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Alginate Gel Beads for Chemoembolization :
Initial Report

Kazushi Kishi??, Tetsuo Sonomura?,
Norihumi Nishida", Morio Satoh?, Ryusaku Yamada®,
Takashi Yamamoto® and Katsumi Murata®

Alginate gel beads (AGB) were studied as a new material
for chemoembolization therapy. AGB were quickly produced
by dripping a sodium alginate solution though a cannula into
a calcium chloride solution, with bead size controlled by |
cannular size. AGB containing adriamycin or contrast
medium were produced from the corresponding mixture.
Sixty percent of adriamycin was eluted from AGB within one
hour and 909% within 24 hours, while 95% of iopamidol was
eluted in 30 minutes. AGB released these contents slower
than gelatin sponge particles. Four dogs underwent trans-
catheter hepatic arterial embolization with AGB. Normal
daily activity was recorded until sacrifice on the fourteenth
day. There was no hepatic infarction in those embolized with
AGB of 0.5 to 1.0 mm in diameter. Partial liver infarction
was found in one with compelled embolization and in two
with fragile beads. These observations suggested that AGB
constitute an instantly preparable embolic material with
slow-release activity and flexible solidity.

Research Code No. : 514.9

Key words : Alginate gel beads, Hepatic artery emboliza-
tion, Elution test, Drug delivery
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1. ZFLECESLE—XDOER
Sodium alginate (Pronova BLVG, Protan

Biopolymers, Drammen Norway ; viscosity 39 cps at
1% solution) 100mg Z AEHEEA 6m], 4 A/¥: o
370mgl/ml (kL F IOF ; lopamidol, Schering #t) 6ml,
Adriamycin ; BL'F ADR (7 F!) T=4 > >, ISR
10mg # &ML, zeid b 23G S #L T 0.25M &
CaCLEIci T L Crre—Xafpkliz, Bz
E—-ZXZ2BELIZROHB LTI ATy 72ELICEE
45kv, 200mMA TX##FE L7172, 2w T LI ER &
Lipiodol 10 : 1 & E#yi-&- % 1ERK L R 22, 23 B &
X 26G HEHETIT L CTE T2, WT#10
BT b & B, & ki LB 24 ¢ L
PebDERLVE—ZE L TER L T~

2, EAEHHE

1) Department of Radiology, Wakayama Medical College,/2) Department of Radiology, Saiseikai Wakayama Hospital,/3) Kibun Food-

chemifa Co., LTD
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FFIOP & ADROWEN A7 F V& 4N GER
(Ubest-30 Y, HAZEH) TEESEL Bt & 7E L 72,
2\ Iml 247210 I0P 0.5ml, 7213 ADR # 0.167Tmg &
L 1%T X KRB E/ERL 2. ()26 DER 2ml
% 0.25M @ CaClLAK i 60ml iz 23G EFTHT L £
F AN ORI A B L 2, (D205 DB 2ml
P FAFN0.25M, 0.10M, F 7212 0.06M o CaCl K%k
60mlHicii T Lz 2% WA (2 b DB
2ml # 0.5M @ CaCl/Ki#E# 2ml HIzild T LG 7 e —
Z A e A 2 UL AR B AR UK 60ml Hr iz 4 S B 120
stroke/min. @ gL iz # RL7z, (iv) absorbable gela-
tin sponge (Z K>+, NOH) # 0.5mm-1.0mm £z
#7y b L7241 H 0.012g % I0PIml % 7213 ADR 0.33mg #
Z1r 0.45 % NaCl ZkiEHE 2ml 12 5 4[] L iA#E 0.5 %
WY 24, 60ml @ 2B frifiAcodhic 0 & 4 TRIBEIC
Rz,

3. RIFBHAREZHER

i ARE 2 B (control 1, 2), % ZERRE 1 WH(a), £
ATERRRE 1 D), b vwE— R 20 (cl, c2) &
L THAEEIC FEATE 10.2kg (9.7-10.8kg) e 2o i 1
TR AR 6 S % SAERICH ) 4Tz,

Pentobarbital 50mg/kg ik N £ 5- T 4> 5 BREE L Ak
BEFNRA & AF catheter Z3F AL, #IFBINRIE R THEATHF
Wk %652 L, € ) LR KO XKBICRET 5 HE
Imm RO EATHFEIIRE S catheter AL 72, L
TH IR A HBIRAE 5 w2 L iz,
G2 fEvoEHL T T IOP 6ml, ADR 10mg, A frikk
6ml DA % 0.25M CaCl, 20ml i2iEF L TERL 24
NE—ZF 23 B AR 2 R ARIC A L 72, iR SRR
EHLEPVE— I L BRI TR E— XD & 5 &
GRS TH AR LS, EAERER T 0 FERED
wedge IIETHEA L LigH7z & SICHEAEZRT L2,
TR RS AP BRI B2 TEERBIARA D D 6 2o 2 & F D
&7z, FEReilioy 2 MM AR T I SHE IR & 0 B e S
A, BF, il B, BB Lo E g L IR R L=
> T E L hematoxylin eosin (HE) ¥efo TEEZL 72,
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Fig.1 Arginate gel beads containing adriamycin, vermilion and
transparent glossy sphares

EI T4 H 25 H

w6 £ 301

o ! (@]

Fig. 2 Alginate gel heads containing lipiodol, prepared with
various sizes of needle cannula which were 26G (upper), 23G
(middle), and 22G (lower), without any sieving. The whitish
opaque appearance of the beads is due to emulsification of
lipiodol.
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1. PLECBANE-ZXDOER L BIR
(a) 4188 & HEIR

23G & T F L 72 B — LI £ 0.5~ 1mm K[ {8,375 1
TN H ZERTIRETHECET 2 E25h iz (Fig
1). ¥ — Zii radioopacity # £ 5 lmm @ = — XD
opacity (2 7 /v 3 ZF » 7@ 2mm W ITHEY L 2. 22,
23, 266G #DMUCHT TRz — XTEIENE( Lo
(Fig.2). Lipiodol iz & 1) (i L 7z & — X 1% 24 WE[] 1% 3
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Sl 216 7%  Lipiodol iz & — ZXHWIZHEH L T,

£ 100 — e o oeele T@mg&%mm&m<Lt@—xuﬁf&faaxnﬁ
5 i 21N By (B AN
ERL e 0/25| CeGia 2. 4 NALE & IR R ~ OFEHE
L / IOP {3 243nm, ADR it 480nm THOGED ©— 7 % #
g o [ b, TR LR R % 757
g. 40 e X drE}?ycm 0.1 M CaCla (@) E-XDIETOH Jb‘ftiﬁ"-m.‘%?ﬂ
€ o (1) IOP 7 ADR % s & — X0 LA Tl CaClyilirvic il
§ 20| Adriamycin, 0.05M CaCla T 154 T IOP DIz 42wl L, ADR 1 40 %57
E 1 L L7 (Fig.3),

0 20 40 60 (2) ADREHTNX Bl £ BIED R 5 CaCl A1

time (min) FL2k &, Caitfr kv & ADR OB MA D7 dr -

Fig.3 Time course of drug elution from alginate gel 7

(b) E—XFrEAErELhOEREEEHAKE~DRE
(1) ﬁbmﬁﬁ T 7 h%“ummmePmka

bead in calcium chrolide solution, after dripping the drug
containing mixture of sodium arginate solution.

mmhL%LLﬁ ummuém#m%uWme
100 L, ADR & 1 B[ H T# 60 %, 24 BEEITHC 6249 90 %A%
‘ o \7* wiL7 (Fig.4 (A).
o 80 — (2) 0P %7213 ADR % WG & 72 2 K> 4L & A B fr ki
/’/‘ K R 22 %12 IOP % 7213 ADRIZI1F 4~ T
: w2 (Fig.4 (B)).
o a0 3. RIFBIRERRER
= IR ACHR T 7 OABIF BINRSE B IR 2R L 22 BOIR 13 3% 5 =
e 20 Niehr -7z (Fig.5), ¥ <XTaAH HAL 2851250 &
// HhEFTHEFLE. BB ZREI s, Kabk
0 o T 2 3 4« 5 & N = U control 2 SEICIFic WIRMY ST e - 72, Kb B LU
) cl, c2 TIXIER L 25 — B L T # 0 — I gL H
time ( hour )
(A) Elution of Adriamycin from alginate gel beads il (Fig.6 (A)). ZhbnKb, cl, 2 TiEHD
P IR ORI ZETR - — B L T REREEYE £ 72 12U bE3E B & O
MlaZEoir i+ Bo i, £/2Kka, b 0.2-1.
Omm FEDEIRD I E— X L% 7 515 hematoxylin &
M BEREE 2o Bk % 38, FIPH O AT BELS JeiiE BUGSe A 3F
—~ DEKIER - (Fig.6 (B)). cl TIXIFEIIKMA
® 380 123 T P SN B 70 v L BB L T/ R 2 AR

60

1009 —0——@——————— @

W 2 20 L 72 il 4 Gleb 7z, MHERED 2 81 Tl ARG R
* Wa A oA W, B B A RO
5§ 40 RE#ED L -1z,
2
" 20
"
ol ( 2 =
0 1 2 3 4 5 & 24 T v X 3 D-mannuronic acid ¥ L-guluronic acid
time (hour ) b % B AWIT, WO MBS IR - L CE
(B) Elution of Adriamycin from gelatine sponge SHNL Y MO THARRIC S RICHEL TS, T
— %/%MH—ﬁQNWMﬁ&LTMHWWK%&%W%

SPHAF E L THW SN, TEEMICIE SN, )
T78—=DH7wELTHHENTWE, TILX R
I AR DTG R SN TE LT, A WEHTED
W, b e— 29X EERC b RN IR REER A R o
STV TRMENTWEHEZ NS, TLX BT

Fig.4 Time course of drug elution into saline, after
dispersing drug containing alginate gel bead (A) or gelatin
sponge soaked in drug solutin (B) into the saline.
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Fig.5 Common hepatic arteriography before (A) and after (B) the embolization with the bead in dog a.

)
Fig.6 Liver infarction in dog ¢ 1 (A) and an amorphous substance embolizing an intrahepatic artery branch in dog a(B).

b7 L KB AL T A4 F 2, A A
SN e SR A A 2 GUERIZHEM S5 ENE
T AX B 7LD NDE, SR BEZ T
TN T 7T AT enikh B, ZOWEREEEEL
N2 DK E S LHOE—ZXHH/LNEY, ©— 2D
KREZIHERORE S TRE Y, ZHUL 2 ANEEREY
WMo S THETE 3%, Shloe—ZERTL U EAN:
MAEMEREL 72, TAXBIEPICIRMNS 2 WIZiERL 72
WEZ N TENT, BFEEIEWEE S LE—X
CHATEZENTE S, 40T ADR, Kigthik i,
Lipiodol ## AL 2. EHI2X FXFWE, 72+ 21
AR, BEATERS SRR, R, IRVEVEWEL, M7 & %
HATHZ EHHERINTHETH B, E oHEz DR
PERIRIZ I A LB 2 8 L 20Ol AN T L
¥FromEHuUE, 7 — ZREERICEE T B 08
WHIE L BB,

A OEHRBE T T L X > B — i3 AR
BET2L150TIHEFTNTOIOP #/EMLTLE- 2
2, AL 5# 1S THI & BT S B G TIRL
ZTECIOP 2 L R L T/, —J7 ADRIZ 154072 -
TLE—ZXNIC#H 90 Bfrfe s L7z, 10P & ADR % &2
L7z 28Ry enid A alokhicamiE T Claiiiizi~c

P 7425 1

(B)

OFEFEFEBLTLFEF -7z, —FH7rE—A0d ADR # &
DEREMAE L, GBI T % R EHE L. B —
LI IOPIZOoWTL AR L L) ECREEL 2.
SN =L 5D I0OP & ADR O H O & @i (340
THRPEMEZ MM 2o XS, 47RO
K E TR IR ORI RIS &) R IR I AT IR T
XpEFEZ LN, IO Ca lIEAEV & 7 AL
th~a ADR @it hebiedr - 72 2 & 14, GEEO 71k
HAMCIUE ADR IZ v » 298 L ( BE— Az fRFE S
LML EERBLE, ZNHEDTAX By LE—
ZIF AR E L COREFo £ 2 L.,
TERME & L T OB SO —D13 254 % — E R e
T2ZLTHDB, TAXBYNLE— ZH Rk % 5k
Ttz 2 kDRI G S e, R ERIE TR E
— ZIZ & BWIIRPHIEA S -» T HHIJEIZ e H e - 7z,
Lo LIERERHCIEAS LA, S0k HadiGanT
W WIREOR S v E— AR AL 2 & I3RS
DNFEIEH R & 7z, EARRHR &S 7 B — ATy 2 &
TH A ZONS IERMET & 2 DY, A1z &) MRS
B 22 IRAY B PRENIR O Bk s 1o, 2o izéd 2
WIBEA: L 2z L HEM S A, Theb b B D3 RE &1,
&M L - T e mFOZERIC L9 5.2 L AHUR
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SNz, TAXVBROERWHED P TOMEFTIE, AR
KTNAUX BOMBEENROIT LN TR WD T, e F
FIRAAERWEICHFEIND EEZ LMD, FhkoY
4 ZOTi» 6 1% 0.5mm Fits 2 FUIRIE VWA ZH|/ET
30T, Ef LN MEFDERICEEL ) B LEZ
LENb.

E¥ERWE OB L L CT X BFRIZEIC DOV
DN THD, SEDOEBRMERETEITAX > BE—XD%
RIOEARES, WM, SR ERREDO—H %R L
2. ABOBETOFOV EDIIMbOFIF, Mo3EH & DM
EEThHD, EZIETNAXBIERIC, Kio#lEED
mitomycin C % cisplatinum D¥K, # 223 ADR ¥k
DRI S ¥ 5  ADR M L BT & ) b 2
wHAWFEE A, £ 72 Lipiodol SMANCS 7 &' il # 3
AT B Z & LSRRI m Loy i b BlkhTh B
F 721k M #= fibrin 23 AL TilkMmAEN 2 88 52 Tk L

AICET 2. TAXYEBIYVE—ZXOERYWHE L TD
— 2 ER GIC T TE S AV BEESEmOTER, T
w#/@@ﬁ¢¥wmﬁm&ﬁ AN LI TE
3, ﬁ%m‘[ﬁﬁ WEAT—T NG EOBRDPLETH S,
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