CHAPTER IV
RESULTS AND DISCUSSION

1. Saturation Solubility of Propylthiouracil at Ambient Temperature

The saturation solubility of propyithiouracil (PTU) wes experimentally ceterined
In water and phosprate buffer pH 7.4, The ambient tenperature wes monitored and
found to be 27-28 °c curing the tie of stucy. The conplete solubility cbta are shown in
TableL

Table 1 Solubility cata.of PTU in clifferent acueous mecia. Deta are presented as
meatSD( - 3)

Sty of PTU (L)

Weter Phosphate uffer
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L1001 1.31+0.04
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PTU solution at ninety percent of saturation solubility in both aqueous media was
used in subsequent studies.
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2. Feasibility of Vesicle Formation by Sonication Method

Inthe feasibility study, the total lipicl concertration wes kept & 100 mymL. The
lipicl was hycratedwith either 11 mymL PTU inviater or 12 ng/mL PTU in prosphate
buffer, pH 7.4. This concentration wes & approximetely 90% of PTU sturation
solubility in both acueous media. The groups of surfactant explored in this experent
were Tueen® (20, 40, 60, 80 and 85), Jan®(20, 40, 60, 80 and &3), Brj®(52, 72, 76, B
and 97), sucrose laurate ester (L-5%), glyceryl dilaurate (GDL) and glyceryl distearate
(GDS). Surfactart to cholesterol (CHO) content was varied between 0-50% by weight
with 10% increments. Table 2 shows all compositions of PTU vesicles that readily
formed uncer the conditions used in this studly. Tween® and glyceryl cilaurate cid not
formvesicles in the presence of PTU regardless of cholesterol contert. The water soluble
Tween® surfectants nomally form micelles in water (Uchegou and \s, 1996)
However, there are many reports inclicating thet Tween® surfactants can form vesicles
with bath hydrophilic and lipaphilic crugs in the presence of cholesterol. These incluce
Tneen® 40, 60, and &0, Tineen®20 andl 80, Tineen® 20, Tween®60, and Tneen® &
(Ucupa et al., 1993; Ruckrmani et al,, 2000; Carafaet ., 199; Carafaet dl,, 2002; Pillai
and Salimy 1999; Naresh et al,, 1994). Gyoeryl dilaurate can also form vesicles with
hydrophilic and hyalrophobic drugs, for exanple, cyclosporine-A (Waranuch et dl, 19%),
alpherinterferon (Niemiec et al, 199%), and glycolic acid (Crta et dl., 19%). In this
present study, Soan® (20, 40, and 60) andl Brif® (52 and 72) formed vesicles only a
certain cholesterol contents (Table 2). The ratics of surfactant to CHO thet allowed
complete vesicle formation were 70:30 for Soer®40 and Bnj® 52, 60:40 for San®60)
and Sa®20, and 50:50 for Brj® 76, respectively. These results are in contrast with
By previous reports where vesicles can be formed with a wice range of Jan® o
cholesterol ratio (Yoshioka et al., 1994; Namaeo and Jain, 1999; Heo et al,, 2002) and
Brij®to cholesterol ratio (Niemiec et al,, 1995; Arunothayanun et ., 1999). Inall of
those ahove reports, vesicles were prepared by film hydration method. The ifference in
the energy input might be responsible for the discrepancy seen here. The cifferent
methods useal undoulotedly Yieldl ifferent input of the energy and thus the difference in
ease of lipid clspersion in the agueous medium
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Table2 Compositions of lipid in formulations thet formedl complete vesicles

\ater (pH586.0) Phosphate ouffer pH 7.4
Ser®20:CHO 60:40 Jar®20:CHO 60:40
Ja®40:CHO 70:30 Jar®40:CHO70:30
Jr®60:CHO 60:40 Jar®60:CHO 60:40
Bij®52CHO T0:3) Bij®52CHO 70:3)
Brij®76.CHO50:50 Bnj@r6:CHO50:50
|-506:PEGE-L 50:50 L-5%:PEGEL 10:30
GDS.CHOBj®76 45:15:40 GDS.CHOBN|® 76 45:15:40

Jer®2):CHO:Solulan® C24 57.5:3755 - Jan®20:CHOSolulan®C24 575:3755
a®40:CHO SlUlan® C4 675:2755  Sar®40:CHO:Solulan® C24 675:2755
Sar®60:CHO. Slulan® C24 57.5:37.55 - San®60:CHO:Solulan® C4 575:37.55
Brj®52:CHOS0lulan® C24 6752755 Bij®52 CHO:Solulan® C4 67.5:27.5:5
Bij®76:.CHOSolulan® C4 47.5:4755 - Bij®76:CHO:Solulan® C4 47.5:4755

Tre stabilizers used in this oy were dlicetyl phosphate (DCP), a negatively
charged stabilizer, and Solulan® C24, & nor-ionic statilizer. WWhen Solulan® C24 wies
ackkd at Soby weight, PTU vesicles formed from Spar®)(20, 40, andl 60) and Brif® (52
and 76) retained their structures. On the contrary, when DOP wes Used at Soby weight,
none of the formulas tested could formvesicles even when PTU wes asent. The systems
with Brij® and becarre viscous gel Instead of milky suspensions and gave
Incorplete vesicle formetion, implying thet other structure rather then the vesicle might
form  Similar resuits were observed when DCP was used a 1-4%by weight with 1%
Increments. Some researchers reported the suicoessful use of DCP s a stahlizer for
Spar® (Realcly and Uoupa, 1993; Yoshioka et ah, 1994; Manooni et ah, 2002). This mey
oLk to the difference in the methodl used. The sucoessful use of DCP wes reported with
the hand shaking method, which employs complete dissolution of DCP in organic
solvertt. On the contrary, the method used in this — dy is devoidl of organic solvent
Thes, the arrangenvent of lipid conponents upon hydration might ciffer. Staboilizers thet
ermoed thenselves into the bilayer may change the elastic property of the bilayers. T,
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neither Solular® C24 nor DCP wes incluckd in the system with sticrose larate (L-595)
since this systemwes celiberately cesigned to display bilayer elasticity inthis stud.

Other previously reportedl compositions of lipid cll not ield simlar results in this
stucly. The formulation consisting of L-5%:CHO formed decent vesicles in this study
only & the weight ratio of 60:40. This ws cifferent fromaprevious report where dru-
free vesicles could be prepared at L-59%:CHO molar ratio of 50:50 (van den Bergh
Vioom et al,, 1999). The cifference might e attributed to the presence of PTU in the
system PTU Is a weak acid with a pka of 83, At the pH of water (5.86.0), ratio of
unionized to fonizedl formof PTU is aout 200. Thus, PTU molecules could intercalate
thermselves into the bilayer, making the bilayer less acconmodting for CHO molecules,
However, the preparation wes not stable after one week at anbient terperature. This
result inplies unfavorable interaction between PTU and L-5%. On the cortrary, stable
vesicles formed when CHO wes replaced with polyoxyethylene-s-laurate (PEGs-L), a
micelle forming surfactant, which is known to rencer elasticity to vesicles (Li et dl,
2001, Honeywell-Nguyen, Fredenk et al, 2002, Honeywell-Nguyen and Bouwstra,
2003). PEG-L hes a laurate carbon chain. Strong interaction between PEGs-L with

5% may oocur through the hyarophobic force between the carbon crains of the two
ESIErS,

Glyoeryl distearate (GDS), another nonionic surfactant, formed complete vesicles
with CHO and Bij® 76 a the weight ratio of 45:15:40. A similar system wes report
earlier with cyclosporine-A (Niemiec et al., 199%) and glycolic acid (Chita et al,, 19%).
However, the ratio of GDS.CHO:BN® 76 in that stucly wes 57:15:28, and the method
Usecl was clfferent in tems of the energy input. Thus, both the structure of the drug as
well as the energy inut into the system can strongly affect vesicle formetion. This s of a

particular inortance with hydrophooic arugs where the drug molecules need to insert
thenselves into the bilayer.

\When the medium wes changed fromwater to phosphate buffer, pH 7.4, systens
with Jen® and Brij® with or without Solulan® C24, & el & thet with GDS till
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formed complete vesicles at the sarme surfactant:CHO ratics. However, the properties of
the aqueous medium largely influenced bilayer formetion in L-59% systerrs. L-5%:CHO
did not form vesicles at all. In aoction, the lipid ratio of PTU vesicles prepared from
L-595:PEG-8-L. changed from 50:50 to 70:30 when the megium wes phosphate buffer
Insteadl of water. L-5% is a lipophilic surfactant with HLB value of 5.0 and composes of
30.3% monoester, 39.3% cliester and 304% triester. It wes cehyclrated at elevated
termperature (Kunick et al,, 1993). Blectrolytes incuce dehydration of polar headl groups
of clalkyl polyoxyethylene ether and monoalkyl polyoxyethylene ether surfactants
(Hofland et al, 1993, Harvey et al, 2005). The vesicles in the present — dy were

by sonication rethod a 70 <. The salting out effect of electrolytes might e
more pronounced at high teerature 0 thet L-5%:CHO couldl not formvesicles and the
Surfectant precipitated out. On the other hand, many researchers can prepare the vesicles
from L5% using buffer at various pH values by film hydration method (Li et al., 2001;
Honeywell-Nouyen, Frecerik et al., 2002, Horeywell-Nouyen, Arenja et al,, 2003,
Honeywell-Nguyen and Bouwstra, 2003; Honeywell-Nouyen, Groenink et al-, 2003). It
1S likely thet the higher pH and ionic strength might also affect the solubility or the
critical micelle congertration of the ckug and the lipid components. Besides, the two
systems viere prepared & the same PTU activity in the aoueous phese, since PTU hed
higher solubility In prosprete buffer, partition of the drug into the lipidl bilayer might
also differ from thet of the System in water. This might be able to explain partly the
molecular rearrangement of the bilayer components that wes reflected in the change in

ratio of the lipicl cononents,
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3. Characterization of PTU Vesicular Suspensions

The PTU vesicles were prepared from lipidl comypositions shown in Table 2 and
Wiere characterized regarcing entrapment efficiency, size and size distrioution, stability,
elasticity, and phase trarsition.

3.1 PTU entrapment in vesicles

Table 3 displays PTU entrapnent efficiencies (EE) in the vesicular pellets
prepared from various compasitions in water and prosphte Dufer. Entraprent of PTU
Invesicular pellets wes approximately 4-8 ties of its solubility in the aqueous Phese
\hen water was Usedl &s the medium, PTU ertrapment efficiency in the span® 60 wes
the highest among all of Jen®fomuiations. The entrapment efficiency foIIows the trend
of Cls (San®60) > C16 (40) > CI2 (Jan®20). Phase transition temperature of
J®60, @40, and Jen®20) from this present stucly wes 54, 47, and 18 °c. So, the
Soar® having the highest phase transition tenerature proviced the highest entrapment
These resuits are in good agresment with previous: reports where the entraprent
efficiency of various drugs cepenced on phese transition tanperature of the main lipid
component (Yoshioka et al, 199 Ruckeni et dl, 2000; Heo et al, 2002) ad
Ilpt%ph|l|(:|tyofwrfactants (Udupa et ., 1993). Tre same restit ves also senin SySters

BijR)

Entraprent efficiency of PTU in phosphate buffer pH 7.4 dlid not depend on the
phase transition tenperature In both systems with ad Bij® The entrapment
efficiency follows the trend of C12 (Seen®20) > Cls (Sean®60) > C16 (Sn®40) and
Brij®52 > Bij®76. These results are in acoordance with the report of Shehivela and
Misra (2002) who found thet entrapment efficiency of nimesulice vesicles in PBS, pH
74, prepared from Soar® 20 vies higher then thet of Jan®60. In the systems,
PTU entrapment in phosphate buffer wes higher then that inwater, except for sparn®60.
PTU is aweak acid and hes a relatively low partition coefficient of L0 (I\/bffat et o
2004). Thus, the drug can partly dissolve in the agueous redia. The soluoility of PTU s
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higher & pH 7.4 then at the lower pH value of water (14 versus 12 ng/ml). Thus, in
phosphate buffer, there would be more PTU molecules in the agueous core of vesicles
then in viater. The same resuit wes seen in the GDS system Inthe Sor®20 system the
entrapnent efficiency wes highest becatse of the increased vesicle size (see Table 4) and
tre high soluloility of PTU inthe buffer. On the contrary, PTU entrgment efficiencies of
S 60, Bij®52, and Brij® 76 systems viere less than those in water. Harvey et dl
(2005) Investiated the effect of electrolytes on the morphology of vesicles composed of
tre dialkyl polyoxyethylene ether surfactants andl concluced thet electrolytes incliced
cenyaration of polyoxyethylene head groups of surfectants and decreased bilayer
thickness andlincreased lamellanty of vesicles. Hofland et . (1993) found that nor-ionic
surfactant vesicles prepared frompolyoxyethylene alkyl ether and cholesterol inPBS had
a higher memhrane stacking orck than those prepared in weter and the multilanellar
vesicles (MLV) formed in PBS. These phenomena would recuce the agueous
compartment in the vesicles. PTU is aweak acid with apka of 83, At pH 74, fewer
PTU molecules exist in the unionized formwhen compared with those at the pH of water
(6.0). Thus, PTU would be associated with the bilayer in phosphete buffer less than in
weter, The size of @60, Bij®52, and Brij® 76 vesicles in uffer wes seller then
tret in water (p<0.06, Table 4). Al of these factors simultaneously reflected in overall
PTU entraprent in the vesicles. Henge, for a lyophobic o like PTU, the vesicle size,
te lipicl components andl the crug solubility in the memtrane should all be taken info
consickration to meximize its entraprent in vesicles.



81

Table 3 PTU entraprent efficiency prepared fromvarious formulations (MeantSEM

3

Formulation

Ja®2.CHO

a®40.CHO

Ja®60:CHO

Bij®52CHO

Bij®76.CHO

Span®20: CHO:Solulan® C24
Sr®40.CHO: Solulan® C4
60 CHO Solulan® C4
Biij®52CHO Solulan® C24

Bnj® 76.CHO:Solulan® C24

Sucrose laurate ester(L-59%):PEG-S-L 50:50
Sucrose laurate ester(L-59%): PEG-S-L 70:30
GS.CHOBN|® 76

NIA=not applicabl

Entrapment efficiency (modly weight)

Weter  Phosphatebuffer — prvalle
0444002 079004 0.00
046008  0X4+001 0.70
0911004  058+0.01 0.00
0924000 083003 0%
1060000 062001 0.00
0954002  0.76+0.02 0.00
116004 0714001 0.00
068+0.02  08840.02 0.00
0714001 0554002 0.00
0954001  081+0.00 0.00
0534001 NA -

NA 0493+001
0.71+0.03 100+0.06 0.00
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Tabled Average size of PTU vesicles prepared fromvarious foruilations (Mean+SEM

=3)
: Size (pm)

Forieion Weter ~ Phosphate buffer — pvale
J®20:CHO60:40 4024037 646+0.15 0.00
Sa®40:CHO70:3) 857+0.08 234002 0.00
Sa®60:CHO 60:40 1854002 2124003 0.00
Bij®52CHO70:30 25140.5 133001 0.00
Bij®76:CHO 050 52002 393+0.00 0.00
20 CHO:Solulan® C4 253000 360+0.08 004
Jar®40:CHO Solulan® C4 4.76+0.08 320004 0.00
S0 CHO: Solulan® C4 4124001 323001 0.00
Biij®52 CHO:Solulan® C4 0.76+0.00 0514001 0.01
Biij®76.CHO:Soluian® C4 501+0.00 3474000 0.00
Sucrose laurate ester(L-59%): PEGE-L 5050 0.37+0.00 NA -
Suerose laurate ester(L-5%)PEGELT0:0  NA 0514000 -
GDS:CHOLBrij&16 45:15:40 3201001 3424002 09
N/A = ot applicable

Fure 4 shows the effects of Solular® C24 on PTU entrapment efficiency.
Solular® C24 s cholesteryl poly (24) oxythylee etre. It stabilizes vesicular suspension
by stenc hinorance, keeping vesicles far goart and preventing aggregetion. \Ahen
Solulan® C24 was adoed to the fommulation, the PTU entraprent  efficiency wes
ckcressad in the systems with Sar®60 and Bn'j®52 inwater (p<0.05) since the vesicle
size Wes cecreased (p<0.05, Table 4). PTU molecules in the bilayers couldl be recced
since the stabilizer molecules can interciigitate within the bilayers. On the ather hand, EE
of PTU wes increased in the systens with Span®20 and Soan®40. An explanetion mey
be the change of vesicular structure when DCP was aockd to the bilayers. This has been
the case with prosphates when surface charge density of 1-2 JiC/cme resuiting in LUVS
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instead of MLV& (Weiner et al., 1989). Inackition, Namokeo and Jain (1996) found thet
the presence of surface charge by DOP increased the clistance between bilayers of MLV,
The arguments for the otservations in this present stucly should be the sarme as those for
the effect of DCP. Insteadl of charge repulsion, however, irttravesicular steric hindrance
might play akey role to increase the intemal agueous volumme. The increase EE can this
be attributed to PTU in the intravesicular agueous phase when Solulan® C24 wes actkd
to the bilayer,

1 without Solulan® C24
QL with Solulan® C24

1.40 -
1.20 -
1.00 -
0.80
0.60 -
0.40
0.20 -
0.00

Entrapment efficency (mg%)

Houre 4 Effect of Solulan® C24 on PTU entraprrent efficiency in niosomal systers in
wter (VeartSEM, =3)
A=3a®20:CHO, B= Ja®40:CHO, = Ja®60:CHO,
D=Bij®52:CHO, ad E=Bij®76.CHO

\When' phosprate buffer wes Used &s the agueous medium the effects of
Solulan® C24 on EE of PTU were different from thet seen in vater, EE of PTU wes
Increased in the systems with @40, Jen®60 and Brij® 76 lut it was cecreased in
the systerrs with Brj®52 (1p<0.05, Fgure 5). So the buffer affected the EE of PTU when
Solulan® C24, which wes hydrophilic stabilizer, wes used in the formulations though
lonic strengthwas not expected to affect the systens without charce,



84

I without Solulan® C24
Il with Solulan® C24

Foure 5 Effect of Soluian®C24 on PTU ertrapent efficiency in niosomel systems in
phosphate ouffer, pH 7.4 (MeatSEM 3)
A=3a®20):.CHO, B= Ja®40:CHO, « = Jan®60.CHO
= Bij®52.CHO, and E= Bij®76:CHO

3.2 Size and size distribution

The size and size distribution of each vesicular systemis shown in Table 4. The
trend of the vesicles size prepared in phosphate buffer with or without Soluian® C24 wes
CL2 (Sar®20) > C16 (Jn®40) > Cls (Smn®60). The vesicle size of Bij®76 wes
greater then Brj®52 in both aoueous media. There are My previous Works reporting
tret the vesicle size of niosomes containing hydrophilic arugs such as S-luorourc
(Yoshioka et ., 1994) andl oytarabine hydrochlorice (Ruckimeni et al., 2000) increases
with increasing HLB of the system On the contrary, in the water medium the trend wes
C16 (Jan®40) > C18 (Jan®60) > C12 (Soan®20). This onservation is consistert with
By previous reports inwhich the vesicle size of niosomes cortaining various arugs cld
not cepend on the HLB. These drugs were both hydrophilic and hydropnobic o
Inclucling methotrexate (Udupa et al, 1993), S-fluorouracil (Namoko and Jain, 19%9),
enoxacin (Fang, Hong et al,, 2001), andltretinoin (Manoon et al,, 2002)
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Inthis stucy, the vesicle sizes of all surfectant systems in phosphate buffer vies
smaller than those in water except the Soan®20 system (1p<0.05, Table 4). These results
contrasted With previous reports where 1he size of the nor-ionic surfactant vesicles
prepared in buffer wes increased as conpared to those prepared in iater, Hoffand et dl.
(19939) reported thet the size of enpty vesicles prepared from moncalkyl
polypxyethylene ether surfactants in weter wes sraller then the size prepared in
phosphate ouffer saline. Harvey et al. (2006) also found simlar resuits of the vesicle size
of dialkyl polypxyethylene ether surfactants. The polar head groups of surfactarts are
cehyolrated in buffer medium The: hydrophobicity of surfactants might be increased.
Increasing hycrophobicity of surfactants decrease surface free energy, thereby the vesicle
Size wes cecreased (Yoshioka et al., 19%4; Barlowetal,, 2000).

\When Solulan® C24 wes used &s stakiilizer, the average Size wes either recliced
or practically unchanged in most preparations (Figures 6 andl 7). The exception wes the
systemwith Jen®40 and San®60 in phosphate buffer (p<0.05). Inthese formulatiors,
the bimocal distribution seen in the systems without Solulan® C24 becane almost
monodispersed in the presence of the stalallizer (Higures &10). This wes almost in
contrast to the ahility of Solulan® C24 In preventing aggregation of the vesicles
l(j[iidrritrijevic et al,, 1997; Uchegbu and VWyas, 1998). The mechanismbehind this is st

.

The average size does ot give good correlation to PTU entraprent efficiency
(Foures 12 and 13). Pearson correlation coefficients of the systems in water and in
buffer were 0.085 and 0.388. This is in accordance with the fact that most of PTU
molecules were unionized and embecioed in the bilayer & the pH values of the agueous
rmecia stuclied. In adoition, cifferent head groups of the surfactants could also play a role
Inaccommociating foreign molecules into the bilayer. Thus, the size of the vesicle solely
could not govern the ertraprent of lipophilic molecules into the bilayer. On the other
hand, the entrapment of water-Solubole molecules generally increases as the vesicle size
Increases (Veiner et al,, 1969; Ruckrmani etal,, 2000).
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O without Solulan® C24

& with Solulan® C24
9.00 -
8.00 4
7.00 4
~ 6.00 4
EL 5.00 4
S 4.00
» 3.00 -
2.00 4
1.00
0.00

Foure s Effect of Sollan® C24 on the vesicle size of niosomes prepared in water
(VeantSEM, =3)
A=3a®20.CHO, B = Sar®40:CHO, ¢ = Ja®60:CHO,
D=Bnj®52CHO, and E= Bij®76:CHO

O without Solulan® C24
& with Solulan® C24

Foure 7 Effect of Soluian® C24 on the vesicle size of niosomes prepered in phosphate
buffer, pH74 (MeantSEM, =3)
A=3a®20:CHO, B= Ja®40:CHO, ¢ = Sar®60:CHO,
D=Bnj®52.CHO, ad E= Bij®@76:CHO
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Foure s Size distribution of the vesicles prepared from Spar®40 without Solular®C24

In phosphate buffer system

Volume (%)

— 'Pafticle Sizellisp'ibuﬁon

Patticle Size (pm)

Foure 9 Size distribution of the vesicles prepared fromspan®60 without Sollan®C4

In phosphate buffer system
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Figure 10 Size cistribution of the vesicles prepared from span®40 with Solulan®C24 in

phosphate ouffer system
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Foure 11 Size distribution of the vesicles prepared from Soar®60 with Solllan®C24 in
phosprate buffer system
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Foure 12 Relationship between entraprent efficiency and size of PTU niosomes in
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Foure 13 Relationship between entraprent efficiency and size of PTU niosomes in
phosphete ouffer, pH7.4
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3.3 Determination of phase transition temperature

Melting points from DSC stan of pure compounds andl surfactant mixtures are
shown In Table 5. These results of pure compounds were closed to those in previous
reports (Niemiec et ah, 1996; Kibloe, 2000; Mbffat et ah, 2004). Aocition of cholesterol
o surfactart shifted the melting point of the mixture. Cholesterol is known to abolish the
el o lipidl prese trarsition of iposormal vesicles but the transition tenperature is usully
unaffected (Lachorooke and Chgpmen, 1969; New, 1997, B Meghraly, Williams, and
Barry, 2004)

The information from cifferential scanning calorimetric (DSC) method can be
used for compound icentification, compound interaction, or in an estiation of purity.
The phese transition tenperatures of the blank and PTU vesicles shoved the same
encothermic melting peak and no melting peak of PTU, CHO, and surfactarts (Taboles 6
and 7). This imyplies thet the presence of drug crystals and lipid renmants wes negligible.
Inthe present study, @40, @60, and GDS vesicle systers clearty showed the
transition peaks, which were aove the room temperature. This mears tht they were the
el state vesicles (Ladorooke and Chepen, 1969; Ganesan et al., 1964). The transition
peak of San®60 vesicles wes lower then tht of the corresponding surfectant mixture,
This observation may be clue to the effect of ater. The teperature at which the main
encothermic trarsition ooours i lower when phospnaticlicholine is clspersed in weter
(Lackorooke and Chapman, 1969). A similar result wes observed in L-5% system There
Was no cetectable peak In Slan® 20, Brif®52, and Brij® 76 systems at the teperature
range stucied. It inplies tht they were in the liquid crystalline state (Lackrooke and
Chapman, 1%9; Ganesan et al., 1984). Soan® 20 mixture showed peak transition & a
teerature lower thanthe arbient teperature. This Systemwes inthe liquid crystalline
state (Table 5). The peak of Brij®systemwes alittle lover then the ambient tenperature

Thus, the effect ofwater in lowering the transition tamperature of the systemwes clearly
seen
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Table5  Melting points of pure conpounds andl surfactart mixtures (MeatSD, =3

Melting poirt (°C)
Bij®52 30.3406
Brij&T6 314402
Cholesterol (CHO) 147303
Glyceryl distearate GDS) b 4404
Propytthiouracil 279402
Polyoxyethylene-s-layrate (PEG+-L) 11402
Soluian®CA4 47805
a2 183+04
R4 471405
a0 51402
Sucrose laurate ester (L-5%) 1358+11
Bj®52CHO 70:30 BT
Bij®76:CHO50:50 36406
Sar®20:CHO 60:40 15408
Sa®40CHOT0:0 8.7+16
Sar®60:CHO60:40 456408

Brj®52.CHO:Solulan® C24 6752755 5405
Brj®76.CHO:Solulan® C24 4754755 30,7
Sar®20:CHO Solulan® C24 57.5:3755 BT
Sar®40.CHO: Solulan®C24 575:37.55 24408
Sar®60:CHO: Solulan®C24 57.5:37.55 418123

GS.CHO: Bj®76 45:15:40 48504
-5%:CHO 60:40 1166+0.1
L-5%:PEGS-L 70:3) 58+05

L-595:PEGs-L 50:50 6.5+L0
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Table6 Prese transition teperature of the blank and PTU vesicles inviter (VeantSD,

=3)
- Peek terperature ('C)
Fomlagin Blank niosomes  PTUniosomes

SpanRP0:CHO 60:40 : :
Ja®40:CHO 70:0 422402 121402
Sa®60:.CHO 60:40 34402 36.8+0.2
Bij@52.CHO 70:30 : :
Bj@76.CHO50:50 : :
L-5%:PEGS-L 50:50 40401, 61403 41401, 6.2402
DS.CHOBN|®76 45:15:40 530402 528406

Jer®2):CHOSlulan® C24 575:31.5:5 :

JaRAOCHO SR C4 6752155 424401 25101
Ja®E:CHO iR C4 5753155 366404 3%.2402
Bij®52.CHO:Solulan® C24 675:27.5:5 a a
Brj®76:CHO:Soluar®C24 4154155 : :

a = No transition peak wes 0etectedl unce the conclition used
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Table 7 Phase transition temperature of the blank and PTU vesicles in phosphate buffer,
pH 7.4 (Mean+SD, =3)

: Peak tenperature ('O
Formbn Blank niosomes  PTUniosomes

Jer®20:CHO 60:40 : :
Ja®40:CHO 70:3) 418402 4.H01
aR60:CHO60:40 40.1+34 316404
Bij®52CHO 70:30 458402 411401
Bij®76.CHO50:50 : :
L-5%:PEGE-L 710:)) 13101, 66102 -15t0.1, 6501
S.CHOBN®7645:15:40 .01 30101
Soar®20: CHO:Solulan®C24 575:3755 : :

Ja®ACHOSUa® CA 6752155 422402 022401
e CHOSlUlan® C4 5715:3155 49301 453405
Bij®52CHOSUa®C4 67527155 4712401 411401
Bij®76.CHO:SolUan®C24 47.5:47.5:5 : :

a = No transition peak wes citected Lnder the conition used

The encothenic peaks in water and phosphate buffer systerrs were similar in
all systerrs except the Bij®52 systens where transition peaks Were seen in phospete
buffer but not inweter (Table 6 and 7). Inthe presence of salt solution lecithin and the
salt conpete for the free water and the prese transition IS modified or clsappears
(Lackrooke and Crepman, 1969). On the other hand, electrolytes induce cehyolration of
polyoxyethylene head group of dialkyl polyoxyethylene ether (Harvey et al., 2005) ad
monoalkyl polyoxyethylene ether (Hofland et al., 1993). Previous stuclies reported thet
electrolytes increase both layer thickness andl interiamellar spacing of bilayer and
promote the developrment of tighter rrebrane stacking. This could result in less bilayer
fluicity. Brj®52 (HLB = 5.3) is more hydraphodic then Bij®76 (HLB = 124), thus the
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cehycration effect might be precominant. Thus, the transition peaks appeared in the
presence of salt

3.4 Stability of PTU vesicular suspensions

In this study, there were no cetectable changes in color and no gross
precipitation ocourred in any of the preparations after 2 months of storage at ambient
teerature. No orug orystal wes found in any preparations over the 2 months of stud.

Tables 8 andl 9 show the entrapent efficiencies of different types of PTU
vesicles when they were stored at aient teperature for 2 months. There wes no
statistical clfference (p>0.05) between 1 and 60 ciys of storage in most formulatiors.
During the storage time, PTU could partition among the agueous phase outsice the
vesicles, the vesicular memorang, and the agueous conpartment of the vesicles until the
system reached ecuiliorium PTU entrapnent efficiencies of some formulations increased
a little after 2 morths of storage, protably because of the effect of equilibrating time
(Plookehit Chetratanont, 2002).

Tables 10and 11 snow average size of the vesicles at 1and 60 cys. Thesize &
60 cays wes the same as tet & 1 gy, This inplies tret all formulations were stable &
ambient teperature for two months. The prese transition peaks of the vesicles are
shown in Tables 12 and 13 All formulations showed the samme peak curing two morths
except the Bj®52.CHO system However, the peak appeared after 2 months of storage
clid not coincice with those of the surfactant or CHO. Thus, it wes not likely thet phase
separation of the two components took place.
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Table 8  Entrapment efficiencies of PTU vesicles in water after 2 months of storage at
ambient temperature (Mean+SEM, =3)

Entraprent efficiency

- oty veight
Formulation e 06 pvalle

. &0

Spar*20:CHO 60:40 0444002 04H001 059
Sa®40:CHOT0:3) 0461003 046004 100
Sar®60:CHO 60:40 091004 0834003 0%
Bij®52CHO T0:3) 0924000 lo+000 Q0
Bij®76.CHO50:50 106000 1134002 034
L5 PEGSL 5050 053000 054000 10D
GDS.CHOB® 76 45:15:40 0714003 0614003 073

RN CHOSUar®C4 5753755 0964002 1194002 (L
JRAOCHO IR C4 6752155 116004 124002 (19
Jar®E)CHOSUan® C24 575:3755 068002 0814001 QL
Bij®52CHOSulan®C4 6752755 0714001 094001 000
Bi®.CHOSOlulan® C4 4754755 0%+00L 1060004 004
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Table 9  Entrapment efficiencies of PTU vesicles in phosphate buffer after 2 months of
storage at ambient temperature (Mean+SEM, = 3)

Entrapment efficiency

- (oPYeby vieight)
Formulation 1T|me Doy pvalle

60
Sar®20:.CHO60:40 079004 1050004 (000
Sa®40:CHO T0:3) 0544001 0661003 03
Sar®60:CHO 60:40 0531001 064003 10D
Bij®52CHO T0:3) 0834003 1030 Ol
Bij®76:CHO 50:50 0624000 093+006 (0
L-56:PEGSL 70:30 044000 0sx001 10D
DS.CHOBN|® 76 45:15:40 100006 0924003 089

BN CHOSUa®C4 5753755 076002 084004 Q2
B4 CHOSIUA® C4 675:2755 0714001 07001 044
B0 CHOSlUan®C4 5753755 (088002 087001 10D
Rii®R2CHOSIuan®C4 6752755 055402 071000 Q0
B®B.CHOSUan® C4475:4755 0814000 1014002 (0D
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Table 10 Average sizes of PTU vesicles in water after 2 months of storage at ambient
temperature (Mean+SEM, = 3)

Size (pm)
Formulation 1ﬂme(Days) pvalle
60

Span®20:CHO 60:40 404037 32020 007
Sa®40:CHO70:30 8511008 8%+02 08l
Sa®60:CHO60:40 7854002 70640013 00
Rij®52.CHO 70:30 25025 2500 100
Bij®76.CHO50:50 524002 610002 003
L-5%5:PEG8-L 50:50 034000 036100 100
GDS.CHOBj® 76 45:15:40 3200000 2644004 036

JERACHOSIU®CA 553755 25000 254002 10D
QERUOCHODUARCUGISZISS  AT6H08 413006 004
JERRCHOSIURCASTSTES 40000 44508 0
RiRSCHOSIUa®CA 6752755 076000 2374036 (0
RIRTECHOSIUA®CA 4754755 5012000 607002 (00
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Table 11 Average sizes of PTU vesicles in phosphate buffer after 2 months of storage
at ambient temperature (Mean+SEM, =3)

Size (pm)
Fomulation 1T|me(Days) pvalue
o0

SparB0:CHO60:40 6464015 51805 07
Jar®40:CHOT0:0 23002 160000 Q0L
Jar®60:CHO 60:40 24008 21408 076
Bij®52CHOT0:30 13000 156400 (0D
Bij®76:0HO 5050 364000 3wy 10
L-5%:PEGS-L T0:30 0514000 03000 QWD
DS, CHOBijBT645:15:40 344002 254006 (2

QERNCHOSIUIRCASI53T55 360008 3314000 006
QEROCHOSIUIRCAET5ZT55 320004 306002 08l
JERECHOSIUA®CA5T53755 3300 316000 10D
RiRSCHOQUa®CA 6752755 05400L 250013 (0
RRTCHOIUARCAATSATES 347000 3204006 0%



Table 12 Phase transition temperatures of PTU vesicles in water after 2 months of
storage at ambient temperature (Mean+SD, =3)

: Peak tenperature (°O)
Fomulation Iy s
SpanRP0:CHO 60:40 : :
Jar®40:CHO 70:3) 0112 433400
Jar®60:CHO 60:40 36.8+0.2 311401
Bij®52CHO 70:3) : 183401
Brj@76.CHO50:50 : :
L-5%:PEGE-L 50:50 41401, 62402 -40+0.1, 64402
GDS.CHOB|® 76 45:15:40 52.8+0.6 53.6+0.2

Sa®20:CHO:Solulan® C24 575:31.5:5 a

A CHOSIUan®C4 6752755 425+40.09 344008
RO CHOSIUa®C4 5753155 362402 37000
Bij®52 CHO Solulan® C24 67.5:27.5:5 a a
Bij®76:CHO:Solulan® C24 475:4755 a a

a = No transition peak wes cetected uncer the condition Used

99
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Table 13 Phase transition temperatures of PTU vesicles in phosphate after 2 months of
storage at ambient temperature (Mean+SD, = 3)

Peak tenperature (°C)

Fomulation 1y s
Jer®20:CHO 60:40 : :
Je®40:CHO70:30 41H01 430400
Jar®60:CHO 60:40 316104 2.8+35
Bij®52CHO70:3) 411401 47843
Brj®76.CHO50:50 : :
L-5%:PEGE-L 50:50) 15401, 65101 -7240, 7803
DS.CHOBNj® 76 45:15:40 53001 534401
Soar®20:CHO:Solulan® C24 57 5:37.5:5 : :

JROCHOI®CA 6752155 22401 B32404
JaREOCHOU®C4 5753755 463405 45,7405
Brij®52 CHO:Solulan® C24 67.5:27.5:5 4711401 474404
Biij® 76.CHO:Solulan® C24 47 5:47.5:5 : :

a = No transition peak was cletecteal uincer the condition Used,

35 Measurement of vesicle elasticity

Vesicles are consicered to be elastic when it is possible to extruce the
formulations through renboranes with sl pore sizes without significant changes in
vesicular size. Rigid vesicles could not be extruded through merroranes with small pore
sizes (Horeywell-Nouyen, Frecenk et al,, 2002). The ultraoeformeble liposomes can
pess through mebranes with pore size smeller then their own size by a factor of
aoproximately 34 (Cave et al, 19%; Ceve et al,, 1998; Cave, 2004). To cetermine
vesicle elasticity, the size of the L-595:PEG-8-L vesicle wes measured before and after
extrusion through polycarbonate merroranes with a pore size of 50 nm 2 times sing
hancHheldl extrucer (LiposoFast™ Aveatin, Caneca). The original size of L-5%/PEGS
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L vesicles wes 270.63+3.00 nm  The size of the vesicles wes 155.83+7.26 nm after
extrusion through membranes with a pore size of 200 nm After the first andl the second
extrusion through membranes with 50 nmpore size, the vesicle size wes 158,50 nmi3.34
nmand 156.70+361 nm respectively. Other formulations could not be extruded through
menbranes with 200 nm pore size. Thus, L-5%:PEG-8-L vesicles were elastic vesicles.
This conclusion wes directly stpported by the fact tht the L-595:PEG8-L vesicle size
Was nearly the same before and after the extrusion (p>0.05). Similar results were
ooserved In many previous reports in which elastic vesicles contained various molar
ratios of L-5%:PEGS-L (van cen Bergh et ah, 2001; L et ah, 2001; Horeywell-Nouyen,
Frecenk et ah, 2002; Honeywell-Nouyen, Arenja et an 2003; Horeywell-Nguyen and
Boumstra, 2003; Honeywell-Nouyen, Groenink et ah, 2003). L-5%:PEG8-L vesicles ae
elestic vesicles consisting of the bilayer-forming surfactant L-59 and the micelle-
forming surfectant PEG8-L. Incorporation of a micelle-forming agent into a vesicle
bilayer would result in solubilization of the bilayer andl therety increasing the elasticity
of the vesicle. Therefore, a eries of vesicles can be dotained, ranging fromvery nigid to
Very elastic by changing the ratio of the bilayer forming and the micelle forming agert
(van den Bergh et ah, 2001; Honeywell-Nouyen, Frederik et ah, 2002). They found thet
elastic vesicles consisting of L-5%, PEGE-L and sodium suifosuiccinate in the molar
ratio of 50:50:5 wouldl give the most elestic and stable formulation with or without s
This formulation wes not tested in this present stucy, however, since sodium
sulfosuiccinate wes not conmrercially available. Thus, L-595:PEG-8-L vesicles were the
only elestic formulation usedinthis

4. Drug Release Studies

Inwitro anug release is generally usedl in evaluation of crug delivery from topical
formulatiors. The result fromsuich experiment can preciict the behavior of anug release o
the skininvivo (Vester andl Maibech, 1990).

Inthis studly, four formulations of PTU vesicles: GDS:CHOBnj® 76 45:15:40 |
in phosphate buffer, pH 74; Se®20:CHO.Solulan® C24 575:37.5:5 1 in weter;
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L5BPEGEL 5050 / inwater; and San®40:CHO:Solulan® C4 675:2755 |

Inwater were selected. The choices of formulations were based on themucyramic sate
size, and PTU entraprent of the vesicles. GDS:CHO:BN® 76 in phosphate buffer wes
selected a5 vesicles in el state 2:CHOSlUlan® C4 In weter wes a
representative of vesicles in liquid crystalline state, L-5%:PEGS-L. in water wes in
elastic state. The average sizes Wiere approximetely the same except for L5%:PEGSL
(see Tatle 4). Ja®40:CHOSolular® C24 67.5:275:5 | Inwater wes also selected
since this foruiation gave the highest entrgpment of all noisome fomuiations in this
studly (see Table 3). The solutions of PTU In water and in phosprete buffer & 90%
saturation were also tested as references. Utrgours®weter or phosphate buffer, o 74,

Was Used as a recsptor fluid, corresponding to the composition of PTU vesicles being
testad

The profiles of PTU released from the vesicular suspensions and solutions are
llstrated In Foure 14. All' vesicular fomulations gave slow PTU release when
conpared to the solutions. The diiffusion of PTU from solution wes nearty complete
(>90% within 6 hours. The vesicles graclially releasedl associated PTU over 24 hours
The release of PTU wes about 75-%4% within 24 hours. Several researchers have
reported simlar release: retarcition of both hydrophilic and hydrophobic drugs from
niosomes and liposomes. Exarples of hydrophilic g were Sfiuorouracil (Narmoeo
and Jain 1999), carboxyfluorescein (Yoshioka et al,, 1994; Yosnioka and Horence,
19%4), and cytarabine hydrochlorick (Ruckmeni et ah, 2000) and those of hycrophobic
drugs were enoxacin (Fang, Sung et al, 1999) and retinoic acid (Montenegro et dl,
19%). The results from Fgure 14 also clearly show thet the release rate cepenced on
entraprent efficiency of the foruiation. The formulation with higher PTU entrapment
released the druy more slowdy then the formulation with lover entrgoment. The similar
neg@tive relationship between crug entraprent and orug release wes previously reported
with mitoxantrone liposomes and acetazolamick niosomes (Law et al,, 1994; Guinedi
et al,, 2005). This result inclicates that PTU molecules associated with the vesicles were
slowly released from the formulations. The small amount (approxietely 1099 of PTU
releasedl a the early time point wes practically the same for all formulations. This sl
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fraction should reflect the relatively rapid diffusion of free drug in the agueous phase
(outsicee the vesicles) of the formulations. The burst effect wes unlikely because the
formulations were in ecuilibriumat all times without any chances for PTU to migrate and
accurmulate at the surface of the vesicles. The rrore rapid diffusion of PTU at the early
tinre point wes Seen with PTU solutions as expected.

The release of PTU fromvesicles follows the first-orcer kinetics. This result agrees
well with any previous reports (Margglit et al,, 1992, Yoshioka and Horence, 1994,
Lichterstein and Margalit, 1995; Manooni et al,, 2002). From the semi-logarithmic
relationship of the percent drugy remaining &s a function time, values of release rate
corstant were odtained fromthe slope of the first orcer plot. Table 14 shows the release
rate constants of these formulations. There were statistically significant cifferences in the
release rate constants among the formulations tested (p<0.05). The resuits in Fgure 14
and Table 14 agree well thet the release rate cepenced on entraprent efficiency of the
formulation with Pearson correlation coefficient of 0.73L.

Table 14 Release rate constants of various fomuiations (VeantSD, =4).

Lipid conpositions Reé% iatleoc?hﬁtﬁnt R
GDS:CHOBrij*76 45:15:40 1244011 0994
Jr®40.CHO:Solulan® C24 675:215:5 1144003 09975
S®20:CHO:Solulan® C24 57.5:375:5 L40H0.15 0.9%8
L-5%:PEGE-L 50:50 1464008 0.99%4

pvalle 0003



% PTU release

0 5 10 15 20 25
Time (hr)

Figure 14 Release profiles of PTU vesicles and saturated solutions (MeantSEM, =4)
A= solution inbuffer (%0%saturation), B = solution inweter (X0%saturation), C = @20, D=1-5%, E=CDS, ad

F= a0
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Besicks the entraprent efficiency, the state of bilayer also influenced the release
rate. There wes no statistically significart cifference between the release rates of the two
vesicular formulations inthe gel state (GDS and San®40 formuilations) (p>0.05). Their
release rates were significantly lower when conpared to those of the other two
formulatiors (p<0.05). The bilayer inthe elastic state (L-5% formulation) seemed to be
able to retain the drug better then what s expected solely from drug entraprent, which
Inplied a relatively tight bilayer. Despite a much lower PTU entraprent (053 ni%
Table 3), 1ts release wes not significartly chfferent from thet of the foruiation in the
liquid crystalline state (Span® 20 formulation, entrapnent: 0% my %)(p>0.05). This,
the ease of drug release seemed to follow the trend of liguid crystalline state > elastic
state > gel state. This trend wes also seen within the same Surfactant class. The release
rate of PTU from Soar® 20 formulation wes significantly higher then thet from Sian®40
formulation (p<0.06). The clifference can be attriuted to phase transition termperatures of
the vesicular compositions. The tenmperature used in the release studies (32 °C in the
conor compartment) was higher then the phase transition tevperature of lipid mixture in
formulation (5.1 °C). The hydrocarbon chain of the vesicles was in the liouid
crystalline state, which facilitated! cirug release, On the ather hand, the lipid mixture used
in Soer®40 formulation hecl the phase transition terperature of 42.4 °C. The fomulation
wes in the gel state, where the hydrocarbon cnain were fully extenced and closely
pecked. This would meke the vesicle menrane ore rigid and resisting to drug release
Other researchers have also reported faster release of drug fromithe vesicles in the liouid
crystalline state than those in the gel state (Betager and Parsors, 1992; Yoshioka et dl,
19%: Saarinen-Savolainen et al,, 1997; Fang, Sung et al., 1999; Namoeo and Jain, 19%9;
Ruckiani et ., 2000; Guinedl et al,, 2005). The same explanation could also qqalyto
the other two formulatiors with phese trarsition tenperatures of 485 °C andl 65 °C for
GDS andl L5 systers, respectively.
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. In Vitro Permeation Study

The enhanced celivery through the stratum comeum of the vesicle-encapsulated
drugs hes been oboserved (Ready and Ucupe, 1993; Hoffand et ah, 1994; Lieb et dl,
1994; Niemiec et al,, 19%; Jayaramen et al, 19%; Waranuch et al, 1997; Agarval et dl,
2001; Fang, Hong et al,, 2001; Carafaet al., 2002). Trerefore, it reneins to elucicate the
mechanism of this celivery, especially & the stratum comeum is consicered to ke a
particularly impermeable bamer (Junginger et al, 1991 Bounstra and Honeywell-
Nquyen, 2002; Boumstra et ., 2003).

In conparison of the effect of one variable, the other variables should be fixed. For
example, In conparison of the effect of thermodynamic state on permeation, the
formmulation shouldl e composed of the same group of surfactants. However, the vesicles
fromthe same group of surfactants did not form uncer the conditions usedl in this stud.
Trerefore, four formulations of PTU vesicle: 1) GS.CHOBj® 76 45:15:40 | i
phosphate buffer, pH 7.4, 2) Sa®20.CHO.Solulan®C24 575:3755 | inwater, 3)
L-5%:PEGEL 5050 [ inwater, 4) Sa®40:CHOSlulan®C4 6752755 | in
Water were selected hased on themmdynamic state, size, and PTU entrapment of the
vesicles. GDS.CHO:Bnj® 76 in prosprate buffer was selected as vesicles in gel state
SR CHOSlularn® C24 in weter wes @ representative of vesicles in liouid
crystalline state. L-5%:PEGS-L was In elastic state. The first two formulas have the
approximetely same size (see Table 4). Jan®40:CHO:Solulan® C24 in viater wes also
selected since this formulation was in gel state andl gave the highest entrapment among
the formulations inthis study (see Table 3).

6. Effects of Formulation Factors on Permeation of PTU from Vesicular Suspensions

Trere are several factors affecting drug permeation through the skin SUEh «
thermodynamic state (Boumstra and Honeywell-Nguyen, 2002; Bouwstra et al,, 2003),
vesicle size (Verma et al., 2003), melting point of lipid composition (Waranuch et dl,
1998), andl the existence of vesicular structure (B Meghraly et al., 20008; Fang, Hong
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etal, 2000). Inthispresent  y, the effects of vesicle size were not examined because
all formulations which their sizes were larger then 500 nm could not be extruced through
Lipex™ Extrucer at 70 °c. Glyceryl dilaurate:CHO:Bnj® 76 at various ratios, which
were expected to yield vesicles with cifferent melting temperatures, did not formvesicles
a all inthis stucy. Consequently, the effects of metting point of lipid conposition were
ot stuclied

Aux (39, ps G ad Q4 vere cefined in this stucy as steady state fiux
permealility coefficient, PTU accuruilated in skin, and currulative aount of PTU in the
receiver at 24 hours, respectively. These paraeters were parareters of the formulations
theselves, EF, BF of (@ EF of @4, and RF, which were the paraeters of PTU
permegtion fromthe fonuiations as compared with the agueous control, were cefined as
ennanceent factor of s, enhancement factor of G5, ennancement factor of @4, ad
relative fiux

6.1 Thermodynamic state of vesicle bilayer

The present study confirmed thet L-5%:PEG-8-L. vesicles were in elastic state
sine L-595:PEG-8-L vesicle size wes nearly the sae before and after extrusion through
polycarbonate merroranes with a pore size of 50 nm (p0.06). This result well agrees
With mary previous reports (van cen Bergh, Bouwstra et ., 1999; van cen Bergh,
Vioom et ah, 1999; Li et ah, 2001; van cen Bergh et ah, 2001, Honeywell-Nouyen,
ok Graaff et ah, 2002, Honeywell-Nguyen, Frecerik et ah, 2002; Honeywell-Nouyen,
Arenja et ah 2003, Honeywell-Nguyen and Boustra, 2003, Honeywell-Nouyen,
Groenink et ah, 200).

Permeation of PTU from the three fonuiations which were in the cirfferent
States: Soar®40:CHO:Solulan® C24 inwater (oel state), Joan®20:CHO:Solulan® C24 in
water (liuid crystalline state), and L-595:PEG-8-L. in water (elastic state) were stucied
using modified Frarne diffusion cells. Figure 15 shows permeation profiles of PTU from
the three formulas. This result shows thet liuidl crystalline state vesicles were the most
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effective i increasing PTU permeation across the pig skin among the three fonules
tested in this study. Meanwhile, permeation of PTU from gel state vesicles wes
comparable to thet of elastic vesicles.

35 - —&o— Gel state
—a— Liquid crystalline state
g —a&— Elastic state

2.5 4
2

1.5 4

% PTU permeation

1

0.5 4

0

0 2 4 6 8 10 12 14 16 18 20 22 24 26
Time (hr)

Foure 15 Permregtion profiles of PTU fromvesicles in cifferent thenmocynamic states
(MeatSEM, = 4-6)

Table 15 shows permeation paraeters of PTU release from the three
formulations. Al permeation perarreters of liquid crystalline state vesicles were higher
tren those of others vesicles., As seen from RF, B, and B of Q4 the liuid crystalline
state vesicles enhanced the fiux, Ps, and Q4 of PTUby 7, «, and e-fold, respectively.
However, all permreation peraeters of the liuid crystalline state were not significartly
Clifferent from those of the gel state (p>0.05) except Q4 and EF of Qo4 On the other
hend, the differences of most permeation peraeters between liquid crystalline state
vesicles and elastic vesicles were statistically significant (p<0.05) except s and B
Although gl state vesicles and elastic vesicles equally enhanced Ps (see EF) and Q4 (see
EF of Q) the RF valte of gel state vesicles wes more then RF of elastic vesicles.
However, no statistically clfference waes found between gl state and elastic vesicles

(POC)



Permegtion - Jar®40:CHOSlan®C%4 - Jar®20:CHOSolulan®C4 - L-5%:PEGE-L

Craeter
Hux, 10¢
P, 105
Q%

Q24(%)
E: 0

Hrof G
B of Q..
RF

Recovery

0/5:2155
1068+1.16
1050+1.14
2.96+0.79
158011
4104045
0.1240.03
2434017
4124045

82.65+2.24

515:3155
16.48+2.38
1802+261
4.53+1.55
2.19+0.29
7.03+1.02
0.18+0.06
4.2940.44
0.36+0.92
86.90+2.45

50
166+L.34
9.7241.70
333120
1561022
3.719+0.66
0.13+0.05
2430.3%
295052
03414207

Table 15 Effects of thermodynamic state on permeation parameters of PTU release from PTU vesicles (Mean+SEM, = 4-6)

pvalle

0.02
009
063
0.00
009
063
0.00
0.02

%
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It is generally believed that gl state vesicles aggregate, fuse and achere on the
stratum comeum surface, therey denositing stacks of lamellar sheets and forming lipid
bilayer networks and can not induced Ultrastructural changes in the skin. On the ather
hend, liouid crystalline-state vesicles might act not only in the stratum comeum surface
bout may also inolucedl Uitrastructural changes in the ceeper layers of the stratum comeum
(Zellimer et al., 1996; van cen Bergh et al., 1996; van cen Bergh, Bouvstra et al,, 19%9).
Inadition, many stuclies examined vesicle-skin interaction using confocal aser scanning
microscopic technioues. These in witro stuclies inclcate thet the lipophilic fluorescent
laboels applied! in liuid crystalline state vesicles penetrate ceeper into the skin thenwhen
aoplied in gel state vesicles (van Kuijk, Junginger et al,, 1996; Betz, Infoockn et dl,
2001). These results have been confirmed invivo study (van Kuijk, Mougin et al,, 1998).
These above stuciies suiggest that components of liuid crystalline state vesicles can enter
the cleeper layers of the stratmcomeum andl can modify the intercellular lipidl lamellze,
The superior mock of action of liquid crystalline state vesicles for skin interactions is the
most possible explanation for their better effectiveness in ennancing drug transportation
Into and through the skin

Several permeation studies In \itro viere carmied out to evaluate whether
thermodynamic state of lipid composition of vesicles would affect skin penetration of
both hydrophobic and hydrophilic conpounds. Many hydrophobic: compounds viere
stucied such as triamcinolone acetonick (Yu and Liao, 19%), estradiol (Hofland et al,
1994), fluoresoein (Perez et al., 2000), progesterone (Knepp et ., 1990). Furthermore
Quiso et dl. (199%) stucied permeation of betahistine fromgel state and licuid crystalline
state liposomes in vivo using \Wistar and hairless rats, These above stuclies reveal thet
liouid crystalline state vesicles are more effective then el state vesicles in enhancing
permeation of hydrophabic drugy into and across the skin. B Meghraby et dl. (2000)
found thet permreation of Sfiuorouracil from soybean  phosphatichicholine (PO
liposomes (liuid crystalline state vesicles) wes higher then its penmeation from
cpalmitoyl phosphaticlyicholine (DPPC) liposomes (gel state vesicles) within 12 hours,
but permeation of &-fiuorouraci from both liposorres wes ot cifferent within 36 hours,
This result is in acoordance with other studies of some hyaropnilic drugs, for exaple,




low rmolecular weight' sodium hepann (Betz, Nowbakit et ah, 2001), methotrexate
(Trotta et ah, 2004), andl Sodium ascortyt phosphate (Fooo et ah, 2005). Fromthe abowe
studles it seems that the effects of liquid crystalline state vesicles on drug permeation are
very dominartt with hyarophobic drugs. PTU is @ lyophobic drug and hes relatively low
partition coefficient of 0. Partition of the dru from the bilayer would be relatively easy
compared to thet of hydrophooic drugs. Besics, some part of the drug wes already in
the solution form and ready to penmeate the skin, even in the gel state system
Consegpently, the fluicity of the vesicles cid not largely influence PTU pereation
Trerefore, PTU permeation from liquid crystalline state vesicles (Soan®20 formuiation)
was not significantly more then permegtion from el state vesicles (Jan® 40
formulation)

From Foure 15 and Table 15, permreation of PTU from the L-5% vesicles wes
significantly lower when conpared with 0:CHOSlulan® C4 andl wes
comparadle with thet of 40 formulation. In contrast, previous stuclies have
cerronstrated thet elastic vesicles were better then the conventional rigid vesicles in the
ennancement of drnug tramsport across the skin - Honeywell-Nouyen, Fredenk ¢t al
(2002) investigated the effect of elastic (L-59:PEG-8-L 70:30 andl 50:50 molar ratio in
citrate buffer pH 5.0) and rigid (L-595:PEG-L 100:0 and 90:10 molar ratio in citrate
buffer pH 5.0) vesicles using sodium sulfosuccinate & a stabilizer on the penetration of
pergolick, which is a small lipophilic g with pka of 56 and log p of 23, across
humen skin. They found thet elastic vesicles were superior to rigid vesicles. Honeywell-
Nouyen, Arenja et d. (2003) stucied permeation of rotigotine (pka = 7.9) from
L-5%:PEG8-L 50:50 elastic vesicles and L-59%:PEG-8-L. 100:0 rigid vesicles a pH 50
and 9.0. They deronstrated thet elastic vesicles were more effective then rigid vesicles
inthe in vitro enhancement of rotigotine transport across humen skin when using buffer
solution with pH 90. In adition, they also found that elastic vesicles with high
entrapent value & pH 9.0 gave nse to an enhancement effect of factor 80 as conpared
to the corresponcing buffer solution, whereas vesicle suspensions a pH 5.0 with low
entraprent efficiency cidl not significantly ennance the cirug permreation as conpared to
its corttrol. Therefore, it is essertial that drug molecules are applied together with and
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highly entrapped within the vesicles. This conclusion is in agreement with doservations
of B Meghvay et . (1999) who  ciied the permeation of estradiol from ceformeble
liposomes and Honeywell-Nguyen and Bounstra (2003) who investigated in witro
transport of pergolice from elastic vesicles (L-59%:PEG-8-Losodium sulfosuccinate
50:50:5 rmolar ratio) across huran skin. Furthermore, Honeywell-Nguyen and Bounstra
(2003) also suggested the proposed mechanism of action of L-5%:PEGEL elastic
vesicles with four main processes: 1) the association to the vesicle bilayers, 2) the
partition of vesicles intothe 3 1 comeum, 3) the dug release from the vesicles once
In the stratum comeum, and 4) the diffusion of free drugs in the stratum comeum and
partitioning into the viable skin tissue and subsecuertly into the systemic circulation
Therefore, from the above studies the explanations for the relatively low PTU permregtion
from L-5%:PEGS-L vesicles are: 1) this formula hed low entrapment efficiency (see
Table 2) and2) PTU is Iyophobic drug with partition coefficient of 1.0, PTU solubility in
lipics of the stratLm comeum might be low. Consequently, rate and amount of PTU
released fromelastic vesicles in the stratumconeum might be low:

6.2 Effects of surfactant type

To Investigate the effects of surfactant type on pereation of PTU from
vesicles, the permeation of PTU from GS.CHOBNj® 76 45:15:40 /i phosphate
buffer, pH 7.4, and San®40:CHOSolulan® C24 675:2755 | inwater were stuclied
since both formulas hed approxiately the same entrapment and size . Figure 16 shows
the permeation profiles of GOS.CHOBN® 76 and 40:CHO:Solulan® C24
Vesicles. The permeation paraieters are sumarized in Table 16, From the results in
Figure 161t is evident that the GDS vesicles were more effective for the transport of PTU
a0r0ss the skin then Span®40 vesicles,
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Table 16  Effects of surfactant type on permeation parameters of PTU from PTU
niosomes (Mean+SEM, = 6)

Permegtion  GCS.CHOB®76  Soar®40: CHO:Soluian® C24

w4550 5152755 prale
Hux 100 1437+1.09 10.68+1.16 0.20
[SX 105 1124131 10.50+1.14 0.02
% 22140.73 296+0.79 0%
024 (% 2224015 156+0.11 0.04
E 2524019 4.10+0.45 007
B ofQs 0.16+0.06 0124003 081
E-of Qu 22140.15 243017 089
RF 2124016 4124045 003
Recovery 95.39+8.76 82.65+2.24
——@GS
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Fgurelo Permeation profiles of PTU fromGS.CHOBNj@76 45:15:40 | and
a®A0:CHOSolulan® C4 67.5:2755 | vesicles (MeantSEM, =5)



114

Permeation pararmeters of GDS formulation such as Jss, s, and Q4 were higher
then parameters of Sen® 40 especially Ps, and Q4. On the other hang, permeation
parameters which were compared with its control solution of GDS vesicles were less
then the parameters of Jen®40 vesicles. However, they were not statistically significart
except the RFvalle,

GDS vesicles were composed of glyoeryl distearate 45 parts and Brij@ 76 40
parts. @40 vesicles contained Jan®40 675 parts. Glyoeryl distearate is a diester
and hes an HLB value of 24. Ja®40 is sorbitan monopalmitate with an HLB of 6.7.

rophobic surfectants have a strong affinity to the skin (Dalvi and Zatz, 1961, Ench,
et al,, 1996). Therefore, GDS might partition into the stratum conmeum better than
40. Manooni et dl. (2006) studlied in vitro cutaneous celivery of tretinoin from the
vesicles prenared from alkyl polyglucosices across newoom pig skin. They found thet
Oramix® NS10 vesicles (HLB =11) gave lower permeation rate and higher skin
accuulation then Bij® 3 (HLB = 9.7). Surfectants with high HLB are not able to
peretrate info the strium coenem. However, when penetration oocurs, It can strongly
Interact with skin lipics (Junginger et al,, 1991). Moreover, in this present study, GDS
Vesicles were more potent penetration ennancer than Span®40 (see Table 26). Therefore
the possible explanations about the better PTU tramsport across the skin from GDS
vesicles then from Jen® 40 vesicles are thus the better partition of GDS into the skin
and Its potent enhancing effect. However, the enhancement factors of all permeation
paraeters of GDS vesicles were less than those of Spar®40 vesicles. The only reason
for this result is thet the permeation perareters of saturated solution of PTU in phosphete
uffer, pH 7.4, were higher then the permeation parareters of saturated solution of PTU
Inwater though the cifferences were not statistically significant (p>0.05, Table 17). The
reason for this result was not still unknown though it might not cle to osmotic pressure
effect
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Table 17 Permeation parameters of PTU from saturated solution in water and phosphate
buffer pH 7.4 (Mean+SEM, = 6)

Parmestion  solutioninwater —— Solution inbuffer e
oraes  (Wostudtio)  (Westwatior) P
Hux. 10 250043 6.78+211 0.12

S« 1% 2.96+043 6.85+2.14 0.12
%% 507+451 1399+7.05 0.20
Q.. (%) 065+0.12 1014027 023

6.3 Effects of the existence of vesicular structure

It was necessary to employ a solvent to solubilize the vesicular components so
& 10 compare vesicular celivery with celivery from solution containing the same
conmponents as the corresponding vesicles. All the cononents used in the four vesicular
formulations are soluiole in isopropanol and ethanal. Although isopropanol and etharol
were a possibility, they were avoickd because they could affect the skin which could
possibly sk the enhancing effect of any accitives (Vegrab, Willias, and Barry, 19%;
Yokomizo and Sagitani, 19%6). Propylene glycol (PG) Is widkly used &s an ackitive in
phanmeceutical and cosmetic prootts and its enhancing effect on skin' permegtion
ansing from structural changes is marginel (Yamane, Williarrs, and Barry, 19%; Ross
and Sreh, 2000). Trerefore, 0% viv PG in water wes Selected & a solvent for the
components of vesicles. However, only L-5%:PEGS-L 50:50 wes soluble in this
solvert. Soluility of PTU in 9% viv PG in weter & ambient tenerature wes
2849+0.78 ngmL Ninety percent of PTU saturation in 0%viv PG inwiater wes 25,64

L

Table 18 shows cocks and compositions of forulations tested in this Section
The permregtion of PTU fromthe L5%/PG, GDSPG, Jan®20PG and Jan®40PG
Was stuclied accorcing to the method cescrioedl under Section 5 Using CPG & control,
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Similarly, PTU permeation fromthe four vesicular formulations: L-5%, GDS, Jan®@2),
and @40 were performed using CS & cortrol,

Table 18 Cocks and compositions of fonmulations tested

Formand cock Conposition
Vesicles
L-5% L-5%:PEGS-L 50:50
GDS GDS.CHOBr|® 76 45:15:40
a2 Jer®20:CHOSoluian® C4 575:37.5:5
Sar®RU0:CHOSolulan® C24 675:275:5
Solution or physical mixture
& 9% PTU saturation inwater (control for vesicles)
G 0% PTU saturation in 0% Viv PG in water (control

for solution or physical mixture)

L-5%/PG Cononent of L-5% diissolved in CPG
GDSPG Conporent of GDS mixed in GPG
Ja®20PG Comporent of Jan®20 mixed in PG
JarB40PG Corrponent of Jar®40 mixed in CPG

lckally, oy celivery from saturated solutions I cifferent solvents (eouel
thermodynamic activity) snould provice the sae flux unless the solvent hes an effect on
the skin. As propylene glycol only marginally changes skin structure, it might e
expected that the flux of PTU from 30%satuirated solution in 90%PG inweter was close
to the fiux from agueous solution. The fluxes (Js. 107) obtained from PG and acueous
solution were 341+0.33 and 25933+0.43 po/ome per hour and wes not statistically
dlifference (p>0.05). However, percent permeation of PTU from PG solution wes lover
then that from agueous solution (Hgure 17). Although propylene glycol acts &
penetration enhancer a concentrations Up to 50% it is & humectant and incuces skin
cehycration at high concentrations (Ross and Snah, 2000). The skin cehyolration and the
high affinity of PTU for the solvent then for the skin (reclction in skinfvehicle partition



117

coefficient) may contribute to the recuced PTU permeation. My researchers
Investigated the effects of propylene on permeation of varios drugs such &
p-aminoacetophenone (Flymn and Sith, 1972), lidocaine (Sarpotcar and Zatz, 1966)
N, iV-cietiyl-molouamice (Ross and Sneh, 2000), and flurbiprofen (Fang, Haang, and
Leu, 2003). They foundl the same resuits as in the present stuoy. Hovever, Yamane et .
(1995) reportad thet propylene glyool did not affect the permreation of ahydrophilic
Sfluorouracil, since the solubility of this drug in water and in propylene glyeol is
comparatively insignificant.

The permeation profiles of PTU from surfactants in vesicles and solution or
physical mixtures are presertted in Hgures 18-21 Percert PTU permreation of all vesicles
Was found to be superior to soluition and physical mixtures of corresponding surfactarts
In propylene glycol. Tables 19-22 show peneation parameters of the vesicles and
solution or physical mixtures in propylene glycol.

Table 19 reveals thet all permeation parameters of Span® 20 vesicles (Soar®
20) were significantly higher then paraeters of San®20 in PG (p<0.06) excent flux
(p>0.05). Onthe other hand, G and EF= of G values of vesicles were less than those of
Sa®20 in PG The Soar®40 vesicles significantly increased all permeation paraeters
(<005, Table 20) conpared with physical mixture in PG (Jarn® 40PG) while no
statistically cifference was observed for G5 and B of (3 values (p>005). This, the
Sa®20 and Soar® 40 vesicles were better than their physical mixtures in PG since
most enhancerent factors from the vesicles were higher than those from the physical
mixtures in PG
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Foure 17 Permreation profiles of PTU fromagueous solution (CS) and propylene glyool
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Foure 19 Permeation profiles of PTU from 20 vesicles ad PG
physical mixtures (VeantSEM, =6)
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Foure 2L Permeation profiles of PTU from L:5% vesicles and L-5%/PG solution
(MeatSEM = 4-6)

Table 19 Permeation parareters of PTU from Span®20: CHO:Solulan® C24 vesicles
and prysical mixtures of Jan®20:CHO:Soluian® C24 in PG (MeantSEM

:6)

Pormeion SERDCHOSIUA®CY  SERDCHOSUar® C4

praveter  in90%viv PG invter vesicles pale
Auxx 102 1029+16 1648+2.38 006
Psx 106 D0HOTT 180.18+26.03 000
G 1062+4.46 453+15% 024
Qu (%4 008+0.01 27909 000
B 363055 103+L.02 002
EFof Qb L7071 0.18+0.06 009
EFof Qu 3104046 4294044 004
RF 3014045 6.36+0.92 0.01

Recovery

87.21+101

8.30+245
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Table 20 Penmeation parameters of PTU from Span®40: CHO: Solulan®C24 vesicles and
physical mixtures of San®40: CHO:Solulan® C24 inPG (MeatSEM, =6)

Pormeztion QE®AXCHOSUABCY  JarRA:CHOSIUan® C4

praveter  In90%viv PGinwater Vesicles pake
Huxx 102 4,66+0.5% 1063+1.16 000
Psx 106 2554034 105.01+1141 000
0:% 298+1.68 29+0.79 09
(% 004000 156+0.11 000
B 182102 4104045 000
Erof G 048+0.27 0.1240.03 02
EFof Qu LAH01T7 2434017 000
RF 1374016 4124045 000
Recovery 79974081 8265+2.24 -

The similar results were observed in the stucies of El Maghraly et . (2000a),
Fang, Hong et d. (2001), and Carefa et . (2002). B Meghraly et . (20008)
Investigated the importance of liposoe structure in permeation of estraciiol across the
humen skin. They studied four formulas of liposomes: PC; PC and sodium cholate, PC
and J® 80, and PC and oleic acidl compared with lipid solutions in 0% /
propylene egcoI Inweter. They found thet the vesicular forms of all four formulas tested
Wiere superior copared with lipidl solutions when comparing relative fluxes. Fang, Hong
etdl. (2000) studwdthetrmspoﬂ of enoxacin across the nuck mouse skin from Soybean
PC liposormes and Soerf® 60 niosormes. They regorted that Soybean PC liposorre gave
Insignificantly higher permeatlon then Soybean PC physmal mixture and that @60
niosormes e a significantly higher permeation then Joan®60 physical miture. Intre
stucly of Carafa et a. (2002), it wes evicent thet pemeailon rates of lidocaine ang
licocaine hydrochlorice from drug dispersion in the presence of surfectant (Tneen®
20:CHO) or phosphaticlylcholine inmicellar form are quite lover than thet fromthe sarre
vesicles. These results of the present stucly thus suggest thet the existence of vesicular
structure pronoted in witro skin celivery of PTU for Sen®20 and Jin®40 systers.
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Tre Js ps and Q4 values of GDS vesicles were significantly higher than the
values of GDYPG (p<0.06, Table 21). Relative flux (RF), enhancerent factor of ps (EF),
and Q4 (B of Qe4) of GDS vesicles wes not significantly cifferent fromithat of physical
mixture in PG (p>0.06). Table 22 shows thet all permeation parameters of L-595 vesicles
viere insignificantly cifferent from those of L-5% in PG solution (p>0.05) except s and
Q24, which were significantly higher then those of L-595/PG (p<0.06). (6 and B of Qb
of both GDSPG and L-5%/PG were higher than those of their vesicles. Trerefore, the
vesicular form of the GDS and L-5% system wes not clearty stierior to the solution o
physical mixture form  Therefore, the existence of vesicular structure might ot be
clearty important in GDS andl L-5% s\stens

Table 21 Permreation parameters of PTU from GDS.CHO:Bnj® 76 vesicles and physical
mixtures of S.CHOBN|®76 In PG (VeartSEM, =)

Pretion DSCHOBIR CDSCHOBNi®T6

paraveter  in90%viv PGinwater Vesicles pale
Huxx 102 6.3/+0.5 1431+1.09 0.00
Psx 106 381+0.36 172841312 0.00
QA 564+161 22110.73 0.10
q4% 0074001 224015 0.00
=3 2.1240.24 252+0.19 053
EFofQs 090+0.26 0.16+0.05 003
EFof Qu 268+0.30) 2214015 018
RF 18740.16 2124016 029

Recovery 8.93+2% %5318,
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Table22 Permeation parameters of PTU from L-5%:PEG-8-L vesicles and physical
mixtures of L-59%5:PEGEL inPG (VeartSEM,  =4+)

Peeation  L5%PEGs-Lin LHBPEGEL e
paraveter  90%viv PG inwater Vesicles P

Huxx 10% 1008+1.22 166+1.34 023
Psx 105 4624061 97.19+16.97 0.01
Q% 125+L.74 33+ 014
4% 0.08+0.01 1564022 0.01
B 33040 3.79+0.66 051
H-of G 1164028 0.13+0.05 0.01
B of Qu 2.86+0.39 2431034 043
RE 2.95+0.36 295052 1.00
Recovery 8.25+1.13 93414207

The critical micelle concentration (CVIC) of surfactarts in 0%viv propylene
olycol is higher then the OMC in wetier (Sarpotclr and Zatz, 1986). Since L-5% system
Was Clearty more soluble in 0% viv propylere glycol, OVIC should be aocorcingly
higher. L-5% and PEG+s-L molecules could e more in the monomer formwhich acts
& a penetration enhancer. Conseguently, permeation of PTU from L-5% solution in PG
might be higher. Thus, enhancerrent factors of Js (RE), P (EF), and Q4 (BF of Qa4) of
L-5% solution were not significantly cifferent when compared with L-5% vesicles.
Soluboility of GDS system seemed to ke higher In 0%viv propylene glycol inwater, The
SATe prenamenon might ooour in the GDS system but the effect was not &s clearty as
that in the L-5% system Inackition, Okuyaima et al. (1999) stuclied the effect of Brij®on
the permeation of piroxicam from cataolasm INVIvO Lsing quinea-pig and reported thet
formulation containing Brif® 76 and 20 Yopropylene glyool significantly increased the
piroxicam plasia: concentration cormpared o the formula without propylere glycol. The
ore mononer formof the lipid components of the GDS andl L-5% systems in PGmight
be the explanation of the high permeation enhancament of GDSPG and L5%IPG

SySteNs
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The proposecl mechanism of action as peneration enhercer of propylene glycol
15 0 partition into the stratum comeum and incresse ciug Solubility in the stratum
comeum andl solvent oragy may carmy drug into the skin (Willians and Barry, 2004).
B Maghvay et al. (20008) reorted that permeation of cestragiol from PG solution wes
higher than from acueous solution. Bowen and Heard (2006) foundl thet: the permregtion
of ketoprofen from gel formulations wes inversely proportional to the content of PG
Wheress the permeation of PGwas directly proportiondl. PTU accunuilated in the skin of
all systens in PG wes higher then thet of the vesicles. However, Yamare et d. (19%)
reoorted that propylene glycol did not affect the permreation of hydropnilic dug
Sfluorouracil. Therefore, the effect of PG on permeation of PTU wes not reearkable
since PTU is & lyophooic crug with low partition coefficient and it can partly dlissolve in
iater, However, this effect of PG might be the reason for the increased G and EF of @
values of all systems in PG

From the overall results in this part, the effect of vesicular structure on PTU
permeation wes clearly inportant in span®20 and Soar®40 systens while in GDS and
L-5% systers it wes not remerkeble. However, percent of PTU permeation from the
vesicle system of all formulas wes much higher then thet from solution and physical
mixture,

7. Elucidation of the Dominating Mechanisms of PTU Permeation from Vesicular
Suspensions

There are many ways to maximize permeation of arugs into and across the skin
for exanple, to moaiify vehicle-drug interaction, to use of the vesicle and particulate
Systerrs, to modify the stratum comeum, to bypess or remove the stratum comeum, and
o use the electricity (Barry, 2001). One of the most controversial methods is the use of
the vesicle and particulate systens. There are a numer of pepers in which liposores
have increased permeation of both hydraphilic and hydraphobic anugs (Lieb et al., 1994
Niemiec et al,, 19%; Waranwch et al., 1997; Betz, Nowbekit et al., 2001 B I\/bghraw
et al,, 20000; Agarwal et al,, 2001; Fang, Hong et al., 2001; Carafaet al., 2002). Smilar
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o liposomes, niosomes improve transport of many drugs (Ready and Uope, 1993,
Hofland et al,, 1994; Liebetal., 194; Niemiec et al,, 1996; Chtaet al, 1996; Jayaramen
et al, 19%; Waranuon et al,, 1997; Agarwal et al,, 2001; Fang, Hong et al, 2001, Carafa
et al,, 2002). Although it hes been acoepted tht the vesicles increase skin drug celivery,
mechanism of action i not clear. There are many stucies to elucicate mechanism of
action of vesicles and many dominating mechanisis of action of the vesicles have leen
proposed. The “free g™ mechanismis stated thet the drug is released from the vesicles
and then freely penmeates the skin. This mechanism is tested by conparing ol relesse
profile from the vesicles with drug penmeation (Canesan et al., 1984; B Meghraty et al,
19%9). The mechanism is thet vesicles may increase thermodynamic activity of drug
which is tested by compering the clfferent entraprent efficiencies of formulations with
oruy permeation (H Meghraby et al, 1999). The vesicles may act & penetration
ennancers. This mechanism IS stuclied by skin pretreatiment with enpty vesicles and

permeation between direct: application of cruy containing vesicles and
pretreativent (Hofland et al., 1994; Fang, Hong et al., 2001, Honeywell-Nouyen, Arenja
et a, 2003). Some Intact vesicles can permeate across the skin, <o it can be proved by
comparing permeation from small vesicles (200-300 nm) with thet: from larger vesicles
(Ceve et al., 19%; H Maghraby et al,, 1999). The vesicles ey inprove dg Lptakeby
ackorption, fusmn and mxing with skin fipid. This mechanism 15 testedl by cippl
stratum comeum into the ciifferent vesicles and cetermining oy uptake (E I\/bghraw
et al, 1999). Waranuch et dl. (1998) suggested thet the tramport of cyclosooporin-A
from Iiposonal formulations (GDL:CHO:Bnj® 76) oocurs as a resuit of cehydration of
tre liposomes followed by melting of the lipicl components on the skin and permeation
from liposomes is the same as thet from lipid melts. Inackition, Honeywell-Nguyen and
Bouvstra (2003) studied permetion of pergolice from sucrose laurate ester elastic
vesicles and foundl tht the possible mechanisims were penetration enhancerrent of the
vesicles and the mechanism involving trarsepicerel esmotic gradient

Trerefore, the cominating mechanisms of the permreation of PTU from the
vesicles were: 1) increased drug thermocynamic activity, 2) the “free drug” mechanism
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3) penetration enhancerrent of the vesicles, and 4) the effect of transepicemal osrmotic
oracient

7.1 Increased drug thermodynamic activity

The rank orcer of the entrgpment efficiency of PTU vesicles was Jan®40)
> DS > Ja®20 > L-5% (Table 2), whereas for permeation paraeters; Js ps and
Qe it vas Jan®20 > GDS > Sar®40 > L-5%. For BF, B of Qu and RF the rak
orcer vas pan®20 > span®40 > L-595> GDS (Tables 15and 16). No correlations were
onserved between entrapment efficiency and all permeation peraeters (Table 23).

Table 23 Pearson correlation coefficients between entrapent efficiency and

pereation paraeters

Pereationparameter - Pearson correlation coefficient
Aux (J8) 0563
Permrealality coefficient (P9 0489
PTUInskin (Q3) 0.167
PTU penmeated at 24 hr (Qu) 0319
Ennencerrent Fector of ps (EF) 0219
Enhancenent Fector of G {0,060
(EFof Q)
Enhancement Factor of Q4 0.227
(EFof Qu)
Relative flux (RF) 0367

I comparison between the system with highest entrapment efficiency
(Span® 40 system) and the system with lowest entrapment efficiency (L-59% system),
PTU pemeation of both system wes not significartly cifferent (Table 24). Thus,
\variation in entraprent efficiency wes not a factor responsible for the difference in PTU
cklivery of the vesicles. Simlar resuits were observed by others researchers. Holland et
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. (1999) stucied permeation of eatraciol fromniosomes prepared frompolyoxyethylene
monoalkyl ether-type surfactants and found thet crug permeation across huran stratum
comeum cil not cepend on entrgpment efficiency but on thermodynamic state of the
vesicles. Similar resuits were also noted by B Maghvaly et . (1999) who investigated
skin celivery of estragiol from deformable and tracitional liposomes using huen
stratum comeum I ackition, Fang, Hong et &l (2001) also reported that trarsport
paraeters of enoxacin from both niosomes and liposomes across nuck mouse skin did
not clirectly relate with g encapsulation. Sinico et al. (2006) reported thet permeation
of tretinoin liposomes across newbom pig skin cepenced on phase transition teperature
of the rmain liposormal conponent

Table24 Permeation perarreters of PTU from Spar®40: CHO:Solulan® C24 and L-
H06:PEG-E-L vesicles (VeartSEM, =4-9)

Permetion - Jan®@40:.CHOSolulan® 24 L-5%:PEGE-L

At 752755 g P
Auxx 10 1068+1.16 166tLd 0%
Psx 105 1050+1.14 074110 097
Q% 2%6+0.79 3B 09
0210 1564011 1802 100

4104045 J1H066 0%
EFofQ 0124003 0134006 09
EFof Qu 243017 23034 100
RF 4124045 26105 0%

Tre vesicles fuse a the stratum comeum surface and form stacks of
bilayers. However, no differences in PTU pereation were expected since dll
formulations were a equal thermodynamic activity. The cifference in permeation found
may be explained by differences in skinvesicle interactiors, 1.e,, not mere adsorption of

bilayers, but also the uitrastructural changes in the case of I|qU|d crystalline and elastic
vesicles. There are a nurroer of pepers on vesicles-skin interaction using fluoresoent
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probes of liposomes (Zellmer et al., 1996; Kiljavainen et al., 1996; van cen Berghetdl,
1998; Ceve et al., 2002) and niosomes prepared from L-5% system (van cen Berch
Boumstra et al,, 1999; van cen Bergh, Vioomet al,, 1999; Honeywell-Nouyen, de Graeff
et al, 2002). Tre resuits were similar thet liouid crystalline and elastic vesicles case
Utrastructural changes of the ckeper layer of stratum comeum, while gel state vesicles
only aosorb and fuse on the stratum comeum surface. These mechaniss are consistent
with the results of PTU niosons,

7.2 The “free drug” mechanism

|fthe mechanismof action of the vesicles is solely the free drug mechanism
Whereby the o is released from the vesicles and then freely pereates the skin, the
formulation with a fester release rate would penegte the skin faster, Thus, the rate
limiting ste of skin transport s the release rate. To Investigate the free drug mechanism
the correlation between release rate constants and penmeation parameters of
corresponciing formula wes cetermined No correlation was oloserved in all formulations
inthis studly (Table 25). PTU permeation from Soar®20 and L-5% formulations which
hedl ecual release rates wes significantly cifferert (Tables 13 and 15). The same result
was oboserved with Spen®40 and GDS systens, 1.e,, GDS significantly increased PTU
permegtion conpared to 40 while their release rates were not significantly
ifferert. Onthe contrary, Sn®20 formulation with fester release rate spar®40 dlid not
significantly increased PTU permeation when conpared with Sen®40. This strongly
Suggests thet the free g mechanism ciid not operate on any of the formuiations. This
result agrees well with the reported mechanism for some lipophilic drugs in liposomes
and niosomes such & hydrocortisone and progesterone (Ganesan et al,, 1984; Hoet d,
1985), retinoic acidl (Montenegro et al., (19%), estraciol (B Meghrahy et al,, 1999),
enoxacin (Fang, Hong et al., 2001), and lidocaine (Carafa et al,, (2002).

Garesan et al, (1984) and Ho et &l (1985) stcied the mechanism of action
of dipalmitoyl phosphatichdcholine liposomes containing glucose, hydrocortisone and
frogesterone using hairless mouse skin. Thelr resuts suggest 3 probeble mechaniss: 1)
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release of associated oy and pereation of free dnug 2) release of entrapped solute
coupled with skin permreation of free oy and also direct liposome-skin transfe, and 3)
skin permeation involving liposome-skin transfer. The first mechanism is goplied to
hydrophilic drugs like glucose entrapped in the acueous phase of the vesicles. ihen
olucose is released fromthe vesicles it can permeate across the skin freely. The thirdone
IS gopropnate for progesterone, a lipophilic cruy associated in the lipid bilayers.
Permeation of progesterone fromvesicles is higher then thet from solution kut the release
rate IS inmeasurably slow. For hyarocortisone which i less hydrophobic then
progesterone, it IS relessed from liposomes slowdy but it permeates & fast &
progesterone. Thus, the second mechanism, bath the free drug and liposome-skin transfer
mechanism operate on permeation of hyarocortisone. PTU is & lygphobic drug which can
locate both in the bilayer andlin the aqueous phese of the vesicles. Therefore, mechanism

of action for PTU could not solely be the free drug mechanism but the other mechanisns
should also goply.

Table 25 Pearson correlation coefficients between release rate constants and permeation
PRraTEers

Permeationparameter — Pearson correlation coefficient

FAux () 0019
Permeahility coefficient (P9 0132
PTUInskin (Q) 0.048
PTU permeated at 24 hr (Qu) 0281
Ennancement Factor of ps(ER) 0.384
Enhancerment Factor of Q@ 0.034
(Erof Q)

Enhancerment Factor of Qu 0432
(EFof Q)

Relatve flu (RP) 022
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7.3 Penetration enhancement of the vesicles

It is well known that nonionic surfactants can enhance the skin penetration
of several drugs suoh as piroxicam (Okuyama et al, 1999 Snin, Cro, and Cn, 2000),
ibuprofen (Park et al, 2000), sumatriptan Succinate (FemeniacFont et al, 2009),
Sfluorouracil, antipyrine, 24phenyi ethanol, and 4-phenyi butanol (Lopez et al., 2000)
Ore of the possible mechanisirs of action of the vesicles was the facilitation of drug
permeation by penetration enhancing effect of the vesicles or vesicular conponents. In
orcer to explore this mechanism the effect of skin pretreatrrent with enpty vesicles on
PTU permeation from agueous solution & 90 Y%saturation wes perforred. The main
component of the vesicles tested in the present sty is non-onic surfectants. The results
are summanized in Table 26

The rark orcer of some peneation paraeters such & Js s and Qi
shown in Table 26 was GDS > Span®40 > Jan®20 > L-5%. CGDS ety vesicles viere
the most enhancing while L-5% enmoty vesicles were the least (p<0.05). On the other
hend, most enhancerrent factors of all formulations were not statistically significartly
different (p>0.05). The exception wes seen with the EF of Q4 valte (p<0.09).
Pretreatrrert with Soar®20 wes not statistically sigrificartly different as conpared with
Sar®40 (p>0.06). Table 27 shows -value from Dunnett test. The resuts in Tables 26
and 27 inply that GDS enpty vesicles had a remarkable penetration enhancing effect
Ennancing effect of Sen®40 and Sa®20 ety vesicles wes mocerate, bout the L-5%
hed amarginal enhancing effect on PTU perreation,



Table26  Permeation pararmeters of PTU from PTU solution & 90%saturation after pretreatment with ety vesicles (MeartSEM

=4)

Permection - Jr®ACCHOSOUlan®C4 - Jar®@20.CHOSlla®C4  L5%GPEGSL  GXCHOBI®
paraeter 6/5.2155 575:3155 50:50 45:15:40 \valte
Auxx L 319037 32640.26 2884043 448+0.24 002
Psx 105 311H0.37 288023 254038 410+H0.22 002
% 4.85+H).64 8%5+2.10 7044289 468+240 049
%(% 0.99+0.16 068005 053+0.10 14H23 0.00

2.35+0.28 2114017 19140.29 248+0.14 037
EFofQ 1.36+0.18 2524059 1968+081 0.35+0.18 0.06
B of Qu 16340.5 1124009 0.98+0.16 2214034 0.01
RF 21240.5 2174017 19140.29 2.36+0.13 05
Recovery 8.430.82 8123+330 80.23+2.64 B3421H :
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Table 27 The pvalues from Dunnett test of permeation parameters against control
(=4

pvalle
L) mzo a5 L5
Huxx 100 0.02 000 (008
Psx 105 0.02 000 o000 008
&% 0% 013 019 04
q4% 03 018 oo 100
B 0.01 002 o000 008

Hrof 0% 013 019 04
EFof Qu 0.4 098 o001t 100
RF 003 002 o000 008

GDS systemwes composed of Brj®76 40 parts and GDS 45 parts, Brij®ir6

15 a good enhancer for meny crugs such &s cyclosporine-A (Dowton ¢t al,, 1993
Waranuch et al,, 1997, Waranuon et al,, 1998), alprerinterferon (Niemeic et al, 19%),
groath hormone releasing peptice (Heisher et ., 1995), piroxicam (Okuyama et dl,
19%9), and ihuprofen (Park et &, 2000). In addition, Sentjurc et d (1999) stucied
permeztion of hydrophilic spin probes from GDSCHOIlpoamm salt LAS (45:45:10
) using electron paraegnetic resonance: imeging ethod. They found thet the
Vesicles increase spin probes pereation. Thus, GDS system increasedl PTU peneation

from agueous solution since it contained both GDS and Brij® 76 which are good
penetration ennancers

Lopez et . (2000) investigated the effects of Sa®20), Tuen®2), ad
Azone® on the penetration of compounds wath cifferent lipophilicities. They pretreated
epicermel mebrane of Wistar rat overnight with 1 or 5 %wiv of the ennancers in
ethanol and found that Span®20 can be consicered as suitable as Azone® in ennancing
permeation of cormpouncs with intermeadiate lipophilicities like 2-phenyl ethandl (log p
= 13). FemeniaFont et d. (2005) stuclied sumetripan sUccinate permeation across
porcine skin after pretreativent te skinwith 5% /- of various ennancers in ethanol for
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12 hours. They conclucied that San®20 have shown anocerate enhancing activity. The
reason thet enhancenent activity of Jn®20 ety vesicles wes not clearly shown in
this presert study might be dLe to the cifference in the dosage form and pretreativent
time. Inthe present stucly, the skin wes pretreatment with dispersion of ety vesicles in
aqueous for only 4 hours while in the previous reports the skin was pretreated with
ethanolic solution for 12 hours,

Sucrose faurate ester (1-5%) System wes ot Superior to the agueous
mecium in the present stucly. This result agrees well with the study of many researchers.
Ayala-Bravo et . (2003) performed the enhancerment effect of sucrose laurate ester on
penetration of 4-hyaroxyberzonitrile from 2 %and 10 %6wiv solutions in water across
huen skin invivo after pretreativent for L hour. They found that L-5% solution clid not
Increase druy permeation conpared with its aqueous solution. Honeywell-Nouyen,
Arenja et dl. (2003) stucied permeation of ratigotine solution after pretreativent huen
skinwith ety vesicles of L-5%:PEG-S-L (50:50 molar ratio) for 1 hour and concluced
tret pretreativent clearty had no effect on drug penmeation as compared to the control,
The sae resuits were ooserved by Honeywell-Nouyen and Bouvstra (2003) who
sturlji)ed the permeation of pergolice Using system contained L-5%:PEGS-L (50:50 by
mole).

15% enmpty vesicles did not act as penetration enhancer.. This mey be dle to
the lower concentration of total lipid used. Thus, to prove this icks, L-5%.PEGEL
(5050 /) ety vesicles were prepared wsing total lipid a 200 ngiml PTU
permeation from solution at 90 Yosaturation in wiater was carmed out with the same of
pretreatiment test Table 28 shows permeation pevarveters after pretreatiment with
L-5%:PEGs-L a 100 and 200 mymL Al parareters from the system with lipid
concentration of 200 mymL were higher then those: from the system with 100 mymi
total lipicl. Thus, with increased lipidl concentration, penetration enhancerent effect of
L-5% ety vesicles wes clearty increased. Although increased lipid concentration gave
more potert enhancerrent, PTU permeation from L-595:PEG-8-L (200 mymL) vesicles
vias lower, though nat statistically significant, then thet of L-5%:PEG8-L (100 myml)
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vesicles (Table 29, Fgure 22). L-5%:PEG-8-L (200 mymL) vesicles wes as visoous &
oel. Higher wiscosity of L-5%:PEGS-L (200 mymL) vesicles might cause slower
release of PTU and thus cecreased skin permeation. Therefore, penetration enhancing
effect of L-5% (100 mg/mL) vesicles wes not the mechanism of this system since PTU
pereation after pretrestiment with ety vesicles wes ot significantly different as
conparred] with acueous solution

Tahle28  Permeation pararmeters of PTU solution (at 0%bsaturation) after pretreatrent
with L-595:PEG-8-L empty vesicles at 100 and 200 myimL (MeartSEM
=4
Permreation L-5%:PEGs-L L-5%:PEGSL e
araTEtEr 2 0 myiL a10m. P

Hux, 10" 5114045 2.88+043 0.01
Psx 105 450+0.39 254038 0.01
G 356+ 70428 03B
Qu (%9 103012 054020 00
B 33900 19140.9 0.01
FofQ 1014026 1908 0%
B of Qu 180+0.20 098+0.16 0
RF 3300 1914029 0.00
Recovery 82.15+3.21 80.23+2.64
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Table 29 Permeation parameters of PTU from L-595:PEG-8-L vesicles at 100 and 200
mg/mL (Mean+SEM, =4)

i LSGPEGL  LSGPEGRL
A00mL alomghi. P

paraTeter
Huxx 102 4.66+087 166+1.34 0l
Ps 105 6.06+L13 or+t0 QR
&% 1214013 3320 018
A0 1144024 1568402 012
B 2.31+0.44 379066 012
Hrof G 0.05+0.01 0.13+0.05 018
B of Qu 1744037 243H0.34 02
RF 1804034 295H052 il
Recovery 86.43+3.% 9341+207
TZ: —e— 100 mg/mL

1.60 4
1.40 A
1.20 1
1.00 1
0.80 4
0.60 A

% PTU permeation

0.40 -

0.20 1
0.00

0 2 4 6 8 10 12 14 16 18 20 22 24 26
Time (hr)

Foure 22 Permregtion profiles of PTU from L-5%:PEG8-L at 100 and 200 mymL
(VeatSEM =4)
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Conparison of permeation paraneters of PTU from solution after
pretreatient with ety vesicles with those fromcorresponcling vesicles wes carmied ot
Tre application of Sr®20, Jar®40 and L-5% systers in the form of vesicles wes
SUperior to pretreatiment (Tables 30-32). On the other hand, GDS wes not remarkanly
SUjerior to pretreatient (Table 33). There were meny researchers who investigated drug
permeation from the vesicles conpared with penetration after pretreatment with ety
vesicles. For exanple, Hofland et dl. (1994) reported that clirect contact between estradiol
niosomes and the skin wes inpoerative to exert the highest effect on dug tramsport
B Mghraly et dl. (1999) revealed that permeation of estradiol from tracitionel and
ckformeble liposomes wes superior to pretreatient with ety vesicles. Similary;
Honeywell-Nguyen, Arenja et dl. (2003) and Horeywell-Nguyen and Bouvstra (2003)
used L5%:PEGEL elastic vesicles for enhancing pereation of rotigotine and
pergolick, respectively. They concluced that application of drug containing LS%:PEGS:
L vesicles enhanced drug permeation more then pretreativent with ety vesicles,

Table 30 Permeation parameters of PTU from PTU containing vesicles and pretreaiment
of Sa®20 system (VeatSEM,  =4-6)

Permection  Pretreamentwithenpty — Sar®20:CHOSolulan® C24

parameter Vesicles NICSOES ek
Fuxx 12 32610.26 1648+2.38 000

Psx 106 2860.23 1802+261 000

% 891210 453+1.55 012

(% 063+0.05 27H0.9 000

EF 2174017 703+1.02 001

EFofG 2524059 0.18+0.06 003

EF of Qu 1124009 4204044 000

RF 2174017 6.36t0.92 001

Recovery 8123330 86.90+245 -
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Table 31 Permeation parameters of PTU from PTU containing vesicles and pretreatment
of Span®40 system (Mean+SEM, = 4-6)

Pomreatin  Pretreatertwithenply  Sar@40CHOSOU®C

eraeter Vesicles NIOSOMeS pale
Auxx 12 31H037 1068+1.16 000
Psx 10 314037 1050+1.14 000
% 485+064 29%+0.79 013
Qu (% 0930.16 15640, 00L
B 2.35+).28 4104045 002
EFofQ 1361018 0.1240.03 00L
EFof Qs 1631025 2434017 002
RF 21240.25 4124045 00L
Recovery 884H0.8 82.65+2.24 »
Table 32 Permeation paraeters of PTU from PTU containing vesicles and pretreatirent
of L-5% system (VeantSEM, =4)
Permeation  Pretreatient with ety L56PEGEL Val
paraeter Vesicles NIOSOMES PAALE
HAuxx 102 285043 166tL.34 003
Psx 106 254038 9.72+1.70 002
&% 1004289 3334120 02
026 (%) 053010 156102 00
EF 19140.29 3.719+0.66 0
EFof G 196081 0.13+0.05 0L
EF of Qu 098+0.16 243034 002
RF 191+0.9 2954052 013
Recovery 80.23+2.64 9341+207 »
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Table 33 Permeation parameters of PTU from PTU containing vesicles and pretreatment
0f GDS system (Mean+SEM, = 4-6)

Permeation  Pretreatrrent with enfpty CS.CHOBN|®T6

paraeter Vesicles NIOSOMES pake
Huxx 10 4.43+0.24 1437+1.09 0.00
Psx 105 4.1040.22 1729+131 0.00
% 468+240 2214073 027
4% 144023 224015 0.02
F 2484014 25240.19 087
EFof 0.35+0.18 0.16+0.05 02
EFof Qu 221034 2214015 09
RF 236013 2124016 03
Recovery 93.3442.75 %.338.76

Since GDS Is & good penetration enhancer, application in the form of

vesicles increased PTU permeation & high s tht of pretreatiment with ety vesicles.

From these results, it is no coubt thet crug entrapent in vesicles wes essertial in orcer
to achieve PTU trangport

ennancement for Jan®20, Jan®40, and L-5% systens but
not essential for the GDS system Although the difference of the GDS system was not
statistically significant, all parameters of PTU cortaining vesicles were higher than those
of pretrectirert

Since GDS, span® 20 and Jn® 40 ety esicles: showed most and
mockrate enhancing activity, respectively, a penetration enhancing mechanism wes
possible for these systers particularly for the GDS system It wes not the only
mechanism accounting for increased skin' celivery of PTU vesicles since dlirect
aoplication of all vesicles gave higher PTU permretion than pretreativent. On the other
hand, ennancement effect of L-59% vesicles on PTU permeation across newoom pig skin
Was not operated by penetration enhancing effect of the conponents,
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74 Transepicermal osmotic gradient

According to Ceve and Bloom (1992), the water gradlient is an inportant
dnving force for drug ciiffusion. They have shown thet transcermal lipid! transport may
occur spontaneously provided tht the special vesicles, Transfersomes®) are exposed toa
cenyciration foroe resulting from an osrmotic gradient between the skin surface and the
ckeper skin tissue. Therefore, it hes been suiggested tht elastic vesicles are most efficient
uncer non-occlusive condition. To verify this mechanism PTU permegtion from L-5%
(elastsitcltl)d%rad Soa®40 (gel state) vesicles uncer non-ocelusive and occlusive conditions
Wes stuied

Table 34 and Fgure 23 show permreation parameters and profiles from
L-5% vesicles uncer non-ocelusive and occlusive conditions. Qcclusive application in
this stucly gave the higher values of Hux, ps G5, and 4 than non-ooclusive application,
ut the difference were not statistically significantly. These results show tht application
of L-5% elastic vesicles unger non-occlusive: incressed PTU permeation as highly &
unckr oclusive congition. The higher values of some paraeters arng occlusion Were
simply calsed by the ennancerent effect of veter. This inclcates thet water wes an
excellent penetration enhancer for PTU (see Houre 24). However, most parameters (2s
conpared with acueous solution) Unger non-occlusive condition were: significantly
higher (about 2-4 times) then those uncer acclusive condition (p<0.05). This means thet
the action of vesicles thermselves wes decreased uncrrocclucked condition. Similar results
viere onserved in Sn®40 vesicles (Table 3 and Fgure 25). This is in agreement with
Ceve and Bloom (1992) who suggested that occlusion wouldl eliminate the osmotic
oracient therey preventing the partitioning of vesicles into the skin
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Table 34 Permeation parameters from L-595 vesicles under non-occlusive and occlusive
conditions (mean+SEM, =4)

Pomeion~ L5O5PEGBL SEPEGEL
(ronoodsive condtion) — (coclusive concitior)

A 1" 766134 06D 065
Psx 105 0724170 NEHE 0
Q54 3L e R
Q44 1564022 2180% 013
F 3704066 15409 004
FFofQy 0134005 034018 03B
FFof Qu 24303 154018 065
RF 254052 106013 03
ROV QBAL+207 0LT+7.39

—&— Non-occlusive

—8— Occlusive

0 2 4 6 8 10 12 14 16 18 20 22 24 26
Time (hr)

Foure 23 Permeation profiles of PTU from L5%:PEGS-L vesicles under non
occlusive and occlusive conditions
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H Occlusive

35
1 O Non-occlusive
30 1

25
20 A
15 1

10 -

0___l—:—" . '-r-ﬂ‘

Fluxx100 Psx100000 Qs (%) Q24 (%)

Foure 24 Permegtion parareters of PTU from solution (90 Yo saturation) Lncer non-
occlusive and occlusive conditions (meartSEM, =6)

Table 3 Permeation parameters from Jan® 40 vesicles uncer non-occlusive and
occlusive conditions (meantSEM =6)

Paresion - SEBACHOSIMABCH  JEBACHOSIBCH
ot (onoodwsiecndtio)  (occsiveoondiion) P

Al 1 1068+116 851406 018
Py 105 1050+L.14 000+L01 0%
Q% 2964070 376419 07
Q@ (4 15501 1614018 089
= 410K 1184013 000
FFofQ 0124008 041H02 021
FFofQ 2134017 111012 000
T 410405 100011 000

ReOOEy 8 65224 5 13364
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—e—Non-occlusive
—s— QOcclusive
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0 2 4 6 8 10 12 14 16 18 20 22 24 26

Time (hr)

Foure 25 Permeation profiles of PTU from Sman®40 vesicles under non-ooclusive and
occlusive conditions (meantSEM, =6)

L-5%:PEGEL Is an elestic vesicle system with high elasticity. It can
peretrate through menbrane with pore size of 3050 nm Several studlies have
ckrrorstrated thet these elastic Vesicles are better then the converttional ngid vesicles in
the enhancerrent of drug transport across the skin These  dlies were performred using
sorre lipopnilic drugs: pergolice, rotigotire, and lidocaine. The exact mechanisis of
action of this system renein a subject of discussion. Furthemore, it Is not clear unger
Which conditions elastic vesicles provide the best ennancement of drug transport, van den
Bergh, Boumstra et al. (1999) studied the interaction of L-59:PEG-8-L elastic and rigid
vesicles with hairless mouse skin bath in vivo and in witro and examined skin
Ultrastructure by TEMand histology. They found lanellar stacks in the intercellular lipid
Spaces after treatiment with elastic vesicles, a feature not oserved after treatvert with
rigidl vesicles. Van cen Bergh, Vioom et . (1999) performed vesicle-skin interaction
using TEM FFEM and two-photon excitation microscopy. They shoved that after
treatment of humen skin with L-595:PEGE-L. vesicles, the transport of lipophilic
fluorescent merker wes via a fine meshwork of threacHike channels with increased
permegtion of the marker. On the contrary, there wes @ homogeneous intercellular
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penetration of the marker after treativent with \\esag 7 rigidl vesicles or with PEGS-L
micelles. In contrast to the study of Ceve and Bloom (1992), bath stucies did not show
ay evidence thet elastic vesicles could peretrate through the stratum comeum
Honeywell-Nouyen, ce Graaff et al. (2002) investigeted both in vitro and in vivo
Interaction of L5%:PEGS-L elastic vesicles with hurman skin using tape stripping and
freeze fracture electron microsoopy. They found a fast penetration of intact elastic
Vesicles into the ceeper layer of stratum comeum, where these vesicles aocumulated in
channeHlike regions. No ultrastructural change wes found in skin treated with rigid
vesicles. Treating with micelle resulted in rough, iregular fracture planes. Also, there
Was no evicence to suggest that elestic material couldl penetrate beyond the stratum
comeumin to the viable epicenis in large cuantity.

From these aove stuclies, the conaition usedl wes nortooclusion. It inplies
thet elastic vesicles inprove skin arug celivery or inuce ultrastructural changes of skin
uncer non-ocelusive condition. Cave and Bloom (1992) reported that Transfersome®is
an ultraoeformabole vesicle thet can penetrate though intact skin only when applied uncer
non-ocelusive congition. Phospholipics have a tencency to avoid any dry surroundings.
Thus, it will partially cehyarate by evaporation when the phospholipick-besed liposomes
15 applied on the skin Under non-occlusive conclition. For vesicles to remain meximally
swollen uncer such conaition, they follow the local transepicknmel hydration gracient
between skin surface andl deeper skin layer. Vsicles can only do this if they are
Ultrackformeble vesicles like Transfersome®, Inthis concition, tracitional liposomes wll
ackom, conpletely ceydrate, and fuse on skin surface. Accordlingly, occlusion is
believed to abolish the retural hyairation grackient in the skin and should infibit the action
of ceformeble vesicles. There are some reports on the stucies using ooclusive condition
compared with non-ocelusive condition to elucicate which condition would be suitable
for elastic vesicles, B Maghraty et al. (2001) investigated humen skin celivery of
estraciol from ultrackformeble vesicles containing soybean PC and ede activators suoh
& sodium cholate, Tween® &0, and Spen® 80 and cifferent state tracitional liposomes
and compared between ocelusive and non-occlusive concitions. They reported that under
non-occlusive condlition both ultraceformeble and tracitional liposomes: inproved
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estraciol skin celivery but ultraceformeble liposomes were suierior. Ocelusive condition
redioed skin' celivery of both vesicles. Honeywell-Nouyen and Boumstra (2003)
conpared pergolice skin' penetration from L5%:PEGEL elastic vesicles uncer
ooclusive and non-ooclusive condlitions across huvan skin. They concluced thet non:
occlusive condition improved the skin celivery of pergolick compered to buffer contral
Qoclusion increased aru transport fromboth vesicles as well as buffer solution cue to
the fact that weter is an excellent penetration enhancer. However, the action of elastic
vesicles themselves wes diminished under occlusion becauie it showed a lower flux
compared with buffer control. In acdition, Horeywell-Nguyen, Groenink et a. (2003)
Investigated the in vivo interaction of L-5%:PEG-8-L elestic vesicles with humen skin
Using the tape stripping in combination with freeze-fracture electron microscopy method
They found a fast penetration of Intact elastic vesicles into the stratum comeum via
channel-like regions after non-occlusive treatrent. Although micrographs showed very
few intact vesicles in the ceeper [ayers of the stratum comeum, the presence of lipid
placues was frequently ooserved after occlusion condition. The results from the present
stucly agree with the other previous studlies. Fromithe resuts of the previous and presert
studlies, non-occlusion should be a suitable concition for the elastic vesicles. These
results support the hypothesis for L5%:PEGEL elastic vesicles thet the vesicles
Inprove skin oy celivery by penetrating through the stratum comeum unger non-
ocelusive condition clue to the transepice el esmotic gracient.

Qoclusion hes been reported to Increase percutaneous ansorption of various
other topically applied cormpounds. On the contrary; it is essential thet liposomes undergo
significant cehycration Lnoer non-occlusive condition $0 & to be effective. The bulk
acueous medium in the vesicular suspension in this present study wes about 90 %of the
formmulation because the lipicl conpentration wes kept &t 100 mymi. Thus, without ahigh
cegree of cehyalration, no acvantages over a simple agueous solution could be obtained
fromvesicular systens. Two factors that control the extent of dehydration of a vesicular
SUSpersion are phese transition termperature and the presence of humectants (Tourtou
etal, 1994 Dowton et al,, 1993). Chtaet dl. (1996) investigated influence of formulation
type on the deposition of glycolic acid and glyceral in hairless mouse skin invivo. They
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concluckd thet glycerol affected skin deposition of glycolic acid by slowing down
cehydration of the formulation cotaining GDLCHOBN® 76 (57:15:28 by weight)
Trerefore, PTU permeation from span® 40 uncer non-ocelusive condition was higher
then thet uncer ocelusive condition when the acueous cortrol was brought into acoount

Fromall the studlies to eluicicate the comnating mechanismof PTU vesicles
o inprove PTU permreation, increased drug thermodynamic activity and the “free drug”
mechanism clid not operate on PTU permeation because there wes no correlation between
PTU entraoment and release rate constant and all permegtion paraeters. The mechanism
of action of PTU vesicles depencied on the component of vesicles.

For GDS system penetration enhancenvent effect of the component might
play an inortant role because pretrectent with GDG ety vesicles clearly increased
PTU permeation from solution in buffer, However, % PTU permreation from GDS
vesicles wes much higher then thet of the physical mixture in 0% propylene glycol in
wiater, Thus, another mechanism for GDS system might involve vesicle-skin transfer
because dlirect skin cortact with GDS vesicles wes essential.

The cominating rrechanism of action for Sa®20 and Sn®40 vesicles
might incluce penetration enhancing process and vesicle-skin trarsfer for two reasors:

1) PTU permreation was a ittle increased after skin pretreatment with enpty
vesicles. Thus, the inproved PTU peretration by Sar®20 and Sin®40 vesicles might
not be caused solely by the peretration enhancing effect of the main surfactant
corTponents

2) PTU permreation from PTU vesicles was significantly higher than thet
from pretreatment. Therefore, the optimal drug transport could be achieved only when
oruy molecules were applied together with the vesicles. This also suggests thet the
penetration enhancing mechanismwes not the most predominant mechanism resporsiole
for the increased PTU trasport from Soan®20 and Spar®40 vesicles. PTU vesicles
learty increased % PTU permeation compared with the prysical mixtures in 0%
propylene glycol inweter, From these resuts, anather mechanism might be vesicle-skin
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transfer because it was essential to entrap PTU into the vesicles so as to improve PTU
permeation.

The results of the present study are also suggestive of a mechanism for
5% system as a g carmier system for these reasons:

1) Pretreatrvent showed no cirfference from acueous cortrol, whereas PTU
niosomes clearty enhanced PTU penmeation. Thus, the inproved PTU permeation by the
elastic vesicles was not solely caused by the penetration enhancing properties of the
surfactant components,

2) PTU vesicles significantly enhanced PTU permeation. PTU pereation
from L-5% vesicles wes higher then tret from solution in 90% propylene glycol in
Weter, Therefore, the most predominant mechanism responsible for the increased PTU
transport wes vesicle-skin trarsfer.

3) PTU vesicles significantly enhanced PTU permeation unger non:
occlusive condition compared to occlusive condition. Thus, it implies thet L-5%:PEG-S-
L rae(l}lastic Vesicles penetrated through the stratum comeum using transepicenmal osimotic
graclient
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