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LEFEAMBFOHR T Nitorogen-mustard (NM)
R OFHRRTMRABOMS, BREROFEL,
REEERER, FESEAEROMH, BEBEIRON
H, AOROPEZOHERALAL, hEDOXHH
B3 3 &EP1FAIE B O 7235 Radiomimetic Com-
pounds LR, £ Blukd BEBBRFICEEL C
RERORGEALESMKS, chFORT SH
Z: OBRICOWTHEL DA XD TEKRS R,
Fx—BDEEHFHELNR TS, HI'H, Hellermanh
1t NM #% cysteine % glutathione @ SH %L #&
THEEXFHERL, Filvv T Barron %23), Loveles®
RUEED 1t NM i X544 SH £BER £
DEYENERARRICER oY & OFERIPMK
L, ARES 31U =0 fiF+ NM ¥
I Nitrogen-mustard-N-oxide (NMNO) OfER%
BEL, chEoEAKR & v —EFLL 5
cysteine % glutathione M in& SH H Fiic X
DI~ 25N B UERE B BRBCR 5 ELRAEL T,
D SH HRMBEBY L W5,

NM OEREF L NMNO O % h & B3AEC
FREDHDTH D, NMNO ik & A RO
INAPFHORLRTA R L ZE SNT, FX
NM 2L hic X ERERRT 5 & v O HBE
CARESEM L oBEIhL,

ARAIED R T SHEERE L TO ATP-ase 1§
3 X SR i 5 CRERSEIC RIER © EAL K E)
ERTHEYEES ML 225, 4Bk NMNO DATP-
ase FHCRIETHETHEL, ChrERLAS
ARCHESEY O LBEIMC TR L g E

D ATP-ase fEHIC oW THES 2 REXBLOT
WET5, XERAHEL L TH 4K Colehicine D
fEAY, MREASRBOHERCH ATP OH%H
BT240Chh, +45 ATP 2Nz 5 L HREE
BEOLLVEWS AR SOBEICKLE, ATP-ase
BT 5 NMNO O fE & Colchicine OFER
BB L BRI RE LV,

I. REMERUEE

E#< U AOBEERIC NMNO O 1 %KiEHkaiH
HEA & iz b 300 mg/kg B.W. OETE
AL, LOBOMHENERYE>TTF -B-4 - F
+ B0 ATP-ase EHEOF & E(LEA R
BALEHICGER L, < OEHETIHKE 15~20¢
D=7 T AXKEE 6 ~ 8 BHBCHETT 5.

RICEEREY NMNO CHIMOCILEL 254
D ATP-ase [FEHE~DHEE AL H-X, X Colchicine
X AHBrEREBTALD, EHETYAOLEERH
LROCERFREMD - BHfE2Ay, chE$rka
IEE media, 102 mol NMNO Bl media, 10-6
mol Colchicine #RfN media O 3 FH TG X &k
D ATP-ase {HFH:AE{LHMCHEL THEL .

Zhe AR RS Eac, ERESYE R
KRIMBHAE LR, HHIR S v TEASL T LR
EED NMNO ik Colchicine IEHIC 30 £ri2inthik
BTG, Bk B BOUL cysteine FRINEE
HE TG EHS L.

PEAROH AR TGO ERFELT~T
BB R EY Ch B, BB ATP BERRY
KOBHEEH D Lohmann® FED & fv- Chll i
WL OB, &{L¥m 5B Tl Myosin
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ATP-ase {EH% Perry OFEEID T, Mitochondrial
ATP-ase &% Kielley OFED CHFEL A, 4
BlERCR AP T A v ) BRI OS
RV, KM T A~ v A RAEEREEAY,
B KEEARS » TEA %R « A\, NMNO
WHIR® Nitromin ZHL 7.

o, &

1. ERAEHOEHS

EH =7 ADEPHARIIC NMNO 1 % KiE#
300 mg/kg B.W. & AL T, * O IsEMC
BFoBf-ols « B« 381850 ATP-ase JEHDOEH)
FLBRDE, E{bEMC BB KEENLA
Z®ARL e (Fig. 1~Fig. 5),

EN® Myosin ATP-ase X Mitochondrial ATP-
ase HEOFMITHE0OF CHBEREOETERL,
3 MRS RS U CEREME ER R
T CERTS, oL FRFCRTEE LFEH
TH 0, X+ _#BD Mitochondrial ATP-ase D
Hiic ORIEABD LD, ZOBIIhED
FEHABUREBCTRLED, <V 28HEMcH
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Fig. 1 ATP-ase Activity of Liver after
Nitromin-injection (300 mg/kg B. W.)
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Fig. 5 ATP-ase Activity of Duodenum after
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% 7RSS TR S { ERE TR KL £REO
[ RSB & TED { BT 5. Mitochondrial
ATP-ase ML XBRBHP OH A& & B, Myosin
ATP-ase EHOE T T T X5 hERERT
Fie, REETHBEHELYROOOEET 5O
MTH. LEETOEEOL PHEESRENT
{2 Myosin ATP-ase DAHKTH Y, EHRFOIE
B iE Mitochondrial ATP-ase 1EH: L V& E%
RL T\ 1 Myosin ATP-ase FEHERS, 3 BRHICH
TREMC X DEVWERE 30850,
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HERbErc, SRSEHERH 3 ~ 5 FHLA
DEHEOERRFAA L Ab BV BEOL O THOL
25, #7 BRSO ERIACING 5 O TR
Wi, HFEEQR BERELEIEERSOLEH
ORBEOET2AD WKL, MERDORS
BFRAEARETH 505, BEOMRORISE T
RL THGOETERLE,

2. RAMILBEOEE

EE27 O - M- L B -+ B RCER
FROKHMm » B D Myosin ATP-ase [HiEor
I Mitochordrial ATP-ase 3§ %, IE'H media,
10-2 mol NMNO # /)1 media, 106 mol Colchicine
7RI media O 3R AL TALEMCRIEL ok
it Fig. 6 R Fig. TIWRTHEOTHES, *h

S § /g0l /8 1 g
s =S«

o ndh oy

[ Nermal Medium
I Nitromin (M) added Madium.
A Colehicine (i) added Medim
Fig. 6 A Comparison of Myosin ATP-ase

Activity in Normal and Nitromin or
Colchicine added Media
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Fig. 7 A Comparison of Mitochondrial ATP-

ase Activity in Normal and Nitromin
or Colchicine added Media

FieX oAb ninim <, Myosin ATP-ase KX
Mitochondrial ATP-ase 3 medium & NMNO %
BT 2EC L DT RCOBBICNCEP e ERD
ETAEL, BHAKBIEREOXSUTOEERT
DT# 545, Colchicine FEINIC &0 TRIEHAEE R

EXRBL{BEOETLXRTICAE V.

ABRILFRIFRR X oTh, ABIH LA
BEELR, BHiRSY v SEAS Y T NMNO Tl
BT 5E, £HE, BB vB4«0BEDORIGHE
DETE BDHHHEH K523, Colchine MNEIC X
SREReLAbhisy, LRI To
10-2 mol NMNO A0SR BEBREEL 24,
FERROSUNLENrCBH INEMEE R ¥
THEiv, MEZLOLE S BIBHLLISCH
25BN ED TRETHS. NMNO Lk
cysteine FRMBHEE CIIE I 5L, HHROK
O EAEIET B L 5 TH B, BARENLED>T
¥5EFTICITELTY., B CIREEOmERED
fhoBEA NMNO X VIS ACETL, Migd
LEREORICHREBERIBL Tn5 (Plate Fig.
1, 2),

LA TRO TRttt NMNO W 0 F
I 5 S B 2B IREE O BRI TAA & BB X
gy, cysteine RMAH K CRIGI € % L LR
HORICHAREBERE I W TUR2025ED00%
(Plate Fig. 3, 4, 5). BiCR TR ELELEE
BB RDLNBRIEN NMNO I X &<
B U5, RBRECEHBRE SO RBIAFSOE
{tH T cysteine DBEL B bhiehok, +
B RTCO B LR, -HI8ER R RO HT
HESORMIE NMNO LEICHLFRA LS =
Gy, XEC ko TIEEOELTRA R b
PO R R EM SR MIROFIGAT NMNO L&
WERCBRBHINZ2OEE WHATHS (Plate
Fig. 6, 7). LA L cysteine [ X 2B HILT£< A
bls,

IV, BEXTCER

NM RO % O F b s RIC BT 5 ity
VYefl% &3 5%, Radiomimetic Compounds & &
i, BeEERRSH AL TEOERE NG
THEIFHROM BELOA4 L BEE SR T
5. WIS CHIL SH BEETH S ATP-ase
WCBIL ATP % &7 & U TA{bpikotc by
i BB N 515% #BKL, PCMB, cys-
teine F{EDOCEO ATP-ase DKL MEISH
EDLHRbDTHBELERL, XN—HKEDX#H
R B A-C ATP-ase {EFIDMEE N AEA IR
Lz, ZOEENHSBEO ATP-ase ODRIGHHENT
5 & e X{REBIe X o THBO ATP-ase iEES



442 R B

mEAe ELT 5% R L k. L TECSEOER
Tt H NMNO 3% ATP-ase FE#:% EIRC AT
ST PN LBE,

HHERY L 5 ABO NMNO # ER <Y X
OEFMICERL HA, ABX#BEHOKEHE
B ATP-ase {BHfE RS AOC BB/ E % K30,
EBEETRBORK L VEICA S ERFELAO50
U DR, BCHEHOETAZLLY., &
2R & & IR KR —BL =B B% SR L, Myosin
ATP-ase ¢ Mitochondrial ATP-ase OE & F
THCELTIONH B TH S, NMNO ki
AR NM CEO R I VERYR R T2ERE
I oL oML T, HEDERIRECHE
—LEzbh3,

AL XM A3 SH L&A T 284

, /CH2CHCI /CHoCHaSR’ |
2R SH+RN\CH20H2CI-)RN\CHQCHQSR’4 2HC1

DML —FEOF % VERIETH D), HFENOB
K HBLETNELROBBC L 23D TIRAEVWDT,
XBMEBHOBEAC DRTHEN—E LK%
BERTdDLbEzx b5,

NMNO o} 3 EREE A RO BEOES
AT Y ATP-ase HHEOFHLETREDLRT
WA, FRCRBCERIFTRILEEE L0055,
EILARIOCEHE Lo SH BE L L TORKR
B ATP-ase [BHCRLEVW R W E 2L LR A.05
HDRISHHBD AT EEE L TV 5 DI MR TH 525,
R SH BEFNEEBEAHCHNL TASOEE
DAB B N0 MEROFISAEHCHEE I N T
VWEDTHS, LhrbmIRE B—8E B bhzm
BROFIGE NMNO IS X O CHREDRLULET
BEREL Ty, XFXERRRCEMEE, B
HRE L EAREESEORISS NMNO CTRE X
hror, thErF—BE: Bbhikt {558
BEHOFRIIHRAERETH S, 11 RROAE
BrowTL, B8ILENICERINS ATP 5%
BEOEHM X 5L W5 ML, FoARS
VA%, SH EDSOEMELY LD ATP 5 BEED
HHEo LD NMNO BB TIRHERICLECEN
FREETHS.

NMNO k SH R OEEAR T V& MERIETH
v, SH k&M Lo THEEREE B2 bh 5,
AAHES) 2 NM I & %0 =IPDIPEIAREA SH &
R X DEETAEELHEL Tk, b
El@OEHT NMNO HFEH cysteine ZRINBHEK T

® — B

RIS 28I X 0.LHRERCFER RO R M
HE|ABET AEXYRHE L. ZOEE,L NMNO
® SH EEBcR—E i T Bl 3 BLS0 5%
HOBELAIRTVWHEEL YL EI.

Colchicine JLFEIC k% ATP-ase EHAOHBE
FaA ¥ BB LRROR, Thic X OTHHRS
BWOME|DAREN NMNO L £ R 58Fcr?
LOTHLFLHS A~ TH B, Colchicine DIERN
HERssoiERc ATP thB&LHET
B0 AL CELD L, ROERLER
R +ahBO ATP %28 L Cnko TR
FEEROEBYETEES M OO TELS LR
#®3¥h 35, Bib Colchicine DIEFARIEE L RLE
b OT, Kalr ATP OFEXFOERLITIET
I5RERTIEDEELDNS,

hicL CH U EOERBRALZ 2 T, NMNO
TiEG NM O£ OB Pl £4RN SH
FEIEREAEER LR Y b OFRMEVRWE VL L
51, ATP-ase OO EE SH B RORFEHL
110 NMNO fEHOEEMA* LHdDbDEBL
BB,

V. f& E

EE <Y ZADEEAIC Nitrogen mustard n-oxide
(NMNO) @ 1 %KiE#% 300 mg/kg B.W. OF
TEAL, *OHOFKEHERLEDTH B L
B . 48180 ATP-ase iSHOEBL L HRE,
COEHETIHHRE 15~20 ¢ O7 7 REASH6
~8EMBIC T B, NERBLIACER<Y
2O &R RER R RO KNG, A1y,
s hEw R4 ERETR, 102 mol NMNO RN
i, 106 mol Colchicine #% NZEH #D 3 FH TR
FERIED ATP-ase fEEER LKL &,

1) NMNO B &RKED ATP-ase 154k 1HF
RRgc K HEELIOZ 8RR L . Bl® Myosin ATP-
ase, Mitochondrial ATP-ase $£% o FEMITIERB
05 TEEDE TR RL, 3BENScr—EREL
CEREMENER A Eic ¥ CTERT 5. At
L LT+ =#BD Mitochondrial ATP-ase D&
COEEABD bRihok, TOBRTREDRE
BRECTERL, 8BS D 7R CRAsE
SEWTETYEY, toRBOBAERBRRCE
CHESLBETH S, - oETrREABKENC L
MR B E KA. £4238% B Mitochondrial
ATP-ase EHOZ B Myosin ATP-ase DX I
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KLBETHOk,

2) EFMESY NMNO AMEHEETRIGI® S
L ATP-ase EHOFERLE T 2RTCKEL, Co-
Ichicine FERINCIRR < MEEH IXED CTREDIE
TERTIBE b0l

3) MEEB/EEATIE NMNO BTG,
FEEMRRCEMRERE, BEomnXk - BHREL
FAREESSORICEDOHELARETHRAELR,
X X HhFEO RS R ok KEm R U Y
fonRORIEd EWHICHME T3, chodhc
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Biochemical and Histochemical Studies on ATP-ase Activities
of Blood and Tissue Cells

Part 3.

The Effects of Anti-Leukemic Agents, Nitrogen Mustard n-Oxide
(NMNO) and Colchicine, on the ATP-ase Activity

By
Kyohichiro OHTANI. M.D.

Department of Pathology, Okayama UniversityMedical School
(Director : Prof. Satimaru Seno)

Among the various anti-lenkemic agents, nitrogen mustrad and its derivatives have the
similar biological effects identical with x-ray inactivating the SH group. Following up the
author’s former reports, in which a marked fluctuation of ATP-ase activity in various tissues
of the x-ray irradiated mice was described, the author reports the effect of NMNO on the
ATP-ase activities of the liver, spleen, heart, kidney and duodenum of mice. By a single
injection of 1% NMXNO, 300 mg/Kg., most of the adult mice died after 6 to 8 hours. Hourly
observations revealed the marked fluctuation of ATP-ase activitity in various organs as in
the case of x-ray irradiation. The activities both of myosin and mitochondrial ATP-ase
decreased slightly in every organ 30 minutes after the injection of NMNO, and then increase
slightly reaching nearly the normal level after 3 hours. Further obverations revealed
that the transient recovery of activities decreased again, reaching the level of inorganic P
contents proper to each organ 7 hours after injection. The histochemical observation revealed
also a marked decrease in the activity of ATP-ase. The inhibitory effect of NMNO to the
ATP-ase activities was also proved in vitro, adding 102 mol . NMNO in the incubating media.
The colchine, a mitotic poison, added in the same media 102 mol. effected only a slight
decrease in ATP-ase activity. The incubation with L-cysteine after the treatment wiht NMNO
restored the ATP-ase activity to a certain degrree. In the case treated with NMNO a marked
decrease in the reactions of liver parenchymal cells, biliary tubules, blood cells of splenic pulp,
cardiac fibers, the basillar part of epithelial cells of renal tubules is observable; and reactions
of peripheral blood and blood in bone marrow, which received ne effect from X-ray irradi-
ation, are reduced markedly. However, when the reaction is made to take place in the
substrate loaded with cysteine, only the reactions of eardiac fibers and liver parenchymal
cells are restored to a certain degree.
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