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Abstract In order to elucidate the mechanism of brain
degeneration in Menkes desease, we examined the brains
of brindled mice before and after copper-therapy, from
some different angles. The following results were obtained.
1. Cytochrome oxidase and superoxide dismutase
activity levels in the brains of non-treated brindled mice
showed about 30% and 80% of normal, respectively. By
a single copper-injection at 7d;1ys old, however, their

activities were recovered completely after 8months.

Z ® 9 B cytochrome oxidase (2R L Tid A LRI RIE
D BTz b T HMMILFRIFEIC L o> THHERR S Iz,

2. —J7. BM BHEROSHIRBEIISHERFIC LI D, T b
I ERMEAEERT, L2 LIGHEE 6 & A TIXIEES
Bo#40% (HAPFE60%) THY ., EFILL TV,
IO DHFEEIIARFEDOMEEDKET B X UsRiGHEF

DEFERTDIDEEZ OND,

(FRARERSE 1 1 95~100, 1992)

2. On the contrary, the copper-injection therapy could
not normalize the copper level of brain tissue of
brindled mice, which 6 months later showed only 40%
of normal.

Although we have no data to explain this discrepancy at
present, these facts may imply the mechaism of brain
degeneration and efficacy of the copper-therapy in Menkes
disease.

(Jpn JClin Ecol 1 : 95~100,1992)
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I. BUBIC

Menkes %1% X-linked D25 B IRME D SAACH R EE
Bz, BRMES X CHEITHORBEEZ &I XD 'M%i
SFohnsl?, RECRAWEEIZ, BEWICHE S

N7z, MBERNICB T BEOEHEEE - 2 SN TWw5 DS,

FNELLOTEEEIARPE TS B2Y, —F, RETIE
WL ONDOSFHKFBEROEHE T Mo, F723
P TORBREIMEEEINA TSI NS, IS
PSAKE DU DFERE SR T b o T b EHEE S
NTWBZTD, Lo L2 ORERORERTIZOWT
b FLEFEGITIE Do TWiw,

FEVE b O Menkes & F o { O 727 7 X D Menkes
WAL TBY, ZORFEN % S DAY brindled mouse
T#H 5%, Z ® mutant mouse (brindled mouse hemizygote,
LUF BM & BE) 1 3EWBICEHE T 5 &, ERISHATER TN
LU HEA TULTIET 25V, LarL, £%7THEW
50 g @ CuCl, % ME—[AIFE TIESTT % Z &1 & ) BIMLE
WIS RSN, EFFAREFASOEEEZED L LI
BT EDHILNTWSY,

ARFFED HHE, IEHRT & %0 BM %= LBdRE 4% =
LX), REME X UHERESROBTFEFARSL Z L
Thb,

I. #M¥EEHE

(1) HEiSsHREDRIE
HEZIBHEOIEEHEBM L ZOEERBEO SxF, BX

UG HRIE Ay S & 72 6 7 Al BM & Z O IEHEFE D 5 xt

EHWT, 25 ORMRROSIEE % | RIRIKILDHE,

JE PSR Tl L7z

(2) FroBO—L4L - X 4—+H (cytochrome oxidase,
LUF CyO &RBET) SEMERE
EBISAEOIEGEHEBM & ZNIEFFBRO 55, BX
UG HIES S 72 8 7 Al BM & £ DIEHFIED 5
v TR O Cyo &S % Seligman @ DAB
EWISTIT o 720 FFEEOFEMIZBEIC MY TRz DT
AT %,
(3 FryAO—L - -FXIH—E (Cy0) FBEBMDAE
2) & [E] 8Bk D # E 12 D v T Smith @ J5 # (spectro-
photometry) '¥ © CyO DIEWDWIE (assay) E47-o 77
(4) R—=IN—FFI K« X LBZ—+t (superoxide
dismutase, ELF SOD &BET) JEMDBRIE
(3) & [A &k @ # ¥} 12 2 v» T Fridovich # (spectro-
photometry) 'Y (2 & b | SOD D iFE M % W L 72,
(5) sRAHEEE
A% T7THHEH®BM 121049 /g (FE) O CuCl% HeE—
Il gz FES L 72210,
72 B, brindled mouse D HIFR, AFRKEE L LITDODNWT
T T TR 7D TEET B,

om # X

(1) BsEEEOHEL NIV

JEIEFEI3 H Y BM BNALKRE O L ~ OV IZIZIEH xT B o &
N 34.4% (BAFEE5.6%) KT LTWA (FT1),
—77., $HEE LIEMR S 72 6 7 il BM & TI3IE
HHHOZND40.7% (BAES9.3%) IIKTF LTz,
13 H i O IRERRE OE & SAGEHRIL 6y S 72 6 7 A lHE
DIEE OB THEEAREZ L2 A, MEABICEEZ
Ehdol, L2L, WERICLVEL VO EHOEE
LAS) A2 B EVZ LMD L,

1. FEHERT & RI2BIT 5 brindled mouse (Mo®'/Y) DD M4k EH & E

Age Mo ™ Mo®" /Y Mo® /Y /Mo ™ % difference from
(rg/g)? (g /g)? (%)? normal (%) 3
IEIGHE
7 H e 7.15+0.50 0.75+1.10 10.5 —89.5
13 H #5HE 9.45+1.55 3.25%2.55 34.4 —65.6
BTk
6 7 HilHE  6.61+1.07 2.6940.24 40.7 —59.3

1. pg/g (ER) tEBFEE, FHOL=>5
2. E¥EFEBHE Mo") DMHIZX}$ % brindled mouse hemizygote (Mo®"/Y) D

DEE (%)

3. Mo ™MHZIEHM (100%) & L72& & D Mo® /Y JHOIEEED & DT (%)
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(2) CyO EMZeE

FEIG 13 H s BM B 0 BHLEE O Cyo 1M (Fetath)
FIEFEA RO Z USRS 2IETFT LTwe (J1
a, 1b) EFXMBBHETCETA MY AL MIEIZ
Za—arINFo LT, Lzl TH»RT
A baY A b OEEIEHRICFROEE o2, T HITH L
—a—u i, ATV ECIME (K1 a) kg
RIEAPREMAE ., RINR BMIIE, 25 <3¢ ) R CTHJK
R BROMANE A X <G F o720 FEIGHE BM Bk

F1 a. 13HEIEE <7 2AD/NKEE

TEx v ML ZOBREREB LG TFRBIEEVT F o —

Lo A XTI —VERERT,
10 mBEFEYFF. F by O —24 - F 33 & — BiFEMERA X420

T CyO {HEMEDERT IR T b /NMINEE T b &fki b
2y =TS Tz, Thiizh b oz —areiho
CYOEHETOAICE B bD2, TA Mad 4 bo
CyO iEHDIE T dbboTwE b0, HKkEIZL A
WH BELLBRETHA ) EEZ LN, L LIEE
#E BM A% O Fh TR O LB D A3 BE D 7 Gt
 QEME) OETERESSE. Lo THEHODD &
DOEICHEME (EM) OEIZERD Mk o7z,
—J7. $AiEH LAy S €72 8 7 H# O BM B ALK

E1 b. 13HEIEEH BM /SR E
TIF il L FORIRERS L 05 FRBIEF Fra—2 -
¥y —LIEEOE L WK T %2RT,

10 pmBREYIE. F 70— - %3 7 —BiEHELE X420

1 c. 13HEFIEIARHKE BM O/NMsF &
Tk v TR LI USRS 7 B R T,
1 pum TR AT, LA T - T — BB X 1600
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2. $HiGEHE%ES
TVE I, 5B, BXOENEOWTNLD B EVEEE
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D CyO {fMHE (Ftd) FIEFMEEO 2 &, fif
AT =2 - L THMSEIRD SN h o7z
(BW2), AL, IEEEXBEEELFESOLEM (FH) %
ARL7z,
(3) FRx#E#ED CyO SEMEL NIV & SOD SEM L NI
IEEFR13H il BM O IH#k D Cyo idHEL NV B L O
SOD EWELV RNVIFIEEFEBO Zh 2h30% G =E
70%) BLUB% (RIF20%) Thorzo —H. $HiG
R LUIEAy S 72 8 7 A BM OMAHMED Cyo idH: L X
NBLUSOD EEL NVIZFNFNRIEETR L OBIC
HEENBDONT, L7zdto THEHFAMIIZSESICIE
HELTwZ (F2, 3),

V. & %

(1) BM RitEEEDOSRBEICEAL T
H1% D BM DOk % %% H ISR B 24T &, 7

71 %5 BM /N2 E

EMEA TR, HHZ® X285 KM E B & UV E o R
10rmEfEI R, F o2 0—24 - %25 —ViFtkgm X210 DI bay Y 7TIZEARRROER (ballooning) 254 2

DD B T &, LRI DOZALITH T LICBEFE ISR ) AT

% 2. Brindled mouse (Mo®*/Y) & ZDIEHFEK Mo') o
WD T by O — 4 - FF T ¥ —EEEL L

Age Mo™ Mo°* /Y Mo" /Y /Mo™ % difference from
(u/gww)* (u/gww) ! (%)*? normal (%) ®
FEIGHE
13 H#hEE 26.6+3.2 8.0+1.3 30.1 —69.9
SHIG
8 71 H Wtk 27.7£1.2 27.5%+4.9 99.3 — 0.07

1, Smith ¥, KD n=5, u/gww=H{7/IBEE (9

2, 3, xEL1LFEL
%% 3. Brindled mouse.(Mo”"/Y) & ZDIEWFEM (Mo™) @
FRAARED R — =4 F T F - DALY —BFEE LNV
Age Mo™ Mo® /Y Mo" /Y /Mo™ % difference from
(u/gww)?! (u/gww)? (%)? normal (%)3
IEIGHE
13 H#hEE 113.2+ 7.3 90.24+10.5 79.7 —20.3
SHIGHR
8 A 176.9+12.2 163.7+ 3.8 92.5 — 7.5
1. Fridovich #%, &#D n=15, u/gww=HA/IBEE (g), HEMEIZ Cu/Zn-SOD
& Mn-SOD % &t 724 SOD DIEMHAEE R §
2. 3, i¥FE1LEL
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THEfEIZE L v ZEla g tbs 2 /- LR ICRias 2 & (M1
C). BTN EAITE & O ITESFHEREL, 15
HEIZ LT HR I L, 253 TIHIS R TWL G0,

Z® X 3T Menkes I8 < ™7 A O HEIT O AR HI R 2V
(BZEME) IFEITEITRD I ba sy FY 7EMEICERL
TV OT, 2 BM O RGO K051 2
RMEdzdbobitEshs (F1),

FIT, MBSREOKRTEI by FY 7T oETME
DEBEHEUDTHb0E LT, KERSZECTHrI +
22 P 7TABICEET S CyO. B L HIE ICfFE
9% Cu/Zn-SOD (HMEF IS L FEr % D SOD) . D
WEEHlE L2 (F2, 3), —H CyoiEticowv i
WPEG S & 2 MR L ZRIT 2 4T > 72 (K1 a, 1
b, 2).

(2) BM Ri#H#EkD Cyo MEMICEAL T

SHVAEE L 2 V13 H il BM BEORMER O TG e mls X 2
CyO WM (Fefath) 3., EFENBEOF# & <EL
WK TF AR LA ([®1a, 1b), LAaL, SABRELS
# A% THERY X €72 BM BEO RO Cyo G HId IE
EXWREOZFNLE L"H»LHEBIFRDO SN 2o 72
(H2), AT I sMED Cyo EEL ~IL D
HEALEARIE O RIT. EREOMBILFENER & T
=LA GR2), Blb, FEAEHIZH S BM D%
D CyOTHEL NNV IEEFBOZ N1 030% (B
70%) T&HHH, EHEE S 7 AE BM AL D Cyo iF
L AOVIZIEFABEOMICABEEFR DO LY, Lz
2o CEEIIEFEILL Tz,

ZOZEICky, EBTHHIZIONg /g KE) ©
CuCle® —[H{FES 42 2 & THB% 5 <. BM DFAMHE
LS AREEIEEICHEOE, BLED 8 AT AL LD
CyOTHEMEL NUNIEFET b0 LEESINS,

(3) BM Ri#E#ED SOD EMICEAL T

CyO & MR ICHl%E L 72 3EIE 13 H # BM I ALk o
SOD ML RNV I TEHE X BB »80% (A #20%) T
Holz (FF3), INLDHMOM L ~IVORT I
I HEABEOFEHRTORE I IME 4 OBRICL D & F
EFTHLIePHMEN, F/EERS H A BM K
2B 5 SOD IEHE L~V D flED 5, BM I SOD i
L ~OVIZIEL & b EHE 8 # HICSE&IIEELT 5
ZEPHL PR 572,

(4) $HEESHL NI ESAREBRREYL NIOREOS D
WICBALT

SHVEEBZ O BM RO L NV IZEBRE LA T 504

<, EREAAREEIEA SRR WY (1), botEHOE

BPVRETIEHHELTH, Ll & bliE#FEB6 AT
IEEABEOM40% (B Ee0%) THH . EHILLT
Wiy, —, $KEBER (CyO & SOD) B ILRE
WEERICEEL, B b 87 AKRICIIESELT 2
(F#2, 3) TOBETEGHEFIZAREURZ Cyo R
SOD DEAMEFWIZFE D U CHBR I NEDAT, D
HHBSL L DIEEFELIZEI S 2w L4 THRLTWw 3
FICRRL, ZoHICBEL. LD 52 57240
&, MBI (BBB) @@ TERW/IOH TRV
EDEZLDHDL, WTFRICE L, KIEOREROETER
LGN ROBFEE2 2 O LOBELLEELZ LR D,

V. ¥ &

1. FEIHEE BM BAER O CyO 3B X UV SOD itz #h
FNIEEMIED30%., 80% D L UL L7 WASSia
BIZEDELC LD 87 HRICIEESICEFE L, i
BBIEEAT L, 2D H. CyO I L TidA %
BIRSED 7% 53, ARRIEZHFEIC L > CHMR S
n7z,

2. —7. BM RO L ~OVIZSREEIC L D, 9K
b ERAENERT, Lol 2k & biHEERS
A A TIZIEE SR O40% (BAF60%) THY, IE
HALL TWiwv,

3. ThooHEERZ, NEOKENROEF B L UHHiLHE
SGROBFERTLDEEZ LN,
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