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Cyclophosphamide & 0 # 5ol iEEOHRE
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Bz il Embest

(7 50 4 2 3 17 AZA)

1958 4 ARNOLDY & X h 4R X Cyclophospha-
mide(Ex) X EIffA o4 7c\» masked compound & L
T, ¥ CBORETELIEERAN L LTALHA
VWHRTWaAHR, BOREROMFIBEOHR, ReHE
RTC SV THRRPCBRBELABREIZ LA LR4D
o FELEFREC B\ TR ML 7s & i B o HiIE
BROBRENESDRCED CEELKELLED TS
DT, bhbhit Ex BOREHOMPBEOHR, R
FHHBEYHEL, BEABREAE, BEEXRELT
Ao

BREFEBRDLDUVICRERR

184 Ex 50 mg &FOHKH, 3 X OHFLIHAKES
hi-1g F Ex 50mg D EK S © 7800G #
VW, BLH1, 2, 6, 24 BRI H M Lic, ¥ iS5
TR O T 205/, 68, 24 FEECHER X
&, TOMECHEL, KRE»D Ex offkt &4 HH
Lo Ex ofE &Y FRIEDMAN-ZRH &% F W 7o,
AT X HEEEL Ex BHBEOLEYRTIOT (K
E Tk Total LFER), EHEMIEHEI Sh i Nor-
mustard FEYBEDOETH 5 (KFETiE Metabolites &
FR)o EEEE LML OLEY 100 f51, FK L
L7 (RZFE T Activation Rate & %R)o

BRMGIIENLY v, B8 RS BETEE
RS, T & D LBREEN L, £ E A 50~
56kg T, Ff, BEECREORD b h in \WEFIXHE
W, 6% 1%L L, Ex §e#l 500 mg 55 (LLF 500
mg TH), TN 500mg HEFE (LT 500mg GH),
$e#) 200 mg Hr 5B, FERL 200 mg #r BRI 4, 8
F LEEN & DESH OB L, ok, FEESEE
B 43 fleng L LT Ex 500 mg v, MmrREE
FRERANCIIE Lo

B R K &

1. Ex 500 mg #3Chr2mpRED#S (Fig.
1)

MIEMEDOFHL 1 ReffE A 7. 4 pg/ml, 2 B5RE 6.3
rg, 3BSRE 6.7 ug T, 24 BERIBIER\TD 3.8 ug
iRL, FREEHEOFHE I 1ERE A 3.2 ug/ml, 2
FyfE(E 2.8 ug, 3EFREME 2.4 ug, 24 BRI fEAS 3.0 ug
T, MEEL 1RBHEIRE LR, 26MHEE 3ERH

Fig. 1 Blood levels of Ex (given 500 mg i.v.)

Total(ug/ml) o—o 7.4 6.5 6.7 3.8
Metabolite(s)

(pg/ml) —e 3.2 28 24 3.0
Activation

rate(%) X=X 432 43.1 35.8 78.9

100 10 %i Mean+S.D.
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Fig. 2 Blood levels of Ex(T-group, 500 mg)

Total(ug/ml) o—o0 4.1 6.2 9.3

Metabolite(s)
(ug/m))

Activation

rate(%)

—-e 2.9 3.2 4.7
XX 78.4 62.8 55.8

¢ ¢ MeanS.D. ]

100 10 |~
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EEfcizE AT, HEEX 24 BRBTR
Th 1REHME L KEDRWERR Lico 68> TELEK
3 1 BERMEDS 43. 2%, 2 HEfHIE43.1%, 3 B:[E{ES 35.8
% THBHN, 24 BEEEIL 78.9% T, BIERTH-
oo

2. 500mg TOmRE (Fig. 2)

Ex 854 2850, 6 M, 24 RpfRda e S, #
B Ulzo [IEEMEIL 2 BERIES 4.1 ng, 6 BEEE 6.2 ug,
24 Bl 9.3 pg Linh, BB L LB ERL,
24 BERERRE LR Lico FEEELM B E L AR
2 2 RefEAR 2.9 g TR HEL, 6 KERfE 3.2 pg, 24
FefER 4.7 ug T, BRABWETH %o ThIRKL
ZEALERL 2 BFfE{EAS 78.4% T, HRLIERTHY, 6 B
fE 62.8%, 24 WfSfEI1L 55.8% T, BLERXRTH-
o

3. 500mg G EomRe (Fig. 3)

GREC %\ T TR E R, BIBE 2 BRIE
8.3 ug, 6RFMIfE 11.6 ng, 24 BFRIfE 1L, 6.1ug T,
RKHEL, 6 BFRfEA peak &g LA DL YR A E
{ Pattern #iR Utc, EEE X 2 BrHE 3.8 ug, 6 B

6 6.1 ug, 24 BEREfEDS 4.4 pg T, [EEERAED )

Pattern TH - o ZALEKIL 24 BB 55.2%, 6 B
Ml 52.1%, 24 BSRMEA 74% L7sbh, FEESEE
il & HR T BEB &R Lico

4. 200mg TEOMmRE (Fig. 4)

FEEEME S 2 BRRAEDS 4.5 ng, 6 BERIfENS 5.8 ug, 24
ReflfEv 6.0 ug T, R/, 500mg THIT T
ERTIEE T D B8, £ O BENIEL O Pattern %~
A Uteo EHEER 2 BERIMEAS 3.5 ug, 6 B5RHIE 4.6 ug,

Fig. 3 Blood levels of Ex (G-group, 500 mg)

Total (ug/ml) o—o 8.3 11.6 6.1
Metabolite(s) (ug/ml) o—e 3.8 4.1 4.4
Activation rate (%) x=—x 55.2 52.1 74.0
100 10 (-
X
50 5| x
, 1 %E Mean+S.D.
% "%
| 1 I

24 BEREMEIZ 5.1ug Eich, RBMEEL £ 7D, 500 mg
THIDVDLAEELYRL, - TERILBCE
<, 2FB5HfE 83%, 6 K[l 81.5%, 24 BEfEIfE L 84.2
% THolo

5. 200mg GEOm+RE (Fig. 5)

FEJBEMELY. 2 BEREE 5.7 ng, 6 BERME 7.8 ug, 24 &M
& 6.0 ug L7sbh, EHEIT 2BERE 4.3 pg, 6 BRIE
5.4 ug, 24 B5HIME 4.9 0g THY, 500mg GEE LA
17 6 BB R b AT, RO BB &R LI, ¥
500 mg GREICH, MEHMEREETEGA, EEE I
B, BLE 2 BERME 78.7%, 6 BE[EIfH 68.5%, 24
H5HME 81.5% T, WTFRLERTH oo

6. 200mg GRORGHHBOWHES (Fig. 6, Table
1)

Fig. 4 Blood levels of Ex(T-group, 200 mg)

Total (ug/ml) o—0 4.5 5.8 6.0
Metabolite(s) (ug/ml) ®—® 3.5 4.6 5.1
Activation rate (%) X—X 83.0 81.5 84.2
100 10 |-
X e X
50 5}
%ir Mean+S.D.
' 1
%Mml
| ! 1

hr— 2 6 24
Fig. 5 Blood levels of Ex (G-group, 200 mg)

Total (ug/ml) Oo—0 5.7 7.8 6.0
Metabolite(s)(ug/ml) o—e 4.3 5.4 4.9
Activation rate (%5) X=——X78.7 68.5 81.5
100 10}“
x X
X
50 5|
% i Mean+ S.D.
1 )
ug
% al
! | 1
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Table 1. Urinary excretion of EX (given 200 mg as granule)
0~2 h 2~6 h 6~24h 0~24h Activation rate
TN. Total 4.068 25.431 20.988 50.487 ug 52.9%
% O | Metabolite(s) 2.430 12.694 11.583 26.707 ug U
TK. Total 0 12.420 89. 980 102.400 ug 54 8%
2 @ | Metabolite(s) 0 5. 430 50.710 56.140 ug or
NS. Total 1.895 19. 812 75.036 96.743 pug 48. 6%
2 X | Metabolite(s) 1.117 10. 894 35. 022 47.033 ug o
AM. Total 0 15.367 43. 056 58.423 ug 58.5%
£ [ Metabolite(s) 0 7.752 26. 442 34.192 ug o

Fig. 6 Urinary concentration of Ex (given 200 mg
as granule)

Total {ug/ml)

Metabolite(s) == —-
(ug/ml)

100
1
Mg
/al 25
[o]
] T T
hr— 2 6 24
. o 180 105 990
Urine 175 180 150 1100
volume
x| 245 260 780
(ml)
o 295 228 1170

FoH5% 2 RHE E TPt I Wi R, 2~6 K
ORI R, BT 6~24 By oI Bk it
ShicRo 1ml roEHF R Fig 6 1, ¥ 7 KK
CHEt X hic Ex 0B Table 1 iR Lo 4 Bl
2Bz 2B B th X h 180 ml, 295 ml o JRAH Bhfk
Ihiced bbb, Kb Ex XGEH X h itk -
Too D 2 Flic s\ T b R 22 pg/ml, 7 pg/ml, H
B 13 g, 4ug BE 0L, 6 KRR B IR EE
CHIML, 1 GISEEE 250 ug/ml & 7x b, 24 B5REE
T 2K H LERETH HH, o 36U 6 B B
% 100 g PATT, 24 BB bIREAEE DRV

Fig. 7 Blood levels of Ex (given 200 mg as tablet
a day for 3 weeks)
o—o 3.8 6.3 4.2 4.4 3.8 4.4

3.2 2.5 2.6 2.0
56.8 68.4 45.5

Total (ug/ml)
Metabolite(s)(ug/ml) &=—o 2.5 3.7

Activation rate(%) X—x65.8 58.7 76.2

1002_ X\X X\X/x\

X

- ¢ Mean+S.D.

ml L 1 1

I
hr.—2 6 24 168 336 504

(1W)  (2W)  (3W)

WEAR Ui, ZEMEMLOBIEERIXESH 0~2
TR fEEE 0~4,000 ug, EHfE 0~2,400 ug T H
D, 2~6 BRI TIX R EEME 12, 000~25, 000 ug, EHAE
5,000~12, 000 ug, 6~12 ff [l C % fd] 2 f§ 20, 000~
89,000 ng, EEEfE 11,000~50,000 ug & icbh, EFIC
XY, FLERBECIVAEIVHRELTNS2, 1 HORK
PR fEcEb e h b Ex BEs 50~100 mg
Thh, BERED 1/4~1/2 Rtz h, T 0%
L& 50% BB TH -1

7. 200mg Fki1 B 1E, 3BAMEHKKSEOmLP
BE (Fig. 7)

EOfbk 2, 6, 24 B, 18R, 2 B8R, 3 B
IR B A HIE Lo MEHEDOTE 6 i
FENEEYRL, 24 B, 1~3 BHEHEODEX 3.8~
4d4pg LHEBAELIEFE—EULERZRL, HEMHELMH
BELAKOEEBTHY, BRSFEREUOHREHE
(Y

8 200mg Bl A 1[E, 3:AMEFEHRGHEOMLP
ME (Fig. 8)
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Fig. 8 Blood levels of Ex (given 200 mg as granule
a day for 3 weeks)
Total (g/ml) o—o 4.2 6.5 4.9 3.7 4.3

4.3
Metabolite(s)(ug/ml) o—e 2.7 3.9 3.4 2.4 2.8 3.3
Activation rate (%) x—=64.3 60.0 69.4 64.9 65.1 Z<3.3

7 X
100 e————X
6L T < )
5 -
4 -
50 3l
2 -
1 1+ §§ Mean+S.D.
%llg/ml 1 | 1 ! 1 1
hr.— 2 6 24 168 336 504

(1w)  (2w)  (3W)

Fig. 9 Blood levels of Ex (given as granule in
decreasing dose)

o—o. Total(g/ml)
Elx Ex Ex le
500mg 30_0mgx200mg 100mg
—
X
70 7t N

o—e Metabolite(s)(ug/ml) x—x Activation rate(%)

x X

0 1k %iMeaniS.D.

1 I 1 1

1
Day— 1 2 3 4 5 6 7 8

MmAEE OHRIL 200 mg SRR SR TIZEA
CEORWEBBEYE\ A, 3B E BRI
DERTH - ENBEN IR TH -

9. 500 mg, 300 mg, 200 mg, 100 mg FhiEHFHS
Bro mephiREE (Fig. 9)

#1HHBwk 500mg, 2HE 300mg, 3 5E 200mg,
4HAB 100mg o 1EHEXTE, 24 FEE < fm$
BEXHE Lo 2 A BO FIHHEE » 5.8 ug, EHEE
i 4.2 ug THELEL, 3, 4, 5 B B OREMERREME,
BEHEE I3 LA EERL, HEMED 4.5 vg 7K,
EEME 3.0 ug TR LT\ end, FFESEEFIEL
THvh 48 ERILI AL 6, 7T HE & b4 2.8 ug
D Ex BMENEHIh, SHER ISR HELL,
e RBELRII ML, 70% RikER LI,

% ®

BB LS LciiERERomFREOHRE
NEBHRCERKFEYEL D LBAMDLEEY T
H%o Ex oiBEOWTOERISD, H5WIE
REYMES DB T Ex BHEORETH D, ABREXEL
WO RSO MFREECOWTIREELNC IR

Twinlo Ex B ZhBARTRERTHY, £ERNTHE
#HLE v B © TP, EHESIL FRIEDMAN-ZRE%E YA
Vv, Ex ##)H & Nor-mustard B#E xR JIE L
2o

FHERF O MABERESE 1~3 BREZEBLTb e
B 6~Tug wHEFL, 24 BERECIL Ex EHEIED
LT\W5b% DD, Nor-mustard #4813 1 BEE & 1%
LA EENRE oI ik, Ex 12 MMC LR, %
et it I h, Ex SEWENED T B /0,
FLRIT LR L, #ic Nor-mustard ##E % —E I
FHLISETAHAHADODAZ EERTHOLEEbRI,

BOFGRIC S W TER LR L ETRDHE
R Lico Tinhbehiid 2 Refdl, 60, 24 By &
OB E L b LR LT 528, BRICRsTItgE
FNTHAT 2 BERED D, T CREEEZRL, 6BERHE
THRE &Y, LEEA L, 24 RRRIE 2 BEREE @ 8
UL fER 2B, Z OMBIRER & 55 & ORIGE
EOBNCIDSDTHA D, SFITHH, B Thh
500 mg #5- & 200 mg 5 LHHBL, &bEHENT
Z LIHEEICThoBE S 500 mg HEREEY
ARLTWAA, BEEIRGFEOMMEMbLITREALL
EXRERIRWC ETHY, HERLAKEOFRIED
bhﬁ:o

200 mg #2050 RPEEi I 55 2 R v 258
LThbXiel@dbh, DHKECHE & b #n
L, 24 BHBIIEEED 1/4~1/2 238 & h 7o
BAGLEY 5% C¥ %35 <X L7 Cyclophosphamide
FEBEL, 24 BEBCED 68% NFEHCH X b
ERRTB, FBELOKRETIX 6BFHEEEL 24 BFHE
BEENITEAEEDI T &, FhEErd LT
b d 2 BRI Ex EOEH I WA LxEL
BiebiE, BFORERCIE 24 BRDBLSH 27D
DENRFCHHIh B O LHER S B,

200 mg DgEFic bR Y 1 B 1 EEKE £5 1,
M EE Y HIE UThc, #h 24 BEEOHEIZEE
BEAEETRL, BCREMEMET 4ug/ml, EEE
T 2ug/ml PEOREXHEF LTS EHAADDL
Too EFfFIENC 500 mg DRRKEEREE L, LI 300
mg, 200 mg, 100 mg L@ L, MmAPREL Bl E L
Lzh, H1IHBRREYRLICH, 2, 3 HEDOHZE
fEFEALETRL, 4BERPRPEA L, BEPIE
BIHBERED X5 HE LI ThbDORBRRML
Ex i, ECHWEEER o kv o &, #E 500
mg, LIE#ERT 5855 L0 ik LA 200~300 mg o
BHEREE A mPgE, & CEEHET H%5 Nor-
mustard DEEY—ERL, XV BHROTHD L E L
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Endoxan O KEBHEEDE L H L T\ % H8-16),
BOCK 5 "MI A EBR 5Kk D 1 B 200 mg #E5IT
HERTEnERY, TothoEMEIfERO 3 B o &
{, BESHRIERTORWT EXEHLTV, ¥
b IO Ex BEOBE ORIEC 253, Nor-
mustard EHEIZHEN—T LCBEY#F LTS C
L, BeLHEBCRPCHEINT, LELVHERE
RADlnz i Eh b ABMREGCIEEN TS 5o

#® E

Endoxan D# 0 # 58D IMAIRE ZHIE L, ROFER
18,

1) Endoxan FEX/#¥E51% 2, 6, 24 BEHEOHIE TIX
6 BERIEA RS TH - ohd, EHEEIEN BB LR T
CBET, IF—E LExR L.

2) Endoxan $EHIE5-GITIE 24 B B EVNRE &7
D, BRI LT R - Pattern 7R L, HE B EIX
BRI LR TEBTEETH - 1o

3) Ex #HEIHELSEC XY T 52, Nor-mus-
tard HEHEIRSBCEAINAT, BE—ELCEY
A LT oo

4) Ex 3fEn#&5% 24 BRETHRSED 1/4~1/2 2
Rt s h, #ARAREET - ThHLME
AERIRD DRI o7,

X ik
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BLOOD LEVEL OF CYCLOPHOSPHAMIDE IN PERORAL
ADMINISTRATION

Kaneo KikuchHi, Ryocur Masamune and Takasar Hiravama
Department of Surgery, Sendai National Hospital (Chief : K. KIKUCHI)

Blood level of cyclophosphamide (Endoxan, Ex) after peroral administration has not yet been fully
elucidated, in spite of its wide clinical application as a masked form of antitumor agents.  The pre-
sent study was designed to determine the reasonable peroral dose of Ex by measuring blood and uri-
‘nary level and comparing them with the values in the intravenous route.

The blood levels of total Ex (i.e. indirectly reactive substances for NBP reagent) and its metaboli-
tes were measured in consecutive 2nd, 6th and 24 th hours according to FRIEDMAN-MORITA’S method
after 200 mg Ex administration in the form of tablet containing 50 mg (T-Group) or granule (G-Group)
containing 50 mg a gram. Difference of the form of drug, i.e. between tablets and granules, and
of the administration routes, i.e. between peroral and intravenous route were compared. Thirty-six
patients cinluding malignant lymphoma, carcinoma of skin, breast and thyroid without any gastroin-
testinal disorders, were materials for the present study and their body weights ranged 50~56 kg.

As previously reported on 43 patients of malignant tumor, the mean blood levels after intravenous
administration of 500 mg Ex were, as the total substances, 7.4 ug/ml in lst, 6.5 #g/ml in 2nd, 6.7
ug/ml in 3rd and 3.8 ug/ml in 24 th hour, respectively, and as metabolites form, 3.2 ug/ml in Ist,
2.8 ug/ml in 2nd, 2.4 ug/ml in 3rd and 3.0 ug/ml in 24 th hour, respectively.

Maximal activation rates (directly reactive substance over indirectly reactive substance) in 24 hours
after intravenous administration showed 79%. Mean maximal blood level was obtained after 6 hours
in single peroral administration of 200 mg Ex. The levels in G-Group showed 7.8 ug/ml in total sub-
stances and 5.4 ug/ml in metabolites, respectively, and those in T-Group were 5.8 ug/ml in total sub-
stances and 4.6 pg/ml in metabolites, showing higher value in G-Group. The blood levels of 24 hours
after peroral administration were somewhat higher than those after 6 hours in T-Group, but the for-
mer was slightly lower than the latter in G-Group. Since the difference between the values in 6 th and
24 th hour was minimal, it might be suggested that the blood level was not so much affected by the
dose given perorally.

The blood levels after peroral administration of 500 mg Ex, were similar to those of 200 mg, show-
ing 6.2 ug/ml in total substances and 3.2 #g/ml in metabolites in T-Group and 11.6 ug/ml in the
former and 6.1 ug/ml in the latter in G-Group, respectively. It was noticed, therefore, that there
might be no differences in metabolites between the administration route and dosis.

Urinary excretion of Ex after 200 mg peroral administration were minimal within initial 2 hours,
but 6~20% and 25~50% of Ex were excreted for subsequent 4 and following 18 hours and its activa-
tion rates was approximately 50%.

The blood levels of consecutive Ist, 7th, 14 th and 21 st days after peroral administration of 200 mg
Ex per day, were almost unchanged both in T- and G-Group, revealing the same level as in single
administration of 200 mg a day. Even in the peroral administration of consecutively decreasing dose,
such as 500 mg on 1st, 300 mg on 2nd, 200mg on 3rd and 100 mg on 4 th day, the blood level of
Ex was not altered and this was lowered and disappeared by 3rd day after the administration was
discontinued.

From the results obtained, peroral administration of 200 to 300 mg Ex per day was recommended as
the necessary and sufficient maintenance dose.



