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Palmitoylpolysaccharide-coated Liposomes
As A Potential Oral Drug Carrier

Yang Hee Hahn*, Jung Woo Yi, and Young Wook Choi'
*Boryung Pharm. Co. Ltd., Central Research Institute
College of Pharmacy, Chung-Ang University
(Received February 31, 1994)

Applications of liposomes as a drug carrier for the oral delivery of poorly-absorbable macromolecular
drugs have been limited, because of their instability in gastrointestinal environments including pH, bile
salts, and digestive enzymes. Two polysaccharides, dextran(DX) and pullulan(PL), were introduced to
the preformed liposomes in order to enhance the stability. Palmitoyl derivatives of polysaccharides,
palmitoyldextran(PalDX) and palmitoylpullulan(PalPL), were synthesizd and introduced to the liposomes
during preparation for the same purpose of stability. The effects of these polysaccharides coating were
evaluated basically by physical properties of particle size distribution and optical microscopy, then com-
pared with uncoated liposomes by the observations of both in vitro stability and in vovo absorption
characteristics. The geometric mean diameters of polysaccharide-coated liposomes were greater than
that of uncoated liposome, showing the outermost polysaccharide-coated layer under the optical micro-
scopy. In vitro stabilities of uncoated or polysaccharides-coated liposomes were measured by turbidity
changes in various pH buffer solutions containing sodium choleate as bile salts. While uncoated liposome
was very sensitive to bile salts, polysaccharides-coated liposomes were stable in relatively higher con-
centrations of sodium choleate, giving the results of better stability of PalDX- and PalPL-coated liposomes
than that of DX- and PL-coated liposomes. After liposomal encapsulation of acyclovir(ACV), an antiviral
agent as a model drug, it has been administered orally to rats as dose of ACV 40 mg/kg. Plasma con-
centrations of ACV were assayed by HPLC and analyzed by model-independent pharmacokinetics.
Pharmacokinetic parameters of Cmax, tmax, and [AUC] have been compared.

Keywords— Liposomes, Oral carrier, Palmitoylpolysaccharides, Bile salts, Stability, Absorption.
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Figure 1—Size distribution of various liposomes. Key: A ; Uncoated, B;DX-coated, C;PL-coated, D ; PalDX-coated,
E ; PalPL-coated



& FEFFAZAY BEY A3 A2

02 miAES AF3I 1087 IHEsd 842
A}k 710 10 % HCIO4%°“% F 7}8}04 UJ
WA LA 587 vortex £33 1, ¢
Basla ARds 0.45;.1m dg|¥ol HE=Z @M
shed, W2 ACVE HPLCE ¥ %aarh HPLC
BAo) AMe® zpoz AHALS Microsorb-MV™®
(Cs, 5 um), ol 5AL WER2/E (5 95 v/v %),
22 08mi/min, ZEE 0005 AUFS, UV #&3

g>~

e 250 nm, FITFE 20 W ol2Aek
Zot 9 o

2y 54

QlrFE—V|IRIES D 7 28X ZHE 7
EZo YdrEMZAuE Fig. 1 2 Table 13 72t}
Parameter% volume-surface mean diameter (d.s)
2 weight-moment diameter (dw»)© Edmundson
o] Hit YAAVE Yedle P oz RE p
=1, f=2 v 3§ dsistezAs A&k Z4
HEFE AR e VIZZgEZHLE Qi3
TEEE Bon, o|AE FHSEYF plot§‘iQ
o Aol AEge st 1E2HEH 50% &
o dFdle dAEL domEA geometric
T = ok T3 geo-
metric standard deviation (0.)-& Hatch-Choate 21
(log dvw=logdee— 1.151 log?o) 0.2 RE 7-8gich.

Zyztel YA & B]M—EP@] HA B3y g Ex &
dA743 DX2¥ 2|EE ¥ PLEE EF9] ¢
A4 Thisl Aol MFOH, ol WEE 3
A z2Fe] ztolof 715t} A7) viHo| Pal-
DX 2 PalPLZ¥ 2] XE-L d., dgeo, dum 25 B HE
ZFEo 9]3) 18wl A 3.0u174A] F713tH L) ©]

mean diameter (dgeo) S

29 X F 77
£ DX ¥ PLEH g EZdA 5822 ded
F2 2= F ) whaled, PalDX 2 PalPLz¥ 2%
FL YEE LA FADANA FH GEA &
Aslo] g nA7I7E Ado] FEFWE 7o B
oj7hAA AZA7L B Az Zo A€

ZstE0|E% 2 -2 2 X355 10009 HiE-of
Fagngog AHsYS o, 123+= Fig 29}
2 o4 HEY gEEFS e T2 7o FH
AL & F Ao A7) =¥ Jw ExAe}
o] wj$ A BEAAT. oluf dulg Aok

A HelFFol BAAE 1y FEH e As
T&%@ T 9o, ol5o] A A g A
THoloM AnF ARleE AYS W 1 F
| BEaA Jelkth &3 DX 2 PL3HE g
2 119] oo gk A
, PalDX 2 PalPL=H 2]¥E£2 W|F=E ¥
g T2 7ol BgS VEhlA &
H) 3l 2] XZ9] lamellaes}= de] ZEEF
o BES FES £ 4 Aok

BlEZE9| In Vitro PN

Sodium choleate EH0fA{2] ot A — F54td
E 9] 3349 sodium choleate 8-9}of| 4 2] B ZE]
YEE 9 nEAIE 2 EF FAIH E‘E‘?‘i@r%
oy dmrgog nPA HY gxFo| HA
¥EHT Y QA E dE 290 (Fig 3, 4) pH
5.6 @ZHofjA &z} TE HXEE] B FFN
A8 0.05~0.1 %F =N 5A17H71A 57]4 1=
2 7ol AR fAst] e aEAVE

5145]1 0} O .0 01—_/‘]: 010401,}. ]:]]E]_I%] agi_o,] 73

°4

H

- P T O

B fr

E

4

AN

FollE 0%l F AL g H2E Yehho
ZEE 2XA 7} FJuHoz Betx %}04 A A3) 5t
AES & 2= 9t 0.15 2 0.2 BT ENA= ¥

Table 1—Farticle Size Parameters for Uncoated Liposome and Polysaccharide-coated liposomes

‘Parameter Uncoated DX-coated PL-coated  PalDX-coated PalPL-coated
geometric mean diameter (dgeo um) 5.37 5.00 5.72 16.43 14.79
volume-surface mean diameter (dv, pum) 3.95 3.87 4.37 9.49 6.95
weight moment mean diameter (dv, um) 8.23 7.02 8.73 23.91 20.10
specific surface area® (m%/cc) 152 1.55 1.37 0.63 0.86
span® 281 243 2.55 2.74 2.56
geometric standard deviation (o) 141 1.37 1.38 1.58 1.71

Jspecific surface area was calculated as 6.0/d..

Pspan was calculated as (dw~ dio)/dgeo
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Figure 2—Optical photomicrographs of various liposomes. Key: A ; Uncoated, B ; DX-coated, C ; PL-coated, D ; PalDX-
coated, E ; PalPL-coated
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- Table Y1— Pharmacokinetic Parameters of Acyclovir after an Oral Administration to Rats as Dose of ‘10 mg/kg in Different
Formulations. of Solution, Uncoated Liposome, and Polysaccharide-coated Liposomes

s “Parameter

Solution Uncoated DX-coated PL-coated PalDX-coated  PalPL-coated
Coar (ug/mi) 0551 0675 1.004 0921 0,689 0.723
e (in) 60 9 % 120 s 5
'[AUCTs (mgmin/ml) 127855446 17592+ 1052* 180.06+7.92* 19458+597* 149.82%584% 17549+ 721"
almin™) 0.00119 0.00252 0.00126 0.00160 0.00068 0.00126

AUC is expressed as mean + S.E. (n=23-4).
*significant compared to solution (p<0.05).
**significant compared to solution (p<0.01).
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