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Abstract

Purpose : Attention deficit hyperactivity disorder (ADHD) has been known as psychiatric disorder in
childhood associated with dopamine dysregulation. In present study, we investigated changes in dopamine
transporter (DAT) density of the basal ganglias using |—123 N—(3—iodopropen—2—yl) —2—carbomethoxy
—3beta—(4—chlorophenyl) tropane [I—123 IPT] SPECT in children with ADHD before and after
methylphenidate treatment. Materials and Method : Nine drug—naive children with ADHD and seven
normal children were included in the study. We performed brain SPECT two hours after the intravenous
administration of 1—123 IPT and made both quantitative and qualitative analyses using the obtained SPECT
data, which were reconstructed for the assessment of specific/nonspecific DAT binding ratios in the basal
ganglia. All chidren with ADHD reperformed [1231JIPT SPECT after treatment with methylphenidate
{0.7mg/kg/d) during about 8 weeks. SPECT data reconstructed for the assessment of specific/nonspecific
DAT binding ratio of the basal ganglia were compared between before and after treatment methylphenidate.
We investigated correlation between the change of ADHD symptom severity assessed with ADHD rating
scale—IV and specific/nonspecific DAT binding ratio of basal ganglia. Results : Children with ADHD had a
significantly greater specific/nonspecific DAT binding ratio of the basal ganglia comparing to normal children
(Right : z = 2.057, p = 0.041; Left : z = 2.096, p = 0.032). Under treatment with methylphenidate in all
children with ADHD, specific/nonspecific DAT binding ratio of both basal ganglia decreased significantly
greater than before treatment with methylphenidate (Right : t = 3.239, p = 0.018 ; Left : t = 3.133, p = 0.020).
However, no significant correlation between the change of ADHD symptom severity scores and
specific/nonspecific DAT binding ratio of the basal ganglia were found. Conclusions : These findings
support the complex dysregulation of the dopaminergic neurotransmitter system in children with ADHD.
Key Words : [—123 IPT, SPECT, Attention Deficit Hyperactivity disorder, Basal ganglia, Dopamine
transporter, Methylphenidate.
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Table 1. Demographic data and ADHD rating scale scores in drug—naive children with ADHD

ADHD rating scale

Patients llines:
No. Sex  Agelyear) duratione(rrfonth) - P T

Hy-Imp 1A Total  Hy-Imp IA Total

1 M 10 36 14 12 21 9 12 21

2 M 11 45 25 22 39 16 10 26

3 M 1 67 17 20 36 5 6 "

4 M 7 23 28 24 5 7 8 15

5 F 7 31 18 13 20 12 15 27

6 F 11 44 20 15 24 9 18 27

7 M 11 49 21 17 33 13 19 32

8 ‘™M 12 45 16 18 33 9 15 24

9 F 8 24 28 21 48 2 13 22
Mean 9.67 40.45 19.59 1827  37.86 9.11 1289 2200
(SD) (2.12) (15.66) (7.3) (4.1) (4.4) (4.23) (4.37)  (6.89)

M : male, F : female, ADHD rating scale : ADHD rating scale —IV, Hy—Imp ; Hyperactivity —Impulsivity symptom severity scores,
IA  Inattention symptom severity scores, Total : Total ADHD symptom severity scores, P : Parent rating scale, T : Teacher rating

scale, SD : Standard Deviation
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Table 2. Differences of specific/nonspecific dopamine transporter binding ratios of left and right side basal
ganglia between drug—naive children with ADHD and normal healthy children.

Subject No. LBG/OCC RBG/OCC
ADHD (N=9) Controls (N=7) ADHD (N=9) Controls (N=7)
1 11.42 6.11 13.40 572
2 7.86 3.88 7.95 456
3 6.99 7.43 7.44 6.26
4 592 7.99 529 7.58
5 8.00 6.03 7.47 5.66
6 12.10 6.24 11.25 498
7 9.16 6.05 9.20 516
8 6.81 - 6.70 -
9 8.90 - 9.76 -
Mean (SD) 8.685 (2.300) 6.24 (1.42) 8.717 (2.480) 6.78 (1.06)
Z 2.096 2.057
p-value 0.032+ 0.041*

ADHD : Attention Deficit Hyperactivity disorder, Controls : Normal healthy controls, LBG : Dopamine transporter bindings of
binding of left basal ganglia, RBG : Dopamine transporter bindings of right basal ganglia, OCC : Dopamine transporter bindings
of occipital lobe  (reference), LBG/OCC=LBG—background/OCC—background, RBG/OCC=RBG—background/OCC—
background, SD : Standard Deviation ,— : not applicable

= p—value < 0.05( by Mann—Whitney U test )
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Table 3. Correlation between specific/nonspecific dopamine transporter binding ratios of left and right side
basal ganglia before and after methylphenidate treatment in children with ADHD.

LBG/OCC RBG/OCC
Baseline Methylphenidate Baseline Methyiphenidate
(N=9) treated (N=9) treated

(N=9) (N=9)

Mean 8.685 495 8.717 6.10

(SD) (2.30) (1.32) (2.48) (0.90)
t 3.133 3.239
P-value 0.020+ 0.018+

LBG : Dopamine transporter bindings of binding of left basal ganglia, RBG : Dopamine transporter bindings of right basal
ganglia, OCC : Dopamine transporter bindings of occipital lobe, LBG/OCC=LBG—background/OCC—background, RBG/OCC=
RBG —background/OCC—background, Baseline : before treatment with methylphenidate, Methylphenidate treated : after

treatment with methylphenidate, SD : Standard Deviation
* 1 P—value < 0.05( by Paired t test)

Fig.2. 1—123 IPT SPECT images of a child with ADHD
before and after treatment with methylphenidate
in comparison with a normal healthy child
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A HUEY =3RIA 715 ol g AXgta £
T Yk =3, tS RS AR DATS wislel 1
e o] ek AR = wl, FF EAgAt
H ATE ol FIHAY BTN A
FE §A7 F Q] E5b o9k ARte) ¥
A& T8 DAT AETe] ARAES B 93 o
7t BaE Dert lekx A7k}

il

o OF
L=

3 3oy FHelfEAel  (Attention
Deficit Hyperactivity disorder ; o]$} ADHD)¥: E3}
WHAS oA Il R Arle tiEF Loy}
A3to[c}. Methylphenidate:= dopamine transporter
(DAT)E AH3toEx] ADHD $44-8 IAA7|E
=R deE gelAd ok wEkd B AT
ADHD o}5&5 tl4he & 1-123 IPT SPECTE o]
£3lod methylpbenidate o] %2 DAT density

e vz Bzl g
o4 2 W A2 9] ADHD oFg3}
tz<re]3ic}. ADHD oFs7-3 A4 ol
ZFlA BY¥ FE veF gl [PneT &
Al A% 22)7b0] A3k AEjell 4] SPECTE &
g3lrk ©]% ADHD ol thio= methy-
Iphenidate 0.7mg/kg/d-& F-o3t ¥ <F 85271 73 =}at
Aeloll A [PIIPT SPECTE A& slgc}. Methy-
Iphenidate ol Az Fo #.9F )& 4734
DAT Eo|Z¥/m| 5o 3t vlg-g 3 3 nlast
R, oFF Fo] Fo| ADHD 4 #==2 243
4 3AES 395 V1A 2174 DAT Bol 23|
FolAY vl& wistAel e AAAE LolHg)irh
723 : ADHD o5l k& vl=Z 4eiol 4
4 vz Aold #, 3 7% A7 DAT ol
g/ 5ol A vjEg vladt ¥ DAT A v
o] A izl vlsiAl foslAl FIkEA
(Right : z=2.057, p=0.041; Left : z=2.096, p=
0.032). =3k ADHD o}5-E9l|A] methylphenidate 5
o Rz} T AefollA 2] 714 X174 DAT Eo|Zgl
H|Eo| A3 vl&-$ vlagk 23, methylphenidate
Fo] % A7} methylphenidate o A Ardlol] 1l
3l 2}, 92 DAT Zgu]go| FofslA Yol A&
TS = AP (= 1=3.239, p=0.018; I
2 :t=3.133 , p=0.020). ADHD Z4}¢] ZAE9}
393 712 41734 DAT Bo|Aglm|Eo] 2 v
& HilAololle foldt 4RBAE Bolx| st
AE ol v FoHAY Pl
2] x)8A)¢l methylphenidate7} 83} 7]%-& o]
3lo] FAHAY TP Aol Heelet
FE E9RA 75l e ARgeka A7
=0
FA ool FoHAY FHo)3Y5Adoll, Methyl-
phenidate, 1—123 IPT SPECT, 7]#] A1734,
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