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The mixture of Lipiodol and anticancer agents have been used recently for transcatheter arterial
embolization of malignant tumors of the liver. Pharmacological, biological characteristics and antitumor
effects of various formulations of anticancer agent (Adriamycin; ADM)-Lipiodol have been evaluated in
vitro and in vivo. Three formulations of ADM-Lipiodol were developed and evaluated with control
group. The formulations of ADM-Lipiodol included 1) oil in water type (o/w type) emulsion, 2) water in
oil type (w/o type) emulsion and 3) suspension, while control group consisted of 1) no therapy group, 2)
Lipiodol alone and 3) aqueous solution of ADM.

I) Invitro experiment

The release patterns of agents in vitro was evaluated by the release of ADM into water in which
various formulations of ADM-Lipiodol was introduced. The release of drugs was prolonged in w/o type
emulsion, followed by suspension and o/w type emulsion.

II) Invivoexperiment

Malignant tumor of rabbits (VX,) was implanted in the liver and various formulations of ADM-
Lipiodol was injected into the hepatic artery.

a) The plasma concentration of ADM was considerably reduced and prolonged in w/o type
emulsion, followed by suspension. Bioactivity of ADM in the tumor area was higher in these for-
mulations, but at 7 days after injection, the bioactivity of tumor area was less than that of non-tumor
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area.

£ HEFIR o HifEF—lipiodolic & % FFEDIR et

b) In regard to antitumor effect evaluated by tumor size and histological examination, Lipiodol
alone was less effective, while aqueous solution and o/w type emulsion had some effects. Suspension and

w/o type emulsion were most effective.
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FFEMER T 5 FBIIRERRE LS Ol
BTHWTIh, TOERESHEILIh22H
B0 —7, FLWERWECHURAI OB b #
BHHhTED, ME#EFA Lipiodol & HH %R
B, HEIeicERYEYRAVWEEFEICL S
BEREESIES B Zitbhbh22o5 57910 Uil
ZORB, HEHEIBRICL - TR H EBD
BEB+aefTicbhTuitbmdb e i,

4 IREWHEH ©H 5 Adriamycin (LT
ADM & BE3) & Lipiodol @ f& « o % # % 58 5
L, E|EER, S¥200EEL o O CiBEEDR
KOWTERB RN B Ro kD THRET
5,

I. EHENHAR

ADM-Lipiodol D =fEHOFF 2R Uiz, 7
#1#:13 Kanematsu 57, Fukushima 5%, &8
LWORMBICEL, UREATCHROERZ A
WTEEMICRE L (Fig. D.

(1) Oil in water type (LLF O/W type &B&3)
@ emulsion (X ADM 7K % # N i€ Lipiodol % A
AR E o7 FIB ©, ADM &60%Urografin
R IREMR L8, ¥ — v —®10mg & Lipiodol
TNz te b 0% BFEIRE L ADM5mg/ml & 7t
5 OICHEBL,

7 2 o ® o
7~ aom 1 ™ADM
o 4 ) °
?/ (Y] solution
7, A @ 0
23 77— Listocol T @ “I-Liptodol
$/ ) ? % ?
2 e \!_//
0/ type W/0 type Suspension
emulsion emulsion

Fig. 1 Various formulations of Adriamycin
(ADM)-Lipiodol

(6)

(2) Walter in Oil type (LA'F W/O type &g
3) @ emulsion (% Lipiodol PIiz. ADM K& %
ARFIR & T o eFIT©, ADM % K8 KB iz
L7ctg, BKMEFREEERTH S HCO-10% 1%
& ¥ Lipiodol i in 2 KK T 2 47 fE 8 &5 B LAk
Ty ADMb5mg/ml & 7c% X 5 icF@sl Ui,

(3) Suspension % Lipiodol iz ADM ¥ F %
& a3 b o T, ADME U'F & D alminium mono-
stearate * FL# FLE TE & L, < hiz Lipiodol
FOEFOEMLU RS ADM 10mg/ml &1t 5%
OB L,

b OFIE OREEIEFRELHBEC X -
TENTHEZE2BRB, % o8I ADM & Lipio-
dol X ESEH L L 010/W type emulsion &
LTOERN Y RTEEZ LIS,

II. REMERUEE

(A) in vitro O HHEER

£ E#| 2N o> ADM-Lipiodol 7> 5 @ ADM @ ff
HUPRTEB 2 80~ 5 A, 7887k ADM-Lipiodol %
Ah, ZEKFDO ADM ZERETHI LKL - T
Ol ERER Lz, ADM2.5mg #8445

Fig. 2 Softex radiography of the liver, immediate-
ly after injection of Lipiodol, shows hypervas-
cularity and irregular pooling of Lipiodol in the
tumor.

BAERSE #45% #1105
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O/W type emulsion 0.5ml, W/O type emulsion
0.5ml, suspension 0.25ml #H b, 50ml ©ZEHG kK
WARSTCIE T - < hIRE LR &5ml DK
Kz A vortex mixer & v TiE 215
B, 30817 - lcRE e, ERETRIZER
ThZh3EFoTH 5B,

ADM DEBIEERE 7 v =+ 75 7 4 Tk
LoTTlotc, FHEBRRY 7H | BESE
Fr CTO-2A®, » 5 & ;0DS # 7 £0.15mx6.0
¢ (flow rate: 0.9ml/min), #E¥HHE ; B
BUAFRT RF-5308Y, 7 — 2 ABRIEE | B SUIERT 7
=2ty 7 CRIABYH G, 20225 40
MERFE2.5ng/ml Th 5.,

(B) in vivo ® ADM mriRE#E, kAR
BERE L & CICH B R =

ERBWIIAEL.0~2.5kg DHEEHER RS
RAuvle, FREX 27— 8BIRKE®RT 0.5
ml/kg) ICBAIEL, FFAEZEAMREE T VX8
Imm i 2B, 28MECHRELESEY
10mm © % D & EBRICHA 7o,

a. BEERORE L

FREFBIRICES S X - TEEEH SO
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20

i

1315

CERWERRE L, ERRACKST 258
BLFDEEDTH S,

i) control B

O FEHIRGI

@ Lipiodol B$h#l : Lipiodol 0.2ml

(® ADM KZ¥WH © ADM 1mg/0.2m] K%

ii ) ADM-Lipiodol B

@ O/W type emulsion ] : ADM 1mg/0.2ml
iEE]

@ W/O type emulsion #i : ADM 1mg/0.2ml
A

® suspension ] : ADM 1mg/0.1ml Fi24

b, 1 A B E

ADM 7K # ¥ 7z ® Ui ADM-Lipiodol & 2 o
FROLEKIREIR % M A& French NO, 30
REEDH =2 —VEBAL, BEH, H5EE,
245, 545, 1047, 204, 404, 604, 904, 120
, A RERE], 6 WERE, 24RO IRREEIC BRI,
EHIL L zolidEfho ADM BER RIS L, Al
Tk, (F KRS, BIER AL in vitro To ADM &
BLALTHS., ERBITHEEENER 3
ToThH 5B,

P o—O———————— 5 o

———— W/0 type emulslon

——{—— 0/ type emulsion

: ——e—— Suspension

y — 1 1 A ' L
2 4 6 8 " 24 72
Time (h,)

Fig. 3 a) Release patterns of ADM :

100

50

Percent of drug releosed

120

__,..---"""-"-.

Time (sec,)

/wrﬂéﬁl xer)
-
"""'-.'.'-T.. "

15 30

L
168

shaking, n=3

—O—-= O/W type emulslion

——%—= W/0 type emulsion
——e—— Suspension

Fig. 3 b) Release patterns of ADM: agitation by vortex mixer, n=3
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c. PUEAESARENE

ADM 7K B ¥ it b Uiz ADM-Lipiodol £ ¥ @
FRELEEDH L THRECRE2 VT b —LE
Hic k- TER, BIR®R, FESS EEHEEE
W, B X bR B EE LA
HIRERIE I Lo, ADM RE ORIE R, 4
B3201 in vitro TOEE LR LU TH H, RAIERR
1%, 0.10 ug/g TH5, RBRBTEEIEHLH
#®, TEHEThTh2~4HTOTH B,

d, miEEZHR

ERFROBGAOEBEE D REXEEXFHA
L, #5 7T IROREXERLOEERDL, K
W A i U 4B i & O @S U A D Softex
AR % 3 Z 7z Lipiodol 0 BFR B2 B
L. @AY k<) VEE, HE £ %k
Sl VAR R U, EERMETERIIAH S
~ PFoTH B,

ITI. EEHESR

(A) in vitro MHHEER

£ fE#| % o ADM-Lipiodol #> 5 @ ADM @ }if
@ - < D IRE LR T O/W type emul-
sion Tt ADM OB et 22 4 b h i o st
L, W/O type emulsion, suspension TR
D& bhie (Fig. 3a).

vortex mixer KX 2R E B I Lo RK
T3 O/W type emulsion TILE HI100% i &

——O0—— ADM solution
—— 0/W type emulsion
—%—— W/0 type emulsion
——e—— Suspension

ADM in plasma (na/ml)

S x
'].IU 2|0 i:m Eilﬂ 95 12|n“2:m
Time (min.)
Fig. 4 Plasma concentration of ADM following

administration of various formulations into the
hepatic artery of rabbits ADM:1.0mg, n=3

360 1440

(8)

#EHIE o HifEF —lipiodolic. X 5 FFEh IR E &R

1, suspension TIX15885%, 308C100% ki H
Ehte, —J W/O type emulsion (L3087 < % 30
Ui Sh T HHEAIC ADM A% X < f#
#Hah Tz (Fig. 3b),

(B) in vivo mliFh ADM JREEHEFS

FEBIRIF M X % &80 ADM B E 0 Fiy
fEDOHER L Fig. icRT &R D THDH., ADM %k
BRERSCRECTIREERICE — 7 2R, 40
SLARBRECRBICTREL, *oRERE C#
BIrLLH D2 —vEELTWS, O/
W type emulsion 1 5 i v — 2 %388, LIt
KREE L RROEEERLL, Thigx L W/O
type emulsion, suspension T3 S #HlE hF
54, 1058 — 27 2B 5B ZOREEIL
ADM KRB LEhEhf91/8, 1/3&EMMET
b, TOBRIEREOEIIHEB LT3, =0

Table 1 Biological activity of ADM (ug/g)

a) 1day after injection

Adjacent  Distant
Tumor ! :
portion  portion
ADM solution 1.8 0.82 0.92
2.5 1.0 t
O/W type emulsion 0.96 t t
. 1.5 t t
W/O type emulsion 4.5 0.47 t
- 1.6 1.0 1.5
3.3 0.9 0.8
Suspension 3.7 t 0.8
. 20 1.8 t
*t: trace (<0.10 ug/g)
b) 7 days after injection
Adjacent  Distant
Tumor 5 s
portion  portion
ADM solution 0.29 t 0.51
. t t 0.39
0.21 0.31 t
O/W type emulsion t t t
d 0.59 t t
W/O type emulsion t t 0.33
o t t 0.47
t t t
0.11 t 0.27
Suspension 0.16 2.0 2.5
- t t 39
t t 0.39
t t t
*t: trace (<0.10 uglz)
HARBERE #4658 H105
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= W/O type emulsion I TH - 7z,

(C) ADM o#R#EANEE

1B#%, TH®OEFIo ADMEBARE
Table IR T LB THo 1, WEBEDEHOX
PREVE, &5 1ARTIVWThIESSCE
BEXM#ERL Tk EIZW/O type emulsion,

suspension TEIETH -z, —F 7 BETILEE
s WTREERBEYET, BEEIHL v E
BEYEL, ADM3EE»SHEIATLES
TWABZ ERRLTW,

(D) BiEoKXE &b IS8 S & 1=
EEHR

Table 2 Antitumor effect evaluated by tumor size (n=5-~9)

0.5 1 5 10 20 * mean + SME
no therapy X 6.4%0,8
]

Control Lipiodol o ]: iE 4,1 0.4
ki ADM solution 00 Jeoo 3,2%0,7
O/ emulsion com| ° 2,61 0,7

ADM-Lipiodol []
W/0 enulsion o oo 0.8 0.1

group

Suspension .0{0 L] 0.7 £ 0.1

# . The ratio of long length x short length
between before and after experiment.

FEFI604E10 525 (9)
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Fig. 5 Lipiodol (0.2mD). a) Softex radiography of
the liver thows Lipiodol deposition in the tumor.
b) Macroscopic view (7 days after injection). ¢)
Histology shows minimal necrosis of the tumor.
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Fig. 2 tZEER o VX B @ Lipiodol #
SESCHEE LicFogkigf¥chy, EE M
EEERBEE TS LETELT S,

Table 2¢% control ¥ & ADM-Lipiodol 3 @ #
57T HBEOEBROMMBEOLERTIDOTH
%. Lipiodol By 5 FCILIERER & h_TH
Fo (p<0.05) EHAEAGE L ZDI, L Lk
B cEEH - —3 L T Lipiodol DB % 72
B 5 b O OGN B\ TS BIRE o OB
HRDDHDHRTH -1 (Fig. 5),

ADM KW G- FI T IEREF & LB S
icHEBHRE X B (p<0.01). Ui LERK
FERiCefhick v GEVBEER > RD 50

Fig. 6 Histologic change of tumor after injection
of aqueous solution of ADM (1mg). Microscopic
examination shows extensive necrosis of the
tumor, while there are viable cells around the
tumor.

£ EH o Fs —lipiodoliz I 5 ISR ket s:

oA cEERRCRELRD . (Fig. 6),

O/W type emulsion TiLIEWFES] & ik LAY
LileEESEL2ZED L 00 (P<0.01),
ADM KEWH & LB L, BEOLE Zinb i
MG E bW OLREYRDI M-I,

—J, W/O type emulsion J% 0" suspension ¢
EHRMEESR >R, RBEBECLES
#f~o Lipiodol DEFF# 78, BRI b 45
EE LTz, LaLEEEED
%\~ 1% ADM-Lipiodol ¥ ¥ #lgic b — #REEIE %
RBte, HBBRE TR S DESEEL I —F
L C Lipiodol D EfF# g7z (Fig. 7, 8).

1v, # =

A, FERERBREIELLThbhrot A
EbIMIZEho0H A0, ERYHELLTES
FUYARVYY, TAwvERILD, Lol
BAMER ST E 159, 2ot Lipiodol % fus
7o e FEE 13 Nakakuma 5% Lipiodol #3, FF
BIREAIZ X o TEBERMICI Y Z Eha &
WHBSEERHEL, ThiESx45HoMicl -
T SMANCS-Lipiodol, Kanematsu 571 & %
ADM-Lipiodol, & E 5% X 5 MMC-Lipiodol
suspension 71 E S, BE < oMk clEx D
HEHRBFER I hBERCHCSh2255%, Lol
BEELZ S VCTRERBCRERY, HUEH &
Lipindol £ D FIE iz oW TIEZhETIRIZE A
EFBRONEZ Xt ZoFE ImOWT
UL HLFE A & emulsion {1k & % \~ 1% suspension 1k

Fig. 7 Suspension of ADM-Lipiodol (1Img/0.1ml). a) Softex radiography of a
slice of the liver shows Lipiodol deposition in the tumor area. b) Histology
shows massive tumor necrosis in the tumor.

(10)
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8h

Fig. 8 w/o type emulsion of ADM-Lipiodol (1mg/0.2ml). a) Softex radiography
of a slice of the liver shows Lipiodol deposition in the tumor area (arrow) and
non-tumor area near the tumor (arrow heads). b) Histology shows massive
tumor necrosis in the tumor (arrow) and normal liver tissue (arrow heads) which
correspond to Lipiodol deposition on Softex radiogram.

T 5 LR L o THEA OBRSF H A X h
TR R A LVUEE R ANE £ 5 = & 2
JEH emulsion @ V) v it Y ~O BRI X
LRBREFVIITCHE I W TE Y, BRABETH
RO = L i3,

B4 o in vitro DERTH L2 X 51 O/W
type @ emulsion T PEFILA A ICELET B
2, RECHIERTLE > Dicx L, W/O type
emulsionF; O'suspension TIXEERICHE X h 5,
L2 LAEGR TR Mo HFic X 5 #neT
tbh?sEzbh, Z0X>h&EfrERLT
vortex mixer TH§i\ #% in 2 7854, W/O type
emulsion 5 4% suspension X b » @M E R
Tz,

KER D &I I\ THREFI KB » BRI 3 5
LB EORBIMIC KT 2 HRmAIRE#RB b0
TR E T2\ TR 02 DIE D915
bt % A, Lipiodol & #i & # % emulsion b,
suspension 1. LBk Ex B Z ikotcdb oo
HWERX T TTbhTuwin,

FUERIK B 2 B L1236, BROBE 19
Chb L5 s DRRICE\THHEF DK
MPEIFEERCE -7 %R L, A8zl
HLDOEEZRDT, O/W type emmulsion T [
MOBBERL T, Zhicxw L W/0 type
emulsion, suspension Tkt — 7 {EIZKBEE D F

ARTI604F10 A 25

(11)

hEh#1/8, 1/3THY, ZoMbiRpEsd EkE
DELEHEBLTEY, EENTIREMEDCHS =
EMNTRBEE i, & bt 1 HEOHIEFIE SN i
ETbEETCHBESEHEISRTWS, Ll
7T BRICIIEMEEI X D b 2 2 - TIEEE G -
T\ b, ZddER2 Lipiodol & bk X o
SLTLES Z &S, ADM 12 DNA & ofiE
SR CHIEAITH 5%, M EETEICkE b #
DREMET LIHELE L Hh 51,
FaDEBITHGEERE VX ENE 0K
HTEVEET, FEBELLSSF:0%REITE
X100%FBIIRTH b, MEEE L MECE A7
BETHH Lrmbh (Fig. 4,92V | FFE
DEFLELTRERTHBERbRSE, =D
VX RT3 5 PS5 %) & 13 Lipiodol B 4k T 3%
FERHH & B L THEED (P<0.05) BB 5
1 Lipiodol D BRI X 2EMOFIR L # % bh
%, Lo LZD%hE 13 Lipiodol Bt TiizZigmnas
SRR, HBHVEREOEREMIERMTH S
I3 TaH Y, Lipiodol 2 bIEH e HLEHI A
Hei &b W/O type emulsion, suspension 1= 33
WTER I HEE SR 2 @iz, —7F Lipiodol 2
bREICHIEF A Eh 5 O/W type emul-
sion RHUFEAKBE BT 5 2+ 0 e HEE
BRIBLN 5T,

LAE®D X5 Te B R b B HFEH|—Lipiodol
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D FEELE 3 Lipiodol BfIC kL 2 ER TR I
Hi>8 T, Lipiodol & & i FATiCEREIER L
TR RREE CRERIFR T2 L R%:
EDHLDEELLNB,

—75, FFEhiRA HHUEHRI—Lipiodol % #¢5 Lic
BE, BERFCE T BRE OHMER & i
E RS 52, W/O0 type emulsion, suspen-
sion TREFEFOERBIELRBDOOIA TS, T
DI —3L L T Lipiodol D B A7 % R 7o )3
= A HER—Lipiodoli X - T Lipiodol # [ %
THERDOBE N BEI R AELELLRD, &
j & ¢ Lipiodol (XS I c 45 A £+ 50
EEbh TR, Thllshc bRk - -3k
[EEE T % Lipiodol DBEEEXRDAHZ LB S
LBbhB,

ADM:-Lipiodol OERIGHIZ2WTIXZhE T
O/W type emulsion 7z & UM suspension # &
L, BTk W/O type emulsion # v Tk h —
EORREBHFTCEL, ULrLEAMBEL O
BXEIWEFOFMITRLETREVEELS, $#B%
COEFEERTHRFLTWERL,

V. £ ¢ 8®

FEHEBEZEOEBREE LA AVbhoodk
5 i3 #| (Adriamycin | ADM)—Lipiodol o 3
BEEH), EMFRRNE T D CESESRIC oW
TR L7,

ADM-Lipiodol ®#|f! & L.t O/W type emul-
sion, W/O type emulsion 7z 5 OIZ suspension %
FHBLL, control Bf & L TIE¥LHEMI, Lipiodol #jh
7t b O ADM R E Fiz,

I) in vitro &E&

ADM-Lipiodol %> & @ in vitro T® ADM Dk
HiE g FE 7 h W/0 type emulsion, sus-
pension, O/W type emulsion ® it v
nTie,

II) in vitro £8&

FREVFEoH L F#SkcgE@HR O
ADM:-Lipiodol 7& & O control BE## 5 L7,

a) ADM o R B s o @ h o FI E
TEMEZRL, FOEELHERHK LW,

b) ADM o @50 & IEEE M T OEBARE

(12)

£FEH T o FLEEFI—lipiodolic X A FFBikE#ESE

131 BETRERRE MR CEE R R
TEEEZRLTWEER, 7 BT EEL =
LT\ 7z,

c) HEEHE 3 Lipiodol B CXEHTH
b, ADM Hijh, O/W type emulsion T & A58 4
TH -7z, W/O type emulsion, suspension T
B\ Eh R A 58, Lipiodol d g% Rz in 2 HL
FlOBBELSBRERD B EF L bR,

AL OEELHEME B A EFHH RSB S —IB60
F4A3,4,5 BRBEREETTRELL,
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