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Cytotoxicity, Stability and Antitumor Activity of
5-Fluorouracil Prodrugs Entrapped in Liposomes

Gye Won Lee and Ung Kil Jee'
College of Pharmacy, Chungnam National University, Taejon 305-764, Korea

Abstract— 5-fluorouracil(5-FU) derivatives synthesized with four N-acyloxycarbonyl group such as 1-
(N-t-butyloxycarbonylglycyloxymethyl-5-FU(BGFU), 1-(N-t-butyloxycarbonyl)leucyloxymethyl-5-FU
(BLFU). 1-(N-t-carbobenzyloxymethylglycyoxymethy-5-FU(CGFU) and 1-(N-t-carbobenzyloxymethyl)
leucyloxymethyl-5-FU(CLFU) were entrapped into liposomes with different lipid compositions. The en-
trapment efficiency and release rate of drugs from each liposomes were evaluated. The particle size of
liposomes, cytotoxicity and stabilility of drug-entraped in liposomes were evaluated. The entrapment ef-
ficiency in 5FU derivatives liposomes was dependent on the lipophilicity of N-acyloxymethyl deri-
vatives. The drug entrapment efficiency also increased on the content of lipid increased up to 200 imol
of lipid per milliliter of liposomal solution. However, inclusion of additives such as cholesterol, di-
cetylphosphate and stearylamine decreased the entrapment efficiency. The mean particle size and size
distribution were varied with lipid compositions and lipophilicity of prodrugs. The release rates of
drugs from liposomes were not affected by additives, but those of BGFU and CGFU entrapped in lipo-
somes with cholesterol decreased. Cytotoxicity of BLFU and CLFU entrapped in liposomes decreased
by 3~5 fold compared with those of free two prodrugs. Liposome-entrapped 5-FU prodrugs were more
stable either at pH 7.4 or in human plasma. Especially. 5FU prodrugs entrapped in liposome with
dipalmitoylphosphatidylcholine(DMPC) was the most stable in human plasma. Compared with free
BLFU, BLFU entrapped in DMPC liposome showed a superior antitumor activity at all doses used. In
contrast, CLFU entapped in liposomes were more toxic than free prodrug.

Keywords [ | 5-FU. prodrugs of 5FU, liposome. entrapment efficiency. particle size, cytotoxicity, sta-
bility, antitumor activity.
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5-Fluorouracil(¢]3 5-FUZ ¢FhH-& 77RoA
AFEn oMo 23 FHENT} A5 FrguiAlT
7t oo A Huhe 53 4B F571 Hol A
FAojg-gol vi¢ sdrf £ AeAa L5440 4FAE
EE M3 glE g Bdolmg o4 ¢ elxFE
£ o)1F = AA RO E 2 ot A EF S TEE AF
Aol deo) F98 a8k okRolnl® BEFE AzA
TUEC] vl 21 E] HEE WA o] ¥
golog Bud W Aol viS "ol B
ehact.?

ulebA] ole{d FEL TR=eog dlo E2]3E
2l A HSAIFIA ekt Al¥d Hee 5 e
VAol wolddh welbM HIZoE 22 =g 34
st B|X &S 22 FukAlo] BUAFR BAES <L
A4 5o Z2AHE ¥ 5 Q7] Wl T2z gl
t} "% = Stephen 5% 5-FU9 FE42A fluo-
xuridine$ 2| ¥&| $83} 5-FURT BU&} <t
o] o F71t9l 2L Bnstx, Hashida "2
5-FUg BU4ES =ol7] 918 alkylcarbamoyl 71&
TRl3t BAEH A o] A FUHEE Bug bt
At

AxP= 5-FUY 4% N-acyloxycarbonyl +5=#E
A¥AZ  1-(N-t-butyloxycarbonyl)glycyloxy-
methyl-5-FU, 1-(N-t-butyloxycarbonyl)leucy-
loxymethyl-5-FU, 1-(N-t-carbobenzyloxymethyl)-
glycyoxymethyl-5-FU and 1-(N-t-carbobenzyloxy-
methyl)leucyloxymethyl-5-FUE A=3le] 32| g
FZ4 BAAIZ] F 2 xFe AWl w2 GEo
BYUE, HEEE 4 UEF AT viAE 4
g HEHAY. = B8] ¥ BLFUS
CLFUE 49319 in vitroo) A AIXZAAE 7 A
A8 4 in vivodl| X AP S HAIBHATE

Uy

Al2E % 2171 - 1-(N-t-butyloxycarbonyl)glycy-
loxymethyl-5-FU(BGFU). 1-(N-t-butyloxycarbon-
yDleucyloxymethyl-5-FU(BLFU), 1-(N-t-carbo-
benzyloxymethylglycyoxymethyl-5-FU(CGFU) %
1-(N-t-carbobenzyloxymethyl)leucyloxymethyl-5-
FUCLFU)E 5FUY Z2=gozx @AM §
43192 soybean phosphatidylcholine(Epikuron
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200%, 95%)%= PacificAt, dimyristoylphosphatidy-
Icholine(DMPC), cholesterol(96%), dicetylphos-
phate(DCP), stearylamine(SA), o-tocopherol ace-
tate(95%, o-TA) % dialysis sack(MWCO 12,000)2
Sigmartell Al 918t AMg-Et%l om 71er Ajek 2L Guf
=97 £+ EF8 ARSI

WrE AL//AE B33 TA(UVIKON 860,
Kontron, Switzerland), A3 zrtEads] (SPD
10A UV-Vis Detector, LC-10AD Liquid Chro-
matograph, C-R6A Chromatopac, Schimazu,
Japan), "% QA4&el7] (Vision, VS-15000,
Korea), 3% 5%7] (Rotavapor R 110, Buchi,
Germany), ¢ FFHE (Vacuum pump DD-40,
Precision Scientific, U.S.A.), Vortex mixer
(Model 1801, Dong Yang Scientific Co., Korea),
uto] @214 (Ultra Turrax T25, Original Ika Co.,
Japan), FAHE £37] (He-Ne laser Model 127,
Lexel Laser, Inc. Analysis Software : BI-
8000AT Digital Correlator), 3% ui%¥7] (KMC-
84808, Vision Scientific Co. Ltd., Korea), &%
7] (Cavitator, Mettle Electronics Co., U.S.A.) ¥
71414 @¥k7] (Chang Shin Scientific Co. Ltd.,
Korea) 5& AH&-3I3ct.

5-FU Z2Cig BeIst 2| E&/S| MX - 5-FUY
zgeglogA 5-FU 4% N-acyloxycarbonyl
#=AE Z4¥A2l BGFU, BLFU, CGFU 4
CLFUE #A43te HEZEA AHE3IH2n ol i
3 72 2 214 4328 Scheme I3 Table I L}E}
Wl A XEFL WA A5 kE(0.01 M)S B3
Hasle] 30 ml &% uto|dol 3 Y1 EEZ2XE
3 werge] EN4 5miE 7Fefd s AT ¥,
314 T8 5570 FRSAE 40~50°CE F-A =
TEANA i 7HAE A =48k Al vlol
&g FAATHA {71 S LA FLAA viol
& ol gkn wdg = HEUT o] w700 bar
Az A4S FABEE dA 7faFE TEIEA
f7] £0E B3] LR #7] o7t AAY F
30F A% o FL AZRAZ e vlolgg Rt
Al 1gk FFHE At AAavE 23| A
A} 277 B ARAA Fol e v Fe] /7] &9
g 243 AAsIA 94 e 7Rz Aoyt
2] %9k 0.9% NaCl €9 3mig g 42 ¥3}
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R
R= a)-H 5-Fluorouracil
b} - CH20COCH.NHOCO(Clsh BGFU
¢) - CH2OCOCH:NHOCOCH2CeHs CGFU
d)y - CHzOCO(EHCHzCH(CHa)z BLFU
NHOCO(CHs)s
e) -

CHzOCO('ZHCHzCH(CH:)z CLFU
NHOCOCHCsHs

Sheme I— Structure of 5-fluorouracil and 5-fluorouracil
prodrugs.

Table I— Physical properties of 5-fluorouraci and 5-
fluorouracil prodrugs.

Compound MW  Solubility(mg/ml)  P.C°

5FU 130.08 7.26 0.001
BGFU 317.2 0.89 0.67
CGFU 351.3 0.57 1.74
BLFU 373.3 0.31 6.77

a : Solubility in H,O
b : Apparent partitin coefficient between chloroform
and pH 7.4 phosphate buffer solution

AlA 718t vlolgE A4 7pAR FR% F 34 S8
&7 FRIEHL gt A 2412 FF 30rpm AE
2 AANFIEA 5388 AlH ) °1E vortex mixerE
108 B¢t 383 £ ¥, oA 38 5% 259 A
glate] U X2 AgAI HEFE A3

o] uj 212 4-& soybean PC® DMPCE 603} 200
umol/mi2 1A WA ZH2HE(CH)Y 4
202} 40 mol% % WA A BYES WtE AAHA
o & A@Age) ()¢} (+) S F= ER2A
10 mol% el DCPS} SAE 20 mol%<] Fej~HEH
Zo] #risle Z2ego] Fgd v|xe 43S A
E3ldoh, et o8 &9 X &5 7|tEr] Yo
DMPCE soybean PC#} 50/50 mol% 2 718l 2]
EES Az on FAAZA a-EZHE ol AE
°|E(a-TA)E PC %ol t3ll 1 mol%7t HES A7}
L=

2|Z&o| @It

Eolmo| 8" - 21X o) BYY 4 FE29 ¥
& T3 94 € ol8std Bid e 21l
A & 2 77 g F, UVe HPLCE B#

Ly L=

1) A (dialysis method) ~ 2] ¥ & £ 0.3 m/S
Fzld vzl AR 959 sack(MWCO : 12,
000)) 21 o]E AAT EHAT 0.9% NaCl €4
100 miell Qo 3133 St WA m) wx)shgich w5
o} vho) g 3l HPF3 FEB N IS FF
ol 24l 272 nmolH FREE FH3d $AHA
&3 frElg e & At

ol FEldEe] FEE U7 22 Aol st
o Blg 588 AXET

TUE %)=

TG-S AR G A=2A & | 100
 FEY

2) YAl - 2 2E d9d 0.5mIE FHdA
0.9% NaCl €9 0.5mIE 715 1miZ 3 oh&
microcentrifugeg ©|-43t¢] 15,000 rpm o2 157 &
ot 94 Rt A5AE AAS Qojzl Aol
0.9% NaCl €9 0.5 mIE 7}3lo] B4 0 ¢7]
o &L 1.5miE 7Hele S ¥EFL 43| HAA A
b o] &8 045ume T A2 A3l
HPLCE A3 Y3l dojd a2 44 £23iA
%2 A5 B E Y Foll FHE FEe] = I
29} vligsle} B EFo BY8 FE F8E T3
1= 3

o] ol HPLC &2& t}-g-3} Zt},

Detector : UV-VIS detector(SPD-104, Japan)

Z ¥ : Novapak Cys column

°]54

®BGFU, CGFU

WEeke 1 & (45 55)
®BLFU, CLFU
Werg & (551 45)

QX 37| W BE §F - A3 9] YEFo)
3k Y=t =27)9 £X¥ = T4 FAeH(dynamic light
scattering : DLS) 7I'8& o|-&3td 43t

AA 2 EFE A=A vortex mixer® I EF3t1
AEF Y}l o3 o)A G o] Adgho] FES U
£ FAEEE 87 98l AR Aste] 1004 &
&) o] o) ARE3 F9L He-Ne laser, 53 3}
& 632.8nm, €5 25°CE ¢AdA FA==2
391 pin hole sizex= 100(unit)2.2 39} g
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e e EEol B 5o A8 988 2V
A BE 902 dAsrt o3t 27l A%
Zye] BN Brook HabenAte] BI-800 AT Di-
gital Correlator T2 138-& o] &3},

ATHMEFES W /T - Ax 7 YEF
dgd 0.3 mlE vle] 432 ¥R sacketell ¥
32 °}& 100mi9 0.9% NaCl £H44 37°C, 100
rpmo = AY3HA 1, 2, 4, 6, 8, 10, 12 L 24 A7}
"t 3mie) 4 Hdte] FEE L B &
S F5 S 230 272 nmolM FREE EA8)
HZA Aol digdste] Akt

80% Al §E U EAOIML| TR -
S AEF BYUNA 42 399 AXF BA}
Ao 80% Al d43 pH 7.4 A4t 935 g9
A ZhEsElE S 37+0.5°CHA 3314 A A8t
o} HPLCE AFsAt}. 2107 13 £5 A5 go}
A= FEUAE A7l B3t semilog plotdt 22fE o]
71&7125E A FEE BAET HHAe] FL
CLFU® BLFUE A9t A4 A2 w7 200
pmol/ml, A& 2Ao] soybean PC ©%, soybean
PC: CH:0-TA(10:2:0.1) 2 soybean PC:
DMPC:CH: o-TA(G:5:2:0.1)%) 21X Fq B
St em BYHAl 2 FES ¢4 = AASA
=3

AEE AHAE 80% A B 494 10 midl H7}
ale] oFE ol FE7} 1x10% Mol A st &4
oA A 2= FAI3HY 308 o2 200w
o] 89& FHsle] Y4 Feldel 23, S 1 mlE
7ete] 18 $<¢ vortexing® ¥ 15,000 rpme 2 28
B2 g EEE 45 9E A HPLCA 3}
o] @izl 93 Fo|s) FFNE] T3 Fo|E vy
7Vl R B ol e e S 7o

pH 7.4 A4 5ddlM 711381 1, 2, 4, 6, 8,
10 2 24 AIZkahek 200 pie) WHE-A g Fele 79
o EhE 1000 pIE 718 S EEFE wfAZ] oL A
23 HPLCO 438t 99 22 Wbyl o2 ol Q=
oFE ] Fg TR

L1210 MIZE0| CHEt M A AP - gl Y
1(4~6°C)ell HAsHA UFY oo ALML-EFH e
L1210 A& 37°Ce) CO, WiF7)(CO, 5%) = 157Y
o 9 Al vkt

4 FEZ IME AREAY HEIZT Y2

o
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37°C, CO, ¥Wi%7olA 48417k wi¥std haemacy-
tometerg AH&-3ted MESE AtEH )

EDgpt2 =79 50% FF22 L1210 Al¥2 A
e AAEHE AR FE(hg/ml)Z Fo 8] 7)o
A v=g ¢97F4(NCI, National Cancer In-
stitute, USA) manual®] 334l oJsf A3}
A@T9 7t = g 43S Y(%) = o 2ol
AAFetA .

T-C,
Cc-G,

Y(%) = X 100

T=A1A79] 4827t vl SFF FF M ES5(cells/ml)

C=thzT9] 48717k vl ¢3F H3F AEF(cells/mli)

Co=m% A1ZHA] Bt HES (cells/ml)

742} 559 Y(%)#3 Logy, doseS E243}3l1 3]
AN Y=A+BXE gJon FANY 71&rigt dH
S 25 E EDy atE AXSIATE o] uf Ztzte] F o
3t} Aabg Y(%) kel 55%8.ct ALY, 45% 8. ch
Zom AAYE HASHY. NCI manualdl @2H
L1210 Aol gt X B4 Frs A8 55890 4
$ 20 pg/ml o13l, YA EQ 39 4pg/ml 0151 73
S 3t FHgo) gltka RSk gtk

Sarcoma 180 M|} O| 22+ Bot& Y - 20~
30 g9 ICRAl vk~ §43& A18-3te] Sarcoma 180
AE FFAS 0.1 mid E7del o]43le B4dhe
Frslgitt. o)A & 24A]7ke] At TR RE ZH &
6ulEl 2 3t 3150l 13] 743 A&l bl 5
At} ol dlZFel= 50% PEG 400, PC &= 2
PC:DMPC:CH: o-TA(5:5:2:0.1)8 ZAo
2 ¥ f¥F d99d9g F9s9a, Aol 50%
PEG 400 -84 -&3jA]7] 5-FU, BLFU % CLFU
a8n ZzeEe] HEE dg9ds 20, 10 € 5
mg/kg/day(5-FUZA £3)9] FE2 0.1 ml/10 g2
2 FABAY. vhe-AE 609 7R BRs T/C(%),
% BBAG7, ABAGTE e e Ao 2]
AT

*3%Hl(%)=% X 100

ILS(%) = %(%)- 100

T=2A T Fa Y&+
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Table II — Entrapment efficiency of 5-fluorouracii prodrugs entrapped into liposomes containing phos-
phatidylcholine and various additives(Mean+S.D., n=3)

Entrapment efficiency(%)

Lipid Composition

BGFU BLFU CGFU CLFU
PC 10.51+0.21 56.12+1.8 16.52+0.66 72.40£1.29
PC : CH{4:1) 13.24+1.73 45.08+1.1 14.87+1.32 65.92+0.99
PC : CH(2:1) 14.42+0.76 30.17+0.5 13.28+0.44 58.81+0.45
PC : CH : DCP(8:2:1) 25.96+1.08 30.17£3.1 20.49+2.4 59.02+0.77
PC : CH: SA(8:2:1) 18.1911.51 39.68+1.4 21.15+1.24 57.52+0.52
PC:CH:DCP: a-TA 15.60+1.94 39.55+0.22 25.73+2.41 61.21+0.15
(8:2:1:0.1)
PC:CH:SAa-TA 20.78+1.94 44.08+1.73 19.18+1.36 60.04+0.95
PC was 60 pmol/ml.
Lipid : Drug was 6:1
100
C=tZ79 F7 Y&+
E3 X & A4 (therapeutic ratio)= thE-4] 2.2 7
st g %
F- I A .
e r" ----------
Therapeutic Ratio = : = :g s f .~
30% & v
o
ILSm=% HMEAR7IHE U2 Veh s &3 - R -
ILSu=30%<) AE 2717+ JehiE &% § 4or T
ILSys= 2 &35 % ABAR7I1E ol g3te] 7 s o "
N o Y A
3. w 2of ‘/{t """"""
x
<l Unt =
o . .

2 &8

AN HE - 5-FUE Z|EFo= ARSI o
AR A9 F=o} FH2HE] FAE 3] T
vz 429 BUEL 53%71A IAASE U
21} 400 pmol/m! o)3)ME FEr}t S8k 2l¥
Z AR AzE F YA @y ?®

5-FUS 22 eS8 QA2 A4S o8 7R 2 8}
o ZEES AT old Y &L Table II
o} 2t} =3 kel DCPY SAE JEFE Alxd 3
X ST opE} BAEE F4dte 10mol%E
2.

5FUE 10%°13ke] #& BEe Hel v )¢
o] Foldl ZReYEL BT ¥YEo] EohAA |
£/30) 7} & CLFUS 3¢ PC 954 u 72.40%,
Y 2HEE 207 40 mol% 2 AH7¥shA ZHz} 65.92%
9} 58 81% % A3 o™ 20 mol% Y FHU~HEZ 10
mol%<] DCP & SAE Zo| ¥/ A% 2tz

50 100 160 200 250

Lipid conc.(umol/mi)

Fig. 1— The effect of total lipid concentration on the en-
trapment efficiency of 5-fluorouracil prodrugs
into multilamellar vesicles.

Key:—O0—: CLFU, —e—: BLFU, —A—:
CGFU, —A—: BGFU

59.02%9%t 57.52%°14ct. 13)u} 2|8-4de] oA =
BGFUY CGFUE Zdl2HS0) 93] 3L A o
o} BGFU+= 203 40 mol% Zd2HE& A7
PC ©59 10.51%°141 24zt 13.24¢} 14.42% = W&}
3L DCPH SAd oA B a0l F7HEAT
E§ CGFUE 4 2HE oM E B8] 22
HA o DCPyY SAS] Hutel <A 20.493) 21.
15% 24 2318 F7t=Uch.

T84 FEL X F UR Fd F2 FUHX
T G4 FBEL A AT Alole) yjo|BZ e A
€. DCP ¥ SA%H 2 H7lAlsl Adslng 3980
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Zase Aow 3350 s a-TAE ¥}
e W Y71EHR) 2 9ol vlste] BFo] I F
7+gict.

gutH oz ofES E|EFo| HEAF W AALA
Q1 HAlA 2 BS] £&E 7HAEA Helshed A3
3 AA s HHE FASto} stuE 84 S
2 5-FURTHE A]840] 2 2 #g A3 o
g 2 xFol H &3k o] BUES = F
Lo Al gt

ANASEL 8 - A3 w0 WE BYg W3}
£ Fig. 19] YRt & RE 2 cdo] B9ie
2 ZXF d9d F9 Ad F=7} 100 pmol/mi7HA]
oSS vHH o2 FUREIFN oY 1 ojide TR
91 200 pmol/mid M AA F7 =R &dct whebA
ol AgoMe EF WA AF 5EE 200 pmol/
milZ2A 3l Az %2 st

2Jmjol mE AR} 27| U BE - Azd H2)7HA
Z439) S EEe] AR 2718 431 Table Iol
R oiRRe] g EE dgde dEAS U
iRl on Qate] 7|2 vl skt

A o g 84 BN FHAHELS AT
Atojo] 710} Eo7kA] %g AndHA HET Y 4
o] 84& F/MNA A 278 TR ReE o
7 dort 284 A9 A A FEE
PC @59l H|3lo] glojAARt B49 2o E8)3<l
Ao uwe g3tk & A8A4o] 2 CLFUS
BLFUE 23|2] 47t ZAEAD 8440 7t Bl

A& CGFUS BGFU® Ak 27171 $715 A& &
T AATh

T84 oFERl 5-FUS 7ol DCP< SAE 7t
e o YAt 2717 WA Fotsls o Tr e gl
UAREE7}F QoA EA Zdad Hi 4x 27|18 vE
At o] AL AT Afolef] efEo] 7]o] Foj7PHA]
84 B9l 5-FUR T A} 327)7F ZAsle 2
a719) Y= EA3HA = A9 DCP2} SA o] A3
o 3RS FE 2FE A7 78 Ao 7)o
Alolell FUd H3te] wbit & QoA Y} A71E F
7 )E Ao 2 sl 5= gtk

217 AR F=EF 200 pmol/mIE 57H#A BLFU
9} CLFUE 3% ¥F9 datarig 33l
Table IVell YehARITE AA x4 557t 60 pmol/!

Table IV—The size distrubution and mean size of
three lipid composition liposomes entrapped

BLFU and CLFU
Lipid Composition CLFU BLFU
PC 1413, 1022
PC:CH:o-TA (105~4058°, (471~1184, 2)
(10:2:0.1) 19 684
PC:DMPC:CH: o~ (562~1000, 1) (442~~1169, 1)
TA 994 3810

* All type of liposomes were made from total lipid 200
umol/ml (Phosphatidylcholine)

*CH. DMPC and o-TA content was mol ratio of
phosphatidylcholine concentration

a: Mean particle size(nm), b: Size distribution, c:

Polydispersity index (1 : monodisperse. 2: bi-

disperse)

Table IIl— The size distribution and mean size of various lipid composition liposomes entrapped N-a-

cyloxycarbony! derivatives of 5-fluorouracil

Lipid Composition BGFU BLFU CGFU CLFU

PC 629° 766 768 762
(420~1110°, 19 (562~1000, 1) (562~1000, 1) (559~995, 1)

PC : CH(4:1) 752 1531 768 766
(553~984, 1) (994~2625, 1) (1233~2356, 1) (562~1000, 1)

PC : CH(2:1) 684 993 1609 671
(442~1169, 1) (659~1740, 1) (405~1069, 1) (446~1000, 1)

PC : CH : DCP(8:2:1) 508 633 606 458
(373~663. 1) (411~1085. 1) (137~1261. 2) (336~698, 1)

PC : CHL : SA(8:2:1) 576 579 499 489
(266~1057, 1) (159~1461, 1) (266~697, 1) (369~642, 1)

PC : CH: DCP:a-TA 512 563 489 502
(8:2:0.1) (376~668, 1) (262~1045, 2 (65~668, 1) (369~657, 1)

PC:CH:SA:a-TA 602 1166 987 768
(8:2:0.1) (601~694, 1) (137~2979, 2) (92~4798, 1) (562~1000, 1)

* All type of liposomes were made from total lipid 60 pmol/m! (phosphatidylicholine)
* CH, DCP. SA content was mole ratio of phosphatidylcholine concentration
a: mean particle size(nm). b: Size distribution(nm), c: Polydispersity index (1 : monodisperse, 2 : bidisperse)
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9 Aol viste] WMo E PFYAAI|E AR £
%7} A Z7bE.em PCSH DMPCE 1 1
mol M &2 W7He 2AME AR 2717} 3748 A
& 2 % 2tk 53] BLFUS) 799l 1056004
9084 nme] FEE FHARA 2840 2 vehe the

% Released Drug
% Released Orug

(a) (b)

Released Orug
% Released Dng

%

(© (d)
Fig. 2— Release of 5-fluorouracil prodrugs entrapped in
liposome(a: BGFU, b: CGFU, ¢ BLFU, &
CLFU)
Key: —A—: PC only, —&—: CH 20mol%,
—O0—: CH 40mol%, —e—: DCP 10
mol%, —o—: SA 10 mol%

& YA REE JeRHAY.

2IEBEENEL| W T - Bangham V4 9
%W DCPU SA9 Zo| 3td g H:= 2|XE o2 RE
ofE o] W& S AMSIHE B BElA A wet
&g wgitk gy 5-FUS ol9] frEHe] A$ole
0.9% NaCl £qo|A= P& sl g
A AR EAQseg x| Aete] W M} upe}
% 450 G2 ¥x & Ao AztE)

Ganapathi 579 W29 5-FUst & 840
2 GBS Yutdon XA FAHES AR

Aurg o F & x| F e edla Aol 3 A
2N A -G A e A7
WE &5t AQHeg 2 o) A7
Ze|2HE9] ool wlg} A2 o} W& oMk ERY
Aot e 222 gEL Fig. 2014 ¥H RE ¥
F 24N o =2A HEEUEA 24T E 50%
A¥o 282 YA X840 @& BGFUS
CGFUE BLFUS CLFUY 714 4E2rte=1H 8
ol & AL B + AoUth. A EA4e] ¢f & BLFUS
CLFUY 7%= Sl 2uEe o] 2 g2 wx)

Table VI— Cytotoxictiy of free BLFU, CLFU and pro-
drugs entrapped in three lipid composition
liposomes aganist L1210(Mean+S.D., n=3)

Lipid Composition BLFU CLFU
Drug 0.08+0.019 0.07+0.006
PC 0.23+0.014 0.31£0.0014
PC:CH: a~TA(10:2:0.1) 0.32+0.028 0.34+0.071
PC:DMPC:CH:aTA 061+0.100 0.37+0.035

(5:5:2:0.1)

* All type of liposomes were made from total lipid 200
umol/m! (phosphatidylcholine)

Table V— Hydrolysis of free BLFU, CLFU and prodrugs entrapped in three lipid composition liposomes in 0.05 M
phosphate buffer(pH 7.4) and 80% human plasma(Mean+SE., n=3)

Lipid Kas(hr™, x 107 ty2(hr)
Cmposition BLFU CLFU BLFU CLFU
PBS® HP® PBS PBS HP PBs HP
1 0114001 1914010 0.19+0.09 513£1.02  60.80 3.63 37.30 1.35
2 008d+017 158+023 015+0.10 482+0.18  86.63 438 46.20 1.44
3 0074006 145+015 0.14+019 395+-048  99.00 476 49.50 176
4 0.054003 1394027 0104008 3.76+120  138.60 498 69.130 184

* All type of liposomes were made from total lipid 200 pmol/m! (phosphatidylcholine)
1: Free prodrug, 2: PC, 3: PC : CH : a~-TA(10:2:0.1), 4: PC : DMPC : CH : o-TA(5:5:2:0.1)

a: pH 7.4 phosphate buffer solution, b: 80% human plasma
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Table VII— Body weight change, mean survival days, antitumor activity and therapeutic ratio of 5-FU, BLFU,
CLFU and prodrugs entrapped in liposome against sarcoma 180 by intraperitoneal injection

Compound  Dose® Change in Body Mean survival T/C(%) ILS over Therapeutic Antitumor
(mg/kg/ Weight(%)®
day)
d Day 4 Day 7 Day 10 days® control(%) ratio activity®
control(1) -0.53 +6.56 +11.11 22.4+6.66
control(2) +443 4702  +11.19 23.83+2.40
control(3) +168 +1857 +1857 13.17+3.37
20 -10.88 -14.39 -1554 24612204  109.82 9.82 ++
5-FU 10 -338  +6.29 +10.28 36.80+18.79 16429  64.29 1.64 +H+
5 +103  +145 +1.37 233+1003  104.15 4.15 +
57.43(20) +0.66 +153 -460 31.17+17.02 13915  39.15 P
BLFU 2872100 +0.77 +810 +9.18 374505 165.18  65.18 1.45 FH+
14.36(5) +317  +832 +952 4633+1268 20683  106.83 +
62.66(200 -326  -353  +023 3967+11.76 177.10  77.10 3.4 -
CLFU 31.33(10) +195 +4.38 747  375+766 16741 67.41 S
15.67(5) 176 +6.20 +10.02 3267+19.21 14585 4585 +4 4
57.43(20) +099  +583 000  45+1811 18884  88.84 2.95 4+
BLFU 28.72(100 011  +7.65 +9.11 3422+137 14352 4352 4
(PC) 14.36(5) +631 +839 +861 1817754 7625  -23.75 toxic
57.43(20) +368  -1.32 -840 22.83+1578 17335  73.35 2.82 4+
BLFU 28.72(10) +1.12  +058 +3.13 26.62+157 20197  101.97 +++
(DMPC)  2436(5) -265  -535 -9.80 2583+7.46 19628  96.28 4+
62.66(200 -2.65 535  +9.80 15.83+1080 6643  -33.57 e toxic
CLEU 31.33(10)  4.33 193 4255 7+3.35 46.16 -53.84 toxic
(PC) 15.67(5)  -0.17  +209 026 2551+7.37  107.01 7.01 +
62.66(200 -10.00 -1.32  +372 7.33+058 5566  -44.34 e toxic
CLFU 31.33(10) -2.25 +0.52 - 8.2+2.17 62.26 -37.74 toxic
(DMPC) 15.67(5)  -1.56 -535  +13.08 13.67+539  103.80 3.80 +

a: ICR mice were intrapertioneally implanted with 10° cells of Sarcoma 180 and were administered in-
traperitoneally once daily for 7 days starting after transplantation. ( ) are the dose as 5-FU

b: The increase or decrease in the ratio of the mean body weight at day 4. 7 and 10 to that at day

¢: The mice were observed until 60 days after the tumor implantation. Values are Mean+S.D.

e; Can not be calculated because value was-value
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