 1£ 5t JJi -~ rdl (peak-to-

peak) t!&~li\ cij~it1:s1t ,Q ~mirtf,cwb.x power % c 0) 

fflM 

caffeine -tl l:j-f{, placebo f;t l:j-ff 0) 1,,-f n 0) ff 1: s 1,, 
-c 'b, -;iE Lt.:::tf'.f:7j:fflMlitf.?,<l6 Gn;>j:il'-::J t.:o 



*-5  : caffeine, placebo ,: J:: 7., AEP 0) & 1£ 5tif ~ c ijisi/lt 0) & PcrJ 1.Bt 
!Hi\'~ power % C O)ffl~ 

PI NI P2 N2 P3 NJ P4 N4 PS N5 -N7 P8 "' CAF(T)/PLA(T) ~~~ • I / I / 
(2Sti) (Cz-Ai+2) 8 I / I / 

o l I / / I ., 
I 

P2 
ll!a11W • 
(Ct-T5) • /I 

o l I/ ., 
P I I/ 
2 / 

CAF(L)/PLA(L) ...... • I/ I/ 
(11:t) (cz-A.1+2) 8 

.1 / t I I ., 
I 

2 /I /I 
JI! ..... • /I 
(Cz- TS) • / I 

• I I/ ., 
I 

2 / I / I 
CAF(HJ/PLA(H) ...... • 
(Uti) (C1-AJ+2) fJ / I 

oJ /I ., 
PI 

' I / / I 
JI! ..... • 
(C1- TS) • I/ /I 

o l I/ ., 
I I/ 
2 

~~---~;~&~h~A~0)&/£5tM~t~&O)&a&a 
'ffi'~ power % !:: O)fflri!li*a0)~5£*5-*o ( i : p<O. 05, t t : p 
<0.01. i. Hl:-fhi''hIE, j{O)fflrM:*--toH4>f!V)ti:1J!IJ: 
caffeine, i;f>f!tiflllj : placebo 
CAF(T); caffeine ~.!j.~t&:Mi~M-. CAF(L) ; caffeine ~.!j.j;':fim 
.!&fr-. CAF(H); caffeine ~.!j.:k:fim.I&M-
PLA (T ) ; placebo~ .!j.~t&:Mi~ff. PLA (L) ; placebo~ .!j.j,':fim 
.!&ff, PLA (H) ; placebo~ .!j.:kil:m.I&ff 

6 . caffeine Y•fflmi~ t caffeine *•fflmi~ t (I) lt~ 

T-test 1:.Bv•-C, iJc~ · :!lt~ · 1*:ffi: · caffeinetit-9-:1: 
1: -'.) v • -C Li L 1Jf c H M t (!) rdl 1: 1-f :"i: ~ ,± !.f, ~ G n 7j: 
7J'--:;, t::. iJ\ caffeine 1:!flf>(:i: ,: -'.) v' -c ,±1-f:"i:~iJ'~~ G n 
t::. (p<O. Ol)o 

~i,U,t:lf (!) AEP (!)~fix:51ii~ c ij~flf ,: J3 tt ~ ~Jj!fjrlf 

~ffi'~power %1:-'.)v•-c,±, 1-f:"i:7j:~ftiJ,CAF(L)M 

-e ,±Jl!1h.tit-9-f{6051, 90511:, CAF (H) M-c· ,±tit-9-1{30 

511:-tn-fnWffl. l -Cv•t::.o i t::.jjlij1Jf(!)1-f:"i:7j:~ft,±, 

-f n 't'' n CAF (T) M (!) tit-9-1&6051, 9051 (!) ~1t. tit-9-

1!3051(!)'.?£ft c ll!1h.-fX l -C v• t::. o .:.n,:Ml. ~i,Jt~ 

1f(!) AEP (!)~$:51JJ!.\'Hai:t1.HilH:-'.) v•-C ,±, CAF(H) M 

-C' ,±1-f:"i: 7j: ~ftiJtjl!I;p.tit-9-1!6051, 90511: l±lffl. l -c v • t::. 

iJ\ CAF (L) 1Jf-c'' ,± ~ ~ G n 7j: iJ,--::, t::. o i t::., PLA (H) 

1Jf-c·li1-f1.f:7j:~ftiJ'tit-9-1!90511:W.fJ!. l -Cv•t::.iJ', PLA 

(L)M-e,±tf.?-~ G n7j:iJ,--::, t::.o 

:,t;:,!iJf~-c-,±, tit-9-Jilfi~ (caffeine tit-9-:$'i:JrM: placebo 

tit-9-:$'f;fr1lf) ,: J: ~ ~I! 1:-'.) \,,• -C (!)71fl'x711}r(!)*,!f:*, fix: 

51if~-c-,±P3, P4, N5~$:51it~,:, JJ!.\'Hdlt!Hi 

1." ,± P 1 -N 1 , P 3 -N 3, N 5 -P 6, P 6 -N 6, N 6 -P 

7, P7-N7, P8-N8, P3-N4~t1Hil:-ftL't''tL1-f 
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*-6  : caffeine, placebo,: J:: 7., AEP &nlt:$-}O)JJl.\'H.ll:J!Hll! c ijii)//ltO) 
&fcilita'lff~ power % t O)ffl~ 

Pl NI NI P2 P2 N2 N2 PJ P3 NJ NJ P4 P4 N~ - NS P6P6 N6N6 P7P7 N7.!:!2.!~P-~!!_8~:!_~_4 

CAFr;:~t(T) (C~~.:;72) : / I l / I ___ ·---s-•--

a I / I ., /I /I l 
/j 

I/ 

~~~~r.!+--t---1----+--+--+-+--t--h-/~I -+-+--+--+-~-
•I 

I / /I 

/I 

CArt: : ~~A(L) (c~!~!2)r.!+--t---1----+--+--+-+--t--+--+-+-+--t---1,--t-
• I 

/I 
j/ 

I/ 

;!~:) r.:+--+---1----+----,-.+---+-+--t--+--+-+/~l+--t---1----+-/I 
.1 /I ., 

/ I 
/I 
/I CAf(r1J:~~A(H) (C~~~~Z)f--C:+--t----,---+--+'----'-+-~--+----+--+--l-+--t----,f---+-

• I /I I ., /I II 
IBI 

/I ~~~~r.!+--t---1f"---'-+--+--+--+--t--f/~l..,j-l~l/+-+-+---1----+-
.1 

.. 2 /I II 
JU /I 

~ E&a•~;E&~h~A~&/£5J"O)]Jl~00-~t~&O)& 
fcilita'lff~power % t O)fflMtfa0)~5£*5-*o ( t : p < 0.05, 
t t : p<0.01, t. i li-fhi''hIE, j{O)fflMf*--to )if*!(/) 
ti:ffllj : caffeine, it>f!tiffilj : placebo 
CAF(T ) ; caffeine ~ 4~:t&:Mi~ff. CAF(L) ; caffeine ~-9-:'.J,':i:m 
.!&ff. CAF(H) ; caffeine fi.!j.:k:S::m.I&ff 
PLA (T ) ; placebo ~.!j.~lJtMi';!tM-, PLA (L); placebo ~.!j.j,':l:m 
.!&fr-. PLA(H); placebo ~.!j.:kjif~J&ms 

:"i:~#&~GtL~o.:.tLG(!)1-f:"i:~#~t~m~cl 

-c. 1 @ El c 2 @ El c (!) tit -9-rdl ~ ~ *¥= r: m~ 5E -it -r. 
caffeine m~ t ~~~ B .Ll7'-lii!i1J~H l., 7j: 7J'--:;, t::. t::. ¥J-c·iJi.> 
~ c ~ x. G nt::.o -1J, caffeine ,±1tf!(!)~~J c ~ 7j: IJ ~ 
< (!)Jt11'1-?~~11'17j: c' 1:-e;-i n -c \,,• ~ .:. C 7)' G' B ~(!) 
~jj!°j(!)qJ-z"NJ!j!,::j'~~"Z"~ ~~~J-c·iJi.> I). it::., ~i,lt~ 

~iJ,~ B-5£:1:(!) caffeine ~ ~~ VCv• ~ blt-c·/i 7j: v• 

(!)-z", .:.nG~::i;., !-O-Jvi"6.:.c,±lllft"Z"ii.>-?t::.o 

.Ll __t ~ ~,.,. l , tit -9-JIIJ{ff (!) ~ w ': J: I) 1-f :"i: ~ (!) w .fJ!. l t::. 
-1.!c(!)~ nx:51ii~. JJ!.\':i: rdl:tJHi 1:-'.) "' -c ,±. caffeine tit 
-9-,: J: 6 ~jJ-!Jl!(!)f~~(!)M*iJ' G ~>'i-l t::.o 
caffeine ,± theophylline -? theobromine c firHl, methyl-

xanthine ~~1*1:-\i;i" ~ 9'1;ffi:t$*IJliiJ!t~IJ 1." ii.> 618l O -f (!) 

~~1tfflc L-c, j,'_;_-c-,±*n~&:'i~J!.lf~-it~ftffliJ' 

ii.> IJ, fM$~fl~~:1Cii ~-lt~Jt~iJHvk,:i" ~ t::.~. illtA 

-?:/l'H~~f!~ l-C~A9f'F~fl~$~jpJ__t ~-1t6o ~ G 1: 

~ :l:i" ~ c }!1 fit(!) Wf<ll& ffi~ 9'1 ;ffi: ~ J!.'ff ~ -It. 9'1 :ii_;_ 1." 'i 

W1fill ~-e;-tr~-C (!) 9'1;ffi:t$*Ilf-l:ftffl T ~ i9l o caffeine t'.it 

-9-,: J:--:;, -c Wffl.i" 6 ilH'Fffl 1: ,±, :,t;:M~-c·t.f,~ G nt::. J: 

"J ,:~t-'.)~(!)X~D. ~$::f·l'R:~. ;fiJPR7j:c'iJ,iJi.>6iJ\ 

:,t;:,!iJf~ (!).:. n G (!) Wffl.ffi)j'. ,± placebo tit-9-(!) ~if c.lt'51'. 

l -c 1-f:"i: f: ~ < ,± 7j: 7)'--;) t::. O 
AEP (!) 9'1it~nx:51 ( 8 ~50msec) {!)J5~~imH:-'.) v• 
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--n± ~ < 0) ¥Ii 15 ii"~ ~ a Picton G 20) 0) MLR ( q:i ii B~ Bt 
It-) O)~fjjtJt0)'6YJ1; T *~ !: T ~ t, ,WU x. l:f', Tompson 
G21.22>1± Pa (*li]fJEO) P2) O)~il!:~-t ~ ;r--. :1 O)jJJ 

~m~.!~j€0){fi!nJ/dP G, TJL~ii~l5-40msec O)j}f.li, fflljJij 

~•1ti:rnm: ~11aJ-tt-f*ij&i-¥fJJtO)~s:B 1:.t-31;, -oc.i! ~ n, 
rlf.~-?ffltn"ii~lii*'ti~Jt. tY!JtWU~Tr1:1,b-fLHijP1 t: 

1:~ ~::. t ii" G, ij&i~*~~i*EB*0)1[ft1:~ ~ t L -Cv· 
~o it.:. Jacobson GO)-~O)li}fJE23-25l'"('li, Na (*M 

JEO)Nl) il"&:WTT~itt-t~O)!:ML-C, Pat±& 

WTt-*filtffT~~~OOOO~&:WT~OOt-t~tL 

-C 1;, ~ o -15, fiLlJ G26l !±, Na, Pa O)~'M' T ~ t.:. Lt.:. 

~,wu-e Ii, 7(ij&i-¥f;JtO)fttfl/j:ffl~~ ~ 1;, !iif!BO) ra,n&i!B 
m~,wu ,:~1 G n -c .t-3 f'), ~;m L -c:tJt~~il"~i~ G nt.:. 
::. t /J'>G, Na, Pa ,±ij&i~*~t!Ht/J"G7(ij&i-¥fjU:~~;lp 
tHtK:f~O)ffitlJT N.~ Lt.:. t 0)1:~ ~ t ¥1ii5 L -Cv• ~ o 
~ G !: ~it G 0)1iJfJE27l !: J: ~ t, P 2 ffltn"t..: ~t 1: tj: < P 
3 ffltn" t ij&i~*~~i*/J" G tl1*&:W~ ,:~ ~ *!~O)j5tlJ T 
N.~ L t.:. t 0) 1: ~ ~ ::. t ii"~ ~J?, ~ n -c v, ~ o 
AEP O)~it~ffltn" (50msec tUf) Ii, ~DJi:-?Yi~, 

~ttlW~t~ tj: c'O)f1H$'.:E.f1.~1¥J~IEI ,: J: ~ ~~ T~~t-?T 

< 28l, 7(ij&i&:WO)ft¥JLtj:iJ!~7)" G36'.:E. L -Cv·~ t 0) t ~ 
x. G h -C v• ~29l o AEP O)~ii~fflt7t0)3e(£.~7j !: -:) P 
-C !;if.14 O)miJ"~ ~ a Elberling G30l !i NlOOffltn" (*M 

JEO) N 4 ) 0)~7j T Heschl @, -:) i f') -*fij'tff 0)1[ 

1U!tJJ 0) t.:. ~!:'.:E. t: t.:. t 0) t L, Kooi G3ll ,± Nl000) 
25-30msec 1& ,:~:: ~ fflij~J[~l*J 0)1t1Jo l¥J 7'j: i!tJJ !i, = 

*fij'tff'/.)'>3e~jj'"(' ~ ~ t L -CV'~ O :: 0) J: "J 7'j:::. t 1J'> 

G, ~itG27),±, *MJEO) N 4 tJ1&0)fiJt7t!:'Jv•-C!i-

* · =*filtffT~~~. J:f')ft¥fLtj:*~ElWffi~O)~ 
9e}j.f.i:-T N.~ L -C\.,)~ t ~«-Cv·~o 

*-liJf JE 1: !i, caffeine tt -9-1&, AEP 0) ~ ffltn"iiB'f 0) 

1f!.[7'j:~1t,±~-Cii8:f~.R*fa1:~ f'), L /J'> b N 4, P 5 fiJt 

7t t v• -::d.:.*¥=5EO)~ii~ffltn"!:ai~ G nt.:.o ::. n G O)fflt 

n"iiS'f!i, Davis29l, Elberling G30l, Kooi G31l , ~it G27l 

O)f&is"!: t ~~ J: "J !:, -*filtff/J"G=*filtff!:~ 
~ *I~ T q:i,i:,, t -t ~ *ij&i&:WiJ!~0)~3eN_J;t, t N.~ L --C 
v' ~ o :: 0) ::. t Ii, *MJE !: .t-3 ~t ~ 11.!Jtt·~ 0) caffeine 

O)tt!:}il (144mg-297mg) /J"im'M'~1*1:1lfflT ~ 1@ 

O)tt!:}il (lOOmg-300mg)2lO)irilffll*J t v• "J, Yilt?OI~ 
!: ,;Uiffl ~ T ~ _;_ 1: ~ ~::. t /J'> G, fil1fi J: f') t I,: 7(ij&J 
El W iE:~x ,: 1,@j1!!¥J 1: 1tffl -t ~ :: t t T 1§ L tj: 1;, *5 * t 
7'j: --::i -C v• ~ o it.:., 1f!.[ 7'j: ~1t Ii CAF(L)ff 1: liffi{tl 

tt !:}1&6053-, 9071" 1:, CAF (H) ff 1: litt -9-1&3071" 1: lli lJl 

L, -f h-f'h CAF (T) ff O)tt !:}1&6053-, 9053-0) ~ 1t, 

tt!:}1&30Jt0)~1ttml;tl-fXL-Cv,t.:.a -ftj:bt, CAF 

(L)ff1:!i, Tmax !: LUit~~T ~ ~ra, J: f'J -*filtff 

T q:i,i:,, t -t ~ *ijili&:Wi1!~!:1JHH1'-J1:ftffl L, -fO)f'J:ffl 
il'>ttrbtT~O)i:*-tL, CAF(H)ff--C'l:J: CAF(L)ffJ: f');i! 

-?/J'>!:-*filtffiP G =*filtff !:~~K:l~T q:t{, t T 
~ *ijili&:WiJ!:t:~,: 1,@j1!!¥J 1: 1tffl L t.:.1&, ~,:i! !:-f O)f'J:ffl 

il"i~*:T ~::. t T ~ L, ~ G !: CAF(T)ff0)~1t!i~ 

ff0)~1tO)~lD t L -C lli;ffl. L -C v• ~:: t T ~ L -C 1;, ~ o 

tE* 0) ¥1ii51: Ii, caffeine tt !:} !: J: ~ AEP 0) ~ 1t !: -:) 

1;,-c ,±M~ t tj:-:::, t.:.11.~~-?tt-'3-.m.tj: c'O)!f~14/J"~ 

tj:-:::,-C.t-3f'), -5EO)ia~iiutil~Gh-cv,tj:v,o *MJEO)J: 

-J ,: , M~ T :'15 'Ii,: ~l5E L 'ti531J 0) ~ !El T ~~1i-Lt.:. iE 'M'1l 

~~ T caffeine Y .m.t?Ullff t caffeine 7(.m.t~If~ff t !:53-

,t, caffeine O):V.m.tt-'3-!: J: ~ AEP 0)~~8~~1tT¥!i 

15 Lt.:. b O)tiJe,v•lli-tt-f, ·f;:ij&;!:.t-3~t ~ caffeine O)f'J:ffl 

S:B1:V: T, AEP ,: J: -:::, -c ~ff-::· t !: *-7J ~ -C *¥=5E T ~ :: t 

'/.)'>'"(' ~ t.:.o 

-1J, caffeine tt -'3-1&, AEP 0) ~ fiJt 7t TI[,~ Fai ffi ~fil 0) 

1f~l'j:~1tl±~-Ctl&~filii9''1:~-:::, t.:.a CAF(T)ff1:!i N 

4 -P 5 ffi ~i il"tt-'3-1&9071" !: ii 9'' L, CAF (H) ff 1: t± N 
4 -P s ffi ~i il"tt !:} 1&60n", 9053-,: ii 9'' L -c v, t.:. o ::. n 
G 0) ~ fiJt 7t ]Ji.~ Fai t1R ~fil 0) ii 9'' ! i , ff f :t5] AEP 0) N 4 fiJt 
JtO)tt-'3-1&90JtO)~tt1ifoJ~O)ffijf:V: t, P 5 fflt5tO)tt!:j. 

1&6071', 90JtO)~'ti1ifoJ~O)ffiif:ii t ~~/J"~ -o t ~ x. G 
nt.:.o it.:., ::. 0)~1t,±, placebo 15t-'3-1&0)~1t t 1b ~ 

1W, L -C v• t.:. ii'>, CAF (L) ff!: .t-3 v• -C t±, AEP 0) ~ fiJt 7t 

TJL~raiWafil0)1f!.[7'j:~1t,±!2.cl6 G ntj:IJ-.0 t.:.a tj:.t-3, 

placebo tt!:}O)i:jif,:.t-31;,-CfffJ5J AEP 0) N 1 -P 2 (* 

liJfJEO) N 4 -P 5) ffi~filO)ifti!l9''/J"iicl6 G h, :: 0)~1t T 

·tl h (habituation) -? :Ji.# (fatigue) ,: J: ~ b 0) t L 
-C 1;, ~ $1ii59•32liJ'> ~ -o o ~ G ,:, Walpaw G O),lijfJE9l'"(' 
ti, placebo ttJ:}O)i:JJrer!:h. G nt.:.::. O)TJL~raiffi~MO)i/ux: 

YiJ" caffeine ttJ:}O)i:jif ,: !±~i~ G ;hl'j: 1J'>0 t.:.::. t ,:-:) 

v' -C, caffeine 0) 5i :1J 7'j: WU !i 0) JjJ :!;fH'>, 'tl h-? :Ji.# T t§ 
~ L -C v, ~ t ffl. 15 L -C v, -o o :: 0) ::. t t ~o ~ 0) fiJt 53-if ~ 
0)~1t t T~if L -C~ x. ~ t, ~ffO)tt-'3-1&9053-t:.t-3 it 
~ ffi~MO)ri:t',±*B'frai !: b t.:. -o ~.~O)*a*'.:E. t t.:.·tlh-? 
:Ji.'%'!: J: ~ t 0) t ~ x. G ht.:.a 
L il'> L, caffeine tt-'3-ff 0) "? 7:>, CAF (H) ff--C' !i ~ic. 
ii~~1: N 4 -P s ffi~fil /J"tt !:}1&60Jt ,: reu: ri9'' L -c \.,) 
t.:.o g~33l1± caffeine t~~,:£--5 < JHf0)1&,:q:iflHUI 
t!PfffU~~:b'.J"3e;ffl.-f ~:: t /J"~ -o t ~« -c 1;, ~ n\ :: O)~ 



1tLi, nx:%if!f.J:--C:'!±t~lli-C: ~ -/:t.iP--:> t:. caffeine 0)-*ffi 

Jtff-/J" G =*ffi1tff !:£ ~ *.U! ~ q:i,C., t T ~ :kij~&:JjJi 
~i:M-t ~JPtiJil\ JJL~Faiffi$i!:.i:3v)-C lli:ffl. LJ:.1:iJff~t!: 

ii" et;~ ::. t ~ IF L -C v) ~ o ::. 0)::. t iO" G, CAF (H) ff -C: 

~.~60 G nt:.~:f:t:t.~1tLiJ1..1&t:5 I~ Mcv)-C lli:ffl. LJ:1fP 

$1J1tffl t, frJ~O)·tlh~:Jit'fJO)~~!: J: ~ t 0) t ~ x. G 
ht:.o-15, CAF(L)ff-C:!±, 'tlh~:Jit'fJO)~~il" caffeine 

0) q:i;ffH$tiw•1tm ,: J: 'J -c ~~ ~ nt:.:l*i~ ,: t:t.--:> -c ") 
~ t~x.Ght:.o ::.0)::. t J: fJ CAF(T)ffO)~:f:-/:t.~ 

1t,±fiijjffO)ftffl il"iiir Lt:. t 0) t ~ x. G nt:.o 

Herrmann34•35l ,±~!J:mO) q:if1~JUVA i:M-t ~ ftffi ~ ij~ 

it 0) 1" 1 -/ t: J: --:> -c 5tffi L -c v) ~ ii\ ::. 0) q:i -c: 
caffeine 0) ~ T ~ amphetamine ~ 0) psychostimulant 

-c:i±, f~itO)ifi!x.Y, cdtO)±~tm. ~v) ~ rtl±::f~i t:.i± 

±~ 110. ~ ") ~ rt , ± ::f ~ 1 t:. , ± ifilx. :J;' t L -c ¥II -a L -c " ) ~ o 
---Jj, Iti136l Li, caffeine 0) J,i; T ~ psychostimulant ~ -C: 

Li, f~rt t cdtO)ifi!x.Y, ~ it0)±~1JDiJ"lf?,60 G h~ t ¥II-a 

L-Cv)~o caffeine~~!: J: ~niM&O)~{tt:-:::>v)-C!±, 

A~t[P]~, M&t-/:t.--:>~--~~~~;-/:t.~O)ffi~ 

147'.l{~-/:t.--:> -c J3 VJ, -5EO)*a~!±1i G h -c v) -/:t. v)o fJU x. 
Lf, Hasenfratz G37li±40A 0)-t(tU:-:::> v) -C, a, ~ it 0) 

mliti! t 8 power il"~1JD L, P power iJ'>~:J;'T ~ t ¥Ii-a 
L, -f 0) 1& 0) IP] ;tf O),pjf~3sJ 0) q:i -C:, caffeine 0) ~ 4 .m -/J" 
±~1JDT ~ 0)/:ffv) a, p itO)m.JitiU"±~1JDT ~ t ¥Ji-a L 

-c \.;) ~ 0 
:4(,pJfJt-C: ,±, caffeine~ 41& 0) ij~it t: .B ~t ~~ml rtif 
-;~power %0)~:f:t:t.~{t!±~-c. aw:f:tO) power 

%0)±~1Jot8, e, P~w~O)power %0)ifi!x.Y-C:ct;--:>t:.o 
::. O)~{t,± Herrmann 0)$&-a34•35l t ffifJ;J. L t:.~{t-C: cl;~ o 

it:., ~ it0)~1JDiJ{,£,f' Lt JtM7}($0) _t,n ~ :f:P-* L -/:t. 

\.;)39).:: t 1P G, .:: 0) ~ 1t ,± P2w ~ power % 0) ifilx. :J;' ~ 

1$--:> -c ,±v) ~ ~ 0)0), JtMJk~ ~ _t,n ~ -tt ~ftffi t ~ x. 
G h, caffeine 0) Ii'* l¥J -/:t. tt * ~ 3zJ;!¥ L t:. *a* -c: &iJ --:> t:. o 

~ G t: Y; 0) caffeine 1* I& i: J: ~ p {iHt power % 0) ±~ 

1JD~f$b-/:t.v) am~power %0)±~1Jo,±, ~M~:ki~~fJE 

i1t ~ -ltt:.*a=*-C: i± t:t. v)iJ, t ~ x. G nt:.a 
-/:t..B, WD7l,±, P~:.tliJ'>ij~it!:l}x.~tjJ=*!i, P~:.tl~ 

O)ffl±f~f4~t1H$~:kl~!: J: IJ ~t:t. ~ ~ 0)0), JtMftffi t 

ilMftffl7'.l{[P]lf.¥:!:#1'f-t ~::. t t: J: ~tt=*-c:~~ t~x. 

t:.o ~ G i: P~:.tl. -:::> i fJ caffeine t IP] t ~H Ai-c: cl;~ 

nicotine iJ{ij~it i: 4 x. ~ tt=* i: --:J v) -C, llJ D7l W~:.tl q:i 

0) ij~it 0) ~1w:f:t0) ;r-@~.j-power fi-o/:t5] 0) ifilx.~' i±, ~~ ,: 

~~~ nt:.ij~itO)B#.IP]WJ{tO)ifi!x.~'-C:ct; ~ t L, &lM1tffl 
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t L -C~~; L -C v) ~ o IP] t~Hifii-C: cl;~ caffeine !:-:::> v) 
-c ,±-W G w•ftffi O)l-;..i)'>J& VJ _t~j' G h -c V' ~ iJ'>, w•1t 

fflf.Hi-t:&lMftffi t #1'£-t ~ t v) -J ¥Ii-a~ et;~ o fJU x. tf 
Borbely G 4oJ t±, 7 ·y r i: J3 v, -C, ~,; 0) cafffeine ~ 4 
-c: ,±WU!Ht=*£J-1H:&lMtt=*il{#1f T ~ 1:iJff~t!: ~ IFui L, 

Czok41l !± :i - l::: -iJ"ilffHt=* ~ 1;r i:>, AHR~ u L 0 f,@ 
it T ~ 0) ,: 1~ rL -:::> :f:J}j it i)'> et; ~ t L -c V \ ~ 0 i t:., 
Drabczynska G42l !± caffeine -/:t. t~ 0) methylxanthine ffi 

iJ"ij~v)&lMtt=* ~ IF Lt:. t $&-a L -C v' ~ o ::. h G 0)¥Ji-a 
iO" G, :4(,pJfJtO) p2-;-:f:t power %0)iftocYi±, frT~O) *1t!K 

t$ff.fJ1.tHtffl1iO)tJIJ$1Jftffi t !±5JIJ i:, caffeine O)jJtffft 
ffl t t ~ x. G h, ~:.tlO)±J}j-fr t IP];tJ, caffeine !: t ~• · 

&JtMO)ftffi i)'>[Pj!f.J: i:#1'£-t ~ 1:iJff~t!:iJ{IFPi ~ nt:.o 

AEP ~ij~it!:.:: h G O)~{tiJ"llilJ! T ~ ffll lz;I !: -:::> v' -C, 

caffeine q:il!lfO)*s=*lli:ffl. L t:.~~t!:O)~{t t ~!,I !:Ah 

-/:t. ~t h!i'-/:t. G -/:t. v)o caffeine ~ffi ~ i: eh-G h ~ caffeine 
q:i Wf 1& 0) i~U#. ~ ~:k t L -c , 11UH* I& 0) {f-J 181f.J: Fai 1& i: ~j 1ffi 
iJ{ lli m -t ~ 43)::. t ,± J: < ~ ; n -c ") ~ .:: t --c:, &iJ ~ o 1 t:.. 
Goldstein G 0) $& -a44l i: J: ~ t , placebo ~ ~ ~ ~ h t:. 

caffeine ~m~,±, ·11Ui caffeine 1*1&1&~12-161f.¥:rai ii" 

GJtMOCO)~T~m~. ~~~-/:t.~0)-~~:l*#lli:ffl.L 

t:. t L -C v, ~ o ~ G i:, Reeves ;45l !± caffeine Jlffi ~ 
0) caffeine q:irtfffiO)ij~itO)~{t t L-C, e, a ~m~O) 
*!~t power fW:iJ{~:f:t:±~1JD L, caffeine 1*1& ~¥JlfflT ~ 
(: q:il!lffrJO)ij~it!:m;'J t:. (: ¥Ii-a L -c V' ~ O ::. h!:M L, 
:4(,pJf~O)f,&'..~~O) caffeine q:i WfO)Wj rai 1± ,1 t Iv t'iJ{~ 
12-241f.J: Fai fJ_t -c: et; --:> t:. ii\ ~ i: ~ ~:k t IDF x. ~ ~ !± t:t. < , 
it:., :4(,liJf~-C:fl G nt:.ij~iBlO)~{tt± Reeve G 0)¥Ji-a45l 

t i±~t:t.--:> -c v' t:.o 
Ln" L, AEP O)gx;:5tiflf.¥:tij~it!:.i:3v)-C, CAF(L) 

ff-C: I±, ~:f:-/:t. ~1t 7'.){ Tmax !: t§ ~ T ~ If.¥: rai t: lli ffl L, 
J: fJ -fO)ftffliJ{1#m'c L-Cv)f:.O)!:M L, CAF(H)tFF-C:!± 

~:f:-/:t. ~1t iJ" CAF (L) ff 0) ±JJiir J: ~ !\i < lli lJ! Lt:. f&~, 
~ i: i~ ~ Lt:. a ::. 0) fmf ff 0) ~:f:-/:t. ~1t 0) If.¥: rai 139 -/:t. f' h 0) 

Jmlzg t L -c, caffeine q:irtff1iO)fiijjffO)~~tU:~iJ{&iJ--:> 
t:.1:iJff~ttt±~!±IJ~5E-C:~-/:t.v,o T-/:t.bt, CAF(H)ff 

I±, li'*~~:k-?ij~itO)~:f:-/:t.~{t-C: ,±Wf!f-C: ~ -/:t. v) v-« 
Jv-C:, caffeine q:il!lf1& caffeine i:M-t ~~~'l'iiJ{JtJ1t L 

-C v) t:. 0) 't:' i ± -/:t. v , iO" t :ft i~tl ~ h t:. o ::. 0) ::. t 7J' G , AEP 

O)gx;5tiflf.J: U~itO)~{t!: --:J P-C, CAF(L) ff t:!2,60 G 

ht:.~:f:t:t.~1tiJ" caffeine -f O) t O)O)tjJ* t ~ x. G ht:. 

0) !: M L, CAF (H) tFF t: !2-60 G h t:. ~ :f: -/:t. ~ 1t !±, 

caffeine q:il!lf !: J: ~ caffeine i:M-t ~ ~~t!:O)Jt:ijtO)~ 
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II iJt caffeine i" (J) b (J) (J) ~11 * ~ {l~irli L t:.. b (J) t b ~ x. G 
n t:.. o i t:.., 1W JZ0: (J) CAF (H) ff (J) ~ PX 5t (J) Ji-~ rai :J1Ui 

,: --::) 1,.,, lb, fi:ij:fl(J)~tliJtft:JJO ~ h l V' ~-:. c iJt~ x. G 
n t:.. o caffeine ~ tt -9--L t:.. ~ ,g. (J) ~ Im ti£ ~:k ~: fMl T ~ fli 
-fs-43-45) (J)ff ,± ~ v• iJ{, 4-@J (J)ijf~ (J) CAF (H) ff,: ;J3 "' 

l L:t, ~Uttif~:k c L l ,±te:m U: < v•~:k!~"'C'~ 0 lb, 
ii1ftJf.J,:~~ttiJtJtJi L lv•t:..PJfj~ttiJtlFUi~ ht:..o i 

t:.., -tHJJ~llX L ij: "• J: ~ ij: ~*IJ ,: --::) v, l liJf ~ ~ lr ~ ~,g. 
,±~IJt L l, caffeine tj: c'(J)~H~(J) J: ~ ,:, -m-~ft-4 

(7)1*1*J ,: A~ ~*IJ ,: --::) 1..,, l ,± i.RW1 rai (J) q:i lf.lr"'C' ~ 0 lb, 
i°(J)~*'l ~ q:iffi-t ~-:_ C ,: J: 0 l~~·tiiJ{JtJi-t ~ PJff~ 

'tiiJt~ ~-:. t ~~gJt,:ii < £,~iJt~ ~ t ~ x. G nt:..o 
caffeine (J) 1'F ffl tl J¥; ,: --::) v' l ,±, norepinehrine46l, 

dopamine47l, serotonin48l , GABA 49l , adenosine50l ~ c' 
(J) neurotransmitter c (J) 00 {,3{; ,: --::) v, l (J) ¥11 -a iJ{ ~ ~ iJt, 
-5E(J) flWHH~ G h l v• 7'j: \.t•o -1J, jj_ 1W ,± caffeine 7'j: 

t'' (J) methylxanthine ~ ~ 1* iJ{, phosphodiesterase ~ 

~Jl ~ T ~ -:. t ,: J: 0 l cyclic AMP tj: c' (J) ffi ~:k nucleo-
tide ~:t~:JJo ~it~ t ~ x. G h l 1..,, t:..19liJ\ q:ifJHUfffi(J) 
tUH~Ji ,: ;J3 v• l adenosine ~ q:i,t, c T ~ nucleoside, 

nucleotide 1,1r5_mH!1Jf!JIJ'ti ~ lFT-=. c 1,1r~ G iJ, ,: 7'j: 0 t:..50l 
t:.. r/J, lliili: ,± methylxanthine ~~tt,± adenosine ~~ 

1*~@Ji~lf.lr-t ~ 1tffl (J) ,::t ~ 1,1r5_m1..,, t \.,\ b n l \.,\ ~ 51) 0 

-=. (J) *5 *· adenosine ~ ~ 1* tt ,@-EB }e tJ'G ~ c L l (}) 
caffeine (J) 1'F ffl49·52liJr ii § ~ h ~ J: ~ i: 7'j: 0 t:..a 

adenosine~~tt,±, :m1£"'C',±A1, A2A, AZB, A3,:5t 

ffi~h. -f(J)~~fu~~1*~~<3--::)(J)~~1*(J)~ffl 

iJ{ caffeine 7'j: c'(J) methylxanthine ~~1*"'C'}e}J'G ~ h~ 

-:. t iJ{11J ~ L l v, ~ 5zl o 
:;zt(ijf~ (J) AEP t R&ii& "'C' ,±, caffeine (J)-Ai:tJf.J 7'j: ~~ 

1tffl "'C' ~ ~ JJPl1tffl (J)f1iH:iJUl·1tffl iJ{fPJ~ ,:1f1fT ~ PJ 

fj~·tiiJ\ it:.., CAF(H)ff,:--::)v•l!±, ~l11i(J)jl'.1Jf!JIJ1t 

ffl t caffeine q:iffi,: J: 0 l llilJ! Lt:..~~'ti(J);[Ji(J)~I! 
iJ{1f1fT ~ PJfj~·tiiJri"hJf'h~!~ ~ nt:..o it:.., -:. n G 
(J)~1t,± caffeine (J)tt-9--_;_1,1t1VJJZ0:(J) J: ~ ,:j.,,_;_ "'C'~ 0 t:.. 

t:.. r1J, 1d&!St w. ,: m{mi L l ~a~"'(:~ t:.. b (J) "'(: ~ -:::i t:.. o -
1i, *R&i&:W. i: ~*l!t i:1f1fT ~ adenosine ~~1*,± A1 
~~1*"'C'~~5z)-:_ t iJ,G, -:.ti,G(J)~fti:,± A1~~1* 

iJ{rffl{* L l P ~-=. c iJtlF~ ~ :hJ:..o l iO' l, adenosine 
iJ{ A1~~1* ~ 1r L l {iB(J) neurotransmitter (J):fRlli (J)~ 

ifrH: bi*< 00 b -:::i l v• ~ 52)-:. c tj: t' ~ ~ x. ~ t, A1~ 
~1*~ adenosine (7)00{,lt-:tt"'C'L:t-=. h G (J)~{t ~ i#)lA-f 

~ (J) ,± lilft "'(: ~ ~ 0 caffeine ,±ft-4 (J)~j5 ,: Jtili: i"j:~~m 

"'C', ± ~ ~ iJ\ -f (J) 1t ffl tlJ=t;, ± *I~ "'C' ~ ~ , 4-1& b tj: i3 :t~ 
~~ ~ c~x.Gh~o 

PXAJHi'f@-m-*11~~25~ (T ff) ~ ~ t L, caffeine 
(J){f.f D tt lg..,: J: ~ Jf!@1i:t1~~11tft (AEP) t niM& (J) ~ 
1t ~ :t~it L f:..o T ff~ 1 B ~ t:.. ~ (J) caffeine f~*_;_ ,: 
J: 0 l j.,'.m.f~*ff c 7(.m.f~*ff (L ff : H ff) t i: ?ttt, 
i t:.., double-blind cross-over design (J) b t "'C' caffeine 
ttlg..ff t placebo ttlg..ff (CAF(T)ff: PLA(T)ff) c 
i:?tttt:..o fPl**':, Lff (CAF(L)ff: PLA(L)ff), H 
ff (CAF (H) ff : PLA (H) ff) ,: --::) v• l b :t~it l t:..o gJ{ 
&:J::.(J) (Cz-A1+2) 1ti:t'PI~~. (Cz-T5) ~:t'PI~~iJ, G 

AEP t ij&ii& ~, tt-9--lW, tt-9--1&305t, 605t, 905t ,: --::) 
v•lm~tJf.J,:~cJJ L, ta=*~;t,c!ttJf.J,:9l1:l:J. lt:..o 

1. caffeinett-9--1&(7) AEP (J)~PX5tiiS~(J)ff:f:i"j:~ft 

,±~lii~i.R~"'C'~·-::d:..o CAF(L)ff-c-i±, -::f(Jf!@J'Ut 

~ q:i,t, c T ~ *R&l&W.iJt~,: 1JtJitJf.J ,:ftffl L, -f (J)ftffl 

iJrt;rrdcT ~ t ~ x. G nt:..o-1J, CAF(H) ff"'C'!±, caffeine 
tt-9--1& CAF(L)ff J: ~ :ifil~iJ, i:-:J(]f!@JtffiJ' G =::fzm@ 

11:ff ,: ~ ~ {f.f~ ~ q:i ,t, c T ~ *ij&l&: jjJi~ ,: fiJi tJf.J ,: ft 

ffl Lt:..1&, iti1H:i"(J)f'FffliJ{i~~T ~ t ~ x. G nt:..o 
2. AEP (J)~PX5tJi,~raiffi~M(J)ff:f: tj: ~1t!±~ltJHi 

ilt:'J,,'"'C'~0 t:..o ~ff(J)tt-9--1&9o5t,::Jstt ~ffi~Mii:'J,,'t±, 

N:~ra, i:bt:.. ~ ~.~(J)*a*~ t t:..tlh~~jfiJ{j]{lzg"'(:~ 
~ t ~ x. G nt:..o it:.., CAF(H) ff"'C'ifr/J G nt:..ff:f:i"j: 
~1t!±, J!.lf1&t:1;l ~mcv'l teJJ! Lt:..jl'.IJffflH'Fffl t, -tin 
~~#(J)~tli: J: ~ b (J) t ~ x. G nt:..o -1J, CAF(L) 
ff"'C'!±, ·tlh~~jf(J)~tliJ{ caffeine (J) 93:tfH$ff.f~lf1t 

ffl ,: J: -:::i lffi~ ~ ht:..~:k!~ t: ij:-:::i l 1..,, ~ c ~ x. G ht-=:o 
3. R&ii& ,: :J3 tt ~ ~m.li&IHr~ power % (J)ff:f: tj: ~1t 

,±~l, a ffi~(J) power %(7):t~:JJD t 8, e, ~ ~ffi~(J) 

power % (J) iJt j.,' "'C' ~ 0 t:.. o caffeine tt -9--1& (J) -=. n G (J) 

~:f:ij:~ft,±, 11:M& ~ J::.:A'-~it, *D~:ki~ t1JtJi ~ -tt 

t:..*a* t ~ x. G h, caffeine ,: ,±~lf1tffl t i.Aff-1tffl t 
iJ{fPJ~ ,:1f1fT ~ PJf}~'tiiJ{~ ~-:. t iJ{tF~ ~ nt:..o 

4 . CAF (H) ff i: :J3 v • l, AEP (J) PX 53'-ii ~ t ij&i i& (J) ff 
:f: 7'j: ~1t iJt CAF (L) ff (J) tjJJ,@-J: ~ 1¥1-< te :m L t:..1if@:ifil 
,: i~ ~ l t:.. IJ¥-129 t L l, caffeine 93 Wr t: J: ~ caffeine t: 
MT~ ~~·ti(J);CJi(J)~l!iJr caffeine -f (J) b (J) (J)t1J* ~ 

G•L~~r/J"'C'~~c*~~h~o i~, 1VJJZ0:(J)CAF 
(H) ff (J)~PX5J'(J)JJ!,~raiffi~i ,: --::) v, l b, fPJ:fl(J)~tliJt 

1t1Jo ~ n l v• ~-:. c iJ{~ x. G nt:..o 
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SUMMARY 

We studied the effects of caffeine on the central nervous system by auditory evoked 
potentials (AEP) with 25 healthy male subjects (T-group: 24-44 y.o., mean caffeine 
consumption: 251.4 mg/day). According to the DSM-IV criteria for caffeine intoxication, T-
group were devided into the light (L-group: 11 subjects, ~250 mg/ day) and heavy consumer 
group (H-group: 14 subjects, >250 mg/ day), and into caffeine (CAF-group) and placebo 
administration group (PLA-group) according to a double-blind cross-over design. EEG 
containing AEP was recorded through the two deviations (monopolar : Cz-A1+2, bipolar : 
Cz-Ts); before and 30, 60 and 90 min after the oral administration of caffeine or placebo (3 
mg/kg of B.W.). Consecutive changes of the latencies and amplitudes in group mean AEP 
were studied. Those of individual AEP were subjected to the component analysis, and to 
the statistical assessment with reference to the EEG power% changes. 

1. After the administration of caffeine, CAF-group had a significant decrease in N 4 (= 
N 1, latency: 95-125 msec) and P 5 (=P 2, latency: 160-200 msec) latencies of long latency 
components, followed by a decrease in N 4-P 5 amplitudes of AEP, which indicated that 
there was a post-exciting inhibitory effect in CAF(H)-group. In EEG, a power% significantly 
increased, whereas 8, 0 and ~ power % significantly decreased. These findings indicated that 
caffeine might have a sedative effect as well as the exciting effects on the primary and 
secondary auditory cortex. 

2. CAF(H)-group had significant changes in latencies of AEP and EEG only 30 min 
after the administration of caffeine, whereas CAF(L)-group had these changes over 60 min 
after that, suggesting the hypersensitivity to caffeine by the interruption of caffeine 
consumption. 

3. These changes seemed to be assciated with the effects of caffeine as an adenosine 
A1 receptor antagonist in the cerebral cortex, although further investigation on the neuro-
transmitters related to caffeine should be expected. 

Key words : auditory evoked potential, EEG, caffeine, auditory cortex, hypersensitivity 


