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Abstract
Preparation and evaluation of
proliposomes by freeze-drying method

Min ju kang
Dept. of Pharmaceutics, College of Pharmacy
The Graduate School

Seoul National University

Purpose. proliposomes are novel vesicular drug carrier system having several
advantages over conventional liposomes. However, conventional methods of
preparing proliposomes have limitation in terms of low drug content. Because
the drug content of the proliposomes is proportional to the content of lipid, the
aim of this study was to find a new method to increase the lipid content,
resulting in increase in drug content. Simvastatin(SV) was selected as a model
drug to increase bioavailability by improving its solubility and dissolution.
Methods. SV-proliposomes were prepared by freeze-drying technique using
different contents ratio of lipid and SV for optimizing the formulation. The
formulations were characterized for surface morphology, size, zeta potential and
encapsulation efficiency. In vitro dissolution study of SV-proliposomes
formulations was carried out comparing with SV powder and commercial SV
tablet.

Results. The particle size of reconstituted liposomes was decreased with
increasing the lipid /drug ratio. The particle size and zeta potential of
reconstituted particles were in the range of 525~1090 nm and -48.8~46.7mV,

respectively. The percentage encapsulation of drug was increased with increasing



the lipid/drug ratio, in the range of 50.8~78.6%. Moreover, SV release from the
formulation was higher than commercial tablet and SV powder.

Conclusion. Drug loading of proliposomes can be enhanced by using freeze-
drying method. Improvement in dissolution of SV from proliposomess
formulations suggests the potential of proliposomes as a suitable carrier for

improving oral delivery of SV.
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OFE s} A ] 2 o]A new chemical entities (NCEs) ¢ ¢F 70% 7}

Bol @ =4 @ HFL AAE Yom, £y FTAAY R F o

o} (1). E3], d&AolHA 2 F = Folx BCS class 11

S 7704 I8y okEel h8sE Amstga, thdd et )

g.
(@)
wm
(@)
3
(@)
wm
rir
S
i
2
ot
ot
12
il
[-'N
e
__>‘~1_14‘
lo
ol
ol
W
i
12
il
lo
)
__>‘~1_14‘
L}
i
A
=
il

sith (5-8). ey o83 Aol x= B3l liposomesE =9 AT A

i
oy
Ruj
e
I
2
of
o
N

ol 2o]= dlof SA7} ATt Liposomest =9 4k

Aoz BetAsl7] wiitolth (9-13).
Proliposomes® &< 7}sbd 4 A liposomal suspensions dA 3=,
Zxo] =& liposomes ATAQl uAE A=t (14). Proliposomes?]

d9-, powder WA granule A%xo] A% I7|=2 FHFL & A7) &l

AAE FFAY B A= golsttt (15). 3 AA7F A Aejo]7] o
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of %29 F%=7F control ¥ gHF0A A7 B A= HAS B

rlg

o 4= 9t} (16). wabA, proliposomesi= 7] liposomesd FHS 7ty
liposomes?] =73}t EHA S S5 A2 YAAE oFE AEA=
B AL ATk (14).

Proliposomes®] AWO &2 spray-drying method (17)%}, freezing
and drying method (18), fluidized-bed method (19), film—-deposition on

carriers method (20) o] gt} (Figure.1l.) 18t} o]83t AHEL &

tlo

4 =49 matrix®] EW] keI AAHES FHE] HAxXAIT= WA

wt= (13, 21, 22), °] AHE E3 W=7 proliposomese ¢FE SHEF
o] W& Fute] gtk o)A, QIAHS e I F A= Fo] A
AL a3 =Y gHelnt of=o] EAjs] wiiel] ZRExE el e T
o] v ol gl7] wiiolty. 3 proliposomes®] & BUES AlA
el Aol kel Mleletr R A Fde] o] v oY V& AMES

F 34 += proliposomes?] &= BUES Fol= dHo A7} A (23). u}
ghA, T2 xEFo] Zhes FHS agz gy, VS 22 xEF] °F

SteFS = 4 9 proliposomesd] A=

s T2 xS Hretr] ek Bd ¢FE-S Simvastatin(SV) o=
Akl SV (Figure2)& A @A SHA=A HMG-coA &9 <fAlA=
Zpgstel FrelA ZElzHE AFAEES e 9SS 10-80mge] Wl
A oGk geko R ARSH T Utk (24). EAF 418579 A4 wA|R, B
A9 £ %=7F 1.45 pg/mLel H8Ael E&olm BCS class?2 22z <

A Atk B o] of &

T
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= o= gigk 92 =R Qlete] fFdA =gal R e 5
7F oy HEE gl el Zasit (25). SV AFFoA] oFE ]
A o] &0l 5%= B3] w2 Holal, oA ofFo] gAY ERko] o}
Y ol e 23 dadt witolgtal dEA vk W AAel&EI %
S5 adE Qlete ofm A aHUF A WE
SVe AAl&ES /MdEd dart AUtk ol SV Aol &ES Fo]7]
ot AE=2 YrodA (26), SMEDDS (27), liposomes (28) & <& 7}
A AGe Bkl e RaAEo EEIIAS S BACIEES Eolde
NE7F ololA skt}. AW oFA7A| proliposomesE E3dto] AA| o] L&
= MAdstd = Al=s gldlen, Sveol &&Fo] val, v fajxmet vt A
Ao] 5L Hol7] W& proliposomes AAL] £& R4 ok&o] FH Fo
o} Agztste] AAsHA H AT

ek, 2 AddAE 7Y ARFdE HE AEE AHeER
proliposomesE A XFOEZMN oFE o] W 7|E9 dAE SH=

TE QAggon, B9 AFHoD AY Adel F§H RS SV B

2.1. A=

Sorbitol¥} sucrose= At oFstust A kg oA AFslo] ALg3s)

931, poloxamer 188& BASF Korea(Seoul, Korea)Z5-E A5 & o] A}

9 .__:l'x_:: _:,,i_ .I-.]i .-"_l ! o



£3l99om SVE LUPIN Ltd.(Mumbai, India)olAl T3+ th. Ethanol<
735 (Siheung, Korea)ollX F+43ste] AR&ssiar, 7]gf th& AleF 4
£1]= HPLC grade? RS ZUlolA] F+4ske] AFE8FSIT

2.2. Blank proliposomes

2.2.1. Blank proliposomes®| A=

B Ao E freeze—drying methodE %3 proliosomesE dojj&= A
a3 skglont oldel 7I&4] proliposomes AW} thE WHE S5

A A skeE yolrp oFE stEES =9 AAE eV 93 freeze-drying

1 % SH7FA = spray-dryer & ©]83%F A2 AWHOo= (Fig 3a) matrix

2 A sorbitol, Q1A A &Z A - a soybean phosphatidylcholine (SPC), A™

Py
flo

g A 2 A poloxamer 188 & 70% ethanol © XEF Hojal o]

LU O

f

& AHe R (Fig 3b) matrix®A] sucrose, QAAAZA SPC, AHEAA

spray—dry3dta 2} sttt thE W O 2= melt-extrusion & o83

EY

] poloxamer 188 < 1124 A& H extruderE E3] 43 482 7}
AE2A Al NS Aoy Ao #31 FH EHste] proliosomes
powder & At}

nxuo g FAAZXHE o]t A5 A proliposomesE A ZdFRA =4,
(Fig 3c) matrix®A] sorbitol, 1A A =ZA SPC, AHEA#| =4 poloxamer

1888 A&t 941, Sorbitol, SPC, poloxamer 188% 70% o|&2 &

v}

Mol A3 =S wW7tx] 10E37F vortexing dF3L, o] AL BA| A Lol A

10 .-"\-\.E -i1_]|



proliposomes A|Z3}th A4d3 245 37| f8te] FES ALt v
+ blank proliposomesE el A& HE&S AA3] FolWA(Table 1)
A EALE liposomesd YA A7]9] WIS AEste] AAs A2 v&S A

Aakgich.

2.2.2. Blank proliposomes?] size =74

Liposomes?] Z7|¢} FWHAS} = A7195 FAFHSA 7] (electrophoretic
light scattering spectrophotometer, ELS-7, Photal;, Otsuka Electronics
Co. Ltd., osaka, Japan)E& AF&3lo] #2513t} Blank proliposomesel] 10
mg/mLe] =7 HES SRHFE Ve 98kt £or EEol Fal, Aol

}

ruZL‘
ol

52
nt

liposomes €¢ 1mLE 23 sl &

2.2.3. Blank proliposomes® SEM, TEM

A proliposomes?] X¥ FE|E ##s7] 9ste] FAIAAAN A S 9]
23} t}. Blank proliposomes¥} sorbitol, SV, blank proliposomes®] il

¥Hel FE S FE-SEM (JSM-6700F) ©.& H|nl #z-3l9ict.

55

Proliposomess ol AEAAIA AR liposomess #23H7] ¢ 3519

T A3 A4S o] &3+l Proliposomese] 10 mg/mLe] %7} H ==
THTE 7Fstal 9@ZF £o® EEo] Fo] liposomess AATEH o

liposomal suspensionS copper grid coated with carbon filmol| 22]il

T3 dA @n A (transmission electron microscopy; JEM 1010; JEOL,

11 .-"\-\.E -,_|1_]|



Tokyo, Japan)< &3} liposomes® HEE 213}t

2.3. SV-proliposomes

2.3.1. SV-proliposomes?] A=

SV-proliposomes?®] A|Z WHLS 99 blank proliposomes?] #A|ZWH¥

=23}t Sorbitol, SPC, poloxamer 188, 18|31 2F&E-2l SVES 70% ol

ehe folo] HH3] S u7bA] 1087t vortexing T3, ol RS AA A

;

FAARINE o3l FAARY|o

2.3.2. SV-proliposomes®] size, zeta potential =4

SV-proliposomes®. 2 5B oA+ liposomes? I 7|9 FHAS= ELS
(Electrophoretic light scattering spectrophotometer, ELS-Z, Photal;
Otsuka Electronics Co. Ltd., osaka, Japan)E A}&3sto] #2319t
Blank proliposomesel A ¢} 2] A4 WRle o3 2o F 7= st
of A& wlaskgith. SV-proliposomesel 10 mg/mLe] &7} H &5 F
TFrE el (1) 983 o7 T5o] & A3 (2) 283t vortaxing ¥ 7

7t sonications ¥ A9 F 71X WS F3}l9] liposome €4S A &

12 .-"\-\.E -i1_]|



liposome € 1mLE 23 sl B2t}

2.3.3. SV-proliposome?] encapsulation efficiency(EE) 574

SV-proliposomes®] 10 mg/mLe] %7} H &2 ZHFE 78] oA A

=33 7 7FA WS F35tY] liposomel ®Z A FAHAIH T SV Eof| A3

=
o

Ao]l2 2 proliposomess =ol AEA Al A BYJHA HE SVE

S~

MEE Ao|t). welA proliposomessS Eol AEAF A7 4S5 0.2 mm &

n

ol EHAIA liposomesdl] SR=H A 3k SV o3t 5 A4 346}
of HPLCE &3t AE== 2483t
L liposomesel] EJH SV HQ a8 tpef e Ao odte] ALkst
e},

actual amount of SV in proliposomes
theoretical amount of SV in proliposoms

EE (%) =

.2.3.4. SV-proliposomes®] SEM, TEM A}z

S

SV-proliposomes®] SEM ©o]u]X]= 22| blank proliposomeso] A ¢} &

3 WS 8 It TEM o] A|+= 29| blank proliposomesol A ¢} &
dgh WHo R AH, AFAF HHE oA AFd F A HHoRE 5k
7t WS Tl Aol liposomese] TEM oW A& wal #H#a}kqlct.

2.3.5. SV-proliposomes® XRD =4

13 ___;rx_-l! E CI.'II
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SV, sorbitol, F1, F2, F3 9 crystallity & &<ls}7] ¢3sle] X-Ray
diffraction (XRD) & =A3}9tl. XRD HES X-ray diffractometer (D8
ADVANCE with DAVINCI, BRUKER, German) & AM&3te] AAth
Voltage 9} current generator & Z+ZF 40kV ¢ 40mA = AA3H I,
10-30 ¢ 20 WYolA MZS BEAsT. B4 AAEEE 1/min 08

SRR

2.3.6. SV-proliposomes DSC =4

SV, sorbitol, F1, F2, F3 ¢ T, <9 =24 AHE &7 st

differential scanning calorimetry (DSC) & =A3}%th. DSC #HH&

1

differential scanning calorimeter (DSC-Q1000, TA Instrument, UK) &

Abgste] At AEES EFulE o] st Fobxlow, 20-180T

—u

o] FHelA 10C/min .2 BE5

o

&g,

SVe BIl=E 7717 fsl & H(PH7.0 sodium phosphate

buffer)ell 7}l % sodium lauryl sulfate(SLS)7} liposome®] <FA Ao w] %]

- o] 3sko =z} =] O
e gsc]:e Zeol’

o} &= 0.02, 0.05. 0.1, 0.2 ¥ 0.5%(w/v)e] SLS

38
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& 7}slal F1 SV-proliposomes AAE 10 mg/mLe] sE= AE4HeA

t}, Al 7o WE liposomes® 7|9 Hxo] W3EE ELSE AFE3o] AlA]
b E]k Sdske, ARBAGATE M7k F= Al liposomes2] A
= Fdskait.

2.4.2. pH ¥ €319

SV-proliposomes®} Zxw AFe SV in vitro €% EAS AWEA
Al EA8k] pH 1.2, pH 4.0, pH 7.0914 &%7](Electrolab TDT-08L,
USP XXIIDE &35t vla #2353l o),

A

El
ofo
i\
rlo
>
ok

o
H
rr
)

ZoFg Foto] tighebd AukAAY &AW
WS Al 2HEERDC w2k 50 rpme® AFEdth HEF2 Zocord
(20 mg)®} pure SV powder 20 mgS AME3F L, AlFeke SV
proliposomes A A (F1,F2,F3)E 250 mgl & 3&lo] <o B}t 7449

A% dRerdol ) FAGE sinker® Alg3ol 92 BHat AL A

ja7

Stk pH B 4 FEHe A2 g diAdy Vies wsien,

0.02%(w/v) SLSE AM&3FS T 8= 900mLe] &%+ 37 £ 0.5°C=E

Askelar, &% 7lAl ¥ 15, 30, 45, 60, 90, 120, 180+ &&F9S 5ml¥
AAFL AZe §2AL A AT F $uE DATAL. LA

&= ri o3t & AHs] 34
sto] HPLCE -&sto] AFste] Absialth. w3, &5 MES o HstA
¢r3l HPLCE &E38te w480 24 liposomesdtel] B dH A e FE71A
T Agete] ofE o HAFE AT &5 v Agtel] & &7



Frergte AAZE QEA Y o R HetoR s,

I

2.5. HPLC #2414

SVe] A& HPLC system (Waters Co., Milford, MA)& &3te] 3491,
UV detector (Waters 2487 dual A absorbance detector)S A}&3lt}.
Column& phenomenex C-18 column(5 um, 250 x 460 mm)<= 45°C AHEj
2 fAsSt] ARSI en  o]EAto®  opAEYo]E-(ACN)F  pHS.6
20mM potassium phosphate buffer < 80:200.% &33k 8NMS ALE-313
i, o] ol dE f4 1.0 m/mineZ FEAAL Y B9 20 ulZ )
of 34 238 nmolA IFES HAEF3H T Stock solutione SV 5 mge
ACN 25 mgoll =9 200 pg/mLe] 5% = A %3}t Standard solutione
SV stock solutions serial dilutiondle] A|Z3F 3 #HF s=7F 0.05-20
ug/mL7} ¥ =5 g3ltt. ol& EWE HARHS AL, ve 2gde A

3} vlwste] SVl FEE FFsoch

3. A% 2 17

3.1. Blank proliposomes

71E9 dHdE& 53 proliposomesE A xs7] fste] M 7] Al 2&

ARG E3 AAS 2ASGT. Al 7HA AW 2F 7129 matrix o] <17

16 M 2-t]) 8

'|'|'I



A solution & #AFste] FE = AWM o] obd matrix, AAA, AHEAA
5 BT Aol Alxste] AAl Sk AAAe TS 59d skl §hA
W spray-drying method (Fig 3a)®} melt-extrusion method (Fig 3b)2.
2+ proliposomesE AAA AA Axst=d AIHAsHSI Y. Spray-drying
methodol A= &1Ql 70% ethanolE evaporation A]7]7] 9lgt 225 A
Aot HAoA BujE AFs] ey 93 2=7F dAHY 553 2o
AA w21 A, spray ® A Eo] FHolW ¥y spray-dryere] ol
EA8HA F2EJL olE  3Fgekx]  XSQlth. EFH melt-extrusion
method= %8 9 Yo+ mixture 7} F84 e =S A He
g, 3ld SEoA] matrixEA] ¥o]+ sucrose 7} el ¥E FH = Ao Hb
Aeto], AFo AN SHe ZA7F o] AAs AT gl we

A eEE EolA

1A=

o
'r‘
K

Aol AEAdS FdHT 4 = freeze-drying

method (Fig 3¢)& Z3l A5 A proliposomesES A %372 3T}

3.1.1. Blank proliposomes®] size

v2 A 544 AEE 2 proliposomeso] AAAE & Ade HUY
A H&E e ST Table 29F Zo] 1%5-H 20%7H4] A& <] H&
< =9 proliposomesS Axg F AFAHE liposomes® Z7]E ELSE
soto]l WE3 A3 Figure 494 2] liposomes®| A7]7F A @M &2 7t

of wel S7HgES #ld ¢ AAT A HlES 20%% =S Wl H

17 ___:rx | _k:i_ -I_-]i



o AR A7I7F 1 mQl liposomesS Eom oFE HAEA EA
liposomes®e] ©l& ayAo=z #&37] Ysto] liposomes?] size?} TS
S7FekA] FEE A Ho HIES 20% ol ¥olA e Aoz Fth
(29-31). W&+A Proliposomes A ZA] A 22| H] &L 20%= Asle] FH 9
A uE Aol o] 835k, 20%9 A A H|ES ZE= blank proliposomes®]

intensity, volume, number distribution <& Fig 49} 7kt

3.1.2. Blank proliposomes®] SEM, TEM A}zl

Matrix®=41 9] sorbitol®} 9FE, blank proliposomes® FWH-S FAFA xS
g o2 Az A3 Fig 59 (a—c)@F #9kal, blank proliposomesS =
of AEAtete]l doxl liposomess FHHAAAV A S T3l #ES A=
Fig 6(a)¢ #do. olgs AxsE nigo=z 20929 A& HEZ
proliposomesS A %39S wo % liposomese] MAHEEL Folsk 4= 91g]

.

3.2. SV-proliposomes

3.2.1. SV-proliposomes® size, zeta potential, encapsulation

efficiency

AW 072 proliposomesE AT FATE A9 YFolA proliposomese



AAAH QA Z olux] glo] AN whi}p FEgdA 4o AiEite] & Aot
A A2 AHS sAAERHS Sote] vbEoXl AV =23 HAFA
Z oldx7F Za gle]l SA] liposomese FAsH=AE &lstr] flste] =t
01X AAE F 7HA WHoE Fo Fo =245 eIt 2 YA
glo] &£o2 97t F =g A EE509] proliposomess =°l AEAHAI 7= W
HS E3] A8 liposomal suspension® (Table3), dEZ S & liposomes
S A5 93k oAlyuAE 7Fs] (32) vortexing®} sonications E3dte] &
o] A= liposomal suspension (Table 4)o] EA &<l A¥E v|ludle] £0
=7t £E50l: F&39] liposomesol FAE F degs Qe 3l

Table 3014 & = SI5ol, AAE olHA glo] £ozgt 50 AZAE A

4»
32
32
o
a
12
it
oftt

% HFAA74 500-1000 nm ¢! liposomesS AL
YES 50~80% el A¥4E d5 & AATE Hg A t¥] k= loading
v go] =2 AALTF AEAF Al liposomes®] HdAE o] AR &

AES Bt olUAE 7l A EAMS Table 42 4

Tl A= Table 39 A3} H]3| liposomes®] HFJAH o] Zoka oF=

=S 83 BYsr)e H-F531e], & loading®o] HSFE =2 BYE
S Bl Aoz AzFHET} (33). Table 33 49 HFJAAD B W37}

(e}

AX 8= Agom Hol o=k S50 AEAbetol® oFEo] B9
liposomes®] =53] A= 4 9SS Folad])
$HH,  AFFol®  proliposomese]  FuelA  AEAE A 53

liposomes® 7|7} dA3] A EZ= filtrationS AX+= FHAHo] o=z A

19 ___;rx_-l! _CI.'I ; -|_--li -



A B4 H7F Ao % filtration 3L AXA gttt WF ol liposomes
o A7] FX7F WA, HA F5A & oF=oluy AE Yoy Fo] uly-
Z A2 A7) A HEE X}l olo] W& blank proliposomes2}
SV-proliposomess & A&EAAA ELSE E3 intensity, volume,
number distribution& B a3 Az}7} Figure 5,8,9 o YEYSITE.  Figure
SolA B 4 % oFEo] Ho]7bA] &€& blank proliposomesZ A EAF 3
Ao A= 10 m ol AVIE Zte YAV TEEA & v, ¢FE o]
E0]7t SV-proliposomess A4 3 A3 (Fig 73 )l A= woll = A 3
ZrE vk w3, F13 F2, F3elA 9 AafolA A4 of of=9] ul&o] 714
E2 FlolA 10 m o]’e] A7]|E Zv YRS Wo] #AFHS AT
AR ol g AR uwFo] BHS w o]d A7]¢ YAELS liposomes

= H7le i, B A 82 ofwolEhal F5% 4 i %7 o
o +
o B3 o2 AR of= B E(Table 37 4) Avebe A s

, A FEe] Hl&o] E=S4F liposomese] FYHEHA FEsta
liposomes HYoll E£A8t= =2 H]&o] Fold S oudit). oFE B YE]
7 =2 F3 Z2A4AA 10 m oo A71E Zbe A7 7 Ad size
distribution 23= %3}, liposomese] BYH A HE3F FEEL Zo P

EllS S Rt

i

Ao F A= EAEHA HH o]Zo] 10 ym ©]/e]

bl Aol F50] Fhsa.

rr
iR
D)
|
filo

A7|E 2z
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3.2.3. SV-proliposomes®] SEM % TEM A}z

SV, sorbitol, blank proliposomes®} SV proliposomes® ¥WS FAF #A
24 AnAS E8) B3 A= Fig 63 #o}h. 18] SV-proliposomes<
T 7HA e Eote] Zoll AEAe] foxl liposomess T3 HAk &
H7d& Esto] e A= Fig 73 2k o2k TEM AR MWL E F3f
/] SV- proliposomesS vortexing®} sonication®} o] & oYX E 7}3}

A Far £og EEo] YEARS Ao = FE3F] liposomes YA} WA

3.2.5. SV-proliposomes® XRD

SV, sorbitol, F1, F2, F3 ¢] XRD #|81& Fig 107 &Yttt SV o AS$- 3

Azb (°20) ©] 7.6, 9.3, 10.9, 15.5, 16.5, 17.1, 17.8, 18.7, 19.5, 22.5 °

A ERAQ uar7F #EEICE E3 sorbitol o A$-, 11.8, 18.7 oA =
Aol 377} #FHUt. o= o]59 uH3 crystalline EA4S YERE
A1 Ao BRIt (34, 35). dHAW, F1, F2, F3 A = vh&3%
7o ExH0 a7t Aetda, 3 3AA7F W% broad PSS &4 £ U

ow 1 intensity E3%F ]9 2SS & AU o]= F1, F2, F3 ¢ A
ZANA SV o aF3F crystallinity 7} AFERH SV o AEU}
amorphous 3+ FHZ vlHASS vy, o]=24 SV AAY] &3=7) 5

71 Ao R didEn (34). EF, o)A o] Fl1, F2, F3 Ao =T H
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o &= T7F = AHE 5 A= DAV H= Aoy (35).

3.2.4. SV-proliposomes?] DSC

SV, sorbitol, F1, F2, F3 ¢ DSC #©& Fig 11 o Jelidth. SV o A4
-, 138°C oA &L 9 F=a7t #EE 1AL, sorbitol 9 4-$-, 100°C | 4]
yA7F #ZEA. o]E o]59 1#3 melting temperature o149 &4
de] T3l Aew Bt (34, 36). AR, Fl, F2, F3 9] AA| A=
SV melting temperature °|A49] ¥ 3+= A3 AlgtRH oy, 23 SEA
o] ¥A7F 78°C & o]&d AS E F Utk o= wEX AATE A4
el SV 7t BYd® A ZE particle ©] HAS Yn|ghc}t (37). &g, At

Moz ofEel wigy By FA4e) WA/ A Ae BEA A

(34). wa}A, WEo]Z proliposomes AA A SV ¢ 1153+ crystalline

T27h WAR ST & 5 U9d, ol oA XRD HEl} ANt Avier

WgA oFE<l SV USPo #HAHE &% 7|5 “0.5% SLS in sodium

M
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phosphate buffer, pH 7.0” o]t} 3&A 9 AAEA A=  liposomes=

micelleZ E3|A)|Z4 F Jorvz =& Fx9o AHIAAA7 SFE &=

_1>~l
o
il
(i
¢ (o]
o
oX,
tlo
27
O

o A liposomes< A A&}

A -7k vk (38). whebA

F o §E9e A4 At AURy

)

liposomes®| SFASHA A

Aol SLS7F vt mE2 E fF A liposomes?| ¢HHAS 3

FE

SR SLS7F %A &2 AS glxTo® 1o, 0.02, 0.05. 0.1, 0.2,
0.5% (w/v)e] SLS7} ¥ pH 7.0 k3 q A 3AZF 5] liposomes
o] AIBAEE S A= Fig 123 v SLSO F3o] gl thxaolA
9] liposomes?] size AI}o] F2 A<l x}o]7} (lojok liposomes”Z} <A 3}

tu #osle] SLSe w2 AAAY. 2 A9 A 0.02% (w/v) SLS

i

3 §EHolA liposomese] Hgdel EA7F gl= Aoz &<l 4
AL, whebAd AA dFE FA B AWBAYA SLSe| Hd s=E

0.02% (w/v)Z E33stAtt.
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Table. 1. Composition of blank proliposomes

Soy PC Poloxamer Sorbitol

(%) 188 (%) (%)
1 1 98
2 1 97
5 1 94
7 1 92

10 1 89

12 1 87

15 1 84

20 1 79
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Table. 2. Composition of SV-proliposomes

. Soy PC Poloxamer Sorbitol Simvastatin  Lipid : Drug
Formulation %) 188 (%) (%) (%) Ratio
4 o1
F1 20 1 79 >
2. 75:1
F2 20 1 79 o6 >
2 10:1
F3 20 1 79 0
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Table. 3. Characterization of proliposomes after reconstitution by

gentle shaking (mean®S.D).

Formulation Size (nm) PI Zeta (Pnci})ential E?f??igfwtél)?t&?
F1 1090+178 0.411+0.0605 -46.7+£1.45 50.8+4.05
F2 559+52.2 0.258+0.0140 -47.6+0.741 66.7+3.04
F3 525+7.73 0.327+0.0443 -48.8+2.29 78.6+11.7
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Table. 4. Characterization of proliposomes after reconstitution by

vortexing and sonication (mean®S.D).

; ; Zeta potential Encapsulation
Formulation Size (nm) PI (mV) efficiency (%)
F1 758+84.0 0.315+0.0266 -53.9+0.712 75.5+2.24
F2 340+5.52 0.137+0.00681 -55.0£0.692 80.3+5.24
F3 219+26.1 0.262+0.0528 -45.0£0.932 85.1+3.38
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Coating soluticn
(lipid and drug
In sobvent) spray

Fig. 1. Preparation methods of proliposomes (a) spray-drying method
(b) freezing and drying method (c) fluidized bed method

(d)film-deposition on carriers method.
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Fig. 2. Chemical structure of simvastatin.
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(<)

Fig. 3. Novel preparation methods of proliposomes (a) spray—-drying

method (b) melt—extrusion method (c) freeze-drying method.
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Fig. 4. Effect of lipid content on the size of blank proliposomes

(meantS.D).
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Fig. 5. Particle size distribution of blank proliposomes with 20% lipid

content ; (a) intensity, (b) volume, and (c) number distribution.
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Fig. 6. SEM images of (a) sorbitol, (b) SV, (c) blank proliposomess,

(d) F1, (e) F2, and (f) F3,
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Fig. 7. TEM images of proliposomes after reconstitution. (a) blank

proliposomes, (b) F1, (¢) F2, (d) F3 after gentle shaking, (e) F1, (f)

F2, (g) F3 after vortexing and sonication.
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Fig. 8. Particle size distribution of F1, F2, and F3 after gentle

shaking ; (a) intensity, (b) volume, and (c) number distribution.
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Fig. 9. Particle size distribution of F1, F2, and F3 after vortexing and

sonication ; (a) intensity, (b) volume, and (c) number distribution.
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Fig. 10. XRD of SV, Sorbitol, F1, F2, and F3.
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Fig. 11. DSC of SV, Sorbitol, F1, F2, and F3.
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Fig. 12. Effect of SLS concentration in the release medium on the
stability of liposomes. (a) Liposome size after Ohr and (b) liposome

size after 3hr (mean%S.D).
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Fig. 13. Release profiles of SV from F1, F2, and F3 into the release

medium with (a) pH 7.0, (b) pH 4.0, and (c) pH 1.2, containing 0.02%

SLS (mean=S.D).
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(a)

(b)

Fig. 14. Pictures after 3hr release study ; (a) pH 7.0, (b) pH 4.0, and

(c) pH 1.2, containing 0.02% SLS.
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