CHAPTERII
LITERATURE REVIEW

Psoriasis

Psoriasis is a common, chronic, infianmetory skin disorcer, characterized by the
gopearance of whitish or silvery laminated scales on slightly raised, well merginated
reckiish patches (Barker, 1991). If the fine scale is removed, a salmorHoink lesion is
expoosed, jperhaps wath punctuate bleeding from prominent cermel capillaries (Diprio
et ah, 2002). Prevalence is between 0.1 and 30% of world’s population (Lincen and
\\Binstein, 1999)

Psoriasis can start at ary age and psonatic petients may be segregated into two
orouns based on age of onset, clinical course andl genetic background. The first group
oocurming & 16-22 years of age (before the age of 15 years) tencs to be more severg
resistant to therapy, associated with a positive family history, and to have a poorer
prognosis. The second group oceuirring at 57-60 years of age is usually less severe and
without famly history (cie Jong, 1997).

The exact cause of psoriasis IS Lnknoan. There are several hypothesis regarding
the pathophysiology of psoriasis such as cefects in epicenmel cells; dlsruption in
aracniconic acidl metabolisiy - genetics; exogeneous trigger factors:  climate, stress
Infection, traur, and augs; and immunologic mechanism (Diprio et al., 2002).

PTU in the Treatment of Psoriasis

Propylthiouracil (PTU) is a thioureylene antithyroid drug which impairs thyroid
hormone synthesis by binding to the T3 receptor. This receptor belongs to the family of
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steroid receptors and incluces retinoid and witamin D receptors. PTU exhibits
Inmunomodulatory activities on T-cell Iymphocytes and the mechanism of its action is
not knoan. Intercellular achesion molecule-1 (ICAMH), a marker of early T-cell
activation, and interieukin:2 receptor levels do not decline in patients with psoriasis who
are treated with orally aoministered thioureylenes (Elias et al,, 19930; Elias et ah, 1993).
Hias et dl. (1995) concluckd thet PTU inhibits keratinocyte growth enhancers sch &
proliferating cell nuclear atigen (PONA) and enhances proclction: of - potetial
keratinocyte-growti-inhibitory factor (P53). This, it is likely thet PTU mey be acting &
Suppressing agents beyond the level of early Iymphocyte activation. In patients with
oriasis treated orally with PTU alone and comination with methimezole, a significant
Inprovement in the Pooriasis Area and Severity Incex (PASI) wes doserved (Elias et ah
1993%; Hlias et ah, 19930; Hlias et ah, 1993c; Hlias et ah, 1995; Chowchury and Mark
201, Kose et ah, 2001). Possible sice effects of PTU treatment are sutclinical
hypothyroicism and leucopenia (Elies et ah, 19930; Elies et ah, 1993c; Chowchury and
Mark, 2001, Kose et ah, 2001). Inacifferent stucly, topical application of 5%6PTU lotion
(PTU in propylere glycol and hydrophic petrolatum) o patients with placue psoriasis
resited in a significant improverrent of the lesion (Hlias et ah, 1994). Nore of the
patients receiving topical PTU developed clinical hypothyroicism or elevation of serum
thyroickstinulating hormone: levels. Furtremore, Laifong Mona: Asavisanu (1997)
stuclied the effect of 10%PTU lotion in patients with psoriasis. She found a significant
improvement of the lesion and the sick effect in 11%bof patients IS contact centitis
Although PTU may be an effective agent in the treatiment of psoriasis, further clinical
trials are required to evaluate the efficacy and safety of PTU for the treatment of
oriasis. Development of a suitable topical formulation thet is more efficient in celivery

the cug to its target sites may increase efficacy and safety of the drug,
Niosomes (Uchegtu and \Ayas, 1998; Uchegbou and Horence, 1995; Horence, 1993)
Niosomes which is @ nonionic Surfactant-based vesicles are formed from the self-

assembly of nonionic surfactants in agueous media resulting in closed bilayer structures,
The assebly into closed bilayers is rarely spontaneous and usuially involves soe input
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of energy sch & physical agitation or heat. These structures are analogous to
phospholipickoased vesicles (liposomes) and are able to encapsulate both hyarophilic and
hydrophonic solutes, either in the bilayer, in the entrapped agueous volume or a the
bilayer interface, to serve as drug camiers. The low cost, greater stability, ease of storage
and preparation, niosomes have to the exploitation of these vesicles as altermatives to
liposomes. Niosomes are classified by their size and number of bilayers into
multilamellar vesicles (MLVS: several bilayers, size 0.1-20 pm), small unilamellar
vesicles ( V/: single bilayer, size 0.02-0.1 pm), and large unifarrellar vesicles (LUVS:
single bilayer, sizeo.1-1 pm).

Materials Used in the Preparation of Niosomes

As dtated earlier; niosomes are fonmed from the self assembly of norHonic
surfectants in agueous media resulting in close bilayer structures. In brief, the common
components of niosomes are as follows (Roson, 1989; Kiboe, 2000):

1. Non-ionic surfactants

NorHonic surfactants with @ wide variety of structures, usually in tre
presence of CHO, form bath multilamellar and unilamellar vesicles. Polyoxyethylene
alkyl eters (PAE) andl long chain carboxylic acid esters are norHonic surfactarts most
commonly used in niosonmal preperations. Other nor-ionic surfactants thet form vesicles
are the following: alkyl polyglycosices, alkyl polyglycerol ethers, alkyl stcrose esters,
alkyl polyethyleneglycol polyglycerol ethers, steroical oxyethylene ethers, dialkyl
polyglycerol ethers, cialkyl polyoxyethylene ethers, dialkyl oxyethylene glycerol etfers,
and hexadecyl glycerol (Horence, 1993). The properties of some commonly Used
Surfectants are as follows:



1.1 Polyoxyethylene alkyl ethers (Kiboe, 2000)

Polyoxyethylene alkyl ethers (PAE) are nonHonic Surfactants wickely used
i topical prarmeceuticl formuiations and cosetics. PAE ae a senes of
polyoxyethylene glycol ethers of n-alcohols (lauryl, myristyl, cetyl, and stearyl). It canbe
procloed by the polyethoxylation of linear fatty aloohols. These proclcts tend to be
mixtures of polyrmers of slightly varying molecular weights, and the numers used to
cksorie polyrmer lenths are average values. The most common track names of this
roup are Bij® and PAE are chemically stable in strong aciclic or alkaline
conditions. Brij® can only form vesicles in the presence of CHO. Brj® surfactants thet
have been reported to be vesicle forming agents incluce Bij®30) (Vanosroi et ., 2003
Manooni et al., 2002; Manconi et al., 2003; Manconi et al,, 2006), Bij®52 (Hoffand et
al., 1993, Guenin and Zatz, 19%; Arunothayanun et al,, 1999; Manosroi et al., 2003),
Bij®72 (Hofland et al,, 1993; Arunothayanun et al,, 1999; Manosroi et al,, 2003), Brij®
16 (Hofland et al., 1993; Niemiec et al,, 19%; Jayaravenetal,, 19%).

1.2 Long chain carboxylic acid esters

Inthis group, polyoxyethylene sorbitan fatty acid esters and sorbitan fatty
acidl esters are Usually used in niosone preparation

1.2.1 Polyoxyethylene sorbitan fatty acid esters

Polyoxyethylene soritan fatty acidl esters are series of fatty acid
esters of sorbitol, its annyciricks copolymerized with approximately 20 moles of ethylene
oxicke for each mole of sorbitol and its anhyarices. They are also known unger the naies
of Teen® andl polysorbate. These compouncs are hydrophilic surfactants and wicely
used in food, drugy and cosmetic proclcts. Polysortete s stabole to weak acids and beses,
Tween® used in niosoal formulations is Tuneen® 20 (Carafa et al., 1998; Ruckiman,
Jayaker, and Grosal, 2000; Carafa et al,, 2002; Shahivala and Misra, 2002), Tneen®40
( cpactal, 1993), Tneen®60 ( dupaetal., 1993; Pillai and Salim 1999), Tneen®6L
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(Manosroi et al,, 2003; Manosri, et ., 2005), Tieen®80 (Ucupa et al,, 19%3; Ruckimen
etal, 2000), Tneen®8 (Naresh et al,, 1994)

1.2.2 Sorbitan fatty acid esters

Soroitan fatty acidl esters are series of mixtures of partial esters of
sorbitol andits mono- and ci-anfycrickes with fatty acics. Sorbitan esters are wickly used
In food, cosmetic and phamreceutical prooicts s lipophilic surfactants. Their proprietary
name is Mary niosorral formulations contain San@) including Jen®20 (Uokipe
et ah 1993 Yoshioka, Stermberg, and Forence, 1994; Namdeo and Jain, 1999; Heo
et ah, 2002; Srehivala and Misra, 2002), Soar®40 (Uokipa et ah, 1993; Yoshioka et ah
1994; Namokeo and Jain, 1999; Hao et ah, 2002; Manconi et ah, 2002), Sn®60 (Udupa
et al; 1993; Reclly and Ucupe, 1993; Yoshioka et ahy 1994; Uchegbou et ahn, 1996; Naresh
et ah 19%; Namoeo and Jain, 1999; Ruckmani et ah, 2000; Agarwal et ah, 2001; Heo
et an, 2002 Srehiviala and Misra, 2002; Manconi et ah, 2002, Mancsrol et ah, 2003),
S0 (Uokpe et dl; 1993; Yoshioka et ahy 1994; Dimitrijevic et ah, 1997; Nameo
and Jain, 1999; Ruckeni et ah, 2000; Hao et ah, 2002, Shehiveala and Misra, 2002), and
S (Yoshioka et ah, 1994; Shehiviala and Msra, 2002).

1.3 Glycerol diesters

Glyoerol diesters are diesters of glycerol and lipphilic nor-ionic
surfectants with HLB of 4-6. They are used in foockstuff, meglicine and cosimetic
Inostries, an erulsifier, stabilizer, cefoarrer, and thickener. Giyoerol diesters used in
niosormes are glyceryl distearate (GDS) and glyceryl dilarate (GDL). GDS and DL ae
sed as vesicle forming agent for many drugs (Mergalit, et an, 1992; Dowton et an, 1993,
Niemiec e ah, 199%; Heiser, et ah, 199%; Chta et ah 19%; Jayaraen et an 19%;
Waranuch et an, 1997, Waranuch et ah, 1998).



14 Sucrose fatty acid esters

Sucrose fatty acid esters are norHonic surfectants with a sucrose
Suiostituent s the polar head group. They are nontoxic and biockgracble surfactarts
aoproved by FAOMHO as food adaitives. Since they are nonimitant to the skin, they are
also suitable for thergpeutic and cosrmetic applications. Sucrose fatty acidl esters used in
cermatological preparations in the forms of liquid crystals and microemulsions are
sucrose laurate andl sucrose rcinoleate (Ayala-Bravo et ah, 2003). Sucrose laurate ester
(L-595) contains 30.3% monoester, 29.3% aiester, and 304% triester (Kunieck et ah
1993). L-5% used In noisome preparation is usually used with octaoxyethyleneglyool-s-
larate ester (PEGs-L) (van cen Bergh, Vicom et ah, 1999; van den Bergh, Boumstra
et an, 1999: Li, Danhof, and Boumstra, 2001; van den Bergh et ah, 2001, Honeywell-
Nouyen, Frecenik et ah, 2002, Honeywell-Nouyen, ce Graaff et ah, 2002; Honeywell-
Nouyen, Arenja et ah 2003, Honeywell-Nouyen and Bouvstra, 2003; Honeywell-
Nguyen, Groenink et ah, 2003).

2. Membrane additives
2.1 Cholesterol (CHO)

Various ackitives must e incluced in the formruilation in orcer to prepare
stable vesicles. The most common aditive found in vesicular systens is CHO. CHO
does ot by itself form bilayer structures, but it can be incorporated into the bilayer
menbrane. Since CHO is anamphipathic molecule, it inserts itself into the bilayer with
its hyaroxyl group oriented towarcs the agueous surface and the aliphatic chain aligned
parallel to the alkyl chains in the center of the bilayer. Inclusion of CHO Is essential to
SO norHonic surfactants that can not form vesicles by themselves stch as Tween®
Bij®) and polyglycerol ethers, etc. These surfactants can form stable vesicles in the
presence of CHO becalise CHO modulates GPP values and aholishes the phase transition
ofthe total lipics (New; 1997, Ucheghou and Ayes, 1998). Devarg) et ah (2002) Used fatty
aloohols irstadl of OHO in ketorolac tromethamire niogormes containing polyolyceryl-3-
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dli-isostearate and polysorbate-80 prepared by ether injection ethod. They reported thet
niosomes containing fatty alcohol showed similar properties to those containing CHO
With Slower release rate

2.2 Stabilizers

2.2.1 Dicetylphosphate (DCP)

Dicetylphosphate (DCP) is anegatively charged lipid and it prevents
Vesicle apgregation by electrostatic repulsion. it hes leen wickely usedl in both liposomes
and niosomes (Recoy and Ucupe, 1993; Uoupa et al, 1993; Naresh et al, 1994,
Yoshioka et al,, 19%4; Caraf et al., 1998; Ucheghu and Was, 1998; Namdeo and Jain
19%9; Carafa et al,, 2002). Inclusion of DCP in niosoal formulations affects drug
entrapment and staility.

2.2.2 Solulan® C24

Solulan® C24 (poly-24-oxyethylene cholesteryl ether) is one of
ackitive stabilizers useful in vesicle preparation for antiaggregetion by steric hindrance,
Solulan® C24 hes been used s a stabalizer in many niosomal formulations (Ucheghu
et al,, 1996; Uchegou and Horence, 1996; Uchegbu et al., 1997; Dimitrijevic et al,, 1997,
Arunothayanun et al,, 1999; Arunothayanun et al-, 2000). Solulan® C24 has been used &
a concerttration of 5%oby weight without toxicity (Dimitrijevic et al,, 1997). Adition of
Solulan® C24 inniosomes influences niosomel properties such as entrapment efficiency,
visoosity stability, andltoxicity.

2.3 Micelle-forming agents
Niosomes prepared from L:5% form rigidl vesicles. Incorporation of a

micelle-forming agent surfactant, PEGs-L, into the vesicle bilayers would resuit in
partial soluloilization of the bilayer and therey increasing the elasticity of the vesicular
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system Therefore, a series of vesicles can be olotained, ranging fromvery rigid to very
elastic by changing the ratio of the vesicle forming and the micelle forming agents, van
okn Bergh et al. (2001) stuclied the elesticity of elastic vesicles containing various ratics
of L5% and PEGs-L by using electron spin resonance, electron microscopy, and
extrusion rmeasurement. They concluckd that when rmolar content of PEGs-L vies
Increased the elasticity wes increased. Similarty, Honeywell-Nouyen, Frecenk et d.
(2002) Investigated the effect of addition of druy molecules, pergolice, on the
physicochemical charactenistics s well as the morphology of the vesicular system Lsing
Cryo-TEM They found that increasing the PEG=-L content increased vesicle elesticity;
vesicle stability, and drug solulbility but a further increase in the PEGs-L content
resulted in a cecrease in crugy solubility andl vesicle stahility. The elastic vesicles
consisting of L-59, PEG:-L and sodium sulfostiocinate in the molar ratio of 50:50:5
oave the most elastic and stable formulation in thelr studly.

There are some researchers who investigated the effect of elastic vesicles
containing PEGs-L on skin celivery of arugs, suoh as pergolide and rotigotire,
compared with rigidl vesicles (Honeywell-Nguyen, Frecerik et al., 2002, Honeywell-
Nouyen, Arenja et al,, 2003). In adition, some researchers studied the effect of elastic
Vesicles on ultrastructure of skin using various technioues andl found thet elastic vesicles
Inclioed uitrastructure changes of the ceeper layers of the skin (van cen Bergh, Vioom
et al., 1999; van cen Bergh, Boumstra et ah 1999; Honeywell-Nouyen, de Graaff et ah,

2002).

Niosome Preparation Methods (Uchegou and s, 1996)

There are many methods available for niosome preparation. Most methoos used
for liposomes ey be applied to niosomes. In adcition, methods cevoid of organic
solvents are also possible because nonHonic surfactants are heat stable. In brief, most
methods consist of hydration of a mixture of the surfactants/lipics &t the elevated
termperature, which is above the phase transition tanperature of the systens, followed by
optimal size reclction. In case of hydrophilic drugs, separation of the free druyg
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molecules fromthe entraped molecules is usually required. This can be done by various
methodks such as exhauistive dialysis, centrifugation, uitracentrifugation, and gel filtration.
For hydropnodic molecules, the amount of druy in the formrulation is usually
precietermined, without free g left in the firel preparation. Some of the preparation
methods commonly used for niosomes are ether injection (Baillie et d, 1985), film
hydration method (Ballie et al, 1985; New; 1997), reverse phase evaporation (New;
1997), mixing of melted surfactants/lipics with the aqueous phase (Wallach and
Philippot, 1993; Niemiec et al., 19%; Handjani-vila et al., 1979), enzymetic conversion
(Chopineaul, Lesieur, andl Ollivon, 1994), and the bubble method (Talsa et dl, 19%4).
The most commonly used method is film hyoration ethod. The mixing of elted
surfactants/lipick with the agueous phese method cloes not recuire the use of organic
solvents and formation of vesicles can be facilitated by sonication.  Another method
where the use of organic solvents is avoickd is the buioble method

Niosomes freparedl as cesoribed above are usually i the micron Size range
although some of the methods procluce niosomes in the suiomicron size range. Recliction
of vesicle size is often cesirable since vesicle size is known to have an inpect on
biodlstribution. Redluction of vesicle size mey be achieved by anuber of methods such
& oroloe sonication, extrusion through polycarbonate merane with pore size of 100
nm combination of sonication andl filtration, use of microfiuiciizer, and high-pressure
homogenization (- cheglou and \Ayes, 19%6).

Factors Governing Niosome Formation
1. Nonionic surfactant structure
Vesicle formetion can be predicted by critical packing paraeter (CFP)
proposed by Israelachvili (- cheglou and VAyas, 1998). CPP is a dlimensionless parameter
cksorioed as follows:

OPP = Vi(len)
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where = hyaropnobic group volume

Ie = thecriica Pycroptobic groupkength
&0 = the area.ofthe hydrophilic head group

Nonionic surfactant structure is related to orttical packing perarmeter (CPP).
(PP is the value which indlicated the arrangement of surfactart monomer inthe
mecium A calculated value of CPP below 0.5 indlicates the spherical micelle formration,
value between 05 and 1 inclicates that the surfactant mononers assemble preferentially
Into vesicles while a GPP of above 1 would preclispose a compound to form inverted
micelles. The true CPP cepends on the molecular geometry of the surfactant monorer
which is ot a fived peraeter. Fectors such as onic strength, temperature, cegree of
hydration of hydrophilic head grous and the physicochemical property of the cirugs will
affect monormer conformation and the vesicle foretion.

Thus, theoretically niosome formetion recuires the presence of a particular
class of norHionic surfactant and agueous mecium NorHionic surfactant molecules may
consist of one or two alkyl or perfluoraalkyl groups or asingle steroickl group. The alkyf
chain length usually contains 12 to 18 cartoon atorrs. Perfluoroalkyl surfactants thet can
formvesicles may have chain length s short as 10 caroon aton's. The two portions of the
molecule mey be linked via ether; aick, or ester bonds. Crown ether amphiphiles with a
steroickl or Cisalkyl chain have been shoan to formvesicles. Onthe ather hend, there is
a wice variety of the hydrophilic head group in vesicle-forming nonHonic surfactants.
Surfectants with two alkyl chains nonmelly formvesicles while surfactants with one alkyl
chain formmicelles in cllutedl acueous solutions. Surfactants with single alkyl chain will
formvesicles in the presence of CHO. However, Manosroi et al. (2003) found thet some
single alkyl chain surfectants can form vesicles prepared by film hydration without CHO
such & Jan®60, Brj®72, and glyceryl monostearate. Although some surfectants have
optimal CPP values, not all of them can form stable vesicles. For exanple, CieG,
CisCuGr, and CieG have CPP values of 0.64, 0.63 andl 0.7, respectively, incicating thet
these compounds would all form stable vesicles. However, while CisGs forms stable
vesicles without CHO inclusion and CieGe fors less stable aggregates with or without
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CHO, c..c..ar Can not form vesicles without the inclusion of CHO. The CPP this
Serves as aquick only to the atility for vesicle formetion of any surfactants.

Bounstra and Holland (19%4) showed the effects of polar headl groups and
alkyl chain length of alkylpolyoxyethylene surfectants (CrEOn) on the vesicle formration
They concluced tht these surfactants can form vesicles only in the presence of CHO
Tre simlar alkyl chain length conoouncs with smaller ethylene oxice group form
vesicles more readily and a series of Clowith mvaried from 7-21 formmicelles in cilute
solution. For surfectants with similar EO (m=3), increase in carbon chain length (Cuo-
Ciby 0ecreases stablity of vesicles.

Bounstra et dl. (1997) concluced that CoEGs i the only surfactant thet is
able to formstable vesicles without CHO using hendl snaking methodl since it hes optinel
CPP. In the alsence of CHO, vesicles can be obtained from CuEQs, CuECs, CisEC,
CigE03 CueECs and CreEECs Using sonication method. Vhen CHO is acced, vesicles can
be prepared from each of all surfactants in the series of polyoxyethylene alkyl ethers
because CHO inproves CPP value to aptimal value. For sugar ester surfactants, no
vesicles can be formed without the acdition of CHO.

In ackdition, Hydraphilic Lipophilic Balance (HLB) is & good indlicator of the
vesicle forming ability of surfactant. With Sper®surfactants, an HLB nunber of 4-8 wes
found to be compatible with vesicle formation. On the other hand, water soluble
surfectants with high HLB values like Tween® surfactants wall not form stable vesicles.
However, some Tueen®such as Tueen®40, 60, and 80 (Ucupa et al,, 1993), Tneen®20
and 80 (Ruckrmani et ., 2000), Tieen® 20 (Carafa et ah, 1998; Carfa et ah, 2000),
Tueen®60 (Pillai andl Salim 1999), Tineen® 85 (Naresh et al,, 1994) can form vesicles
inthe presence of CHO. Inadition, Bounstra et . (1997) found thet vesicle formation
from polyoxyethylene alkyl ethers is possible with an HLB between 75 and 105
ckpencling on the preparation method,
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2. Membrane additives

The most common ackiitive found in vesicular system is CHO particularty in
the system thet the surfectant itself can not formavesicle, Thus in cases where amixture
of surfectants or CHO is Usedl to preyared vesicles, the operational CPP values will be
those of the entire components. CHO is known to aholish the gel to liquid phase
trarsition of vesicular systems (New; 1997). The inclusion of CHO influences the
properties of the vesicles such as menbrane permeability, entrapment efficiency;, ilayer
rigicity, and toxicity; etc. Charge stabilizer, such as DCP or stearylamine, is often acckd
to the bilayer of the vesicles to prevent aggregation. The quantity of these non-vesicle-
forming ackitives must be carefully acjustec Otherwise, structures other than liposomes
or niosomes may result (Uchegou and \Ayas, 19%8).

3. Nature of the entrapped drug

Tre rature of the entrapped drug mey affect vesicle formetion ahility of
norHonic surfactants. Hydrophooic or amphiphilic drugs can affect the CPP value of the
system since these molecules will e incorporated into the vesicle memrane, spar®60
niosormes containing DCP form homogeneous clispersion when the entrapped conound
15 aviater-soluble cye, carboxyfluorescein. However, the same niosomel system foms an
apregated clispersion with an arpnipethic drug, doxorubicin. Doxorubicin is thought to
be incorporated in the vesicle memtrane since it has been shoan to alter the
electrophoretic mobility of hexacecyl diglyceral ether niosomes in a pH
manner (Uchegbu and \Ayas, 1998). Simlar result wes doserved from the stucies of
Yoshioka et dl. (19%4) and Manooni et al. (2002). Soar®80 niosomes containing
80:CHO.DCP in the molar ratio of 47.5:47.5:5 form stable vesicles when the entraoped
compound is a water-Soluble cye, carboxyfluoresoein (Yoshioka et al. 19%4). If the drug
15 @ hydrophooic drug, tretinoin, 80 niosomes are ot stable andl show phese
separation. The cause of this result IS intercalation of tretinoin into the vesicle bilayers
(Manconi et ah, 2002).
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4, Surfactant and lipid levels (Uchegou and Vs, 1998;)

The level of surfactant/lipidl used to meke niosomes is generally 10-30 mM
(1-25% [ ). Altering the surfactant to ater ratio cuiring the hyalration st mey affect
microstructure and hence properties of the system (Cave, 2004). However, increasing the
surfectant/lipicl level may increase or cecrease the total of drug encapsulation cepending
on the rature of the drug. If the total surfactant/lipid concentration is too high the system
IS highly viscous.

5. Temperature of hydration

As a e, the temperature used to make liposomes or niosomes should ke
above the gel to liuid phese transition terperature of the system

6. Method of preparation

The asserrbly of norHonic Surfactants into closed bilayers is rarely
spontaneous and usually involves some input of energy such as physical agitation or heat
The cifferent method gives cifferent energy input. Thus, vesicle formation depencs on
method of preparation  Parthesarath, Uokps, and Pillai (1993) found thet: vesicles of
vincristine suifate prepared from Bnj®35 and Brij®78 could not form by film hycration
and trarsmermorane pH gradient methoos, whereas they couldl form by reverse phese
evaporation technioue. Tween® 20 and Tineen® 80 could not form vesicles by reverse
phase evaporation and transimemtorane pH grackient methocks but they could formby film
hydration methodl Bouvstraet al. (1997) found thet using hand shaking method, ..o
could form stable vesicles without cro While c..o., c..eo., QgED c.eo. aX]
c..£0. Could formvesicles by sonication method
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Characterization of Niosomes
1. Morphology

Bectron microscopy I used to verify vesicle formation and to examine
lamellarity and morphology of vesicles. This technioue incluckes Freeze fracture electron
microscopy (FFEM) (Holland et ahn, 1993; Yoshioka et ah, 1994; Boumstra et ah, 1997,
van cen Bergh et a 2001; Carafa et ah, 2002; Carafa et ah, 2004; Harvey et al 2005),
transmission electron microscopy (TEM) (Arunotheyanum 2000; Manconi et ah, 2002,
Manconi et ah, 2003; Guinedi et ah, 2005; Manooni et ah, 2006), scanning electron
microscopy (SEM) (Touitou et an 2000, Manooni et d 2006), and cryo-TEM
(Horeywell-Nouyen, Frecerik et ah, 2002). Some researchers used various types of
optical microscopy to examine morphology of the vesicles and conpletion of vesicle
formation (Kivack et ah, 1985; Heisher et an, 199%; Jayaramen et ah, 199%; Agarvel
et ah, 2001; Devaraj et ah, 2002; Manosrol et ah, 2003; Manosroi et ah, 2006)

2. Size and size distribution

The most commonly used method to measure the particle size and Size
distnbution of the vesicles in the nanometer Size range IS photon correlation
Spectrosoopy. Some researches Use other methods, suoh as, laser diffraction method
(Arurothayanun et an, 2000; Agarwel et ah 2001), electron microscopic method
(Ruckmani et ah, 2000), and microsoopic methodl (Parthesarath et ah, 1993) to measure
niosormal size.

3. Entrapment efficiency

Entrapment efficiency (EE) describes drug loading in niosomes and is this
crucial In application of niosomes as celivery systens. Trere are several ways of
ckscribing drug loading in niosomes, For example, drug loaing can be cescribed &s the
percentage of orug entrapped. Inthis case, the initial o to surfactant/lipid ratio must ke
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specified. Another way to descrie drug loacing is the volue of drug solution, usually
In liter, entraoped per mole of surfactantlipic This method assumes no change in the
concentration of the dirug in the acueous phese throughout the process of preparation and
analysis steys. The ratio of oy to surfactant/lipid by weight (g/g) or on molar esis
(mol/mol) can also be wsed to cesoribe drugy loacing. The lather gives ackouete
inforetion on the level of excipient thet must be concomitantly administered & each
cose level of the o It is propelaly the most useful description to formulators,

In cktermining EE, unentrapped drug must be removed from the vesicles by
various rmethods. The methods thet: have been used for removing unentrapped solute
Incluce:

- Bxraustive clalysis (Baillie et al, 1985; Kineda et ., 195,
Namoeo andl Jain, 1999; Ruckeni et al., 2000; Heo et dl,, 2002; Devarg) et al, 2002,
Honeywell-Nguyen, Arenjaet al., 2003; Mancsrol et al,, 2003; Mancsrol et al., 2005;)

- Gl filtration (Dowton et al,, 1993; Partresarathi et al, 1993
Yoshioka et al., 1994; Yoshioka and Horence, 19%; Waranuch et al., 1997; Manconi
etal, 2002, Carafaet al,, 2002, Manconi et ., 2003; Carafaet al., 2004; Manooni et
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) - Utraczntrifugeton (Annotheyanun et , 2000; B Mghvaty et d,
200e; Farg, Hong ek, 2001; Agarvel et a, 2001; Guined et a, 2006

4. Phase transition

Differential scanning calonneter (DSC) is used to evaluate phase transition
teerature of the vesicle systers and effect of other conpouncs (such as CHO, ather
ackitives, and arugs, etc) on mermorane fluicity. The phase transition teperature of the
vesicle systens inclicates the thermodynamic state of the bilayer. I the phese transition
teerature of the vesicle systerrs is higher then ambient tamperature, the bilayer is in
el state. If the phase transition tenperature of the vesicle systemis lower then amient
teperature, the bilayer is in liouid crystalline state (Arunothayanun et al., 1999;
Arunathayanun et al., 2000). If the phase trarsition temperature changes when drugs or
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CHO or other compounds are incluced, it rmears that interaction between other
compouncs and the membrane oocurs. Trotta et al. (2004) used DSC to evaluate the
Interaction between dipotassium glycyrrhizinate (KG, a surfactart) and liposomes, They
found that phese transition of liposome with KGwas lower than thet of liposome itself. It
inclicates thet KIG perturts the packing characteristics and thus fluidizes the bilayer.

5. Physical stability

The stability of any phameceutical prodcts is usually defined as the
capecity of the formulation to reain within cefined limts for a precktermined period of
times (shelf life of the proclct). The stahility of the vesicular procucts should preferably
meet the stancerd of conventional pharmraceutical prockucts. Both chemical and physical
stablity aspects are involved. Possible staility probolens incluce loss of entrapped drug
change inthe vesicular structure (including perticle size distribution and aggregation and
fusion oftgle vesicles), and chemical instability of entrapped drug (Weiner, Martin, and
Raiz, 1969).

Factors Influencing Niosome Characteristics

The vesicular fommulations of varios drugs can be aptimized in tens of
entraprent efficiency, size and size distribution, stability, and the rate of oy relesse by
altering their physicochemical perarreters. The effects of these pararreters on vesicular
charactenistics are as folloves:

1. Effect of surfactant structure

Surfectant structure may affect the properties of the vesicles such as drg
entrapent, vesicle size, and rate of drug release, etc. There are many s on the
effect of surfactant structure on these parameters. The effects of surfactant structure on
properties of vesicles are concluced as follows:
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1.1 Effect of surfactant structure on entrapment efficiency (EE)

The chemical reture of the niosome mebrane may be menipulated to
Incresse druy entraoent by altenng the reture of the hydrophilic part andlor
hydrophobic part. VAhen a series of catyl glycosices is examined for the encapsulation of
[14C}:sucrose follows the rank order of glucose > mannose > galactose > lactose. Thee
dlifferences ay be clue to the cifferent levels of hyalration of these sugars (Kiweck et ah
1985). Some researcers found thet for niosomes, the drug loading cirectly
ckpenced on the hyaropobic alkyl chain length. Vhen a series of San®were examined
the drug loacing of Sfluorouracil and colchicines cecreased with cecreasing alkyl crain
length (Heo et ah, 2002). Similar resuit wes observed by Manconi et ah (2002) who
reorted thet tretinoin niosomes prepared from Spen®60 by film hycration gave higher
entrapnent than thet of span®40 niosomes.

Some researcrers have: concluced thet the less fluid the memrane
bilayer s, the higher the oy encapsulation is achieved. The surfactant with higher phase
transition teperatuire UsUally fors less leaky vesicles, and thus resuiting in higher crug
entrapment. Similarly, unsaturation in the alkyl sice chain can lead to a more leaky
mebrane and loveer g loaciing. Yoshioka et al. (19%4) reported thet the entrapment of
carboxyfluorescein in niosomes: prepared by hand shaking method varied with vesicle
mebrane composition. They reported that span® 60 and Span® 40 gave the higher
entrapent then span® 20 and S 80 and thet Jen® 60 were the least leaky de to
the highest phase transition teerature. Similarly, niosomes prepared from Tneen® &),
Tueen®?20, or Sa®60 gave conparabdle oytaraine entrapment, whereas amuch loner
entrapent was seen with 80 (Ruckmeni et al, 2000). In another stud,
acetazolamice entraprent in niosomes prepared from Spar®60 by both film hydration
and reverse phase evaporation methods wes higher than thet of niosomes prepared from
S®40 (Guinedi et al,, 2009).

However, Parthesarathi et dl. (1993) reported thet: Spar®40 niosomes
gave the highest vincristine entrapment as compared with 20 ad Ja® 60
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niosomes, Simlar result wes oloserved by Namdeo and Jain (1999) who prepared
Sfluorouracil niosomes from a Spar®series and they reported thet Jen®40 niosomes
gave the highest entraprent as compared with other Jen®niosomes.  Inanother study,
[4C}-sucrose entrapent in Q6 glucosice niosomes wes the highest when conpared to
those of (8 and Cla compoundss (Kineda et a, 1985). Therefore, ather factors rather then
tre fluidity of the bilayers must also influence the entrapent efficiency.

1.2 Effect of surfactant structure on drug release

In generdl, in vitro drug release 1S used to evaluate dnug celivery from
topical prootcts. The result fromsch — dy can pregict the benavior of drug release to
the skin invivo. There are a nurmoer of previous stuclies inwhich the effect of surfactant
structure on drug release fromniosomes is evicent. Yoshioka et al. (19%4) reported thet
the release of carboxyfiuoresoein from San®60 and Soar®40 niosomes wias Slovier then
tret from Soar®20, @80, and an®Eb niosormes. This result agrees well with those
of Namoeo and Jain (1999) who stuciied the release of Sfluorouracil from niosomes
repared froma span® series. They found thet Sn®60 and Spar®40 niosomes gave a
Slovier dru release rate than those of Spar®20 and Soar® 80 niosomes. @60 and
40 have higher prase trarsition teneratures and form ngid less permeable,
bilayers then those of Ja® 2), &0, and Soa® &, In gereral, short chain
nonHonic surfactants produce more fluid membranes then meroranes of long cnain
surfectants and ursaturation in the alkyl chain can lead to a more penmeable menbrare,
Ruckmeni et . (2000) also reported thet the release of cytarabine hyarochlorick from
niosomes prepared from Spar®60 and Jen®80 by film hyalration method depenced on
niosoal composition. They foundl that crug release from Sin®60 niosomes wes slower
tren thet: from span® 80 niosomes. In another studly; niosomes prepared from @60
oave slover release than those prepared from Sen®40 (Guinedi et ., (2005).

However, Yoshioka and Horence (1994) reported that the release rates
of carboxyfluorescein from Soa® 20, Jan® 40, Jan® 60 and Jn® &0 niosomes
prepared by hand shaking method were almost the saie. Simlarly, niosomes of tretinoin
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prepared from San® 60 and Spar®40 by film hycration methodl gave the conperable
release rates (Manconi et al., 2002).

1.3 Effect of surfactant structure on vesicle size

The vesicle size also depends on alkyl chain length of surfactants
Increasing hydrocarbon chain length of surfactant monorrers lead to smeller vesicles
(Barlow, Lawrence, and Timmins, 2000). Increasing hydrophobicity of surfectants
Increase hydrophobic interaction, therety the vesicle size wes decreased. This effect wes
observed from the study of Yoshioka et al. (19%4) who reported thet the size of the
vesicles porepared from the Sper® series by hand shaking method wes ciepencent on the
HLB of Ser®used. The lower HLB gives the smaller size of the vesicles. Onthe other
hand, Manooni et al. (2002) reported that tretinoin niosomes prepared from an®60 by
film hyoiration rmethodl wes larger then span® 40 niosomes though the ciifference wes
very smll,

1.4 Effect of surfactant structure on stability

The choice of membrane surfactant cetermines the properties of the
bilayer menbrane and usuially affects the stability of the niosomel system Thus, in
meking a choice of surfactant, the higher phase transition surfactants appear to yield
more desirable stability. The rank order of the leakiness of carboxyfluorescein from
niosomes prepared from a series of Spar®surfactants wes Jan®80 > Jan®20 > Jar®
40> Sa®60 (Yoshioka et al., 1994).

1.5 Effect of surfactant structure on toxicity

NorHionic surfactarts are weak imitants (Endo, Yamamoto, and ljuin,
199; Dimitrijevic et al,, 1997). Inthe ~ dyof skin toxicity using the cell proliferation of
e keratinocytes in vitro, reither the length of alkyl chain nor the polyoxyethylene
hed any influence on the skin toxicity of alkyl polyoxyethylene (GEOM) niosomes.
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However, surfactants with ester bonds were [ess toxic then those with ether bonos
because of their chemical instakiility. The cholesterol content did not aopear to have an
effect on the proliferation of the keratinocytes (Hoflandl et , 1991 Hofland et , 199).

Dimitrijevic et a. (1997) studied the toxicity of Sollan® C24 or
Soluian® CI6 in two niosormal systens on Caco-2 cell monolayers using MTT test,
measurement of transepithelial electrical resistance, and [4CHmetformin trangport
conpared with free solution and micellar form of Solulan® C24 or Slulan® Cl6. These
two niosomel systems were Soan®80.CHO:Solulan® C24 or Solulan® C16 and hexadkeay
dliglyceryl ether (CleGe):CHOSolular® C24 prepered by film hydration method. They
concluckd that the toxic effect of niosomes 15 principally a result of the amourt of free
Solulan® present in the niosomal suspensions and the niosome-forming agent is non
toxic. With rabott skin test, polyoxyethylene alkyl ethers cause the greatest imtation and
polysorbates cause more invitation then sorortans do (Mezei et al,, 1%6).

2. Effect of surfactant/lipid concentration

Variation of the surfactant/fipic concentration affects the drug entrapment of
the vesicles. Increasing sUrfectant/Hipidl congentration results in incresse drug loading
sine the nuber of vesicles formed is increased. Kiwack et al. (1985) reported thet
encapsulation capecity for [14C]-sucrose of cetyl glucosick noisomes depenced on total
lipid congentration. High encapsulation efficiency wes observed when the vesicles were
prepared with a high total surfactant or lipid conoentration. This result is in acoorcance
with those of Yosnioka et al. (1994) who concluced thet 80 niosomes of
carboxyfluorescein preared from higher total lipil conoentration gave higher crug
entrapment. then those prepared from lower total lipid concertration. Simlarly;
entrapment efficiency of >fluorouracil in Sen®niosomes prapared by various methocs
was linearty increasedl when the total lipicl was increaseal (Namdeo and Jain, 1999).

However, the effect of total concentration is not alweys in linear
relationship with drug entrapent. Heo et . (2002) stucied the effect of total lipid
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concentration on- entraprent of colchicines in 60 niosomes prepared by
evaporation-sonication method. They reported thet the concentration of surfactant from
8. 105t0 32 . 104 mol/L wes optimal for drug entrapment and loer or higher
concentrations fromthis range gave lower oy entrapnent

3. Effect of membrane additives

Verorane addlitives used In- niosomes for stabilization are CHO and
stailizers such as DCP and Solulan® C24. The effects of these additives on nicsomel
properties are as follovs:

3.1 Effect of membrane additives on entrapment efficiency

Inclusion of CHO atolishes phase transition of the system and CHO
affects fluidity of the membrane. Aodition of CHO may alter the physical structure of
niosomes & Well as the drug entraprent (AummrammetahZOOO) Polyhecral
NIoSomes wiere fored from asystem containing CisCe and Solulan® C24, When CHO
Was acckd to the system, sprerical vesicles mixed with tUioular structures resulted The
polyhedral systens were reported to have a larger particle size and high entraoent
Inclusion CHO reclices the leaky spece in the hilayer, which allows enhanced drug
loacling of water-soluible drugs in vesicles. However, Namoeo and Jain (1999) reported
thet. inclusion of CHO in Siuorouragil 40 niosomes recuoes S-fluorouraol
loaging inthe vesicles since the vesicles size is decreased

However, entraoment efficiency for span® 60 and span®40 niosomes
of carboxyfluorescein prepared by hand shaking method increases with increasing CHO
conterts (Yoshioka et ah, 1994). The increased arug entrapment is most likely to be the
resuit of increased vesicle size. If no relationship between vesicle volume and dng
fo%mm exists, increased bilayer thickness is usually the cause of Increased drug

ing
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The quantity of CHO must ke carefully adjusted to optimum
conoentration. Otherwise, structures other then liposomes o niosomes may result
( chegou and \Ayas, 1998). Dithanol entraprent in niosomes prepared from @60
by film hydration method wes incressed when CHO content wes incresed. If CGHO
content s increased more then this, the entraprent is redliced. CHO content beyond a
certain cortent starts cisrupting the bilayer structure leacling to loss of drug entrapnent
Agarval et al., 2001). This result agrees well with those of Heo et dl. (2002) and
Guinedi et dl. (2005). Heo et al. (2002) reported thet for colchicine niosomes prepared
from Sn® 60 by evaporation-sonication ethod, the quantity of drug entrapped wies
Increasedl with incresing CHO congentration. The surfactant:CHO molar ratio of 11
oave the highest drug entraprrent and with CHO more then this level, drug entraprent
was recloed. Simlary, the encapsulation of acetazolamick in Jan® 60 and @40
niosomes prepared by film hydration and reverse phase evaporation methoos wes highest
& Ser®CHOmolar ratio of 7:6 (Guinedl et ah, 2006)

Furtrenore, inclusion of a positively charged lipid, stearylamine, gives
higher entrapment efficiency for the anionic cugs such &s all-rans retinoic acidl (Desal
and Finlay, 2002). Simlar resuit was observed in the stucy of Manconi et dl. (2006) who
prepared tretinoin niosomes from octyl-cecyl polyglucosice and decyl polyglucosice
without CHO by film hyarration ethod They foundl thet niosomes with stearylamine
hed higher dirug entrapent then those with DCP and also hedl a larger size

3.2 Effect of membrane additives on vesicle size

CHO and DCP mey affect the vesicle size. The effect of CHO and DCP
on vesicle size ciepencss on surfectant type. Bouwstra et . (1997) reorted thet aoition
of CHO and DCP in GrEOmniosomes prepared by sonication method rectced the
vesicles size. The reason for this resuit is the effect of CHO in cecreasing tendency of the
surfectants to aggregete & elevated tenperatures, while DCP might increase the
curvature of the bilayer and thus increasing hyarophilic surface area. However, they also
found that for vesicles from sugar ester surfactants, CHO content cid not infiuence the
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Vesicle size becalise this system was stable to tanperature but acdition of DCP largely
recloed vesicle size since the vesicles showed a strong tendency to aggregate e to the
Increased surface area. In another study, inclusion of CHO and DCP recticed vesicles
size of Siuorouracil-containing Span® 40 niosomes (Namceo and Jain, 1999). On the
other hand, Agarwel et . (2001) concluckd that no effect of DCP on vesicle size wes
onserved in Spar®60 niosomes of cithranol prepared by film hyolration method

3.3 Effect of membrane additives on drug release

Since CHO and DCP affect mertrane fluicity, they mey affect diug
release fromthe vesicles. 1f CHO cecreases menbrane fluicity, the drug release will ke
ckcressed when CHO content is increasedd This IS especially true for water-solubole
orucs. Baillie et al. (1985) stuclied carboxyfluoresoein release from niosomes prepared
fromnor-ionic surfectants by ether injection method. They concluced thet acdition 5%
CHO recluced druy release by a factor of 10 becatse of mebrane stablizing effect of
CHO. This result agrees with those of Namdeo and Jain (1999) and Guinedi et dl. (2006).
Namoeo and Jain (1999) reported that accition of CHO and DCP in San®40 niosomes
of Sﬂuorwracil reclioed erg release. Guinedh et . (2005) foundl thet incresing CHO
content in Spar® 60 and Spar®40 niosomes of acetazolamice recuced drug relesse. In
ackition, Dewaj etal (2002) Investigated arnug (ketorolac tromethamine) release from
niosomes containing various fatty alcohols as bilayer stallizers instead of CHO. These
niosomes consisted of polyglyceryl-3-ai-isostearate and polysorbate-80 and were

by ether Injection method. They reported thet: niosomes: containing fatty
aloohols showed a Slover release rate then those containing CHO and the rank order of
release rate wes cetostearyl > launyl > cetyl > mynstyl

3.4 Effect of membrane additives on stability

Other aoditives in the firel formulation may also affect stability of
niosomes. High concertrations of cetergents (soluble surfactants) are incompatible with
niosonal systers. Eventually, they can cause solubilization of the vesicles to formmixed
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micelles. The destruction of CisGe niosomes by octyl glucosice appears to proceed via
the build up of @ localized concentration of the cetergent within the niosome merane
followed by micellization of the system (Saras et ah, 193). Similary, CieGz niosomes
are solubilized by Solulan® C24 and corvertedlinto mixed micelles  cheglou, Boumstra,
and Horence, 192

4. Effect of method of preparation

The method of oy loacing can also alter entrgoment efficiency of
vesicular orug camiers. Thus, niosomes prepared from cifferent methoos have cifferent
properties, Entrapment efficiency of water soluble drugs such as carboxyfluorescein,
vinoristine suifate, S-iuouracil are followed the rank orcer of ether injection > reverse

evaporation > film hycration methods (Balllie et ah, 1965; Parthesarathi et ah
1993; Namoeo and Jain, 1999). The difference mey be e to greater encapsulated
volume in unilamellarfoligolarmellar vesicles resulted from ether injection and reverse
evaporation methoas than thet of the multilamellar structure from film hydration
method. W\éter soluble drugs clo not associate with bilayers, hence they will be entrapped

within the aoueous compartivent and this depends on the encapsulation volume.

(On the other hand, for water insoluble drug, acetazolamick, the o
entrapments of Spar® 60 and San® 40 niosomes prepared by film hydration method
were higher then those of niosomes prepared by reverse phase evaporation method
(Guineai et a., 2005). Similarly, the rank orcer of tretinoin entrapment in @ 40
niosomes wes from film hydration (MLVK) > extrusion (LUVS) > sonication ()
methods (Manooni et al,, 2002).

Various technioues may be Used to optimize drug loading, Transmerorare
PH gracient druy uptake process (remote loading method) drametically increases the
entrapment of vincristine sulfate in 3n® 60 and span® 40 niosomes (Parthesarati &t
al,, 1993). So b the cehydration-rehyairation method which draretically increases the
entrapent efficiency of PKL in CisGz niosomes (Uchegou and Duncan, 1997). Other
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methods that have been reported to increase crug entrapent in the vesicles incluce the
Use of pH graddients andl ammonium sulfate to trap the drugs insice the vesicles (Haran
et al, 1993). This intravesicular trap hes been used successfully with doxorubicin in
60 niosomes (Uchegbu and Horence, 1996). Luteinizing hormone releasing
hormone displays high entrapment in polyhedral niosomes when the: rermote-loaging
methods using pH or ammonium sulfate gracients are appliect This is in contrast with the
other methock, inclucing the dlirect hydration at pH 7.4 or pH 4.3, cenycration:
renycration, and reverse pase evaporation (Arunotreyanun et dl, 19%9).

b. Effect of the physicochemical properties of the drug

The reture of the drug to be entrapped also governs the oparent entraprrent
efficiency inniosomes. It is challenging to predict o loading in niosomel preparations
since interaction between the druy and the menorane can exist i various ways. For
hydrophonic drugs, lipic packing seems to be amejor ceterminant. On the contrary, ionic
Interaction seems to play a ejor role for ionizable drugs (Philippot and Schuoer,, 19%).
The extent of drug entraprent varies between orugs and mermorane comypositions as well
& methoos of preparation. Al of these factors have to be simuitaneous consicered. \When
pentoxifylline niosomes were prepared by film hycration method, the drug entrapment
was only 94% (Gaikwed et ., 2000). On the other hand, nfanicin niosones prepared
by the same technioue hed an entrapnent efficiency of 33% (Kaneth et al., 2000).
Trerefore, it is often cifficult to compare results from diifferent laboratories; especially
Wwhen peroent EE are reportad

For ionizable drugs, chemical formof the drug (aciclc, besic, or salt fom),
vesicle composition, and environient pH conditions all seem to be major determnants
This hes been shown with licdocaine niosomes, Licocaine hes a pia of 7.8. At pH 55
most of lidocaine Is positively charged. At pH 86, most of the drug is uncharged In
niosormes prepared from Tineen® 20 and CHO, amount of lickocaine entrapped & pH 8.6
was negligible for all formulations, whereas the best drug entrapment wes obtained & pH
5.5, However, for charged vesicles containing DCP or N-cetylpyridinium chlorick,
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rerrarkably low entrapment wes ootained in all cases, even at pH 55 regardless of the
chemical formof lidocaine (Carafaet d 2002).

Ho et d. (2002) conpared drug entrgoment between Sfiuorouracil and
colchicire in 60 niosomes prepared by evaporation-sonication method. They
reported thet the encapsulation efficiencies of S-fluorouracil and colchicines were
similar, The authors concluced thet this finding could be de to the dirfference in the
Interaction between drug andl menbrane. Although S-fiuorouracil hes a small molecular
Vielght, It possesses two amicks while large molecular weight colchicine hes only one
amico group. Therefore, interaction between S-iuorouracil and membrane is stronger
then thet of colchicine. Consicering the molecular weight and interaction between crugs
and menrane, the entraprrent efficiency of S-luorouracil and colchicines were similar,

The encapsulated arug can ke the mejor citerminant of niosome stability In
tens of crug leakage. A drug polymer conjugate, PKL, remained entrapped within the
vesicles for arelatively long period of tire. The entramed lyrer vies thougft tolead a
more stable system since the merae vies sufﬂuency impermeable fo the
mecromolecule (Giansl et al, 1997). The prysical reture of the entrapped molecules
also affects staility of the wstem Doxorubucin loackd vesicles using an avmonium
SUifate gracient method led to gel formation within the vesicles, resuiting in less leaky
niosomes (Haran et al., 199).

6. Effect of temperature

The tenperatures affecting the properties of niosomes are both tenperature of
preparation andl teperature of storage. As mentioned earlier, the tanperature of
preparation must be over the phase transition tererature of the system Hao et dl
(2002) found thet the colchicine content loackd in Sn®60 niosomes prepared a room
termerature was less thet that a 60 °c. The tenperatuire of storage may affect noisomes
stablity. Tus, storage tenperature st be controlled. Changes in the tenperature of the
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system often lead to a change in fundamental reture of the system including dug
leakege.

Niosomes as a Topical Drug Delivery System

As with liposomes, niosomes have been studied as potential camers for topical
skin celivery. Both hyaropnilic and hyarophonic drugs/oompouncs can be inporporated
Inniosomel vesicles. The acvartages of niosomes over liposomes are as follows: good
chemical stablity, relatively low cost, ease of preparation and storage, preparation
without organic solvert possible, and a large nuter of nor-ionic surfactant available,
etc. There are some reports on conparison of cirug permetion between liposomes and
niosomes. Drug penetration from niosomes s evicknt to be superior to that from
liposomes. These drugs are cyclosporine-A (Dowton et al,, 1993; Waranuch et al, 1997
Weranuch et al, 1998), ainterferon (Waranuch et al, 1998), enoxacin (Fang, Hong
et al,, 2001), licocaine and lidocaine hydrochlorice (Carafa et al., 2002), and cinreticiine
(Liebetal, 1994).

Niosomes have been reported to cecrease sice effect, give sustained release and
enhance penetration of rmany drugs through skin. Niemiec et al, (1995) reported thet
niosomes: enhanced topical cilivery of peptice drugs into pilosebaceous units in the
harster ear mocl. Onoe the drug gets into the pilosebaceous units, it can freely diffuse
to the viable epicermis, depencing on the partition coefficient of the druy There area
nuhers of previous reports on investigation of enhancerrent of skin aelivery of bath
hydrophilic and hydraphobic drugs including mechanism of action of this enancement.

Many hydrophobic drugs have been successfully encapsulated in niosomes for
topical applications such & estraciol (Hofland et ah, 1994; Megrab, Willians, and Barry,
19%), cyclosporine-A (Dowton et al., 1993; Niemiec et al., 199; Waranuchet al., 1997;
Weranuch et al., 1998), erythromyoin (Jayaraman et al,, 19%6), cimeticine (Lieb et dl,
1994), dithrandl (Agarval et al,, 2001), lidocaine (Carafa et al,, 2002), growth homone
releasing peptick (Heisher et al., 1995), enoxacin (Fang, Hong et al., 2001), pergolice
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(Horeywell-Nguyen, Frecerik et al,, 2002; Honeywell-Nouyen, Bouvstra et al., 2003;
Honeywell-Nouyen, Groenink et al., 2003), rotigotine (Honeywell-Nouyen, Arenjaetal,
2003), retinoic acidl (Montenegro et al,, 1996), tretinoin (Vanconi &t al,, 2002; Manconi
et al,, 2003; Sinico et al., 2005; Manconi et al., 2006), flurbiprofen and piroxicam (Redaly
and Uobpe, 1993), all-trans retinoic acid (Desai and Finlay, 2002), etc. Some hyarophilic
crugs also have been encapsulated in niosomes such s alpharinterferon (Niemiec et dl,
19%), diclofenac sodium (Naresh et d, 1994), lidocaine hyarochlorice (Orafa et dl,
2002), glyolic acid and giyoeral (Crta et al,, 2002). However, niosomes of lyophobic
drugs such as PTU have not been stuclied. In conclusion, the effects of niosomes on drug
transport through the skin can be either inpaiment or enhancement, cepending on the
orug and the vesicle conposition. In ackition, niosomes appear to have potertial &s a
dmg)can'ier system for both cermal and transcermal celivery of drugs (Hofland et
1999)

Factors Affecting Drug Permeation into/through the Skin

Although it hes been aooepted thet the use of vesicles with proper composition
should! increase skin drug celivery, ey uestions anse aloout factors that can affect skin
celivery of these formuilations. I one knows about these factors, one can forulate the
proper forulations thet increase maximum or aptimum crug perneation. Therefore,
there are many researchers who investigated, both in vivo and in vitro, factors affecting
orug permreation across the skin from both liposomes and niosomes. Some factors thet
have been  cied are the thermodynamic state, size and lamellanty, melting point of
lipicl components andl the existence of vesicular structure

1. Thermodynamic state

After the introotiction of liposomes as drug delivery systers for transcerml
g celivery, Repp aI (1990)  dliedl release and penmeation of progesterone from
various liposormes suspencied in agarose gel across hairless mouse skin conared to those

from agarose gel anne Two types of liposome stucied were composed of egg
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phosphaticlyicholine (EPC) and dipalmitoyl phosphaticlylcholine (DPPC). They reportad
thet progesterone released froman agarose gel alone was very fast conpared to tht from
liposomes embecoed in the agarose gl and thet liposomes, compared to agarose e,
reclioed progesterone permeation rate. They also found thet the el state liposomes
(DPPC) resulted in a lower skin permeation rate then thet of the liouid crystallire
liposomes (EPC).  In ackition, they also reported thet transceel - celivery of
progesterone from vesicles containing cis-unsaturated phospholipics (1.2, EPC and
dioleoyl phosphaticlylcholine (DOPC)), which wiere in the liouid crystalline state, wes
fester than thet fromvesicles consisting of saturatedl acyl chain phospholipics (1.e.,, DPPC
and dimynstoyl prosphatiydcholine (DIVPC)), which wer inthe gel state

Hoaever, Yu and Liao (199%) reported that permeation of trianoinolore
acatonick from liposomes across rat skinwes higher than tht fromcommercial aintvent
They also reported thet the vesicle size, charge and CHO did not affect drug permeation
Permeation of tanwinolore from PC liposomes was significant higher then tht from
DPPC liposomes. Furthemrore, liposomes consisting of skin lipid composition in gel
state significantly enranced drugy pereation better then ather types of liposomes ole to
its optimum miscibility with skin fipid. Similar results were doserved in the study of
Fresta andl Puglisi (1997) who reported that the blanching effect of corticosteroid from
skin lipidl liposomes wes more: pronounced then thet from prospholipics vesicles and
skin lipidl liposomes gave the highest drug ceposition within the ceeper skin layers. In
another studly, unfractionated heparin penetration into epicermis wes only cetected for
Phospholipon® 80 (PLB0) liposomes, The extert of low molecular weight' heparin
penetration wes incepencint of the formulations. However, PL30 liposomes accunulated
I ckeper epickral layers as compared to the agueous fonulation (Betz, Nowbekit et

al., 2001)

From the above in itro studies, drug permreation from gel state: liposomes
seems to be lower than that from liquid crystalline state liposomes. This finding hes been
confirmed by in vivo stucies. Ogiso et . (1995) investigated betahistine penmeation
a0ross rat skin invivo from various gel formulations consisting of EPCHipid dlisperse
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systems (LDGS) and hydrooenated soya PGLDS (HSPG-LDS). They reported thet the
plasma: concentrations of betahistine from gel containing EPGLDS and Drlimonene
viere higher than those from HSPC-LDS and DHimonere. They also found thet the
fluicity of the stratum comeum lipick wes cranetically increased following the treatrrent
with the fluid EPC-LDS, whereas the fluicity wes significantly decreased by the solid
HSPCLDS. Similar result wes reported by Perez-Cullell et al. (2000) who investigated
the penetration of fluoresoein and its socium salt In Caucasian volunteers from gel tate
liposome (HPC) and liquid crystalline state liposomes (PC) using stripping method,

Hoflandl et al. (1994) stuciied the inwitro permeation of estraciol fromniosomes
Invarious thermocynamic states through huen striumcormeum The gel state niosoes
were composed of CisECs and the licuid crystalline vesicles consisted of CECs ad
Bij® % (GEOY). All formulations were saturated with estraciol meking the
thermodynamic activity equal among these formuiations. They reported thet the fluxes of
the two liouid crystalline niosomes were not significartly cirfferent and the gel state
niosomes showed 1o effect on estradiol penetration compared to the control,

On tre other hand B Meghraly et . (2001) stucied the permeation of
Sfluorourecil from an ultrackformeble (PGsodium cholate) and two standard (PC and
DPPC) liposome formulations across humen epicermis. They found thet S-fiuorouracil
penetration from ultrackformable liposomes was the highest and drug permretion from
PC liposomes wes higher then the permeation from DPPC liposomes a 12 hours but
permeation of Siuorouracil from bath liposomes wes not cifferent at 36 hours. This
result is in aocordance with other studlies on some hydrophilic crugs, for exanple, low
molecular weight heparin sodium (Betz, Nowbakit et ah, 2001), methotrexate (Trotta
et ah, 2004), and sodiumascorbyl phosprete (Fooo et ah, 2005).

Trotta et ah (2004)  died the penmeation of methotrexate from ceformable

liposorres containing PC and hydrogenated PC (HPC) using cipotassium glycyrrhizinate
(KG s a surfactam They reported that the methotrexate aount peneated across pig

skin from liposomes containing KG wes 3 to 4 fold higher than thet from solution or
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nomral liposomes and no significant ciifferences were observed between KG cortaining
PC liposomes and KG containing HPC liposomes. I another study, permreation of
soclium ascoryl phosphate through pig ear epickermis from non-hyarogenated soyean
lecithin andl hyarogenated soyoean lecithin wes not significantly different (Foco et dl,
2009)

Fom these previous  dlies of liposomes, it may be concluced that for
hydrophonic drugs, permeation from liquidl crystalline state is higher than thet from gl
state vesicles across both animal andl humen skins, wheress no difference in pereation
of hydrophilic drugs between gel state and liuid crystalline state vesicles is evicent

Ceve and Blune (1992) claim an intact vesicle penetration through the skin
with the Transfersomes®! Transfersomes® are composed of phospholipics and ecke
activator, An e activator is a single chain Surfectant, such as sodium cholate or
socium ceoxycholate, that cestabilizes the lipidl bilayer of the vesicles and increases the
ceformahility of the bilayers. Transfersomes® have been sucoessfully used s cirug
camiers for many drugs, for exanple, insulin (Ceve et al., 19%; Ceve et dl,, 199) and
corticosteroidl (Ceve et al,, 1997). B Meghraty et dl. (20000) studied the transport of
estraciol across human skin in vitro from ultrageformeble liposomes containing PCwith
Tieen® 80 and Soar® 80 as the eclge activators compared to those with socium cholate

reported thet Litrackformrabole liposomes increased estraciol fluxes more then those
of tracitioral liposomes. However, the effect wes less oramtic then thet reported by the
roup of Cave. Furthermore, other investigators have confined that: ciformable
liposomes were more effective compared to stancard liposomes for skin drug celivery. In
ackdition, ceformable liposomes cliver estraciol across huen skin better then the
tracitional liposomes (Bl Meghvaboy et al,, 1999; B Meghraty et al., 20008). Inanother
study, Sfluorouracil permeation through hurvan skin from ceformatle liposomes was
also higher then that fromnigid liposomes (B Maghray et al,, 2000)

van cen Bergh and covorkers (2001) prepared elastic vesicles with sucrose
larate (L-5%) and octaoxyethyleneglycol laurate ester (PEGs-L). They  dlied the
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effect of PEGS-L contert on vesicle elasticity without druy and concluced thet
Increasing PEG8-L. content from 10 to 90 mol% increased elasticity of vesicle bilayers.
In agition, Honeywell-Nguyen, Frecenk et dl. (2002) studied the effect of PEGS-L
content on vesicle morphology, stability and elasticity in the presence of the o
pergolick andl reported that incresse in PEG-S-L. content from 0 to 50 mol% increased
Vesicle elasticity, changed vesicle shepe and decreased stablity of the vesicles.

Some researchers investigated drug permeation from elastic vesicles cortaining

1-5% in combination with PEG-8-L. compared to thet of rigid vesicles andl micelles.
Honeywell-Nquyen, Frecerik et dl. (2002) investigated the effect of elastic and rigi
vesicles on permeation of pergolice across huran skin Uncer non-occlusive congition. A
series of L-59:PEG-8-L vesicles, ranging fromvery rigid (at 100:0 molar ratio) to very
elastic (at 50:50 molar ratio), were prepared at pH 5.0. They found thet elastic vesicles
enhanoed crug trarsport conpared to the uffer oontrol, whereas rigid vesicles decreased
transport. This result wes In accordance with the: sty of Honeywell-Nouyen,
Arenja et d. (2008) who Investigated the permeation of rotigotine across huen skin
from the sae series of elastic vesicles & in the previous study (Honeywell-Nouyen,
Frecenk et al., 2002). Rotigotine is a fipophilic druy with a pka of 7.9. Ths, they
prepered a series of vesicles tsing pH 5.0 and 9.0. At pH 9.0 rotigotine wes expected to
be highly associated to the vesicle bilayers. In contrast, rotigotine was expected to be
mainly in the agueous phase of the vesicles a pH 5.0. They reported that the very elastic
vesicles (L-5%:PEGSL a 50:50 rmolar ratio) wes the most effective formulation
However, they found thet the rigidl vesicles also increased drug transport conpared to the
buffer cortrol. Moreover, they reported that the vesicles prepared a pH 9.0 increased
crug permeation by the factor of 80 as compared to the buffer solution while the vesicles
a pH 50 were not significantly cifferent from solution. Therefore, they
concluckd thet it is essential that drug molecules are highly associated to the vesicle
bilayers in orckr to penetrate into the skin. Similar resuits on the effect of pH were
confirmeal by Honeywell-Nguyen and Bowstra (2003). They stucied the effect of pHat
PH values of 50, 60 and70 on permeation of pergolice (pKa 5-6) from L-5%:PEGS:
Lsodium sifosuccinate (50:50:5) niosomes across huen skin. They found thet pH 5.0
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gave the highest drug incorporation and highest drug transport since pergolide is mostly
positively charged at pH 5.0.

Besides in vitro and in vivo studies regarding the effect of thermodynamic state
on drug permeation through the skin, there are many studies investigating further the
vesicles-skin interaction using various methods such as electron microscopy (van den
Bergh, Viroom et ah, 1999), two-photon excitation microscopy (van den Bergh, Vroom
et ah, 1999), TEM (van den Bergh, Bouwstra et ah, 1999), FFEM (van den Bergh, de
Vries, and Bouwstra, 1998; Honeywell-Nguyen, de Graaff et ah, 2002), CLSM (Zellmer,
Pfeil, and Lasch, 1995; Kiljavainen et ah, 1996; van Kuijk, Janssen et ah, 1998 van
Kuijk, Junginger et ah, 1998; van Kuijk, Mougin et ah, 1998; Betz, Imboden, and
Imanidis, 2001), and double label CLSM (Cevc, Schatzelein, and Richardsen, 2002),
microdutoradiographic images (Waranuch et ah, 1998). One of the first studies in which
vesicles-skin interaction was performed with isolated human stratum comeum
(Junginger, Hofland and Bouwstra, 1991). The stratum comeum was incubated for 48
hours with vesicles-A mostly consisting of PC up to 80% and vesicles-B mostly
consisting of 28% PC. Vesicles-A had a very strong effect on the microstructure of
human stratum comeum, whereas there was no interaction hetween the vesicles-B and
the skin lipids and no vesicular structures could be detected within the stratum comeum.

In another in vitro study, the effect of lipid composition of various liposomes
labeled with fluorescent lipid bilayer markers on stratum coeneum organization using
confocal scanning electron microscope (CLSM) was studied under occluded condition
(Kiljavainen et ah, 1996). They concluded that dioleyl phosphatidylcholine-liposomes
were able to penetrate deeper into the stratum than other liposomes and negative charge,
CHO inclusion and chain length of phospholipids had no effect on the stratum coeneum
structure.

After the above study, some researchers studied this effect using CLSM under
occlusive conditions and reported similar results. Gel state vesicles aggregate, fuse and
adhere on the stratum comeum surface, thereby depositing stacks of lamellar sheets and
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forming lipid bilayer networks and can not induced ultrastructural changes in the skin
while liquid crystalline state vesicles might act not only in the stratum comeum surface,
but may also induced ultrastructural changes in the deeper layers of the stratum comeum.
For example, Betz, Imboden et al. (2001) found the distribution of phopholipid in the
lipid matrix of the stratum coeneum surrounding the comeocytes from the liquid
crystalline state Phospholipon® liposomes but not from the gel state liposomes containing
sphingomyelin,

In addition, van den Bergh et al. (1998) showed by FFEM that gel state
liposomes (DSPC and ceramide liposomes) aggregated, fused and adhered on the stratum
comeum surface, thereby depositing stacks of lamellar sheets and forming lipid bilayer
networks. On the contrary, liquid crystalline vesicles (DLPC) did not aggreagate nor fuse
on the surface but induced interaction with intercellular lipids in deeper layers of the
stratum comeum.

Similar results were also observed under non-occlusive conditions from the
study of Zellmer et al. (1995) who found that after 18 hours of application, the
fluorescent label of dimyristoyl phosphatidylcholine (DMPC) and  distearyl
phosphatidylcholine (DSPC) vesicles applied on human cadaver skin remained on the top
of the skin but DMPC vesicles showed interaction with stratum comeum as evident by
the results of DSC method. On the other hand, for dilauryl phosphatidylcholine
(DLPC):CizEo7 vesicles, fluorescent label was detected mainly in the stratum coeneum
after 1 and 3 hours of application and in the dermis after s hours (van Kuijk, Janssen
et al., 1998). A similar result seen with DLPC:CizEo+ vesicles was observed in the in
vitro study of van Kuijk, Junginger et al. (1998) using human skin and in the in vivo
study of van Kuijk, Mougin et al. (1998) using rat skin. In addition, these authors also
reported that the label applied in micelles and in gel state vesicles (DSPC) did not
penetrate as deep as that applied in liquid crystalline state. The liquid crystalline state
vesic’es with flexible hilayer (DLPC:CizEq7) showed the highest fluorescence intensity
in the dermis. Moreover, Kiljavainen et al. (1999) evaluated the interaction of vesicles-
skin using CLSM and reported that EPC liposomes prepared from agueous solution did
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not penetrate into the human skin while EPC prepared from ethanolic solutions
penetrated deeply into the stratum comeum.

The above studies suggest that components of liquid crystalline state vesicles can
enter the deeper layers of the stratum comeum and can modify the intercellular lipid
lamellae. Vesicles-skin interaction is the most possible explanation for their more
effectiveness of vesicles in the liquid crystalline state in enhancing drug transportation
into and through the skin.

The effect of elasticity of vesicles prepared from L-595:PEG-8-L on either
penetration pathway or ultrastructure of the skin was investigated in several studies. The
vesicles were applied onto human and animal skin both in vitro and in vivo (van den
Bergh, Vroom et al., 1999; van den Bergh, Bouwstra et al., 1999; Honeywell-Nguyen, de
Graaff et al.,, 2002). van den Bergh, Vroom et al. (1999) used TEM, FFEM and two-
photon fluorescence microscopy (TPE) to study the interaction of the vesicles and human
skin in vitro. They found that treatment skin with gel state vesicle ( asag-7:CHO)
revealed no ultrastructural changes in the stratum comeum while pretreatment with rigid
vesicles (L-595:CHO) showed the presence of vesicle materials on the skin surface and
lipid materials with electron dense spot between the upper 2-3 cell layers of the skin were
detected. Four types of interactions were observed after treatment with elastic vesicles
(L-595:PEG-8-L): 1) the presence of spherical lipid structures containing or surrounded
by electron dense spots, indicating for the presence of vesicle materials both on the skin
surface and between the upper 2-3 cell layers was evident, 2) oligolamellar vesicles and
bilayer stacks were detected between the upper 3-4 cell layers, 3) large areas containing
lipids, surfactants, electron spots and vesicle bilayers were observed deeper down into
the stratum comeum, but no intact vesicles were observed, and 4) small stacks of bilayers
in intercellular space of the skin were found. Furthermore, TPE showed tread-like
channels within the entire stratum comeum. The similar results, especially the
ultrastructural changes, formation of lamellar stacks and tread-like channels within the
entire stratum comeum, were observed in hairless mouse skin treated with elastic
vesicles (van den Bergh, Bouwstra et al., 1999).
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In another study, the in vivo and in vitro interactions between elastic-, rigid
vesicles and micelles with human skin were studied using tape stripping in combination
with FFEM (Honeywell-Nguyen, de Graaff et al., 2002). A fast penetration of intact
elastic vesicles into the deeper layer of stratum comeum, where these vesicles
accumulated in channel-like regions was evident. No ultrastructural change was found in
skin treated with rigid vesicles. Treatment with micelles resulted in rough, irregular
fracture planes. No differences were found in the structure of the stratum comeum
between treatment in vivo and in vitro. Also, there was no evidence to suggest that elastic
material could penetrate beyond the stratum comeum in to the viable epidermis in large
quantity.

In a recent study, tape stripping in combination with freeze-fracture electron
microscopy method was used to investigated the in vivo interaction of L-595:PEG-8-L
elastic vesicles with human skin by Honeywell-Nguyen, Groenink et al. (2003). They
found a fast penetration of intact elastic vesicles into the stratum comeum via channel-
like regions after 1 hour non-occlusive treatment and found intact vesicles in the ninth
tape-strip and in the 15th tape-strip after 4 hours. A higher volume of application

increased the presence of vesicle materials found in the deeper layers of the stratum
comeum.

From the above mentioned studies, it seems very clear that the thermodynamic
state of the bilayers of the vesicle plays an important role in the effect of vesicles on drug
permeation across the skin both in vivo and in vitro.

2. Vesicle size

It was expected that smaller vesicle size would increase drug deposition if the
intact vesicles cross the stratum coeneum. du Plessis et al. (1994) showed that smaller
size (60 nm) liposomes prepared from PC did not result in higher levels of radiolabelled
cyclosporine-A and cholesteryl sulfate in the deeper skin layer of hairless mouse,
hamster and pig skin. However, they found that intermediate size (300 nm) liposomes
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gave hoth the highest reservoir in the deeper skin layer of hairless mouse and hamster
skin and the highest drug concentration in the receiver in hairless mouse and hamster
skin and concluded that the follicular route played an important role in drug transfer.
Similarly, Holland et al. (1994) also found that MLVs (> 1 pm) prepared from Ce=EOQio
gave higher fluxes of estradiol across human skin than SUVs did (100-200 nm).

On the other hand, Yu and Liao (1996) reported that the size of MLV
liposomes prepared from DPPC or PC did not show significant difference in permeation
and retention of triamcinolone acetonide. In another study, the influence of liposome and
niosome size on the penetration of hydrophilic substances across pig ear skin using
electron spin resonance method was investigated (Sentjurc et al., 1999). Liposomes
composed of DPPC or soya lecithin or hydrogenated soya lecithin and niosomes
consisting of glyceryl distearate or PEG stearate were used. They reported that transport
into the skin did not depend on the vesicle size and the transport was significantly
decreased for small vesicles (< 200 nm) since they disintegrated immediately upon
contact with other surface.

However, Verma et al. (2003) showed the effect of vesicle size on the
permeation of hydrophilic and fipophilic fluorescent compounds from deformable
vesicles consisting of PC and sodium cholate across human skin using stripping and
CLSM method. The results revealed that penetration of hydrophilic and lipophilic
fluorescent compounds was inversely related to the size of liposomes.

From the previous findings, the effect of size seems to depend on lipid
composition of the vesicles and physiocchemical properties of the drug. Since intact
vesicles do not penetrate across the skin, the physical parameters such as size and

lamellarity of the vesicles are less important than the thermodynamic state of the
bilayers.
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3. Melting point of lipid compositions

Some researchers investigated various drug permeation from nonionic
liposomes prepared from GDS:CHO:Brij® 76 and GDL:CHO:Brij® 76 and they found
that GDL liposomes gave higher drug permeation into the skin than GDS liposomes.
These drugs are cyclosporin-A (Dowton et al., 1993; Niemiec et al., 1995), alpha-
interferon (Niemiec et al., 1995), growth hormone releasing peptide (Fleisher et al,
1995), and glycolic acid and glycerol (Ohta et al., 1996). Penetration of cimetidine and
erythromycin from GDL vesicles seem to be superior to other dosage forms both in vivo
and invitro (Margalit et al., 1992; Jayaraman et al., 1996).

Weiner et al. (1994) purposed a hypothesis that after topical application under
non-occlusive condition, GDL and GDS liposomes undergo gradual dehydration. When
the temperature of the dehydrating formulation exceeds the melting point of GDL (30
°C), the lipid component melts and releases of hoth free GDL and Brij® 76 which are
known skin penetration enhancers. On the other hand, GDS has a melting point of 54 C
thus GDS does not melt and release of GDS and Brij® 76 does not occur. Thus,
permeation from GDL liposomes is better than that from GDS liposomes. Therefore, the
factors affecting dehydration process are phase transition temperature of lipid and the
presence of components that affect bilayer packing (CHO) or humectants. Ohta et al.
(1996) investigated the effect of glycerol on deposition of glycolic acid from GDS and
GDL liposomes in hairless mouse skin both in vivo and in vitro. They found that the
deposition of glycolic acid was decreased when glycerol was included in GDL liposomes
while the deposition from GDS liposomes was unaffected. The addition of a humectant
such as glycerol to GDL liposomes delays melting of the lipid components by slowing
down dehydration of the formulation. In addition, Waranuch et al. (1997) studied the
effect of GDL:Brij® 76 ratios (CHO being fixed at 15% / ) on topical delivery of
cyclosporing-A using hairless mouse skin. They reported that increasing GDL content
increased the rate and extent of cyclosporine-A and the rate and extent of the drug was
highest between GDL and Brij® 76 ratio of about 1to 15. They also proposed the
mechanism of action of GDL liposomes that after dehydration, lipid melts and the melt
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containing the dissolved cyclosporine-A fills the follicles and is transported into the
deeper skin layer. Thus, the rate and extent of cyclosporine-A would be inversely
proportional to the melting point of the lipid mixture.

Moreover, Waranuch et al. (1998) investigated the proposed mechanism of
action of GDL liposomes mentioned in the previous study (Waranuch et al., 1997). They
showed that cyclosporine-A uptake rate depended on GDL:Brij® 76 ratios and decreased
as the melting point of lipid mixtures increased. Cyclosporine-A uptake was maximum at
the ratio of 45:40 / which was corresponding to the lowest melting point (23 °C).
They also showed that the kinetic profile for cyclosporine-A transport into and across
living skin layer of hairless mouse from liposomes was similar to lipid melts. Thus,
vesicles consisted of lipid components with lower melting point than the skin
temperature would provide higher drug permeation than those with higher melting point
than the skin temperature.

4. The existence of vesicular structure

Several studies have shown that the presence of vesicular structure is
important for liposomes and niosomes to enhance skin delivery. Ganesan et al. (1984)
found that permeation of hydrocortisone from liposomes was higher than that from
solution of free drug, whereas addition of empty liposomes to free hydrocortisone in
normal saline had no effect on the permeation of the drug. It indicates that entrapment of
the drug by liposomes is an important factor. In addition, the investigation on the effect
of skin pretreatment with empty vesicles on skin drug delivery showed that the
enhancement ratio was less than that obtained from direct application of the same
vesicles (Hofland et al., 1994; EI Maghraby et al., 1999; Honeywell-Nguyen, Arenja
et al., 2003; Honeywell-Nguyen and Bouwstra, 2003). Therefore, the effect of the
existence of vesicular structure on drug permeation was investigated. El Maghraby et al.
(20008) investigated the importance of liposome structure in permeation of oestradiol
across the human skin by comparing drug permeation from lipid solution in 90% /
propylene glycol with that from corresponding liposomes. They studied four formulas of
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liposomes: PC, PC with sodium cholate, PC with span® 80, and PC with oleic acid. They
found that the vesicular forms of all four formulas tested gave higher relative fluxes than
the corresponding lipid solutions. Similarly, Fang, Hong et al. (2001) studied the
transport of enoxacin across the nude mouse skin from Soybean PC liposomes and Span®
60 niosomes. They reported that Soybean PC liposomes did not gave higher permeation
than Soybean PC physical mixtures but Span® 60 niosomes gave higher permeation than
Span® 60 physical mixtures. A similar result was observed in the study of Carafa et al.
(2002). They showed that the permeation rates of lidocaine and lidocaine hydrochloride
from the drug dispersions in the presence of surfactant (Tween® 20:CHO) or PC in
micellar form were quite lower than those from vesicles with similar compositions.

Mechanism of Action of the Vesicles

There are many approaches to maximize permeation of drugs into and across the
skin, for example, modification of vehicle-drug interaction, to use of the vesicles and
other particulate systems, modification of the stratum comeum, to bypass or removal the
stratum comeum, and to use of the electricity (Barry, 2001). One of the most
controversial methods is the use of the vesicles and particulate systems. There are a
number of articles in which liposomes have increased permeation ofboth hydrophilic and
hydrophobic drugs (Lieb etal., 1994; Niemeic et al., 1995; Waranuch et al., 1997; Betz,
Nowbakht et al., 2001; EI Maghraby et al., 2000a; Agarwal et al., 2001; Fang, Hong et
al.,, 2001 ; Carafa et al., 2002). Similar to liposomes, niosomes improve transport of many
drugs (Reddy and Udupa, 1993; Hofland et al., 1994; Lieb et al., 1994; Niemeic et al,
1995; Ohta et al., 1996; Jayaraman et al., 1996; Waranuch et al., 1997, Agarwal et al.,
2001; Fang, Hong et al., 2001; Carafa et al., 2002). Although it has been accepted that
vesicles increase skin drug delivery, mechanism of action is not clear. There are many
studies focusing on elucidation of mechanism of action of vesicles and many possible
mechanisms of action have been proposed.

Ganesan et al. (1984) and Ho et al. (1985) showed that neither liposomes nor
phospholipid molecules diffused through intact skin of hairless mouse. They suggested
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three probable mechanisms (Figure 1): 1) release of the drug from liposomes and
percutaneous absorption of the free drug; 2) release of the drug from the vesicles in
combination with skin permeation of free drug and also direct liposome/skin drug
transfer; and 3) skin permeation involving liposome/skin drug transfer. They also
concluded that the first mechanism is applied to glucose, a hydrophilic drug entrapped in
the aqueous phase of the liposomes, since permeation of glucose depended on release
rate. For progesterone, a lipophilic drug associated in lipid hilayers, the in vitro release
rate was very slow so they suggested a direct liposome/skin transfer mechanism. Release
rate of hydrocortisone was higher than that of progesterone while their permeation was
comparable. Thus, they suggested that both free drug and liposome/skin transfer
mechanisms operated on hydrocortisone permeation.
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Figure1 Schematic description of various mechanisms in the skin drug permeation of
liposomes (From Ganesan et al., 1984)

|f the mechanism of action of the vesicles is solely the free drug mechanism
wherehy the drug is released from the vesicles and then freely permeates the skin, the
rate limiting step of skin transport is the release rate. However, there are some previous
reports on the lack of relationship between drug release and permeation. For example,
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Montenegro et al. (1996) compared the release of retinoic acid from DPPC liposomes
with permeation across human skin. They reported that retinoic acid release was not
significantly affected by the inclusion of a positively charged compound, stearylaming, in
liposomes, whereas positively charged liposomes provided greater drug permeation
compared to other liposomes. Similarly, release of enoxacin (Fang, Hong et al., 2001)
and lidocaine and lidocaine hydrochloride (Carafa et al., 2002) did not correlate with
drug permeation. Furthermore, EI Maghraby et al. (1999) found that the peak flux of
estradiol from deformable and traditional liposomes through human skin occurred at a
time during which drug release was negligible and they concluded that the free drug
mechanism did not operate for all liposomal formulations.

One of the rationales for the use of vesicles as topical drug carries is that they
may serve as organic solvent for the solubilization of poorly soluble drugs, resulting in
higher local drug concentrations. Thus, vesicles with high entrapment efficiency would
provide higher drug permeation than vesicles with low drug entrapment. Hofland et al.
(1999) studied estradiol permeation from niosomes containing Co=EQio and found that
MLV and SUV niosomes had similar drug entrapment but drug permeation across the
human skin from MLV niosomes was higher than that from SUV niosomes. Similar
results were also observed by EI Maghraby et al. (1999) who investigated mechanism of
skin delivery of estradiol from deformable and traditional liposomes using human
stratum comeum. They also found no correlation between entrapment efficiency and
relative flux in all deformable and standard liposomal formulas. In addition, Fang, Hong
etal. (2001) also reported that transport of enoxacin from both niosomes prepared from
Span® 40 and Span® 60 and liposomes prepared from PC and DMPC across nude mouse
skin did not directly relate with drug encapsulation. Similarly, liposomes containing the
same drug loading gave different permeation rate of tretinoin across newborn pig skin
and drug permeation depended on phase transition temperature of the main liposomal
components rather thandrug entrapment efficiency (Sinico et al., 2005). These lines of
evidence do not support the solubilization mechanism.
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Another rationale for the use of vesicles as topical drug carries is that they may
serve as penetration enhancer by penetration of individual phospholipid or non-ionic
surfactant molecules into the lipid bilayers of the skin and thus facilitating drug delivery.
Many researchers investigated this mechanism by comparing drug permeation from
saturation solution after pretreatment of the skin with empty vesicles with that from the
drug loaded vesicles. If drug permeation from both conditions is not different, the
mechanism of action of the vesicles is consistent with penetration enhancement of the
lipid components.

Pretreatment of human strtum comeum with empty niosomes provides much
lower permeation of estradiol than with direct application of the drug loaded vesicles
(Hofland et al., 1994). Besides, direct contact between estradiol niosomes and the skin is
imperative to exert the highest effect on drug transport. In addition, permeation of
estradiol from traditional and deformable liposomes through human skin is superior to
pretreatment of the skin with empty vesicles (EI Maghraby et al., 1999). Similary, when
L595:PEG-8-L elastic vesicles were used for enhancing permeation of rotigotine and
pergolide, direct application of L595:PEG-8-L vesicles enhanced drug permeation across
human skin higher than pretreatment with empty vesicles (Honeywell-Nguyen, Arenja
et al., 2003; Honeywell-Nguyen and Bouwstra (2003). These findings indicate that, for
maximum penetration, drugs should be encapsulated in the vesicles and that penetration
enhancement from vesicle components might not be the major mechanism for liposomes
and niosomes.

El Maghraby et al. (1999) also investigated other mechanisms such as the
mechanism in which liposomes improve drug uptake in skin and the possibility that
intact vesicles penetrate through the skin. They studied improvement of estradiol uptake
in the skin by determining estradiol uptake in the human stratum comeum after dipping
the skin into different deformable and traditional liposome formulations and agueous
solution for 10 mintues. They reported that uptake ratios for vesicles and solution were
no significant different among individual formulations. They also concluded that one
possible mechanism was a process of adhesion of liposomes on to the skin, and fusion or



51

mixing of liposomes with the ki lipid. The possibility that intact vesicles penetrated
through the skin was also studied, assuming that this permeation depended on the vesicle
size, by comparing drug permeation from large MLV (at least 557 nm in diameter) with
that from SUVs (mean size 136 nm). No significant differences between MLVSs and
SUVs were found, suggesting that intact vesicles did not penetrate across the human skin
in vitro.

For deformable liposomes and elastic vesicles, Cevc and Bloom (1992) suggested
that water gradient was an important driving force for drug diffusion from these vesicles.
They have shown that transdermal lipid transport may occur spontaneously provided that
the deformable vesicles, Transfersomes®, are exposed to a dehydration force resulting
from an osmotic gradient between the skin surface and the deeper skin tissue. Therefore,
it has been suggested that deformable and elastic vesicles are more efficient under non-
occlusive condition than under occlusive condition.

There are several previous studies on drug permeation enhancement effect of
deformable liposomes (EI Maghraby et al., 1999; EI Maghraby et al., 2000a; El
Maghraby et al., 2000b; EI Maghraby et al., 2001), and elastic vesicles (Honeywell-
Nguyen, Frederik et al., 2002; Honeywell-Nguyen and Bouwstra, 2003; Honeywell-
Nguyen, Arenja et al., 2003). These vesicles are superior to traditional vesicles under the
non-occlusive condition. In addition, some researchers used non-occlusive condition in
investigation of the effect of these elastic vesicles on ultrastructure of the skin (van den
Bergh, Vroom et al., 1999; van den Bergh, Bouwstram et al., 1999; Honeywell-Nguyen,
de Graaff et al., 2002; Honeywell-Nguyen, Groenink et al (2003). They concluded that

elastic vesicles improved skin drug delivery or induced ultrastructural changes of skin
under non-occlusive condition.

However, the exact mechanism of elastic vesicles to enhance drug transport is not
fully understood. It is not clear that under which conditions elastic vesicles provide the
best enhancement of skin drug delivery. Some investigators have studied drug
permeation from elastic vesicles under non-occlusive and occlusive conditions. For
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deformable liposomes, EI Maghraby et al. (2001) investigated human skin delivery of
estradiol from ultradeformable liposomes containing soybean PC and edge activators
such as sodium cholate, Tween® 80 and Span® 80 and compared with traditional
liposomes under occlusive and non-occlusive conditions. They reported that under non-
occlusive condition both ultradeformable and traditional liposomes improved estradiol
skin delivery but ultradeformable liposomes were superior. Occlusive condition reduced
skin delivery ofhoth types of vesicles.

Honeywell-Nguyen and Bouwstra (2003) compared pergolide skin penetration
from L-595:PEG-8-L elastic vesicles under occlusive and non-occlusive conditions
across human skin. They concluded that non-occlusive condition improved skin delivery
of pergolide compared to the buffer control. Occlusion increased drug transport from
both vesicles and buffer solution due to the fact that water is an excellent penetration
enhancer. However, the action of elastic vesicles themselves was diminished under
occlusion. In addition, Honeywell-Nguyen, Groenink et al. (2003) investigated the in
vivo interaction of L-595:PEG-8-L elastic vesicles with human skin using the tape
stripping technique 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 treatment. Although micrographs showed very
few intact vesicles in the deeper layers of the stratum comeum, the presence of lipid
plagues was frequently observed after occlusive condition.

From the results of the previous reports above, non-occlusion is a suitable
condition for the elastic vesicles to enhance drug permeation through the skin. Thus, the
possible mechanism for elastic vesicles is that the vesicles improve skin drug delivery by

penetrating through the stratum comeum by transepidermal osmotic gradient induced by
non-occlusive condition,
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In Vitro Permeation Study

1. Theory of drug diffusion (Martin, 1993)

A frequently employed technique to test the relative permeability of topical drug
involves the in vitro use of excised skin mounted in diffusion chambers. In this case, the
release of drug is controlled by membrane and the Fick’s first law is applicable because
the absorption mechanism is usually a passive diffusion. An equation for an amount (M)
of material flowing through a unit cross-section (A) of a barrier in unit time (t) is known
as the flux (J). Therefore, the Fick’s first law of diffusion is derived as follows:

J = dM 1
A dt !
|If a membrane separates the two compartments of a diffusion cell with cross-
sectional area (A) and thickness (n), and if the concentrations in the membrane on the
donor and receptor chamber are Cl and C:, respectively, equation (1) may be written as;

J = Diti- ) )

in which (CI - C2)/h approximates dc/dx. The gradient (Cl - C2)/h within the membrane
must be assumed to be constant for a quasi-stationary state to exist. Equation (2)
presumes that the aqueous boundary layers on both sides of the membrane do not
significantly affect the total transport process.

The concentration Cl and C; within the membrane ordinarly are not known but
can be replaced by the partition coefficient (K) multiplied by the concentration in the
donor side (Cd) or on the receiver side (Cr). The partition coefficient (K) is given by

K = £2 (3)

= £1
6
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Therefore, equation (2) can be written as:

M = DAKCCh- Cri (%)
dt h

and, Ifsink conditions hold in the receptor compartment or CI' = Q

dM = DAKCh = PACd (5)
dt h
in which
P = DK
: (6)

where p is a permeability coefficient (cm/sec). Eventually, the amount of drug
permeating into a sink bears the following relationship to time:

M = PACHt U

Permeation profile (Figure 2) is constructed by plotting the cumulative amount
of drug permeating per diffusional area against time. The steady-state flux (Jss) of drug
permeation is determined from the slope of the permeation profile. The permeability
coefficient (P) can be then obtained from the steady-state flux dividing by Cd, providing
that Cd remains relatively constant throughout the time of study.
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Figure 2 Typical permeation profile for a molecule diffusing across the skin

2. Diffusion cell design (Brain, Walters, and Watkinson, 2002)

Most common methods for evaluation of in vitro permeation use diffusion cells.
The major advantage is that the experimental condition can be controlled precisely. The
disadvantage is that little information on the metabolism, distribution and effects of
blood flow on permeation can be obtained.

Static diffusion cell used is usually of the upright (“Franz”), or side-hy-side,
with receptor chamber with a side arm sampling port volumes of about 2-10 mL and
surface area of exposed membranes of nearly 0.2-2 cm2 The jacket is positioned around
the receiver chamber and heated with an external circulating bath. Excised skin is
mounted as a barrier between donor and receptor chambers. The amount of drug
permeating from the donor to the receptor side is determined as a function of time. The
small volumes are withdrawn from the stirred receiver solution for analysis at
predetermined times and the receiver chamber is refilled with receiver solution to keep
the volume of solution in the receptor side constant during the experiment. A modified
Franz diffusion cell is shown in Figure 3
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Figure 3 A modified Franz diffusion cell
3. Receptor chamber and medium

The receptor phase can act as a sink, while ensuring that sample dilution does
not preclude analysis. As a general rule the drug concentration in the receptor side should
not exceed approximately 10% of saturation solution. The most commonly used receptor
medium is phosphate buffered saling, pH 7.4. It has been postulated that if drug has a
water solubility of less than 10 pg/mL, then the addition of solubilizers becomes
necessary.

4. Selection of skin membrane

Animal skin is widely used as a substitute for human skin owing to difficulties
in obtaining human skin. The thickness of stratum comeum tends to increase with animal

size, for example, the thickness of the stratum coeneum of rats is about 20 pm, whereas
that of pig and human is about 30 pm. In addition, the lipid content decreases with size.
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From in vivo data on the penetration of several unionized solutes through the
skin of a variety of species, the rank order of skin permeability is rabbit > rat > pig >
monkey > human. Although the monkey skin seems to be close in skin permeability to
human skin, it is not suitable ethically to use as model skin. Therefore, the pig skin
should he a suitable skin membrane for in vitro test. The pig skin is frequently used as
model membrane for human skin showing a similar penetration for topically applied
drugs such as capsaicin and it derivatives (Fang,  etal., 1995), captopril ( , Huang,
and Tsai, 1997), salicylic acid, theophylline, 2 4-dimethylamine, diethyl hexyl phthalic
acid, and p-aminobenzoic acid (Wester et al., 1998), terbinafme, clotrimazole,
hydrocortisone, and salicylic acid (Schmook, Meingassner and Billich, 2001), and
flufenamic acid (Jacobi et al., 2005), etc. In addition, pig skin can be used as a model
membrane in iontophoresis studies (Marro, Guy, and Delgado-Charro, 2001).



	CHAPTER II LITERATURE REVIEW
	Psoriasis
	PTU in the Treatment of Psoriasis
	Niosomes
	Materials Used in the Preparation of Niosomes
	Niosomes Preparation Methods
	Factors Governing Niosome Formation
	Characterization of Niosomes
	Factors Influencing Niosomes Characterization
	Niosomes as a Topical Drug Delivery System
	Factors Affecting Drug Permeation into/through the Skin
	Mechanism of Action of the Vesicles
	In Vitro Permeation Study


