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Rheological Characteristics of Lipiodol-Anticancer Suspensions
Containing Aluminum Monostearate

Sun Young Oh and Young Soon Ku*
College of Pharmacy, Ewha Womans University, Seoul 120-750, Korea

Abstract— Lipiodol-anticancer suspensions containing fluorouracil, tegafur, mitomycin C, methot-
rexate, or adriamycin were prepared by Shinohara method using aluminum monostearate as a
dispersing stabilizer. Lipiodol-suspension showed thixotropic property when the concentration of
aluminum monostearate was above 2%. Observed thixotropic area which reflects the extent of
thixotropic breakdown indicated that the thixotropic property of Lipiodol-suspensions maintained
for six weeks in a refrigerator(4C). Lipiodol-anticancer suspensions containing 2% aluminum mo-
nostearate maintained a more stable suspension system compared with simple mixtures and Li-
piodol-anticancer suspensions without aluminum monostearate. As the concentration of aluminum
monostearate increased, the drug release from Lipiodol-anticancer suspensions was more retarded.
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boratories Guerbet, France), =~ H|o}el A oF
w]HE(Lot No. M11709W, Al=5%, 200 mesh %3},
Chameleon Chemical Reagent), 5-ZF ¢ 232}l
(5-FU, Choong Wae Pharmaceutical Co., Ltd, Ko-
rea), Tegafur(Choong Wae Pharmaceutical Co., Ltd,
Korea), n]Er}o]Al CMMC, Kyowa Hakko Kogyo
Co,, Ltd, Japan), = E & @ 4] o] E(MTX, Choong Wae
Pharmaceutical Co., Ltd, Korea), o}=2o}u}o]Al
(ADM, Dong-A Pharmaceutical Co., Ltd, Korea),
gl Abol A7 F(Duksan Pharmaceutical Co., Ltd,
Korea), 43} EF(Duksan Pharmaceutical Co.,
Ltd, Korea) 52 Aok £+ 59% AH3kdch
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Lipiodol AMS

— vortex mixing for 5 min
heating at 130C for 30 min

Lipiodol-suspension

— adding the anticancer drug
I grinding on an agate mortar
with a pestle for 5 min

Lipiodol-anticancer suspension

Scheme I—Schematic diagram of the preparation of
Lipiodol-anticancer suspensions containing
aluminum monostearate as a dispersing
stabilizer.
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Fig. 1—Rheograms of Lipiodol-suspensions(L-S) con-
" taining aluminum monostearate(AMS).

Symbols: @, up and down curve of Lipiodol;
A, up and down curve of L-S containing 1%
AMS; ®, up curve of L-S containing 2% AMS;
01, down curve of L-S containing 2% AMS; e,
up curve of L-S containing 3% AMS; ¢, down
curve of L-S containing 3% AMS.

E-3H4 Al v Rl <3S dotry] $s), AMS9)
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Fig. 2—Relation of viscosity and rate of shear of Li-

piodol-suspensions(L-S) containing aluminum
monostearate(AMS).
Symbols: @, up and down curve of Lipiodol;
4, up and down curve of L-S containing 1%
AMS; m, up curve of L-S containing 2% AMS;
O, down curve of L-S containing 2% AMS; @,
up curve of L-S containing 3% AMS; <, down
curve of L-S containing 3% AMS.

Heol T E 28 5 94gdch. Fig 1A Lipiodol
2 1% AMSE 2713} Lipiodol-suspension®] rheo
gramS 93E E33le FAE Jeph= 2 New-
tonian system$-S& <& 4= Uslc} Fig 29 rate of
shearZ viscosityell s} plotdt 7o A= Lipiodol
2 1% AMSE- #7}3} Lipiodol-suspension-g rate of
shear’} M3kl o AxE 77+ 03cP, 2.3cPE
A TR = Aok whebr] 1% AMS 2] 7l oA
Lipiodol-suspension®] Hx+ Z7}3121} Newto-
nian system®] 43L& FAHATE & F Uk
Fig. 114 2% % 3%2] AMS~7} #*7}%l Lipiodol-su-
spension-& rheogram2} up-curve(0—>500 sec™ )&}
1) t-8-3h= down-curve(500—>0 sec ~Y)7} #2]=
consistency curves Jehigch o] A= 2% ¥
3%} AMS~7} #7}%l Lipiodol-suspension®] thixo-
tropy S Yebd-& B eJ ). Thixotropic breakdown
9 A= E up-curve?} down-curve Apoje} WAL
22 5}o] hysteresis loop2] thixotropic areaZ }e}
¥ 4 d=dl® Lidgate 572 &3 Wby o2 £A4%
thixotropic areat= Z+7Zt 409.7, 640.0 Pa/seco =
(Table I) 3%} 7% WAo] zA Fhslsrt. o] A
72 3% AMS #7} Lipiodol-suspension®| shearing
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Table I-—Thixotropic area of Lipiodol-suspensions co-
ntaining aluminum monostearate(AMS)

AMS concentration (%) Thixotropic area(Pa/sec)®

0 0
1 0
2 409.7
3 640.0

¥ 1 Pa/sec=10 Dyn-cm %-sec”!
Thixotropic area=
gravity of the cut-out hysteresis loop

- Xarea'
gravity of the cut-out square of known area
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. 3—Time course of shearing stress/rate of shear
of Lipiodol-suspensions containing aluminum
monostearate(AMS) at constant rate of shear
(180 sec™ ™).

Symbols: O, Lipiodol; ~,-1% AMS; 0O, 2%
AMS; O, 3% AMS.

forcesell dia] A ©] Ysicl= A& & ¢ Uck”
Fig. 22 ¥ thixotropy & Yepll= 2% 2 3% AMS
7} Lipiodol-suspension-& rate of shear7} ¥ 3}3}
w 2o gL AxX Wil ¢e TR true vi-
scosityZ &A% = gith welA rate of shears
180 sec 2 A A A sl 285CH A 7EZ A 3]
9L o, 2% % 3% AMS~} *71% Lipiodol-suspe-
nsion®] 7% 2% A]7bol| W} & shearing stress/rate
of shear?] Z7|¥7} A} FHAslchr) A=A E A
7bo] Az F dA7 o] FA=EAEH, 2]
A% (step 402] ZHE apparent viscosity = 3t TH?
(Fig. 3). = A= Lipiodol®] 7-$- 80 cP, 1,2 2 3%
AMSE #7}3t Lipiodol-suspension?]- 2% z+z}
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shear 9} shearing stress7} ®]#3= Newtonian
systems HolFEr) o] Fx 3y} A3
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EE ol $l& AWA 53 538-F 9] rheogram&
22 stoJ(Fig. 4) thixotropic areaZ v 2§ 23K Ta-
ble II) 2% AMS H715 ZA%-7} 3% AMS H71= 43
S| ¥} thixotropyd] Adde] A &L &
= gk =3, o]4k9) recovery testol|A] aE-x]
(vield value)= A S A2 grr) zFAastg]
}. o]#)3t AL 2% AMS A7} Lipiodol-suspen-
siono] At 27} HEH oA A= R
Al A viscosity®] W37} & = USS A4
Zt}. o]Ake] A#ol X 2% AMS A7} Lipiodol-sus-
pensions Al€3led o]3le] Ajel AHg-3lch

2% AMS %7} Lipiodol-suspension2| aging ef-
fect— Lipiodol-suspension®] R.EQAHA-E B33}7)
$8) ¥.FE 7|7+ 6hr, 1, 3 day, 1, 2, 4, 6 weekE

Table I1— Thixotropic area of Lipiodol-suspensions(L-
S) containing 2 or 3% aluminum monostea-
rate(AMS)

Thixotropic area(Pa/sec) Recovery (%)
EAS ()

1st? 2nd®
2% AMS L-S 346.0 62.8 18.2
3% AMS L-S 626.5 151.8 24.2
a area of 5 min after 1st
Recovery(%)= X100
area of 1st

Y first detection after preparation
9 second detection 5 min after first detection
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Fig. 4—Rheograms of Lipiodol-suspensions(L-S) con
taining 2%(A) or 3%(B) aluminum monostea-
rate.

Symbols: B, @, up curves of L-S; 0O, O, down
curves of L-S; -, 5min after 1st detection.

el ste] YA =3 & Lipiodol-suspension?]
rheogram< ¢ glciFig. 5). Table 4] RE713t 5
thixotropic aread] H3lE vehged 25714&
thixotropic area’} Z7}slg.ev} 1 o|F2+= Za
s}9ich. Lidgate €' petrolatum®] 534 A4
o vlxlE X9 93e APF ddA &2t F
7}&<2 thixotropic area’} 7}A38}913, 45C o]
o] ] thixotropic areaz} 0o]o]A] tjo]Al thixot-
ropys] A& Holx| gen 25C o|sle|A)e thi-
xotropic area®] 7P & gt vehdcha B stgit
2 Ay BE 6552 thixotropic aread] 2

J. Pharm. Soc. Korea



Bradoliat Fale] F7HY o)l e s g dgls fEUA 54 659

600
—4— @8hr
:1)1 500} —A- 1day
0 -8~ Jday
~
—&— Tday
Z 4001
[ &
g ]
& 300
: /
G y
o 200 e
3 ,’Z’!‘;"?f
S 1001 o o
[»<1 Iy i
e
i
0 = - L L s

0 10 20 30 40 50 60
Shearing stiress (D/cn’)

600
4 TwRek
/a | 2wesk
(Qn) 300 5 4dweok
,_\_‘ — @week
~— 400
9
g
£ 300
[%]
& i s
c 200 o7
S E}ta: ]
o el
o 1007 ﬁ“‘ﬁ
o _.--—“‘ET-/‘ i L
0 20 40 60 8o

Shearing stress (D/cm’)

Fig. 5—Rheograms of Lipiodol-suspensions containing
2% aluminum monostearate after storage in
a refrigerator for the various periods of time.

Table III— Thixotropic area of Lipiodol-suspensions
containing 2% aluminum monostearate

Storaging period Thixotropic area(Pa/sec)

6 hr 259.9
1 day 4183
3 day 421.1

1 week 468.0
2 week 516.8
4 week 394.8
6 week 36.8

36.8 Pa/sec® 4] Lipiodol-suspension-2 6F7}x] %
2 systemS REFE £ Qloiy ARFHEZ AR
AE &R dole A zAZL 7bestcha Abasch
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Fig. 6—Rheogram of Lipiodol-anticancer suspensions
containing 2% aluminum monostearate.

Table IV—Thixotropic area of Lipiodol-anticancer su-
spensions containing 2% aluminum monos-
tearate

Anticancer drug Thixotropic area (Pa/sec)

none 369.8
5-FU 367.7
Tegafur 3376
MTX 297.3

Lipiodol-anticancer suspension2| rheogramoi| 0|
X setdle] H&k—Fig. 69 Lipiodol-anticancer
suspension®] rheogramg Yehlgict. &Agk thi-
xotropic area®] ZHTable IV)& -FApslsdct =3k
Lipiodol-suspension3} Lipiodol-anticancer suspen
siong H|2E @] MTXE 5-FUY Tegafurel] ]3|
Aeto obld MEel vt o HelA Aoz
A 7o

#EtT — Lipiodol-anticancer suspension®] 3=
22 A3}E Fig 74 vyebligich 2% AMS 37} Li-
piodol-MMC suspension(L-MMC-S), Lipiodol-MTX
suspension(L-MTX-S) % Lipiodol-ADM suspen-
sion(L-ADM-S)-& AMSE A7}slA] g2 7t 8t &
Lipiodol-anticancer suspension®]‘} simple mix-
tureol| W8 & AL AT A Bk AMS
Z A7)ebA] ¢k-& Lipiodol-anticancer suspension2]
AL % simple mixture Erle 8 AL F3]
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496 nm); C, Lipiodol-ADM suspension(at 527
nm).
Symbols: +, L-A-S containing 2% aluminum
monostearate; * L-A-S without aluminum mo-
nostearate; -, simple mixture.

sk o= 2% AMS H7kgE z+ debA9] Lipio-
dol-anticancer suspension®] 73-¢- £Alv|¢] Hx ZF
7} % thixotropyell &g+ 23 T3 A 7]al
3}al, =3} suspension A FA] by F8-0 2 gri-
nding3h= 7ol M E FF At =717 Fa
8lo] suspension?] S ¥ F Ul AlE
Het

Fig. 72] Adl| ] ¥.e§x]Z-0] simple mixture®] 73-¢-
1039t F3=7) 343 A3 o AMS7} A7
%l MMC-oil suspension®] 7% X7t =& e
Aol $x=glck o] A= Shinohara So| THF
A2 $-43kekA] MMC-oil suspension ] %3}
23 dgx Aol fAletrt. o4 23z
3-€] LipiodolZol <FE9] AAAE Y & U2
HeA 2R Ee o] A" AL A2 F
gJck?
Lipiodol-anticancer suspension® & FE{S| fE4¢
&EEM—5-FU, Tegafur, MMC, MTX % ADM ¢ 7}
7} ¥+6-8= Lipiodol-anticancer suspension®. 2.
Blo] FEHEEAS 717t Fig 8, 99 A8t

Lipiodol-suspension 1 m/o] Tegafur 2 mg ¥ 10
mg< loading?d} Lipiodol-Tegafur suspension® 2
FEl9) oFEHIEEAE Fig 8o vebi ik 2mgd
Hhsle A%, AMSe] 37} F71stel o} ok
e A3 AdgE & 5 UsUcKFig 89 A).
Tegafur 2ke] 739 24]7kate] 90%7} HEHA=
dlvls 2% AMSE AH71& A5, 2413kl 35.1%, 24
A7} F-akell 87.5%7} WHEE 2ok 10 mgs {3t
74$-(Fig. 89] B)ell AMSY] Fx7} 71855 %
e xjd=glo, 2% AMSE Hrisla &3
$2ke 22§ Lipiodol-Tegafur suspension® & ]
w3k, 308t WEE 2 2mg T o 186
%913, 10 mg 73 7% 56.3% HHE5 ] loading
ol we} XA Eol xpolE Btk wepA oFE
WES Q4718w &9 loading¥] &8 7]
7o} s}z 2, Lipiodolel] 2Jgt ¥-2-8-0] Mg w}f
glo B g™ okR-9] Joading®l &S A3 =4¥ 2
871 & Aoz Az

Fig. 9¢l&= AMSE #7814 o4& 72352 2% AMS
E A7}3F 799 Lipiodol-anticancer suspension.S
2iE]e] FEEEAE Yepl gk 2% AMS A7}
Lipiodol-anticancer suspension(Fig. 9] B)&] 7%

J. Pharm. Soc. Korea



wxsdolld ool H7h el eg-ge Bge 5 54 661

A 1207 \
100 |-
-
& 8ot
el
2 6o
[}
]
> — Powder
@ 40 wder |
—+= AMS 1%
= —#~ AMS 2%
20 7 o
3 5 AMS 4%
E —o- AM8 7%
0“ 1 L i L 1 1 1 e 1
0 2 4 6 8 10 12 14 18 18 20 22 24
Time (hr)
B 120 ——t
< 80 e
o]
< 80
7}
1o}
[V
—
o 40
[
g 2 15
oF
3
= 7% AMS
- o 1 Il 2 ' 1 1 1 |

A 1
2 4 8 8 10 12 14 18 18 20 22 24
Time (hr)

Fig. 8—Amount released(%) of Tegafur from Lipio-
dol-Tegafur suspensions containing aluminum
monostearate in pH 7.4 phosphate buffer so-
lution at 37C. A, 2 mg Tegafur; B, 10 mg Te-
gafur in 1ml Lipiodol-suspension.
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Fig. 9—Amount released(%) of five anticancer drugs
from Lipiodol-anticancer suspensions in pH 7.4
phosphate buffer solution at 37%¢C. A, without
aluminum monostearate;
aluminum monostearate.
Symbols: -, 5-FU; +, Tegafur;
MTX; X, ADM.
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