Neuronal Depopulation in the Nucleus
Accumbens in Huntington's Chorea
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Table 1. Brain material
] A Diagnosi i i
“% Case No. (yrgs Sex (clinicalacgmfr?:: yrs) Bram(;;elght
HC-1 37 F Huntington’s chorea (19) 700
HC-2 50 M Huntington's chorea (14) 1170
HC-3 44 M Huntington’s chorea (11) 1090
HCA 50 M Huntington’s chorea (10) 950
HC-5 39 M Huntington's chorea ( 7) 1360
HC-6 48 M Huntington’s chorea { 5) 1250
C1 45 F gastric cancer 1250
C-2 66 F lung tuberculosis 1260
C-3 76 M hepatoma 1500
C-4 81 F pneumonia 1150
C-5 T4 F myopathy, cerebral infarction 1060
C-6 T2 M rupture of aortic aneurysm 1410
All cases with Huntington's chorea, excepts HC-5 whose family history was
unknown, had family histories of the disease. All cases had both of typical
choreatic movements and various psychiatric symptoms. In case HC-1 and
HC-2, the psychiatrtic symptoms with a hospital-diagnosis of schizophrenia
preceded chorea, which followed 5 years and 1 year respectively after the
onset of the psychosis.
Table 1. Brain material
e Diagnosis Brain weight
1t Case No. (A;fs) Sex (clinical course: yrs) @
HC-1 37 P Huntington’s chorea (19) 700
HC-2 50 M Huntington’s chorea (14) 1170
HC-3 44 M Huntington's chorea (11) 1090
HC-4 50 M Huntington’s chorea (10) 950
HC-5 39 M Huntington's chorea ( 7) 1360
HC-6 48 M Huntington's chorea ( 5) 1250
C-1 45 F gastric cancer 1250
C-2 66 F lung tuberculosis 1260
c3 7 M gastric cancer 1500
C4 81 F hepatoma 1090
C-5 89 F pneumonia 1150
NAANNNANAN
C-6 74 F myopathy, cerebral infarction 1060
C1 T2 M rupture of aortic aneurysm 1410
All cases with Huntington's chorea, excepts HC-5 whose family history was
unknown, had family histories of the disease. All cases had both of typical
choreatic movements and various psychiatric symptoms. In case HC-1 and
HC-2, the psychiatrtic symptoms with a hospital-diagnosis of schizophrenia
preceded chorea, which followed 5 years and 1 year respectively after the
onset of the psychosis.
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AT B EEDO—RTH DA D, BEEOEM L RE ¥R O 1 5 &% Huntington R (Huntingten's
chorea, HC §) R\ T, MERE2MCRRS T VEE IR TIAr o, FERIEABREE L LThE - I& F -~ v
YEB)% (mesolimbic dopaminergic system, MLDS) & %\ iR - #R&fk IV — ¢ 3 v {E®#) % (mesostriatal dopaminergic
system, MSDS) O—# & L, BIEHICI2EES L IRROPENFETHD LELXLITVS. BE, HC fRofstigemc
W THIAAER - R L BIE L7 F — % § VB R O M LB LT 2 MEN R SR TV 528, ABICRIT 57
EFEZORHIES L. ThLOD ERABVREYXWCERN Sh 2 LDERYRE LTV 2. FEHX HCHICKT 2
Ttk (limbic striatum) & LTOMABCEE L, MRARFETEL V> BA1 D, FEOEK - FEFHIRN 2T -
7. 64D HC 5 & T HAOEESBRAOURBICI T, A8, BRES L OHRO/NE L OREMEMER LR L,
EADBER LOTHEOR, S/L kbl MBHAIK BT 248, B, #R0 3 50M88TEERUL TWn, €&
T B &, MO N AR E MO 2 B LEBICERETH » . HC H 0 RIS — Bl <N ihiE g
BEOEW AR, ARMEMREEOCRER NS S/L HOEWLET¥Rok. AI4ZOELIRERFATII—RE:
K otet, ERACKBA S HERE T2 & BB — 8k U TBE Th 5 2V NMER B EOF B rd il
KRR R R B L, S/L HARBAOH/ICET LT wie s Lik, BEBAH oML & b/ rEdao
HLMBMERS Do L2 RS L. HC RORFOMSETIE, BRE—-EROEWALE(LIC BT 5 L BETRD 5,
Bt 7 ) F — v A BWb bR, LEDKEREMDS, HCHCHLTIMUAKS, Fildkt L AFEREZNELE ELTIL
PRSI E T ot BERERYTMETS HC HCIIEERY I U LT 58 4« OREEIER L 25, o WRRERLH
5k bPind iy, HC IR 5 BHERIIABEERE 4T L bites, ol Rerofldgcst s
Rt VIEBHMEROREMEHMIN WA LR EYHE TS L, HC MOBMERORRO—BicflieEkeal
MLDS %5 ik MSDS DREFAMEETHAEMATERI .

Key words Huntington’s chorea, nucleus accumbens, neuronal loss, mesolimbic dopaminergic
system, schizophrenia-like symptom

HE PRI e O BB & BT & ORMRER L R8s T
5 Huntington RS (Huntington's chorea, HC f%) 1%, fHE
SRS L ANEEOER I X VBB ST o5,
EHRERIRESFE L FRCHEEL T2 LEF LIS
M, FECARSRBERERIZT A Y~ = —TERL ETH
bhBEEMER LRI HBEEHT B LE THER " O
BIRE A R o L% <, KARMBERE & BRI 2
F L bt Lie\ . AR CRRHC BRI O & & TR
SERROERELCTHRE Y 2T EALZ DR ™
B, TO kS IRERRERIC T A RBEOE R L TRH
Y=t AN

—75, 4% (nucleus accumbens) (X FEAEZANT b AEHIZER
COREHCET B I bpdbbT, REHHEDERE

AT 5 HC IS W T+ 5 R BT RD T
i<, PEE, FEPMELAZ LOEES L Sh, TORKN
FEHCHELTLAEVEHIR T Wk -, &, HC f{i
3\ T A D BB L™ M LB (L 2 fE
T A MELHEIh DL, KEOMEMAEE L EROEN
P BBE LPRitioy . AR ABODRR & b BB EY
HL, FOBBEC IV TBHRELXETH® Z&imbhTy
B, B HBIRAEIER & fE 5 7o HC FRIESI T HI B BREE 30
RO, X5, BRI S M A% &ty dopamine
(DA) FEEIRDRE™ Y RIFHIh TV B4, KAROEKRY
BEHECELTIBERANLETHD EEXLDNS.

APEO BN, EEMFEC L D HSEEr et %D
D AR B A AL RE L, HC JRic 313 5 fAs O

Abbreviations: ACE, angiotensin converting enzyme; CAT, choline acetyltransferase; DA, dopamine ;
GABA, 7-aminobutylic acid ; HC, Huntington's chorea ; H-E, hematoxylin-eosin; K-B, Kliiver-Barrera ; MLDS,
mesolimbic dopaminergic system; MLCDS, mesolimbocortical dopaminergic system; MSDS, mesostriatal
dopaminergic system ; NSDS, nigrostriatal dopaminergic system ; SS, somatostatin; SegE, KBS
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Table 1. Brain material
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CERKERHLTHME, BbAL, ARRTHEILLED 5
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MR, BIXEHLERFORMEEES S HE LkEics
BL, MECHERNREE L 7o, 247 BEMBBE MBI AR L
. BEGEE, HREET, MEET, ERET, $2ERL
&S HC LB E NI, 29FENSLELE D Lich, 4
CESEBE -, WENEEDEANEE, KT
THRT L. £FARBMEREREIE, SEEBHEA4
£, ME 700g.
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FETRFS0Y Bk, (BlhZess

FIRE | BGTEXRIETBREE, L& XA EEET
FEESD D .

BREE | 1Ty E»r LR D b, HFCHEEWTADE S
EERMPTHREREND LT, 20 EREEIST B b i i 4R
DTIFETHEL, FLHEIAHELPLET, AT EHL—
ATL, BEEISRM -7, BFTEHCRERCEO RTINS
&, EXETEDL Licd, BHBHMT, ¥X, BOHON, EE
B - BRETH D, £FLER  —HHTHA L OBE%
pofe. EREARBECAR LERSBEROBHY T . £
R BRI ot ITFENSEER, mE, BRoNEE
EBEHOAHBR L, ATREMEWHRRCAR. SEEE, HRER
THdh, IMETHAMBEOHRALBREOEH Y BRI
HC iRt 2ZMidhic. BRT TR, DAY HIE LYHA. i
ZRFvRvy—mabifiz, [YREE I OEL. BECHL
EROTHRIFRDTHS2, —BAHEHy, BMH -
- B HFEHRBEREIR T, A5 IS TSR,
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THERKRVE Lot RECERLE D L1s D EEREEN
DEEIh, MLEHMIZTEE Lic, 8B AR
DWE 14T, BEERILBE I3, HE 1170g.

Diagnosis Brain weight
Case No. @fse) Sex (clinical cgoursle: yrs) ll"(g) ¢
HC-1 37 F Huntington’s chorea (19) 700
HC-2 50 M Huntington’s chorea (14) 1170
HC-3 44 M Huntington’s chorea (11) 1090
HC-4 50 M Huntington’s chorea (10) 950
HC-5 39 M Huntington’s chorea ( 7) 1360
HC-6 48 M Huntington’s chorea ( 5) 1250
C-1 45 F gastric cancer 1250
C-2 66 F lung tuberculosis 1260
C-3 76 M hepatoma 1500
C4 81 F pneumonia 1150
C-5 74 F myopathy, cerebral infarction 1060
C-6 72 M rupture of aortic aneurysm 1410

All cases with Huntington’s chorea, excepts HC-5 whose family history was
unknown, had family histories of the disease. All cases had both of typical
choreatic movements and various psychiatric symptoms. In case HC-1 and
HC-2, the psychiatrtic symptoms with a hospital-diagnosis of schizophrenia
preceded chorea, which followed 5 years and 1 year respectively after the

onset of the psychosis.
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Fig.1. Gross appearance of the normal striatum. A
coronal section through the anterior portion of the striatum
shows normal configurations of the nucleus accumbens
(Acc), caudate nucleus (Cd) and putamen (Pt). Case C 6,
K-B stain (x4.5).
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7. FEGID /NG

Fig. 2. Histology of the normal striatum. The cytoarchite-
ctural features appear to be identical in the three subdivi-
-sions of the striatum; nucleus accumbens (A), caudate
nucleus (B) and putamen (C). Case C-6, K-B stain (X50).
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Fig.3. Small striatal neuronal density in the nucleus
accumbens, caudate nucleus and putamen in controls and
in Huntington's chorea. In controls, the average neuronal
density is higher in the nucleus accumbens than in the
caudate-putamen. In Huntington's chorea, the caudate-
putamen shows a remarkable depopulation of the small
striatal neurons. In the nucleus accumbens, the neuronal
depopulation is relatively mild in degree, but is statistically
significant when compared with the controls. S, small
striatal neuron; 1, Mean+S. D.; O, Control; @,
Huntington's chorea (Arrows indicate the cases with
schizophrenia-like psychosis); 3, P<0.05; 3%, P<0.02;
HKX, P<0.001.
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Fig. 4. Large striatal neuronal density in the nucleus
accumbens, caudate nucleus and putamen in controls and
in Huntington’s chorea. Each structure in Huntington's
chorea shows a mild increase of the large striatal neurons.
In the cases with schizophrenia-like psychosis (arrows), the
large neurons are relatively well preserved. L, large
striatal neuron; 1, Mean®+S. D.; (O, Control; @,
Huntington’s chorea; 3, P<0.05.
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Fig.5. The ratio of small to large striatal neurons (S/L) in
the nucleus accumbens, caudate nucleus and putamen in
controls and in Huntington's chorea. A definite neuronal
loss is observed in the nucleus accumbens, as well as in
the caudate-putamen, in Huntington's chorea. T,
Mean+S. D.; (O, Control; @&, Huntington's chorea
(Arrows indicate the cases with schizophrenia-like
psychosis) ; 3¢, P<0.001; X3, P<0.02; 3%, P<0.0L.

Fig. 6. Gross appearance of the striatum of Huntington's chorea. - Note the apparent atrophy of the caudate nucleus and
putamen, compared with the nucleus accumbens which looks macroscopically normal. A, Case HC-3 (x4.0); B, HC-2 (x4.2):
K-B stain. :
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Fig. 7. Histology of the striatum of Huntington's chorea.
The pictures show glial crowding and depopulation of the
small striatal neurons in varying degrees; marked in the
caudate nucleus (B), moderate in the putamen (C) and
mild in the nucleus accumbensd (A). Case H-2, K-B stain
(X 50).
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Fig. 8. Fibrillary gliosis in the striatum of Huntington's
chorea. Proliferation of fibrillary astrocyte is marked in
the caudate nucleus (B) and putamen (C), but mild in the
nucleus accumbens (A). Case H-2, Holzer stain (x100).
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k% - BURIE - IRANIFL E O TRTR - HRERITHIER SO
FBECERTDHRK - I - KKEE Y- 23 “IFBR
(mesolimbocortical dopaminergic system, MLCDS) DfF# %15
LT, ik, SfPNc—C Rz S mfkk
BN LT {, BERER & B (patch-matrix) A 57k
LEY A PEERRT LA BT Eh, BIAER (ALD
B0 DA (FEIMERMEE TR EGEANOEE R (matrix) &
ez, BEBEFOFME (dorsal A9 cells) 22 5H D DA {F
B R A EE RN, BEBERBEMN (ventral A9
cells) & HERWAEM D2 5D DA FREIHERRHEAR S O BERIX
# (patch compartment) WHHTHZ L EVHMbR D L 5T
fe ot

ok b, B EFRERIREAsO A THMUMEYELT
WAHA, MEMCIEEMICERESRL AL, AR, B
IHTHRFEOHED WALRD X 5 ITBEMNCLIERCE
WS R U D&#R &M, limbic striatum™), FriRfed & 0%
FOPEHHFETHELHRET IV LR IR T
5.

e b AR BEHENRF R TS TRV,
colliculus of caudate nucleus, nucleus accumbens septi 75 & &
LIRP Sh TS FMKE, BIREER L s oBT ol
B LORBAEETO AL B L, MRSEORTT 8 5 R
YO K-B RfaffACIREBEHBRBCHEEL > 5.

R oM gL/ N R & B D KBRS B
b, NP 10~20p m TrhREMHEE & b AR S
h, Golgl Bl EC LV MOBEM L b A BRHEYES R
B9, BEOREETEITALOEINIEHETH h AP T

t

LA L LT L TER L. KB R
1220~60m TR HW - EHO 2B EIN 5% 5,
ANRITERE ARG & AR —3E L CRET L7,

3T, BEAOMEMEECHETIHRE, BRE - g5
R LTI < od TR T A . Namba™ bk AR #8Rsi |
a Bz oAU IR ST TR0, K TRt
B BEFOTET & /N MEERIIIEE AR 5 & L v iR
LT3, Treff® 13S/1. H%524& L, Tabuchi®™ ik S/L [a
20 CAMMIEMREE YL VENTE V- E il
W BIEh, Dom B¥Xgi# D S/L %145, Lange 5154
HO S/L x5 EHEL TS, BRI LAV EBNY 0
HkE TIX R (caudatum mediale) I© %13 % S/L Hid0.2¢
HBES.

PAED X 5 &WEC L O WEBEBCERD B2, s
DR - MEINBPA DES - BREREOMHSEK - RO
RUERAL: EDFEMOLEC LB EEZONS. flziT,
Namba® (XHIEREFIZ 1 = O KT &t X 5 EHAL
T30S, ZOBEES/L HRMRNE L es . flago
B L CRET 2MBEAKE VR E, »OofvbhsE
ARE T LEHRBRERK LD . I5CMBERE Y EMED
BB N T R TR T % O e B0 e RIS B R o ko
BONCEY, RENIPEDOERIZRL - TS, BEOH
&, BOBELFCERC L 2HEBBBROBWA N L h KEVE
BREF-TLDhHTHD, FEOME" dRALIA TS,
EHEOBIRBERATAO Imm* ADMEMRBE L RAL,
Bk - #0080/ N B RS 234~261/mm®, S/L 1At
86~119NFFIC H 5 Z L AR L7, TOHEIXFERDLHE
HxREFLETELOTHS.

LG R BRE - e BT 2R TH D, A
DOFEMREE T s B A5 IEB LCBANTRRE R
L BEOREE, AR TN YRR # L 315/ mm’,
S/L B 16TERBRE - iR L CwPhdEExmL, o
FAREEOBRAL HIIBRE - #HREVILATRR > TV
TEETR LI, MIZT, MAEE TR - B - H%0 3
FZHOBIL BT, &4 OBPUC I T &8 FNC Mm% E 0%
NEAETDHZ ELWBhblnot. 2O LITEEIRICE
LETOZEBPLETHBZEERELTV3

HC §ic 817 5 8 AR AR RIS B0 D IREPINE(LD
TR L, PR DTN - Bk e T s I Rl
S BRI TV EY, HC I I8 B M detd N it
DIRATTE~84%> 1e L L BE IR TEH, ERMICHRHML
PRI % e, ¥, ABEO RO % E RN
WCHI S 20T LIRS & 5 ey, Dom 5% ik o /Nl
MR RENE & O BEC IER S DA, HC HTIRABHAO
18/22~1.8/2212 384> (18.2~92%) ¥ 5 & LT\ % . Lange
55 AR Stk /N AR EE O WA 136% T b B A
FABEEET LR LTEY, S/L HIZTT%HA LTn5E LT
W, B IR CRET L 95.5~55. T% DA ERELT
Wb, EHOBRMTE, BIREO/NUMEMRE74~82%, #
BTIXTO~82% WA L, BRI 8T b #9309 & B
THBERELIEEAS LT Wi,

HC i 1) B et A RmEMamE B L T, REE
FHTIRRAS T 25 p%, BHEG DM L L TRERD
L, BLAZOEERRMN LTS X >R ™. Ef
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Mo HC Tk, REAEMIEA 2% L3285 L 48
B HC T LIRIch 2% L+ 5 E1RH 5. EZOMILE
@l HC Sl E Elau, MR L TEREL RTINS
Mote, THICBE U THREED 770 7 OB OBEIMA e\
ckinEhh, KEMEMIREE OBt ficm X o
b, T L ARREBERE DM % Kk Ui By in & M X h
B,

—RANC BRI L R OBITH TIRRE R L 3 h T
B0, TOBATHCEEET DML, ST ik— Bk
BRI TWD LS RL B0, fE3k HC Rz k-
TRHEVEHIR T Ihol, L L, SRR LA
FHEOPMHHIE, NEBRAOM L TN RAI R R &
S/L xR - HROMBFCEL L THEECSE <, HC HmTit
N R B R BB 0 F92/312, S/L i1/ L
TWB I ERHbLMNE LT,

HC RO RSO K MR L, BRE - B A%
HrVREhUECEMLTE Y, ZoBLi3REIc kT
LEARTH -1z, REMEMMEBE O MY, KBk
BORHIEI L 0 b T UARIEMATRE O WA % Kok L5
I TH B LT BT, PR OB%E T S/L |
KLOEMIIEBINDE EEL DB, HC KoMl N
PEMRBE OB ORE L, BRE - R L~NBETHS
23, 8/L b4 B & HC 5 O U A 482 0 /N R 13 5 FB 451
DY/IWAP LT B L&D,

DEDZ &b, HC o [l N i i 2 6B - vt —
AR T0B L5238, S EBICERET Mk
FEOR S LRI > MREREYS OMFC X h s
hichDTHY, TORNBIEITLLCEL LB L2
xbhit.

EG2, 4, 5 TN DAz TS D 7
VA -V ALEE I, CHRNEREEY 2 L b b+ 05K
BERECHBE TH - 1IER 6™ Tk, ERMFBICL v X
UHT, B - RO Z70 BT & N AER M O B
BRBIBhEeh, KEEORESEMMREHCIE L CERIHEN
HETHAHZ LAVRE I T,

HC B D IAkAg 0 5 B3 B LA B4 % 30 # 1 3 d C 4 7
<, BB LEAEE T, Escobar 5 A%, 4k F) K 8% i
akinetic chorea O 1 ] THHR LA D Zte ST AT 5T 4
WEMBOBEE 7 V- AR DB LR ERL, Fh
Bots 5, Roos &'7¢ & AVRILIC SV 5 R 0 A S a3 D 9k
D& BIRBAIO MBI & 12, BHODIMGEEZ 2 5h
BEBLDOYIFAZL (nuclear membrane indentation, NMI) % 4
BLTW2RETHD. TOMT, EEOBAL HUAED N
DM O Bi% + MR L e EEORMIEETH S & Bbh
5.

LTAHT, HC JRIT 313 BB 4lb O i L 04 kil LT
BELOPELRDH D, DA AREHFECTH 5 tyrosine hydro-
genase®™ < DA™ @ 5., 7 -aminobutylic acid (GABA)*,
GABA 3528 fk* | choline acetyltransferase (CAT)™™
glutamic acid decarboxylase™, substance P*®, cholecysto-
kinin®™ % angiotensin converting enzyme (ACE)® 7t & O
%, somatostatin (SS)"™, neurotensin™ 7¢ ED EF T EWEHS
ShTWS. SBICETh, DMtk s AR, DAD %
S$" D LS, CAT™, ACE® % GABA S4sf5¥ i X DA

BEIHTWD. 20X 5 iR LR Lo®mE, FiEe
BZENZ L L SR TEEABIIC BT ORI ERAEET
BT ERTREL, BEORENRLEABOREYMELY S
HTobDLEZLNS.

T, KINEEREIBEBRE L & iz HC BomES
RYUO—2THD, REOFRIERICHIGT 5 HRESIEL &
FeRAISINTER. UL, B, AECEH LI DERER
DEBILT VY A v BRI E TR BB HENER & 12
BIRBARTD, & UAEGER LM SIC b h b BE
THER OBEEET AL ERPELMEE T W5, KB
THARILE, BEAREEIL, BE  ABEERES L
D RN ORE T LR OGS L AR & T 5
bOThHY, KEHK, HK, NEWNSOEETTEORE T
RECHES LERTws. HCHRTRELORBRE & A RN
(EWHTEHE) FREBESALT LSHEB® 9", Fluorodeoxy-
glucose THWAPR TILAMEEOBRMIEETH 50 R
RECTERARETERDEREDEAL DD, AFECHALI S
HIFRBEDE TR BB TR L EL DR TWS, Ty~ f < —
WERTHEDLRT VB = A XL b EEOFREEMEL D
HC R TREAD BLhig\ ™. EEOEMTH <1 54 b KER,
M5, RO S ER R LR ED bhich - 7.

—J7, HC TR L TARELL - FEIR%E L &
DEFROIEREES 2 2L ICMORTVBHR, ZDk
STRERDRACE L TEARBETH h, FORBEWETR LB
DR ERT RV, B, BHSHRE DA fEBIRO RER
AL E OBES A EH S h, BasamoflLsT
DA OfFRic LA, DA ZAGREVOTEY ® DA SAD
B I ERREINRTWAB, BT, 4B smLEs
S h iz Escobar 5 O HC FES TR IBBOBENER I h
T BZ &G BRI, EEOREF 213, 17F BRI 45555
LB INDRBAERTRAE L, 37 CEBBEERN NP 50
A THE LTS D28, AHEBT & R O/ Nk H o
[ & B DBMEN: 77 ) A — > A DGRBStz REE DN
PRERIARB R O (S F i fhd HC REEFIC L L CREECH B,
KB AR O R T, S/L it HC il
LRABECEEER L. 202 Ll HC BBEEAILL ok
B PN AL D ZEME DR FTREME R ARME U, 4% 7S IR & 0
TRALNDMAIRE 2 385, ok, B THEMO LR
THRAE LIESN 1 Tid, Bathd G2 b ZiEanen
THABIZIE TERh s, B - Bz Tk AR
AR TR b b HC R BN M U S it 4 73 8 A
BHat.

BB LA &5, AR R &fh & ig R D h I
EP= v b, MLDS & % ik MSDS @ —#f % BE R
Lome EniEic X 0 fTBREY ST 5% ZLAVRIRT
Wh . RS BEIRIC T B DA REEED®, s 3E ol
# 0 DA BE® S, b, BHOHBEERYRLE
HCRIC B0 2 I BRE O FLE 7 ¥ o Rid, HCIBIc Rt
BFEMIERLITEIRT O—Ezid, BRI STV B g4
P RBMEEREOM, MeEE &t MLDS 55 it
MSDS DREEHME L5 AEEM R RE LT3, HC jHFIc
BT HERZOMENRNE LD I EEORRKIL, oL
HREHENBRANOERHTHELDEELBIS.

KRR ORE R A B HC B O QBRI 303 B NP REAI Rl 2%
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BHBMNE IR o fchy, FOBERERMCHET BRI - &
BEOMBBEEAHRLTHELS, L7V T7OREHITD
MEBETHBIE, IBBRRRE - #Ric L & 3B TRE
¥RICTHELAERICR IR, TO L5 7% NSDS & MLDS
H B\ ik MSDS DOFREZME(LOZER N HC RIC kW TAR
MR BEBEYETHLEMCE L TR, SEEAERY & LAKE
DEERE: & fl &% 4 iz MLDS, MSDS DBEFIZOWT, &
B ISR Y - RSN - WL EOF RV ETH S

& A

6 1 Huntington #HHEE (HC %K) B IO EENEE 760
BRI BT, Rk, Bk X USROS R E
BHCHE LT OREREEE-.

1. SRS O 4 th P R HIR BE BE 0 2 A 1 2 B AVEEFE
L, e TRBRY - s b LANEASR A% E 3 X OV
B /KB AR MR (S/L) KK Th -1,

2 . HC JR Rl % 0 /N iR M 7 BE Voo FR B D #9231,
S/L Hid#l/3cid L, KEMRMREE ML T,
BHEM 7 U — v 2 3B bk, BB & OB 0Nk
PR LU L LT & DT, B YV A — > R
bl VEETH T,

3. HEnn, fek, REEWELNZLVESh, XEY
C— R R T B X 5 Itk iz b HCiRDO 48D
FERGT, AR FETIMBREEE LRNBEC L 28
AEOHMC L VB DTHY, EBMESHLSHRE
T5LNEMEMRIARCRL L TWB I LAHLN L
7o

4. QAR GOEM A DRSS EE L, ARRICE
VT BREMHER O BB O — I A% &1 mesolimbic B 5\ ik
mesostriatal dopaminergic system O RENEEG T 50N %
/L.

Eil Eid

MERLDCHES, WEE - RHEE 0 ¥ LGRS ZRRT
FIFEHHEE, MBS - M8EE 0 £ LARGUCERBHRHL FIEVIS
#, BREIAFRNR RS ARRCREOHELZ R L ¥ 3. AR
WERL, BACERECC EHBBCB LS KO S R & € Lok
HREHEFR ORI R AT R LOFREORN, Eio, §
BMORABOBES* 5 2 THE ¥ LSS RIGWBRO S 0C 0 b
RMOBEERLET.

TR ARLOBE R, H 9 HIEEMARREYS (1982, V1 —)ilB

WTHRELT.

"8 [
1) Huntington, G.: On chorea. Med. Surg. Rep., 26,
317-321 (1872). Reproduced in A. Barbeau, T. N. Chase & G.
W. Paulson (eds.), Advances in Neurology, vol. 1, Ist ed.,
p33-39, Raven Press, New York, 1973.
2) MaCaughey, W. T.: The pathologic spectrum of
Huntington's chorea. J. Nerv. Ment. Dis., 133, 91-103 (1961).
3) Bruyn, G.: Huntington's chorea: A historical, clinical
and laboratory synopsis. /n P. Vinken, & G. Bruyn (eds.),
Handbook of Clinical Neurology, vol.6, Ist ed. p298-378,
North-Holland Publishing, Amsterdam, 1968.
4) McHugh, P. R. & Folstein, M. F.: Psychiatric

syndromes of Huntington's chorea: A clinical and phenome-
nologic study. /n D. F. Benson & D. Blumer (eds.), Psychia-
tric Aspects of Neurologic Disease, lst ed., p267-285, Grune
& Stratton Inc, New York, 1975.

5) Albert, M. L., Feldman, R. G. & Willis, A. L.: The
‘subcortical dementia’ of progressive supranuclear palsy, ].
Neurol. Neurosurg. Psychiatr., 37, 121-130 (1974).

6) Cummings, J. L. & Benson, D. F.: Subcortical
dementia. Review of an emerging concept. Arch. Neurol,
41, 874-879 (1984).

7) WTIERR: RETHER -EZFHOBROSEHED ¢,
T—. ZERBME, 1, 172-180 (1984).

8) Dresse, M. J. & Netzky, M. G.: Degenerative
disorders of the basal ganglia. /n J. Minckler (ed.), Pathology
of the Nervous System, vol. 1, 1st ed., p1185-1204, McGraw-
Hill, New York, 1968.

9) Garron, D. C.: Huntington’s chorea and schizophren-
ia. In A. Barbeau, T. N. Chase & G. W. Paulson (eds.)
Advances in Neurology, vol.1, st ed., p729-734, Raven
Press, New York, 1973.

10) Escobar, A. & Nieto, D. : Some considerations on the
clinical and pathological findings in akinetic chorea. [z A.
Barbeau, T. N. Chase & G. W. Paulson (eds.), Advances in
Neurology, vol. 1, Ist ed., p427-437, Raven Press, New York,
1973.

1) ZhFThig, KEZE, 888 K, T8 B, % =8B, 5
HES: ~vF v v EEFOBAERC VT, KEERX
Zk, 3, 220-228 (1975).

12) /\BR#F =) : Huntington BEMER & Bk, MREWRE, 24,
9-15 (1986).

13) Ariéns Kappers, C. U. & Theunissen, W. F.: Die
Phylogenese des Rhinencephalus, des Corpus Striatum und
Vorderhirncommisuren. Folia Neurol., 1, 173-288 (1907).

14) Brand, S. & Rakic, P.: Neurogenesis of the nucleus
accumbens septi and neighboring septal nuclei in the rhesus
monkey : A combined *H] thymidine and electron microsc
opic study. Neuroscience, 5, 2125-2138 (1980).

15) Swanson, L. W. & Cowen, W. M.: A note on the
connection and development of the nucleus accumbens.
Brain Res., 92, 324-330 (1975).

16) Nieuwenhuys, R.: Aspects of morphology of the
striatum. /n A. R. Cools., A. H. M. Lohman & J. H. L. den
Bercken (eds.), Psychobiology of the Striatum, 1st ed., p1-20,
Elsevier/North Holland anhd Biochemical Press. Amsterdam.
1977.

17) Heimer, L., Alheid, G. F. & Zanorszky L.: Basal
ganglia. /n G. Paxing (ed.), The Rat Nervous System, vol. L.
Forebrain and Midbrain, Ist ed., p37-86. Academic Press
New York, 1985.

18) Bots, G. Th. A. M. & Bruyn, G. W.: Neuropatholog-
ical changes of the nucleus accumbens in Huntington's
chorea. Acta Neuropathol., 55, 21-22 (1981).

199 Roos, R. A. C. & Bots, G. Th. A. M.: Nuclear

membrane indentations in Huntington’s chorea. J. Neurol.




Huntington SR O il b k% 1R R B 0% 263

Sci., 61, 37-47 (1983).

20) Bird, E. D.: Chemical pathology of Huntington's
disease. Rev. Pharmacol. Toxicol., 20, 533-551 (1980).

91) Spokes, E. G. S.: Neurochemical alterations in
Huntington's chorea : A study of post-mortem brain tissue.
Brain, 103, 179-210 (1980).

22) Beal, M. F., Bird, E. D., Langlais, P. J. & Martin,
J. B.: Somatostatin is increased in the nucleus accumbens
in Huntington’s disease. Neurology, 34, 663-666 (1984).

23) Arregui, A., Bennet Jr, J., Bird, E. D., Yamamura,
H. D., Iverson, L. L. & Snyder, S. H.: Huntington's
chorea: Selective depletion of activity of angiotensin-
converting enzyme in the corpus striatum. Ann. Neurol., 2,

294-298 (1979).

24) Van Ness, P. C., Watkins, A. E., Bergman, M. 0.,
Tourtellotte, W. W. & Olsen, R. W.: 7-Aminobutylic acid
receptors in normal human brain and Huntington disease.
Neurology, 32, 63-68 (1982).

25) Lorens, S. A., Sorenson, J. P. & Harvev, J. A.:

Lesions in the nuclel accumbens septi of the rat: Behavioral
and neurochemical effects. J. Comp. Physiol. Psychol.,, 73,

284-290 (1970).

26) Stevens, J. R.: An anatomy of schizophrenia? Arch.
Gen. Psychiatr., 29, 177-189 (1973).

27) Lidsky, T. 1., Weinhold, P. M. & Levine, F. M.:

Implications of basal ganglionic dysfunction for schizophrenia.
Biol. Psychiatr., 14, 3-12 (1979).

28) Bird, E. D., Spokes, E. G., Barnes, J., Mackey, A.
V. P., lverson, L. L. & Shepherd, M.: Increased brain
dopamine and reduced glutamic acid decarboxylase and
choline acetyltransferase activity in schizophrenia and related
psychosis. Lancet, 2, 1157-1159 (1977).

29) Owen, F., Cross, A. J., Crow, T. J., Longden, A.,
Poulter, M. & Riley, G. J.: Increased dopamine receptor
sensitivity in schizophrenia. Lancet, 2, 221-225 (1978).

30) Mackay, A. V. P., Iverson, L. L., Rossor, M.,
Spokes, E., Bird, E., Arregui, A., Creese, 1. & Snyder, S.
H.: Increased brain dopamine and dopamine receptors in
schizophrenia. Arch. Gen. Psychiatr., 39, 991-997 (1982).

3 RS AR O R O B PR ELRLES T
AP, 8 UMK, 13-75 51, BesEdtbe, s, 1970.

32) DeArmond, S. J., Fusco, M. M. & Dewey, M. M.:

Structure of the Human Brain. A Photographic Atlas, Ist
ed.. pl04-105, Oxford Univ. Press, New York, 1975.

33) Zuleger, S. & Staubesand, J.: Atlas of the Central
Nervous System in Sectional Planes. Selected Myelin Stained
Sections of the Human Brain and Spinal Cord, Ist ed., p48,.
Urban & Schwarzenberg, Baltimore-Munich, 1977.

34) Hausman, L.: Atlases of the Spinal Cord and Brainst-
em and the Forebrain. AtlasIand V. PEFEE, $78, 1981.
IERER ¢ AR SRR, 55 1K, p66-67

) PLfes, RS, WTIES, IR SRR
B LIRS DIRGARE N REE T 5 - 7= Huntington RO 1
-t 501 & DRI, SR, M OMHEMEL O B

ol — . R EY, suppl. 2, 65-71 (1984).

36) WTIESA, /\BREA, RLEsE, WK, BH B T
WIS, B %, KM ~ve v b VERRO SRR
B-B&tBS LUAREE - AERE R EREEUNOT LY
BT~ fRRES, suppl 2, 81-91 (1984).

37) Andén, N-E., Dahlstrom, A., Fuxe, K., Larsson, K.,
Olson, L. & Ungerstedt, U.: Ascending monoamine
neurons to the telencephalon and diencephalon. Acta
Physiol. Scand., 67, 313-326 (1966).

38) Koikegami, H., Hirata, Y. & Oguma, J.: Studies on
the paralimbic brain structures. I. Definition and delimitation
of the paralimbic brain structures and some experiments on
the nucleus accumbens. Folia Psychiatr. Neurol. Jpn., 21,

151-180 (1967).

39) Powell, E. W. & Leman, R. B.: Connections of the
nucleus accumbens. Brain Res., 105, 389-403 (1976).

40) Nauta, W. J. H., Smith, G. P., Faull, R. L. M. &
Domesick, V. B.: Efferent connections and nigral afferents
of the nucleus accumbens septi in the rat. Neuroscience, 3,

385-401 (1978).

41) Groenwegen, H. J., Becker, N. E. H M. &
Lohman, A. H. M.: Subcortical afferents of the nucleus
accumbens septi in the rat, studied with retrograde axonal
transport of horsradish peroxidase and bisbenzimid. Neuro-
science, 5, 1903-1916 (1980).

42) Gurdjian, E. S.: The corpus striatum of the rat.
Studies on the brain of the rats. No. 3. J. Comp. Neurol., 45,
249-281 (1928).

43) Smith, 0. C.: The corpus striatum, amygdala and stria
terminalis of tamandura tetradactyla. J. Comp. Neurol., 51,

65-127 (1930).

44) Lauer, E. W.: The nuclear pattern and fiber connect-
lons of certain basal telencephalic centers in the macaque. J.
Comp. Neurol., 82, 215-254 (1945).

45) Farley, 1. J., Price, K. S. & Hornykiewicz, O.:

Dopamine in the limbic regions of the human brain: Normal
and abnormal /n E. Costa & G. .. Gessa (eds.}, Advances in
Biochemical Psychopharmacology. vol 16, Ist ed.. p57 64,
Raven Press, New York, 1977.

46) Spokes E. G. S.: An analysis of factors influencing
measurments of dopamine. noradrenaline. glutamate
decarboxylase and choline acetylase in human post-mortem
brain tissue. Brain. 102, 333-346 (1979).

47) Walsh, F. X., Stevens, T. J., Langlais, P. J. &
Bird, E. D.: Dopamine and homovanillic acid concentrations
in striatal limbic regions of human brain. Ann. Neurol., 12,

52-55 (1982).

48) McGeer, P. L., McGeer, E. G. & Hattori, T.:

Dopamine-acetylcholine-GABA neuronal linkages in the
extrapyramidal and limbic systems. /n E. Costa & G. L.
Gessa (eds.), Advances in Biochemical Psychopharmacology,
vol. 16, Ist ed., p397-407, Raven Press, New York, 1977.

49) Ungerstedt, U.: Stereotaxic mapping of the monoami-
ne pathways in the rat brain. Acta Physiol. Scand., suppl.,



264 7

367, 1-48 (1971).

50) Bjorklund, A. & Lindvall, O.: Dopamine-containing
systems in the CNS. In A. Bjorklund & T. Hokfelt (eds.).
Handbook of Chemical Neuroanatomy, vol.2, 1st ed,
p55-122, Elsevier, Amsterdam, 1984.

51) Gerfen, C, R., Herkenham, M. & Thinbault, J.: The
neostriatal mosaic: . Patch-and matrix-directed mesostria-
tal dopaminergic and non-dopaminegic systems. J. Neurosci.,
7, 3915-3934 (1987).

52) Conrad, L. C. & Praff, D. W.: Autoradiographic
tracing of nucleus accumbens efferents in the rat. Brain
Res., 113, 589-596 (1976).

53) Williams, D. J., Crossman, A. R. & Slater, P.: The
efferent projections of the nucleus accumbens in the rat.
Brain Res., 130, 217-227 (1877).

54) Newman, R. & Winans, S. S.: An experimental study
of the ventral striatum of the golden hamstar. 1. Neuronal
connections of the nucleus accumbens. ]. Comp. Neurol.,
191, 167-192 (1980).

55) SEWIETE : KMNEEEER:. {L3nrh@aseenislss. (EIUE
W, HAUEEE), # 1R, 319338 B, BE4Ed, XK,
1987.

56) Dom, R., Baro, F. & Bruchner, J. M.: A cytometric
study of the putamen in different types of Huntington's
chorea. In A. Barbeau, T. N. Chase & G. W. Paulson (eds.),
Advances in Neurology, vol.1, 1st ed. p369-386, Raven
Press, New York, 1973.

57) Lange, H., Thorner, G., Hope, A. & Schroder, K.
F.: Morphometric studies of the neuropathological changes
in choreatic diseases. J. Neurol. Sci., 28, 401-425 (1976).

58) FEATHRSR : ERMRHTZL A\ 7 Huntington SRIC kv 2l
ETRUBIRFSE. MEEREE, 5, 359-375 (1984).

59) Namba, M. : Cytoarchitectonischen Untersuchungen am
Striatum. J. Hirnforsch., 3, 24-48 (1957).

60) Treff, W. M.: Numerische und Volumenzelldichite im
Caudatum Mediale: Mit besonderer Berlicksichtigung des
quantitativen Auswertungusfehlers bei Zellzahlung. Prog.
Brain Res., 6, 139-146 (1964).

61) Tabuchi, K.: Zytoarchitektonische Untersuchung des
Corpus Striatum beim Menschen. J. Hirnforsch., 11, 325-332
(1969).

62) Dunlup, C. B.: Pathologic changes in Huntington's
chorea. Arch. Neurol. Psychiatr., 18, 867-943 (1927).

63) Buginani, P., Tabaton, M. & Cammarata, S.:
Huntington's disease: Survival of large striatal neurons in
the rigid variant. Ann. Neurol., 15, 154-156 (1984).

64) Perry, T. L., Hansen, S. & Kloster, M. : Huntington

chorea. Deficiency of 7 -aminobutylic acid jn brain. N. Engl.

J. Med., 288, 337-342 (1973).

65) Bird, E. D. & Iverson, L. L.: Huntington's chorea:
Postmortem measurement of glutamic acid decarboxylase,
choline acetyltransferase and dopamine  in basal gangla.
Brain, 97, 457-472 (1974).

66) Bird, E. D.: Reduced glutamic-acid-decarboxylase
activity of post-mortem brain in Huntington’s chorea,
Lancet, 1, 1090-1092 (1973).

67) Gale, J. S., Bird, E. D., Spokes, E. G. S., Iverson,
L. L. & Jessell, T.: Human brain substance P: Distribution
in controls and Huntington's chorea. ]J. Neurochem., 30,
633-634 (1978).

68) Emson, P. C., Arregui, A., Clement-Jones, V.,
Sandberg, B. F. B. & Rosser, M. : Regional distribution of
methionine-enkephalin and substance P-like immunoreactivity
in normal human brain and in Huntington's disease. Brain
Res., 199, 147-160 (1980).

63) Emson, P. C., Rehfekd, J. F., Langevin, H. &
Rossor, M. : Reduction in cholecystokinin-like immunoreact-
ivity in the basal ganglia in Huntington's disease. Brain
Res., 198, 497-500 (1980).

70) Hayes, S. E., Goodwin, F. K. & Paul, S. M.:
Cholecystokinin receptors are decreased in basal ganglia and
cerebral cortex of Huntington's disease. Brain Res., 225,
452-456 (1981).

71) Cooper, P., Fernstom, M. H., Rorstad, 0. P,
Leeman, S. E. & Martin, J. B.: The regional distribution
of somatostatin, substance P and neurotensin in human
brain. Brain Res., 218, 218-232 (1981).

72) Aronin, N., Cooper, P. E., Lorenz, L. J., Edward,
B. S., Bird, E. D., Sager, S. M., Leeman, S. E. &
Martin, J. B.: Somatostatin is increased in the basal
ganglia in Huntington disease. Ann. Neurol, 13, 519-526
(1983).

73) Nemeroff, C. B., Youngblood, W. W., Manberg, P.
J., Prange, A. J. & Kizer, J. S.: Regional brain concentra-
tion of neuropeptide in Huntington's chorea and schizophre-
nia. Science, 221, 972-975 (1983).

74) Kuhl, D. E., Phelps, M. E., Markham, C. H,
Metter, E. J., Riege, W. H. & Winter, J.: Cerebral
metabolism and atrophy in Huntington’s disease determined
by ®FDG and computed tomographic scan. Ann. Neurol.
12, 425-434 (1982). )

75) Clark, A. W., Parhad, I. M., Folstein, S. E.
Whitehouse, P. J., Hedreen, J. C., Price, D. L. & Chase,
G. A.: The nucleus basalis in Huntington's disease.
Neurology, 33, 1262-1267 (1983).




Huntington SR o (Ul A4 et 4 M i 0% 265

Neuronal Depopulation in the Nucleus Accumbens in Huntington's Chorea Shinji Uchiyama, Department of
Internal Medicine (II), School of Medicine, Kanazawa University, Kanazawa 920—1J. Juzen Med Soc., 101, 254 — 265
(1992)

Key words nucleus accumbens, Huntington's chorea, neuronal loss, mesolimbic dopaminergic system, schizophrenia-
like symptom

Abstract

In the neuropathology of Huntington's chorea (HC), of which striatal degeneration is one of the main features, little atten-
tion has been paid to that part of the striatum called the nucleus accumbens (Acc). This nucleus constitutes a part of the
mesolimbic dopaminergic system (MLDS) or mesostriatal dopaminergic system (MSDS) as the ventral striatum, and is
assumed to be a functional intermediate between the striatum and the limbic system. Recently, several neurochemical alter-
ations have been reported on this nucleus and related dopaminergic neuron systems in cases of HC and schizophrenia, sug-
gesting that the pathology of the Acc needs to be re-examined. Hence, the author, from a cytometric point of view, has
focused considerable attention on the clinicopathology of this nucleus, "the limbic striatum" in HC. In 6 brains with HC and
7 control brains, numerical cell densities for each of the large and small striatal neurons, and also the ratio of small to large
striatal neurons (S/L) in the Acc, caudate nucleus and putamen were determined. Although the cytoarchitectural features of
the control brains, were considered to be identical in the three striatal subdivisions, a quantitative analysis revealed that the
neuronal density of the small striatal neurons were higher in the Acc than in the other two structures. In cases of HC, the
caudate-putamen showed a remarkable depopulation in the small striatal neurons, a mild increase in the large striatal neurons
and a significant decrease in the S/L ratio. In the Acc, the small neuronal depopulation was less than in the caudate-putamen,
but it was statistically significant when compared with the controls. The relative increase in the large striatal neurons, and
the resulting low S/L ratio, around one third that of the control brains, suggested the presence of a definite neuronal depopu-
lation as well as tissue shrinkage. Astrocytic proliferation was also observed in the Acc of several cases with HC, although it
was relatively mild when compared with the prominent gliosis of the caudate-putamen. The results disclosed that the Acc, as
well as the neostriatum, was affected by HC. It is well known that schizophrenia-like symptoms are among the definitive
clinical features of various psychiatric symptoms including dementia in HC. Considering the poor correlation between the
severity of psychiatric symptoms and the degree of cerebral cortical degeneration in HC, and in view of the disorders in the
dopaminergic neuron systems in schizophrenia, some of the psychiatric problems of this disease may be attributable to the
degeneration of the MLDS or MSDS, including the nucleus accumbens.



