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F L &
1-(2-Tetrahydrofuryl)-5-fluorouracil (L\F, FT-
207) % HILLER 5V (1968) i< X b & E R FHliEHAl
Th Y, BRNES, BOks, BEBRRSCIDEME
NICRRHCHE VB L, RACEEWEL LTO 5
-fluorouracil (JATF, 5-FU) & gs#s Lis 2 HILESD
BRRETI LV bhTW3Y,

AE, bhbhiz FT-207 o 4 RNkt 3 BEs
FOERBF YR LCE A DFANLRE Lo THRE
T %0

EBRMEELTEE

1. EREES XOEBY

Ty MIY VY o — RV (E 150g, JLih 7 <
A), =v A% dd-Y REEtE ((FE 25g, SRR
BRIERT) A\ oo HEEWE LT » ik AH-130,
~ 7 A1z Sarcoma-180 (LAF, S-180) o fEKH AT
107 EXREFETBHEE7TBEDO D RMEH Lic,
HA BT THART 16 R A Lico

2. °H E@tew

SH-FT-207 % HILLER & DFHED 125 » T, 6 {7 3H-
5-FU 2»H6AR L, HAHMLERCHBRTH D & 2D
FEZE L, *H-5-FU BBEAT7A VY —7HEh b
ﬁ)\ Lf:o

3. FT-207 s X O 5-FU D4 {ARNEIBE IS0,
MIRNHK S TomE, e X OEEkR o & R#H D
SEEE BRI 5T,

SH-FT-207, 90 mg/kg (900 uCi/kg), 3H-5-FU 30
mg/kg (900 xCi/kg) # AH-130 5, b IZ#HEL, &
B i, FFs & YRR A R LA B AEK T 25
% REFFR— P EHRABLLE, THEEOHA X -1k
fnx, 3,000rpm T 10 F3RElEO5HE Lic LiE R RER
HmL, BHOOFEY I Lich» T Dowex-1 #5427
RT3 7 4 —BIVR=—R=2 w57 4 —%
$eA LT, FT-207, 5-FU, a-fluoro-B-ureidopropionic
acid (LA F, FUPA) % X0 a-fluoro-B-alanine (LAF
F-B-alanine) %4 RfE® Lo

4. FT-207 OFF COFEMAL, B IOEFDOEMLNE

DX 5T AR RET 5 7% in vitro 1T
T%%Lﬁ:o

F v FBHDHVIETY ADNEE, 1.15% © KCl &
T 10mM v vERER (pH7.4) T 25% OxEF X
— FERFABL, 9,000x g T 30 HRLELSEE L LiE
WEEFEW L L, 10mM, SH-FT-207 0.1ml, 50 mM,
NADPH 0.1ml = LiEE#%E¥ 0.8 ml #jnx, 37°C T
ABRRIRE 5 LIe B RIG &R & A FFIE O & M s
BTOGFz T, Fig.l ©ft - THE LEE, Lk
FRERIZT 1ml R 1g AV 22 U &
HEURYAMUBERKE L,

RIG#H Tml O 2 %2 7 —A %%, 3,000rpm T 10

Fig. 1 Cell fractionation of mouse liver
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SHEBEOGE# L EERBERBEL, £0 1/10 2%
—R—p =57 4 — T CGREF#HK No.51A, 2
X40cm), Eifg=F1 @ FEL: K (65:5:5) DEEHR
T 20cm BB Lico 1cm HRIY] o fo—>3—% 5%
Y 2w EERRCHRIE L, VAFH VRV VFU—X—
(DPO 4g, dimethyl POPOP 0.4g, Naphthalene 100g
HIOFFHV L b=V mF eV LT 15:3:2
HIK 1L M) 10ml 2zt vFv—va v
v v % — (ALOKA, LSC-650) THUHE%WE Lico

B — 70 Rf BB OER L L, £k
SHERBHORE L O LD BHEERHELT, 1§
DR X O FT-207 O RE A EH L,

5. FT-207 Off s 7wV — 2 EYNRBUBEER T S
TEMAL W TR Lo

EWRYBERFEH £ L T, phenobarbital (JUTF,
P.B.) % 80 mg/kg/day, FH 2 #] & LT chloramphe-
nicol® (LAF, CP) % 100 mg/kg/day, \w¥hd 4 HH
Ty PRIV Y ADERENCEIRE L, in vivo DE
Brcik FT-207 400 mg/kg % 7 » o v #& o ifn
FT-207 EREEDRE, in vitro DEBRTIIIFAEF % —
FD 9,000X g LiECo SH-FT-207 iE#:Ab % B L
oo BERWRPDOEAEEIL LOWRY DFEMNTHE 5o

6. FFCiEtfbE i FT-207 g3k 5-FU »3 FOr
AnHC B & B S oW TR EF L7z, 100 units/ml o
~RY RN YA £, SH-FT-207 1mM,
NADPH 5mM #¥HEnLicb D& ERKE L TH W,
37°C T4, 0.7 ml/min. OFECTEMR Liss b
T DR 2RI, & Ao 4 IERIVEN 4 o I
DB ETH Lico

7. FT-207 ofFLSt ok X % EiEbcownw T
E“j’ L?’:o i

In vitro TIE=Y ADZEBAELF X — D 9,000
g E#¥E#xFv, NADPH %z, SH-FT-207 % 485
Rit&e, FT-207 OE#Aba T & lgE Lico

In vivo THEE S ©F #: w # U, CCly/olive oil
(1/3, v/v) % S-180 s~ Aic S5ml/kg £ 0 #h
L, 2B XU 6 BRI DL I L, in vitro [y
WhFco FT-207 ofE#AbA£L Kichh T % & &
wHERR Lok, ke CClL, » & nib5 L, 2 BRI
SH-FT-207, 90 mg/kg ##HEL, b 48K (F
b CCl, 5 6 RifElth) DA IREM A S L
too A< A2 GOT, GPT, ¥ X vt ALP ¥E
HEREL(BABETE 7 Y 75 1 9 —, JCA-N-4C6R),
CClL, XAFEENRE TV ERRHER Lo

8. FT-207 @ ojEfila RNA 5 ~OH DA
ZNNT in vivo 1T TER LI,

Table 1 Distribution of metabolites of FT-207
and 5-FU in AH-130 bearing rat

Metabolites ug/g or ml

a-F-p-
alanine

Time ! 0
(hourS)gFT_z(ﬁl 5-FU [ FUPA ‘

FT-207 90 mg (900 4Ci)/kg i.v.

1| 8890 076 0.39 3.18
Blood [ 4 | 63.69| 0.42 0.26| 0.65
12 | 455, 005 012 0.24
1 | 1495 008 0.10 46.59
Liver { 4 | 1521 0.16 009 5214
12 | 109 0.04! 0.05] 15.50
1| 90.01| 099 006 3.05
Tumor [ 4 | 53.52| 0.68 002 6.14
12 | 637 038 004 1.17

5-FU 30mg (900 «Ci)/kg i.v.

1 — 035 065 360
Blood ‘ 4 — | 006 0.06 021
12 — 002 001 o001
1 — . 129| 0.11] 38.20
Liver [ 4 — | 053] 003| 865
12 — | 022 0.01| 359
1 — 1018 0.23| 7.15
Tumor { 4 — | 501 003 091
12 — | 172] o01| 0.12

S-180 i~ w Az *H-FT-207 90 mg/kg * &R/
BE5 L, 4FHE% O BEMK T 5 X — % SCHMIDT-
THANNHAUSER-SCHNEIDER 77 (2 6\ N8 L, & isy
NOBHEED L VIARERE Licth, ~—»—LLT
CMP, AMP, GMP, UMP % X v* FUMP % % in L,
Dowex-1 #F3 A7 wv=< 2757 4 - TXFHBEA VI
Gradient (&8 T2l L, AR X OVHE M2 B
ﬁ Lo

R=R=2 v b5 74— (Dﬁﬁﬁ‘lgﬁbi tert—
BuOH : 6 NHCI : H,O (700 : 132 : 168) % F\ 1=9,

£ B & B

1. FT-207 3 X0* S5FU #EHOMK, FEE IO
FEEBAREY

FT-207 90 mg/kg, 5-FU 30 mg/kg #iE# 1, 4 ¥
IO 12 o, R X OBARRRBYYERL
JoftR% Table 1 1/ Lic, FT-207 ik 0B4, MK
FTIXEAREI & b FT-207 R DITLAE % 5 &
TWBDRML, TR L &b 12 FT-207 o %] &
AMET LU F-B-alanine 23803 %, = huk o A
HwTHY, 5FU 2LOFMNERTHBZ LRRLT
Who ThICH UM E_MIchE ¥ &\ FT-
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Fig. 2 NADPH requirement for degradation of
FT-207
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Fig. 3 Degradation of FT-207 by rat liver
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x : NADP 5mM, G-6-P 50 mM, G-6-P dehydro-
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207 JBERMERFL TR Y, 6K 5-FU BEIFREHT
»b, F-B-alanine x4\ & i 5-FU 2 b D G5 EMN
PEL, LARANT 5-FU nER LcientErbhi,

5-FU ®#5Cd, REELEANRED LRI,

2. Ko FT-207 oiE#Ak

NADPH o X 5 FT-207 o 4 2 | © %8 {bik
Fig.2 © X 5ic FT-207 D4 f#=xix NADPH Bt
MLTKEL Y, 5mM T maximum Z@E$5,
1o 5mM © NADPH #f\, RIEHMEEZ THR%B &
Fig.3 ® X 51z 4 B[ ¢ maximum 125%3 %, NADPH
D hiz NADPH Generating System (NADP 5mM,
Glucose-6-Phosphate 50 mM, G-6-P Dehydrogenase
30units) XAVWCIRABESME h, SERILLA
Eb‘fﬁ%ﬁ:\‘ L’f&o

¥, v ARO&MIEANC T FT-207 % 4 f# X
%L Figd DX5CIz7wny—a@STR O K&K

Fig. 4 Cell distribution of the degradative
enzyme of FT-207 and 5-FU
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Table 2 Effects of some inhibitors on degrada-
tion of FT-207 in mouse liver microso-
mal fraction

Inhibitor dopoaanton| Inhibition

(%) (%)

None 100 0
+KCN 5mM 96.5 3.5
+PCMB 1 mM 43.5 56. 5
+PHMB 1mM 43.5 56.5
+Cytochrome C 0.1 mM 24.7 75.3
+CO 76.5 23.5

Table 3 Hydrolysates of FT-207 and 5-FU in
each cell fraction

Subst- | Enzyme Radioactivities (%) )
rates |sources | pr_og7| 5.FU | FUR af;—rﬁ;e
FT-207| Ms. 90. 8 8.5 0.3 0.1
Nes. — 84.9 13.5 1.
5_FU cs 0
Ms. sup. — 85.5 4.3 9.2

SEENB SR, X bk T D& #IL p-Chloromercuri-
benzoic acid (PCMB), p-Hydroxymercuribenzoic acid
(PHMB) T piEIhic (Table 2),

FT-207 OffF 3 7wy — ATOGET X VERT BN
HMEHDIZ LA EIL 5-FU T H b, F-pB-alanine (3%
LAYZE DRI oD T, 5-FU 04figs FT-207
LRI LT~y AFOEMEN TREFL TR B L,
5-FU &% 4% X O LEES © £hth 5-fluo-
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Table 4 The effect of phenobarbital and chloram-
phenicol on levels of FT-207 in blood of

rat
Time after injection
Group 2hrs 4hrs
ug/ml ug/ml
Control 441424 309+44
phenobarbital 40149 237+21
chloramphenicol 460+21 343+49

(FT-207 400 mg/kg i.v.)

Table 5 The effect of phenobarbital and chloram-
phenicol on degradation of FT-207 by liver

Rat Mouse
9% of
Group Degraadation % of
(protein mg/| Degradation
g liver)
7.6+£1.27 32.6+6. 67
Control (177£23.5)
. 16. 5+0. 30 39.5+7.51
phenobarbital (191+17. 6)
chloramphenicol (154'13;113;&53 21.8+6.90

rouridine (LAF, FUR) (Rf0.23), F-B-alanine izf{
AMIh T (Fig. 4, Table 3),

3. Hizwmv-—-2EWRBEERROFEE, HERR

P.B. 3510 CP CHIALE L5 v b iz FT-207 #i
#2B IO 4o FT-207 & Table4 o &
kb, HEFC O P.B. HTEL, CP HTHEWE
BEH %o

¥7 P.B,.CP THIAE LIS v P BIV~=Y R [ &
EFR— 1D 9,000x g L T FT-207 D ERI
Table5 DLk, R LR P.B. FTEHL,
CP HTETL, HEFEASEC EERL LRI,

hb P.B.CP ofFuitliERKRCcbBDLh, FT
-207 By b5 (90 mg/kg/day, 7 H M EEAES)
< b, P.B. FiLERCET O ZhEHEM, CP iin
BERTETNA LR (Table 6),

4. = ARFEERERIC X 5 FT-207 o 3

Table 6 The influence of phenobarbital and
chloramphenicol on antitumor activity of

FT-207
(AH-130 solid type)
Body weight| Tumor

Group change (&) weight (&) T/C

Control +6.0+£3.3 | 4.23+0.92 | —
phenobarbital +5.7+1.8 | 4.35+0.91 1.03
chloramphenicol +5.8+2.1|4.41+1.07 1.04
FT-207 +2.7+£2.3|1.99+0.74 (0.47

pre phenobarbital
+FT-207 +2.7+2.3|1.84+0.61 0.44
pre chloramphenicol

+FT-207 +3.1+2.0 | 2.97+0.67 0.70

Table 7 Analysis of degradation products of
FT-207 in liver and perfusate at 4 hours

Metabolites Liver |Perfusate| Total
FT-207 13.0% 69.49% 82.4%
5-FU 0.5 2.5 3.0
FUPA 1.1 4.6 5.7
a-F-p-alanine 1.6 5.1 6.7

SH-FT-207 &~ v A&M% A\, 4 REERTS &,
Fig.5 © & ¥ b EHREH OMBBSGHEEIRRRE & L i
TLF#E#S T E DAEhD V013 5, WiftkH D FT-
207 oFAwoh, 5-FU &0 iREHOHEMI’RD
Bhﬁ:o

4 BRI O FHE Rk 3 X OB R O R & 47
Lick o b, {BHREEED 3.0% M4+ % 5-FU o
5% 2.5% HMERKHICEED bhic (Table 7),

5. FFLsto@fkco FT-207 OfFE#AL

CCl, #5 2RIV 6RHEDO~ Y AFF AEF X — b
D 9,000x g LT FT-207 # 43f@L, sIME (E#%
B 2 bR CClL, #EFHTIIWShSBRAERS
RLEAMVSAETETFTLTWAZ L ¥HRALLDODL
(Table 8), S-180 i~ v 2z CCl, # ## 5 L 2 B
Hic X bic FT-207 90 mg/kg ##E L 4 BRI (CClL,
#5 6 BE%) OFEKRTFORBED LI Lick &

Table 8 The effect of CCl, treatment on degradation of FT-207 by mouse liver

Enzyme activity (mIU/ml plasma)
Group Degradation (%)
GOT GPT ALP
CCL treated 2 hrs 18.6+6.0 14.1+ 2.3 64.2+22.6 0.87+ 0.28
+ e 6 nrs 44.7+8.7 58.7+16.7 82.2+13.7 0.55+ 0.31
Control 13.4+2.2 11.3+ 1.4 42.9+ 5.7 24.67+12.16
Spontaneous 1 0. 60
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Fig. 5 Change of the radioactivity of perfusate
in mouse liver on perfusion with blood
containing FT-207
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Table 9 The distribution of degradation products
of FT-207 in tumor of CCl, treated mouse

(5-180)
Metabolites (ug/g Tumor)
Group P e
FT-207| 5-FU | FUPA .
alanine
CCl, treated 53.75 | 0.53 0.02 1.10
Control 2.37 | 2.06 0.09 1.69

A, MBEED FT-207 8 2.37 ug/g 1w b, CCl,
MERE 53.75 nglg LEFOBEEXHEMN T 5o Ll 5-
FU 4B ik REEC 2.06 ug/g wxtL, CCl, MLER:
T3 0.53 ug/g HBDHH, [Fr FT-207 oiEHlb%
Tio T bbb, hich kKED 5-FU A
RBdbhte (Table 9),

Fto, in vitro T CEES Y AZHEB AT %2 — 10D
9,000x g EffE M FT-207 #2453 eic o 5, B
MNRAECSEER L, Jiik X OB\ T
Foom@ErZEDd bRl (Table 10),

6. S-180 JEAHMEA~ND & DiA&K

SH-FT-207 ¥k S-180 S & iE 5~ D ik 5 AE
DL AR Table1ll R LickBY, 13 & A &M
Acid Soluble Fraction iz b oD fh RNA Fraction 1=
2.2% @b htons DNA Fraction 1 ik 28 b i7eh
P o

RNA Fraction iz & WA Ehi-RFMWERFE T % &
¥, Dowex 1 HFhz7wv< 737 4 —@hitictz
5, 200 Y — 7 H & h (P-1, P-II), P-II
i3 5-fluorouridylic acid (BAF, FUMP) [ UfiEic
B &h (Fig. 6), R——=27 e} 2757 4 —ZEW
T, FUMP & Rf {§ (0.80) &—% L, FUMP t[7
‘Ll (Fig.7),

Table 10 Degradation of FT-207 by various
tissues of mouse

) T | 95 of the metabolites D:/”g_
Tissue 2 | FT- [5-FU [@-F-B- | rada-

Z | 207 | etc. |alanine |tion
Liver 4+ 175.1|10.5| 14.1 |24.9
" — |1 98.5| 1.4 0.1 1.5
Lung +195.8| 4.1 0.1 4.2

1 —198.9| 1.1 0 1.1
Kidney + [ 97.5| 2.4 0.1 2.5
" —199.8| 0.2 0 0.2
Brain + 199.7| 0.2 0.1 0.3
Heart +199.7| 0.3 0 0.3
Stomach +199.5| 0.5 0 0.5
Small intestine +199.7| 0.2 0.1 0.3
Large intestine +199.7| 0.2 0.1 0.3
Rectum 4+ 199.5]| 0.4 0.1 0.5
Pancreas +199.7| 0.1 0.2 0.3
Spleen +199.8| 0.1 0.1 0.2
Testis +199.4| 0.6 0 0.6
Muscle +199.5| 0.5 0 0.5
Lymph node + 199.8| 0.2 0 0.2
Blood + {99.6 | 0.4 0 0.4
Tumor (S-180) +199.1] 0.9 0 0.9
Spontaneous +199.5| 0.3 0.2 0.5

Table 11 Distribution of radioactivity of SH-
FT-207 in various fraction of S-180

Radioa-
Fraction ‘22"1‘53’ Re?‘;/;’f Ty
dpm)

Tumor homogenate 103.2 100
Acid soluble fraction 101.2 98. 02
Lipid fraction 0 0
RNA fraction 2.27 2.20

DNA fraction 0 0
Protein fraction 0.12 0.11

P-I iz o\W\Tix Dowex 1 DEH{IE N H, 5-fluoro-
cytidylic acid L #E I W5, BEFMCRIFTH
7-:)0

% 2

RIS X hie FT-207 13463k BME2 b kb
FIBCIEMIL I 5-FU 245 L IhTw52,
S a2 L HFIR O MBRTERI A T X b BT L
Lz, FT-207 3 fF § 7 » v — & @40 NADPH
dependent 7cEMRBMBERFRIC X D IEMALEZT, B>
v &NT5-FU ¢ich, TOHIBES D5\ LAl
LiEES T FRFh FUR, F-B-alanine i fX#Ih 3
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Fig. 6 Incorporation of 3H-FT-207 into RNA
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F -y FT-207 2 &g CERLIcE & 5,
WS ®mo 5-FU s hicc & » b, FT-
207 #E#EASRTRRCED RS 5-FU L&,
BEE 5004 X TORBRTHERT W2 LR F27V7
5 v AD§ERE FT-207 2T CBEHR & % 5 1 5-FU
CIEMAL X h—if F-p-alanine & & I N D\ oI1F
5, REWA/RXHFOME B S ORI L
LDEEZLRD,

L LU Ok Th, in vitro TO
Hrser s — b 2AVEERCT, FRTOFER
HlE U3 Tlidd % A il L OB COERL D
Zvbh, Ibhic CCl, MBI X 5ERL» LEAMKY &
Bl ETOHRSMC I ALK 5-FU 3EE L B
DTHBEEZLND,

¥t FT-207 it Ol 5@ & #H X
TR 5 LMK, TR T, & 5-FU RERN
EREEWEYH#EL WA L2ED LN, BEKT

100 120 140

Tube No.
VIFIE LR b, 5-FU X b £ D5 @E% (F-B-alanine
EDER) IVIE LTIz 5-FU 0ERENE LR d D
LEz2bhb,

FT-207 3t X5 e BB % &% TS5 FU ik ~
CEBR LAY DEABANCRY A T hick b
HEIDERBERGER!D) L1z & h b T\ 5 BB EA BRI
Ihidxh, FUMP b aZiT /s b RNA KX
U DNA SRAR%AEL, HREAXRET IOLE
zZbhbo

1. FT-207 3D § 7 v v — &0 EWRBEFEER
X hEH(EE R 5-FU w&{b3 55 % o —Fi Mk
LigE sy F-B-alanine 17, ¥ 7o < FUR of
#HEhs,

2. FT-207 XffET 5-FU ik I hictk, o
KM A & h TRARE BT T %,

3. L»L7eaih FT-207 (XfFAMc il 3 X OF
B CEERNIC, ke RsVWHRSECThE
hEMALEZT %0

4. FT-207 #5930} REMAAEMN D 5-FU IXRFFRE
ChlehBWBEYHEREL, BBERREIEETIC L
X b HEER R RET 5,

X ik
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STUDIES ON THE MECHANISM OF ACTION OF FT-207

Hipek: Toipe
Department of Enzyme Physiology, Institute for Enzyme Research,
School of Medicine, Tokushima University, Tokushima
Norio Unemi, Yasuro KawacucHr and Kazukr Taira
Research Laboratory, Taiho Pharmaceutical Co., Ltd., Tokushima

FT-207 was activated to 5-FU by microsomal drug-metabolizing enzyme in the liver, and 5-FU was
converted to F-B-alanine efc. in the microsomal supernatants or to FuR efc. in the nucleus.

After administration of FT-207, 5-FU activated in the liver was released into the blood and then.
transferred to the tumor tissues.

On the other hand, in experiment of the rat treated with CCl, in vivo and of the activation of FT-
207 by several tissues iz vivo, it was observed that FT-207 was activated in the lung, the kidney and
spontaneously besides the liver.

After administration of SH-FT-207, the radioactivities were incorporated as FUMP into the RNA
fraction of tumor cells.

Based on these results, we postulated that FT-207 was activated to 5-FU mainly in the liver,
partially in the lung, the kidney enzymatically and in whole bodies spontaneously, was transferred to
the tumor tissues and remarkably inhibited the RNA and DNA synthesis.



