Changes in Brain Catecholamines as the
Causative Factor of Hyperactivity : An
Examination in Developing Rats
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Fig. 1. Age-dependent changes of the contents of catecholamines, indoleamines and their metabolites in

basal ganglia (upper panel) and frontal cortex (lower panel) in normal rats.
Vertical bar shows mean+SD. Numbers of rats used were 6.

ng/g tissue.

Values are expressed as
—®—, NE; O,

MHPG ; —@—, DA ; O+, DOPAC; @, HVA; —A—, S5HT; A, SHIAA.
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Table 1. Distributions of catecholamines, indoleamines and their metabolites in the 9 different brain

regions of normal rat

NE MHPG DA

DOPAC HVA SHT SHIAA
Basal ganglia 195+53 24+4 2003102  220%29 196+ 22 604%71 540£89
Frontal cortex 34040 26£2 8931135 108£10 101£12 674197 30736
Hypothalamus 656+151 28+4 627125 120£13 70£5 5351104  490%£73
Thalamus 25615 294 557 £ 46 977 65+4 4991181  439%57
Cerebellum 122+12 482 21%4 18+1 16+7 350+52 20952
Pons+medulla 15825 617 662 39=+5 31£5 593+ 44 525125
Mesencephalon 301£27 33%9 144145 50£11 4x12 792£130 923£180
Hippocampus 19636  26+%7 160+ 64 31t4 30x6 309145  300+£29
Occipital cortex 103£11 33£8 220149 34%5 425 51274 224 %32

Values are expressed as ng/g tissue. Results (means+SD) are obtained from 5 rats at 6 weeks of age.
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Fig. 2. Age-dependent changes of the maximal
number of binding sites (Bmax) of the dopam-
inergic receptor for [*H] spiperone and the
apparent dissociation constant (Kd) of D,
receptors (dopaminergic receptors of D, sites) in
normal rats brain striatum. Scatchard analysis
was used to determine Bmax and Kd. Values
are meant SD. Numbers of rats used in
parenthesis. Bmax and Kd of neonatal rats 1
day, 2 days and 1 week of age were measured
using pooled striatal homogenates. —O—,
Bmax; «-A-, Kd.
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Fig. 3. Age-dependent changes of the locomotive activity in normal rats. Activity
was measured by using ANIMATE-450® with doughnut-shaped cage in 2hr

interval at light cycle.
were 8.

Vertical bar shows mean+SD. Numbers of rats used
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DEERIZ TN TIOBLUTIEHA (p<0.01) L, #h
it 3 EMUREREML L. CA BAHED S B&HT,
giEEIS, BEEFHE, BEEHEIK 2 E08N p<
0.01) #n L7223, DA BABEED L > L EH XL HHIZ
Fpikirofz. HEIE CA BABEOEY (p<0.05) 4
BLET, NE B4, DA BoEORIIRAEE
ThHolz.

3. BEKk D.ZREOLEE (X3)

Bmax i CA WA H, DA RO BT (p<
0.05, Kd ¥ DA BABETHEM (p<0.05) L, CA,
DA WA TEE L b iR%Ek D.2AEEKIFEESIAEM, &
g E L. NE AT Bmax b Kd &5t

BELEZRUCTH .

4 . DOPS, L-DOPA #5112 &k 2 &M%E

4 BRSO EEE, RAERIC NE ONENETH 2
DOPS, DA & NE ORI E TH % L-DOPA &5
L, EBEORABEERCHEL 2 (®5). XE
BTRoThoRsTtsaBaEizs s o7,
L-DOPA #5.12T CA B8, DA BB T, B
BERICBL < @RED H—RHHBICR—FRNORE
ELES) %66 72 . M- CREBIIERE FIXER (p<0.01)
®Rw7:. L-DOPA 8512k 2813 CARVBEL Y
DA BABDIZINEE (p<0.05) KF» 7. —
77, DOPS &5 T3V TFhoB Ty L ES &I
BT EmERD 2. £z, DA HAEc DOPS %
0AENc®E L TH < &, L-DOPA Iz & 2 EBE& D8

Table 2. Distributions of catecholamines, indoleamines and their metabolites of NE, CA and DA
depleted group in the 9 different brain regions

NE MHPG DA DOPAC HVA 5HT 5HIAA

Basal ganglia

NE depleted 23+8** 374 782" 69+4* 74£10* 159+14**  125+18*

CA depleted 11£1* 11+1** 34t6** 297 35+8* 183+£50**  144+29*

DA depleted 99£18 86+11 46+21** 41+14* 48£17**  123x12* 113%5
Frontal cortex

NE depleted 17+2** 10£3* 88+ 14 98+11 8122 103£8 12116

CA depleted 15+2** 16+3** 25+5** 45+4** 30k10** 99+13 10110

DA depleted 108£17 11420 21E£5* 28+6**. 26E7** 89+t9 88+5
Hypothalamus

NE depleted 109+21 64£17* 88+10 90+12 10414 81t46 94+18

CA depleted 1148 51t£12* 85+32 52+10** 6927 ND ND

DA depleted 95+14 96+ 14 70£3** 60+6** 56+4** 82+t8 109£5
Thalamus

NE depleted 171 £26** 88+17 115+32 110+21 164161 147 £37* 119+28

CA depleted 10618 107 £52 76 £50 69+23* 7521 79+11 94116

DA depleted 85+10* 86+12* 18+3* 32+4** 35k6** 108+3 121+20
Cerebellum

NE depleted 10618 173£28*  128%34 11012 16742 98+6 101£19

CA depleted 106 =20 94+38 13251 128+17 59+26* 68+17 ND

DA depleted 103+17 109£7 68E5** 57+8** 673" 6610 7316
Pons +medulla

NE depleted 95t 14 109+32 89+16 90+17 75+28 ND 89+£15

CA depleted 87£20 72+£10* 85%12 84+11 6047 89+9 98126

DA depleted 94£20 8611 74 5% 8310 91+11 75+25 8717
Mesencephalon

NE depleted 112+36 113%22 81t10 93+13 78+19 58+ 13** 74+10*

CA depleted 90+£23 63=4** 635 737" 412 64126 78136

DA depleted 88£20 93+9 76+13* 73+9* 83+7 9612 108 +38
Hippocampus

NE depleted 11631 49£14*  141%30 11310 117%30 196 =89 103£28

CA depleted 93%39 39+£36 53141 73%15 44+24* 128+20 111 £29

DA depleted 140£22 19273 24x6** 63+22* 73+22 130+42 9410
Occipital cortex

NE depleted 96£7 26£13**  150%30 129+43 16343 104£8 ND

CA depleted 11241 69141 2813** 91+34 761+14* 100+13 109£16

DA depleted 112%41 10711 15 7** 41+5** 60E£5** 94+17 95+12

Values are expressed as % to control. Results (means®SD) are obtained from 5 rats at 6 weeks of age.
*, p<0.05; **, p<0.01 (compared with each control by Student’s t-test); ND, not detectable.
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Fig. 4. Locomotive activity in NE, CA and DA depleted group at 2, 3, 4 and 5
weeks of age. Values are expressed as % to each control group. Vertical bar
shows SD. Numbers of rats used were 7 or 8 in each group. *, p<0.05; **,
p<0.01 (by Student’s t-test). ---O-, NE depleted group; --A-, CA depleted
group ; —@—, DA depleted group.

Table 3. Changes of Bmax and Kd of striatal D, receptors in NE, CA and DA depleted group

Bmax (fmol/mg protein) Kd(nM)
Control 635t54 0.765£0.098
NE depleted 645124 0.76710.356
CA depleted 907 £200* 1.377£0.386
DA depleted 890+ 35 1.095%0.168*

Scatchard analysis was used to determine Bmax and Kd. Results (mean=SD) are obtained
from 5 rats at 6 weeks of age in each group. *, p<0.05 (by one way ANOVA followed by

Scheffé’s multiple comparison procedure).
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Fig. 5. Effect of DOPS and L-DOPA on locom-
otive activity in control, NE depleted, CA
depleted and DA depleted rats at 4 weeks of
age that were pretreated with pargyline. In DA
depleted rats, effect of pretreatment of DOPS
on L-DOPA-induced hyperactivity (H) was
examined. Saline ([J), DOPS (E3J, 100mg/ kg)
and L-DOPA (&, 100mg/ kg) were injected
intraperitonealy (i. p.) 30min before and pargyli-
ne (30mg/kg i p.) was 60min before measure-
ment of total distance (2hr). Vertical bar
shows SD. Numbers of rats used were 5 in
each group. **, p<0.01 from saline injected
control group: #, p<0.05; ##, p<0.01 from
L-DOPA injected DA depleted group (by one
way ANOVA followed by Scheffe’s multiple
comparison procedure).
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Fig. 6. A typical profile of 24hr locomotive activity in DA depleted and control rats
at 3 weeks of age. One shaded column expresses total distance (cm) during
30min. Total distance of 24hr and dark cycle % of DA depleted group, and of
control group are 89078cm and 73.5%, 34729cm and 67.2%, respectively.
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Fig. 7. Age-dependent changes of the contents of catecholamines, indoleamines and their metabolites in
basal ganglia (upper panel) and frontal cortex (lower panel) in DA depleted rats. Values are expressed
as % to each control group. Vertical bar shows mean+SD. Numbers of rats used were 6. *,
p<0.05; ** p<0.01 (by Student’s t-test). —M—, NE; ---(J---, MHPG ; —@—, DA ; ---O---, DOPAC-
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of D, receptors in DA depleted rats brain
striatum. Vertical bar shows mean=SD.
Numbers of rats used were 5 in each group. *,
p<0.05; **, p<0.01 (by Student’s t-test).
O+, Bmax of control; —@—, Bmax of DA
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Fig. 9. Effect of apomorphine (Apo.} on locomot-

ive activity in control ((]) and DA depleted (&)
rats at 4 weeks of age. Effect of pretreatment
of spiperone on Apo.-induced hyperactivity (@)
was examined. Apo. (0.lmg/kg or 1.0mg/ kg
ip.) was injected 5min before and spiperone
(10mg/ kg ip) was injected 30min before
Mmeasurement of total distance (2hr). Vertical
bar shows SD. Numbers of rats used were 5 in
each group. **, p<0.01 from each control
group ; ##, p<0.01 between with and without
spiperone pretreatment in Apo. injected DA
depleted group (by one way ANOVA followed
by Scheffe’s multiple comparison procedure).
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Fig. 10. Effect of D, antagonist SKF83566, D,
antagonist spiperone and DA autoreceptor
agonist (—)3PPP on locomotive activity in
control and DA depleted rats from 2 to 3
weeks of age. Saline ([J), SKF83566 (i3,
1.0mg/kg), spiperone (Z, 2.0mg/ kg) and (—)
3PPP (M, 1.0mg/kg) were injected subcutane-
ously 5min before measurement of total
distance (2hr). Vertical bar shows SD. Num-
bers of rats used were 5 in each group. *,
p<0.05 from saline injected control group ; ##,
p<0.05 from saline injected DA depleted group
(by one way ANOVA followed by Scheffé’s
multiple comparison procedure).



688

DRAFENEBNRBM TS NI HER DA IZ b8
FIzREL T, 7TREL T 4 YEREROKEEESHD Z
EEBEEER TR EHAIINS. 2L T 3 HERHI
X DA BELBREL R Y D, REE~DREHNHED
L, #0t% DA HERIIHEE, RIFTHH00, ZF
EOBEMMEIHET oS HEITT 2 722 4 B8R 3 EBYN
DRIBEENTREEEE 3k B3 LELLHN
3. IOHBOMEIC L 2E Iz FOBERERE:D
FERIER - LT 2P, £/, D, RHFEICERC
BEEDOD 2 CABAIBEESHBR SNV OE, &
L& ETEE* R T 121k DA B4 2z NE g
BEISNLTVRILBLETHD L BbNhi:. 7,
DEZEEICBEMED R NEFRAOB TR NRSE LI
AR

Wiz, BPI DA %7213 NE 0:@H|IBEDEENZ D\ T
BET Lz, sfREEE I DA, NE ORiEE®E L-DOPA #*
KERET2 &, LEIOWE L —B L THRAI
BERCELLBEHOEY, ZO®B-TFAAENDF
FERERSEG D ED 2 DA D T 2 BETE
< I OEEEMS A S, DA ICEBIRET
»H% DA BY#, CABIBHTIZLED L-DOPA #
ST HEEESRIISR . 72, B¥0
BEEEBE 7 RELT 4 v HREBIZBRSNZ2 3D LA
CEBHTHD, ZniZAMED DA BEOEINC & 51
Fr#2z 517>, Schoenfeld 52z X 2 & DA BAE
12 L-DOPA % DA T 2 F5EET 3/ BERER
BEEOEEF2IRET 5 £, FOEPLESHEMMN
WXL T 3%, DA % NE WWEBRT 2 F—83 > 8K
BIEBZOEEA RS L CHLEHBOMIMEZAET
Hotz. ZDZ ki L-DOPA -k 2 EHERMNICIZ
NE £hd DABEELTHE I EETLTHS.
DOPS it DA ##Eh¥ 32 NE LI N2 & 5
NE Wi E ¢, WMABTHLREFOLD, REKRS
WL il NE 2B BT T2 enTES.
ZD DOPS #5i12 k2840 NE BHEOMIMNTIE
L-DOPA ki3#ficfEft, TGS, WRERE L7725
L, BB LOMEls . 7, DA BABC
DOPS HMLE T3 & L-DOPA 2 & 2 BEUR IS I3
shie. P& 0 @Fx DA EENT N L TREERIC
B NE3xzhziifllnwseErzons.
D.ZAKCRABE CEHEEDH 5 DA B,
CA HA 8z L-DOPA #5725 L NE HRDRES
7z DA BABEOIEI & b ESESMWINL .
72, Scheel 5®12X 2 » L-DOPA B5BEDORIOIE
BRHFOTHII DA L NEIZ X2 HEFRETHS &
LTwa. ZhsWEEEL ED NE OFETT

DA #8572 L X DigEsiLi: DA fEEXEE T2
ZruiRBEh, DA BABOSEIC NE MiEsEe
ENTVBEZENBLETHE ZEDBEIEE V23,

%y > 7ADAZRBREITTF=AVBYI5—-¥Lo
FEOAAILD Dk D,BEFCHEEShE®, D,
BEKEHELID b D.2AFEHESERH I EHE
PHEME 3™ 2 e, DEREBEHEOERIRR
N—F 2V URBRICHITL, BINHOEME IS
HREIRICAEITT 292 eh o D REEKDIE S 84
B ORBCECEEL TR eSS TYS . &),
DA BCOZAEHIE DA #ERK @Iy + 7 R) WEEL
TDAMH L &R 2RR R T 2 EEAEORE
BT, TORBCE VEBHREOETE2L 679 &
BEEZy NCRABREOEHEET 2R TED D,
D, Z&GENH, HCZREFEHE 2SO DA R
PECREL LA, DERBEAROAER S
BBl 2 B/o 7z, ZOFERIZ DA BABEDO%EN D,
ZEK, BOBREEID b DBERIC L > THES
NTWBZLERETS.

Oades &% % 60HD % i KM EE ICEA LRI
DA 2#ETFT3R7HRELT 4 v 4BET B L, hEE
OEEIMRADZ Z Lo s, ZOEMLD DABLLS
B LrBIET AL LTWA. &7, BIAINEE DA i1
E# DA R OBEHEL2IMFL TV LI H
£0-94 50 DARVBOSEHOREL LT DEE
HOBBEERZ T TR, ATRMEE W & 3 EEHHTE
HOBRYLEEL TV 20 Lk, 70, BEL
ORMAES I PR R AT RS (BIEZ & AL0R)
O, W BWo L FOERTHIIEERRE (BRY
EA9R) D DA MBI LAY EEhTnd. 8K
HNEEAIZHB 1T 3 NE, DA OEENCN ¢ 2 558, #
EAZMRE L TIT REBROH SN,

/2, 5ED DA BABEOLEIZIY—H T4 T
ALEBELTOVE. Ty b OEYETRHEEN B
IZHEEL®, CA 3R EEYE & L CEYRE L ER
HESEEEATY S, Bz NE MR EETon
R 2 LEE2 b5 LT0EY EahTo
% . %A DA B4, NE EHIRE CI3EBEEEREC
BEErTITSRVLDEEDbNT.

4E CA RiziNz T, 5HT & SHIAA 4 > K=
TIroELLRE L. ERLEIE T 2 RERTH
FIEN, ¥¥ L REICEET 28 T L ENEaC
Bolz. EEVS v bz 60HD RALE L AR
Shiznize, FEFTEREENICREL -HIELH
SRR EERTL 2L ELNTEREVS, &
BB BOTRABOERRRED 2704 ¥ F—V7




BAA Fa—-L7 3L %8 689

VOB EEBOERTHE LREZ SN A -
7z,
PLED#ER & DB AT & FKEHO N DA Hd
BHEEE LT IEDHEIN L o708, —FHRH
LR DA 22 s T BB b o it
»we, iz, 60HD O R HEIBRREEAS v b EHE
BEVTIHEBTH L N -F0 YV VRO EEREF L&
EoTWwa® ZD&5i2 DA B0 RESE 2 h 2 R
Lo TERITERRNERRT A2 LIZEKD 24 R
ThH5. P DA O & & THEBEEWE O £ EHE
I FERKERICELZ Y, A—RRT L RERH X
DERZIFEEEME I EEFRBRTEOH Lk,

#*

1. B&E D.ZEFEMRICE bR WEEA RS
O, BRMOMRERL, #ORBICIEB L %
SBRAEREL:. TOBBIBL CENEOEEY
BNk WATBARDS A Stz

2. 60HD #2512 & 0 $TAFHH & g isRRm iz
MDA MEIT 2L 2, BB SB 2 S Lizos
M L b CIEREL .

3. XDHEEOFFIIBREE D.B2EEKD RHBE M
BRI &2 EHEESN, DEEES L UVEHIZEED
BExdmpot.

4. BEOREICIE NE #EMREShTHE 2,
BRBETHD, & SIHTKMEE DA OEER DA E
BHERCST 2 MEER OB L5 32 cfEE s
nik.

5. M DA OER ZEELERES %, NE 0@
B gtz b7eo L, M DA RORBIz L b
8 h725EB i3 @R % NE Tisls .

UREDHRE L D BENEBORBUT XA DA, 5512
BREUD, BERORBNEETH D . FLEFHE» 5D
FHEAEX M DA OB IZDZSAED R AR IR b
T LEEIIC 2B & 2 - 72 . EIERO DA EahEH
FRITid NE #iE, AN E DA i@ L BI5 L T 2
ERTRERE N

%

E i3

WERZ 2128 s, I - WA £ L REa0
BEECEORBOBEEL . 24, REEEOHEE
LEIBTE 216 & 2 L EBRREIEIB R b, B I 0
EF LINERIPAW 7 L — P R B DR E B 1oL
IR IR A

B BEROEES ZH64E B AN SWE SEWHES (REE,
1991) w B TREL 7.

X 73

1) Vogt, M.: The concentration of sympathin in
different parts of the central nervous system under
normal conditions and after the administration of
drugs. J. Physiol,, 123, 451-481 (1954).

2) Carlsson, A. Lindqvist, M., Magnusson, T.
& Waldeck, B. : On the presence of 3-hydroxytryp-
tamine in brain. Science, 127, 471-472 (1958).

3) Mcllwain, H. & Bachelard, H. S.: Amines
associated with neurotransmission. /# H. Mclwain
& H S. Bachelard (eds.), Biochemistry and the
Central Nervous System, 5th ed., p441-482, Charchill
Livingstone, London, 1985.

4) Ehringer, H. & Hornykiewicz, 0.: Verteil-
ung von Noradrenalin und Dopamin (3-Hydroxytyr-
amine) im Gehim des Menschen und ihre Verhalten
bei Erkrankungen des extrapyramidalen Systems.
Klin. Wochenschr.,, 38, 1236-1239 (1960).

5) Cotzias, G. C., Paparasiliar, P.S. & Gellene,
R.: Modification of parkinsonism : chronic treatme-
nt with L-Dopa. N. Engl. J. Med., 276, 337-340
(1969).

6) Ashcroft, G. W., Crawford, T. B. B.,
Eccleston, D. E., Sharman, D. F., MacDougall,
E. J., Stanton, J. B. & Binns, J. K. : 5-hydroxy-
indole compounds in the cerebrospainal fluid of
patients with psychiatric or neurological disease.
Lancet, 2, 1049-1052 (1966).

7) Crow, J. T. & Baker, H. F.: Monoamine
mechanism in chronic shizophrenia: post-moterm
neurological findings. Br. J. Psychiatry, 134, 249-255
(1979).

8) Gottfries, C. G., Gottfries, I. & Roos, B.
E.: Disturbance of monocamine metabolism in the
brains from patients with dementia senilis and M6
Altzheimer. Excerpta Med. Int. Cong. Ser., 180,
310-321 (1968).

9) Nakasimhachari, N. & Himmich, H. E,:
Biochemical studies in early infantile autism. Biol.
Psychiatry, 10, 425-430 (1975).

10) Shaywitz, B. A., Yaeger, R. D. & Klopper,
J. H.: Selective brain dopamine depletion in
developing rats: An experimental model of minimal
brain dysfunction. Science, 191, 305-308 (1976).

11) Papas, B. A., Gallivan, J. V., Dugas, T.,



690

Saari, M. & Ings, R.: Interventricular 6-hydroxy-
dopamine in the newbom rat and locomotor respo-
nse to dugs infancy: No support for the dopamine
depletion model of minimal brain dysfunction.
Phychopharmacolgy, 70, 41-46 (1980).

12) Thieme, R. E., Dijkstra, H. & Stoof, J. C.:
An evaluation of the young dopamine-lesioned rat as
animal model for minimal brain dysfunction (MBD).
Phychopharmacolgy, 67, 165-169 (1980).

13) Eastgate, S. M., Wright, J. J. & Werry, J.
S.: Behavioural effects of methylphenidate in
6-hydroxydopamine-treated neonatal rats. Psychop-
harmacology, 58, 157-159 (1978).

14) Kato, T., Karai, N., Katsuyama, M.,
Nakamura, M. & Katsube, J.: Study on the
activity of L-threo-3,4-dihydroxyphenylserine (L-DO-
PS) as cathecholamine precursor in the brain.
Biochem. Pharmacol,, 36, 3051-3057 (1987).

15) Waddigton, J. L.: Behavioral correlates the
action of selective D, dopamine receptor antagonis-
t: impact of SCH23390 and SKF83566, and functio-
nally-interactive D,: D, receptor system. Biochem.
Pharmachol., 35, 3661-3667 (1986).

16) Hedner, T. & Lundborg, P.: Development of
dopamine autoreceptors in the postnatal rat brain. J.
Neural Transm., 62, 53-63 (1985).

17) Kurata, K.., Kurachi, M. Hasegawa, M.,
Kido, H. & Yamaguchi, N.: A stimulataneous
analytical method for catecholamines, indleamines,
and related compounds un 11 rat brain regions. Jpn.
J. Psychiatry Neurol,, 41, 291-300 (1987).

18) Gispen, W. H., Schotman, P. & Kloet, E.
R.: Brain RNA and hypophysectomy : A topograph-
ical study. Neuroendocrinology, 9, 285-296 (1972).
19) List, S. J. & Seeman, P.:

dopamine and serotonin receptor components of

Resolution of

[*H] spiperone binding to rat brain regions. Proc.
Nat. Acad. Sci. US.A., 78, 2620-2624 (1981).
20) Luedtke, R. R. & Molinoff, P. B.: Caracte-
rization of binding sites for [*H] spiperidol.
Biochem. Pharmacol,, 36, 3255-3264 (1987).
21) Lowry, 0. H., Rousenbrough, N. J., Farr,
A. L. & Randall, R. J.: Protein measurement with
Folin phenol reagent. J. Biol. Chem., 193, 256-267
(1961).
22) Secatchard, G.: The attractions of proteins for

small molecules and ions. Ann. N. Y. Acad. Sci,
51, 660-627 (1949).

23) EHRF: ANEEY. MERFEL Y2, |,
36-85 (1987).

24) EHED: AKEEROEBMELES | 7>
<7/ BEBOREELEESBE. MOoversy -
EE ks, SHES, S8, NIKER),

1A, 63-96 B, FEAH. Bm, 1990.

25) Brees, G. R. & Traylor, T. D.: Developme-
ntal characteristics of brain catecholaines and
tyrosine hydroxylase in the rat: effect of 6-hydroxy-
dopamine. Brit. J. Pharmachol., 44, 210-222 (1972).

26) Shaywitz, B. A., Teicher, M. H., Cohen, D.
J., Anderson, G. M., Young, J. G. & Levitt,
P.: Dopaminergic but not noradrenergic mediation
of hyperactivity and performance deficits in the
developing rat pup. Psychopharmacology., 82, 73-77
(1984).

27) AiEEF, SHEX, BREE: 4 731-173
vz a—uny. FEEREEEE, 7, 191-207 (1985).

28) Suga, M.: Effect of long-term L-DOPA
administration on the dopaminergic and cholinergic
(muscarinic) receptors of striatum in 6-hydroxydopa-
mine lesioned rats. Life Sci., 27, 877-882 (1980).

29) Stachowiak, M. K., Bruno, J. P., Snyder,
A. M., Stricker, E. M. & Zigmond, M. J.:

Apparent sprouting of striatal serotonergic terminals
after dopamine-depleting brain lesions in neonatal
rats. Brain. Res. 291, 164-167 (1984).

30) Zametkin, A. J. & Rapoport, J. L.: Neuro-
biology of attention deficit disorder with hyperactivi-
ty : where have we come in 50 years? J. Am. Acad.
Child Adolesc. Psychiatry, 26, 676-686 (1987).

31) Kruger, J. S. & Randrup A.:
hyperactive behaviour produced by dopamine in the
absence of noradrenaline. Life Sci, 6, 1389-1398
(1967).

32) Hollister, A. S., Breese, G. R. & Mueller,

R. A.: Role of moncamine neural systems in

Stereotype

L-dihydroxyphenylalanine-stimulated ~ activity. J.
Pharmacol. Exp. Ther., 208, 37-43 (1979).

33) Schoenfeld, R. I. & Uretsky, N. J.: Enhan-
cement by 6-hydroxydopamine of the effect of dopa
upon the motor activty of rats. J. Pharmacol. Exp.
Ther., 186, 616-624 (1973).

34) Kato, T., Karai, N., Katsuyama, M,




BMAAY 7373158 691

Nakamura, M. & Katsube, J.: Studies on the
central action of L-threo-3,4-dihydroxyphenylserine
(L-threo-DOPS) in FLA-63-treated mice. Pharmacol.
Biochem. Behav., 26, 407-411 (1987).

35) Scheel, J. & Randrup, A.: Stereotype hyper-
active behavior produced by dopamine in the
absence of noradrenaline. Life Sci, 6, 1389-1398
(1967).

36) Waddington, J. L., Murray, A. M. & O’Boyle,
K. M.: New selective D, and D, receptor agonists
as further probes for behavioural interactions
between D, and D, systems. /n P. M. Beart, G. N.
Woodruff & D. M. Jackson (eds.), Pharamachology
and Functional Regulation of Dopaminergic Neuro-
ns, Ist ed., pl17-123, MacMillan Press, London,
1988.

37) Stoff, J. C. & Tilders, F. J. H.: Dopamine
receptors in the central nervous system. In E.
Fluckger, E. E. Miiller & M. O. Thomer (eds.), The
Role of Brain Dopamine, Ist ed., p31-45, Springer-
Verlag, Berlin, 1989.

38) Seeman, P.: DBrain dopamine receptors.
Pharmacol. Rev., 32, 229-252 (1981).

39) Arnt, J.: Differential behavioural effect of
dopamine agonists in developing rats: a study of
3-PPP enantiomers. Eur. J. Phamacol., 91, 273-278
(1983).

40) Oades, R. D., Taghzouti, K., Rivet, J. M.,
Simon, H. & Moal, M.:
relation to dopamine and noradrenaline in the

Locomotor activity in

nucleus accambents, septal and frontal areas; a
6-hydroxydopamine study. Neuropsychobiology, 16,

37-42 (1986).

41) Antelman, S. M. & Caggiula, A. R.:

Norepinephrine-dopamine interactions and behavior.
Science, 195, 646-653 (1977).

42) Tassin, J., Stinus, L., Simon, H., Blanc, G.,
Thierry, A., Moal, M., Cardo, B., & Growinski,
J. : Relationship between the locomotor hyperactivi-
ty induced by Al0 lesions and the destruction of
the frontocortical dopaminergic innervation in the
rat. Brain. Res. 141, 267-281 (1978).

43) Carter, C. J. & Pycock, C. J.: Behavioural
and biochemical effects of dopamine and noradrena-
line depletion within the medial prefrontal cortex of
the rat. Brain. Res., 192, 163-176 (1980).

44) Kelly, P. H., Seviour, P. W. & Iversen, S.
D.: Amphetamine and apomorphine response in the
rat, to 60HDA lesions of nucleus accumbents septi
and corpus striatum. Brain Res., 94, 507-522 (1975).
45) Uhl, G. R. & Reppert, S. M. : Suprachiasm-
atic nucleus vasopressin messenger RNA : circadian
variation in normal and Brattelboro rats. Science,
232, 390-392 (1986).

46) BFWEEZ: LTHEEREREROBNME -~ 1
TRVFIYRETEFLIYCROEE . WEHE
#, 30, 314-327 (1986).

47) BNIEE: ol =r %8 BEOEREEE,
26, 1735-1740 (1981).

48) Breese, G. R., Baumeister, A. A., McCrown,
T. J., Emerick, S. G., Frye, G. D., Crotty, K. C.
& Mueller, R. A.: Behavioural difference between
neonatal and adult 6-hydroxydopamine-treated rats
to dopamine agonists: relevance to neurological
symptoms in clinical syndromes with reduced brain
dopamine. J. Pharmacol. Exp. Ther., 231, 343-354
(1984).

49) Ungerstedt, U. & Arbuthnoff, G. W.:
Quantitive recording of rotational behavior in rats
after 6-hydroxydopamine lesions of the nigrostriatal
dopamine system. Brain. Res., 24, 485-493 (1970).



692 ]

Changes in Brain Catecholamines as the Causative Factor of Hyperactivity: An
Examination in Developing Rats Satoshi Minami, Department of Pediatrics, School of
Medicine, Kanazawa University, Kanazawa 920—J. Juzen Med Soc., 100, 678 — 692 (1991)

Key words dopamine, norepinephrine, brain neurotransmitter, dopamine receptor, hyperactivi-

ty
Abstract

The cause of hyperactivity in childhood has not yet been fully understood. This study was
designed to elucidate whether the depletion of brain catecholamines (CA), norepinephrine (NE) or
dopamine (DA) induced locomotor hyperactivity in developing rats on the basis of maturational
changes in brain CAs. The NE contents in the frontal cortex and basal ganglia increased age-depen-
dently and attained adult levels by 6 weeks of age, while the DA contents were delayed. In contrast,
PH] spiperone binding to striatal D, receptors rapidly increased in capacity as well as in affinity and
attained adult levels by 4 weeks of age. A Physiological increase in locomotor activity paralleled the
maturational change in D, receptors. Brain DA neurons were selectively destroyed by the intracister-
nal injection of 6-hydroxydopamine (60HD) after desipramine pretreatment in 5-day-old rats. The
DA contents in the basal ganglia and frontal cortex were reduced by 60 to 90% of controls. The DA-
depleted rats also showed a high-capacity but low-affinity [*H] spiperone binding to striatal D, recep-
tors. These rats displayed a 3-6 fold increase in locomotor activity around 2-3 weeks of age. The
administration of D, receptor agonist, apomorphine resulted in a dramatic increase in locomotor
activity and D, receptor antagonist inhibited the hyperactivity, whereas D, antagonist or autoreceptor
agonist did not. L-3,4-dehydroxyphenylalanine (L-DOPA), precursor of DA and NE, induced rota-
tional and stereotyped activity but L-threo-3, 4-dehydroxyphenylserine (DOPS), precursor of NE,
produced sedation. The L-DOPA-induced hyperactivity was inhibited by the pretreatment of DOPS.
These results indicate that DA neurons in the basal ganglia facilitate locomotor activity in normal rats
and denervation supersensitivity of striatal D, receptors induces hyperactivity in DA-depleted rats
during the 2-3 week developmental period.




