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F50] 27T 9t} o ATEE AFAY MMM%HHM%s%ﬁ
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Franke®} Lieb [12]¢] A& ®rtujde] #
g 71 229 RCTES T8skh A4A
FHE AT AT ARG EANA 2rhyd 2 7
A, A%, 719, 718, 79 5 AA 715E o
g fou|gh A YA ¥H8-E (reaction
rate) & FAH W, S W A S A=
72, A%, T3E0l 43l FHE U Fran-
ke2} Lieb [12]-& Kara®} Kaminer [8]9} €2
Hrpo o] QA g A wwd pEol
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HE A5 AFS0lA Al 8 Aol EA 4
ol Aol & WA Lo HF-o]5 HIE 2
gohd she|lo] 74 kg gietoleta ¥
7Fak 5Tt

2, ZCim|=o] 2

sty do] gt HE RS SN &
Fo 23 AdSoA Foidso] 4dE T
& TE A4 3 wHeEl dojue NS
LA3kA] ZHHL]. 2231 2000 o FRE7RA]
Hopu g u o] Algehrogt Ao 2§
SR Hw A QPHstthe o] A o] 317
2o A7 FEE FEdhe AAES 2ty
242 5 7heAol oA B 2
A7 2= 71k

a2y Eohud o) & 2 7)o #et 2009
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< 98 3l Volcow 5 [15]2 23~46A)| 9]
B AL 1098 Al Ao s ol 4z ¢
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& Tty A U 9529 (positron

emission tomography) 2 A|g ZoqA&59] F

do Y
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bens) A ¢] DA $7}7F FEHFTH15]. $5
I A o7 5= Sl PN dEES
o 9] glo] T A< =utql 7 E (mesolimbic
dopamine pathway) & w2t =38 (nucleus ac-
cumbens) 2] DAE 3243] £7A7Ith. 183
o el Brhld BEE 2L 48§
stoz olggont Brude 4243 44
HE FEE = QU o] A o] 20109 £
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Safety Issues in Neuroenhancement*

LEE Sang Mok**, CHOI Jong Hyun***

Abstract

Neuroenhancement refers to medical interventions through which healthy people improve their cog-
nitive, emotional, and motivational function. Psychopharmaceutical substances—especially central ner-
vous system stimulants including methylphenidate, amphetamine, modafinil—have recently become
popular among students and night shift workers for enhancing cognitive function. Although health au-
thorities in some countries have regarded pharmaceutical enhancement as a drug abuse issue and have
issued restrictions or prohibitions, the use of stimulants remains prevalent. One reason why people use
stimulants for neuroenhancement is that there is little information about the actual cognitive effects of
stimulants; people using stimulants tend to rely on rumors which have not been proven scientifically.
The purpose of this article is to provide objective information on the neuroenhancing effects and risks
of stimulants. Although the possibility of addiction to methyphenidate has been exaggerated, meta-
analysis shows this substance has only mild effects on cognition. Amphetamine has stronger effects
on cognition than methyphenidate, but its use is ethically problematic since it can cause addiction and
psychosis. Modafinil has strong cognitive enhancing effects and is safer than other psychoactive drugs,
but recent studies show that it too can lead to addiction. Most studies point out that the effects of stim-
ulants for neuroenhancement are benign and the risks of addiction should not be ignored. This article
shows that the safety issue remains the main obstacle for legalizing the use of neuroenhancing drugs by
healthy individuals.
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