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Characteristics and Drug Release Profiles of Multilamellar Vesicle(MMLV) and Mi-
croemulsified Liposome(MEL) Entrapped 5-Fluorouracil and Its derivatives
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(Recevied August 1, 1995)

Although liposome has many advantages as a pharmaceutical dosage form, its application in
the industrial field has been limited because of some problems such as preparation method, repro-
ducibility, scale-up, stability and sterilization etc. Lipcsomes prepared by microemulsification
method had defined size, narrow size distribution, reproducibility and high entrapment efficiency.
For enhancing the stability, the dry form of liposome was recommended. These types of liposome
are proliposome and freeze-dried liposome. The liposome must have some properties for pre-
paring of freeze-dried liposome; small size (50~200 nm), narrow size distribution and cryopro-
tectant. In this experiment, the liposomes containing 5Fluorouracil(5-FU) and its prodrug
(pentyl-5-FU-1-acetate: PFA, hexyl-5-FU-1-acetate: HFA) were made with soybean phos-
phatidylcholine, cholesterol, stearylamine(SA) and dicetyl phosphate(DCP) employing hydration
method or microemulsification method using Microfluidizer™. Both of liposome types were MLV
and MEL. After preparation, freeze drying and rehydration were performed. In the process of
freezing, trehalose(Tr) was added as a cryoprotectant. Their evaluation methods were as follows:
entrapment efficiency, mean particle size and size distribution, dissolution test, retain of en-
trapment efficiency and turbidity afier freeze-drying. The results are summarized as belows. The
entrapment efficiency of 5-FU was dependent on total lipid concentration and cholesterol content
but that of PFA and HFA was decreased when cholesterol was added. When DCP and SA were
added, entrapment efficiency was decreased. As the partition coefficient of drug was increased,
entrapment efficiency was increased. Under the same condition, entrapment efficiency of MEL is
simillar to that of MLV. The mean particle size and size distribution of MEL were smaller than
those of MLV. Dissolution rates of drug from both liposome types were comparatively similar. Dis-
solution rates of drugs with serum and liver homogenate were faster than without these ma-
terials. After preparation of liposome, free drug was removed effectively by Dowex 50W-X4. When
liposome was freeze-dried and then rehydrated in the presence of Tr, characteristics of liposome
were maintained well in MEL than MLV, Tr was used successfully as a cryoprotectant in the pro-
cess of freeze drying and the optimal ratio of Tr:Lipid was 4:1(g/g).

Keywords— Microfluidizer, 5-Fluorouracil, Prodrug, Ion-exchange, Freeze-drying, Cryoprotectant,
Trehalose.
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Figure 1— Diagrammatic representation of the use of a
microfluidzer to prepare liposomes.
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Figure 2 — Structure of 5-fluorouracil and its prodrugs.

Table 1— Physical Properties of 6-Fluorouracil and its

Prodrugs
Name M. W. Solubility" Peucd® j ——
5-FU 130. 08 2.7 0.01 275
PFA® 258. 15 0.7 14.6 282
HFA! 272. 18 €0.08 31.99 282

*Solubility in PBS (pH 7.4), mg/mi,
"Apparent partition coefficient between chloroform and
pH 7.4 PBS.

‘pentyl-5-FU-1-acetate, ‘hexyl-5-FU-1-acetate.
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Scheme I Preparation of multilamellar vesicles
(MLVs).
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Figure 3—The effect of the liposome preparation
method on the entrapment efficiency of 5-fluorouracil
into multilamellar vesicles.
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Figure 4—The effect of total lipid concentration on the
entrapment efficiency of 5-fuinto multilamellar vesicles
(MLVs) and microemulsified liposomes(MELSs).
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Figure 5—The effect of drugs on the entrapment
efficiency of multilamellar vesicles(MELs).
Phosphatidylcholine concentration is 100 pmol/m],
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Figure 6— (a) The effect of the total lipid concentration on the entrapment efficiency of 5-fluorouracil multilamellar

vesicles.
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(b) The effect of phosphatidylcholine concentration on the entrapment efficiency of pentyl-5-FU-1-Acetate(PFA) and

hexyl-5-FU-1-acetate (HFA) into multilamellar vesicles.
Key : A PFA, +: HFA
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Figure 7—The effect of cholesterol concentration on the
entrapment efficiency of 5-fluorouracil into multila-
mellar vesicle(MLV) and microemulsified liposome(MEL).
Phosphatidylcholine Concentration is 100 pmol/m!.
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Figure 8~ (a) The effect of dicetylphosphate(DCP) and stearylamine(SA) content on the entrament efficiency of 5~
fluorouracil into multilamellar vesicles(MLVs) and microemulsified liposomes(MELSs).
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(b) The effect of DCP and SA content on the entrapment efficiency of pentyl-5-FU-1-acetate(PFA) and hexyl-5-FU-1~

acetsate(HFA) MLVs.
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Table I The Size Distribution and Mean Farticle
Size of 5-Fluorouracil Entrapped Lijposome Prepation
Method and Cholesterol Content

Liposome CH Mean Size dist. p,I.¢
15 1339 B4~ 9
MLV® 30 1485 2388 2
50 1687 65~5562° 2
15 89 18~217 2
MEL® 30 97 33~271 2
50 133 22~240 2

°All Type of Liposomes Were Made from Phosphatidylcholine
100 tmol/m] only.

“multilamellar vesicle prepared by hydration method.
Ymicroemulsified liposome prepared by Microfluidizer™.
cholesterol content, mol% of phosphatidylcholine
concentration, nm, polydispersity index (1:monodisperse, 2:
bidisperse).

A#2RE Crowe &0 AAF vie} o] MEL®]
YAt RS gEFe] T2 Az AP 2] £
F2 50~200nm Bl AN EF Table 1T
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Tgble II— The Size Distribution and Mean Particle Table IV— The Distribution and Mean Particle Size of
S/;e of 5fE/uor0uracz'/ and its Derivatives Fntrapped S-Fluorouracil Entrapped Microemulsified Lijposomes
Microemuisified Ljposomes (MELs)? (MelS)? by Dicetylphosphate and Stearylamine
Content

Entrapped Drug  Mean size® Size dist.© P.L°f

Mean size® Size dist.© P.I

5-FU® 101 14~253 2 . .

PFAS 109 30~257 2 PCP" content

HFA® o7 PP 0 119 34~252 1

5 141 73~194 1
*Phosphatidylcholine Concentration is 100 pmol/m]. 10 172 115~303 1
*5-fluorouracil, “pentyl-5-FU-1-acetate,
hexyl 5-FU- 1 acetate 20 229 73~1201 2
SAS content

MELe] 89€l %89 FF1 284 x| ool 0 119 d~252 1
WAglel YA Zolsh B} vlast Aok vehd 5 138 21282
O 12 % o2 X §40] 2% PFASH MEL] " o ey
BUANAE W B5)go] At @do) YA =719

B o N *Phosphatidylcholine Concentration is 150 umol/m!
el o3 AYE & & ik “dicetylphosphate, ‘stearylamine, ‘mol%. ‘nm.

Table IVE DCPS SAZ A7181-S w Ux=37)9h ‘polydispersity index (1:monodisperse, 2:bidisperse).
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Figure 9— Release of 5-fluorouracil from multilamellar vesicles(a) and microemulsified liposomes(b) with cholesterol
(CH), dicetylphosphate (DCP) and stearylamine(SA). Phosphatidylcholine concentration is 150 pmol/mi.
Key : &3 PConly, +: CH 50mol%, ®: DCP 10 mol%, O SA 10 mol%
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Figure 10— Release of 5-fluorouracil from multilamellar vesicles(a) and microemulsified liposomes(b) with different
amount of cholesterol(CH). Phosphatidylcholine(PC) concentration is 150 pmol/mI.
Key : A PConly, +(- -): CH 15mol%, ®:; CH 30 mol%. +(---): CH 50 mol%
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Figure 11— Release of 5-fluorouracil from multilamellar vesicles(a) and microemulsified liposome(b) with human
serum (50%v/v). Phosphatidylcholine(PC) concentration is 150 pmol/mi.
Key : AL PConly, +(--): CH 15mol%, ®: CH 30 mol%, +(---); CH 50 mol%

E9] H)go] Ao tha] 1:0.22 AXF YEEL2 B
FF8lA WhEo] mEA dolkont 1:052 A|xT
EEE R GFS AA dol = WE S8 Y
EiT} Inoue”e Y AHIES Hrlsled Adute] £

< WA BN FEe] HEE A F T
I 3l 20mol%se] E¥AE o) A/l 2%
o W 29| wEo] Sk ¥ 33mol% ol’de]
HE 2xd e AR oFE FaE AT
3hsict.

EF R)-82g0] VMR ZREEE ¥4I MLV
£ 5FUE 5947 92 Bt =3
Ao}, £ & FE A= A Rt Hvt
B FY2HEe] o W e o] 2Ry A
4 B Y2 S FEFL A9 wA| gom®
frrEuf Al ddEse e JElm B9
FoA e} s 2 AR A - FFol njel 32
&7t et Saoh *® weby 25 whe 5
FU9] =2 =29l PFAS} HFAS] & £ ¢ A%
HWiAl7F B & HFAZ} PRAC ¥l8) ok =g 4=
E£58 Bon H7HAY R/ Al HE &%
£ Z7iIed. 23 5FUsks o274 DCPY SAZ
A7 MLAY 27 BE £57) ¢ & Aoz eyt

on] 1047t o] Foll ol B WESTI) ke A
< B F Jok(Fig. 12).

Fig. 13& Z2HE] A/l @& PFAS
HFAS] ¥2458 Uehd Zolth. Ganapathi 5
ol AAIgk ule} o] WEEEE FEAHES] Ul
met & G BA o IE FIE AL Hl&
A et 7)ol % 50%E 71sta e E
3 ARE Fig. 149 JehiiRed 88<) A718 73
2= EF d wE PEFIE 2oy S AHES]
o] ZI1eFE WEEeE oRE AL B F 9]
=3

Fig. 155 PFASt HFAZ Bi% MLV dis]
50%¢] BMEZr homeogenateE 718la W& Ade
ARz F FE 25 AHAQ HES JEINCH
ZH 28 E0] A7HE A WE S HolAle &
A4S Vel FEe frRuiAse] dEE Be A
< & F ok

2 EEQ 5F UX

A A el trehalosed] ¥E THHIE WA
FA[z28 3 A¥xF: s W 23
trehalose®) 713l Ao sl Ful=A 2:17b
Ae 52 1z A% AXEY e 3 4R =2

J. Kor. Pharm. Sci., Vol. 25, No. 3(1995)



260 A¢d - REE - AL - FAS

60 60
a e b
—_—-’.‘—‘ P
- g o
. ,n::.’...o/
o
g o g
o
5 :
8 ]
4
§ $
5 5
o] o]
10 H
L 1 [l O L 'l Hl L
10 15 20 25 (e} 5 10 15 20 25
Timethr) Timethr)

Figure 12— Release of pentyl-5-FU-1-acetate(b) from multilamellar vesicles with cholesterol(CH), dicetylphosphate(DCP)
and stearylamine(SA). Phosphatidylcholine(PC) concentration is 150 pmol/mi,
Key : A: PC only, +: CH 30 mol%. ®: DCP 10 mol/mi, 0: SA 10 mol%
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Figure 13—Release of pentyl-5-FU-1-acetate(a) and hexyl-5-FU-acetate(b) from multilamellar vesicles with
cholesterol. Phosphatidylcholine(PC) concentration is 100 pmol/mi.
Key : A: Free drug, 25 PC only, +: CH 15 mol%, ®; CH 30 mol%, ©: CH 50 mol%
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Figure 14— Release of pentyl-5-FU-1-acetate(a) and hexyl-5-FU-1-acetate(b) from multilammellar vesocles with
different with human serum (50%v/v). Phosphatidylcholine(PC) concentration is 100 pmol/mi.
Key : A Free drug, A: PC only, +: CH 15mol%, ®: CH 30 mol%, ©: CH 50 mol%
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Figuer 15—Release of pentyl-5-FU-1-acetate(a) and hexyl-5-FU-1-acetate(b) from multilamellar vesicles with rat
liver homogenate(50%v/v). Phosphatidylcholine(PC) concentration is 100 wmol/m!.
Key : A: Free drug, A: PC only, +: CH 15mol%, ®: CH 30 mol%, ©: CH 50 mol%
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Table V— Turbidity Changes(%7T) of Freeze Dried 5-Fluorouracil Entrapped Multilamellar Vesicle(MLV).
Sonicated MLV and Microemulsified Ljposome(MEL) in the Presence of Trehalose

Trehalose MLV* sonicated vesicle® MEL?
content (mg/ml) before after before after before after
0 71.8+1.2 89.5+3.7 68.3%0.8 87.3%5.7 58.5+0.8 86.7+5.6
400 72.4+0.7 86.2%2.3 67.2+1.6 83.8%+2.4 60.7%x1.2 85.1+1.7
800 75.9+1.1 85.9+3.1 69.4+0.9 84.6%1.2 60.2+0.9 75.4+2.1
1200 78.6£1.3 86.7+2.5 70.5%1.2 80.4%+1.7 62.5x1.1 68.8+1.5
1600 81.3£0.6 87.6£1.2 71.2+0.5 76.8+0.5 63.210.6 64.3+1.3

*phosphatidylcholine concentration is 150 pmol/m!, n=3, mean+S.D.
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Figure 16— Retain of the entrapment efficiency of the 5-
fluorouracil entrapped liposomes treated freeze-drying
proportion to the trehalose content.

Key : O: Sonicated Multilamellar Vesicle, A: Multila-
mellar Vesicle, +: Microemulsified Liposome
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