CHAPTER |

INTRODUCTION

Poriasis i a prevalent chronic skin disease which affects 0.1-3.0 %of world's
population. It is charactenized by hyperkeratosis and thickening of the epicermis s well
& by increased vasculanity and infiltration of inflammatory cells in the dermis (Linden
and Weinstein, 1999). Psoriasis can cevelop at any age, lut the first peak is between 10
and 20 years old and the seoondl peak is & 57-60 years (Bajue, 2003). Viarious cutaneous
expression of psoriasis may ocour. The most frecuent menifestation in more then 90 % of
the patients I chronic placue psoriasis.  Less frequently ocouring cLtaneows
enifestations are Quitate psoriasis, pUstular peoriasis, and erymroderme psoriasis (De
Jong, 1997). The cause of psoriasis i Lnknown. Genetic and environrental factors are
inportant in the etiology of the diisease. Prysical trauma and infection can be triggers
(Bajue, 2003). There is presertly no cure for psoriasis. Thus, the goal of treatrrent is to
ckoresse the severity and extent of cutaneous lesion so thet they no longer Interfere
Sustartially with a patient's enployment, social life, and well-being. The currently
available treatrrent for psoriasis can be civickd into three ein categories: topical, photo,
and systemic therapies (Lincen and \Aginstein, 1999). Conventional topical treatments,
such as ermollients, coal tar; and ditrangl, have been messy, cosmetically unaoceptable
and of low efficacy while systemic therapies such as methotrexate, cyclosporing, and
retinoid have suffered from significant sice effects (De Jong, 1997; Linckn and
Weinstein, 1999; Dipiro etal,, 2002)

Propyithiouracil (PTU), an old antithyroidl drug hes immmune moculatory effect,
antioxicant activity andl antiproliferative activity (Elias et al,, 1993a). PTU hes been
shown to be useful orally alore (Elies et al,, 19938 Elias and Barr, 19%; Cronchury
and Mark 2001; Kose et al., 2001) and in combination with methimezole in psoriasis
(Hlies, Goocman, and Ronen, 1993c; Hlias, Goociman, and Rohn, 1993; Elias et d-,
19%). Treatrvent of psoriasis with PTU orally results in agood efficacy, low toxicity and
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sick effect and low cost as corpared with other oral drugs. However, some sick effects
have been found such s hypothyroicism skin rash, and gestrointestinal disturbance
PTU is a lyophobic drug with low weter solubility (1900 & 20 C) and practically
Insolubole in crloraform It is difficuit to formulate into ahomogeneous dosage form The
topical preparation of /6PTU in propylene glycol and hydrophilic petrolatum proclices
significant resolution in' patients with psoriasis (Hlies et a. 19%4). However, this
conventional dosage form hs limited solubilizing capecity for the cruy. To maintain the
cesired drug concentration, there is a need for incorporation of an extra aount of
crystalline drug into the preparation This can cause intation to the normal skin
(Asavisanu, 1997; Scalf andl Fowler, 2000; Friecian et ah, 2002). No studly investigating
the effect of vesicular cosage fors that may be more efficient in delivery the oy to its
target sites in the viable epicermisicerms is avallable

Particulate g camiers such & vesicles and polymeric microspheres can
Increase crug celivery into ceep skin strata via the follicular pathaay (Nacht 199%;
Niemiec, Ramechandran, and Wirer, 19965). Vesicles have a mejor achartage &s druy
celivery systems ol to the amphipathic netire of their structural components, Sructurdl
arrangerent into bilayers allows incorporation of a widk variety of compounds, both
hydrophilic andl lipophilic, into- the vesicles. Compounds thet: show sUperior skin
peretration with liposomes inclucke clindamycin hyarochloricke (Skalko, Cajkovec, and
Jalsenjak 199), pynidine carboxylic acid phemyl ester, DL-a-tocopherol, and 2t
butyl)}-4-cyclonexyl - phenyinicotinate  N-oxice  (Schreire and Boumstra,  19%4),
cyclosporine and ainterferon (Niemiec et ah, 19%), and enoxacin (Fang, Hong et d,
2001). Phospholipickoased liposomes are the most wickly stuclied vesicular dosage form
However, only a few liposomel preparations are commercially available for dlinical use
ol partly to the high cost and stability problems. Niosomes, vesicles with nor-onic
surfectants as structurdl lipics, have become an interesting altermetive to liposomes,
especially for cermel preparations (Crta, Ramechandran, and \einer, 199%; Agarval,
Katare, and \Ayas. 2001; Carafi, Santuicoi, and Lucania, 2002)
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Niosomes are analogous to liposomes as they also assune a bilayer vesicular
structure. They first appeared in the seventies as a new feature of cosmetic inclstry.
Vhen compered to phospholipicoesed vesicles, they have acvantages of lower cost,
better stability, and, thus ease of preperation ad storage. In ackition, niosones mey be
prepered without Use of organic solvent, while most methods of liposome preperation
Involve organic solvent. Similar to I|posomes niosomes have gained vast interest from
researcers as potertial camers for topical skin celivery. Hofland et . (1994) studied
permeation of estradiol fromn-alkyl polyoxyethylene ether niosomes. They showed thet
cirect contact between niosomes and skin wes Imperative to exert the highest effect on
crug trarsport. Niemiec et al. (1995) reported thet niosomes enhanced topical celivery of
Peptie crugs Into pilosebaceous Lnits in the haster ear modkl. Once the drug gets into
the pilosebaceous units, it can freely diffuse to the viable epicermis, depending on the
partition coefficient of the crugy. Otier crugs stuclied with niosoes incluce flurbiprofen
and piroxicam (Reddy and Ucs, 1993), erythromycin (Jayaramen, Ramechandran, and
\\Biner, 19%6), glycolic andl glycerol (Ohita et al,, 19%), cimeticline (IJeb Aym, ad
Weiner, 19%4), ainterferon, and cyclosponneA (Waranuch, Ramechancran, and
Weiner, 1998). There are soe regorts conparing drug peneation between liposomes
and niosomes which indlicate thet drug penetration fromniosomes is Superior to thet from
liposomes. These drugs are cyclosporine-A (Waranuch, Ramechandran, and Winer,
1997; Dowton et al., 1993), ainterferon, and cyclosporine-A (\/\branm et 1998),
enoxacin (Fang, Hong et al,, 2001), licocaine and lidocaine hyarochlorice (Carafa et al,
2002), and cimeticine (Lieb et al., 1994),

Feasibility of vesicle foretion depends on many factors such & nonionic
Surfactant structure, merhrane ackitives, physicochemical properties of drugs, surfactant
and lipid levels and method of preparation (Uchegou and \vas, 1996). The vesicle
systems consisting of cifferent compositions resuit in- different properties and
characteristics. In developing a successful formulation, one needs to charactenze tre
resultart cilivery system with regard to its physicochemical properties. Some properties
of the vesicles which are nonmelly charactenized are drug entrgment, vesicle size, pese
trarsition, physical stability, and drug release (New, 1997).
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There are anumber of reports on the stucly of factors affecting o peneation
across the skin from the vesicles. From those reports, the inportant factors incluck the
themrodynamic state of the bilayer, size, melting point of lipid composition, and the
extistence of vesicular structure. Several in witro and in vivo permregtion studlies were
carmied out to evaluate whether thermmodynamic state of lipid composition of vesicles
affecteal skin penetration of both hydraphobic and hydrophilic conpouncs. Hydropnobic
compounds stucied incluce triamoinolone acetonice (Yu and Liao, 19%), estradiol
(Hofiand et al., 1994), fiuoresoein (Perez et al,, 2000), pprogesterone (Knepp, Szoka, Jr,
and Gy, 1990), andl betahistine (Ogiso, Niinaka, and Iweki, 19%). These stucies
revealed thet liouid crystalline state vesicles are more effective then el state vesicles in
ennancing drug permeation. On the ather hand, the effect of themmocdynamic state coes
not clearly affect permreation of hydrophilic arugs such & S-iuorouractl (B Meghraty,
Williams, and Barry, 2001), socium heparin (Batz, Nowhakitt et al,, 2001), methotrexate
(Trotta et al., 2004), andl socium asooryl phosphate (Foco, Gesperdin, and Kristl, 2005).
In adition, some researchers reported that the vesicles conposed of low melting point
lipid like glyceryl dilaurate Improve skin penetration of both hydrophilic and
hydrophotic drugs such s glycolic acicl and glycerol (Orta et ah, 1996), alpra interferon
(Niemeic et al,, 1995), and cyclosporine-A (Dowton et al,, 1993; Niemeic et al,, 19%;
Waranuchet al,, 1997; Waranuehet al,, 19%9).

B Mghray, Willias, and Barry (2000a), Fang, Hong et d. (2001), and
Carafa et al,, (2002) stucied the effect of the existence of vesicular structure on dg
permeation across the skin B Meghraly et al. (20008) investigated the importance of
liposome structure in permeation of cestradiol across the humen skin and found thet
permeation of oestradiol from the liposomes wes higher then thet from lipidl solution in
o | propylene glycol. Similar resuits were ooserved in the study of Fang, Hong
et dl. (2001) who conpared enoxacin permeation from liposomes and niosomes with
physical mixtures of the lipid conponents and reported thet pereation fromthe vesicles
Was superior to that from the physical mixtures. In another stucly, Carefa et . (2002)
Investigated permeation of licocaine and licocaine hydrochlorice from niosomes and
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liposomes with micellar solutions of the same lipid. They also found that drug
permeation from micellar forms was inferior to the vesicles.

As reported by o Plessis et al. (19%4) and Sertjurc, Viownik, and Kiist
(1999), the effect of vesicle size and lamellanity of liposomes on o penmeation wies
minimel suggesting that Intact vesicle transport coes ot occur. On the: ather herd)
Vemaetal (2003) reported thet crug penetration wes inversely related to the size of the

liposomes,

Trere are some  dlies to elucidiate the mechanism of action of vesicles to

Inprove skin airug cielivery. The dominating mechanism of action in skin celivery of the
vesicles may be: 1) the “free g™ mechanis the drug is released from the vesicles and
then freely permeates through the skin, thus drug permeation IS correlated to crug release
(Ganesan et ah 1984 H Meghraty, Williarrs, and Barry, 1999); 2) penetration
enhancenent of the lipicl components; this mechanism is stucied by skin pretreativent
with enpty vesicles and then compared drugy penetration between co-treatiment and
pretreatiment (Hofland et ahy, 1994, Fang, Hong et ah, 2001, Honeywell-Nguyen, Arenja
and Boumstra, 2003); 3) | roveddmgunake trevesicle ey IMprove g uptake by
ackorption, fusion, and mixing with skin lipic. This mechanism Is tested by dipping
stratLm comeum into the cifferent vesicles and determining drug uptake (£ Meghray
et ah 19%9); 4) penetration of intact vesicles: some intact vesicles can peneate across
the skin. It can be proved by conaring skin permeation from small vesicles (200-300
nm) with thet from larger vesicles (> 500 nm) (Ceve, Schatzlein, and Blurme, 19%;
H Maghraty et ah, 1999); 5) increased drug themodynamic activity: this mechanismis
testedl by conparing the cifferent entrapment efficiencies of fomulations with cruy
permeation, (H Meghraty et ah, 1999); and 6) the mechanism involving transepicerl
osmotic gracient: elastic Vesicls inorease crug penmeation by penetrating through the
skin using transepicermvel hycration force. This mechanism is thus tested by conparning
permeation from vesicles uncer occlusive and  non-occlusive  conditions
(Horeywell-Nguyen and Bouvstra, 2003). In acdition, aranuch et ah (1998) reported
thet the permeation of cyclosooporin-A from glyoeryl cilaurate:cholesteral:Brj® 76
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niosomes occurs as a result of dehydration of the liposomes followed by melting of the

lipid components on the skin and permeation from liposomes is the same as that from
lipid melts.

From previous reports, the Investigation of formulation factors affecting drug
permeation wes focused on hydrophobic and hyaropnilic dugs. However, the
Investigation of formulation factors affecting Iyaphobic crugy permeation is not studied
PTU is a lyophotic drugy and hes a relatively low pertition coefficient of L0 (Moffat
et d, 2004). Thus, the effects of formulation factors on PTU permeation mey be
different from hydraphobic and hydrophilic drugs. If one knows aloout these factors, one

can formulate the proper formulations thet increase maximum or optinum  drug
peeation.

Trerefore, the present study wes aimed at formulating PTU niosomes and
Investigating some formulation factors affecting PTU permeation. In the formulation of
PTU niosomes, some formulation factors affecting the properties of the vesicles were
stucliec These factors incluced type of surfectant, stallizer, and agueous media. The

roperties stuclied were entrapment efficiency, size and size distribution, phese trarsition,
release study, and physical stality. The formuilation factors affecting drug penmeation
Inclucedl thermocynamic state, surfactant type, size, metting of the lipid componert, and
the existence of vesicular structre. In ackition, this stuoly also investiated the
dominating mechanism of action of niosomes including increased drug themodynaic
activity, the “free drug’” mechanism, penetration enhancement of the vesicles, and the
effects of transepicermal osmotic gradient. The information obtained wall be helpful in
cevelopment of topical PTU noisomes for the treatient of psoniasis. Information ceta.on
the formuiation factors affecting PTU permeation and the dominating mechaniss mey
be used to fomulate the proper PTU formulations thet increase optimum dug
permeation and may provide useful information for other drugs with similar properties to
PTU tobe ceveloped into practical formulations for topical skin celivery.



Objectives

The specific cbjectives of this — dlywere & follows:
1 Toformulate PTUniosomes

2. Tocharactenze PTU niosomes
3. Tostucly the effects of formulation factors on PTU permeation fromniosomes

4. To determine the dominating mechanism of skin drugy celivery of PTU from
various niosonal formulations
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