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VR U720 5-FU RI#R 5308 H 3512, A RICHE WIS AR 278 L 720 5-FU a5
TIEE H G AR F-RNA 9 B C Fifetk 2 /n L, TSICBI LT b R H72 5 90l 2 R 7z

CD-DST O#5 %, 5-FU OFUES R F X HAMKEHNIC & AR E IS MBEEICKAFELTB Y, 5-FU I
Exp-388 IZxf L type I b D3HI & L TERAT 5 Z L3I L 72,
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5-fluorouracil (5-FU) 1ZREMLRHBRHERETHY, K
B a3 U &3 2 beEicx L, 8P LTkl
RSN Twa?, LIL, TOEFEHRGHEICHL L
Fﬂ%k?’“% LRI G- OFES & D o Tilmni% {, wWEZLIZ
Mo Twhv, IhEToL s, HEEMRICS
WwT il"’tﬁ%‘bifﬁ LhPRENRVO, BRI E R %
W G- AHER S L Tw AP, L2 L, G-CSF (granulocyte
—colony stimulating factor) D&M LY, EHEHIH AL
L YU ILFHED dose limiting factor £ 1372 5% < %Y,
BITEH & 0 b PUBE AR & BT 22558 2 D20 dh b,
5-FUICBIL T®, FUEERIREROBINA S, biochemical
modulation R PR 20§ 5 BhiEE L2 LI2B W T, MK
PG5 O HEAIRE S NS S SN Tw 54,

AR T 5-FU M5 0F Hik % & N2 0% Bk
22 &, X— Ny 2ABfie b KEEkEE Y, in viveo &
LTX— N3 AL BEHERR, in vitro £ LT CD-DST
(collagen gel droplet embedded culture drug sensitivity
test) & HWTEBRIMRE 21T- 72

I. ##® & A&

1. X— k<27 2% Hv7ciaagEsR

ST AR —EX#F) L DAL BALB/c X — F
XA (KHE20~25g D) ZHWZe X—F3 7 A
OB IZHIHRKFPREWHEEDOT AV T v 7 NTITW,
W L7k e ik % 52 72

W5 A AR e AR e AR T . 2 v - e b RIBERR
Exp-388 (Frbhide) =72 (Fig. D% %% %
BRI L, BREHAY I T3mm MICHE) L7-IE

Bruy 7 1EENES 2Ty AWM HET
WCRBHEL, /FRA2 VT, # 3 NHEEDERE (L, mm)
L (W, mm) ZFHIIL 7,

RN AITERE (BR) & 0 b5 S 721394 H 5-FU (50
mg/mL) % AEBANKTHRL, BREMICESL L7z,
WHEEHTIE102 WL 20mg/kg # 5% 21k (5 H
MHEH&EG L T2 HHAKIESTZ) O 7 T2 -V THK
U, M5 Tiz507%w L 100mg/kg #3812 1
B35 L7z, xsHHRiES X O mHEHICIEZhEh 41t
FTOoOwT AZEY BT (TS, HHFUMIES5 AR
E L7

EREERIE X — N~ ARAINE % H 7 PuE g 5

Hlstology of Exp—388 Well-differentiated ade-

Fig. 1.
nocarcinoma, human colon cancer serially trans-
planted subcutaneously to nude mice.
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DAY ==V 7OzHD7a b a—) (Battelle
Columbus Laboratories Protocol) "1 L 7243 - TJJiti L
oo bbb, EEEBAR, KWERICTT T
WRENTWDEER (LxW¥2, mg) 12X 1w ES
oA M L7z IR FEERIEHE 2 E 5 % 100~300
mg (Z3E L7 TG L7z EEBAHZII REE (C)
BLXOKEER (T) 1220, KllEHOHEEEE
m (Wi) LEBBGRROHEEEEER (W,) Lol (Wi
/Wo) ERD7z,

HIEDHEIZ DOV T, KREHA A 20% %l 2 725
DD EHE LT T, BRERK TR Y A
AR LIS E R A2 5 L 72,

2. MEBSHLERIN O AL iReT

1) F-RNA (Hlik RNA "o 5-FU 1) e i

MREICEHEKREMAAREYFA XL, B5-10% M) 70
O fEEE, K-95% L% ) — ViR, 95% ¥ ) — ),
I—7V (3:1) HBEZHNTIKE S, BIOELT
BEANAICHE DR, IR, ZotoREY (LiEEg)
BRI LB, mENIZE S 7B IC 0.8 N-KOH
ZMz37C, 16~20 KA »F 2 x—1F L, 60% &
WHRBZ M2 THATL TR OBk L7z, o7z 1iEi
3N-KOH %z, £UMEREY ) 7 200EY %
F#:2: L T mononucleotide (MNT) &% 15720

RNA-E#EES K & MNT WIS A IV Y E Mz,
100T, 20 77 BUS S, WK T THRIG & 4511 & & Ak
WOWSLE % il L MNT H1 o RNA & 2llE %175 72
S 512 MNT &SN ER#E, HCL Z iz, RNA
R, PERERHE VAL, HCL %0 2 K 55 1#%,
B, 55 408 L C5-FU il L 72 DTFBB
(8, 5—di (trifluoromethyl) benzyl bromide) T X)L {b
LEBEBEZBREL TATY U THEME, GC-MS (gas
chromatography mass spectrometry) (2 A LT CI
#: (chemical ionization) THilhE= L T 5-FU Of&
g 217 o 720

2) MEZZN TS (thymidylate synthase) %%

TS #lI521Z tritium release #:12 & - THF o 72, TEEHHL
e FER L, BERIMMEEZMATREY S A4 AL,
FODDEEREIC L D) REERSEL, MR EE, A5
VT I FOuEROEABRTICEE (CH-dUMP)
Mz 37C TA »Fa~x—FL7%&, 10, 20, BXU30
FHEO SR E IR EZ &S M) 70— VEEERAT IS
WML T, BERESOEIE & B O I E % W68 xR
SETHELTEEL, EEPROERKL 72 *H.O &% ik
YFL—=Yarhrry—TllEL, ¥ 7w mofl
L Lowry 512 X o THT o 726 ¥ ¥ 737 1 mg O
ZRD DD, FHEERE (40~100 5 A RiE) B
X OMEAEE (CRIfiE 7 V73 v 0.025, 0.05, 0.1, 0.2,
0.3 mg/mL %) IZREEF MY 7 A - TV A ) WK%
Mz, E6I27 2/ —VikdEz M THE S 750 nm

TG % e, HEEEOBRER L D IREL KD,
3. CD-DST

CD-DST 3/ME S O FEIH#E U CTiT - 72%, Jif % X
—AMRICLZ2ETHYL, BELBEIZEIVLHEI IS
T 2 LU o JiE 5 M R 2 A5 7. PR AR T
viability D EWEEEHIIEL O & & B L, iR DT 1x
10°cells/mL & % % & 9 type I 2 T — 7 ¥ i I
W, COBRBHRZEZE6Y VYA 70T L — bift
W230uL 32T L, YU bafeh, BEREEZTML
720 BH, WALWEEAT0.01~1,000 ug/mL & 7% 5 &9
RBEWEPIC5-FU ZR/MML, 2.4, 24, B X 0120 FFH
X7z, EHZEALZERREWIIBRELT20
Ve L, B LWERBIZ WML C 7 HI (120 KR4l
FECIZ3 HIM) KA L7z, B TRII=2—-MT
Ly Fedml Cfefa L, WifgmprEiE cligiie oo
= — R FHIIL 72,

4. WEHFIIROE

WEFERZ I tREZ Vv, p<0.05 * A EAED
neL7,

II. #% ES

1. BFREER

5-FU 10 mg/kg # H ¥z 5-#F T 55 0 34 5l P A3 13
EAERLNTE o -DIZH L, 50 mg/kg WA 5-#E
TIXHBRAHER 7 HAif2 & 0 S OB sk 23 5% 31 L
T B VS A AR & R 72. 50 mg/kg M Bk 5- 0 T/C
WoR/MEx 47% TdH -7z (Fig. 2)o 5-FU 20 mg/kg
T H P 5B TR BB 10 H A X 0 BES o B
il % 3%, T/C lLoR/NiZ 58% 12E L2 —7F, 100
mg/kg MBI 58613 & 0 5RO IES R IR A R AR L,
HHBAGAEE 14 Huite X 0 Wi IC A B2 072, 100
mg/kg BB 5-HED T/C O R/MEIX 23% TH - 72
(Fig. 3)o & 512, 50 mg/kg M#k#& 58 1%, Bk5 =
PG THDICE00b 53, 20 mg/kg #HE&G-5 &
6] %5 DL b o S5 B AR D R 2 7R L T\ 7z,

~100
S
= 10 mg/kg daily % 25
/2
-
E 50 « P<0.05 .y
o
= * P<0.01 50 mg/kg weekly X 5
{ Mean = SE
0 " " " " "
0 7 14 21 28 35

Time after initial treatment (days)

Fig. 2. Antitumor effect of 5-fluorouracil against Exp—
388. Effects of weekly 50 mg/kg dosage (n=7) were
significantly stronger than those of daily 10 mg/kg
dosage (n=7).
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Fig. 3. Antitumor effects of 5-fluorouracil against Exp—
388. Effects of weekly 100 mg/kg dosage (n=7) were
significantly stronger than those of daily 20 mg/kg
dosage (n=7). Effects of daily 20 mg/kg dosage were
similar to those of weekly 50 mg/kg dosage.
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Fig. 4. Short-term change in F-RNA (5—fluorouracil
incorporated into RNA) after administration of 5—
fluorouracil (n=4). In a single 50 mg/kg dosage, F
—RNA increased significantly and decreased slowly.
An arrow show 5—fluorouracil dosage.

WENOREIZ S B R <, HRERD D 20% &
A5bDER %L, WM TERELZRD P72, £
7o = 2 R OB B RO Lo 72,

2. ARG

1) F-RNA OfEREHZAL

5-FU #5-1% 120 B[ £ To F-RNA O 2AL %
Figs. 4, 52/R L 72o 5-FU 50 mg/kg #% 5-# T3 bk
ML F-RNA EEIZ LR L, 5% 24 KHTY
—7 (57Tng/mg RNA) (I#E L7, ¥— 7 LD F-RNA
REDIKTIZRRTH U, 5% 120 R ORI TDH 20
ng/mg RNA L L ##iFF LTz (Fig. 4) o 5-FU 10 mg
/kg EHEGRETIIHRG Atk 84 KM £ TIEHEL I
F-RNA BEN LA T A HMm A S N205, FhDifk
120 R EF TR L LARRET LTz, 10 mg/kg i
H¥% 580 F-RNA O 5 fEiE 23 ng/mg RNA TH 1),

50 mg/kg & G- ORI L [FETH - 72 (Fig. 5)o

50 mg/kg MBI 5-HEIZ BT 5 3% 5./ 120 IR £ TO®
JE AR T A (AUC) 1d 4,221 ng/mg RNA-h T 0,
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Fig.5. Short-term change in F-RNA (5-fluorouracil
incorporated into RNA) after administration of 5—
fluorouracil (n=4). In a daily 10 mg/kg dosage, F—
RNA was sustained at lower levels. Arrows show 5-
fluorouracil dosage.
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Fig. 6. Long—term change in F-RNA (5—fluorouracil
incorporated into RNA) after administration of 5—
fluorouracil (n=4). In a weekly 50 mg/kg dosage, F
—-RNA increased significantly during week 3 and
decreased slowly. Arrows show 5—fluorouracil dosage.
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Fig. 7. Long—term change in F-RNA (5—fluorouracil
incorporated into RNA) after administration of 5—
fluorouracil (n=4). In a daily 10 mg/kg dosage, F—
RNA was sustained at a similar level. Arrows show 5-
fluorouracil dosage.

10 mg/kg # H#x5-#H 021 (1,833 ng/mg RNA-h) 12
23 iz R L7z,
HHRBGE 5 M TORMIN RN ZE(L % Figs.
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Fig. 8. Short—term change in TS (thymidilate synthase)
after administration of 5—fluorouracil (n=2). In a
single 50 mg/kg dosage, TS activity disappeared
immediately and recovered slowly. An arrow show 5—
fluorouracil dosage.

}
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Fig.9. Short-term change in TS (thymidilate synthase)
after administration of 5—fluorouracil (n=2). In a
daily 10 mg/kg dosage, TS activity decreased
immediately to about 25% of control and recoverd to
about 85% within 24 hours. Arrows show 5—
fluorouracil dosage.
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Fig. 10. Long—term change in TS (thymidilate synthase)
after administration of 5—fluorouracil (n=4). In a
weekly 50 mg/kg dosage, TS activity decreased slowly
over time. Arrows show 5—fluorouracil dosage.

6, 712" L 7. 5-FU 50 mg/kg M & #% 5-# CTix 1~2
ol H #5128 [ H¥% 5% O F-RNA BB & A
WCEMEZ R L7205, ThBBRIEL LAY — 7 3R KT

Time after initial treatment (weeks)

Fig. 11. Long—term change in TS (thymidilate synthase)
after administration of 5—fluorouracil (n=4). In a
daily 10 mg/kg dosage, TS activity was sustained at
a similar level during 5 weeks. Arrows show 5—
fluorouracil dosage.
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Fig. 12. Antitumor effect of 5—fluorouracil against Exp—
388 in vitro (CD-DST).

T M % 2072 (Fig. 6)o 5-FU 10 mg/kg # H#%5-
B TIZ F-RNA 0ER A SN -7 (Fig. 7).

2) TS OFEKFNZAL

5-FU $5-#% 120 KEfi] £ T TS ORIFZE L% Figs.
8, 91Z/R L7z, 5-FU 50 mg/kg ¥ 5-# T3 ¥ 5-1%% 30
GORENT, TSIEEAIZITREICHES R, DK
AU TS IGHEAEE S 2 O BIGE S iz, $5-1% 120 I
M @ I 1o TS i P 12 12 pmol/min/mg—protein T &
D, THRTD 60% IZHS L Tw/z (Fig. 8). 5-FU 10
mg/kg # H 58 Tld TS M2 5- 530 2212 25%
it E CHE S NzA, 24 R IZP 5170 O 85% il
BICETHIET 2 L) BRI Twz (Fig
9

EHBIATE 5 EH F TO RN 2 BRI 2L % Figs.
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Fig. 13. Correlation between ICs (drug concentration for
50% inhibition of tumor growth) and exposure time of
5—fluorouracil. Antitumor effect of 5-fluorouracil
against Exp-388 depended equally on concentration
and exposure time of the drug.

10, 111Z/RL72. 50 mg/kg M@k 5-# (Fig. 10), 10
mg/kg i H %58 (Fig. 11) & 12 TS #0513
JENCY B AR A

3. CD-DST

Exp-388 IZxt 9 % 5-FU O in vitro \Z B} % HilES
WEERA B CTER L (Fig. 12), HEHEMa o =—
KEE D T/C i, 5-FU O#EMRELNH T 512 L 72N
WIEFIAR T L7z F 72, SEHOHEMBFMIEL 25
(T EIREINE] AR DS T I PATRE L, RR OB R % 3R
Dlze TO7 T 7 LY EEILD 50% BRI 1%
BIHFNEIE (ICs) %KW, FHIFEMIER & O BIMR % W
METTEY FLA2E A, WHEMICIEIHERENICEE
DHEOMHBEARE RS, HEEROMEIZ-1.19TH
-7: (Fig.13),

Im. = =

5-FU IZREN MAEHTEYEE L LT, £ 0PBAITH
LT —EPREL LTHEHEINR TS, L2L, 20
HEcB L QdERm»Z £, wELZICHmME STy
R\,

In vitro OWETH 5, 5-FU O HuMES R 13 7] 2 i
X0 HAERIRED EOREH & ORI T 5 &
NTwz? T/, BEEHFATIEIDNAZEKT S SH
DOH A LB D E TR T b T h 3%
b Twa720", S HME~BER [T 218
WHPLHETD 5 5-FU A%, 2SAMML T ORER % T
BRI < 720121, P28 10~20 57 ThH 5 2
WEHERS X0, 5-FU &2 AMNE O KRB #f X %

RAMNAR R W T & B Fpibide G0 ER S Tn 1,

Lokich 5 i% 5-FU 300 mg/m’ % ¥ it 9 5 &
L2k Y, itk standard loading dose & [HZE D% F
ZRL, BIEHPAHBICRA L72E#@E L TWwEY,
Hansen 5 ZHE8 1M 0 #T K B7 2 M 412, 5-FU
@ bolus FHE & A S FpeHE O IR R AR 2 17 - 72

KR, HREREER AR % F LT 5 MR
PEiZ bolus BHE & D 1Z2 2247 <, HEEAI RIS
K 18% K 28% THERFHER LR RIFTH - 7245,
HEGAIZERBO DN o7z L L TWwDY,

—7, Codacci—Pisanelli* & X UDPG (uridine dipho-
sphoglucose) rescue % il \», ¥ 7 A 12 150 mg/kg &
KED5-FU 285 L, WHEKEBEEICHDTHo72L
DOFEELTVD, KASIET v b & HW B %
BRC, 5-FU % Jle TG L2 25 eix 535 & 0
DRIFLRFRERLIZEHE LTS, BROYTYH,
KGR DN I3 3 % 5-FU OB {EFE T, #H1
[, LM coRS»FEEr LiFThh, i
EHEE o TW3Y, EbIZ, 5-FU DR RIH %
H# & L 72 biochemical modulation Ti, 5-FU 13:8
1 OGS TENZBEEE LIFTw b7,

5-FU X E RN TY VBt = %}, FAUMP B X O
FUTP (5-fluorouridine triphosphate) & 7 %, fi #
1£5,10-2F L ¥ 7 7t Fu#E (Me-THF) B X
' TS & covalent ternary complex (LA EZEMBEE
) 2T HZ L&), DNAGHROHERERTH
% TSk HE T %0 2% (3 uridine triphosphate ®
f H D ITRNAIZ ML Y 3A £ N, ribosomal RNA &
processing PHEZ X U & § 554 @ RNA HhE % Bt
E£5 2", FAUMP (2N @ deoxyribose—1-phosph-
ate 7% 1k % /¥ @ 7z ¥, thimidine phosphorylase,
thimidine kinase OfEHEAHAEL I NS Z L34 % <,
LA FUDP # RR (ribonucleotide reductase) 12 &
) &I E N, FAUDP (5-fluorodeoxyuridine diphos-
phate) & %o T LY YEBLIEM % %), FAUMP
DA SN L REHDFARTD 5o

L7535 T, FAUMP #* UK (uridine kinase) X
DY) UYBALSNFUTPICZ2 5 Ut e, RRICK DEICE
N FAUMP 127 5 UL 2N H £ 72 ), DNA & RNA
T BLENRT L LR D, 5-FU o 581D
BV, BHHEEPEVGEIZIERR BRI IHE,
FAUMP A1) %> 9 72 % DNA K3 % 1 H 2SR 12
Hh a5, 5-FUOEHREZZHICES L2%A, RR
DEEFZTEA A S L FUTP AR 20 v, RNA 3
THREAPESBHAT2b0EEZ LN TNEY,

5-FU |t dihydrouracil dehydrogenase P1EfIZ X D,
FFadul & 32BN THERLP IR I D, ZOREHR
HEALIEH L 5-FU O GEBD R0, 503K
BB E I, KGR EICRIERENICIT bR
bo — )i, HIFMIIEHED5-FU &5 LA
&, MEOMEHE M S, 5-FU oI A i B iR T i
FAIEERIZRELS R, RFEREIND L INT
W5,

PDEXD, 5-FU o5 LTiZLT L bRtk 5
BEHEELIZEVINT, BEERGOHEHEIZO>VWTLH
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72O THRETALENH L LEZ BN,

ZFIT, FFHRFX— P~ ABHe b KEE% Exp—
388 x HIvy, 5-FU IZ & B EREIT > 720 ZORER
wikGmrGbeye, A1REEESHIEES H
JH PGB IARE RIS PUERE I R 2 R Lz 5
(2, 50 mg/kg [k 5-FELRIX 5= TH HID
b 5T, 20mg/kg 5 H 355 & 4D Eosy R
#mRL, 5-FU ORMEIXS- ORI S 2 TH - 72,

5-FU % 5- 1% O i P F-RNA % #ll 52 L 72 %5 £, 50
mg/kg ¥ 5- 81X 10 mg/kg #HFZ G5O Z IR 2
U Loz mR L, MG N - BUES AR 2R
L72EREZ 2 bz, RRto &9 IZ5EOFERIZE W
T, MHD5-FURENFH>TH, HEEMBEND
RNA 1o 5-FU i fR7-h, #HES & HRTHE
Wich7zo T LABWEEZ /R L TW/2Z &5 5 RNA
FHE D fA DG B G- AMES I L > T HIR G- X D
A TREVEAS D B E VR B0, T, BB TS
WHEIC DWW T, 5-FU 10 mg/kg #% 5 T3 5l % T
b TS HHNE 70% Fitkick £ - THBY, HUEERNH
oo hhoibEZ b7z, F7250mg/kg %5
T, HH5HEZITIE 100% Al S h7zd DD 80% L I
OWHNE 12 BB L2 Fibi L TB 59, PUESRRICH:
RBWBIVEVEEZ BN,

CD-DST (ZIEHMILZ 2 5 — 5 > 7 )V NI WS 28
T % in vitro PIREHEIEZERERTH O, JEEAHEARNIC
PVIREECTHIGHT &, HER D 7 B HA~GHll v BB = A3
WZehh, ZOFAMEPEIRFEINTY L4, 5-FU
B LTI, ERR THIE T HE 2 SEHIR B C O RFAMi A3 RE
ThbIl, BRAOBRENEST, LrbMicE 25
FRA=I DB ehs, SROEBRIISHTSI L
L7

Exp-388 12x 9 % 5-FU OHulEEE#I R % CD-DST (2
L DMETL, HEEC 50% HFEENHIC LT R AR E %,
M | ZHEH) & OB AT T ey N5 L TE
B IZAEZEOAOHBEBERIGED S, UG EROME S
-1tk o7 ZORFED S, Exp-388 ICK ¥
% 5-FU OHUIES AR L, HH) iR & Bl i o B
WSR3 2 L HE Sz Ak, 5-FU i type
I OHHEHRICHHEN, TORMPITEFEE L LA
IREELL E o3 & oM@ AR T A E STy
%, L7 L, Exp-388 12X % 5-FUDIEH T L
S type IbEHIDZTHNIZHELTEBY, ZoDMEK
BGPENTREEZR L EEZ SN, FRETI 5-
FU OfEAICIZ TS 1, ARIREEIR Tl type T35
ELT, miEEETIZtypeIbHEHE LT, 1EHT S
L EIERML TS, CD-DST IZA%, Mo P
FIKT B EZE e T 5 B TH 54, 5-FU IZH
LT, ZOXR#ERGEOHEIZHISHTE L feEs
hobLEZHNT,

E

WO ARE W EEBETIRELZS o7z, WK
FHRNE EBIZ, WK ARG B R
TAEH L. 72, FEAROEERZ M- 725K
FHFH AR REAZ IR L £ 7,

A5 48 [0 H AL A X H AR SR 12
BWTHEL, MERHAI D PREEIERT L L0 #
BEEZT72bDTH 5,

X L7y
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A study on effectiveness of intermittent administration of 5—fluorouracil against
human colon cancer transplanted into nude mice

Masanobu Fujita

Department of Surgery, School of Medicine, Teikyo University, 2-11-1 Kaga, Itabashi—ku, Tokyo, Japan

The antitumor effects of 5—fluorouracil (5-FU) by dosage schedule were studied using a human colon

cancer (Exp—388) serially transplanted subcutaneously into nude mice. Change in F-RNA (5-FU
incorporated into RNA of tumor cells) was measured over time after 5-FU administration. To determine
the time and concentration dependence of the 5—-FU antitumor effect, a collagen gel droplet embedded
culture drug sensitivity test (CD-DST) was conducted using tumor cell suspension. The antitumor effects
of 5—FU in intermittent administration were significantly stronger than those in daily dosage. The change
in F-RNA after intermittent administration of 5-FU was slow and significantly higher than after daily
dosage. CD-DST showed that the antitumor effect of 5-FU against Exp—388 was equally dependent on
exposure time and drug concentration acting as a type I b drug.



