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#lxE# Cyclophosphamide (Endoxan) o
BRI & 5 TE P B 5 15

ARAFBEFHHM REFEE (X TALKER)
5 N 2 &N

(EFd24: 3 A 4 HZH)

Studies on the Activation of Cyclophosphamide (Endoxan)

with Ionizing Radiation
By

Shosuke Yoshimura
Department of Radiology, Medical School, Osaka University
(Director: Prof. H. Tachiiri, M.D.)

Endoxan exposed to ionizing radiation was found to acquire enhanced activity for inhibition of growth
of cultured human tumor cells (HeLa cells), and of colony forming ability of Escherichia coli.

The enhanced activity of Endoxan was approximately in proportion to the exposure dose of the
radiation in the range from 5 x 104 to 3 x 108 R.

The enhanced activity of Endoxan to inhibit colony formation of E. coli ircreased when M/15 PO,
buffer was added prior to irradiation and the activity was most enhanced with the least concentration in
the range of 2.5 to 20.0 mg/ml. Dry Endoxan was least activated.

The E. coli killing activity of Endoxan irradiated in solution was approximately equal to the sum of
activity of irradiated dry Endoxan and of Endoxan in irradiated buffer solution.

That is, the irradiation enhancement of Endoxan activity was largely due to an indirect effect of radia-
tion on the solvent rather than a direct effect, probably through some molecular products or free radicals
of rather long half life.

The active fraction of irradiated Endoxan solution was isolated by means of thinlayer chromatographic
analysis; the Rf value of the active fraction was found around zero point and was different from that of
nor-HN, (nor-Nitrogen mustard).
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b AR i 35 BAEIHISE, 5
WIS 5 BOESR R ELL Edbhb
ZERRB LT, ThicowWwiH%EeL, €0
TEPE(bIC 3 X3 BUHE o FE A B 3 X ONEHE L
Endoxan oAfELERL, 2, 30MRAEEL
DTHETS.

EBRME L o VIRAE

I . HeLa w35 HMEMHEIHR 2 gL
U5

1) Endoxan: [ v Asta ¢k k hE%ED NaCl

ZEERVIR b oA,

2) HeLa #ija'® : Lactalbumin jK# % Ea-
rle DIEEIPI 0.5% nEIHSCBRIL, ZThic
HmiEr 2B RbISHC D X 51T o B
FC37CR Tk ISR E hic b O TH B .

3) IRSHRIBEEEE s X CRAEM  FEER
I 1078 ekt R C R R R E R X 5 “Co
T, SRBEARIIERESen, FRSHEF10 X 10cm?,
i 241R /min,

4) PREHEE AR 2.5em BE 0.8cmod A
A7 ABEBECK 2ml o (FEfo$HE1 100
ng) = ANTHET CREH LI,

5) Endoxan ¢ 5 hikk L O ROHEHRE ¢
Endoxan 3fESHE TEE, BB THRRLLODL
M b5 L. Hela {HEaRSAEIHIZIR o HIE
1%, simplified replicate tissue culture method!?
2h Lsni. Tiobb, SEARECHaEN
#5 x10%tube L 7cd X S LTHERABAML,
2 HEICHEEEE P LT, 6 HH ¥ THEIH
Wx{Tiches. ¥#EKE 2 HE Endoxan
R ETIEREY 5 2, BB ZheyBREL,
RS C RIS, S b2 BREE®RLC
Rrofifafe i %, SR MRECHT5 55
R Lo THRELIHE L. £FERTThER3
AOERBEL—HME LT, FOFHEYH &
o rall

6) MHEERL : 2% 7 = VEEE&l Crys
talviolet Jg G R i L, MERFMKTEF =
— 7 ofilaBEE .

(B4 a) Endoxan JK#EW (20mg/ml) 1= °Co
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THR5 X10° ~ 1 X 10°R D f % Dffik % RS L7z
bo¥ 0.5mg/ml pRETHICES LT, Z0
SR B Ule. MR & 725 JERST Endoxan o
ME, BEEBRWTTRCHBERALKE TR
Wiz,

(55 b) @ Endoxan KE¥K (20mg/ml),
@ #5f Endoxan, @ #fiko ththic v
5 X 10*R f@4H%, M 5 LT ehboihR
U7, #5EEEY Endoxan 3.0.25mg/ml,
BEKIL 2.5%5L78% X HwwLic.

I . Escherichia coli (233 % BIEANR % iEIR
& LT-5EE:

1) E. coli: PRKER MR AREFHEC
T Strain H/r30%% 1 /3H X hic SRR B RE
SMea A3 5 Strain H30'® % B TEHE I
FCHE S, X H24FfH], 37°CT M/15-pho-
sphate buffer fhr-CHIifEEE LT, &y
Aok Lic#ifaiEz fvic.

2) WEHRBETIEE, RAt4tEs XU H
AR FHECRES R T\ % Van de
Graaff ( 1.5MeV) . X 2T, $HEE 6.3%
10® R/sec.

3) MRS REREZ 1om, KX 2.5,
BEx 0.5mp% 7 AM7 vIAREA L DY
BT UOKKEELN, EHnDRS L. B
HrE BN (9 3 KR & Tdry icc
I RS DR A LT

4) Endoxanp¥#if# 1 -3-3C phosphate buffer,
trisaminomethane % 3 : 1 @ KB L 7B K
AW, SRIZIOTHiR) O EEE (10mg/
mINZERLIGE S, YA v-pH( 7.3
~ 6.8) B,

5) Endoxan #5754k « AEBE T il o B
Bi#k Uic e E i Endoxan 53k % In 2. TRTJE
DWEEL L, MIORMERELFICH 2 X 104/ml
L8 X 5 LTITCT 6 Ml ¥ CIRIBAE LT
Mot

6) Endoxan oZhR¥[EH: : Endoxan i
#, =R (22%1°C) THIfREHE Y phosphate
buffer -CLAEILHIfEE 5 X H I FHIR LT,

e



1066

Peptone agar [E&I#ihic 3 %, £ha37°CT24H
5538 Ltk Colony $ra IR CH X TAEER
& L. Figdob Colony JUERER T 5 Mk
OB OBREC LoT, IR % HE L.
7535 Endoxan o #lBILROERREE L
Tk, 3THAEFRBRE HIRRDAEERLITHAE
T €5 0T HIANRE) oHHw A,

(2B 2) 20mg/ml o YEEEC 4 X 10°R [BS X
#7z Endoxan % 10mg/ml 1z 5 3 CTHE LT,
FEEOIERSH Endoxan nZh5 & Kl L.

(%5 b) FijIRFo Endoxan s YOV Fh
E 2 5 BHRE 2 WAV A 9 2 134 Endo-
xan ORI EREL EBL T BE Lic., Fu
7o Endoxan [RGHHFMLEE : 2.5, 5.0, 10.0,
20.0mg/ml 35 X OfES, S 278 1 x105,

3 x10° 6 x10% 10x10%, 45X UF30x105R.

(528 ) Endoxan BRI Fiv5 SO %
Z30X10°R B LT, £ AIRABIELIR A B L
7o

(5% d) MRgHEEOCIERRST Endoxan # ¥
f#L1BEo Endoxan o MIMFIERNER % #atL
y ra

l. f&4 Endoxan o e<p e 74 —
T X By Hrees

1) BBl : 20mg/ml pPEEET 1 X 105R BH X
Ni-IkzwE Endoxan.

2) |BPHW : acetone, chloroform # 2 : 1 ¢
OB U e e

(528 a) EFRURbeoiiizie LT, ML
#dk% methanol CHEM L-0b, vV H5n
W7 =~ METRM, EiR%s — Py ABTR
B,

(%8 b) —%, RI{EO%&T Kl X 0%
nBko RE {1 % Coflifd 10545 14 X8l
PR T I Licb ok Zhh Hela #
s LT, 2hdofMiaiimsize v im<
o, (HERIERIOBESLABETHS).

EERHER

1. Hela gifawi3 % M4 Endoxan o Rg5

nizh

HAREFHAE QMR B2T8 Be s

a) 5 x10°~1 X 10°R offifl ¢ BE 2 hicxk
%W Endoxan ki Beb- LA, 1 X10'R
BE X CToffETit, Endoxan 3 HE0EM (LY
ES7WA, 5 X104R BRIz 7 B & 35 L\ HGEH
HRRA R LI (Fig. 1) .47, JEMRE En-
doxan $57 JifaRE o HIFESR L KIRRE 1 T,

Fig. 1 Growth inhibiting effect of irradiated

Endoxan on HelLa cells. (Concentration of En
doxan: 0.5mg/ml, Treatment duration: 48hrs)
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Fig. 2 Growth inhibiting effect of Endoxan and
water both irradiated with 5 X10'R of *°Cor-
ray. (Concentration of Endoxan: 0.25mg/ml,
Concentration of irradiated water: 2.5%, Treat-
ment duration: 48hrs)
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W% xR LT\ B DI, 5 x10°RESH End-
oxan ¥EFTITH29%, 1 x10°RB4H Endoxan
BEFTIWIAG L Z LV HER 0 ETF2RL
.

b) sk#%¥e Endoxan, #55, Endoxan, #fiko -+
hZhic 5 x10°R BH LT, ZhbHofifaEE
PEIEhR D el & Lcad, MBSHK%NE Endoxan
DOEFRIIEDFZELL, BAHEES Endoxan 13JER
§f Endoxan L[ @ ZHE Lanbbb 3,
BEHMKBREREE R Lo Eix Abhichoie

(Fig. 2).

LA E# /&S % &, Endoxan JKEHIZ 5 X 10*R
DIERSH 2 &, oo B i iR ambish i
ZHRT 5. ZoEAIBRARESHEMT AL
T o TEW LS. —7, fHdh Endoxan j3Z
DOREOHE TIIIE LIS 513 X 0liEH{E RS
o, BEERICHIK S F B R0 BEY
iz it\s. LizhioT, Endoxan K& O ZhE
¥z Endoxan %o 4 2 EH(L S hicicd T
HHZ LEWER L.

I. Feitsic 15 Endoxan jE¥E{keo E. coli
x T oERAIRIT

a) W4} Endoxan }JEMEST Endoxan oEHE
ZhR

Fig. 3 Lethal effect of irradiated Endoxan on
E. coli H,30. (Radiation dose: 4x10°R, Conc-
entration of Endoxan during exposure to rad-
iation: 20mg/ml)

ENDOXAN FREE CONT.

1
—

-‘_‘-‘_H_""“‘—-——-—-._._,_____‘_.

NON{ RRAD ENDOXAN

|\

b

SURVIVAL

1RRAD.ENDOXAN

1 2 3 4 5 6(hr)
TREATMENT DURATION(AT3TC)
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JEf@SF Endoxan t 20mg/ml oYEEET 4 x10°
RIESF & i Endoxan %, %h 7 h10mg/ml o
¢ E. coli Hy30 1o 6 WM E R & & CRIERD
RuHB L. JERG Endoxan oS4
DOBIERE LA bR o LT, B
hte Endoxan Wik T4 ER 0.1%
MEWCETET L (Fig. 3).

b) kiIofERvEERC LT, BitFHo Endo-
xan REEDE R X O RAHRIEOZE T X % Endoxan
DORFHMOZE L RE LR Fig. 4 R

Fig. 4 Lethal effect of Endoxan on E. coli H,

30. (as varied by the radiation dose and conc-
entration during exposure to radiation.)

16, () 1x10R (d) 30X10'R

S, i, i Y
o \\,_\‘_ . .I-,‘ l:.
) i VT I 13
. \ | Y It 1
N \ W H
A L’
1 % 1% H
A Y
| i
CONC OF ENDOXAN i

DURING EXPOSURE 1
TO RADIATION \

1 (b) 3x10°R (e} 10x10°R

00510 20 00510 20 00510 20 00510 20
CONC.OF ENDOXAN DURING TREATMENT

ATw2 k5K, F—RETY RHIEHE
THBIRE, HRIWRT S Z LARDL I,
ORI HEMT 5 oh THLA LT D
(Fig. 4, d). ¥ ERoO@HEATRIGREL N
THEE, FROWHER L., Balkhas L
T, #5f Endoxan 130X 10°R L LTH =ik
Y RRoMHE R L (Fig. 4, d) ) LaLlz
DIEYEALILAW Endoxan ESHc X 2 EMIEL D
135 ITE .
¢) Endoxan %fif 1 Fi\% B O %% 30 X

) B X 5% 4 Endoxan ofF#EbicowT
BEifiEAT CERELT V5,

— 81 —
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Fig. 5 Dose-response curves of E. coli Hs30 to
Endoxan activated by radiation in varous co-
nditions. (Radiation dose: 30 x10°R. E: noni-
rradiated Endoxan, E’: irradiated, Endoxan,
W'« E: Endoxan dissolved in irradiated buffer,
(W-E)": Lndoxan irradiated in solution, W':
irradiated buffer.)

(2) (b)

e

3

= \NE

>

4

@

16°
(wey'h

IRFADBUFFER \
5 10 200k

005 10 20 Q0510 20(mag)
CONC. OF ENDOXAN

1 RES Ui -2 % &, B4 Endoxan
X DRBHEETD, FE O BIEHE AR L
(Fig. 5, a).

d) K LD BH S B % <IERE En-
doxan ¥ L T10mg/ml L L, = huBRLT
Ml {Ef X2 % &, Endoxan pFKIELIE I IBE
BERP TR Xhsow Bt (Fig. 5 a o
W’E) L L, »b62 U Endoxan % {E#ikic
BREL, BORIBTRE LicHhU s piciiiyve
BIERRAAE TS (Fig. 5, b @ (WeE)). Endo-
xan % RGHEMRCIEME Lic & 2B T 5508
(Fig. 5, a » W’E) iz, &8 1kHET Endoxan
RS LIcBawed U s 55 (Fig. 5, a o E)
iz & Fig. 5,b o (W eE4+E) 510
&), ¥ Endoxan »MBH Uic& 0RIELE
(Fig. 5, b o (WeE)") 1Ml & feote.
B~ OMRSHRE L B koA X oTH
¥hiz Endoxan P o HIEHR ¥ IS
Dy, o k> TERRCFED Li-n A Fig. 6
ThH. Thic ks LBEESRA T, Bt
Ffo Endoxan JpEpiBichiy, FIELE OB
BESRRLZLBVBERLLTWVWS.

AARE LA RS LM H2T4 Be 5

Fig. 6 Increased lethal effects of Endoxan cau-
sed by indirect action of radiation.

5}
CONC.OF ENDOMAN
DURING TREATMENT
B 25mipy
< -
G'G' /‘/
uw —
& —~ 0ms4
- o~
=z // 100mg4y
st —_—,
= e
J ’
/""
7/ w'
né &

VI0HITH0 10 301R)
RADIATION DOSE

DlEZ/NETHE, @ FEHEBH 2 hi- En-
doxan i} E. coli o%E# MR LT dBIEL)
RebbbT. @ HAHRT L% Endoxan i
BEALTRHFFREE SRR CH B LWy (B
FRARD), AREEHDBE, & Endoxan o
EHALIAE Endoxan oiEM(biz T, %3
BDTHL . Li2oT, Endoxan oiEM(bizf
WA T, — MRS O BB S X 525,
ELLTHEERCL? LHETES. @ B
E, B ik Fic ks Endoxan oiEfk(k
KT, MEFALERMCERLE:. © B
ERH S BEREGL, 3 0 7eh b las
FAER%E AT LR E e WHETHS .

M. #B7e<t 7974 —LBHHIER

a) 22— FREGOFIGTIT M4} Endoxan, JER
4t Endoxan 3fic Rf {H0.550FFIc i spot
ZHbbTORT, WEHICHIRHERSDD S

Fig. 7 Analysis of the effective substance in ir-
radiated Endoxan with thinlayer chromatogr-

am.
100k, .. s e
* /f \/
L
[
= o—o IRRAD.ENDOXAN
290 »-x NONIRFADENDOXAN
=
z
[
I
L)
g 05 10
Ry
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RHichoiz.

b) —F, #X#E X vEHIhHEEELE
FEWes Hela #5345 & Fig. TCREh
5 X5k, REfHO.550E T o RaamElzh R
FiesLwv A, FER (REE0) HihE T RBH
Endoxan @ i\ ighfErmLic. Tibb,
HEHRE ST X T, JEfEST Endoxan iR
bhigys, 5o lEEYEL Endoxan kb
BER-o ARSI,

%5 O’

Pl ko X 51K Endoxan AR R
S L oG L Ehas TE L PELEMC SR
By, —HC R RATT X > THER L Db
HECTHELZTC, BEID IS h, X
OWBEAIOERNFHE Eh HHEEC oW THE
MEL IR TER. 0SB L TRAPRK
BasrkVBRIOESTHSEVLI Y. Zhuk
Endoxan %o ob A4p2EH, (LFICANERE
Ab& iz, Wih@dh transport form®® T D,
TSR o B BB ik BREHE, Sbezhb
DOIER Lo Tkrp 2 R S hic RITYIE D o
¥7-% Endoxan # active form =i\ = b DT
BHHHEHELZLRL. Thikdichd, SHEHT
DI 30 5 FIER 5 5 W R ER S ANE
HFChH% Endoxan % M iEiE(b+ 2L LH
PULTWS. CoHroWTiBEETS &
T35,

I . K¥#¥E Endoxan ofE#E({bic s X33t
RO TERBTC oWT

FkrsaE Endoxan & oiEtEbize LT
BOHR OREERAE S WT\wb 2 ERED bR
. BEHRORMEERE—BCBH S hiokdne
FEE LIl s L O T IREB' O X 5 0
tEZBhTWA, FRI (d) oRrRAbh
X5k, BEBEENRICEL NF A7 4 AR
FERFIhicizvz, H3BEEA LB D
sds, P8 hiEf7e Endoxan {EMALAER A LT
Whzlrb, Hirs H 2 OH' oo
KT, REGOFFREBDOIERR D
BE, FELRBRERR LCWALDEEZLR
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%, nis, BEE ik Endoxan R E/ L
TR & o B ETHE . B L CHH LYc Endoxan
DF W o E % tnx 5 L&, ¥y Endoxan @5}
DBEDOHR (W E) ' iz wEWEZRLE
2%, FEE A S L A o EEER
WAESICIBA Lo A o EEER X £2d v
BFTHD. Ticbhb, B Endoxan BEHKO
EEoBEEERC X 5HRE, FRT KT HEE
ER X %0EW « ExInx 7o {1 Fig. 5, (b)
W e E+ECELINZEHR I hixdiel, L
20T, MEICITERC s T A BHHEER O, K
HfEeE X 5 Endoxan EHE(LAEOHEA, 7k
bBREEERHOBAREA»IT X Vi3S weFx
BHBNELETHAS. Lnl, ThirERICAL
Thich, REGONSTFREBHOIERLERD
HHLDEEZELLND.

I. HatigiRshe X 5 EE oLt

Endoxan | 3AEARETH b, in vivo "CiEH:
{LER I LD TRRE DO TIELET5 =
LT CREROBFEC Lo TAMOEETHS
2%, EDEEPIEREL 2%, Arnold®dP H5z
Lo, EFMiashcEERIERR X o Tk #
Tha o T HDH LRI, ToROD
geic 1 b, Foley 453 Endoxan o iH#E(LILFF
i CiEs & e Licox 11U & LT, Brock,
Hohorst®® &1z x>C, b ixEE UCHE
Tiflebh s o LRI hic.

X HICEENEEYEO S HEA Hohorst!®,
1920, ZREW, PEPROSSE Lo TERAbR, F
OYERBKBZH SN T X, Tinbs,
ERME & LTk, —%, Endoxan ofk/E
KM cH D nor-HN, (nor-Nitrogenmastard)$
(Schema I) {4 U %4 (Zh&F oy FREIE
1z & % N-g-chloroethylaziridine % 3:7¢iE{EME
ETHHS HB™), EislEHEA HIZF microsome
i T P NHOB ST 5 EHMEAEAE X 5 RFH
EWThsd L vbhd, WY, WiRO% 133
JB7 v = b T, ZOEEEEYEERERDD
EF IR RS T\ 5 . BHEIMFED
FWAHE 2 v = FEIC L > THES Endoxan X

— 83 —
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YIEEDEO AR D THB M, SENLE
BRo#Aa L, WEHRE o4 Endoxan  fiy 7.

LicioT, T b ThofElmBE Ltk LT
WIRWEHEE S h B DT, BRI CcEiuna, &
BroE T o XA TE Y E IR ST e 5
ERFEDLR TR D, Dicd & REf 0.80HF
WCHFET S nor-HN, 2 35i7c’s, Lpd Endo-
xan BAEENTERIL S ¥ e T B E
BLLIHELY B LTV A0 Tk L HER X
nB. =7, COEGNIEEYE LELIL R
2HTHEVPRS N, N-Bis-2 (chloroethyl)-o-
(3-amino-propyl)-phosphoric acid amideter (Sche-
ma D) i3EfE oMK X > Endoxan o
BURHE/r 0 amide  fEA o huk o REREEC X o
TELHLWETHHH®, Zhix Grunickeiz
Jod, EEMao fEERYEIET 2 - biex
D, in vitro DEERTY, HIFRMREIMEIZIR %R
FTEWEH. Lk, ZiupH 6.00558HCIER
L, PH7AT DI EFA S I E
5. Zhier LTIAhC X 5 EHWEIRH 7.2~
T4DWEATHHKNBELRLES. CoEnb

Schema 1
CICH,CH,. NH—CHy
NH+P=0 CH,
CICH,CH,” No — cn,”
nor-HN,
’ H,0
CICH,CHn ~ NH—CH,_
N—P=0 CH,
7
CICH,CH,” No - cn,”
Endoxan
+H,0
(HCD

ClCHch,\ /OH
N—P=0
7 AN 0
CICH,CH, O—(CH,),-NH,
N,N-Bis-(2-chloroethyl)-o0-(3-amino-
propyl)-phosphoric acid amidester
(by Arnold)®®

HAEEFEHRY W $27% W85

RHFIHEETZ2bDEHEXLLRD. EL, &
BiER Y UERN SO 5B 1D, HEED
B ey, BEBECRBAhC X5 EED TS
WTOFRMIIWELESR B s b, Fokks
L OHEERNIESESE & O BIR D B I VERIEERE,
BBV ELERETOIGE LS, SERET
NRERKRDBRMENL IR TS,
FE &

1. JKZ¥ Endoxan & fititfi 4 KEIBS L1z
OHIZ, Zh# Hela #iffa 35 X ©° Escherichia
coli Iwifp b2 L, ARV HIFHIMMIZIE B 5 3 FK
FEEREDbbT o ERRA L.

2. ZHIIAEANEYET: Endoxan ASjEchHEIC
FOoTHEEEER D THD & LR ER L.

3. MAhw x5 Endoxan omZhBRGMITHM
BHTHHREMS DOLID (BRYE). 1
f&dl Endoxan o[BHHC X A iEMA(L & B &,
#ii Endoxan DA O I ED T, —%,
EBIC B S hiokic & 2964 Endoxan oy
PRI Lo T, MHHEER A ERANCIEY Uiz,

L7z23>T, ¥ Endoxan O8E, ol
T & LTHEAHRORIBEERR X 5 = & 2R
T,

4. BOHERIBSHARC Endoxan 20 iEMEE 2
SEE LT, ZhuiHiiesd Endoxan s
B L3 RIcHARM o B ChDH = b x BRAL
fe.
5. HZEIE Lz E. coli oFKIERNEA 1548 L
L7258 & b, Endoxan o#Ifa3isElEA i
RADSBRANC B 5 & L PAAESHETIRI- & &A%
FEBE R,

6. IHRC, BiieBBEWTLARERS I
5E, HHWEAREEERHY b LEB5HE
EDELEHLTER.

ow DI NoT, RIAMERY L @HEY B - 2 BIE
S AZLECERE OF 1 BO SR DS R 2 3 BRI R, I
CUREEFE—BMCR BB LE T, £, R
B o, M4 MBE £ 81502 IR A B RIS HE
FHREAAE, WeERPILE, 55 B0 G T ok

MERRTIEL, BEEE, BREMRESFRRR
HXH, BEREmE, TeYgsAdicBogy
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