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ERFT & X CHupE L =54 0 REAAKIZ20 X
2THY, FPADEFMNODMKIZ1 ¢ 0.623CH
B FPMNOMELRTOLTHS.

HisEOZ B 5,000r M7 BEE DG L 2
L.

6. [EEMERIT T * 2 @m0z L

(F22)
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ETEE
B om T M (c
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NEARRREREE
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) helyso [ 177 | we | % 5 . | oigoz
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enl 3% (30 | B | B 2 R
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T3 Bfebow 13 189 " u .
EEREA 24 he 153 175 i‘:‘? g " " 3.2%2
Hean | 1R2 132 " n | 0.695

5 DEBICEE L AL W R & 2 sayEm
TEOEHEICIE, PPOF AD~OREARIR F X
N, R 6 R P AD : PMNIX 1 :0.949
T, WO K 1.0135m, 24BNl ¢
0.824 CHRE DB EMED b N B I /BE 2
W R % R SR MEESTRC B\ G ETE

E 7 s et

BEREZIHERELERE #19% £15

L D BEFEEDL, R ¢
BRIEE1 ¢ 0.695ThH 5.

Bl B IRSFIT = & 2[RRI HES OB& D53 5
DOFIFESAELERE L D BEICHET, BLEIH
DEBRDOFMeBEEETIHMTHS.

IV %

1. JEEPNCHES X n7-PRI34e 712 V BRER
WZAD, #5 B 2ETF AD~® turnover 235
9B, ML TZ R 2 5 LB O
B LTFADE PMN OGRS BED X 2 ¢ 1
3B,

2. JRSHRE @ B9 12fEo T tunoverrate 13
(1 - :

3. FefEpvEERE 45 E, 5,000r FRM 24
BTCRPEDREAIZE LCHEEERY AV, TH
BCETEVETL, WEBHRE L2, 20
ZAERIERIE N RO BELZ B LTD b 3.

4, REME (BRI FHIC L2 THEO
BARMES h, Fh2FECEERRICOWTY
ASEE L CHED 2.

5. DLEDZED S IFXARREAED VAR D&
EWERR T 2 T N DESROMERICE L b L
W h, ZoERAREFHEFCFO—RERET S
EHbDLELILNS.

F5iR FIXIREBSHCER LTEES LD BRI
PEORF7 £ /ERERERERE IS RIF T 528

1 #% &

73 BBRtEER G VB 3 MEER L, T3/
BRZBR(LENCI T 2 7 LTINS 57 P ERR 4T
ZEETHD. 2OPROD7 3 JBrbEEE (D
AAQ) OFIEFSE R FAD TH 3 T k% 19384
Warburg, Christian® 1z k2o TEER S hiz.

DAAOWKENY BHIFE D . Krebsh? 1354
FIZEBN 2w T, X Greenstein 25600, f#L, B
[lie0yx Dimethylaminoazobenzene 1z J % =ZZE
FFlE DFEF A, VB:EDAAODMRAT 52
EEFFED B, UREMZIERES » v, THEA
JigE D FEE RIS 5 ko T, Bo
DAAOWRMETFT B Ew3,

AR OBSEEIEC 2T 8B L T fig

0.815, 24
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DHEEN»S BRI N T w2908, Feinstein
et al®), FREEe6D, KA W, FEZLESI <Y XIF
B F T =¥ Rl T 524~ 48R B 12#4920
%IETF 452 L 23R, X Dales® 13 XifgHc
& 2T Carboxypeptidase, DAAO iR 7 %
Ev, 3 in vitro OFFEIRERICE W T O P
b EHD B,

iR & T XARRENCBE L, i Fofghe X
DTEERICEES N-BEHREIC L 2T, VB
DERINZ T 2 FVALDEER L -3 W3 &
TS M U722, 3 VRESRIcH T a8 s
"FEL LTCESEAR BRI L, BREKROE
gD —2HE LA E L. LFPADIX
Z OEESRIGE ORI R T B s 2R THRET
L7

I =BRME =S5E

1. Z=ERENY), REEMESIEIHOED.

2. DAAOEM:EENIEE

Warburg #EGF2ERAL, 77=vRABTE
2NTRTNE KIEFROY L1z2EfiL, DAAOHE
DB 2R TS b Lz, Bib War-
burg #EF % AV, 38°ClEIRMNC T 154 MHRS
L CREREICEY L 718, 105 EREERIR
it 260 b2 THIE L7z, 7 RIS,
EIZ121320% KOH # A7z, #EIH & L <CpH
8.30M/10Y n BRERBERR 2 (EFR L7z 7o =
VDL —7 7= 2 v, AR oo
EHREE s o M/ A BRRCE# L. FAD
W oy 8 | o oA, A, 10
yiml &5 XS5 CHEKCEBL b0 EH
L7z. 14§ Homogenate & S2Er¥ % 79X 0EE)
IRz 80, EmBFEy Ly, TOWIMOBE Bz
FFeaiHfEsE ( 1.08) L, 9f5EOREEER

#23 JFDAAOTEHRBMEIER

% B & S 1 2 3 L 5
comBEmR (A% | e | M| A
+ ¥ Dl-Alanin (2M/1) 0.3 | 0.3
PAD (107/a1) 0.3 0.3
BT bomogenate (100mg/ml) 0.5 | 0.5 | 05| 0.5
¥ ¥ xod - (20%) 0.2 | 0.2 | 0.2 0.2
l Total (m1) 2.2 2.2 2.2 2.2 | 2.2
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DI=E 7z T g A

B 31i2R_TH1¢, MERIODAAOIX 48.75u
TRADGEIMC X b57.5u 720, FADGEM®
PMRIETH 50, AREROGAEEH TR
e
JEBHEIOD A AOW504 ¢, F ADEIMZ X
Y 63.25p1 &7y, AL HFETER, HR
EEEDOHAS L VIMENETH B.

3. IRGTMmERESEE (2 61FE), (K4)
AEEC R~ 72 5,000r HEAT4 BEED 7 95 Df
WEEE Y ICEEL, O 3RAE, 248
& 2 [HFDAAODHIE #7072, T DI
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B4 5 000/@H5% Tk EHEo D.AAO.
(2 #lFg)

0z
:qﬁk;
~ 300
T e
— 3AMG.
80 e 24 HB0

B4 RmTL, EH3IRMEBEICIDAAOR
51ul 2K <, FADZAMU TH59u THRD
O, uptake 1385 X 7w, 4RI DAAO
135501 CHRURBIL, F ADEINT X h62ud &
B HETIRET 5.

4. [EEMmMIEEHEE (260Fs), (K5)

HIEOH MO BT, BEY X 0 BEHED
BEOFD LA CIEFMELZEEL, 3
REEE, 24REMBEDITFDA AO #{lE L 7=,

K5 1oR7an<, 3RETENDA AO260ul T
EEEME & VETENS, FADO HIMT & Y 6Iul
VT, 24RSANEE 12 1k620] ¢ 3REREEE X h i

BAREZEHGESHER #19% $15

®5 IENMmEESEORF D.AAO. (2 §Es)

02 ujiitke r
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Joof
90
—_— IPG
Bl M (TR URRE 3
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Ve s
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mL, FADOEEMIC X h75ul & FENEEINT
3.
IV £

1.  5,000r MHBOFFDA A OVEM:E RS
IZEOTHEKVETL, FADOERIMT X b
WRE T 5.

Z OZEEIERAAN R Ty R Zzh & b
SHERE T 2 BEICED b Nz,

2. BHmEESC L b, FDAAOIXIERST
fmZEIL & g = FRROZEILE R .

3. Lal, ERMEEROESTIIFDAA
OFEHEEREMNBENBIBEE T, FADOG
iz X oTiRET 5.

BOW BELECICER

FFARV B/ NERS T & LT 227,
5007 SRR 244 — BRI IR E O RIN 2
SELTHEERA L, 1,000r L _Eo RS g
LIRS, 7 HERLBEBIEAD L, Ho14F
PRETHIRE L w2 & Bbhhors.

JRHED 3B OS2 Th 3 E, HREOH
Mz oM TCFPADORDREELE LD, 2L
TFMN, FRBZHIZHEMLCW3, Z0OH
C Cly 1z X BIFfEEE®, XKk 3BHEEONT
IR OHE &L FEffic, XKERFILY
VBelE R ORI LT b T B LT % T
553,
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RSN VB DIME 2 88 L jE ™I
rhE, BETEHORVBR3HEOSH EFRAA
e EDTWB L 08, KE, BEOEDIT-
NTEFMNUCTFRADRHH LTKS &S
2, XHREHE - neg 3 MoSMhEz L B0 FR
PRLTED, HoREXRoOEREFEOEED
P ERER R FE I B D TH S,

2OV BOEROHEEIZ T, BEOET »
} D 700r RGN B VBEOETNLX
FRO—WINEHE, ENbESEERAIC L3 0 L%
FboE L, XERS Lo THERE hiaam
ZEEN AT BRSO Dynamics OFERTH
% & ¥ % Sachers? o iEHc AEL T3, &
@ 500r BAF24REEEED t B: o imiskiix Sac-
her O3 EBRICH T T B LA, La
LEo e, R R E o 2 wiie, ®
$47 8, LWEWRTRDFELL, LabIERSH
D VBOZEE G & KB L CETEETH S
LT A, HRREEOEBIOBIR & 4T LT
3 REEERCET 5. FERUHE o BELS A
W CHEDTH BN, FhbrsbbY, M
RO DOBERFEINTWBZHDTH Y, BT
e OMHETFOFETRETE 3 24570,

o F s Rz B TR SRS TRSTED & RS
WOHEZ v, BETORMRE~EYFY vHE
KenZERE e En, FTAMMEZENE, R o BTN
%, REER, NEO > omMERETHY, ZiT
s U CIERST S ot R BED N ED 5 o0, &
SHA) X b BRGZefgZett & F e X BHITHR, R
RoFMEOHESETH Y, ThExEMMRE
Ml X b dwen, iR bed s e L
T, JERSEIOE(EZELRL T3, fEoTIER
SHERRC I TS VBARBNC TR b OO R X
NBZEDRFWHEBENDLIATHS.
ftih, FERXAAREEERT, FOERADE
AT B Rkey, Ahlstrom £V RE U<
AWt A 2B TIRET & h I OBIYNC SR
DNAARKRCEI WD Z 28D, BRI
FE#E D 517 DN A B ERFEE R T o i 258
ATw5.
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Z OB BRI w2 BT B pioRk 25
, in vivo W B 2 E0iER & Bacg® HFE
BFofEoTEAELT i, H{ERAND D, e
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L L, B0 BE 0 nERoERIny
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WTHE L. Bl b4eY 2,000r LH@EELE
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BREVEL, Z OZHEMRS TR P AL
TEHRRAZEEL, TTd 20 BRI
BT L7 LA X —H: 2 EiER Lo, fFEMRR
WRTHxOFEH Bz B b0TH B E
LTw3.

Fd VBRI & B BRPURONE » i
L, RERS OSSR HNM S < Bz 0B
ML EEET 3 2 & 23 7. FICIERSEO VB
RE L ZOBEZEREROEE L TA 21T, %
DM DTN VBAR b A X Nl X
h3Z Lol 2k bdoagiiEofaT
BT g, REAIOZEH: Lo L e

EI n-BFRbER, —FoMEERE LR

R ZFRFERAII 2 &0 T2 IGifER & X
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WL, THEIBUEBCALNhIE(LEERL
RBDEVZ LS.

L2513, JERHEENC 2 b n 3B bR R L TH
FHRAOERCES L 02 25T 2HNT, B
B ARG E SR ST RS mF i Tk
B Lic. ZORMREE 3 MR -BHEROE
B LW ERORET, JlbB5EEC X 38
ThHELEEXB.

HED I~ XFH ¥ 7—E¥ 2R3 W@ Iz koW
BET A3 LICHWT—RD I ¥ R A Tz w3
S, BRAEmMIFRCT S 7 5 —CEETFO
FEZREBEL 31213 b, ZOMRICENT
DIGBREATO T2\, B BB OTgeE 5 T
W|E Lizin, MEXACEMERESHKT
HEZLEHERLI-DTH 3.

AN & > TEREESREE L, FhasiR
METHAL, AR LEET S LY MEET
FERLE A5 TH3B. FcFEEHAICEN- T
B8 LR Z OFTF® ORI ATIR R b 3 28, FF
REBITE S THF ORI EE L T DAk >
HY, BT Z0BEOFEIERCR-GRE T 3.
PRI E L U CHES, LHO ARz
BeTHhd LT3 L 2TD T3, B3V
BB TR L, EEFT: X Ca@ELr:
CERICRTRA EEER T ITY s b AT, BE
et 2 CuBELr HRCE BsM tB &z
AT NIERC P ADDWAT 5 2 & #3EEE L7,

R Z DREFCHRT L, Wiz 0 b
DEN b B = & X g i 2 545 LTV B0
BEN e B8, ZOHBEOEINIFELEL L, tB
BRI L, b KBRS O £ & @Ak
DIER 2 487-. Z ORISR REES x x4
FEMIEES OBEE & B 7230 0 Bl & BELL LT
Wi, LLOEBRZIBT VAX—DFErLA D
ZEpHBRB., Bibiferr7zs 9%y —.
Yo 7IBETIVBOERZHRE L, &3
FAR VB DERA A B iz L3R T 3,

DL EDTEZ OBERN 5, REICELTABNS
VBAHOREREZFVAROERICL2CH5 5
LEZIBNB.

BAREZH SR #1098 %18

LRGN £ T 3, FAD o4, FM
N, FROEMOBTRENZEILTH 3. 20
Zhy L L, ZhARRL T X FALEED S
12k 20 onE: FAD-ase ORI X 33 D
HIRE L. fiF, Ahlstrom 459013 kB R4
SNV XD M & FERE T 2 @M+ %
L, ZTOEMOBRDNAREAMES a2
PEZRWTIER L, FOMAMEDEEZ R L
T 3. £ CRIPHEIFEER 21T, Z DR

DRFE L RYe A & LTz, ZOREEE 488

L7, EEDPHEIZRTEFADEFMND
BABED K1 ¢ 0.5TH 30 DN, FFXisiRe
IER L Qs iR, SSEaEERST T E o mn
THFMNAHE L, FADARUT, =0z

RS E ST EST L ¢ LI o, B

MN» 5 F AD~DEFRE, ETEEIHEES
NTCBEBILNL S, FICBEME (B85
@) FEHICEEL Ty, BREERERNFT & 24
BN (R BB LT 2 & RO
BRBLh=0T, HITFXBCEE L Cies
ENIBFGUERR, B2, B3IMIBEED
EiLzd 67 A5 DEAEEE, Eio
phosphorylation DFEEIZH 2 &5 = & BHSR
GBI

& &)t Spies w3 HSHERBEIC 37
FIREBRL72E0H 3 L 23 ¢, X Pearson®,
HE#f®, Marzocchid? &1 X441z X 5T VR
FAZF AD o RbEREORIN 2 5w T3, =
DIRGHEFT L2 THHRAD VBDOWRD 23 X V&
BELR35. MUTXBRNC L 32 VBRoxZIc
K LTRSS ©ZVBOMERB 2RI CH S &
5. AlFARER®E V B XERSNIC X BRI
DWW LR T 3 2w s, X La-
ngendorff 25003 FURREIEC, FH 213 XAR
RO EEC VB MEEN BRI T 5 2w 3.
Z, RO VBIBEHEO ) 7 7 » v L8
EEZHXBERARSS LS.
BT, XSRS I L 2TV R
TIFADRRDT 2BERA LR, KWtV
BeDEHEERD— D THEDAAOII DWW THS
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B 7 RO TR 7.

DA AO flavoprotein E#sE: Shh, &
WEE LCSHEZET 2505 SHEERE b 5
ohB. Barron LEmMiz{kig S HEERIXoEE
ST AT HOHRRSEM:2 B\ - & BV, Dales®)
BAEFSTD A A ODFREA IS XiR# T LT
ZFORNEHELENZHFEEL TN 3B,

T Homogenete #EESEWE: L, ZHEE L
Tk d-lalanin # v, X iSRS OFEZED A
AOEMII R TREBLHRE L, GRIEFER:
W AEER S AR TIIC DA A OFE X
W2 FERCIET T 52 & 2387, FIZDAAO
EESEEMTEROHETA B LT,
RN = B N D E 1) Rad = Y i R p e
DHEEREFEFET T2 2L 2807, ZAb0D
RGN V B D REFEE 00 25) & B 0 BT H
D, Bl bDAAOITERNTY HEFEOERE 23
HE7.

MLTZDEA, DAAORXBEGIZX 2T
BExn3nR, RLTDAAODKNOREEENDE
SEI bR ADRRE Wiz, BIZEEES N
BEN70) HEHEZDOTHRBIDTH B,
FRERTF ADOEHEIMZ X VERL7-DAAO
EETESTLIREE LdBEINTH20b, F
ADDOWANTERT 3 L b EZ b A, fHR
T, FPADZHACHRML T IEENEL72DA
AODRENRIRGE LT B0 TH 30 LEED
SLBSEINTWELO LA X WA TR
BZwv, Lal, PADBEATMFDAAONE
PERAET 3 3 & w5 Tripton?) @&z 8 LT
b, ZOFESEEEMETICH LTF ADoOREAR
KRENFEEFMFLTWBELTY I o ki
A 3. X, FiEZORERE T ADDYRINR
Rahz BT 2R U TR 45 2R
TE2HDOTHBLLEREBTEIVDOL bR AL
D
DLk, FFXARRERDIF OV BAREH B V BB
EEESEEEMET HEIRRES T 5 0%, FOPEE
X NIEFREOERCELZ D THB L,
T 20 BERVIAOVEFERE) phosphorylation
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DRAFITH B Z & 2#Y, ZFBEEDVROME
BEREBEIH, BIEESEERC L TaRaT
HEZLERDT:.

TR & &

1. IFX#Rc X b, FRVBIAkE {2k
5, ThAFADOWD, FMN, FRO®
MOBTHE L, 280G E ORI
FEOTIREL 2%, B VERAELE LT, X
RIS & 2FFHEET sk 2 @ i87-.

2. MLTINVBROZEL (FHEDET)
SERRATERRIC 1A T b BRI & F4T L <Hb A
2, FORERHERIEENCE L CEEchorn.

3. TR & T 9 X o ais g W BT
M T I ERROEERTB D bh, Fh
EIREAHREIC I L, X VBOHBE EETT 30
T, FERSIEID VB DZE(23 B FHA & R EIR.
WHBHDLEEZ B,

4. JEMAR (LR BEREOERC L 3 Y,
DPEREBERYT 5 ENT, BEFo 20223
[EIRERGTAZE A R N FRIIF = % R Syt 54
KD VB 45K L7z, FOfEE, FADOER,
FMN, FPROZFEEZ £ tB: O # skd 2
LERwi:. FXHRIE 3 B E 0 B5Es
HOIE % EERAED 72123 H LCd ER
L RROBRE L. D EofREX Y, FXiHRE
FHPEL TA b h 2IERARRRD VBB 02 b
BFF XA L CiEE X h 2 8BS, IS
EIZMIEEESR & A ERER L= b0 & B
hhb.

5. IEWPUDBERTEZERN b, LWlozEze bk
FROBRA & 72 3 ARV O RS0 I
phosphorylation MRAZEIZ % 5 Z & 2 FEFL 7=,

6. VBEIHEESRTHB D7 3 Mex(bEEEnx
I XRRIMENCEE L, 7 o MREHANE 403, ZERSH0Nz
BTHNEELERL, XEEFHESFD 5,000
r FRRUR SRS L b FRo b kT 0
TRD 0T, FERCR-TY SRR X 3
b D EEX b N DHSRAREER OFER S s
Zsy BHOZOBEDOVBAHI P ADORINAD 7 3
7 B (LBFSEATEPEALIC X L Tk 2 BRI 5 20a e
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(AW H16E B AEERNREEBR © BER

Eo—r LTEREBC I TREI L),

= B
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x 3w, 8 399, W30, — 4) Warburg, O., Ch-
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v i v, 4 459, BE26. — 17) i @ BIREL,
56, 8, WE27, —18) ¥k : HAEEM, 10, 10, AR
27. - 19) Axelrod: J. Biol. Chem., 140, 725,
1941, — 20) Adams, D.H.: Biochem. J., 60,
568, 1955, — 21) Tripton, S.R., Weiss, K.: Am,
J. physiol., 180, 321,1955. — 22) Liidin, M.: St-
rahlenther, 19, 133, 1925, — 23) Tukamoto, R.:
Strahlenther, 18, 320, 1924, — 24) BF : H&
vy oy vEgsask, 10, 70, B 7. — 25) Bacq,
Z.M. et al.: Brit. J. Radiol., XXIV, 617, 1951.
— 26) &I : BAEHSIE, 15, 241, B30, —
27) #p4E : A4, 27, 323, K15, —28) HA:
A B sk, 17, 855, 1957, — 29) /ANEfl : B
FEM/LE8Hs %, 2, 721, WE29. — 30) AEF: BHFE
B4k, 17, 701, BB31. — 31) Aubertin: Fo-
rtschr. Réntgenstr. 15, 222,1909. — 32) Strau-
ss & Rother: Strahlenther. 18, 37, 1924, —
33) 5 : BEEKSE, 17, 799, @32, — 34)
i, 9 B FERKSE, 13, 534, |28, —35)
Bacq, Z.M., Alexander, P.: Grundlagen der St-
rahlenbiologie, Georg Thieme Verlang., Stuttga-
rt, 1958, p-46—-79., — 36) BN : A EREIRSEEE,
17, 466, BE32. —37) HEM : BT E 7 v A ¥ —
Fafmes, B33, HREMA. — 38) Roth, T.S. et
al: Arch Biochem, Biophys., 44, 95, 1953. —
39) Feinstein, R.N. et al: Science, 111, 149,
1950. — 40) Hori, K.: Med.J. Osaka Univ., 7,

—170 —

BRBEFIHRERER F198 15

355, 1956. — 41) Morczek, A. u. Miicke, D.; St-
rahlenther., 102, 535, 1957, — 42) Mauer, H.
J., Dittmeyer, R.: Strahlenther., 102, 531, 1957,
-—43) Goldblith, S.A., Proctor., B.E.: 35) r b
B, -— 44) Alexander, H.D. et al: Fed. Pr-
cc., 15, 921, 1956, — 45) Pearson, W.IN. et al:
Am, J. physiol., 171, 120, 1953, — 46) [R&::
¥ 3w, 12,415, 1957. — 47) Marzocchi, G,
Barbieri, L.L.: Acta Vitaminol., 5, 113, 1951.
— 48) Jarvis, J.L. & Cayer,D.: Radiol., 52,
574, 1949, — 49) Bean, W.B. et al: Am. J.
Med, soc., 208, 46, 1944, — 50) [UF : AEE
sk, 18, 787, W33, —-51) EH : B AREHE
gk, 14, 57, BE29, — 52) HIU : HEEREH,
13, 212, mB28, — 33) #HHE: FEAEKSE, 18,
917, WE33, — 54) FH : HESE, 68, 181, 1829,
-- 55) /F: BEERSE 12, 5, 6512, 6, 8;
12, 6, 1012, 7, 7, WE27, -—56) /NBR : dbiE
WEEE, 27, 336, B o 351, WP¥2T. — BT) |IH
fit : ¥ & 3 v, 12, 571, W32, —58) /NJEfh : &
SEEs, 9, 339, W32, — 59) Krebs, H.A.: Z.
Physiol. Chem., 217, 191, 1933. — 60) Greens-
tein, J.P. et al: J. Nat. Cancer Inst., 6, 211,
1946, —61) #11, Bl : REF &5, 38, 1065,
1939, --62) F#p : BARBEHeEE, 15, 990, E31.
— 63) #Efh: B, 18, 303, FE26. — 64) k&
fit : E& &, 19, 95, WE26, —- 65) WIR{d : k3R
3%, — 66) Dale, W.M.: Biochem. J., 36, 80,
1942, -— 67) Sacher, G.A.: Radiol., 67, 250,
1956. -- 68) %30 : HBEE, 69, 476, 1955, —
69) 1E)Il : API&EE, 42, 51, 1952, —70) $HME:
fEo®t2E, 1, 23, 1954, — T1) fHAL : E &,
26, 75, 1953, — T2) ¥ : Er &, 13, 96,
1951, -- 73) A ¢ M43 A AL BN S L0
Hb i, WE32. — T4) Barron, E, S.G. et al: J. Gen.
Physiol., 32, 357, 1949, — 75) MiE{h : ML E
&k, 69,1335, /F32, — 76) JI|_kfl : BEEZE, 12,
423, MB30. — 77) B : ER AR oS, 8, 373,
ME31. -- 78) f*if : BB &R, 13, 26 B tr30,
WE28. — 79) R : [ AE ik, 18, 989, #E33, 15
28. —80) UM : BEE KLk, 18, 1589, 1834, —
81) Spies, T.D. et al: Am. J. M. Soc., 208, 46,
1944, - 82) 9&{: P T LrAd—, G, 1, 5%532. =
83) BH: 7 va¥-—, 6, 479, B33, — 84) =
Jl: B§86, 20, 2, k10, — 85) m)ifn': SEEA
BEgk, 6, 6, K11, — 86) dhfln: v & 1 v, 12,
584, 1957, — 87) &% : BRE#H S, 4, 354,
418, — 88) Jiingling, O., Langendorff, H.: St-
rahlenther. 69, 181, 1941. — 89) Adler, K.: St-
rahlenther., 34, 587, 1929, -— 90) K& : H&
B4, 16, 971, 1831, — 91) Langendorff, H.
et al: Strahlenther., 99, 375, 1956, — 92) %

H : RemMEmEns, BERUEER, m\3le



ARfA344E 4 F25R K 171

BE 119, W32, — 93) i MEKILES, 7,401, — FHEBEN, £ 18, LEOHERE, HTILTE, &
fE31., — 94) Ahlstrém, L. et al: 74 v +—7 T, W, p-228, — 96) HF : BHERSE,
SRk, 1M, L2 o fHig, HMTITS, EiT 15, 1046, Wg3l.

#, WE, p-233x pE A, —0) &7V}

On the Effects of X-ray Irradiation to the Liver Upon Liver-Riboflavin
Content, and its Relation to Auto-Antibody
(Investigation on the Mechanism of Action of Auto-Antibody
by using Radioactive Phosphorus)

By

Toru Yanagisawa
Department of Radiology, Iwate Medical College
(Director: Prof. Sannosuke Tarusawa, M.D.)

Numerous reports suggest that various disorders of metabolism which were yielded by
x-ray irradiation may be caused by not only the direct action of x-ray, but also the
biological indirect action.

In this study, the author tried to clarify if this indirect action could be illustrated
through the action of auto-antibody.

The rabbits were given various doses of single exposure to a half part i.e. the right
side of their livers. The determination of the liver-riboflavin content in the x-ray irradiated
side and the opposite non-irradiated side was measured by the lumiflavin-method, and also
the auto-antibody which was produced in their sera by x-ray irradiation was examined
by the precipitin test serologically. Moreover, the incorporation of radioactive phosphorus
into the liver-riboflavin was investigated by a fracer technique with a view to making
clear the mechanism of the action of this auto-antibody.

The results of this work are reported here.
1. The liver-riboflavin content in the normal non-treated rabbits was as follows:

Total riboflavin 43.06:1.909 /g
FAD 79.2340.691 %
FMN 16.714+0.566 %
FR 4.06:£0.406 %

2. When rabbits were exposed to a small dose (50 1) on the liver, the liver-riboflavin
content showed little changes. But when the rabhits were exposed fo larger doses, the
decrease of total riboflavin and FAD, and the increase of FMN and FR hbecame much
more remarkable. The changes reached their maximums in 7 days after the irradiation,
and they were still more conspicuous than those in 24 hours after the irradiation, and
they were not yet restored to the normal levels even in 14 days.

3. The changes of the auto-antibody in the sera of the irradiated rabbits ran parallel
with the exposure dosage; the larger the dose, the more antibodies were produced and
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the longer was their duration.

4. In the sera of rabbits which were irradiated on the liver, there was an inhibitory
factor to lower the liver-riboflavin content.

5. When rabbits were inoculated with the liver extracts of the irradiated rabbits, the
iso-antibody was produced in the sera. At this time, the liver-riboflavin content of the
inoculated rabbits showed a remarkable decrease. On the other hand, when rabbits were
injected with the sera containing the large amount of iso-antibody, the total liver-riboflavin
content changes mostly in accordance with the changes of the distribution of three types
of the liver-riboflavin, such as the marked decrease of FAD and the marked increase
of FR.

6. It was proved that the incorporation of radioactive phosphorus into thc liver-
riboflavin was clearly inhibited when the rabbits were treated with x-ray irradiation or
inoculations as shown above.

7. When rabbits were exposed to 5.000r, the d-amino acid oxidase (DAAO) activity
of the liver tissues of the irradiated side was remarkably decreased, and when FAD was
added it recovered if slightly. The changes of DAAO activity on the opposite side were
similar to those on the irradiated side.

8. Decrease of DAAO activity which was observed when injected writh the auto-antibody,
was almost similar to that in the non-irradiated part of the liver of the irradiated rabbits.

From these findings, it was surmised that the changes of the liver-riboflavin content
coincided with that of the producfion of auto-antibody by x-ray irradiation, and that the
auto-antibady had an action to inhibit the riboflavin content and DAAO activity. And,
from this, the author concluded that the changes of the liver-riboflavin content after X-ray
irradiation might be due to the action of the auto-antibody. Moreover, the author recognized
from the results of 6. that the mechanism of action of the auto-antibody vrhich caused the
above mentioned various changes, were based on the inhibition of the phosphorylation.
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