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Effective Encapsulation of Liposomes by Biocompatible Hydrogels
by

Toshinori SATO, Satoshi TAKEI and Junzo SUNAMOTO*

An improved technique has been newly developed in order to overcome essential disadvantages of
liposome and hydrogel each other in the biotechnological utilization. This methodology involves the encap-
sulation of egg lecithin liposome by such an appropriate hydrogel that does not give any serious damage to
the liposome during the encapsulation procedure. Of various hydrogels, the copolymer of acrylic acid with
vinylalcohol or vinylacetate seemed to be the best candidate for the present purpose.

Intéractions between liposomes and hydrogels were investigated from three aspects : (1) spontaneous
leakage of a water soluble fluorescent probe, carboxyfluorescein, as doubly encapsulated in
liposome-hydrogel ; (2) distribution of liposomes between bulk water phase and hydrogel, which was deter-
mined by monitoring an increase in the fluorescent intensity of diphenylhexatriene, DPH, as encapsulated
in the liposomal membrane ; and (3) retarded lipoxygenase peroxidation of linoleic acid as embedded in
the liposomal membrane.

Through all the investigations, the encapsulation of liposome into hydrogel seemed to be a suitable

technique applicable to the serum free mammalian cell culture and implantation in vivo as the biomedical

material.
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Table 1 Main source, bridging agent, and form of hydrogels used in this work

No (():foggl;liﬁre ‘Main source Bridging agent Form
1 |S—50M acrylic acid-vinyl acetate grain
2 | S—50 acrylic acid-vinyl alcohol grain(200um )
3 [N—100 sodium polyacrylic acid gfain(ZOOum)
4 |P=3 sodium aprylic acid, acryl amide, grain(5004m)
5 |P-9 ;fla’l}g'ya{naxlgﬁieor}methyl :gg}zt;’do;olyvalent grain(750um)
6 |P—15 propane sulfonic acid, etc metal salt grain(1000um)
7 12011 acrylic acid - fine powder
8 | Arasorb potasium acrylic acid N,N’-methylenebis acryl amide | grain
9 | IM—1000MPS starch poly acrylate polysaccharide » grain(20—40um)
10 | Aqua Keep 10SH | acrylic acid grain
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Fig. 1 Fluorescence microscopic investigation of
hydrogel(S—50M)which absorbs an
aqueous CF solution.
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Fig. 2 Fluorescence microscopic investigation of
hydrogel(S—50) which absorbs an aqueous
CF solution.
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(c)and(d); SUV doubly encapsulated by

hydrogel(see text)

Table 2 Percent leakage of CF from liposome doubly encapsulated in hydrogel at 37°C as a function of time.

% Leakage of CF!)

Without Hydrogel
Time |hydrogel S—50M | S—50 |N—100| P—3 | P—9 | P—15 | 2011 |Arasorb|lA e ﬁ;le‘;awsﬂ
0 0 0 0 0 0 0 0 0 0 0 0
5 2.8 | 9.3 | 13.9 | 55.7 | 82.9 | 83.8 | 88.8 | 74.1 | 81.6 | 83.4 | 57.4
10 40 | 10.2 | 15.0 | 61.5 | 80.3 | 82.4 | 8.1 | 77.2 | 83.6 | 84.0 | 65.2
20 50 | 1.1 | 16.0 | 72.9 | 84.8 | 83.4 | 87.0 | 77.6 | 84.2 | 8.7 | 78.2
30 5.8 | 11.9 | 17.0 | 78.6 | 85.4 | 84.2 | 8.7 | 78.1 | 83.9 | 83.7 | 85.4

1) Values wers calculated by eq. 2.
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Fig. 4 Percent leakage of CF(A)and observed
fluorescence intensity of CF released(B)
from liposomes and hydrogels without stirr-
ing.

(a); hydrogel(S—50M)

(b); SUV

(c)and(d); SUV doubly encapsulated by
hydrogel(see text)
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Fig. 5 Effect of polysaccharede on the stability of
SUYV encapsulated by hydrogels(S—50M )at
37°C.
closed symbol ; SUV encapsulated by

hydrogels

open symbol ; without hydrogels
circle ; conventional SUV
triangle ; CHP—coated SUV
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TURHERIC RSB I e, Btk Fa ¥y
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{Abbhlh-oi,

3—5 DPH E#)KY—LDE KOFILHSOREH
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MLV %240t Fa X LcBINSE, b)) 2EEKR
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Y= LDt FaFuyboit 2 B8R L,
DPH 3V &Y —ah bR S hKE~BTT 22 L
BARWDOT, ZOERICEI VYR —-LZDOLODOE
KaZasbottEs X OEE 25 i35 2 & 250
HEThs, BREIALTVEHRE (1) 1%, FEH
BHENS TEBMIC2 Y, ThUEORBEED &
Riesoiz, Table 31z, 309HICBITBY FY— 4
DE FeFApnbnlBER (%) 2R L viHEL
TE LD,

BHEG T TIEN—100L4t0 e Fe F LTy R
Y = BE100% S 7 K~ L7z L, BE

Table 3 Percent leakage of DPH —labeled liposome
from various kinds of hydrogels at 37°C for
30 min.

% Leakage of liposome?!’

Experimental|  » B _ B o Ine100d
condition | Aposome S—50M) S50 N—100| P—9 %ypq

Under SUV | 100 { 100 | 50 | 100 | 100

stirring | MLV | 100 | 100 | 70 | 100 | 100

Suv 4 8 2 27 1

Without
MLV 4 10 2 6 2
stirring
CHP-coated
MLV 1 2 4 4 2

1) Values were calculated by eq. 3.

ZHETTR, EFeFfAdbn)RY —AOMEIKE
HiziE s h, ERP-9FBRVY TR $305Kic
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Fig. 6 Retarded lipoxygenase peroxidation of

linoleic acid in DMPC liposomes encap-

sulated in hydrogel (S—50M)at 25°C asa

function of gel amount

(DMPC)=2.5X10"3 M

(linoleic acid}=2.8 X 10~*M

(lipoxygenase }=223 Units / 1ml

Total=1. 0m! with 10mM Tris—HCI buff-

er(pH 8.9), u=0.1 (NaCl)
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