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ABSTRACT

The objectives of this study were to evaluate peripheral Hq-antihistamine
efficacy, and systemic absorption after application of liposome formulations
containing hydroxyzine or cetirizine to the skin of a rabbit model and to evaluate the
physicochemical stability of these liposome formulations containing hydroxyzine or
cetirizine. Using L-a-phosphatidylcholine (PC), L-a-phosphatidylserine (PS), and
L-a-phosphatidylcholine hydrogenated (HPC) and hydrating buffers pH 5.0-7.0,
small unilamellar (SUV), HPC-SUV and multilamellar (MLV) vesicles containing
hydroxyzine or cetirizine were produced by ethanol injection, extrusion, and thin-
lipid film hydration methods, respectively. PC-MLV were subjected to hydration
- times of 1h, 24h, and 48h as well as five cycles of freeze-thawing. Liposomes
freshly prepared and stored for up to 24 months at 10+2°C, 25+3°C, 37+0.1°C were
evaluated by determining percent entrapment of hydroxyzine (PETH) or cetirizine
(PEC), by checking the physical appearance, by determining particle size, and by
- taking transmission electron micrographs (TEM) and optical micrographs (MOM). _
For in vivo evaluation each liposome formulation and Glaxal Base (GB), the control,
containing 10 mg of hydroxyzine or cetirizine was applied to the shaved backs of
rabbits (3.08 +0.05 kg) then intradermal tests with 0.05 ml histamine phosphate
(1mg/ml), and blood sampling were performed before application, and at pre-

- selected times for 24 h. Wheal suppression was calculated and hydroxyzine and
~ cetirizine plasma concentrations were measured. Based on the percent entrapment
- of 90%, physical appearance and TEM, HPC-SUV, and HPC-MLV at pH 6.5, were
the most stable liposomal formulations. Hydroxyzine or cetirizine SUV and MLV for
in vivo testing were prepared at pH 6.5 using PC and HPC. Compared with
- baseline, hydroxyzine from all formulations significantly suppressed histamine-
induced wheal formation by 75% to 95% for up to 24 hours. The areas under the
plasma hydroxyzine concentration versus time curve (AUC) from PC-SUV and PC-
- MLV, 80.1+20.8 and 78.4 + 33.9 ng.h/mL, respectively, were lower than that from
GB, 492 + 141 ng.h/mL, P < .05, over 24 hours, while concentrations of cefirizine _
_from hydroxyzine in all formulations were similar. After 24h, only 0.02% to 0.06% of
“the initial hydroxyzine dose remained on the skin. Compared to baseline, histamine-
induced wheal formation was suppressed by cetirizine in PC-SUV and PC-MLV '
from 0.5-24 h in HPC-SUV only at 24 h, in HPC-MLV from 0.5-24 h and by cetirizine -
in GB from 0.5-8 h, p< 0.05. Maximum wheal suppression by cetirizine in PC-SUV
and PC-MLV ranged from 90.6 + 4.9 % to 89.0 + 3.8 % and 98.0 + 1.3 % to
94.0 £ 2.3 % respectively from 6-8 h and in HPC-SUV at 24 h, 91.745.2 %, and in
- HPC-MLV from 1to 24 h, 93.842.2 toc 76.2+6.5 %, greater than in GB, 36.5+7.4 to
60.6+14.2 %, from 1h to 24 h, p< 0.05. The plasma cetirizine AUC from HPC-SUV,
67+ 5.2 ng.hr/mL, was lower than from PC-SUV, 201+ 24.2 ng.hr/mL, from PC-MLV,
334.6 £ 65.1 ng.hr/mL, from HPC-MLV, 221.2 + 42.3 ng.hr/mL, and from GB,
' 248.3 £ 34.6 ng.hr/mL. After 24 h, the percent of the cetirizine dose remaining on
the backs of the rabbits from HPC-SUV was significantly lower than from both HPC-
MLV and GB, p< 0.05. In this rabbit model, hydroxyzine or cetirizine from PC-SUV,
- PC-MLV, and cetirizine from HPC-MLV result in excellent topical H-antihistamine
effects with accompanying low plasma concentrations. These results suggest that
the liposome formulations appear to localize hydroxyzine or cetirizine in the skin
thus reducing the potential for systemic adverse effects. These results will need to
‘be confirmed in patients with allergic skin conditions.
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CHAPTER 1. INTRODUCTION

In the scientific and medical literature, percutaneous absorption usually
refers to the local effects produced by medications applied topically to the skin to
treat skin disorders (1, 2). Transdermal absorption is generally defined as the
mass movement of substances from the skin surface to the systemic circulation
in order to treat systemic diseases (3).

The percutaneous route for medication administration has many
advantages over other pathways. The hepatic first-pass effect, a systemic
complicating factor of oral absorption for treatment of skin disorders, is avoided.
There is also reduced potential for adverse effects and medication interactions
often observed between medications in the systemic circulation.

The selection of the optimal percutaneous formulation or medication
delivery system is important because it must overcome the barrier functions of
the skin which inhibit the penétration of most medications while allowing the
medications to be retained in the dermal layers (4). The delivery of medications
by percutaneous absorption for the relieving allergic skin disorder symptoms

using liposomes as a medication delivery system will be evaluated.
- 1.1. PERCUTANEOUS ABSORPTION

Factors affecting percutaneous absorption and distribution include: the
relationship between the structure and the barrier function of the skin; the
mechanisms and route of skin penetration of medications applied to the skin
and; the major physiological, physicochemical and formulation factors influencing

percutaneous absorption (4).
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1.1.1. Structure and Function of the Skin
The human skin provides an excellent barrier both for controlling
the loss of water and body constituents, and for preventing the entry of noxious
substances from the external environment. Human skin is a heterogeneous
membrane, which consists of three distinct layers: the epidermis, the dermis, and

the subcutaneous fat (5).

—LGERkGRS CELL

Figure 1: Schematic representation of histological cross-section of the skin.

( From Ref. 6)
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1.1.1.1. Epidermis
The epidermis consists of the stratum corneum and the viable
epidermis layers. The stratum corneum, the non-viable epidermis, is the
outermost layer of the skin and is recognized as the principal barrier to water
| ‘loss and to entry of external environmental agents. It is a multicellular,
metabolically inactive cornified dead tissue layer derived from previously viable
- epidermal cells. Each stratum corneum cell, called a corneocyte, is composed of
70% insoluble bundles of keratines, and 20% lipids encased in a cell envelope.
The intercellular spaces, comprised mainly of lipids including ceramides;
| cholesterol, cholesterol esters, and free fatty acids, are structured in
vmultilamellar bilayers at fhe physiological temperature of 37°C, which is below
thegel—'to-liquid crystalline phase transition temperature for these compounds.
Desmosomes for corneocyte adhesion are also present. The stratum corneum
-Iéyer is describéd as the rate—limiting barrier of the skin protecting the viable
epidermis and the dermis (5, 7). The viable epidermis, below the stratum
.corneum, includes the stratum granulosum, the stratum lucid’um, the stratum
| ‘spinbsum, and the stratum germinativum. 1t is different from the stratum corneum

- since it is physiologically more closely akin to other living cellular tissues and
conta'ins' many metabolizing enzymes.

The viable epidermis has many functions including the generation of the
‘stratum corneum and the metabolism of many foreign substances, and it also
- contains the Langerhan’s cells, which are involved in the immune ‘respons.e of

the skin (5, 7).



1.1.1.2. Dermis
The dermis is composed of a semi-gel matrix of

mucopolysaccharides. This matrix is a dense network of structural protein fibers
cohtaining mainly collagen, elastin, and reticulum. The dermis is penetrated by
hair follicles with the sebaceous glands, and eccrine and apocrine sweat glands
and has a very rich nerve fiber and blood supply which provides the entire body
with temperature, pressure and pain regulating mechanisms (5).

1.1.1.3. Subcutaneous Fatty Tissue

The subcutaneous fatty tissue located below the dermis, is

composed of cells that contain large quantities of fat, making the cytoplasm
lipoidal in character. The collagen between the fat cells provides the linkage of
the epidermis and the dermis with the underlying structures of the skin. The main
function of subcutaneous fatty tissue is to act as a heat insulator and a shock
absorber (8).

1.1.1.4. Reservoir and Barrier Functions of the Skin

The stratum corneum is considered to be the main reservoir for

many medications applied topically to the skin, due to its morphological structure
and the resulting barrier function (9-11). Sheth et al., (12) have evaluated the
medication reservoir function of the stratum corneum to predict the therapeutic
efficacy of topical iododeoxyuridine for herpes -simplex virus infections.

1.1.1.5. Enzymes and Metabolic Functions in the Skin

The skin is an important portal of entry for xenobiotics or foreign

substances, either applied intentionally or as a result of exposure to the



environment. The metabolizing enzymes in the skin convert xenobiotics into
polar metabolites, facilitating their body clearance. The skin contains many
| metabolizing enzymes similar to those initially identified in the liver. The
transferase activities in the skin can approach 10 % of that found in the liver,
while in comparison, the relative aotivity of cytochrome P-45O 'enzyrnes in the
skin may be only 1-5 % of the liver's capacity (13). The rneiabolizing;enzymes in
the skin can cataiyie Phase-| reactions including okidation,' reduction,, and
‘ hydrolysis and Phase-ll reactions such as glucuronidvation _and sulfation.
Cytochrome P-450 enzymes in the skin have been shown to metabohze a
broad range of compounds such as cortlcoster0|ds and theophylline (14 16). As-
well, the hydrolase enzyme found in the skin contributes to the metabolism of
benzoy! peroxide, diflucortolone valerate and vi_darabine (13).
Giuouronidation and sulfation require the presence of the cofactors,
uridine diphosphate-glucuronic acid and adenosine 3’-p}hos_phate 5-
vphosphos‘ui’p‘hate respectively, which are also present in the skin (13).
ngO etal., (17, 18) have studled the cutaneous metabolism of nitroglycerin to
1,2- -glyceryl di-nitrate and 1,3~ giyceryl di-nitrate in the skin ThlS metabolism was
heavily dependent on the presence of glutathione, the cofactor for the
}}’transferas_e enzyme. - o |
1.1.2. Mechanism and Route of Skin Penetration
The prooess of percutaneous absorption.of rnedication 'rnolecoies applied
to the skin surface consists of an initial distributiOn or partitioning of the

molecules into vthe stratum corneum and subsequent passive diffu'sio,n through



the different layers of the skin. Three routes of medication penetration across the

stratum corneum have been proposed (Figure 2).

- Gapillary.

Figure 2: Schematic diagram of the potential routes of medication penetration
through the stratum corneum of human skin. I= intercellular, T=transcellular,

- A=appendageal. (From Ref.19)

The first route of medication penetration is the transcellular route by which
 the permeant molecules cross the epidermis by the most direct routes of

- diffusion or partition, and then repeatedly partition between, and diffuse through,
 the cornified cells of the stratum corneum and the intercellular bilayers. This

rbute is considered the most difficult route of medication penetration because the
molecules have to pass from hydrophilic to hydrophobic layers across the

epidermis and dermis.



The second route of medication penetration is the intercellular route
where the solute remains in the lipid domains and permeates via a tortuous
i pathway between the cornified cells of the stratum corneum, the viable epidermis
and dermis. Within this lipid domain, the medication has to repetitively cross
complete multilamellar bilayers of lipids. This route is considered the primary
route of medication penetration because the hydrophobic molecules easily pass
through the hydrophobic layers of the intercellular bilayers. |
The third route of medication penetration is the appendages route. Here,
the penetrant substances traverse the stratum corneum via a “shunt” pathway by
using the hair follicles or sweat glands. It has been suggested that the
- contribution of the hair follicles to percutaneous absorption considerably
outweighs that of the sweat gland because of the relatively higher density of hair
follicle distribution (19). In contrast, it has been stated that the extent of
medication absorption via the “shunt” pathway, although it may occur, is
insignificant, because the absorption is against the outward flow of the sweat and
body secretions. In addition these orifices occupy only 1% of the body skin
surface area (20). Other authors (21) reported that the available surface area for

follicular transport is limited on most sites of the body, to approximately 0.1 % of

| . the total skin area. However it has also been demonstrated that the “shunt “

pathway contributed significantly to the initial phase of stratum corneum
permeation (21) and furthermore, results from recent experiments using an
afollicular animal model have shown a significant role for the follicular route of

transport (21). The extent of the role of the “shunt” pathway is still controversial.



1.1.3. Factors Affecting Percutaneous Absorption
The diverse chemical composition of the skin makes the

percutaneous absorption of xenobiotics or medications into the skin a series of
complex biological processes. The skin is a multi-layered bio-membrane with
each 'Iayer demonstrating unique absorption properties. There are three major
factors that have been shown to influence the percutaneous absorption of
medications or substances applied to the skin. These factors are the physiology
of the skin, the physicochemical properties of medications applied to the skin,
and the individual components of the formulations used to deliver medications
applied to the skin.

1.1.3.1. Physiology of the Skin

The role of the skin physiology is very important when studying
the percutaneous absorption of medications applied to the skin. The most
important physiological factors influencing the percutaneous absorption of
medications applied to the skin are: the degree of skin hydration and skin
temperature, skin integrity, the participants’ age, and the location of the skin site
on the body.

The degree of skin hydration and skin temperature are inter-dependent
factors. Any situation or treatment that increases the skin temperature also
increases skin hydration. For example, the application of occlusive dressings or
oleaginous ointment bases increases both the skin temperature and the degree
of skin hydration, which subsequently enhances the penetration of many

- medications into the stratum corneum (22, 23). It was found that a hydrocolloid



patch occlusion increased the penetration of triamcinolone acetonide through
skin in man 3-4-fold relative to that when no occlusive patch was used (24). The
rate of percutaneous penetration of different medications into the skin may also
increase as the environmental temperature and humidity increase (25). The
increase in environmental humidity was observed to increase the degree of skin
hydration and dramatically increase the total percutaneous absorption of the
pesticide propoxur from 33 % to 63 % (26).

The stratum corneum layer of the epidermis is a major barrier to
percutaneous medication absorption. Any conditions such as inflammation or
dermatitis of thé skin that alter the structure or function or damage the integrity of
the stratum corneum result in an increase in percutaneous absorption (25).

Participants’ age is an important factor that controls the body surface area
to weight ratio, as well as the hydration, permeability, thickness and texture of
the skin. The body surface area to weight ratio of a neonate is three to four
times that of adults. The greater degree of skin hydration and the neutral skin
surface pH of infants might contribute to the increased permeability of neonatal
skin compared to adult skin (27-29).

Morphological and physiological changes in aged skin may affect the
percutaneous absorption of compounds and thus their potential for localized as
well as systemic activity. The stratum corneum, the least permeable Iéyer of the
skin, is well developed in a normal adult, and forms the rate-limiting barrier to
most medications applied topically to the skin. The thickness of the stratum

corneum of elderly individuals, over the age of 60, remains unaltered compared



with young adults, although there are reports of a slight decrease in the
thickness of the viable epidermis. There are, however, alterations in the dermo-
epidermal junction, in the blood vessels, and in other parts of the skin, which
suggest that dermal clearance of the medication is more likely to be decreased
with age (30).

The extent of percutaneous absorption largely depends on the thickness
and permeability of the intact stratum corneum at the absorption site (30).
Percutaneous absorption in man and animals varies depending on the area of
the body surface to which the chemical has been applied. This is called regional
variation. Scopolamine transdermal systems are designed to be applied to the
post-auricular area, because the percutaneous absorption of this skin region is
suitable to permit effective quantities of the medication to be absorbed (31). 1t
was found that the highest total absorption of topical steroids in an ointment
vehicle was through skin of the scrotum while the lowest absorption was through
the nails (25).

1.1.3.2. Physicochemical Properties of the Medication

Passive percutaneous delivery of medications depends on several

factors, including medication lipophilicity, charge, and molecular size. The -
molecular size of medications that can be absorbed percutaneously without
penetration enhancer has to be less fhan 500 Dalton.

The percutaneous absorption of medications also depends on many
physicochemical characteristics of medication molecules applied to the skin,

including molecular weight, the degree of ionization, and the particle size and



shape of the medication powder. lonized molecules do not have sufficient free
energy for transfer from the aqueous phase of the vehicle to the lipid phases of
the membrane. Thus, the fraction of medication in the unionized state exi'sting in
the topical dosage formulation may determine the effeCtiv?_membrahe gradien_t
for ionizable medications. (32-34).

The physicochemical properties of medications influence solubility,
partition coefficients and stratum corneum-water partition coefficients, and
permeability constants. These 'parameters may affect the rate and extent of
rhedication penetration into the skin (32-34). |

The physicochemical properties of medications inﬂuence the interactions
between the medications and the vehicle that contains and delivers these
medications, and the interactions between the medications and the skin.

- Subsequently, these ‘interaction's may infernce the rate and extent to which
medications penetrate the skin (32—34). | |

The solubility of a medication in a vehicle determihes, the amount of
medication which can be presented to the absorption site per mass'bf deli\)ery
'system. The octanol-water p_artiﬁon coefficient of the medication strdngly ‘
influences the rate at which the médicatién is released from the vehide and
~ controls the rate of diffusion‘of the medication into the stratum corneufn. The
octanol-water partition coefficient by itself will give only a limited _indiCétionlas to
‘whether or not a compound will be absorbed into the human skin. For example,

the percutaneous absorption is essentially the same for testosterone, 13.2 %,



and for haloprogin, 11 %, although these compounds have completely different
partition coefficients of 1.81 and 45.4 respectiVely (32-34').

Consideration of both the octanol-water partition coefficient and the
permeability coefficient of a compound applied to the human skin provide a
hetter prediction of th‘e rate and extent of percutaneous absorption. For example,
in a series of polyhalogenated aromatic hydrocarbons, as permeabilfty
eoefficie’nts decreased, the octanol-water partition ﬂcoefﬁcients and the stratum
. corneum-water partition Coefﬂments decreased (32-34).

The medlcatlon—vehlcle interaction may enhance or restn.ct the rate of

- diffusion of the medication from the vehicle onto the skin surface. ThIS in turn will
_affec__tv the rate of diffueion of the medieation across the stratum corneum. The
ﬁinﬂuence of various lipophilic and hydrophilic vehicles on the epidermal

- permeation ef benztropine free base and its mesylate salt were studied in vitro

‘ using human cadaver skin membranes. The Iipophilie vehicles were a mixture of
mineral oil and isopropyl myristate and hydrophilic vehicles were alkanol-

) isopfopyl myristate mixtures. Alkanol was one of the followi_n_g solvents ethanol,
,' isopropy! alcohol, tertiary butanol, propylene glyeol, or polyethylene glycol 400.

- Benztropine base was found to be highly permeable through human cadaver
;é..kin membranes in vitro when delivered frdm lipophilic solvents such as
|sopropyl mynstate and mineral oil. Benztropine mesylate was found to be highly
' permeable through human cadaver skin membranes by the alkanol— isopropy!
'___"'mynstate mixtures or blnary vehicles. This was probably as a result‘of a

- combination of deereaeing barrierva‘bility of the stratum_borne’um by the binary



vehicles and moderately partitioning benztropine mesylate through the viable
epidermis/dermis (35).
1.1.3.3. Formulation of Topical Dosage Forms
The composition of topical dosage formulations applied to the
skin may affect the degree of skin hydration, skin temperature, and the integrity
of the stratum corneum.
1.1.3.3.1. Effect of Medication Vehicle
The medication vehicle is the carrier used to deliver the
medication into the skin (36). In Table 1 are listed the theoretically expected
effects of common vehicles on skin hydration and subsequently, on skin

permeability.
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Table 1: Theoretically Expected Effects of Common Vehicles on Skin

Hydration and Skin Permeability. (From Ref. 37).

EXAMPLES/ EFFECT ON SKIN | EFFECT ON SKIN
VEHICLE CONSTITUENTS HYDRATION PERMEABILITY
Occlusive Imperforated waterproof Prevents water Marked increase
dressing plaster loss; full hydration
Lipophilic Paraffin, oils, fats, waxes, | Prevents water Marked increase
fatty acids, alcohol, esters, | loss; may produce
silicones full hydration
Absorption | Anhydrous lipid material Prevents water Marked increase
base and water/oil emulsifiers loss; marked
hydration
Emulsifying | Anhydrous lipid material Prevents water Marked increase
base and oil/water emulsifiers loss; marked
hydration
Water/oil Oily creams Retards water loss; | Increase
emulsion raised hydration
Oil/water Aqueous creams May donate water; | Slight increase
emulsion slight hydration
increase
Humectants | Water-soluble bases, May withdraw Can decrease or act
glycerol, glycols water; decreased as penetration
hydration enhancer (38)
Powder Clays, organics, inorganics, | Aid water Little effect on

“shake” lotions

evaporation;
decreased excess
hydration

stratum corneum




1.1.3.3.2. Effect of Penetration Enhancers
Penetration enhancers, also called sorption promoters or

accelerants, play an important role in reducing the skin barrier integrity of the
stratum corneum. Penetration enhancers have the ability to increase medication
permeability into the skin by causing reversible damage to the stratum corneum
at many potential sites and by many mechanisms. Some of the penetration
enhancers act on the intercellular lipid matrix and may cause disruption of the
packing motif of the intercellular lipid matrix. The drastic penetration enhancers
act on the intracellular keratin domains of the stratum corneum corneocytes or
damage desmosomal connections between the corneocytes. Further potential
mechanisms of action, include the enhancers acting on or altering metabolic
activity within the skin, or the enhancers exerting an influence on the
thermodynamic activity/solubility of the drug in its vehicle, or the enhancers
acting as a cosolvent. The cosolvent effects increase the thermodynamic activity
of medications applied to the skin and increase their partition coefficients into the
tissue by acting as a solvent for the permeant within the membrane thus
promoting their release from the vehicle into the skin (38, 39).

Numerous types of penetration enhancers which have been evaluated
include sulphoxides (such as dimethylsulphoxide, DMSO), Azones (such as
laurocapram), pyrrolidones (such as 2-pyrrolidone, 2P), alooﬁols and alkanols
(ethénol, or decanol), glycols (such as propylene glycol, a common excipient in
topically applied dosage forms), surfactants (also widely used in dosage forms),

and terpenes (38, 39).
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Those penetration enhancers which have the ability to damage or alter the
barrier nature of the stratum corneum in such a way that the diffusion resistance
is reduced, possibly due to removal of intercellular lipids, produce holes or
artificial shunts. These artificial shunts in the stratum corneum allow the
medications or compounds to penetrate at a faster rate than through the intact
stratum corneum. These drastic penetration enhancers such as acids, and
phenols have an irritating effect on the skin. Also some organic solvents, such as
benzene, ether, alcohol, cyclohexane and a mixture of cyclohexane and ethanol,
which have been reported to increase the permeability of a number of water- and
lipid-soluble medications by alteration of the barrier resistance of the stratum
corneum, subsequently enhance the percutaneous absorption of both types of
- medications (40-43). |

The most common, mildest penetration enhancer is water that enhances
the permeation of most polar and nonpolar compounds. Water has the ability to
increase the absorption of medications by increasing the hydration of the skin
cdnsequently improving the penetration of the medication through the stratum
corneum.

Some recent “biochemical enhancers” specifically inhibit enzymes that
synthesize the stratum corneum lipids. Inhibition of the enzymatic process
causes the barrier of the stra;tum corneum to be opened for relatively long
periods of time, and increases the permeability of medications such as lidocaine

applied topically to the human skin (44-47).



Phospholipids can occlude the skin surface and fhus can increase tissue
hydration, which, as shown above, can increase drug permeation. When applied
to the stratum corneum as vesicles, phospholipids can fuse with stratum
corneum lipids. This collapse of structure liberates permeant into the vehicle in
wh|ch the drug may be poorly soluble and hence thermodynamic actnv:ty could

“be raised, facilitating drug delivery. Phospholipids, may become incorporate'd
| into the intercellular matrix of the stratum corn_e'um modifying its fluidity and
permeability and altering thevlipid crystallinity. It was reported that liposomes
prepared u'sing phospholipids facilitated the p’e'ne'tration of many medications
such as insulin, diclofenac an.dvmelatonin (46- 49).

1.2. Liposomes:

1.2.1. Definition of Liposomes

Liposomes are closed vesicles of phosphqlipid bilayers or lamellas

with an entrapped aqueous core that are able to encaps:ulate medications. They
consist of single or multiple lamellas and can range in s;ze from as small as
-20 nm to as large as 20 um. Liposomes are d|v1ded into two major classes based
| on the number of lamellas in thelr structure. Multllamellar veSICIes (MLV) consist
of ﬂve or more lamelias, and their size ranges from 100 nm to 20 pm Unilamellar
vesncles contammg a smgle bllayer are subdlwded into small unllamellar
k_ V.eSICIes (SuvV, <100 nm) and Iarge unllame_llar vesicles (LUV, 100-1 OOO nm)
’(50}). 'Thevse liposomés can encapsulate watér—s'olubla drugs in their aqueous

spaces and lipid-soluble drugs within the lamellas themselves ‘(.51).



1.2.2. Liposomes as Skin Delivery Systems |

Liposomal encapsulation of drugs represents a method of drug delivery
that appears to offer important therapeutic advantages over existing methods of
drug delivery. There are many advantages to the use of liposomes to administer
medications topically to the skin for the treatment of peripheral medical
conditions. Liposomes, as a medication delivery system, have been shown to
facilitate the transport and localization of the medications into the skin (52 - 54).
The application of medication-loaded liposomes onto the skin may yield higher
peripheral therapeutic effects from the medications and permit less frequent
application, consequently lowering systemic toxic effects or adverse effects.
Liposomes cause minimal or no irritation to the skin compared to other
penetration enhancers, act as moisturizing agents, and form occlusive films,
which lead to increased skin hydration and subsequently, increased medication
penetration (55-57). Liposome-encapsulated ursolic acid increases ceramides
and collagen content in human skin cells (58). Liposomes moisturize and hydrate
the skin by contributing lipids to the stratum corneum (55, 59).

Price et al., (60, 61) found that the liposomes of aminoglycoside
antimicrobials for treatment of infectious burns, and tobramycin containing
liposomes for treatment of soft tissue wounds, sustained tissue levels and
permitted less frequent application.

A number of investigators (62-67) reported that dermal drug delivery by
liposome encapsulation altered the structure of the human stratum corneum and

favorably enhanced penetration of topically applied medications on the skin.



Ferreira et al., (68) found that the application of liposomal entrapped
paromomycin resulted in localization of the medication at the site of application
with low systemic availability. EI-Rudy and Khalil (69) found that encapsulation of
lignocaine in liposomes localized and prolonged the local anesthetic activity
compared to an equivalent conventional topical application.

Bonowitz ef al., (70) found that a liposomal formulation containing
povidone iodine (PVP-I) targeted the medication to the fungal surface but not to
human cells and resulted in a greater amount of active ingredient in the vicinity of
pathogens when compared to a conventional ointment formulation. This
approach yielded less systemic toxicity and better therapeutic effects. Li and
Hoffman (71) found that entrapment of lacZ reporter gene in liposomes yielded
selecti\)e targeting of the gene therapy to the hair follicle. Perugini et al., (72)
reported that the loading of glycolic acid, which exfoliates and moisturizers the
skin in cosmetic products, into liposomes resulted in a slowing down of the
release of glycolic acid and more control of its irritant side effects.

1.2.3. Liposome Preparation Techniques

Betageri and Kulkarni (73) described five basic techniques for
the preparation of liposomes: mechanical agitation, detergent removal,
replacement of organic solvents by aqueous media, size transformation by
fusion, and pH adjustment. The method of preparation affects the liposome type,
size, size distribution, encapsulation capacity and retention of liposomal
contents. The three most important factors to be considered for preparation of

medication-loaded liposomes are trapping efficiency, medication/lipid ratio, and



20

medication retention (73). The other factors that affect encapsulation of drugs in
liposomes are charge on the liposome surface, bilayer rigidity, method of
preparation, remote loading, addition of ion pairing, and complexing agents and
characteristics of the drug to be encapsulated (50).

An ideal method of liposome preparation should have the following
attributes: avoid or minimize the use of organic solvents and detergents, avoid
long exposure to heavy mechanical stress, employ low temperature and
pressure, be reproducible and economical, yield a high medication/lipid ratio, and
be adaptable to large scale production (73).

1.2.4. Materials Used for Liposome Preparation

1.2.4.1. Phospholipids

Phospholipids (PL) are the principle ingredients in the preparation
of liposome formulations. The PL molecules are amphipathic, have a
hydrophobic tail and a hydrophilic ‘polar head’. The hydrophobic tail consists of
two free fatty acid chains on a glyceryl bridge molecule connected to a polar
head group containing phosphate esters. When phosphate is esterified to
choline or serine, phosphatidylcholine (PC) or phosphatidylserine (PS) are
generated respectively (51, 73, 74). The degree of saturation of the free fatty
acid chains affects the transition temperature (Tc) of the PL whioh is the
temperature at which the lipid changes from a gel state to a fluid state (51, 75).
The transition temperature of the PL is a result of the balance between a

decrease in the packing density in the gel phase and a decrease in the rotational
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freedom of the chains in the liquid crystal phase, both affected by the number of
double bonds in the free fatty acid chains (76).

Egg phosphatidylcholine (PC) is a naturally occurring mixture of
diglycerides of stearic, palmitic, and oleic fatty acids, linked to the choline ester
of phosphoric acid. It is found in plants, animals, and egg yolk. In naturally
occurring PC, the phosphoric acid is attached to the glycerol at the a~position,
however, the phosphoric acid can also be attached in the B— position. PC is a
neutral phospholipid and is oxidized readily on exposure to air (77-80). Upon
complete hydrolysis, each molecule of PC yields two molecules of fatty acid, one
molecule of each of glycerol, phosphoric acid and choline ester (78). Unless
there is an egg allergy, PC is generally a nonirritating and nonsensitizing
compound when applied to animal and human skin (79, 80). PC is used in
cosmetic industry to formulate lipstick, foundation creams etc. and in food
industry as additive in cake mix etc. (79, 80). The structure of PC is shown in

Figure 3 (78).

Figure 3: Structure of Egg Phosphatidylcholine. (From Ref. 78),

1,2-diacyl-sn-glycero-3- phosphatidylcholine
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Egg Phosphatidylcholine hydrogenated (HPC) is a neutral, saturated PL
and the end product of the controlled hydrogenation of PC (lecithin) (78). Unless
there is an egg allergy, HPC is generally nonirritating and nonsensitizing when
applied to animal and human skin (80).

Phosphatidylserine sodium salt is a negatively charged PL and
prepared from pork brain extracts and transphosphatidylation of soybean lecithin.
Unless there is any allergy, PS is generally nonirritating and nonsensitizing when
applied to animal and human skin (78). The structure of PS is shown in Figure 4
(78).

0

o H O/U\/\/\/\/_\/\/\/\/
+ H H w
H2 O/??O \(\/\/\/\/\/\/\/\/
Oh O + O
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Figure 4: Structure of Pork-Brain Phosphatidylserine. (From Ref. 78)

1,2-diacyl-sn-glycero-3- phosphatidylserine sodium salt

1.4.1.1.2. Cholesterol (CH)
Cholesterol shown in Figure 5, is an additive material used in the
preparation of liposomes. Cholesterol molecules are amphipathic, have a
hydrophobic tail and a hydrophilic ‘polar head’. Cholesterol molecules stack
themselves at the outer half of the lipid region of the bilayer membrane of the

liposomes with its polar hydroxyl group located at the level of the bridge region,
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where hydrogen bonding can take place (81). This arrangement reduces the
leakage of medications through the bilayer membranes of the Iiposom‘es and
increases the stability of the liposomes (81 - 86). The CH molecules change the
fluidity and conseqUently the permeability of the bilayer fnefnbranes of the
liposomes. Below fhé transition temperature of phospholipids, the CH‘moIeCQIeS
:push apart the PL mo'lecules resulting in weakening of the packingbf_,head

- groups of the PL and i_nCreasir_\g' in the fluidity of the order of the gel phaSe of the
_bilayer membranes of the liposomes (73). A_b'ove the transition iempérature of
ph'ospholipids, the CH -molecules reduce the rotational freedo}m of the,vacyll

’ chains in the liquid crystal phase re’sultihg in c_loser and mo_re»condéﬁ:Sed packing
of thé PL molecules and decrease the fluidity of the bilay’ef nﬁembrahe’s of the
l.ipo_somes (73). Other natural sterols‘such as sitosterbl, s’tigmaster,ol,'and‘
'ergos"cerol were found as major rhembrane components in plants or fungi, and

display similar CH;like' behavior (81).

Figure 5: Structure bf ‘Cholestve’rol, Chol‘est-5~en_-3B-oI‘(From. Ref. 79)



In addition to sterols as additive materials, a-tocopherol and a-hydroxy
acids are often used as an antioxidant to reduce lipid oxidation (73).

1.3. Percutaneous Treatment of Symptoms of Allergic Skin

Disorders

1.3.1. Cutaneous Allergic Responses and Specialized Immune

Defense Cells in the Epidermis

After exposure of the skin of an allergic subject to allergen, the early
cutaneous allergic responses (ECAR) occurs within five minutes and may persist
for up to 1 to 2 hours. This is followed by the late cutaneous allergic response
(LCAR) which gradually evolves after the ECAR, peaks at 6 to 12 hours, and
may persist for up to 24 hours. The mediators that initiate ECAR are histamine
and the cysteinyl leukotrienes, LTB4, LTCy4, LTD4, and LTE4. The development
of LCAR is IgE-dependent and involves a complex interaction of T cells and
other inflammatory cells. The mediators of the LCAR are theTh2-type cytokines
including interleukin-5, granulocyte-macrophage colony stimulating factor
(GMCSF), interleukin-4, interleukin-13, vascular cell adhesion molecule (VCAM),
as well as other mediators of inflammation (87, 88).

In normal skin, mast cells, primarily of the MC+¢ subtype, are present in
the greatest density in the superficial dermal zone. Like all other mast cells,
human skin mast cells bind IgE with high affinity to specific FCeRI receptors. The
skin mast cells are different from those found in lungs, tonsils, adenoids, or

intestine, because skin mast cells also express the CS, receptors (CD88) and



activation sites for substance P, vasoactive intestinal polypeptide (VIP),
somatostatin, and compound 48/80 (89).

In addition to the mast cells, there are some specialized immune defense
cells found in the epidermis such as keratinocyte cells, Langerhans cells,
Granstein cells, and T cells. Each cell has specific roles in the immune defense
system (90, 91).

Keratinocytes, which are responsible for generating hair and nails, are
also important immunologically. They secrete interleukin-1, which influences the
maturation of T cells that tend to localize in the skin. Apparently, some post-
thymic steps in T cell maturation take place in the skin under keratinocyte
guidance. Langerhans cells that migrate to the skin from the bone marrow,
process and present antigen to Ty cells (helper T cells), and facilitate responses
to skin-associated antigens. Granstein cells, which serve as antigen presenting
cells, process and present antigen to suppressor T cells and put the “brake” on
the skin activated immune responses. T cells, the sensitized T lymphocytes,
recognize antigen by macrophages and are converted to activated T cells. These
activated T cells release cytokines that attract other cells, which cause tissue
inflammation and the delayed hypersensitivity reaction (90, 91).

| 1.3.2. Role of Sensory Nerve in Cutaneous Allergy

Vasodilator fibers are present in peripheral sensory nerves so that
when such nerves are stimulated by several stimuli such as heat, firm pressure,
or certain chemicals, they cause blood vessels, primarily located in the skin, to

become dilated. The blood vesse! dilatation is due to release of substance P



(SP) or other neuropeptides. Substance P is about 100 times more potent on a
molar basis than histamine in producing wheal and flare reactions. The
neuropeptides, SP and neurokinin A then mediate the effects of inflammation
either directly or indirectly by inducing release of the histamine from the mast
cells. The generation of certain types of inflammation, and reflexes in sensory
neurons operate to cause vasodilatation and increased vascular permeability in
both the skin and lung (92).
1.3.3. Common Skin Allergic Disorders
Among the common allergic skin disorders that can be treated with
H4- antihistamines are urticaria, often combined with dry skin, and also possibly
atopic dermatitis.
1.3.3.1. Urticaria
Urtticaria, or hives, may develop in response to a number of
stimuli such as allergic reactions, medications, cold, pressure, stings, sunlight
and neuropsychological events. Urticaria and angioedema share similar
pathologic mechanisms, may appear together or separately, but are
distinguishable. Acute urticaria is a self-limiting disorder, usually disappearing
within six weeks. The symptoms are cutaneous eruption of transient,
erythematous pale papules or wheals, usually pruritic. However, chronic urticaria,
characterized by episodes lasting longer than six weeks, and which may pérsist
for years, may be due to specific causes never fully identified. Acute urticaria is

often a manifestation of the Type | IgE-mediated allergic reaction. The release of



histamine and other mediators contained in the granules of basophils and mast
cells plays a central role in the pathogenesis of urticaria (93-96).

Dry skin or xerosis which often accompanies urticaria, is the result of
dehydration of the stratum corneum. There are many causes of dry skin
including aging, and environmental factors, such as exposure to cold drying
winds in winter. It may also be present with other dermatoses such as atopic
dermatitis. Symptoms of dry skin include roughness, flaking, scaling and
chapping, which usually occurs on the front of the lower legs, the back of the
hands and on the forearms. The dry skin may be accompanied by inflammation,
pruritus and fissuring (97).

1.3.3.2. Atopic Dermatitis

Atopic dermatitis or eczema is a chronic inflammatory pruritic
dermatosis of the skin. It is characterized by severe pruritus that often starts
during infancy. It is usually associated with other allergic conditions such as
asthma and allergic rhinitis. The distinctive clinical indications of atopic dermatitis
are intense pruritus, flexural involvement, and several clinical, immunologic, and
biochemical alterations. The most obvious symptoms of atopic dermatitis are
pruritus, lesions resulting from scratching which may include weeping erosions,
vesicles and excoriated, reddened, scaling papules or plaques. In chronic
dermatitis, the skin may be thickened with fhe appearance of pigmentation.
Activated T cells, eosinophils, and Langerhans cells are present in the skin
lesions of atopic dermatitis. The plasma IgE level is usually high in most of the

chronic atopic dermatitis patients (98, 99).
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1.3.4. Treatment of Allergic Symptoms
Oral and/or topical antihistamines, with or without topical

corticosteroids, are medications of choice for the treatment of the symptoms of
urticaria and possibly atopic dermatitis.

1.3.4.1. Topical Corticosteroids

Topical corticosteroids are the most potent agents used to treat

the symptom of urticaria and possibly atopic dermatitis due to the anti-
inflammatory effects. Topical corticosteroids in the appropriate strengths should
be applied two to four times per day (100). Corticosteroids are used alone or
possibly in combination with other agents such as salicylic acid, antibiotics, urea
and zinc oxide (101). The adverse effects of topical cor‘ticosteroivds due to some
systemic absorption include the possibility of adrenal suppression, epidermal and
dermal thinning due to skin and subcutaneous tissue atrophy, changes in skin
pigmentation, abnormal excessive growth of hair or telangiectasia, acne on the
face and secondary infections (102, 103). Brown et al., (104) reported that
corticosteroids after 8 days of ophthalmic application led to depression and
mania.

1.3.4.2. Oral H,- antihistamines

Ho- antihistamines have been used alone or in combination with

Hi- antihistémines in the treatment of urticaria. The role of H.- antihistamines in
neuro-immunology and treatment of urticaria could be explained by the ability of
these agents to block H,- receptors on vasculature and prevent angioedema, to

block histamine release in response to neuronal stimulation, to block the



neuronal release of neurotransmitters or neuropeptides if Ho- receptors were
present on neurons, to block the neuronal effects on blood vessels, and to block
the release of catecholamines from the adrenal medulla whether in response to
acetylcholine or histamine (105).

Cimetidine alone was found beneficial in treatment of acute allergic skin
reactions, and chronic idiopathic urticaria and angiodema and also demonstrated
inhibition of suppressor T lymphocytes (106-109).

1.3.4.3. Oral Hy.antihistamines

H1- antihistamines are nitrogenous bases containing an aliphatic
side chain that structurally shares with histamine the common core structure of
an ethylamine chain linked to an the unsubstituted amino terminal group. Hy-
antihistamines are classified into first generation sedating and second generation
non- or slightly sedating compounds (110, 111). Classically, separated into the
six major groups of first generation H4- antihistamines are: ethylenediamines
(pyrilamine), ethanolamines (diphenhydramine), alkylamines
(chlorphenhydramine), phenothiazines (promethazine), piperazines
(hydroxyzine) (110), and piperidines (azatadine). The most widely used second

‘generation H;- antihistamines include cetirizine, loratadine, desloratadine (111,
112), and fexofenadine (113). Levocabastine and azelastine are only used
topically in ophthalmic and nasal formulations. Hydroxyzine and cetirizine are two
Hi-antihistamines widely used for relief of pruritus, urticaria and allergic skin
disorders (110, 111).

Hydroxyzine dihydrochloride, a first generation piperazine class
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Hi- antihistamine, is one of the most potent compounds that is still used to treat
symptoms of allergic skin disorders. Hydroxyzine is well absorbed after a single
oral dose of 50 mg in healthy young adults, with maximum plasma
concentrations (Cmay) occurring within 1-2 h of administration, and mean terminal
eﬁmination half-life values of 14-20 h. After an oral dose of 0.7 mg/kg, in children
WIth atopic dermatitis, the mean elimination half-life was 7 h. (114). In elderly
adults, the mean half-life was 29 h, and in adults with hepatic dysfunction
sécondary to primary biliary cirrhosis, a mean half-life of 37 h has been reported
(115). The mean apparent oral volume of distribution was 16 L/kg. In an animal
model, the pharmacokinetics of hydroxyzine administered daily for 150 days did
not change over time. There was no evidence for auto-induction of hepatic
enzyme systems, more rapid clearance of the medication, or lower serum
cbncentrations of the medication over time (115).
Following oral administration, hydroxyzine enters the skin rapidly and
results in sustained high concentrations in the skin after single or multiple doses.
- This may contribute to its high efficacy in the treatment of skin disorders in which
histamine plays a role (115). Hydroxyzine, like other first generation
antihistamines, results in the adverse effects of central nervous system sedation,
urinary retention, dry mouth, loss of appetite, constipation or diarrhea, weakness,
and anorexia (116).
Balen et al., (117) determined the ionization constant (pKa) and the

lipophilicity (log P = parﬁtion coefficient and log D= distribution co}efficient)

parameters of hydroxyzine in isotropic systems (n-octanol/water) and anisotropic



systems (liposomes/water). In the isotropic systems hydroxyzine has two pK,
which are 1.75, and 7.49; two log P, for the cationic form (log PCOCt=O.93), and
for the non-ionized form (log PNoct=3.5), and one log D value of 3.1. In the
anisotropic systems, hydroxyzine has two log P, for the cationic form

:(log Pc-np =2.8) and for the non-ionized form (log PV ip =3.4) indicating that the

- cationic form gained in lipophilicity when passing from the isotropic systems to
the anisotropic systems. Log D of hydroXyzine was increased by ihCréasing the
pH; the values were 2.76, 3.13, and 3.46 at pH range éf 3.1t04.9, atpH 7.4,

- and at pH 9 respectively indicating that the cationic form converted into non-
ionized form and gained in Iipophilicity when pH increased. Hydroxyzine structure

“is shown in Figure 6.

Cl

Figure 6: Hydroxyzine Structure

Cetirizine, the active carboxylic acid metabolite of hydroxyzine and a safe,
effective second-generation H4- antihistamine, is widely used to treat the

symptoms of allergic diseases in patients of al'l ages (118).



Cetirizine is a potent Hy- antihistamine, has high specific affinity for
H1- receptors and has anti-inflammatory properties. Cetirizine is rapidly

absorbed after oral administration with peak plasma concentrations (Cnax) of
257 pg/L to 460 ug/L occurring approximately at 1 h following a 10-mg dose in
adults. After multiple-doses of cetirizine, 10 mg daily for 10 days, to healthy
adults, a mean Cnay of 311 ng/mL is observed. Cetirizine is present in a
zwitterionic form at the physiological pH with marked hydrogen-bonding capacity.
This property explains the low penetration through the blood brain barrier and the
very small apparent volume of distribution (Vd/F) of 0.56 L/kg. The plasma
protein binding of cetirizine is about 93 %, independent of medication
concentration over the range of 25-1000 ng/mL (119-122).

The mean elimination half-life in healthy volunteers is 8.3 h and from 40 %
to 80 % of the unchanged medication is identified in the urine (1 15). In children,
the cetirizine terminal elimination half-life is 7 h and in elderly subjects 11.8 h. in
whom it is dependent on the renal function rather than age. In subjects with renal
dysfunction the terminal elimination half-life is prolonged to about 20 h. In
healthy adults, the total body clearance of cetirizine (CI/F) is 0.04 to 0.05 L/h/kg
(1 19'—1}22).

Cetirizine does not interact with concomitantly administered medications,
has no cardiac adverse effects, and does not appear to be associated with
teratogenicity. Any sedation attributed to oral cetirizine is dose-dependent and

generally mild. In dermatology, cetirizine has proven to be effective in the
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treatment of various forms of urticaria and it reduces the pruritué of atopic
eczema (119-122).
Cetirizine has three pK, which are 2.19, 2.93, and 8.00; three log P for the

“cationic form (log PCOC¢=1‘12), the zwitterionic form (log onc‘t=1‘.55) and for the
anionic form (log P =-0.19), and one log D =1.5. In the ’anisotvropic systems,
- cetirizine, has three log P for the cationic form (log PC.,-,_, =3.2), the zw_iﬁerionic
form (log Pz.ip =2.3) and the anionic form (log PA"F',,=2.3);indicating that a" forms
gained in lipophilicity when passing from the isotropic systems to the an‘isotropic
systems. The log D value of cetirizine averages 2.3 at the pH range from

3.1 to 9. This indicates that the lipophilicity of cetirizine does not change when

the pH is increased from 3.1 to 9 (117). Cetirizine structure is sh,own‘ in Figure 7.
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Figure 7: Ceﬁrizine Structure

1.3.4.4. Topical Antihistamines
Except for fexofehadine, there are no H1-antihistamines totally
'free‘ from adversé CNS effects under all circumstances (113, 123). ‘_Thev approach
of épplying ahtihistamines topically to the skin is to produ.c'eva local effect in th»e |
B ‘skin tissue itself while minimizing any systemic absorptiOh énd thé_vacvcompanying’

adverse‘effects. The topical application of H1fantihistamine creams for _tréatment



of allergic symptoms of skin disorders has been in use for over 50 years.
Diphenylpyraline hydrochloride has been used for the treatment of the
eczematous and other itching dermatoses but the major adverse effects include
- symptomatic psychosis and psychomotor restlessness,.-disorientatiovn, and optic
and acoustic hallucinations. Promethazine has been used for generalized
eczema but its adverse effects are disorientation, haIIucinations, hyperactivity,
convulsion, and coma. Doxepin was recently introduced for oral and topical use
as an antipruritic but clinical sedation frequently oc‘curs (123, 124).

Damage to the stratum corneum by scratohrng the skin due to itching, or
- the presence of an allergrc skin disease such as atopic dermatltrs mcreased skin
permeability, and consequently increased the systemic absorptron of the
medication applied topically on the skin. Three chil_dren with varicella-zoster
“lesions developed bizarre behavior including visual haIlUcinations‘land auditory
hallucinations following frequent topical applications of large amounts of
diphenhydramine cream to the majority of the skin surtace area (125)

Topical Hi-antihistamines, formulated in conventronal orntment and cream
' bases, have been used for over 50 years for the treatment of allergrc skin
disorders. However, extensive absorptlon leading to toxr‘crty.has been reported
when these formulations are applied liberally to ekin damaged }byva’lle'rgioskin
condrtrons (125) | | |

It has been found (126) that liposomes act as toprcal carrier systems for
hydroxyzine delivery into the skin for therapeutic effects‘Whi_le resulting in lower

- systemic absorption of the medication. From this previous preliminary study, it
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~was found that hydroxyzine from liposome formulations had a better suppression
of skin wheal areas than from Glaxal Base cream. These preiiminary results

provided some information to design this study.

1.4. STUDY PROPOSAL

1.4.1. Purpose of the Study
The primary purpose of this study was to design ai‘ld prepare liposome

fermi_JIations Containing the H-antihistamines hydroxyZine and cetirizine and to
use ihese products to determine the peripheral H1-a_ntihistaminic a'Ctivity and
extent of systemic absorption of these antihistamines foilowing app_licatiori to the
depilated skin in a rabbit model. The secondary purpose was to characterize the
| liposome formulations brepared using different PL with*different transition
temperature (127) by eVaiuating the percent ehtrapment of hydroxyzine and the
percent entrapment of eetirizine. Also the percent entr‘apment of the Hy-
antihistamines was u}sed to monitor the long temi stability of the Iipoeome
| formulations. Other in vitro iechnidues used included particle size analyses and
the use of transniissio’n[electren micrographe and _micrbgraphs from an optical
*_microscope of the‘-lipo’so‘me formulations. |
1.4.2. Study Hypothe’sisi

The meiecuiar ariangement of the phospholipid and choiestero‘i in the
liposome biiayers»is similar to the molecular arrangemenf of the ceramides,
~tr_iglyeerides, fatty ac_ids, and choie‘steroi invthe _inteicelluiar bilayers o‘f‘ the

v stratUm corneum, with the polar head directed to the aqueous layer and the



non-polar tail to the lipid layers (7, 10, 51, 73). This arrangement may help the
movement and localization }of the liposomes within the lipid tail region of the
intercellular bilayers of the stratum corneum (49, 59).

itis antICIpated that H-antihistamines in liposome formulations applied to
the skln would provide equivalent peripheral Hi-antihistaminic blockade as
_similar doses of these H;-antihistamines administered by IV-route in rabbit model
(110) and orally to humans (1 14, 128, 129) with considerably I’ower,plasma Hq-
antihistamine concentrations, which could potentially result in reduced systemic
adverse effects of the Hq-antihistamines.

It is hypothesized that:

Liposome formulations when applied to the skinwduld be excellent
delivery systems for the tbpical application of Hy-antihistamines to the skin for
brelieving of allergic skindisorder symptomé. |

H.-antihistamines in liposome formulations when-applied to thé skin,
would provide faster on‘set,} more prolonged and greater peripherai
Hy-antihistaminic aCtivity than Hs-antihistamines in cdnventional ointment or |
cream formulations.

- The lipos_ome'formulations would concentrate the‘Hfantih‘ista‘fnines in the
‘skin and reduce their systemic absorption thus decreasing the potential for
: siysternic adverse effecfs compared to conventionél ointment nr' cream
formulations. |

Tne liposome formulations containing hydroxyzine or cetiﬁzine Would have

- physicochemical stability for at least one year, and the results from these studies
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would provide preliminary data required as a basis for the stability of commercial
formulations.

1.4.3. Specific Aims

The peripheral Hy-antihistamine efficacy of hydroxyzine and
cetirizine in liposome formulations will be evaluated by measuring the onset,
extent and duration of wheal suppression induced by intradefmal injection of
histamine. These results will be compared with the suppreésion of the wheals
from hydroxyzine or cetirizine in Glaxal Base, the control _topical-o/w cream
formulation.

The rate and extent of systemic absorption after application of liposome

formulations containing hydroxyzihe or cetirizine on the depilated skin of a rabbit

model will be evaluated by measuring the hydroxyzine or cetirizine plasma

- concentrations. This will be compared with the hydroxyzine or cetirizine plasma

concentrations from Glaxal Base.

" The formulation and physicochemical stability of the liposome
.fOrmulation's containi_ng hydroxyzine or cetirizine for at least one year will be
a‘ssessed by determination of the percent entrapment of hydroxyzine or the
percent enfrapment of cetirizine.

In addition, the liposome formulations containing hydroxyzme or cetirizine
WI“ be characterized by measuring the particle size using the submicron particle-
slzer, and by measuring the largest diameter of liposomes Containing

hydroxyzine or cetirizine using the transmission electron micrographs, and



. micrographs displayed on the screen of the computer monitor of an optical

microscope.



CHAPTER Il. METHODS

2.1. Chemicals, Supplies, and Equipment

2.1.1. Chemicals

1. Acetone: Fisher Scientific, Fair Lawn, NJ, USA.

2. Acetonitrile: Fisher Scientific, Fair Lawn, NJ, USA.

3. Ammonium phosphate monobasic: Fisher Scientific, Fair Lawn, NJ, USA.

4. Antazoline hemisulfate salt (M.W. 314.4): Sigma Chemical, St. Louis, MO,
USA.

5. Cetirizine dihydrochloride (M.W. 461.8): UCB-Pharmaceutical Sector R&D,
Braine-L’ Alleud, Belgium.

6. Chloroform: Fisher Scientific, Fair Lawn, NJ, USA.

7. Cholesterol (M.W. 386.7): Fisher Scientific, Fair Lawn, NJ, USA.

8. Citric acid: Fisher Scientific, Fair Lawn, NJ, USA.

©w

Egg L-c-Phosphatidylcholine (95%) (M.W. 760): Avanti Polar Lipids,

Alabaster, AL, USA.

10.- Egg L-«<-Phosphatidylcholine hydrogenated (95%) (M.W. 762): Avanti Polar
Lipids, Alabaster, AL, USA.

11. L—oc-PhosphatidyIserine (Brain sodium salt) (95%) (M.W. 812): Avanti Polar
Lipids, Alabaster, AL, USA.

12. Ethanol: Fisher Scientific, Fair Lawn, NJ, USA.

13. Ethyl acetate: Fisher Scientific, Fair Lawn, NJ, USA.

14. Ethyl Ether: Fisher Scientific, Fair Lawn, NJ, USA.

15. Evans-blue: Fisher Scientific, Fair Lawn, NJ, USA.
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16. Glaxal Base: Roberts Pharmaceutical Canada, Oakuville, ON, Canada.

17. Heparin Sodium Injection B.P. (100 i.u./mL): Leo Laboratories Canada, Ajax,
ON, Canada. |

18. Histamine phosphate: (U.S.P. 1mg/mL): Glaxo Smithkline Canada, Toronto,
ON, Canada.

19.Hydroxyzine dihydrochloride (M.W. 447 .8): Sigma Chemical, St. Louis, MO,
USA.

20.J028: (2-{2-[4-(diphenylmethylene)-1-piperidinyl] ethoxy} ethoxy) acetic acid

| chorhydrate (MW 431.960) (C,4H2NO,). UCB 20028, Pharmaceutical Sector

R&D, Braine-L’ Alleud, Belgium.

21. Nitrogen: Praxair Canada, Mississauga, ON, Canada.

22. Outdated Human Plasma, Canadian Blood Services, Winnipeg, Manitoba.

23. Phosphoric acid: Fisher Scientific, Fair Lawn, NJ, USA.

24. Potassium hydroxide: Fisher Scientific, Fair Lawn, NJ, USA.

25. Sodium 1-decanesulfonic acid: Sigma Chemical St. Louis, MO, USA.

26. Sodium chloride (0.9): AstraZeneca Canada, Mississauga, ON, Canada.

27. Sodium citrate dihydrate: Mallinckrodt Specialty Chemical Canada Inc.,

| Mississauga, ON, Canada

28. Sodium hydroxide: Fisher Scientific, Fair Lawn, NJ, USA.
2.1.2. Supplies

1. Alcohol swabs: Becton Dickinson & Company Franklin Lakes, NJ, USA.

2. Nair (Depilatory): N.CS: Carter-Wallace, Mississauga, ON, Canada.
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Disposable syringes (1cc, 5¢cc, 10cc): Becton Dickinson & Company Franklin

Lakes, NJ, USA.

Disposable test tubes (16x100 mm): Baxter Healthcare, Valencia, CA, USA.

LV. Catheter Placement Units: 22G, Critikon, Tampa, FL, USA.

Male Adapter Plug-short: Abbot Hospital, N. Chicago, IL, USA.

Needles (22G x 14", 23G x 14", 27G X 11,"): Becton Dickinson & Company

Franklin Lakes, NJ, USA.

Steri-Pad: Johnson & Johnson, Montreal, Canada.

Sure Sep-ll Serum Plasma Separator: Organon Teknika, Durham, N. CA,

USA.

Utrafiltration membranes (YM100 62 mm): Amicon, Beverly, MA, USA.
2.1.3. Equipment

Axioskop Routine Microscope fitted with a Video Camera (Sony power HAD

3ceD color) connected to a PC-computer: Zeiss Gruppe, Jena, Germany.

Balance (Mettler AE 160): Mettler Instrument AG, Switzerland.

Centrifuge (IEC HN-sll): International Equipment Company, Needham His,

MA, USA.

Epson Perfection (1250 Scanner, G820A), Epson Corp, Indonesia.

Extruder, 2 syringes 1 uL (Hamilton), 200 and 0.03 um-polycarbonate

- membranes, and hold/heating block: Avanti Polar Lipids, Alabaster, AL, USA.

Hair Clipper (Oster A5® size 40, 1/10mm): Cryotech ™, Fort Madison, IA,

USA



7. High Performance Liquid Chromatography System: Waters Corporation,
Millford, Massachusetts, USA.
7.1. 510 Solvent Delivery System
7.2. 712 WISP Injector.
7.3. 480 UV Detector, LC spectrophotometer (Lambda-Max, model 480).
7.4. Column: Cqg p-Bondapak 10y, 0.4x30 cm stainless steel
7.5. Varian Star Integration System

8. Milli-Q water System: Millipore, Mississauga, ON, Canada.

9. Submicron Particle Sizer (NICOMP 370): Particle Sizing Systems, Santa
Barbara, CA, USA.

10. Northern Eclipse software 6.0: Impix Imaging, USA.

11. PCSAS® 8.2e software: SAS Institute, Cary, NC, USA.

12. WinNonlin Standard Edition, version 1.1: Scientific Consuiting Inc., Apex, NC,
USA

13. pH meter (Accumet® AP62): Fisher Scientific, Fair Lawn, NJ, USA.

14. Sigma Scan® 5.0 Software: Jandel Scientific, San Rafael, CA, USA.

15. Syringe Pump (22-Ealing): Scientific, St. Laurent, Quebec, Canada.

16. Transmission Electron Microscope (Hitachi H-7000), Hitachi Scientific
Instruments, Tokyo, Japan.

17. THELCO® General Purpose Incubator (2DG): Precision Scientific
Corporation, Chicago, IL, USA.

18. Ultra-filtration Apparatus: Amicon, Beverly, MA, USA.
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19. Vortex Mixer (Multi-tube vortexer, VX-2500): VWR Scientific Products,
Bridgeport, NJ, USA.
20. Wrist-Action Shaker: Burrell Corporation, Pittsburgh, PA, USA.

2.2. In vitro Studies of Hydroxyzine and Cetirizine in Liposome

Formulations
These studies were conducted using liposome formulations SUV and MLV
prepared using three phospholipids, and the H;-antihistamines, hydroxyzine énd
cetirizine, as medications. The phospholipids used were Egg
L-c-Phosphatidylcholine (PC), Egg L-e«c-Phosphatidylcholine hydrogenated
(HPC), and L-«-Phosphatidylserine (Brain sodium salt) (PS) with transition
- temperature (Tc) of —15°C, 50°C, and 24°C respectively (127). The control
formulation was Glaxal Base (GB), an oil/water emulsion base widely used in
Canadian pharmacies for extemporaneous compounding of topical formulations.
2.2.1. HPLC Analysis of Hydroxyzine and Cetirizine in Aqueous
Liposome Filtrates
The HPLC instrument was a Waters™ component system
comprised of a 510 Solvent Delivery System, a 712 WISP Injector, and a 480 UV
Detector. This system was connected to a computer with Varian Star Integration
Software for data analysis. All chromatography was performed on Waters

C1s n-Bondapak 10y, 0.4x30 cm stainless steel columns.
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2.2.1.1. Calibration Curves of Hydroxyzine
All stock solutions and dilutions were prepared using 0.05% w/v

phosphoric acid (H3POy). A stock solution of hydroxyzine 1 pg/mL was used to
prepare serial dilutions of hydroxyzine in concentrations ranging from 100 to
800 ng/mL. One mL of antazoline solution 24 ug/mL as the internal standard was
added to each sample. From these samples, 50 uL aliquots were injected directly
into the HPLC system.

The following HPLC conditions were used. The mobile phase was
acetonitrile: phosphate buffer (0.075 M NH4H,PO,, adjusted with HsPO4 to
pH 2.5) 37:63 V/V. The flow rate was set at 1.5 mL/min. The detector wavelength
was fixed at 229 nm with sensitivity setting at 0.2 to 0.005 a.u.f.s (128). Under
these cohditions the retention times of hydroxyzine and the internal standard
- were 6 min and 8 min respectively and their corresponding peaks were well
resolved. The value 2.5 ng was considered as the quantification limit. All stock
solutions and dilutions were prepared and analyzed 8 times on 8 different days
then the calibration curve was prepared by plotting mean peak area ratios of
hydroxyzine to antazoline versus concentrations of hydroxyzine. Appendix A,
Figure 1 shows a representative HPLC chromatogram.

2.2.1.2. Calibration Curves of Cetirizine

All stock solutions and dilutions wére prepared using 0.05% w/v

phosphoric acid (HsPO,). A stock solution of cetirizine 1 pg /mL was used to

prepare serial dilutions of cetirizine in concentrations ranging from 100 to
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-1000 ng/mL. One mL of J028 solution, [(2-{2-[4-(diphenylmethylene)-1-
piperidinyl] ethoxy} ethoxy) acetic acid chorhydrate] 25 pug/mL as the internal
standard, was added to each sample. From these samples, 50 pL aliquots were
injected directly into the HPLC system.

The following HPLC conditions were used. The mobile phase was
acetonitrile: phosphate buffer (0.01 M KH,PO,, 0.02 M 1-decanesulfonic sodium
~ salt, adjusted with H3PO4to pH 2.9) 46:54 V/V. The flow rate was set at
2 mL/min. The detector wavelength was fixed at 229 nm with sensitivity setting at
0.2 t0 0.005 a.u.f.s (129). Under these conditions the retention times of cetirizine
and the internal standard were 5 min and 7 min respectively and their
corresponding peaks were well resolved. The value 2.5 ng was considered as
the quantification limit. All stock solutions and dilutions were prepared and
analyzed 8 times on 8 different days then the calibration curve was prepared by
plotting mean peak area ratios of cetirizine to the internal standard versus
concentrations of cetirizine. Appendix A, Figure 2 shows a representative HPLC
chromatogram.

2.2.2. Preparation of Small Unilamellar Vesicles (SUV)

2.2.2.1. Ethanol Injection Method

Ethanol solutions of 7 mL volumes were prepared containing 406 mg
PC or 433 mg Pé and 61.5 mg cholesterol (CH) and designated as the lipid
phases. Exactly 80 mg of hydroxyzine or 82 mg of cetirizine were dissolved in
100 mL of phosphate buffer (0.2 M K;HPO,) pH 6.5, and designated as the

aqueous phases. The lipid phases were injected into the rapidly stirred aqueous
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phases at a rate of 0.5 mL/min using a 22G needle and a calibrated syringe
pump (130-133).
2.2.2.2. Extrusion Method
To prepare SUV using HPC (HPC-SUV), multilamellar vesicles

(MLV) (HPC-MLV) containing hydroxyzine or cetirizine were prepared first using
the lipid film hydration method as described in Section 2.2.3. In this method
chloroform solutions of 5 mL volumes were prepared containing 407 mg HPC
and 61.5 mg CH and designated as the lipid phases. Exactly 80 mg of
hydroxyzine or 82 mg of cetirizine were dissolved in 100 mL of phosphate buffer
(0.2 M KoeHPO,) pH 6.5 and designated as the aqueous phases. In a 250 mL
round bottom flask, the solvent was removed from the lipid phases at 40°C under
vacuum by using the rotary evaporation apparatus, resulting in thin lipid films on
the walls of the flasks. The lipid films were hydrated at 60°C well above the
transition temperature of 50°C (134), using the rotary evaporation apparatus then
by continuous wrist shaking for 1 h in a water bath at 60°C. The liposome
suspensions produced were concentrated to 10 mL using an Amicon
Ultrafiltration Apparatus and an ultrafiltration membrane with a greater than

- 100,000 M.W. cut-off. This was accomplished with rapid stirring under a nitrogen
pressure of less than 10 psi. HPC-SUV of hydroxyzine or cetirizine were
prepared by extruding 10 mL concentrated, freshly prepared HPC-MLV 11 times
through polycarbonate membranes of 200 um followed by an additional 11 times
through polycarbonate membranes of 0.03 pm using a mini-extruder. During the

extrusion procedure the temperature of the liposome suspensions was
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maintained at 60°C well above the HPC transition temperature of 50°C (134).
The separated filtrates resulted from concentrating the HPC-MLV batches were
added back to the HPC-SUV suspensions after extrusion. The percentage
entrapment of hydroxyzine or cetirizine was determined by measuring the
hydroxyiine or cetirizine content in the clear filtrate and washings, obtained by
filtration of HPC-SUV suspensions using the Amicon Ultrafiltration Apparatus as
described in Section 2.2.6.1.
2.2.3. Preparation of Multilaméllar Vesicles Using Lipid Film
Hydration Method
Chloroform solutions of 5 mL volumes were prepared containing
406 mg PC or 433 mg PS or 407 mg HPC and 61.5 mg CH and designated as
the lipid phases. Exactly 80 mg of hydroxyzine or 82 mg of cetirizine were
dissolved in 100 mL of phosphate buffer (0.2 M K;HPO,4) pH 6.5 and designated
as the aqueous phases. In a 250 mL round bottom flask, the solvent was
removed from the lipid phases at 40°C under vacuum by using the rotary
evaporation apparatus (130, 135-137), resulting in thin lipid films on the wall of
the flasks. The lipid films for PC or PS were hydrated with the buffer containing
- the medications by continuous wrist shaking for 1 h at room temperature
(25+5°C) using the wrist shaker. The lipid films for HPC were hydrated at 60°C
well above the transition temperature of 50°C (134, 138), using the rotary
evaporation apparatus then by continuous wrist shaking in a water bath for 1 h at

60°C.
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The preparation technique was optimized with regard to a number of
formulation factors that are described in Section 2.2 4.

2.2.4. Factors Evaluated During Liposome Formulation

2.2.4.1. Effect of Using Different Methods of Preparation of MLV

The MLV were prepared using the lipid film hydration method as

described in Section 2.2.3. Chloroform solutions of 5 mL volumes were prepared
containing 406 mg PC and 61.5 mg CH and designated as the lipid phase.
Exactly 80 mg of hydroxyzine were dissolved in 100 mL volumes of phosphate
buffer (0.2 M K;HPO,) pH 7 and designated as the aqueous phase. The
formulation technique was evaluated using various hydration times and periods

of freezing and thawing as described below (73).

Freezing and Thawing
Hydration Time (h) (5 cycles after Hydration)
No Yes
1 Control batch Batch A
24 Batch B Batch C
48 Batch D Batch E

The hydration of the lipid film formed on the wall of the flask was carried
out at different lengths of time 1 h, 24 h, or 48 h by continuous shaking at room
temperature with the aqueous phase containing 80 mg hydroxyzine using the

wrist shaker. One freezing and thawing cycle of the liposomes was performed by
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freezing the liposome suspensions for 24 h in the freezer at ;20°C. Then the
liposome suspensions were thawed at room temperature for approximately 3 h.
After thawing, the liposome suspensions were frozen again at -20°C for 24 h
The freezing and thawing cycle was repeated five times.
2.2.4.2. Effect of Using Buffer of Different pH Values
The PC-SUV and PC-MLV were prepared using the ethanol
injection and the lipid film hydration methods, respectively as describe.d in
Sections 2.2.2 and 2.2.3 using buffer at pH values of 5.0, 55 6.0, 6.5 and 7.0.
2.2.4.3. Effect of Using Different Phospholipids |
The SUV, HPC-SUV and MLV were prepared by the ethanol
injection, the extrusion, and the lipid film hydration methods as described in‘
Sections 2.2.2.1,2.2.2.2, and 2.2.3. respectively.
2.2.5. Stability Studies of Hydroxyzine and Cetirizine Liposomes
To perform the stability studies of hydroxyzine or cetirizine
liposomes, all batches were purged with nitrogen to remove atmospheric oxygen
while placed in opaque containers. The containé}s were sea‘led‘ air-tight, ‘then
- stored in desiccators. Each batch was prepared three times.

In the long-term stability studies of hydroxyzine liposome batches at
various storage temperatures, samples were evaluated every month for up to
24 months. The hydroxyzine liposomes formulated using different meth»ods of
preparation were stored at 10+2°C in a refrigerator and at 37+0.1°C in an
incubator for up to 24 months. The hydroxyzine liposomes prepared using buffers

~of different pH values were stored at 10+2°C in a refrigerator for up to 24 months.
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The hydroxyzine liposomes prepared using different phospholipids were stored at
10+2°C in a refrigerator, at room temperature 25+3°C, and at 37+0.1°C in an
incubator and evaluated monthly for up to 24 months. In the stability studies of all
cetirizine liposome batches stored at 10+2°C in a refrigerator, samples were
evaluated at 12 and 24 months.

The short-term evaluation of the percent entrapment of hydroxyzine
(PETH) or percent entrapment of cetirizine (PEC) as described in Section 2.2.6.1
for all batches of PC-SUV and PC-MLV stored at 37+0.1°C in an incubator, was
determined every day for up to 7 days, and every week for up to one month.

2.2.6. Evaluation of Hydroxyzine and Cetirizine Liposomes

Each liposome formulation was prepared three times on three
different days. The integrity of these liposome formulations both immediately
after the preparation and after storage for various periods of time at several
temperatures was evaluated by: determining the percent of the drug entrapment,
observing any change in the physical appearance of the liposome suspensions,
measurin:g the mean particle size of the liposome batches prepared using buffer.
(0.2 M K;HPO,) pH 6.5, and subjectively assessing the transmission electron
(TEM) and optical microscope micrographs of the liposome formulations (MOM).

2.2.6.1. Percent Entrapment of Hydroxyzine and Cetirizine
The liposome suspensio.ns of each batch, immediately after
preparation, and after storage for various periods of time at several

temperatures, were filtered using an Amicon Ultrafiltration Apparatus and an
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ultrafiltration membrane with a greater than 100,000 M.W. cut-off. Then the
liposomes were washed 2 times with 10 mL each of phoéphate buffer
(0.2 M K;HPOy,) pH 6.5. This was accomplished with rapid stirring under a
nitrogen pressure of less than 10 psi. The initial filtrate and the two 10 mL wash
volumes were combined. The amount of hydroxyzine or cetirizine that was not
entrapped into the liposomes (F) was determined by méasuring the h‘ydr'oxyzine
or cetirizine content in the clear filtrate obtained from concentrating and washing
the liposome formulations using the Amicon Ultrafiltration Apparatus.
Hydroxyzine or cetirizine in the clear filtrate were analyzed 'using the HPLC
| metﬁods described in Section 2.2.1. Each experiment wa's“ rép_eated three times.
The mean percent entrapment of hydroxyzine (PETH) and cetiriz_ine (PEC) were
calculated using Equation 1: | e
Equation 1: Percent Entrapment= ((I - F) X 100)‘/ |
Where:
I = Initial amount of hydroxyzine or cetirizine added d_uring pre_paration :
F = mean amount (n=3) of hydroxyzine or cetirizine ih the filtréfe, not - |
- entrapped into the liposomes.
- The extent of adsorption of hydroxyzihe or éetirizine to the fi!t‘ration'
: membrane was evaluated by filtration of aqueous so‘lu}t‘iovns ofhydrOxyzine or
cetirizine at various concentréfions. The amount of hydroxy23ne or _Ce'tirizin‘e in
the équeous solutions was determined before and after filtration and any loss by

o adsorption to the filtration membrane was calculated.



2.2.6.2. Physical Appearance
The physical appearance of the liposomes was examined
periodically to monitor any discoloration or change in appearance of the liposome
suspensions. The samples were evaluated subjectively, and in some cases
photographs of the samples were taken.

2.2.6.3. Transmission Electron Micrograph (TEM)

To examine the morphology of PC-SUV, HPC-SUV, PS-SUV,
PC-MLV, HPC-MLV and PS-MLYV of hydroxyzine and cetirizine, the liposome
samples were negatively stained (139) and TEM were taken using a transmission
electron microscope (TEM) by technicians in the Electron Microscope laboratory.
The negative staining procedures were conducted using the following steps
(140).

A sample of each batch of liposomes was diluted 1:5 directly on a copper
or nickel formvar-coated grid using 1 uL of liposome formulation and 5 ul of
water. The dilution was conducted using cold, double-distilled, Millipore-filtered,
freshly boiled and cooled water. The excess fluid of the sample was withdrawn
by touching a filter paper triangle to the edge of the grid. The grid was not
.allowed to dry completely, but a film of moisture was retained on the surface of
the grid.

The staining was achieved by adding 5 pL of 1% phosphotungstic acid
~(pH 7.4) to the sample on the grid for 30 sec. Then the excess fluid was
withdrawn by touching a filter paper triangle to the edge of the grid. The grid was

then placed into a petri dish lined with filter paper and allowed to totally air dry.



The stained liposomes were then examined using the electron
microscope. Three fields of view of each grid were chosen at random and
photographed at 40,000X. Electron microscope negatives were developed using
standard procedure. An 8” x10” print was then made of each negative on glossy
| paper, enlarging fhe negative 3 times and balancing the white edges. Some
prints showed more contrast than the others, although a number one filter was
used for all prints and a light setting of aboth 38 units on the rheostat. Test strips
of 1-8 sec intervals were used to determine the exposure time. The final
magnification was calculated to be 112,200X. Prints were allowed to dry
overnight and were labeled. From each TEM, the largest diameters of at least 10
liposomes or whatever number was available in the microgreph were meaeured.
The meanbdiameter of the liposomes and the standard error were calculated. The
- TEM are shown in Appendix B, Figuree 1-14. |

2.2.6.4. Micrographs from an Optical Microscope (MOM)

Samples from each batch of the liposomes containing hydroxyzine or |
cetirizine were examined under Axioskop Routine microscope which was fitted
| with a video camera connected te a computer. Northern Eclipse Software 6.0, B
was previously installed onto the computer and calibrated using a micrometer
slide. A captured picture of the slide was displayed on the screen of the computer
monitor in the sycale of k1 um= 1.5 cm. The samples of the liposomes were diluted
1:2 directly on glass slides using 1 uL of IiposomevformUIation and 2 pl of water.
.Photomicrographs‘of the liposomes were taken, saved and displayedv on the

screen of the computer monitor. Using the micrographs and the line measuring



54

tool and mouse, the largest diameters were measured of 10 liposomes from each
of 6 samples of the same batch of SUV or MLV formulations. The mean+SEM
diaméter of the 10 liposomes in each sample was calculated (141).
2.2.6.5. Particle Size Analysis

The liposome vesicle sizes in the SUV and MLV formulations were
determined using a submicron particle sizer (NICOMP370, 3 nm-SOOOnrh) and by
measuring the largest diameter of the liposomes from TEM and MOM as
described in section 2.2.6.3, and 2.2.6.4 respectively.

The particle size analysis of the liposomes in suspension were conducted
by Viventia Biotec Inc., using Submicron Particle Sizer (NICOMP370, 3-5000 nm)
and the following method.

The Submicron Particle Sizer consists of two subunits, the light scattering
assembly and the Controller/anélyzer. The light scattering signal was obtained
from the samples described later by focusing the beam from a laser diode (5 mw,
632.8 nm) into a temperature-regulated scattering cell. A fraction of the scattered
light was captured at a 90—d‘egree angle and transmitted by optical fiber to the
photomultiplier detector in the central controller/analyzer subunits. These
| subunits controlled the light scattering assembly and performed the dedicated
continuous analysis of the particle size distribution. An IBM- compatible persohal |
computer operating under DOS was used for data collection from the
controller/analyzer subunits (126).

The parameters for The Submicron Particle Size Analyzer were set as

follows: temperature at 23°C, viscosity at 0.933 cp, and index of refraction at
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1.333. The Samples of PC-SUV, HPC-SUV, PS-SUV, PC-MLV, HPC-MLV and
PS-MLV of hydroxyzine or cetirizine liposome batches freshly prépared and after
storage at 20 months at 10°C were diluted with phosphate buffer 0.2 M K,HPO,
(pH 6.5) until a count rate of 200-300 KHZ was achieved. Volume-weighted -
Gaussian analysis was used for unimodal distribution, or volume-weighted
instrument-generated non—Gaussian analysis for multi-modal distribution. The run
time stopped automatically when a fitting error of 1, or when a Chi-squared value
of less than 1 was achieved. Appendix C, Figures 1-6, shows representative
histograms and data of the particle sizes analysis of the méSt stable liposomes
containing hydroxyzine and cetirizine, which are HPC-SUV and HPC-MLV.

2.3. In vivo Evaluation of Hydroxyzine and Cetirizine Liposomes

The onset, extent and duration of thé peripheral Hq-antihistamine effects
of hydroxyzine or cetirizine applied to rabbité’ skin in freshly prepared liposome
formulations was evaluated using suppression of the*hi‘stamine—induced wheal
formation following the intradermal injection of hi}stajmine,’ and compared with
hydroxyzine or cetirizine from the control Glaxal Base (GB) ofw formulations. The
amount of the H1-antihistam'inés absorbed into the systemic circulation Was
determined by measuring plasma hydroxyzine or cetirizine coh‘centrations_at
predetermined times after application of the Iiposomes and thé control
formulation, Glaxal Base (GB) contaivn'ing the H1—ahtihistaminés to the rab‘bits’

skin.
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2.3.1. HPLC Analysis of Hydroxyzine and Cetiriéine in Plasma
The determination of hydroxyzine and cetirizine Concentfations in
plasma required extraction of the drug from plasma prior to analysis using‘the
HPLC conditions identical to those described in Sections 2v.2.1 A énd 2.2.1.2 for
hydroxyzine and cetirizine respectively.
2.3.1.1. Extraction of Hydroxyzine
All stock solutions and dilutions of hydroxyzine wére preparéd

- using 0.05% w/v phosphoric acid (H3PO,). A stock solution of hydroxyzine

1 pg/mL was used to prepare serial dilutions of hydroxyzine in Concehtrations '
‘ranging from 20 to 100 ng/mL. Frozen plasma was thawed at room ‘fempefature
and 0.5 mL was added to each of the100 pL seﬁal dilutions of }hydroxyzine. Test
plasma samples from rabbit studies were thawed énd 0.5 mL was used for each
analysis. To each of these samples were added 15 pL of antazoline solution,

1 ng/mL, as internal standard, 250 pl of 10% potassium hydroxide solution
(KOH), and 5 mL freshly distillled ether. The samples were mixed by vortex for‘ '

30 sec, then centrifuged for 5 min. The aqueous phases of thése sampleS'wére
frozen in a dry ice/acetone bath. The ether Iéyersf were transferred fof Cleén dry :
16 x 100 mm test tubes, followed by the addition of 200 pL Of 0.5 % wiv |
phosphoric acid. The contents of each test tube were mixed again ona vortex
“mixer for 30 sec then centrifuged for 5 min. As before, the aqer(JS Iayer's_v were
~ frozen in a dry ice/acetone bath, then the ether layers were discérded. Thé '
frozen aqueous layers were left to thaw undér'a stream of ﬁitro'gén gas io'»"

- remove any remaining traces of ether. The sample tubes were stored at room
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temperature for 24 h. From these samples a 150 plL aliquot of phosphoric acid
extract of hydroxyzine was injected directly into the HPLC system (128).

Using the method described below in section 2.3.1.2., cetirizine, ae in vivo
metabolite of hydroxyzine, plasma concentrations were extracted and analyzed
where there were sufficient plasma samples remained after hydroxyzine analysis.

2.3.1.2. Extraction of Cetirizine

All stock solutions and dilutions of cetirizine were prepared using
0.05% wi/v phosphoric acid (HzPO4). A stoek solution of cetirizine 1 pg/mL was
used to prepare serial dilutions of cetirizine in concentrations ranging from 20 to
100 ng/mL. Frozen plasma samples were thawed at room temperature and
0.5 mL was added to each of the 100 plL of serial dilutions of cetirizine. Test
plasma samples from rabbit studies wevre thawed and 0.5 mL was used for each
analysis. To each of these samples were added 50 pL aliquot of J028 solution,
3 ug/mL, as the internal standard, 0.5 mL of sodium citrate buffer (1M, pH 5.0)
~and 3 mL of ethyl acetate. The samples were mixed by'vortex for 60 sec, then
centrifuged for 15 min. The aqueous phases of these samples were frozen ina
dry ice/acetone bath. The ethyl acetate layers were transferred to cle.an dry 16 x
100 mm test tubes. The frozen aqueous layers were allo’wed to thaw; then these
_samples were re-extracted as before using another 3 mL of ethyl acetate. The
ethyl‘ acetate layers from the second extraction were combined with the ethyl
acetate fractions from the first extraction. To the combined ethyl acetate layers of
these samples of cetirizine, 200 pl of 1.7 % wiv phosphoric acid was added. The

contents of each test tube were mixed on a vortex mixer for 60 sec then
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centrifuged for 15 min at. The aqueous layers were frozen in a dry ice/acetone
bath, and the ethyl acetate layers were discarded.
The frozen aqueous layers were left to thaw under a stream of nitrogen gas to
remove any remaining traces of ethyl acetate. The sample tubes were stored at
room temperature for 24 h. From these samples a 150 pl aliquot of phosphoric
acid extract of cetirizine was injected directly into the HPLC system (142).

Calibration curves were prepared following the analysis of hydroxyzine or
cetirizine extracts by plotting mean peak area ratios of the drug to the internal
standard versus the concentrations of the drug. |

The extraction efficiency was carried out using the same procedure as
described above and the following two steps. First, the “spiked” plasma samples
with each containing serial dilutions of hydroxyzine or cetirizine in concentrations
ranging from 20 to 100 ng/mL, in the presence of internal standard, were
extracted. Second, the “spiked” plasﬁa samples with e_ac‘h containing serial
dilutions of hydroxyzine or cetirizine, without the presence of internal standard,
were extrécted. The internal standard Was added to the phosphoric acid extract
: of hydroxyzine or cetirizine in those samples where it was not added prior to
extraction. From these phosphoric acid extrvacts’of hydroxyzine or cetirizine, a
150 pL aliquot was injected directly into the HPLC system. The efficacy of the
| | extraction was calculated as a ratio of the peak area ratio of the extract in the first
step to the peak area ratio of the extract in the second stép.

To test the selectivityv of the asséy, one éample, pre-dose, of rabbit plasma

was obtained from six rabbits before applying the test fqrmulations. These
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samples were tréated and analyzed using the validated HPLC methods
described in Sections 2.2.1.1 and 2.2.1.2 for hydroxyzine and cetirizine
respectively. |

To check the linearity at the day of analysis, calibration curve samples
were extracted and run always before analyzing the extracted plasma samples

2.3.2. Prepération of the Dosage Forms

The PC-SUV and PC-MLV of hydroxyzine or PC-SUV, PC-MLYV,
HPC-SUV an}d HPC-MLV of cetirizine were prepared as described in Secﬁons
2.2.2and 2.2.3. The} liposome suspensions were concentrated by the filtration, as
described in section 2.2.2.2, so that 1 mL contained 10 mg of hydroxyzihe or
cetirizine. To confirm that the non-medicinal ingredients of liposomes such as the
phosphdlipids and cholesterol did not have any peﬁpheral vantihistarﬁ_inic aCtivity,
non-medicated SUV were also prepared using PC.

The concentrated liposome suspensions were sufficiently viscous in
consistency to be applied without incorporating into an ointment or cream base.
All liposome suspensions were stored at 10+2°C until the day of the study.

The GB Cream formulation containing 10 mg/g of hydroxyzine or cetirizine
Was prepared by diséolving the Hs-antihistamine in 1 mL of water before
ievigation into the GB by geometric dilution using a spatula on an ointment slab.

The final product was placed in a plastic ointment jar and store.d_in the

refrigerator at 10°C until the day of in vivo evaluation.
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2.3.3. In vivo Study Design
The animal research study, approved by University of Manitoba Fortv

Garry Campus Protocol Management and Review Committee (PMRC), was
conducted according to current guideline published by the Canadian Council on
Animal Care (CCAC).

2.3.3.1. Study Design

The animal research study was a randomized cross over design.

This study required 1 gm of GB formulations, as a control, containing 10 mg
hydroxyzine or 10 mg cetirizine. In addition, the freshly prepared 1 mL PC-SUV
and 1mL PC-MLYV containing 10 mg hydroxyzine, 1 mL PC-SUV, 1mL PC‘-MLV,
1mL HPC—SUV and 1 mL HPC-MLV containing 10 mg cetirizine. All formulations
were stored at 10+2°C until the day of in vivo evaluation.

2.3.3.2. Animal Model

Six New Zealand white rabbits, mean weight + standard error of

the means (SEM) is 3.2 + 0.05 kg, obtained from the Department of Zoology,
Faculty of Science, University of Manitoba were studied. Rabbits were not
studied until after a one-week treatment of antibiotic therapy followed by a two-
week environmental adjustment period. Before and between investigations, each
rabbit was housed individually in metal cages, with a wire floor to reduce
coprophagy. Food and water were supplied ad libitum. Rabbits were allowed
time to exercise and play each day according to CCAC guidelines. During initial

catheterization and dosing, each rabbit was placed briefly in a restrainer cage
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and then returned to its own holding cage. Studies were scheduled 3 or more
weeks apart for each animal, to allow recovery from previous studies (143 -145).

2.3.3.3. Procedure

2.3.3.3.1. Preparation of the Rabbits

The preparation of the rabbits was conducted with the help of

trained technicians and under the supervision of the university veterinarian. Two
days before each study, the hair was cut from a 12cmx12cm area on the back 'of '
each rabbit using a hair clipper. One day later, the day before each study, a
depilatory (Nair) was applied for 15 min to the 12cmx12cm area on the back and
both ears, then the depilatory was removed.‘ To prevent any irritation to the
rabbits’ skin, the back and ears. were thoroughly washed with lukewarm water to |
ensure all remaining depilatory and hair residues were removed from the hairless
areas and proximal hair. The rabbits were dried with clean towels and held in a
warm area until completely dry. During the preparation of the rabbits’ backs and
on each study day before each study commenced, the universivty veterinarian
inspected the rabbits carefully. No visual signs of skin irritation were obser‘\)ed-
using this hair-removal procedure.

2.3.3.3.2. Wheal Circumference

The peripheral Hi-antihistamine activity of hydroxyzine or

cetirizine was aséessed by evaluating suppression of the wheals produced_ by an
intradermal injection of 0.05 mL of histamine phosphate, 1.0 mg/mL. A different
site on the designated area 10cmx10cm after hydroxyzine or cetirizine

application on the back was used for each test. The skin test was performed,
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once before application of hydroxyzine or the cetirizine formulations io determine
the baseline wheal area, then after the applicati'on of hydroxyzine or éetirizine
formulations each time a blood sample was taken. Before the first skin test only,
1 mL of Evans blue dye, 10 mg/mL, was injected into the opposite ear vein to -
facilitate identification of the histamine-induced wheal circumferences.

The pre-dose wheal area and wheal areas observed at each test time 0.5,
1,2, 3,4, 5,6, 810, 24 h were traced 10 min after each histamine injection,
transferred to transparent paper and scanned into a computer using an Epson
Scanner. The wheal areas‘were calculated using 5.0 Sigma Scan® Sthwa're
(146). |

Before the beginning of the animal studies, a pilot 'study to dete_rminé the
reproducibility of wheals produced by intradermal injections of 0.05 mL of
histamine phosphate, 1.0 rhg/mL was conducted. The mean +SEM and
coefficient of variations of these wheal areas induced on the prep‘aréd backs of
several rabbits were calculated.

To confirm that the non-medicinal ingredients of liposomes such as the
phospholipids and cholesterol did not have'any. peripheral antihiétami.ni,c activity,
non-medicated SUV were also prepared. The histamine skih tests, in{radermal
injections of 0.05 mL of histamine phosphate1.0 mg/mL were perfor_med'at one-

' Hour intervals, for up io 4 hours after applicaﬁvoh of noh-_,medfcatedSLJV. |
2.3.3.3.3. Blood Sampling
For blood sampling, the ear artery of each rabbit was dilétéd .by

rubbing with a swab wetted with 70% isopropy! alcohol before insertioh of }the
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22 G-catheter into the ear artery. Then a male adaptor plug filled with heparin
sulfate, 100 IU / mL, was inserted into the head of the catheter. After 0.5 mL of
the blood was withdrawn and discarded, a 1.5 mL blood sample was collected as
the pre-dose control and placed in a vacutainer with no additives. The catheter
was flushed with 2 mL of 0.9 % sodium chloride followed by 0.2 mL heparin
solution.

For dosing, 1 mL SUV, 1 va MLV, or 1 g}m GB each containing. 10 mg of
hydroxyzine or cetirizine was thoroughly applied to the defined area 10cmx10cm
on the rabbit's back. The concentrated liposome suSpenSions were suffiCiently |
| viscous to be applied to the defined area without any loss. CCAC approvéd
collars were placed around the neck of each rabbit during the 24-hour study to

prevent it from licking its back or diélodging the catheter from the ear artery. The}
blood sampling was repeated, as previously described for the pré-dose sample,
at0.5, 1,2, 3,4, 5,6, 8, 10 and 24 h. After centrifugation for 15 min with the aid
of Sure Sep-ll separators, the plasma was separated and stored froz‘en at —20°C.
Latef the samples were fhawed, 'and 0.5 mL was used for each anal.ysis.‘ Plasma
hydroxyzine and cetirizine cqnce_ntrations were énalyzed using the validatéd
HPLC methods described in Séction 231, |

2.3.3.3.4. Dose Remaining on Skin
After 24 h the liposomes applied to the_ r'abbitfs skin would be

dehydrated and destabilized (147) so any drug remaining on the defi’ned} area on
‘the backs of the rabbits would be no longer entrapped in the liposomves. The

amount of the dose remaining on the skin was determine‘d by wiping the defined,
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treated back area to remove any remaining medication using three gauze
sponges wetted with 70 % isopropyl alcohol. The gauze sponges were soaked in
100 mL water and stored under refrigeration for 24h, squeezed to obtain as much
of drug solution as possible, and rinsed two times with 50 mL aliquots of fresh
water. The water rinses were combined and the sponges were discarded. The
200 mL solution was filtered, then analyzed for hydroxyzine and cetirizine using
the validated HPLC method described previously in Sections 2.2.1.1 and 2.21.2.
respectively. During the 24 h, the CCAC approved collars were placed around
the neck of each rabbit to prevent the rabbit from licking the formulations on its
back. |

2.3.4. Data Analysis

2.3.4.1. PHarmacodynamic Analysis

Pharmacodynamic analysis was conducted by calculating the

percent wheal suppression. The wheal areas were calculated using 5.0 Sigma
Scan® Software. The percent suppression of the histamine-induced wheals was
used as an indication of peripheral H¢-antihistaminic activity or the efficacy of
" medication (E). 'E was calculated using Equation 2.
Equation 2: E = (Wg-W;)/Wo x 100

'Where: E is the efficacy of the medication; Wy is the baseline wheal area:

and W, is the wheal area after time “t” of medication application.
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2.3.4.2. Pharmacokinetic Analysis
Following analysis of the blood samples, the plasma cetirizine
concentrations were plotted versus time, then the area under curve (AUC) was
calculated using WinNonlin Software.
After 24 h, the percent amount of the dose remaining on the skin was
calculated using Equation 3. |
Equation 3:
Percent Dose Remaining = (D24 / Dinitiar ) x 100
Where Dinitiar is the original hydroxyzine or cetirizine dose applied and Dag4is the
amount of hydroxyzine or cetirizine remaining after 24 hours
'2.3.4.3. Statistical Analysis
Statistical analysis was performed using multi-way ANOVA
method (split analysis) and Tukey, Bonferroni methods with the aid of PC- SAS
release 8.02e, Software. The following statistical analysis of the data were
conducted: (1) the histamine-induced wheal areas obtained at each time for each
formulation were compared with the pre-dose values, and with values at all times
among the formulations; (2) the extent of medication absorbed into systemic
circulation using plasma hydroxyzine and cetirizine concentrations was
h compared among the 3 formulations; and (3) the percentage of the medication

remaining on the backs of the rabbits was compared among the 3 formulations.

- Differences were considered significant at p< 0.05.
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CHAPTER iil: RESULTS AND DISCUSSION

3.1. In Vitro Studies of Hydroxyzine and Cetirizine
3.1.1. Calibration Curves of Hydroxyzine in Aqueous Solutions

The data from the mean calibration curves of hydroxyzine using
antazoline as internal standard are shown in Table1 and Figure1. The curve was
constructed by plotting the mean peak area ratios of hydroxyzine to antazoline
versus concentrations of hydroxyzine. Reproducibility was expressed as the
percent Coefficient of Variation (% C.V.). The calibration curves were linear over
the range 100-800 ng/mL with R? = 0.99 based on expected hydroxyzine
concentrations. The linear equation y= 0.001x — 0.0112 derived from average
data, was used to calculate the hydroxyzine concentrations in all in vitro samples.
The peaks of hydroxyzine and antazoline were well-separated yielding retention
times of 6 minutes and 8 minutes respectively. The value 2.5 ng was considered
to be the lowest limit of quantification. A representative HPLC chromatogram is
shown in Figure 1, Appendix A.

3.1.2. Calibration Curves of Cetirizine in Aqueous Solutions

The data from the mean calibration curves of cetirizine using J028
as internal standard are shown in Table 2 and Figure 2. The calibration curve
was constructed by plotting peak area ratio of cetirizine to J028 versus
concentrations of cetirizine. Reproducibility was expressed as the percent
Coefficient of Variation (% C.V.). The calibration curves were linear over the
range 100-1000 ng/mL with R? = 0.99 based on expected cetirizine

concentrations. The linear equation y= 0.0027x — 0.0027 derived from average
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data, was used to calculate the cetirizine concentrations in all in vitro samples.
The peaks of cetirizine and J028 were well-separated yielding retention times of
5 minutes and 7 minutes respectively. The value 2.5 ng was considered to be the
~ lowest limit of quantification. A representative HPLC chromatogram iks'shown in
Figure 2, Appendix A.
3.1.3. Validation of Percent Entrapment of Hydroxyztne and Cetirizine

- The method used to determine percent entrapment of hydroxyZine (PETH)
Cor percent entrapment of cetirizine (PEC) was validated; To determinePETH or
PEC, the liposome suspensions were concentrated using the Amicon |
Ultrafiltration Apparatus and an ultrafiltration membrane with a greater than
: 100,000 M.W. cut-off to obtain a clear filtrate. vThe amount of hydroxyzine or
. _’cetirizine not entrapped into the vesicles was measured in the clear filtrate.

To account for any loss of hydroxyzine or cetirizine onto the U|trafiltration
membrane, the extent of adsorption of hydroxyzine or Qetirizine to the. membrane
vt_ras evaluated by separate ﬁltrati.on studies of aqueous solutions of hydroxyzine
,or}cet'irizine at various concentrations. The amount of hyd'roxyzine or Cetirizin_e in
the aqueous sdlutibns was determined before and after filtration There »Was no

detectable hydroxyzine loss by adsorptlon onto the filtration membrane and only |
a small amount of the cetirizine content, 0. 6 %, was adsorbed onto.the frltratron
: membrane Any loss of cetirizine by adsorptron to the filtration membrane was

mcluded in the calculation of PEC results
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3.1.4. Formulation Factors Evaluated During Liposome Preparation
3.1.4.1 Effect of Using Different Methods of Preparation of MLV
Multilamellar vesicles (MLV) of hydroxyzine were prepared using

phosphatidyicholine (PC) and cholesterol (CH) and the lipid film hydration
method. Phosphate buffer 0.02 M, at pH 7 was used to hydrate the lipid films.
This buffer pH was selected because the neutral pH 7 should not irritate the skin.
The results were the mean data of at least three experiments and were very
reproducible with standard errors of the mean (SEM) ranging from 0.5 to 3 %.
Therefore, in stability study samples that resulted in no loss of percent
entrapment of hydroxyzine (PETH) over 24 months, intermediate-time PETH
values that were > + 5% of initial PETH values were considered aé outliers and
not included in the data analysis.

In Table 3 and Figure 3, it is shown that the initial PETH was not affected
either by an increase in hydration time of the lipid ﬁlrﬁs for up to 48 h, or by
freezing-thawing for 5 cycles. Overall, PETH was about 95%. The variations in
the method of preparation using lipid film hydration did not seem to affect the
initial percent entrapment of hydroxyzine.

The long-term stability of the liposomes stored at 10 + 2°C monitored by
PETH was not affected either by the increase in hydration time or by the
freezing-thawing cycles. Overall, PETH was similar to the initial values even after
24 months of storage at 10 +2°C.

There was no change in the physical appearance of the liposomes in

batch B and the control batch. Some slight discoloration was observed in the
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liposomes in batches A, C, D, and E after storing the liposomes for 4 months but
the long-term stability of the liposomes, evaluated by monitoring PETH, was not
affected. The slight discoloration might be due to some oxidation or hydrolysis of
the PC. Antioxidants were not added to the liposome formulations. There was
virtually no difference in PETH, and visual appearance between the liposomes of
the control batch and batch B. This indicates that the hydration time of the lipid
films for 1 h or 24 h without freezing and thawing may yield the most stable
formulations.

Batches of liposomes were also stored at 37+£0.1°C to evaluate their
stability when stored at temperatures above room temperature of 25+3°C. The
data in Table 4 and Figure 4 reveal that the PETH of the liposomes stored at
37+0.1°C decreased considerably after just one month. Also following visual
inspection, a loss of the liposome structure appeared to occur as evidenced by
the appearance of the brown droplets on the surface of the liposome
suspensions in all liposome batches, possibly due to hydrolysis of PC. Liposome
formulations of the control batch, 26.5%, batch B, 27.6%, and batch D, 43.0%,
appear to retain higher PETH than that of batch A, 13.2%, batch C, 12.6%, and
batch E, 15.1%. The freezing and thawing of the liposomes after hydration may
result in an increase in the fragility of the liposome bilayer membrane and
adversely affect the long term stability of the liposomes, especially at the higher
storage temperature of 37+0.1°C.

Based on these results, the method used to prepare the control batch, and

storage at 10°C may result in the most stable formulations. This preparation
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method involved lipid film hydration for 1 h and the Iiposcmes were nct subjected
to any freezing and thawing processes. This procedure was selected for the
preparation of liposomes to study long term stability and to prepare all other
liposome batches. These results are in agreement with those of Patel and Misra
(148) who found that a hydration time of 2 h was optimum for the preparation of
clofazimine-loaded MLV liposomes using PC.
In Table 5 and Figure 5, the data show no difference between the initial
PETH, 94.0%, of both PC-SUV and PC-MLV prepared using buffer pH.7. After |
'one month of the liposomes storage at 37+0.1°C, PETH of both SUV and MLV
decreased considerably to about 27.0 % relative to the initial 94.0%. Thrs may.
mdrcate extensive hydrolysis and oxidation of PC- bilayers and rupture of the
most of the liposomes after storage at 37+0.1°C for one month. |
In order to determine |f the pH could be reduced to be more similar to that
of skin pH 4.5-6.5 (149), PC-SUV and PC-MLV liposomes were prepared at pH
‘6.5 then the Iiposomes were stored at 37°C. In Table 6 and Figure 6 fthe data |
show that the rnmal PETH of PC-SUV 86.0% and PC-MLV 94 3% were srmrlar to
: Irposomes prepared using buffer pH 7. PETH of both Ilposome formulatrons
| decreased consrderably after one month. Reductron in PETH of PC SUV to
}27.1% was greater than that of PC-MLV to 61.8% after one month. Thiscould be
- explained by the»fact that MLV are multilarnellar and the loss of the outer Iamella .‘
~ of some liposomes would have less effect on their ability to retain some of the

drug entrapped in the inner Iamella or aqueous phases. Since SUV are
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qnilamellar, the loss or rupturing of the single bilayers may result in considerably
more drug loss at 37+0.1°C.

The results in Tables 5, 6 and Figures 5, 6 show that at 37+0.1°C, long-
term PETH of PC-MLV 61.8% was greater at buffer pH 6.5 compared to that
when buffer pH 7, 26.5% was used. This result indicates that using buffer pH 6.5
to hydrate the lipid film might result in more stable formulations at higher
temperatures.

Short- term evaluation of the stability of PC liposomes containing
hydroxyzine or cetirizine at 37+0.1°C, body temperature, was conducted to
evaluate the stability of the liposomes when applied on the skin. PETH of PC-
SUV and PC-MLYV, prepared using buffer pH 6.5, were determined every day up
to 7days.

The data in Table 7 and Figure 7 show that after storage for 7 days, PETH
of PC-SUV and PC-MLV, 82.0%, were similar to the initial PETH 86.0% and
94.3% respectively. A slight discoloration of the liposome suspensions relative to
the initial formulations was observed after 6 days. This discoloration was more
intense in case of PC-MLV than that of PC-SUV. The data in Table 8 and Figure
8 show that after storage for 7 days, percent entrapment of cetirizine (PEC) in
PC-SUV and PC-MLYV, about 91.0 %, were similar to the initial PEC 92.0 %. A
slight discoloration of the liposome suspensions relative to the initial formulations
was observed after 6 days.

Overall, these results indicate that the freshly prepared PC liposomes are

sufficiently stable for at least 24 h at body temperature and can be used for
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in vivo evaluation to assess the efficacy of the formulations applied topically on
the skin.

3.1.4.2. Effect of Using Buffers at Different pH Values

Hydroxyzine and cetirizine are reported to have different ionic forms at
different pH values that might affect their entrapment and retention withi‘n, the
liposomes and consequently their stability (1 17). To evaluate the effe_bt of
changing the pH of a hydrating_buffer on the entrapment }of hydroxyzine or
cetirizine and the stability of their liposomes, the phospholipid PC and a series of
- buffer solutions at pH valueé of 5.0, 5.5, 6.0, 6.5 and 7.0 were used to prepare
the liposomes. The results were a mean from at least three experiments and
were very reproduc;ible with standard errors of the mean (SEM) rahging from 0.5
tb 3 %. Therefore, in stability study samples that resulted in no ioss of percent
- entrapment of hydroxyzine (PETH) over 24 months, in’termediate-tirhe PETH
values that were > + 5% of initial PETH values were conéidered as outliers and
not included in the data analysis. ‘ |

In Tables 9-12 and Figure 9, the initial PETH ahvaEC of freshly prepared
SUV and MLV liposomes are shown. The PVETH of SUV shérply increased from'
53.0% to 84.0% whén the pHvo‘f the buffer used was inéreased from “5.0 fo“5.5;
As pH increased from 6.0 to 7.0, PETH continued to inbrea'se from 86.0 % fo :
- 94.0 %. The IoWer entrapment of hydroxy_ziné atapH5.0 ‘m.ay be d‘u’e'tq_‘the |
'presence of hydroxyzine ma'inly in the cationic form, wh:ich has lower 'lipophilicity
of log PC« = 0.93, than the non-ionié form with log PNyt =3.5 (1 17). _:This‘

indicates that by increasing the pH of the buffer from 5.5 to 7.0, the CétiOnic form



’of hydroxyzine may have gained lipophilicity by conversion into the non-ionic
form consequently showing more affinity in the anisotropic system,
liposomes/water, resulting in a higher PETH. This explanation is in agreement
with the results of Balen et al., (117) who found that the values of log D,
distribution coefficient of different forms of hydroxyzine, an indicator of the
lipophilicity, were 2.76, 3.13, and 3.46 at the pH range from 3.1 to 4.9, and at pH
7.4, and pH 9 respectively. These data indicate that the cationic form gained
lipophilicity by increasing the pH of the buffer used.

The initial PETH of MLV increased slightly from 82 % to 94 % as the buffer pH
values increased from 5.0 to 7.0. It is clear that the effect of buffer pH has less

| impact on the entrapment of hydroxyzine in MLV than SUV. To explain this
finding we developed the following model shown below that is also supported by
the results of Balen et al., (117), where H-C*= cation form of hydroxyzine, H-NI=
non-ionic form of hydroxyzine, H-SUV= small unilamellar‘ vesicles containing

hydroxyzine, H-MLV= multilamellar vesicles containing hydroxyzine.

H-MLV

Head

Non-polar
Tail -~

water‘Q&_‘Q_E \v ﬁ po‘la'r

Lipid Bilayer Amphiphile
] H-SUV

AtpH 50 H-C+
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In MLV, we assume that the cationic form of hydroxyzir\e gained
lipophilicity by conversion to the non-ionized form after penetrating into the outer
MLV bilayers that maintained drug retention. Then the non-ionic form penetrated
into the deeper multilameliar bilayers of the MLV, creating a Co’ncentration_
g,r'adient across the liposome membranes that encouraged more penetration of
‘the non-ionic form of hydroxyzine into the deepevr bilayers, consequently :
enhancing the entrapment. In contrast, this concentration gradient aeross the
liposome membrane did not occur in case of SUV because they are unilamellar.
Instead of the concentration gradient, an equilibrium oecurs across the single
membrane of SUV between the non-ionic forms of hydroxyzine in the aqueous
core iof the liposomes and the aqueous vehicle surroundipg the Iipospmes‘; SO no
further entrapment occurs. This explanation is supported by our finding that only
53.0% entrapment of hydroxyzine occurred at'ptH 5.0. As more of the 'noh‘-ioniz,ed
‘ft_)rm of hydroxyzine was present when pH increased from 575 to 7 the percent
“entrapment increased ranging from 84.0% to 94.0% }res‘pecti\_/ely to mainta_in the
equilibrium across the membrane of SUV between the npn-ionic forrhs of .
'hydroxyzine’ in the aqueous core of the liposomes and the aqueous ve'.hi,cle
7 su_rreunding the liposomes. o
In contrast to hydroxyzme for cetmzme there was‘no effect of pH on PEC

in SUV or MLV, which ranged from 92 % to 94 % as buffer pH values increased
Vifrom 5.0t06.5. These findings can be explamed by the results of Balen ot a/

'(1 17) that cetirizine has three forms, Wthh are cationic (log pc oct =1. 12 log P lip

,—3 2), zwitterionic (Iog PZoct= =1, 595, log PZ,,p =2. 3) and anionic (log P oct—-O 19
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log PAup= 2.3). All three forms have a similar distribution coefficient, log Do= 1.5,
iog Dip = 2.3, at pH values ranging from 3.1 to 9. This indicates that at pH range
from 3.1 to 9, all forms of cetirizine passed equally from the isotropic system,
n-octanol/water, compared to anisotropic system Iipdsome/water. Also, all forms
of cetirizine gained in lipophilicity when passing from the isotropic system to the
anisotropic system creating a driving force that encouraged drug entrapment
within the liposomes. From these finding, it is clear that the change in pH from
5.0 to 6.5 had minimal effect on cetirizine entrapment within PC liposomes.

The data in Tables 9,10 and Figures 10,11 show the long-term stability of
both SUV and MLV of hydroxyzine. There was no change in PETH in SUV and
MLV prepared using bufférs atpH 5.0, 5.5, 6.0, 6.5, and 7.0 when stored at 10°C
for up to 24 months compared to initial PETH values. Also there was no
observed discoloration or change in the physical appearance of the liposomes.
No visual mold growth was observed, because all batches were purged with
nitrogen to remove traces of atmospheric oxygen while placed in the opaque
containers that were well-sealed and air-tight. These findings indicate that using
the buffer at pH range from 5.5 to 7.0 to prepare the liposomes results in stable

| PETH of about 90 % for up to 24 months at 10°C anci the retention of
hydroxyzine within the liposomes persists for 2 years. This can be explained by
the results of Balen et al., (117), who found that at pH range from 5.5 to 7.0,
hydroxyzine was mainly in the non-ionic form which had a higher affinity for
liposomes than its cationic form, resulting in the drug retentidn within the

liposomes after entrapment and stable long term PETH. It seems that pH value
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- starting from 6.5 may be the optimum pH for the preparation of liposomes
containing hydroxyzine with satisfactory percent entrapment and stability.

The stability data of SUV and MLV of cetirizine are shown in Tables 11,12
and Figures 12,13. Following storage of the liposomes of cetirizine at 10°C, PEC
of SUV prepared using buffers of pH values ranging from 5.5 and 6.0 slightly
decreased after 24 months while PEC of MLV decreased from about 94% at
baseline to 74% after 24 months. There was no visual change in the physical
appearance of the SUV liposomes, but the loss of PEC in MLV was accompanied
by some slight discoloration indicating minor oxidation of PC. It seems that the
use of buffers at different pH did not affect the initial PEC of SUV and MLV. While
all MLV formulations lost about 10% to 20% of PEC after 24 months at 10°C. The
PEC at pH 5.0, and 6.5 in SUV formulations was unchanged. The decrease in
PEC following storage may be due to the formation and leakage of the
zwitterionic form of cetirizine, which had minimal binding affinity to the liposomes
(117). The maximum PEC after 24 months at 10°C in SUV and MLV of 90.1%
“and 84% was observed at pH 6.5 and 6 respectively.

In summary, over the pH range of 5 to 6.0, cetirizine entrapment was
slightly higher than hydroxyzine entrapment in both SUV and MLV. The change
in the pH of buffer from 5.0 to 6.5 had a minimal effect on the entrapment of
cetirizine in both SUV and MLV. This pH range also had a minimal effect on the
entrapment of hydroxyzine in SUV and MLV, except below pH 5.5 where PETH

“was reduced in SUV. In all formulations, independent of pH, PETH was stable at _

10°C for up to 24 months while PEC decreased slightly.
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From these results, it would appeér that the buffer of pH6.5,and 7 is
optimal for entrapment and stability of hydroxyzine in SUV and MLV liposomes;
while the buffers of pH range from 5.0 to 6.5 are optimal for the initial entrapment
and stability of cetirizine in SUV and MLV liposomes. The preparation of both
hydroxyzine and cetirizine liposomes using a buffer of pH 6.5 value is
recommended for the entrapment and the shelf-life stability of the liposomes. In
- addition it approximates the pH of the human skin, pH 4.5 to 6.5 (149).

3.1.4.3. Effect of Using Different Phospholipids

Retention of entrapped compounds withih the liposomes for a -
sufficient period of time is the most impbrtant factor that has to be evaluated to
éns'ure the stability of the formulations (150). The rate and extent of Iéakage of
- the medication molecules from liposomes is governed by the physicofChehical
vproperties of the entrapped molecules and by the type of phoskpholipids used to

prepare the liposomes. “

To evalua’te the effect of changing the PL on the entr'apment of
hydroxyzine or cetirizine within the liposomes and the stability of these -
liposomes, a series of experiments was conduc‘ted‘ comparing the unéaturated
and neutral PL, phosphatidylcholine (PC) (Tc of -15°C), the unsaturated and

,n,eQétiver charged PL, phosphatidylserine sodium salt (PS) (Tc of 24°C), and the
' saturated and neutral PL phosphatidyicholine hydrogenated (HPC) (Tc of 5’O°C)
(127). All liposome batches were prepared at pH 6.5.‘Thé results were t'he mean
data of at least three experiments and were very reproducible with standard

errors of the mean (SEM) ranging from 0.5 to 3 %. In stability study sémples
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resulting in no loss of percent entrapment of hydroxyzine (PETH) over 24
months, intermediate-time PETH values that were > + 5% of initial PETH values
were considered as outliers and not included in the data analysis.

Regardless of the PL used in the preparation of the liposomes, in all
formulations the mean initial PETH and PEC values were similar, ranging from
86% to 94%. It seems that the difference in the Tc or using neutral or negatively
charged PL had minimal or no effect on the initial PETH or PEC of SUV and MLV
prépared at pH 6.5. Initial PETH of PC-SUV, HPC-SUV, PS-SUV, PC-MLYV,
HPC-MLV, and PS-MLV were 86.0%, 93.0%, 91.0%, 94.3%, 94.0% and 93.0%
respectively as shown in Tables 13-18 and Figures 14-19. Initial PEC of PC-
SUV, HPC-SUV, PS-SUV, PC-MLV, HPC-MLV and PS-MLV were 92.0%, 92.8%,
93.4%, 92.0%, 89.7%, and 90.7% respectively as shown in Tables 19, 20 and
Figures 20, 21.

The consistency of PETH in SUV and MLV at different storage
temperatures for up to 24 months is also shown in Tables 13-18 and Figures 14-
19. At 37°C for up to 24 months, HPC-MLV of hydroxyzine were stable resulting
in PETH of 91.0% similar to the initial PETH as shown in Table14 and Figure 15.
After one month at 37°C, PETH of PC-SUV and PC-MLV of 27.1% and 61.8%
respectively were markedly decreased compared to initial PETH of 86.0% and
94.3% respectively as shown in Tables 13,14 and Figures 14, 15. The instability
of PC liposomes and loss of drug entrapment at 37°C is consistent with the data
of Betageri (150) which showed that the degree of disorder of the lipid bilayer

and consequently the permeability of liposomes is temperature dependent. At the
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storage temperature of 37°C, the PC bilayers are in a higher degree of disorder,
compared to the other storage temperatures at 10°C and 25°C, resulting in
liposomes in the liquid crystalline state. Consequently the bilayer membranes are
permeable to entrapped molecules resulting in a major decrease in PETH after
one month and the visual loss of liposome structure as indicated by the
appearance of brown droplets on the surface of the liposomes. At 37°C for up to
24 months, PETH of PS-SUV of 94.0 % was similar to the initial 91.0 %. At 37°C
for up to 13 months, PETH of PS-MLV 92.0% was similar to the initial 94.0% but
after 13 months at 37°C PS-MLYV lost their liposomal structure and consequently
PETH as shown in Tables 13,14 and Figures 14, 15. It seems that PS-SUV were
more stable than PS-MLV.

The data in Tables 15-18 and Figures 16-19 show that the storage of the
liposomes at 10°C and 25 °C for up to 24 months, regardless of the PL used to
form SUV and MLV, had minimal effects on the liposome stability as long-term
PETH ranged from 90 % to 97 %. Some discoloration of PC liposomes was
observed after 4 months of storage at 25°C, while for PS-SUV some
discoloration was observed after 4 months of storage at 10°C and 25°C
indicating possible minor hydrolysis and oxidation of the PL. This discoloration
increased with time for up to 24 months but was not accompanied by a loss of
PETH.

The stability of both HPC-SUV and HPC-MLV may be attributed to the
higher Tc of HPC, 50°C. This results in the presence of the liposomes in the gel

state, which encourages the retention of hydroxyzine or cetirizine within the
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liposomes. Despite the fact that the storage temperatures of 10°C and 25°C were
above the Tc of PC, the long-term PETH and the physical appearance indicated
that the PC-MLV and PC-SUV formulations containing hydroxyzine were stable.
The stability may be attributed to the presence of cholesterol molecuvlles'. These
molecules are amp_hipéthic, have a hydrophobic tail and a hydrophilic ‘polar
head’, whic;h stack themselves at the outer half of the lipid regidn of the bilayer
membrane of the liposomes with the polar hydroxyl group located at the level of
the bridge region, where hvydrogen bonding can take place (81). This
arrangement increases the stability of the Iiposomés and reduces the Ieékage of
medications through the bilayer membranes of the lipofsomes (81 - 86). A‘bdve
- the transition temperature of phospholipids, the CH molécules reduced thé
_rotational freedom of acyl chajns’in the liquid crystal phase resulting in closer and
mbre condensed packing, thereby decreasing the fluidity of the bilayer
membranes of the liposomes (73.). | |

The rapid discoloration of PS liposomes of hydroxyzine at 10°C a"nd 25°C,
althdugh the Iong-térm PE‘TH was unchanged, may indicate hydrolysis énd/or
| oxidation of the PS and lower stability relative to PC and‘HPCv from ‘4~to 24
mohths. -

‘Storage of cetirizine liposomes at 10°C for up to 24 months as ‘shown in
Téble 19 and Figure 20 had minimal effécts on the long-term PEC of HPC-SUV
 or HPC-MLY, which ranged from 87% to 92%. | |
At 10°C for up to 24 months, the initial PEC of F_‘Cv—MII_V and PS-MLV

' decreased over time from 92.0 % to 74.3% and from 90.7 % t0 69.8 %
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respectively as shown in Table 20 and Figure 21. Some slight discoloration of the
liposomal suspension of PC-MLV and PS-MLV of cetirizine was also observed.

From the PETH results, it appears that HPC-SUV and HPC-MLV
liposomes of hydroxyzine were stable upon storage at 10°C, 25°C, and 37°C.
The stability of PETH in PC-SUV and PS-SUV liposomes of .hydroxyzinev was
optimal during storage at 10°C and 25°C for up to 24 months. At 10°C for up to
24 months, the PEC of PC-SUV, HPC-SUV and PS-SUV was stable. At 10°C for
up to 24vmc>>nths, the most stable liposomes were HPC-MLV while the least
stable liposomes were PS-IVILV._

3.1.4.3.1. Particle Size Analysis

~The partidle size of the liposomes in these hydroxyzine and cetirizine

formulations, prepared using all three PL at pH = 6.5, was determined
immediately followihg preparation and after storage at 10+2°C for 20 months
using the submicron particle-sizer, and by measuring the Ia‘rgest diameter of the
liposomes using the transmission electron micrographs (TEM) (X=112,200), and
micrographs displayed on the screen of the computer monitor of the optical
microscope (MOM). The data are shown in Table 21, Fig.u'res 22a, 22b, 22c¢, 23a,

23b, 23c, Appendix B, Figures 1-14 and Appendix C, Figures 1-6.

The mean particle sizes of the liposomes, determined using the submicron
particle-sizer method for SUV and MLV, were not consistent with the results
found by measuring the liposomes from the TEM or MOM. Using the submicron

v‘particle—sizer li‘ght-scaﬁering technique method, the mean + SD particle size |

distribution of all of the liposomes in the test sample was determined. However,
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aggregates of liposomes would be recorded as individual liposomes,
consequently yielding larger mean particle sizes. Using the TEM or MOM
method, individual liposomes were identified from the mounted samples and the
largest diameters measured as observed in the photographs, in case of TEM, or
on the screen of the computer monitor in case of MOM. The MOM results more
likely represent the true sizes of the SUV and MLV. The reproducibility of the
MOM .measurements was determined by five replicate measurements of v
representative SUV and MLV liposomes. Foi SUV the mean+SEM was
113£2.05 nm, % C.V. of 1.8% and for MLV the meaniSEM was 2037+4.44 nm,
% C.V. of 0.2%. The MOM results in Table 21, were determined from the
measurement of 10 liposomes in each of 6 test samples drawn from each batch
of SUV or MLV. These results provide a larger sample size than TEM where

often limited numbers of liposomes were located in the photographs.

From the MOM results, it was concluded that the ethanol injection method
resulted in liposomes in the size range of SUV (<100 nm) and thé lipid »film‘
hydration method resulted in liposomes of the size range of MLV (100 nm to 20
' urri) as shown in Table 21. The MLV structure could be identiﬁed in the TEM.
Further studies are needed to identify specific factors that may affect the physical
stability of the iiposome vesicles containing hydroxyzine or cetirizine. In most

cases PETH and PEC results were unchanged following storage.

3.2. In Vivo Studies of Hydroxyzine and Cetirizine
The objectives of the in vivo studies were to determine the onset, intensity,

and duration of the peripheral Hs-antihistamine activity, and the rate and the



extent of systemic absorption of hydroxyzine and cetirizine following the
application of liposome formulations to the skin in a rabbit model.

The rabbit has been used for more than two decades as a model to test
dermatological products including the topically applied liposomes (151). Alsb
studies have shown that rabbit skin is as reactive as human skin to passive
permeability of topically applied substances (152, 153).

The outer layer of the rabbit skin is the epithelium and is known as the
epidermis or scarf-skin. It is stratified and composed of several layers of cells.
The cells closest to the dermis are formative, growing cells, while those at the
surface are flattened squamous cells, which are continuously being discarded.
The muttiple layers of the rabbit skin, yield a relatively thin membrane covering
the entire body. This membrane extends over the entire surface of the rabbit
body and connects at certain points with the epithelia of the internal surfaces.
The membrane is supported by a thick resistant layer of connective tissue, which |
forms the true skin or corium (154).

The rabbit as a model to test dermatological medications is suitable
because the rabbit body surface area is large enough to permit repeated
dermatological tests, and the blood volume is of sufficient size to permit

.collection of the required number of timed blood samples without significantly
affecting the volume of distribution of the medications. The total volurﬁe of blood
collected from each rabbit was about 22 mL for each study period, always less
than 10 % of the total blood volume of each rabbit (155). A recovery period of not

less than two weeks was sufficient to allow the blood volume to be restored.
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Before the cross-over studies commenced, the reproducibility of the
histamine injection test was determined using the histamine-induced wheal area
method on the shaved backs of 3 rabbits, 10 injections / rabbit. The mean wheal

area obtained was 1.00 + 0.05 cm? with a % C.V. of 8.6%.

To evaluate the possibility of any suppression of the histamine-induced
wheals by the non- medicinal ingredients used in the preparation of the
liposomes, including phospholipids and cholesterol, non-medicated PC-SUV
were prepared and applied to the shaved backs of the rabbits using the same
study design as used for hydroxyzine- and cetirizine- containing formulations.
The histamine-induced wheal areas on the shaved backs of each rabbit were
determined at time intervals of pre-dose, 0.5, 1, 2, 3 and 4 h. There was no
significant difference between the pre-dose wheal areas in this study (1.18 £ 0.7
cm?), and the wheal areas measured after each time interval. The mean values
of the wheal areas were 1.11 £ 0.03, 1.33 £ 0.15, 1.46 + 0.08, 1.3 + 0.08, and
1.11+0.13 cm?at 0.5, 1, 2, 3 and 4 h, respectively. The overall mean from the
different time intervals was 1.25 + 0.06 cm® with a % C.V. of 6.80 %. This value
is not significantly different from the previously determined validation wheal area
study, 1.00 + 0.05 cm?, with no application of non-medicated liposomes. These
results confirm that phosphatidyicholine and cholesterol did not have any
peripheral antihistaminic activity. The results are shown in Table 22 and Figure

24. These results would also be valid for PC-MLV, HPC-SUV and HPC-MLV.
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In addition, phospholipids have never been reported to exhibit any antihistaminic

activity.

3.2.1. HPLC Analysis of Hydroxyzine in Plasma
Table 23 and Figure 25 show the mean calibration curve of

hydroxyzine using antazoline as the internal standard after extracting human
plasma “spiked” with hydroxyzine and antazoline. The calibration curve was
constructed by plotting the peak area ratio of hydroxyzine to antazoline versus
concentrations of hydroxyzine. Reproducibility of the calibration curves were
determined by constructing calibration curves each time the analysis of
hydroxyzine concentrations were determined in the rabbit plasma samples. The
variability is expressed as the percent Coefficient of Variation (% C.\V.). The
calibration curves were linear over the range selected, 20-100 ng/mL, with R? =
0.99. The mean linear equation y= 0.00069x — 0.0057 was used to calculate the
concentrations of hydroxyzine in all of the rabbit plasma samples. The value 2.5
ng was considered to be the lowest limit of quantification. The extraction
efficiency of hydroxyzine was 95 %. No interfering peaks were found in the

chromatograms at the retention times of hydroxyzine or the internal standard.

3.2.2. HPLC Analysis of Cetirizine in Plasma
Tablé 24 and Figure 26 show the mean calibration curve data of
cetirizine using J028 as the internal standard after extracﬁng human plasma
“spiked” with cetirizine and J028. The calibration curve was constructed by

plotting peak area ratio of cetirizine to J028 versus concentrations of cetirizine.



86

Reproducibility of the calibration curves were determined by constructing
calibration curves each time the analysis of cetirizine concentrations were
determined in the rabbit plasma samples. The variability is expressed as the
percent Coefficient of Variation (% C.V.). The calibration curves were linear over
the range selected (20-100 ng/mL) yielding an R? = 0.99. The mean linear
equation y= 0.0129x — 0.0045 was used to calculate the concentrations of
cetirizine in all of the rabbit plasma samples. The value 2.5 ng was considered to
be the lowest limit of quantification. The extraction efficiency of cetirizine was 85
%. No interfering peaks were found in the chromatograms at the retention times
of cetirizine or the internal standard.

3.2.3. In Vivo Evaluation of PC Liposomes of Hydroxyzine

Liposomes have been used as a carrier system to deliver

medications into the skin in order to achieve topical therapeutic effects with
reduced systemic absorption (53, 54, 151). In both the SUV and MLV liposomes
prepared for these studies, a high percentage of the amount of hydroxyzine
incorporated into the formulations was entrapped within the liposome vesicles.

The liposome batches were prepared using phosphate buffer at pH 6.5.
The SUV liposome formulations had a mean + SD particle size of 0.26+0.2 um
using the submicron particle sizer and a mean + SEM particle size diameters of
51.7+7.9 nm and 174.0£ 82.1 nm using TEM and MOM respectively with 86.0%
entrapmenf of the total amount of hydroxyzine added as shown in Tables 17, 21
and Figures 16, 22a, 22b, 22c. The MLV liposome formulations had a mean + SD

particle size of 4.87+0.65 um using the submicron patrticle sizer, and a mean *
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SEM particle size diameters of 264.0+22.3 nm and 1020.0+70.1 nm using TEM
and MOM respectively with 94.3% entrapment of the total amount of hydroxyzine
added as shown in Tables 18, 21 and Figures 17, 22a, 22b, 220. The MOM

~ results probably more accurately represent the true sizes of the SUV and MLV

prepared in these formulations compared to the submicron particle sizer and

The high extent of entrapment of hydroxyzine into the lipid vesicles was
probably due to the lipophilicity of the neutrél form of hydroxyzine in the liposome
‘s'ystem (log P = 3.4), which was similar to that evaluated in ah n-octanol/water
- system (log P = 3.5) (117).
| Hydroxyzme peripheral Hy-antihistaminic actlwty over time is shown in
Tables 25-27 and Flgure 27 as absolute wheal areas, and in Tables 28 -30 and
Flgures 28, 28a, as percent suppression of histamine-induced wheals. In
comparison with the pre-dose wheal areas, all hydroxyzihe formulations
. .significantly suppressed wheal formation for up to 24 h, P <0.05. Onset of
suppression was rapid, with about 75% SQppression occﬁrring as early as 0.5

“hour as shown in Tables 28—30, Figures 28, 28a. Maximum suppression, 85% +
9.6% to 94% + 5%, was present from 2 to 6 h. There Was no significant

difference in activity among the formulations PC-SUV, PC-MLV, and GB, the

- control formulation, containing hydroxyzine, for up to 24 h.

- Peripheral H-antihistaminic activity did not differ significantly after topical
application of hydroxyzine in the 3 formulations tested. This finding may be

attributed to the lipophilicity of hydroxyzine, possibly leading to complete skin
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penetration of the drug regardless of the formulation. The efficacy of Hs-
antihistamines in skin disorders such as urticaria in humans is attributed primarily
to their Hy-antihistaminic activity on small unmyelinated afferent C-fibers and
reduction of itching. ‘ln addition, Hq-antihistaminic activity on neurogenic reflexes
reduces erythema/flaring, while Hq-antihistaminic activity on the endothelial cells
of the postcapillary venules reduces leakage of the fluid and cells and resultant
wheals (156).

The extent of systemic absorption of hydroxyzine Was determined from the
mean plasma hydroxyzine concentrations measured at the pr,e—s‘electedvtimes
after hydroxyzine ‘application, as shown in Tables 31-33 and Figure 29. Any
vaﬁability in hydroxyzine plasma concentrations between the individual rabbit
bwas considered during the statistical data analysis. The mean plasma
hydroxyzine concentrations after PC-SUV and PC-MLV abplication were similar
to each other, and significantly lower than those after GB application for up to

24 h, P <0.05. Corhpared with both PC-SUV and PC-MLV formulations, which
resulted in mean plasma concentrations of only 12.5 + 12.1t0 0.9 + 0.4 ng/mL,
With an AUC of 80.1 £ 20.8 ng.h/mL, and 78.4 + 33.9 ng.h/mL, réspectively, over
24 h, the mean plasma hydroxyzine concentrations from GB were significanﬂy
higher and ranged from 51.7 + 15.8 to 11.9 £ 4.6 ng/mL, with an AUC of 492 +
141 ng.h/mL, P <0.05. |

| The hydroxyzine plasma concentrations obtained from GB, wheh‘plotted
versus time as shown in Figure 29, yield a plasma concentration veréus time

curve similar in shape to that of oral dosing curve, with a maximum concentration
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at 1 h, followed by decreasing concentrations over time as the hydroxyzine was
eliminated. These results may be due to the hydroxyzine being released rapidly
from the GB and absorbed quickly thorough the skin as a bolus dose. The
lipophilic nature of the medication would permit rapid passage through the
stratum corneum and the other dermal layers into the systemic circulation. In
addition GB, a water in oil emulsion base might improve the penetration of the
hydroxyzine through the stratum corneum and increase its plasma
concentrations. Hydroxyzine has a relatively large in vivo volume of distribution,
so it would redistribute rapidly into the skin layers and produce the potent
peripheral antihistaminic effects seen in this study, and shown previously in
studies in human subjects to whom hydroxyzine was administered orally (146).
The SUV and MLV liposome formulations yielded relatively low and
persistent plasma hydroxyzine concentrations in conjunction with rapid onset and
duration of significant peripheral Hy-antihistaminic effects, as monitored by
suppression of the histamine-induced wheals. These results indicate that the
liposomes may be causing the hydroxyzine to be concentrated in the skin. This
could be achieved by the liposomes adsorbing to the skin surface intact, before
penetrating through the stratum corneum. The smaller SUV may penetrate the
~skin intact and then release the medication in a modified-release process during
the ensuing 24 h. The larger MLV may shed the outer layers, slowly relea-sing
some of the medication, and then penetrate the stratum corneum as oligolamellar

vesicles and releasing the medication consistently over the 24 hours. This would
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explain the low concentrations of hydroxyzine in the systemic circulation from the

two liposome formulations.

The extent of systemic absorption of hydroxyzine from these formulations
was also evaluated by measuring the plasma concentrations of cetirizine, the
active in vivo metabolite of hydroxyzine. Sufficient plasma samples for these
analyses were available as shown in Tables 34-36 and Figures 30, 30a. Any
variability in cetirizine plasma concentrations between the individual rabbit was

considered during the statistical data analyses.

There were no significant differences among mean plasma cetirizine
concentrations ranging from 18.4 + 3.7 to 70 + 10.5 ng/mL arising from the
hydroxyzine absorbed from PC-SUV (AUC of 765 + 50 ng.h/mL), PC-MLV (AUC
of 1035 + 202 ng.h/mL), and GB (AUC of 957 + 226 ng.h/mL) over 24 h. itis
difficult to account for the fact that plasma cetirizine concentrations arising in vivo
from hydroxyzine after the SUV and MLV formulations were not significantly
different from those obtained after GB. The smaller volume of distribution of
cetirizine would partly account for the higher plasma concentrations compared to
_hydroxyzine (121). If the hydroxyzine is concentrated in the skin from the SUV
and MLV doses, then it is possible that it is metabolized to cetirizine in the skin,
since the cytochrome P4s0 enzymes that would metabolize it to cetirizine in vivo,
are definitely present in the skin (157). This requires further study. The cetirizine
arising in vivo from the hydroxyzine-SUV and -MLV formulations likely also

contributes to the suppression of the histamine-induced wheals (129).
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The in vivo cetirizine concentrations achieved from hydroxyzine after the
GB application would be consistent with rapid metabolism of hydroxyzine to
cetirizine by the hepatic cytochrome P45y system (158). The pattern of
suppression of the histamine-induced wheals by hydroxyzine from GB, as shown
in Figure 28a, is consistent with the observed hydroxyzine plasma concentrations
from GB and from cetirizine as shown in Figure 30a. An initial wheal suppression
peak at 2 h caused by the hydroxyzine is followed by a secondary wheal
suppression peak at 6 h probably caused by the formation of the active

metabolite cetirizine in vivo.

At 24 h after topical application of 10 mg hydroxyzine in PC-SUV, PC-
MLV, and GB, the amount of the hydroxyzine dose remaining on the skin ranged
from 0.02 + 0.01% to 0.06 + 0.02% of the applied dose, and there was no
significant difference among the formulations as shown in Table 37 and Figure
31. The amount of hydroxyzine remaining on the skin was very low compared
with the initial dose applied. These results show that the low systemic
concentrations of hydroxyzine following the application of the liposome
formulations were not due to lack of absorption of the medication. The proposed
mechanism of liposome penetration would explain the low concentrations of
hydroxyzine in the systemic circulation from the 2 liposome formulations. This
would need to be confirmed by measuring hydroxyzine concentrations in the skin
in a different animal model. It was not possible to perform biopsy studies in the
rabbits since the animals could not be euthanasia due to the crossover study

design.
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These results are in agreement with those of Mezei (159) and Foldvari et
al., (160) who have proposed several mechanisms to explain the liposome skin
interactions and/or penetration. Multilamellar and unilamellar liposomes can be
adsorbed to the skin surface intact before their penetration into the skin. Although
larger liposomes may rupture on the skin surface releasing medication, smaller
intact vesicles probably penetrate the skin. It is possible that intradermally
localized unilamellar or oligolamellar vesicles are derived from multilamellar
Iiposomes that have lost their outer bilayers by shedding during penetration.
Foldvari et al., (160) detected many intact SUV and to a lesser extent MLV
liposomes, microscopically in guinea pig skin, by using electron-dense colloidal
iron-containing liposomes.

Although skin concentrations of hydroxyzine were not measured in our
study, the low plasma hydroxyzine concentrations and the accompanying rapid
and persistent suppression of the histamine-induced wheals are also in
agreement with Foldvari ef al., (160). These investigators found higher
concentrations of "“C-lidocaine in the epidermis and dermis of guinea pigs
treated with liposome-encapsulated lidocaine compared with lidocaine in
Dermabase (o/w) cream. Other investigators (53, 161-163) found that the
application of MLV liposomes prepared using phosphatidylcholine and loaded
with hydrocortisone resulted in increased drug concentrations in the various
layers of the skin epidermis and dermis, with an accompanying decrease in the
serum concentrations, potentially leading to an increase in efficacy, while

simultaneously decreasing the risk of adverse systemic effects. Foong et al., (54)
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concluded that liposomal encapsulation of retinoids by soy phospatide and
cholesterol can provide higher drug concentrations in the dermis and epidermis
of albino guinea pig skin and lower drug concentrations in plasma and urine, in
contrast to cream or gel dosage forms.

In this animal model we found that application of hydroxyzine in liposome
formulations significantly reduced systemic exposure to the drug compared to
GB, P <0.05. In addition, the peripheral H;-antihistaminic effects evaluated using
- suppression of the histamine-induced wheal formation were excellent and

significant from the liposome formulations compared to pre-dose results, P. <
0.05. These finding support our hypothesis that the liposomes may be causing
vthe hydroxyzine to be concentrated in the skin.
| 3.2.4. In Vivo Evaluation of PC Liposomes of Cetirizine
Liposomes have been used as a carrier system to deliver medications into
thé skin in order to achieve the therapeutic effect with lower systemic absorption
(53). By administering cetirizine in liposome formulations to the skin, the
peripheral H;- antihistaminic activity should be retained, potentially improving the
therapeutic effects, while absorption into the systemic circulation should be
reduced, minimizing the potential of adverse effects.
| The liposome batches were prepared using phosphate buffer at pH 6.5. |
| ‘The SUV liposome formulations had a mean + SD particle size of 0.17 + 0.09 pum

using the submicron particle sizer and mean + SEM of 153.5+17.8 nm and

109.0+17.9 nm using TEM and MOM with 92.0% entrapment of the total amount

of cetirizine added as shown in Tables 19, 21 and Figures 20, 23a, 23b, 23c. The
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MLV liposome formulations had a mean + SD particle size of 3.47 + 0.53 um
using the submicron particle sizer, and mean + SEM of 358.3 +22.0 nm énd
1000.5+100.1 nm using TEM and MOM respectively with 92.0% entrapment of
the total amount of cetirizine added as shown in Table 20, 21 and Figure 21, 23a,
23b, 23c. The MOM results probably more accurately represent the true sizes of |
the SUV and MLV prepared in these formulations compared to the submicron
~ particle sizer and TEM results. These findings were discussed in Section |
3.1.4.3.1. |

The high extent of entrapment was probably due to the lipophilicity of the
cationic form of cetirizine in the liposomal system (log P= 3.2), which was higher ’
than that evaluated in an n-octanol/water system (log P= 1.12) [117]. This may
creafe a concentration gradient that possibly éncourages further entrapment of
cetirizine into the liposomes to 92 %.

Cetirizine peripheral Hy-antihistaminic activity over time is shoWn in Tables
- 38-40 and Figure 32 as absolute wheal areas, and in Tables 41-43 ahd Figures
"3'3, 33a, as percent suppression of histamine-induced‘ wheals. Th,roughout 24h,
the peripheral H;-antihistaminic activity of cetirizine, measured as mean (= SEM)
| percent suppression of histamine-induced wheals versus time was super}iorv to
| GB, p< 0.05.
| Cetirizine from both SUV and MLV significantly supbressed the wheal
formation for up to 24 h, with maximum wheal suppression from 6 h t',o‘8‘ h
‘ranging from 90.6 + 4.9 % to 89.0 + 3.8 % and 98.0 +1.3 % to 94.0+2.3%

respectively. Suppression of the wheals by cetirizine from MLV increased linearly
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over time from44.8 +98 % at0.5ht098.0+1.3% at6 h. In contrast, cetirizine

from GB resulted in a maximum suppression of only 70.3 + 3.8 % at 4 h.

The extent of systemic absorption of cetirizine was determined by using
mean (+ SEM) plasma concentrations at selected times after cetirizine
application from SUV, MLV and GB, as shown in Tables 44-46 and Figure 34.
Any variability in cetirizine plasma concentrations between the individual rabbit

was considered during the statistical data analysis.

Cetirizine plasma concentrations obtained from GB yield a plasma
‘concentration versus time curve similar in shape to oral dosing curve, with a
Crmax, 58.5 £ 5.2 ng/mL at 0.5 h, followed by decreasing concentrations over time
as the cetirizine was eliminated, resulting in a mean + SEM AUC of 248.3 + 34.6
ng.hr/mL from 0.5 h to 10 h. This may be due to cetirizine being released rapidly
from the GB and absorbed quickly through the skin into the systemic circulation
as a bolus dose. Cetirizine has a relatively small volume of distribution, but would
slowly redistribute into the skin and produce the peripheral antihistaminic effects
from GB seen in this study, and as shown previously in oral dosing studies in

human subjects (111).

Compared to GB, the SUV may act as a controlled release depot in the
skin for cetirizine leading to constant cetirizine plasma concentrations over 24 h
with AUC of 201+ 24.2 ng.hr/mL from 0.5 h to 10 h. This plasma concentration
versus time profile may possibly minimize systemic adverse effects, while
resulting in a relatively higher peripheral antihistaminic activity for up to 24 h.

SUV liposomes may adsorb to the skin surface and penetrate intact through the
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stratum corneum where modified-release of the medication occurs as retlected
from constant cetirizine plasma concentrations over 24 h. In a previous study
(129), plasma cetirizine concentrations after a 10 mg cetirizine oral dose to |

| children, 25.4 + 1.9 kg, ranged from 585.6 ng/mL to 1491.6 ng/mL during the 24
h post dose time period. By comparing these results with those obtained after
application‘of SUV containing cetirizine, it is proposed that cetirizine in the
liposomes may be concentrated in the sk‘in resulting in a reduction of the
histamine-induced wheal reactions (164). This hypothesis would need to be
confirmed by measuring cetirizine concentrations in the skin in a different animall
"model. It was not possible to perform biop's‘y studies in the rabbits since the

animals could not be euthanasia due to the crossover study design.

From 0.5 to 10 h, the AUC of the plasma cetirizine concentrations after
application of MLV was 334.6 + 65.1 ng.hr/mL. The increasing cetirizine plasma
concentrations after 3 h from MLV was accompanied by increasing wheal
suppression. From 0.5 to 3h, it could be assumed that the periphe_ral‘ Hi-

' antihistaminic activity from cetirizine in MLV may be,obtained when MLV
physically shed the outer larriellas initiallyy releasing some of the medieation into
the skin. Then after 3 h, MLV could penetrate as oiigovia‘mellar vesicles, ciarrying
the drug into the skin, releasing the medication into"the sbki}vn and 'thei eyevtemic
‘. ,c;ircuiation yielding the peripheral antihistaminic eftects ftoriivM_LV. Cetirizine has
~a relatively small volume of distribution, but would slowly redistribute into the skin
- and produce the peripheral antihistaminic effects from MLV‘seen in ti‘j‘isi.s}tudy,

-~ and as shown preyiously in oral dosing studies in human.bsubjects (111). _T'hese '
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plasma cetirizine concentrations are still much lower than reported after 10 mg
oral doses in children.

This hypothesis may be supported by a previous study conducted by
Foldvari ef al., (160), who found intact unilamellar liposomes (300-500nm),
containing an electron-dense colloidal iron marker, in the dermis of guinea pigs
using the electron microscope. These investigators also reported that -
multilamellar liposomes could be found but less frequently than unilamellar
liposomes. In addition the investigators speculated that the unilamellar liposomes
(300-500 nm) could penetrate through the ‘the lipid channels’ of the skin, that is
the lipidic material distributed in the intercellular spaces. The investigators also
speculated that MLV may shed the outer layers during‘ penetration and could
then localize in the skin as uni- or oligolamellar liposomes. |

Previous investigators (165-167), found that the sebaceous glands and
hair follicles were the major routes of liposome penetration, especially for
hydrophilic substances, such as isotretinion, carboxyfluorescein, and betahistine.
In contrast, using hairless mice versus shaved normal mice as experimental
models, Honzak et al., (168) found that trans-follicular absorption was not a
major route of penetration for liposomes into the skin. In their stLjdy, the MLV
liposomal formulation consisted of phosphatidylcholine plus |
hydrophosphatidylcholine containing the hydrophilic spin probe GluSL (N-(1-oxyl-
2,2,6,6—tetramethyl-4-piperidinyl)—2,3,4,5,6-pentahydroxy-hexane amide).

Regardless of the route, in our study, penetration into the skin of cetirizine from
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all formulations seemed to be rapid, based on the onset time, 0.5 h, of histamine-
induced wheal suppression.

Other investigators have also suggested that the liposome formulations
~might localize entrapped medications in the skin (53, 54, 68). In addition, Patel
(169), reported that [°H}-methotrexate entrapped in liposomes was retained in the
skin of nude mice to an extent 2-3-fold greater than drug administered in the free
state, was associated with low concentrations of drug in the plasma and with
sustained drug effects.

The mean (+ SEM) percentages of the 10 mg cetirizine dose remaining on
the skin at 24h after the topical application were 9.9 + 1.5 %, 32 + 9.2 %, and
17.4 + 3.6 % for cetirizine from SUV, MLV, and GB respectively as shown in
Table 47 and Figure 35. The lowest percent of cetirizine dose remaining was
observed from SUV, p< 0.05. This may be attributed to improved penetration of
cetirizine from SUV relative to the other two formulations.

Peripheral Hi-antihistaminic effects evaluated using suppression of the
histamine-induced wheal formation were enhanced when cetirizine liposome
formulations were applied. The lower plasma cetirizine concentrations from SUV
Iand the lowest percent of cetirizine dose remaining on the skin after the topical
application for up to 24 h support our hypothesis that these liposomes would
Iocalize cetirizine in the skin and might reduce systemic effects.

3.2.5. In Vivo Evaluation of HPC Liposomes of Cetirizine

Various medications have been incorporated into liposomes for topical

delivery to enhance the therapeutic effects and reduce the systemic side effects
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(170,171). Cetirizine, a potent second-generation Hs-antihistamine, is very
effective for the treatment of allergic skin disorders but is slightly sedating when

given orally.

The liposome batches were prepared using phosphate buffer atpH 6.5.
The SUV liposome formulations had a mean + SEM particle size of 1.96 + 0.28
pm using the submicron particle sizer, 40.0 + 4 nm using TEM, and 180.0i89.0 |
nm using MOM with 92.8% entrapment of the total amount of cetirizine added as
- shown in Tables 19, 21 and Figures 20, 23a, 23b, 23c. The MLV liposome
formulations had a mean + SEM particle size of 11.16+1.28 pm using the
submicron particle sizer, 296.0 + 27.1 nm uksing TEM, and 2300.1+54.2 nm using
MOM with 89.7% entrapment of the total amount of cetirizine added és shonn in
Tables 20, 21 and }Figures 21, 23a, 23b, 23c. The MOM results prObably more
accurately represent the true sizes of the SUV and MLV prepared in _thesé

~ formulations compared to the submicron particle sizer and TEM results. These

- In both the SUV and MLV liposomes prepared for these studies? a ve_ry

| higﬁlpe‘rcentage of the amount of cetirizine incorporated into the fo‘rm’UIatibné
was entrapped within the Iiposome vesicles. The high extent of entrapmént int‘o
the lipid vesicles was probably due to the lipophilicity of the cationic ’fOrvm of
cetirizine in the liposomal system (log P = 3.2), which was higher than that
evaluated in an n-octanol/wat_er system (log P = 1.12) ('1 17). This may creéte a

concentration gradient that possibly encourages further entrapment of cetirizine

- ~ into the liposomes to the 89.7% and t0.92.8% in MLV and SUV, respectively.
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Cetirizine peripheral Hy-antihistaminic activity over time is shown in Tables
38, 48, 49 and Figure 36 as absolute wheal areas, and in Tables 41, 50, 51 and

Figures 37, 37a, as percent suppression of histamine-induced wheals.

Compared with the pre-dose wheal areas, a rapid onset of H;-
antihistaminic activity was achieved from cetirizine in HPC-MLV. After 1 hour, the
suppression was 93.8% * 2.2% compared with HPC-SUV, 23.6% + 5.5%, and
GB, 36.5% * 7.4%, p< 0.05. Compared with pre-dose results, significant wheal
suppression from cetirizine in HPC-SUV was achieved onlyat24 h, 91.7% +
5.2%, while in HPC-MLV suppression was significant from 0.5 to 24 h, and in GB

from 0.5 to 8 h, p< 0.05.

Cetirizine from HPC-MLYV yielded a prolonged maximum suppression of
97.5% + 1.4% to 94.4% + 1.7% from 4 h to 8 h. Cetirizine from GB yielded a

maximum suppression of only 70.3% + 3.8%, at 4 h.

After 24 h, the peripheral Hi-antihistaminic activity of cetirizine frc.J.m HPC-
SUV, 91.7% + 5.2%, was superior to GB, 36.3 + 4.3, p< 0.05. Overall, the
peripheral Hy-antihistamine activity of cetirizine from HPC-MLV was superior and
prolonged from 4 to 8 h, ranging from 97.5% + 1.4% to 94.9% + 1.7% compared
with HPC-SUV, 36.5% + 5.9% to 44.1% + 11.3%, and GB, 70.3% + 3.8% to

60.6% + 14.2%.

The extent of systemic absorption of cetirizine was determined by
evaluating the mean plasma cetirizine concentrations at selected times after

cetirizine application, as shown in Tables 44, 52, 53 and Figures 38. Any



101

variability in cetirizine plasma concentrations between the individual rabbit was

considered during the statistical data analysis.

Cetirizine plasma concentrations obtained from GB, when plotted vs time
as shown in Table 44 and Figure 38, yield a plasma concentration vs time curve
similar in shape to the oral dosing curve, with a Crmax at 0.5 h, followed by
decreasing concentrations over time as the cetirizine was eliminated. Cetirizine
plasma concentrations from GB were much lower than those obtained from a 10-
mg oral dose (129) but higher than those obtained from HPC-SUV and HPC-
MLYV. This finding may be due to cetirizine being released rapidly from the GB
and absorbed quickly through the skin into the systemic circulation as a bolus
dose. Cetirizine has a relatively small volume of distribution but would slowly
redistribute into the skin and produce the peripheral antihistaminic effects from
GB seen in this study, and as shown previously in oral dosing studies in human

subjects (111).

The AUC of plasma cetirizine concentrations from 0.5 to 24 h after HPC-
SUV, 67 * 5.2 ng.hr/mL, was significantly lower than after GB application, AUC of
248.3 £ 34.6 ng.hr/mL, p< 0.05. The mean (+ SEM) plasma cetirizine
concentrations from 0.5 to 8 h after HPC-SUV were lower but not significantly
different compared with cetirizine from HPC-MLV. From 0.5 to 2 h, the mean
plasma cetirizine concentrations from HPC-MLV, 24.3 + 11.7 ng/mL to 25.3 £
10.8 ng/mL, were significantly lower than from GB, 35.0 + 3.7 ng/mL t0 58.5 £ 5.2

ng/mL, p< 0.05. The AUC of HPC-MLV was 221.2 + 42.3 ng.hr/mL.
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From 0.5 to 24 h, an increasing linear relationship was observed between
the mean percentage suppression of histamine-induced wheal by cetirizine from
HPC-SUV vs time. The cetirizine plasma concentrations from HPC-SUV
remained relatively low and consistent compared with HPC-MLV and GB,
perhaps indicating a zero-order release of medication into the systemic
circulation. In contrast, the drug concentrations at the receptor site in the skin
may have increased with time resulting in a steady increase in the wheal
suppression. These results need confirmation by performing extra skin tests and
taking extra blood samples between 10 and 24 h, and further testing after 24 h to
determine the duration of the efficacy. It might also be possible to determine skin

concentrations of cetirizine in a different animal model.

The MLV liposome formulations yielded relatively low consistent plasma
cetirizine concentrations in conjunction with rapid onset and duration of
significant peripheral Hi-antihistaminic effects, as monitored by suppression of
the histamine-induced wheals, compared with both HPC-SUV and GB. In a
previous study (129) after a 10-mg cetirizine oral dose to children (25.4 + 1.9 kg),
plasma cetirizine concentrations ranged from 585.6 to 1491 6 ng/mL during the
24-hour post-dose time period. By comparing these plasma cetirizine
concentrations with those obtained after application of liposomes containing 10
mg cetirizine, it is proposed that cetirizine in the liposomes may be concentrated
in the skin, resulting in a reduction of the histamine-induced wheal reactions

(164).



As was discussed for PC-SUV, this hypothesis may be supported by a
previous study conducted by Foldvari et al., (160) who found intact unilamellar
liposomes (300-500nm), containing an electron-dense colloidal iron marker, in
the dermis of guinea pigs using the electron microscope. These investigators
also reported that multilamellar liposomes could be found but less frequently than
unilamellar liposomes. In addition the investigators speculated that the
unilamellar liposomes (300-500 nm) could penetrate through the ‘the lipid
channels’ of the skin, that is the lipidic material distributed in the intercellular
spaces. The investigators also speculated that MLV may shed the outer layers
during penetration and could then localize in the skin as uni- or oligolamellar

liposomes.

Depending on the above explanations, it could be assumed that a rapid
onset of peripheral Hy-antihistaminic activity obtained from cetirizine in MLV may
be obtained when MLV physically shed the outer layers, initially releasing some
of the medication into the skin. Then MLV could penetrate as oligolamellar
vesicles, carrying the drug into the skin and releasing the medication consistently -
over the 24-hour study period as the skin endogenous phospholipases
sequentially degrade the remaining lamellae. The SUV, in contrast, may
penetrate the skin as intact liposomes and then release the medication in a
modified-release process as the skin endogenous phospholipases degrade the
lamellae during the ensuing 24 h. This possible mechanism of liposome
penetration would explain the low concentrations of cetirizine in the systemic

circulation from the 2 liposome formulations. This hypothesis would need to be
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confirmed by measuring cetirizine concentrations in the skin in a different animal
model. It was not possible to perform biopsy studies in the rabbits since the

animals could not be euthanasia due to the crossover study design.

The higher and faster peripheral H;-antihistamine activity as well as higher
plasma concentrations of cetirizine from HPC-MLYV relative to HPC-SUV are
similar to the results of Egbaria et al., (172, 173). These researchers found that
MLV liposomes of ciclosporin prepared using different phospholipids produced a
deeper drug penetration in the skin strata of humans and hairless mice than that
found from SUV. After penetration, HPC-SUV may retain the cetirizine until the
liposome bilayer membrane is degraded by endogenous phospholipases (174-
176) resulting in the slow release of cetirizine over time into the skin, which
provides increasing wheal suppression but persistently low plasma
concentrations. These results need to be confirmed by measuring cetirizine

concentration in the skin and detecting the intact liposomes in the skin.

The mean (+ SEM) percentage of cetirizine dose remaining on the skin at
24 h after the topical application of 10 mg of cetirizine from HPC-SUV, 5.9% +
0.7%, was significantly lower compared with HPC-MLV, 19.2% + 4%, and with

GB, 17.4% £ 3.6%, p< 0.05 as shown in Table 54 and Figure 39.

The HPC-SUV resulted in the lowest percentage of the cetirizine dose
remaining on the skin when compared with the other 2 formulations, p< 0.05.
This finding may be attributed to improved penetration and concentration of the

drug into the skin from SUV but delayed release when compared with the other 2
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formulations. The relatively low plasma cetirizine concentrations from HPC-SUV
are therefore not due to a lack of absorption of the medication. The increasing

concentrations of cetirizine in the skin from HPC-SUV hypothesis is supported by
the linear increase of peripheral Hy-antihistamine activity over time from 0.5 h up

to 24 h.

Peripheral Hi-antihistaminic effects evaluated using suppression of the
histamine-induced wheal formation was enhanced from cetirizine MLV liposome
formulations compared with cetirizine from SUV and GB. The accompanying
lower plasma cetirizine concentrations from liposome formulations, compared
with those obtained following GB and when compared with those measured after
oral administration to humans (111, 129) support our hypothesis that liposomes
would localize cetirizine in the skin and might possibly reduce the incidence of

any systemic adverse effects of the medication.

From the above results, the use of liposomes as a delivery system for
hydroxyzine or cetirizine appears to improve the penetration and localization of
the medication in the skin as reflected from the persistent suppression of the
wheals induced by intradermal injection of histamine and low plasma
concentrations of hydroxyzine and/or cetirizine. This may increase the peripheral
therapeutic antihistaminic effects and minimize the systemic exposure to the

medication, thus potentially reducing systemic adverse effects.
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CHAPTER IV: SUMMARY AND CONCLUSION

The primary objective of the study was to evaluate the peripheral
Hi-antihistamine efficacy and rate and extent of systemic absorption of
hydroxyzine or cetirizine from liposome formulations, after topical application on
the depilated skin on the back of a rabbit model. The secondary objective was to
determine the physicochemical stability of the liposome formulations containing
hydroxyzine or cetirizine for at least one year.

Using a randomized, crossover study design, the peripheral
Hi-antihistamine efficacy was assessed by measuring the onset, extent and
duration of suppression of histamine-induced wheals by hydroxyzine or cetirizine
in liposome formulations compared with the suppression from hydroxyzine or
cetirizine in Glaxal Base, the control topical o/w cream formulation. The onset
and extent of systemic absorption were determined using plasma hydroxyzine
and/or cetirizine concentrations measured at predetermined times after
application of the liposome and control formulations to the skin.

For all PC-MLV liposome formulations prepared at pH 7, the formulation
technique was evaluated using various hydration times and periods of freezing

and thawing as described below
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Freezing and Thawing
Hydration Time (h) (5 cycles after Hydration)
No Yes
1 Control batch Batch A
24 Batch B Batch C
48 Batch D Batch E

The stability of the liposome formulations was evaluated by measuring the
percent entrapment of hydroxyzine (PETH) and percent entrapment of cetirizine
(PEC) as well as by particle size analyses.

For all PC-MLV liposome formulations prepared at pH 7, the initial PETH

of 94% was consistent and remained stable for up to 24 months at 10+2°C. After

one month at 37+0.1°C all batches showed considerable loss of PETH. There
was no effect of duration of hydration time on PETH, while the freezing-thawing
treatment during the preparation of the liposomes adversely affected PETH.
Using 1 h hydration time and no freezing-thawing treatment, the PETH,
61.8%, of the control batch prepared at pH 6.5, after one month at 37+0.1°C was
more stable than the PETH, 27.0%, in the batch prepared at pH 7. It would
appear that the buffer of pH 6.5 is better for entrapment and stability of MLV
containing hydroxyzine. The pH of buffer range from 5.5 to 7.0 or from 5.0 to 6.5
was optimal for entrapment and stability of hydroxyzine or cetirizine in SUV and

MLV liposomes respectively.
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From the above results, the preparation of both hydroxyzine and cetirizine
liposomes using a buffer of pH 6.5 value was therefore selected for the extent of
the entrapment and the stability of the liposomes. In addition it more closely
approximates the pH of the human skin (pH 4.5 to 6.5).

For in vivo studies, SUV, HPC-SUV and MLV of both hydroxyzine and
cetirizine were prepared by ethanol injection, extrusion, and lipid film hydration
methods respectively and all batches were kept at 10+2°C until studied using the
rabbit model. Phosphatidylcholine (PC) or phosphatidylcholine hydrogenated
(HPC) liposomes were prepared as models of “fluid flexible” and “solid rigid”
liposomes respectively.

In vivo evaluation of both PC-SUV and PC-MLV containing hydroxyzine
revealed that compared with baseline, hydroxyzine from all formulations
significantly suppressed histamine-induced wheal formation by 75% to 95% for
up to 24 hours, P < 0.05. Maximum suppression from all formulations, 95%,
occurred from 2 h to 6 h. The AUC of plasma hydroxyzine concentration from
PC-SUV and PC-MLYV, 80.1 + 20.8 ng.h/mL and 78.4 + 33.9 ng.h/mL,
respectively, were significantly lower than that from GB, 492 + 141 ng.h/mL over
24 h, P <0.05. Plasma concentrations of cetirizine arising in vivo as the active
metabolite of hydroxyzine, from PC-SUV, PC-MLV, and GB, were similar with
AUC of 765 + 50 ng.h/mL, 1035 + 202 ng.h/mL, and 957 + 227 ng.h/mL,
respectively. However, the combined plasma concentrations of hydroxyzine and
its metabolite cetirizine arising in vivo were significantly lower from the liposome

formulations than from GB. Only 0.02% to 0.06% of the initial hydroxyzine dose
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remained on the skin after 24 h. In this model, hydroxyzine from SUV and MLV
had excellent topical H-antihistaminic activity, and minimal systemic exposure
occurred. Cetirizine formed in vivo contributed to some of H.-antihistaminic
activity.

In vivo evaluation of both PC-SUV and PC-MLV containing cetirizine
showed that histamine-induced wheal formation was significantly suppressed by
cetirizine from PC-SUV and PC-MLV compared to cetirizine from GB, p< 0.05.
Maximum wheal suppression by cetirizine in PC-SUV and PC-MLV ranged from
906+4.9%t089.0+3.8% and 98.0+ 1.3 % t094.0+2.3 % respectively from
6-8 h. Compared to GB, the PC-SUV may act as a controlled release depot in the
skin for cetirizine leading to constant cetirizine plasma concentrations over 24 h.
This plasma concentration versus time profile of PC-SUV may possibly minimize
systemic adverse effects, while resulting in a relatively higher peripheral
antihistaminic activity compared to GB for up to 24 h. After 24 h, the percent of
the cetirizine dose remaining on the backs of the rabbits from PC-SUV was lower
than from both PC-MLV and GB, p< 0.05. In this model, cetirizine from both
- PC-SUV and PC-MLV had excellent topical Hy-antihistaminic effects, while
systemic exposure to cetirizine from SUV was reduced, compared to cetirizine
from PC-MLV and GB.

In vivo evaluation of both HPC-SUV and HPC-MLV containing cetirizine
showed that, compared to baseline, histamine-induced wheal formation was
suppressed by cetirizine in HPC-SUV only at 24 h, in MLV from 0.5-24 h and in

GB from 0.5-8 h, p< 0.05. Wheal suppression by cetirizine in SUV at 24 h,
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‘91 7+5.2 %, and in MLV, 93.8+2.2 to 76.2+6.5 %, was greater than cetirizine in
GB, 36.5+7.4 t0 60.61£14.2 %, from 1 to 24 h, p< 0.05. Faster onset, as well as
greater and more persistent suppression was obtained from cetirizine in
- HPC-MLV. Plasma cetirizine concentrations from HPC-SUV, AUC of 67+ 5.2
ng.hr/mL and from HPC-MLV, AUC of 221.2 +42.3 ng.hr/mL, were lower than
~from GB ,AUC of 248.3 + 34.6 ng.hr/mL. In this model, cetirizine from HPC-MLV
‘has excellent topical H}-antihistamine activity while sys’temic exposur_é was
're'du'ced, compared to cetirizine from GB.
~ From the above results, it is Cléar that liposome formulations are excellent

~ delivery systems for the topical application of hydroxyzine or cetirizine to the skin,
pfoducing significant peripheral Hi-antihistaminic effects in this rabbitjmodel |
:(177‘—179). Hydfoxyzine or cetirizine in PC-SUV, and PC-MLV and Cetirizine in
" v HPC—MLV formulations when applied to the skin, yielded faster onset, more
prolonged and greater peripheral Hi-antihistaminic activity than hydroxyzine or
. _cet‘irizine in a conventional o/w cream formulation. The accompanying plasma

~ hydroxyzine and cetirizine concentrations} from liposome formula’tionswere lower
fhan those obtained ‘from GB, and also when compared to those previously
_’ described following administration by thé IV-route in}the rabbit‘model‘(1 10) and

| Qrally to humans (114, 128, 129). These results support ou’r»hypothesis that

i 'li‘posomes would localize hydroxyzine and cetirizine in the skin and possibly

_ r_eduée the incidence of systemic adverSe effects of these H1-antih'istamines,
| The recqmmended dptimum formula that yields excellent Ivong-tey'rm

| stability is the liposomes containing h_ydfoxyzine or cetirizine prepared using
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L-a-phosphatidyicholine hydrogenated (HPC-MLV). The preparation Conditipns of
HPC-MLV that provide high percent entrapment and the long term stability are
hydrating the lipid films with phosphate buffer, 0.02M at pH 6.5, for one hour
- without using freezing-thawing treatment of the liposomes. |
The HPC-MLYV physicochemical stability results may be used to support

‘the primary required stability data for pilot studies of commercial formulations. In
addition, HPC-MLV containing cetirizine have prolonged, excellent
Hi-antihistamine efficacy with accompanying lower plasma Concentrations for up
to 24 h compared to conventional o/w cream formulations in a rabbit model.

A number of future studies are proposed after consideration of the results
from the present studies:

Compared to a control formulation such as Glaxal Base, the peripheral
Hi-antihistaminic activity and the systemic absorption of hydroxyzine or cetirizine -
from liposome formulations will need to be evaluated after storage of liposomes
for up to 24 months at 10£2°C, 25+3°C and 37+0.1°C. This study needs to be
conducted to evaluate if changes in liposome size by fusion and/or aggregation

or by loss of outer lamellas will affect the peripheral Hy-antihistaminic actNity and
the systemic absorption of hydroxyzine and cetirizine even though PETH or PEC
is unchanged.

Compared to a control formulation such as Glaxal Base, skin
concentrations of hydroxyzine and cetirizine from liposome formulations will need
to be determined in the rabbit or other animal model by sacrificing the animal and

using skin strips or biopsy samples or by the skin stripping method in live
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animals. Also the metabolism of hydroxyzine to cetirizine in the skin from
liposome formulations will need to be determined in the rabbit or other animal
model by sacrificing the animal then using a skin biopsy technique, or by the skin
stripping method.

Compared to a control formulation such as Glaxal Base, peripheral
Hq-antihistaminic activity using the histamine skin test (128, 129) and
accompanying plasma concentrations of hydroxyzine or cetirizine from
HPC-MLV will need to be evaluated in healthy adult participants.

Compared to a control formulation such as Glaxal Base, peripheral
Hq-antihistaminic activity using the histamine skin test or allergen test and
accompanying plasma concentrations of hydroxyzine or cetirizine from
HPC-MLYV in adults and children with allergic skin disorders (114) will need to be
evaluated.

Once the above future studies have been completed, more extensive
studies on humans will be required before the recommendation of once daily
application of HPC-MLV containing cetirizine for treatment of allergic skin
disorders in adult and pediatric patients could be approved. This
recommendation might help to improve the patient compliance, reduce the
frequent application of conventional ointment or cream formulations and

decrease the discomfort resulting from systemic adverse effects.



Table 1: HPLC Calibration of Hydroxyzine in Aqueous Solution

Concentration of Hydroxyzine (ng/mL) Mean Peak Area Ratio % C.V.

0 0.00 0.0

100 0.08 1.3

200 0.18 1.6

400 0.41 0.5

600 0.59 0.2

800 0.80 0.1

Table 2: HPLC Calibration of Cetirizine in Aqueous Solution

Concentration of Cetirizine (ng/mL) Mean Peak Area Ratio % C.V.

0 0.00 0.00

100 0.27 7.40

200 0.54 5.50

400 1.10 3.60

600 1.65 2.60

800 2.20 0.90

1000 2.70 0.40

n=8
% C.V. = percent coefficient of variation
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" Table 3: Effect of Preparatlon Methods on the Percent Entrapment of
Hydroxyzine (PETH) in PC-MLYV, pH 7, at Initial Formulation and
after Storage at 10°C

Condition of the Experiments* | A | B | ¢ | b | E | contRoL
Time (months)— ‘Mean Pércent Entrapment of Hydroxyzine
0 94.8 94.9 950 | 953 | 948 94.3
1 94.5 94.0 955 | 955 | 94.0. 92.7
2 93.2 96.1 96.1 95.7 | 96.1 92.0
3 95.7 94.0 95.5 95.7 | 955 93.0
4 96.7 96.1 95.7 | 957 | 93.2 92.7
5 96.7 95.5 955 | 96.1 | 94.0 92.6
6 93.2 92.1 96.1 96.7 | 955 93.6
7 94.0 96.7 95.7 | 96.7 | 93.2 93.0
8 93.2 95.7 95.5 96.7 | 94.0 92.2
9 96.7 94.0 96.1 95.7 | 955 92.7
10 95.5 95.6 96.0 97.0 | 955 94.0
11 ' 93.2 92.1 96.1 | 96.7 | 955 91.9
12 95.0 95.4 95.2 954 | 94.3 91.8
18 96.7 96.1 95.7 95.7 | 93.2 92.0
24 : 96.5 96.0 95.5 96.0 | 957 91.8
Physical Appearance/Months (m) ** o e > ** i
n=3

PC-MLV = muitilamellar vesicles (MLV) prepared using L-a- phosphatfdylcholme (PC)
**discoloration at 4m
***No change/ 2d4m

*Condition of the Experiments i
B Hydration Time Freezing and Thawing (5 cycles after hydratlon)

- No Yes
1h ) Control Batch A
24 h ) Batch B Batch C
48h . ‘BatchD . 'Batch E

A In stability study samples resulting in no loss of Percent Entrapment of Hydroxyzine (PETH) over 24 months,
intermediate time PETH values that were > + 5% of initial PETH values were considered as outliers and
not included in the data analysis
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Table 4: Effect of Preparation Methods on the Percent Entrapment of
Hydroxyzine (PETH) in PC-MLYV, pH 7, at Initial Formulation and

“after Storage at 37°C

A

Condition of the Experiments* B [ C [ D | E | CONTROL
Time (months Mean Percent Entrapment of Hydroxyzine
0 94.8 94.9 95.0 95.3 94.8 94.3
1 13.2 27.6 12.6 43.0 15.1 26.5

Physical Appearance/Months (m)

Discoloration from white into buff and droplets on the surface

n=3

PC-MLV = multilamellar vesicles (MLV) pre‘pared using L-a-phosphatidylcholine (PC)

*Condition of the Experiments:
' Hydration Time

1h
24'h
48 h

No

‘Control
" Batch B
Batch D

Yes

Batch A
Batch C
Batch E

- Freezing and Thawing (5 cycles after hydration)

81T
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100 r
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20f
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Figuré 4: Effebt 6f Preparation Methods on the Percent Entrapment of Hydroxyzine (PETH)
in PC-MLV, pH 7, at Initial Formula

n=3

tion and after Storage at 37°C.

PC-M_LV = multilamellar vesicles (MLV) prepared using L-<-phosphatidylcholine (PC)

Conditions of the Experiments:

Hydration Time

1h

2an
48h -

Freezihg’ and
No
Control Bafch
‘Batch B

~ Batch D

Thawing (5 cycles after hydration)
Yes )
Batch A
Batch C
Batch E

611



- Table 5: Effect of Preparation Methods on the Percent Entrapment of
Hydroxyzine (PETH) in PC Liposomes, pH 7, at Initial Formulation and

after Storage at 37°C |

Condition of the Experiments* Suv MLV
~ |Time (months) ' k |_Mean Percent Entrapment of Hydroxyzine
' ' -0 94.0 94.3
1 27.1 26.5
- Physical Appearan_ce - discoloration ** discoloration***

=3 o
PC = L-a-Phosphatidylcholine
‘SUV ='small unilamellar vesicles
MLV = multitamellar vesicles
*SUV prepared using ethanol injection method
* MLV prepared using lipid film hydration method
*hydration time =1 h, and no freezing and thawing
** from white into buff and no droplets on the surface
***from white into buff and droplets on the surface

0Z1



PC-SUV
PC-MLV

100

Mean PETH

0 ‘ 1 , 2
Time (months)

'Figur'e 5: Effect of Preparation Methods on the Percent Entrapment of Hydroxyzine (PETH)
in PC Liposomes, pH 7, at Initial Formulation and after Storage at 37°C,

n=3 v '

PC-SUV = small unilamellar vesicles (SUV) prepared using L-a-phosphatidylcholine (PC),

PC-MLV = multilameliar vesicles (MLV) prepared using L-a-phosphatidylcholine (PC),

Co»n‘ditions of the Experiments: hydration time for1 h, no freezing and thawing, SUV prepared using

ethah’ol injection method, MLV prepared using lipid film hydration method

11



Table 6: EffeCt: of ‘Preparation Methods on the Percent Entrapment of
Hydroxyzine (PETH) in PC Liposomes, pH 6.5, at Initial Formulation and

after Storage at 37°C

CbnditiOn of the Experiments*

Time (months)

“suvV MLV

Mean Percent Entrapment of Hydroxyzine

0

86.0 94.3

1

271 ' 61.8

Physical Appearance

discoloration ** discoloration***

n=3
~ PC = L-a-Phosphatidylcholine
*SUV = small unilamellar vesicles
MLV = multilamellar vesicles
* SUV prepared using ethanol injection method
* MLV prepared using lipid film hydration method
*hydration time = 1 h, and no freezing and thawing
** from white into buff and no droplets on the surface
***from white into buff and droplets on the surface

cl
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PC-SUV
PC-MLV

100 -

-1 2
‘Time (months)

Figure 6: EffeCt of Preparation Methods on the Percent'Enfrapment of Hydroxyzine (PETH)

in PC Liposomes, pH 6.5, at Initial Formulation and after Storage at 37°C.

n=3 ‘ | ,

Pcisuv = small unilamellar vesicles (SUV) prepared using L-o-phosphatidylcholine (PC),

PC-MLV = multilamellar vesicles (MLV) prepared using L-a-phosphatidylcholine (PC),

Co'nditioné of the Experiments: hydration time for 1 h, no freezing and thawing, SUV prepared using

» “'ethanol"finj_‘e‘étion method, 'MLV*p‘r'epa're'd using lipid film Hydratiohfnethod o

£l



Table 7: Effect of Preparation Methods on the Percent Entrapment of
Hydroxyzine (PETH) in PC Liposomes, pH 6.5, at Initial Formulation and
after Storage for 7 days at 37°C

Condition of the Experiments* ' . Suv MLV
Time (days Mean Percent Entrapment of Hydroxyzine
1 ‘ 86.0 94.3
2 92.0 ‘ 91.0
3 93.0 89.0
4 94.0 87.0
5 94.0 ' 86.5
6 91.0 80.0
7 82.0 82.0
Physical Appearance slight discoloration** discoloration**
n=3

PC = L-a-Phosphatidylcholine

SUV = small unitamellar vesicles

MLV = multilamellar vesicles

" * SUV prepared using ethanol injection method

* MLV prepared using lipid film hydration method
- **after 6 days ' :

vl
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100 -
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Mean PETH

20

1 2 3 4 5 6 7 8
‘ Time (days)

Flgure 7: Effect of Preparatlon Methods on the Percent Entrapment of Hydroxyzme (PETH)

in PC Liposomes, pH 6.5, at Initial Formulatlon and after Storage for 7 days at 37°C.
n=3"

PC-SUV = small unilamellar vesicles (SUV) prepared using L-c-phosphatidylcholine (PC),

PC-MLV = multilamellar vesicles (MLV) prepared using L-a-phosphatidylcholine (PC),

Condltlons of the Expenments hydratron t|me for1h, no freezing and thawing, SUV prepared usmg

ethanol mjectlon method, MLV prepared using hpld fllm hydratlon method
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Table 8: Effect of Préparation' Methods on the Percent Entrapment of
Cetirizine (PEC) in PC Liposomes, pH 6.5, at Initial Formulation and
~after Storage for 7 days at 37°C

Condition of the Experiments* Suv MLV
Time (days ' 3 Mean Percent Entrapment of Cetirizine

' 1 92.0 ' 92.0

2 94 .1 - 936

3 92.9 91.3

4 92.8 88.8

5 - 93.6 _ 93.9

6 936 91.9

: 7 91.3 _ 918
Physical Appearance slight discoloration** | slight discoloration**

n=3

PC = L-a-Phosphatidylcholine

SUV = small unilamellar vesicles

MLV = multilamellar vesicles

- *8SUV prepared using ethanol injection method
“ MLV prepared using lipid film hydration method
**after 6 days

971
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Mean PEC

40

20
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Figure 8: Effect of Preparatlon Methods on the Percent Entrapment of Cetirizine (PEC)

in PC Llposomes pH 6.5, at Inltlal Formulation and after Storage for 7 days at 37°C.
h=3 E

PC-SUV = small unilamelliér vesicles (SUV) prepared using L-a-phosphatidylcholine (PC),

PC-MLV = multilamellar vesicles (MLV) prepared using. L-oc-phosphatldylcholme (PC),

Condltlons of the Experlments hydration time for 1 h, no freezing and thawing, Suv prepared using

LTl

- ethanol injection method, MLV prepared using lipid film hydration method



Table 9: Effect of Changing pH on the Percent 'Entrap_ment of
»Hydroxyzi'n’e (PETH) in PC-SUV, pH 6.5, at Initial Formulation and
after Storage at 10°C

Hydrating Buffer pH | 5.0 55 | 60 | 65 | 70

Time (months) Mean Percent Entrapment of Hydroxyzine
0 53.0 84.0 86.0 86.0° 94.0

1 50.0 85.0 86.0 88.6 93.0

2 51.0 82.0 85.0 87.5 92.0

3 53.0 82.0 84.0 87.5 91.0

4 50.0 | 83.0 84.0 88.0 90.0

5 50.0 - 84.0 82.0 86.5 | 90.0

6 .45.0 80.0 | 79.0 | 85.0 85.0

7 48.0 | 790 80.0 87.5 90.0

8 46.0 - 80.0 | 82.0 87.0 89.0
9 45.0 80.0 81.0 | 88.0 | 92.0

10 39.0 82.0 . 83.0 85.0 90.0

11 50.1 - 82.0 85.0 87.0 85.0

12 30.0 | 830 85.0 87.5 91.0

18 50.0 82.0 85.0 | 87.0 95.0

: 24 52.0 80.0 83.0 85.0 92.0

Physical Appearance ’ ‘No change '

n=3 ‘ : .

" PC-SUV = small unilamellar vesicles (SUV) prepared using L-a-phosphatidylcholine (PC) = _

In stability study samples resulting in no loss of Percent Entrapment of Hydroxyzine (PETH) over 24 months,

- intermediate time PETH values that were > + 5% of initial PETH values were considered as outliers and '
“notincluded in the data analysis '

8CI



Table 10: Effect of Changing pH on the Percevnt Entrapment of
Hydroxyzine (PETH) in PC-MLV, pH 6.5, at Initial Formulation and
after Storage at 10°C

Hydrating Buffer pH 50 | 55 | 60 | 65 | 7.0
Time (months) Mean Percent Entrapment of Hydroxyzine
0 - 82.0 82.0 86.0 | 94.3 94.3
1 80.0 81.0 83.0 92.7 92.0
2 79.0 80.0 84.0 92.0 93.0
3 80.0 | 79.0 87.0 | 93.0 | 94.0
4 81.0 82.0 85.0 92.7 91.0
5. 83.0 83.0 86.0 92.6 93.00
6 80.0 83.0 81.0 93.6 90.0
7 79.0 84.0 80.0 93.0 80.0
8 780 | 82.0 83.0 92.2 82.0
9 80.0 80.0 82.0 92.7 90.0
10 81.0 | 81.0 81.0 940 | 91.0
11 79.3 80.0 82.0 91.9 89.2
12 80.0 79.0 80.0 91.8 93.0
18 - 82.0 80.0 | 79.0 | 920 90.0
24 79.0 80.0 83.0 .| 91.8 | 91.0
_Physical Appearance ~ Nochange :

n=3

7 PC-MLV = multilamellar vesicles (MLV) prepared using L-a-phosphatidylcholine (PC) ~

In'stability study samples resulting in no loss of Percent Entrapment of Hydroxyzine (PETH) over 24 months,
intermediate time PETH values that were >+ 5% of initial PETH values were considered as outliers and
not included in the data analysis :

6Tl



Table 11 Effect of Changing pH on the Percent Entrapment of
Cetirizine (PEC) in PC-SUV, pH 6.5, at Initial Formulation and
after Storage at 10°C

Hydrating Buffer pH 5.0 5.5 6.0 6.5
|Time (months)™ ’ Mean Percent Entrapment of Cetirizine
0- 94.5 93.0 91.0 92.0
12 , 90.0 81.0 83.0 88.1
; 24 89.0 1 80.0 - 84.0 90.1
Physic':al Appearance no change
n=3 |

PC- SUV = small unllamellar vesicles (SUV) prepared using L- a—phosphatldylcholme (PC)

0¢l



' Table 12: Effect of Changing pH on the Percent Entrapment of
Cetirizine (PEC) in PC-MLYV, pH 6. 3, at Initial Formulation and
after Storage at 10°C

Hydrating Buffer pH 5.0 - 5.5 6.0 6.5

Time (months Mean Percent Entrapment of Cetirizine
' 0 : 92.0 93.5 925 | 920
12 ' 80.0 81.0 83.0 84.3
24 - 79.0 80.0 - 84.0 - 743
Physical Appearance ‘slight discoloration*
n—3

- PC-MLV = multllamellar vesmles (MLV) prepared using L-a-phosphatldylchollne (PC)
*after 4 months increased with time



Mean PETH and Mean PEC

100
90
80

70

60

50

SUV of hydroxyzine
SUV of cetirizine
MLV of hydroxyzine
MLV of cetirizine

| ; ! ] ; ] 1 ]

5.0 5.5 6.0 6.5 7.0 7.5
Hydrating Buffer pH

Figure 9: Effect of Changing pH on the Initial Percent Entrapment of
Hydroxyzine (PETH) or Cetirizine (PEC) in PC-SUV or PC-MLV.

n=3 ‘ _

PC-SUV = small unilamellar vesicles (SUV) prepared using L-a-phosphatidylcholine (PC),
PC-MLV = multilamellar vesicles (MLV) prepared using L-a-phosphatidyicholine (PC)
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Figure 10: Effect of Ch’anging pH on the Percent Entrapment of Hydroxyzine (PETH)

in PC-SUV at Initial Formulation and after Storage at 10°C.

, n=3
o P_C-SUV

small unilamellér vesicles (SUV) prepared using_L-a-phosphatidylcholine (PC)

In stability sfudy samples resulﬁng in no loss of PETH' over 24 months, intermedi‘at»e time PkETH values that

L2

LI

“were > * 5% of initial PETH values were considered as outliers and not included in the data analysis
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Figure 11: Effect of Changlng pH on the Percent Entrapment of Hydroxyzme (PETH)
in PC-MLV at Inltlal Formulatlon and after Storage at 10°C.
PC- MLV multilamellar vesmles (MLV) prepared usmg L-a-phosphatldylcholme (PC)

In stablhty study samples resultmg in no loss of PETH over 24 months, mtermedlate time PETH values that -
‘were > % 5% of initial PETH values were considered as outliers and notincluded in the data analysrs
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Flgure 12: Effect of Changmg pH on the Percent Entrapment of Cetirizine (PEC)
in PC- SUV at lnltlal Formulation and after Storage at 10°C.

n=3

‘PC-SUV = émall unilamellar Vesicles (SUV) pre’pared' using L-

--phos‘ph.'atidylcholine (PC)
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Flgure 13: Effect of Changing pH on the Percent Entrapment of Cetirizine (PEC)

in PC-MLYV at Initial Formulatlon and after Storage at 10°C.
n=3

PC-MLV = multilamellar vesicles (MLV) prepared using L-a-phosphatidylicholine (PC)
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- Table 13 Effect of Changmg Phosphollplds on the Percent Entrapment of
Hydroxyzine (PETH) in SUV, pH 6.5, at Initial Formulation and
after Storage at 37°C

Phospholipids PC PS

Time (months) Mean Percent Entrapment of Hydroxyzine
0 ' 86.0 ' 91.0 ’

-1 27.1 90.0

2 n.a. 89.0

3 n.a.. ’ 90.0

4 na. . . 90.0

5 n.a. . 980.0

6 na. . -86.0

7 n.a. ) 89.0

8 n.a. , ~ :88.0

9 : na. ' 90.0

10 - - ' o ona. 91.0

(A ' ona. - .1 80.0

12, ' ' ‘na. .- 89.0

18 na. . 99.0

; 24 : ol na. 94.0

Physical Appearance - unstable * ' discoloration**

n=3
PC= L-a-Phosphandylchollne
PS = L-a-Phosphatldylsenne
_SUV = small unilamellar vesicles
* after 1. month ‘
** after 4 months increased with time

" ‘n.a.= not available

in stability study samples resultmg in no loss of Percent Entrapment of Hydroxyzme (PETH) over 24 months
- intermediate time PETH values that were > + 5% of initial PETH values were considered as outliers and
~ notincluded in the data anaIyS|s .
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Flgure 14 Effect of Changlng Phosphollplds on the Percent Entrapment of Hydroxyzine (PETH)

in SUV, pH= 6. 5 at Initial Formulatlon and after Storage at 37°C.
n=3
PC= L-a-Phosphatldylcholme PS = L-a-Phosphatldylserme SUV small umlamellar ves:cles

In stablhty study samples resultmg in no loss of PETH over 24 months intermediate time PETH values that
‘were > % 5% of initial PETH values were consndered as outliers and not mcluded in the data analysis
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Table 14 Effect of Changing Phosphohplds on the Percent Entrapment of
Hydroxyzme (PETH) in MLV, pH 6.5, at Initial Formulation and
after Storage at 37°C

Phospholipids = PC ' HPC PS
Time (months) —— Mean Percent Entrapment of Hydroxyzine
- 0 ' 94.3 91.0 94,3
1 61.8 94.0 97.0
2 na. - 92.0 96.0
3 n.a. . .- 93.0 98.0
4 n.a. 95.0 98.0
5 n.a.. 91.0 92.0
6 n.a. 90.0 ~93.0
7 n.a. ' 92.0 95.0
8 n.a. 91.0 95.0
9 _ ‘n.a. 91.0 ) 94.0
10 n.a. - ' 90.0 , 95.0
.1 n.a. 89.0 . 93.0
12 ’ n.a. - 90.0 92.0
18 : - n.a. : 92,0 na. -
: 24 o na. 91.0 n.a.
Physical Appearance unstable* no change unstable**
n=3. . » ,
‘PC = L-a-Phosphatidylcholine HPC = L-a-Phosphatidylcholine hydrogenated
PS = L-a- -Phosphatidylserine - - MLV = multilameliar vesicles
“*after 4 months increased with time - after 13 months increased with time

n.a.= not available -

In stabmty study samples resulting in no !oss of Percent: Entrapment of Hydroxyzine (PETH) over 24 months
intermediate time PETH values that were > + 5% of initial PETH values were considered as outliers and
“not included in the data analysis
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Figure 15: Effect of Changlng Phosphollplds on the Percent Entrapment of Hydroxyzine (PETH)
in MLV, pH 6.5, at Initial Formulation and after Storage at 37°C.

n=3
PC= L-oc-Phosphatldylcholme HPC = L-oc-PhosphatldylchoIme hydrogenated PS= L-a-Phosphatldylserme,

MLV = mult:lamellarvesmles

In stablllty study samples resulting in no loss of PETH over 24 months mtermed:ate time PETH values that
were > * 5% of mltlal PETH values were considered as outliers and not included in the data analyS|s
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Table 15: Effect of Changing Phospholipids on the Percent Entrapment of
Hydroxyzine (PETH) in SUV, pH 6.5, at Initial Formulation and
after Storage at 25°C

Phospholipids ‘ PC. PS
Time (months) Mean Percent Entrapment of Hydroxyzine
0 86.0 91.0
1 85.0 ~ 94.0
2 86.0 : 92.0
3 83.0 e 95.0
4 84.0 - 93.0
5 - 83.0 90.0
6 82.0 ‘ 92.0
7 80.0 91.0
8 . 78.0 : 92.0
9 - . 75.0 ' - 89.0
10 ‘ 82.0 - .90.0
11 B 80.0 92.0 -
12 ~81.0 91.0 -
18 | 80.0 S 980
24 : 80.3 ~ 80.0
Physical Appearance dlscoloratlon dlscoloratlon

n=3 o
PC = L-a-Phosphatidylcholine
PS = L-a-Phosphatidylserine -
SUV = small unilamellar vesicles
* after 4 months increased. with time
In stavility study samples resulting in no loss of Percent Entrapment of Hydroxyzme (PETH) over 24 months,

" intermediate time PETH.values that were > + 5% of initial PETH values were considered as outliers and

not |ncluded in the data analysns
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Figure 16: Effect of Changing Phospholipids on the PercentEntrapment of Hydroxyzine (PETH)
in SUV, pH 6.5, at Imtlal Formulation and after Storage at 25°C.
n=3 | .
“PC= L-a;PhosphatidyICholine PS = L-a-Phosphatldylserme SUV small unilamellar vesicles
In stability study samples resuiting in no loss of PETH over 24 months, mtermedlate time PETH values that
were > + 5% of initial PETH values were considered as outliers and not'included in the data analysis
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" Table 16: Effect of Changing Phospholipids on the Percent Entrapment of
Hydroxyzine (PETH) in MLV, pH 6.5, at Initial Formulation and
after Storage at 25°C

Phospholipids 1 PC ~-HPC - PS
Time (months) Mean Percent Entrapment of Hydroxyzine
: -0 94.3 91.0- ‘ 94.3
1 90.0 92.0 - 97.0

-2 91.0 : 93.0° 98.0

3 91.0 - 900 97.0

4 93.0 90.0 98.0

-5 90.0 _ 900 95.0
6 89.0 89.0 ‘ - 940

7 90.0 - 920 96.0

8 88.0 . 930 92.0

-9 ~ " 89.0° 1 - 90.0 - 94.0
10 90.0 . .89.0 95.0 -

11 » 92,0 R 90.0 : 90.0

12 . - 89.0 . 910 - 91.0

18 ‘ S 87.0 - 90.0 - 97.0

.24 s ‘na. . 92.0 . .04.0

Physical Appearance | - discoloration* | - nochange | discoloration*

n=3". - .

PC = L-a-Phosphatidylcholine o

HPC = L-a-Phosphatidyicholine hydrogenated

PS = L-a-Phosphatidylserine

MLV = multilamellar vesicles

* after 4 months increased with time

h.a. = not available - v : ; _ o : :

In stability study samples resulting in no loss of Percent Entkapment of Hydroxyzine’(PETH) over 24 months,
intermediate time PETH values that were > + 5% of initial PETH values were considered as outliers and

not included in the data analysis ‘
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Figure 17: Effect of Changing Phospholipids on the Percent Entrapment of Hydroxyzine (PETH)
in MLV, pH 6.5, at Initial Formulation and after Storage at 25°C.

n=3 : :
PC = L-u-Phosphatidylcholine, HPC = L-a-Phosphatidylcholine hydrogenated, PS = L-a-Phosphatidylserine,
MLV = multilamellar vesicles .
| In stability study samples resulting in no loss of PETH over 24 months, intermediate time PETH values that
‘were >+ 5% of initial PETH values wefe considered as outliers and not included in the data analysis -~
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Table 17: Effect of Changing Phosphollplds on the Percent Entrapment of
Hydroxyzme (PETH) in SUV, pH 6.5, at Initial Formulation and
after Storage at 10°C

Phospholipids- PC HPC PS
Time (months) ' Mean Percent Entrapment of Hydroxyzine
' 0 ' ' 86.0 93.0 - 91.0
1 . 88.6 90.0 ‘ 90.0
2 87.5 89.0 ' 94.0
3 87.5 90.1 92.0
4 88.0 © 899 95.0
5 86.5 90.5 - 93.0
6 85.0 89.5 95.0
7 87.5 n.a. 940
8 87.0 n.a. 90.0
9 88.0 ‘ n.a. - 91.0
10 85.0 n.a. 92.0
11 90.5 n.a. 90.0
12 87.5 . -88:1 ~93.0
18 , 92.5 B 869 . | . 97.0
v 24 85.0 88.1. | 94.0
Physical Appearance - . .nd change . nochange slight discoloration* |
n=3 ) , . . . :
PC= L-a-PhosphatxdyIcholme -+ HPC = L-a-Phosphatidylcholine hydrogenated
PS = L-a- F’hosphatidylsenne o 8UV = small unilamellar vesicles

* after 4 months mcreased with time™ - n.a. = not available - :
In stability study samples resulting in no loss of Percent Entrapment of Hydroxyzme (PETH) over 24 months,
intermediate time PETH values that were > + 5% of initial PETH values were considered as outhers and
not included in the data analy5|s )
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Flgure 18: Effect of Changmg Phospholipids on the Percent Entrapment of Hydroxyzme (PETH)
in SUV, pH 6.5, at Inltlal Formulation and after Storage at 10°C.
n=3
PC = L-a-PhosphatidylchoIine, HPC = L-a-Phosphatidylcholine hydrogenated, PS = L-oc-Phosphatidylserine,
SUV = small unilamellar vesicles _
In stability study samples resuiting in no loss ot PETH over 24 months, intermediate time PETH values that

“were >+ 5% of initial PETH values were considered as outliers and not included in the data analysis
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Table 18 Effect of Changmg Phosphollplds on the Percent Entrapment of
Hydroxyzine (PETH) in MLV, pH 6.5, at Initial Formulatlon and
after Storage at 10°C

Phospholipids PC HPC » PS

Time (months) - ‘Mean Percent Entrapment of Hydroxyzme
0 94.3 94.0 93.0

1 -92.7 97.0 : 95.0

2 92.0 960 97.0

3 93.0 - 98.0 98.0

4 92.7 98.0 91.0

5 92.6 .94.0 95.0

6 93.6 - 95.0 90.0

7 93.0 ' 94.0 94.0

K: 92.2 -93.0 - '93.0

9 927 94.0 ‘ ' 92.0

10 94.0 ' 93.0 92.0

11 91.9 920 , : -90.0

12 91.8 94.0 91.0

18 920 @ - 89.0 ' 97.0

24 91.8 ~ . 90.0 95.0

Physical Appearance no change - no change shght discoloration
n=3 5 , _ ’
-~ PC=l-o- Phosphat:dylcholme © .+ HPC =L-a-Phosphatidylcholine hydrogenated
. P8 = L-a-Phosphatidylserine -~ MLV = multilamellar vesicles

* after 4 months increased with time . : :
In stablhty study samp!es resulting in no’ Ioss of Percent Entrapment of Hydroxyzme (PETH) over 24 months
intermediate time PETH values that were > + 5% of initial PETH values were considered as outliers and
‘ Vnot lncluded in the data analysus s o
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_Flgure 19: Effect of Changlng Phosphollplds on the Percent Entrapment of Hydroxyzme (PETH)

in MLV, pH 6.5, at Inltlal Formulatlon and after Storage at 10°C.

n=3

PC= L-a-Phosphatldylchollne HPC L-a-Phosphatldylchollne hydrogenated, PS = L-a-Phosphatidylserine, -
‘ MLV = multllamellar vesmles , .

In stability study: samples resultmg in no loss of PETH over 24 months, intermediate time PETH values that
'were >* 5% of mltlal PETH values were considered as outllers and not mcluded in the data analysns
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| Table»19:Ef_fec.t of Changing Phospholipids on the Percent Ehtrapment of
Cetirizine (PEC) in SUV, pH 6.5, at Initial Formulation and
after Storage at 10°C

Phospholipids | PC - HPC | PS

Time (months — - Mean Percent Entfapment of Cetirizine

I 0 92.0 92.8 934

12 ] 88.1 91.0 - 92.1

: 24 e ‘ 190.1 : 89.3 , 92.1
Physical Appearance | no change no change | slight discoloration**

n=3 '

PC = L-o-Phosphatidylcholine

“HPC = L-a-Phosphatidylcholine hydrogenated
PS = L-a-Phosphatidylserine ,

~ SUV = small unilamellar vesicles.

**after 4 months increased with time
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Figure 20: Effect of Changing Phospholipids on the Percent Entrapment of Cetirizine (PEC)
in SUV, pH 6.5, at Initial Formulation and after Storage at 10°C.

n=3

PC = Lﬂ-Phosphatidylcholine, HPC = L-'a-Phosphatidylcholine hydrogenated, PS = L-oc-P‘hosphatidyIserine,

SUV-‘= small unilamellar vesicles
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Table 20 Effect of Changlng Phosphollplds on the Percent Entrapment of
Cetirizine (PEC) i in MLV, pH 6.5, at Initial Formulation and
after Storage at 10°C

Phospholipids ’ PC HPC PS
Time (months - . ‘Mean Percent Entrapment of Cetirizine
0 92.0 , : 89.7 . 90.7
12 : | 84.3 _ 89.5 70.8
24 74.3 87.5 : 69.8
Physical Appearance | slight discoloration* no change slight discoloration*

n=3
 PC= L-a-Phosphatidylcholine
HPC = L-a-Phosphatidylcholine hydrogenated
PS = L-a-Phosphatidylserine
MLV = multilamellar vesicles .
. *after 4 months increased with time
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Figure 21: Effect of Changing Phospholipids on the Percent Entrapment of Cetirizine (PEC)
in MLV, pH 6.5, at Initial Formulation and after Storage at 10°C.

n=3 , , : ;
. PC= L-oi-Phosphatidylcholine, HPC = L-a-Phosphatidylcholine hydrogenated, PS = L-a-Phosphatidylserine,

MLV = multilamellar vesicles
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" Table 21’:’-'Effect of Changing Phospholipids: »
the Mean Particle Diameters of Initial and Stored Hydroxyzine or Cetirizine
Liposomes, pH = 6.5, Stored at 10°C

*PSA = Mean partic_:le siZe + SD 'ndeasured'using Submicron Particle Sizer
** PSA = Mean particle diameters + SEM measured from Transmission Electron Micrograph (TEM)

***PSA = Mean particle diameters + SEM measured from -Micrograph of Optical Microsco,
PC-SUV = small unilamellar vesicles (SUV) prepared using L-a~phosphatidyicholine (PC) - .

PC-MLV = multilamellar vesicles (MLV) prepared-using L-a-phdsphaﬁdylcholine (PC) ] .
- HPG-SUV = small unitamellar vesicles (SUV) prepared using L-a-phosphatidyicholine hydrogenated (HPC)
- HPC-MLV = multilamellar vesicles (MLV) prepared using L-a-phosphatidyicholine hydrogenated (HPC)

- PS-SUV = small unilarmellar vesicles (SUV) prepared using L-a-phosphatidylserine (PS)

PS-MLV = muitilamellar vééicles (MLV) prepared using L-a=phosphatidylserine (PS)

n.d. = not determined or the TEM was out of foc_us

pe (MOM) connected to vidéo camera and computer

. Hydroxyzine Cetirizine
|Liposomes| *PSA (um) | **PSA (nm) | **PSA (hm) | *PSA (um) | *PSA (nm) | **PSA (nm) F (%) Time (m)
PC-SUV (0.26 £0.2 51.7+7.9 174.0 2821 |0.17£0.09 |153.5%17.8 |109.0£17.9 100.0 0
PC-SUV 12,7 +0.36 n.d. 265.2+100.2{1.52£0.24 |nd. 222.0+60.5 96.8 20
HPC-SUV |2.58 £ 0.37 |n.d. 120.0£43.2 |1.96+0.28 [40.0+4 180.0 £89.0 98.0 0
HPC-SUV |n.d. n.d. nd. n.d. nd. nd. nd. 20
PS-SUV_ 10.13+£0.06 |102.5+4.8 [171.6+64.3 |0.10% 0.04 204.5%*11.1 [100.9 £ 40.3 100.0 0
PS-SUV (218 £0.34 |nd. 300 £ 50.1 1.75 £0.25 n.d, 306.1 +£ 58,1 91.0 20
PC-MLV 4.87+0.65 |264%22.3 [1020%70.1 |3.47+0.53 [358.3+22.0 [1000.5 % 100.1 91.7 0
PC-MLV "|2.73+0.34 |nd. n.d. 1.7 £0.23 n.d. 798.5 + 50.1 99.7 20
HPC-MLV [9.46 £0.96 [162+22.9 (834.0+30.2 [11.16 +1.28 [296.0 + 27.1 |2300.1 £ 54.2 95.0 0
HPC-MLV [2.65+0.81 |n.d. 1093.2 £ 40.5{14.51 +10.08 |n.d. 1740.0 £ 100.5 100.0 20
PS-MLV - [5.97£0.60 |271.4+39.1 [996.2 +100.1|2.65 +0.81 |162.5422.9 11099.6 £105.1 86.3 0
PS-MLV = {218 +0.33 [nd. 958.8+90.5 {1.51+0.19 |nd. 772.8 £60.1 100.0 20
n=3 m=months . SD = Standard deviation - F = % volume of the sample analyzed
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PS of Hyx Liposomes ( um )

Mean + SD
* = Initial particle size of SUV
** = particle size after 20 months of SUV

12 N + = Initial particle size of MLV
10 ++ = particle size after 20 months of MLV 1
8 —
6 —
4 S
2 -
0
“PC “HPC P ++PC  ++HPC  ++PS
“pC “PS +PC +HPC +PS

Formulations
Figure 22a: Effect of Changing Phospholipids on the Initial and Long Term
Particle Size of Hydroxyzine Liposomes Measured Using Submicron Particle Sizer,
pH= 6.5, Stored at 10°C
n=3
PC = L-a-Phosphatidylcholine, HPC = L-a-Phosphatidylcholine hdrogenated, PS = L-a-Phosphatidylserine,

SUV = small unilamellar vesicles, MLV = multilamellar vesicles, Hyx= Hydroxyzine
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PS of Hyx Liposomes ( nm )
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= |nitial particle size of SUV

+ = |nitial particle size of MLV

*PC *PS +PC +HPC +PS

Formulations

Figure 22b: Effect of Changing Phospholipids on the Initial Particle Size

of Hydroxyzine Liposomes Measured from Transmission Electron
Micrograph, pH= 6.5

n=3

PC = L-o-Phosphatidylcholine, HPC = L-a-Phosphatidyicholine hdrogenated, PS = L-a-Phosphatidylserine,

SUV = small unilameliar vesicles, MLV = multilamellar vesicles, Hyx= Hydroxyzine
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PS of Hyx Liposomes ( nm )

1200

Mean + SEM -
1000 - * = Initial particle size of SUV
** = particle size after 20 months of SUV
go0 | * = Initial particle size of MLV -L
++ = particle size after 20 months of MLV
600
400
200
O I
*PC **PC *HPC *PS *PS +PC +HPC ++HPC +PS ++PS

Formulations

Figure 22c: Effect of Changing Phospholipids on the Initial and Long Term
Particle Size of Hydroxyzine Liposomes Measured Using Optical Microscope

Connected with Video Camera and Computer, pH= 6.5, Stored at 10°C
n=6
PC = L-a~Phosphatidylcholine, HPC = L-a-Phosphatidylcholine hdrogenated, PS = L-a-Phosphatidylserine,

SUV = small unilamellar vesicles, MLV = multilamellar vesicles, Hyx= Hydroxyzine
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PS of CTZ Liposomes ( um )

Mean + SD

= Initial particle size of SUV
** = particle size after 20 months of SUV

25 , o
. + = Initial particle size of MLV
20 - ++ = particle size after 20 months of MLV
15 -
i T
10
5 —
0 : -
*PC *HPC **PS ++PC ++HPC ++PS
**PC *PS +PC +HPC +PS

Formulations
Figure 23a: Effect of Changing Phospholipids on the Initial and Long Term
Particle Size of Cetirizine Liposomes Measured Using Submicron Particle Sizer,

pH= 6.5, Stored at 10°C
n=3
PC = L-a-Phosphatidylcholine, HPC = L-«c-Phosphatidylcholine hdrogenated, PS = L-<-Phosphatidylserine,

SUV = smali .unilamellar vesicles, MLV = muitilamellar vesicles, CTZ= Cetirizine
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* = Initial particle size of SUV
+ = |nitial particle size of MLV
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Figure 23b: Effect of Changing Phospholipids on the Initial Particle Size

of Cetirizine Liposomes Measured from Transmission Electron

Micrograpﬁ, pH=6.5

n=3

PC = L-a-Phosphatidyicholine, HPC = L-a-Phosphatidylcholine hdrogenated, PS = L-a-Phosphatidyiserine,

SUV = small unilamellar vesicles, MLV = multilamellar vesicles, CTZ= Cetirizine
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PS of CTZ Liposomes ( nm )
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Figure 23c: Effect of Changing Phospholipids on the Initial and Long Term
Particle Size of Cetirizine Liposomes Measured Using Optical Microscope

Connected with Video Camera and Computer, pH= 6.5, Stored at 10°C
n=6
PC = L-a-Phosphatidyicholine, HPC = L-a-Phosphatidylcholine hdrogenated, PS = L-a-Phosphatidylserine,

SUV = small unilamella_r vesicles, MLV = multilamellar vesicles, CTZ= Cetirizine
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Table 22: Histamine-Induced Wheal Areas on Shaved Backs of
Rabbits after the Topical Application of Non-Medicated PC-SUV

Time (h) Wheal Area (cm?)

Rabbit Code 0 0.5 1 2 3 4
1 1.13 1.16 112 1 1.38 | 1.14 0.95
3 1.09 1.06 1.63 | 1.63 | 1.37 1.03
6 1.30 1.10 1.24 | 1.38 | 1.40 1.36

Mean 1.18 1.1 133 | 146 | 1.30 1.11

SEM 0.07 0.03 0.15 | 0.08 | 0.08 0.13

n=3

PC-SUV = small unilamellar vesicles (SUV) prepared using L-a-phosphatidylcholine (PC)
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Wheal Area cm?

0.0

Time (h)

Figure 24: Mean + SEM Wheal Areas of Histamine-Induced Wheal on Shaved
Backs of Rabbits after the Topical Application of of Non-Medicated PC-SUV.

n=3

PC-SUV = small unilamellar vesicles (SUV) prepared using L-a-phosphatidylcholine (PC)
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Table 23: HPLC Calibration of Hydroxyzine in Plasma

Concentration of Hydroxyzine (ng/mL) | Mean Peak Area Ratio % C.V.

0 0.00 0.00

20 0.14 1.43

40 1 0.26 1.15

60 0.40 0.50

80 0.54 0.19

100 0.70 0.43

Table 24: HPLC Calibration of Cetirizine in Plasma

Concentration of Cetirizine (ng/mL) Mean Peak Area Ratio % C.V.

0 0.000 0.000

20 0.25 0.005

40 0.50 0.007

60 0.78 0.007

80 1.10 0.012

100 1.30 0.009

n=8
% C.V. = percent coefficient of variation
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Figure 25: HPLC Calibration of Hydroxyzine in Plasma
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Figure 26: HPLC Calibration of Cetirizine in Plasma
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Table 25: Histamine-Induced Wheal Areas on the Shaved Backs

Application of 10 mg Hydroxyzine from GB

of Rabbits Before and After the Topical

PD Parameter

Wheal Area (cm?)

Time (h) | 05 1 2 3 4 5 6 8 10 24
Rabbit Code
1 091 | 000 | 000 | 007 | 033 | 020 | 044 | 004 | os | o T op
2 086 | 014 | 010 | 0.05 | 049 | 048 | 016 | 0.00 | o006 | o2 | ois
3 070 | 022 | 008 | 037 | 077 | 071 | 055 | 052 | oas | o011 T o20
4 084 | 009 [ 030 | 033 | 044 | 043 | 028 | 017 | o5 | o | o5
5 1.06 | 036 | 044 | 028 | 060 | 060 | 055 | 031 | 032 | o2 | o0
6 112 | 054 | 043 | 032 | 000 | 0.00 | 025 | 018 | 044 | 026 | oa1
Mean 092 | 022 | 023 | 024 | 034 | 030 | 032 | 020 | 025 | o3 | o533
SEM 0.06 | 0.08 | 0.08 | 0.06 | 02 | 042 | 008 | 0.08 | o008 | 00i | o008
n==6

PD = Pharmacodynamic
GB = Glaxal Base
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Table 26: Histamine-Induced Wheal Areas on the Shaved

Application of 10 mg Hydroxyzine from PC-SUV

Backs of Rabbits Before and After the Topical

PD Parameter Wheal Area (cm?)
Time(h)| 05 1 2 3 4 5 6 8 10 24

Rabbit Code

1 0.72 0.06 0.00 | 0.00 | 0.08 0.28 0.13 0.17 0.61 0.14 0.00

2 0.81 1.04 067 | 0.25 | 0.55 0.04 0.17 0.00 0.00 0.29 0.27

3 1.11 0.57 0111 0.22 | 0.11 0.1 0.21 0.07 0.17 0.15 0.35

4 0.79 0.05 0.00 { 0.00 | 0.14 0.26 0.20 0.16 0.49 0.15 0.00

5 0.94 0.16 0.18 | 0.00 { 0.00 0.00 0.00 0.00 0.21 0.19 0.24

6 1.18 0.44 0.11 0.00 | 0.00 0.00 0.00 0.15 0.00 0.29 0.39
Mean 0.92 0.39 0.18 1 0.08 | 0.15 0.11 0.12 0.09 0.25 0.20 0.21
SEM 0.08 0.16 0.10 | 0.05 | 0.08 0.05 0.04 0.03 0.10 0.03 0.07
n=6

PD = Pharmacodynamic

PC-SUV = small unilameilar vesicles (SUV) prepared using L-a-phosphatidylcholine (PC)
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Table 27: Histamine-lndubed Wheal Areas on the Shaved Backs of Ra

Application of 10 mg Hydroxyzine from PC-MLV

bbits Before and After the Topical

PD Parameter

Wheal Area (cm?)

Time (h) | 0.5 1 2 3 4 5 6 8 10 24

Rabbit Code

1 0.79 | 035 | 047 | 0.06 | 0001 000 0.10 0.09 010 | 008 | 016

2 1.04 | 029 | 041 | 015 | 0.07 | 0.12 0.09 0.08 0.05 | 004 | 000

3 1.02 | 0.34 ] 023 | 034 | 006 019 0.30 0.00 011 | 044 | 044

4 118 | 018 | 0.16 | 0.03 | 0.00 | 0.11 0.00 0.00 058 | 012 | 037

5 055 | 046 | 010 | 0.16 | 015 1 0.00 0.18 0.08 018 | 045 | 054

6 1.06 | 042 | 0.07 | 0.00 | 0.00 1 0.00 0.00 0.00 0.03 | 009 | 007
Mean 094 | 029 | 014|012 [ 005 007 011 0.04 017 | 020 | 026
SEM 000 | 005 | 0020051002 003 0.05 0.02 0.08 | 008 | 009
n=6

PD = Pharmacodynamic

PC-MLV = multilameliar vesicles (MLV) prepared using L-a-phosphatidylcholine (PC)
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1 PC-SUV

' C—3

Figure 27: Mean + SEM Wheal Areas of Histamine-Induced Wheal on the Shaved
Backs of Rabbits after the Topical Application of 10 mg Hydroxyzine

from GB or PC-SUV, or PC-MLV

n=6

GB = Glaxal Base,

PC-SUV = small unilamellar vesicles (SUV) prepared using L-o-phosphatidylcholine (PC),

PC-MLV = multilamellar vesicles (MLV) prepared using L-a-phosphatidylcholine (PC)
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Table 28: Percent Suppression of Histamine-Induced Wheal Formation on the Shaved Backs of
Rabbits after the Topical Application of 10 mg Hydroxyzine from GB

PD Parameter

Percent Wheal Suppression

Time (h) | ;5 1 2 3 4 5 6 8 10 24
Rabbit Code
1 100.0 | 1000 | 926 | 639 | 77.9 | 843 96 1 915 831 80.9
2 841 | 883 | 946 | 775 | 795 | 820 | 1000 | 936 683 446
3 686 | 881 | 466 | 00 | 00 | 213 256 314 83.7 72.0
4 89.9 | 641 | 608 | 832 | 841 | 671 804 82.3 66.9 395
5 66.0 | 581 | 732 | 43.2 | 434 | 485 705 695 728 80.9
5 519 | 617 | 71.8 | 100.0]1000| 776 837 608 67.0 63.6
Mean 768 | 767 | 733 | 613 | 642 | 635 76.1 715 736 636
SEM 72 | 72 | 75 | 145 [ 148 | 700 1.0 95 32 73
n=6

PD = Pharmacodynamic
GB = Glaxal Base
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Table 29: Percent Suppression of Histamine-lnduced Wheal Formation on the Shaved Backs of
Rabbits after the Topical Application of 10 mg Hydroxyzine from PC-SUV

PD Parameter Percent Wheal Suppression
Time (h)| 5 1 2 3 4 5 6 8 10 24

Rabbit Code

1 91.5 100.0 100.0 88.9 60.7 81.8 76.3 15.4 80.8 100.0

2 0.0 16.4 69.0 31.5 95.3 79.0 100.0 100.0 64.1 67.1

3 48.8 90.6. 80.4 89.8 90.3 81.2 93.7 85.0 86.5 68.6

4 93.4 100.0 100.0 81.8 67.6 74.9 80.0 37.7 81.5 100.0

5 82.7 81.3 100.0 100.0 100.0 100.0 100.0 771 79.7 74.3

6 63.0 90.4 100.0 100.0 100.0 100.0 87.5 100.0 75.5 66.9
Mean 63.2 79.8 91.6 82.0 85.6 86.2 89.6 69.2 78.0 79.5
SEM 14.5 13.0 55 10.5 7.0 4.5 4.1 14.3 3.1 6.6
n=6

PD = Pharmacodynamic
PC-SUV = small unilamellar vesicles (SUV) prepared using L-a-phosphatidylcholine (PC)
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Table 30: Percent Suppression of Histamine-Induced Wheal Formation on the Shaved Backs of
Rabbits after the Topical Application of 10 'mg Hydroxyzine from PC-MLV

PD Parameter Percent Wheal Suppression
Time(h) | 5 1 2 3 4 5 6 8 10 24

Rabbit Code

1 55.9 79.2 93.1 100.0 100.0 874 89.3 87.8 89.8 80.0

2 71.8 89.5 86.1 93.8 88.1 91.3 92.3 95.0 96.2 100.0

3 66.3 771 66.9 94.3 81.6 70.4 100.0 89.3 56.7 57.1

4 84 4 86.2 97.2 100.0 90.5 100.0 100.0 50.8 90.0 68.8

5 16.6 82.1 71.8 72.7 100.0 67.8 85.6 67.4 18.2 2.2

6 88.9 93.7 100.0 100.0 100.0 100.0 100.0 97.1 91.1 93.3
Mean 64.0 84.7 85.8 83.5 93.4 86.1 94.5 81.2 73.7 66.9
SEM 10.7 2.6 5.6 4.3 3.2 5.8 26 7.5 12.5 14.4
n=6

PD = Pharmacodynamic

PC-MLV = multilamellar vesicles {MLV) prepared using L-a-phosphatidylcholine (PC)
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% Wheal Suppression

0.5 1 2 3 4 5 6 8 10 24
Time (h)
Figure 28: Mean + SEM Percent Suppression of Histamine-Induced Wheal Formation
on the Shaved Backs of Rabbits after the Topical Application of 10 mg

Hydroxyzine from GB or PC-SUV, or PC-MLV.

n=6

GB = Glaxal Base,

PC-SUV = small unilamellar vesicles (SUV) prepared using L-c-phosphatidylcholine (PC),

[4

PC-MLV = multilamellar vesicles (MLV) prepared using L-a-phosphatidyicholine (PC)
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Figure 28a: Mean + SEM Percent Suppression of Histamine-Induced Wheal Formation
on the Shaved Backs of Rabbits after the Topical Application of 10 mg

Hydroxyzine from GB or PC-SUV, or PC-MLV.

n=6

GB = Glaxal Base,

PC-SUV = small unilamellar vesicles (SUV) prepared using L-a-phosphatidyicholine (PC),
PC-MLV = multilamellar vesicles (MLV) prepared using L-a-phosphatidyicholine (PC)
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Table 31: Hydroxyzine Plasma Concentrations after theT
GB on the Shaved Backs of Rabbits

opical Application of 10 mg Hydroxyzine from

PK Parameter

Hydroxyzine Plasma Concentration (ng/mL)

Time (h) | 05 1 2 3 4 5 6 8 10 24

Rabbit Code

1 00 | 415 | 369 | 357 | 357 | 253 | 138 | 115 | 68 | 115 | 57

2 0.0 | 1109 | 358.3 | 2855 | 554 | 566 | 147.9 | 369 | 253 | 184 | 638

3 00 | 670 | 300 | 230 | 519 | oo 57 22 | 230 | 80 | 346

4 0.0 45 57 92 | 138 | 103 | 126 | 126 | 103 | 92 8.0

5 00 | 681 | 415 | 34 | 103 | 381 | 149 | 22 80 | 230 | 115

6 0.0 | 184 | 196 | 265 | 207 | 265 | 242 | 207 | 172 | 138 | 45
Mean 0.0 | 517 | 820 | 839 | 313 | 261 | 365 | 144 | 151 | 140 T 115
SEM 00 | 158 | 555 | 446 | 79 82 | 224 | 53 32 24 26
n=6

PK = Pharmacokinetics
GB = Glaxal Base
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Table 32: Hydroxyiine Plasma Concentrations after the Topical Application of 10 mg Hydroxyzine from
PC-SUV on the Shaved Backs of Rabbits

PK Parameter Hydroxyzine Plasma Concentration (ng/mL)
Time (h) | 0.5 1 2 3 4 5 6 8 10 | 24
Rabbit Code
1 0.0 14.9 19.6 20.7 219 9.2 6.8 9.2 2.2 2.2 1.1
2 0.0 50.8 16.1 4.5 1.1 1.1 0.0 57 0.0 9.2 0.0
3 0.0 0.0 8.0 0.0 2.2 4.5 9.2 34 4.5 2.2 2.2
4 0.0 2.2 4.5 57 0.0 12.6 10.3 16.1 57 4.5 2.2
5 0.0 57 34 2.2 9.2 2.2 0.0 4.5 0.0 0.0 0.0
6 0.0 0.0 3.4 4.5 2.2 1.1 3.4 1.1 0.0 0.0 0.0
Mean 0.0 12.3 9.2 6.3 6.1 51 4.9 6.7 2.1 3.0 0.9
SEM 0.0 8.0 29 3.0 34 2.0 1.8 2.2 1.0 1.4 04
n=6

PK = Pharmacokinetics

PC-SUV = small unilamellar vesicles (SUV) prepared using L-c-phosphatidylcholine (PC)
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Table 33: Hydroxyzine Plasma Concentrations a

PC-MLYV on the Shaved Backs of Rabbits

fter the Topical Application of 10 mg Hydroxyzine from

PK Parameter

Hydroxyzine Plasma Concentration (ng/mL)

0.5

2 3 4 5 6 8 10 24

Rabbit Code

1 0.0 0.0 2.2 11.5 13.8 12.6 4.5 57 4.5 2.2 1.1

2 0.0 72.7 67.0 334 14.9 13.8 1.1 4.5 0.0 0.0 0.0

3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

4 0.0 0.0 11.5 0.0 6.8 12.6 0.0 17.2 0.0 6.8 12.6

5 0.0 2.3 0.0 0.0 0.0 8.0 2.2 10.3 0.0 0.0 0.0

6 0.0 0.0 0.0 34 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mean 0.0 12.5 13.4 8.0 5.9 7.8 1.3 6.3 0.8 1.5 2.3
SEM 0.0 121 10.9 5.4 2.9 2.6 0.7 2.7 0.8 1.1 2.1
n=6

PK = Pharmacokinetics

PC-MLV = multilamellar vesicles (MLV) prepared using L-a-phosphatidylcholine (PC)
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Flgure 29: Mean + SEM Hydroxyzine Plasma Concentrations after the Topical

Appllcatlon of 10 mg Hydroxyzine From GB or PC-SUV or PC- MLV on the Shaved
Backs of Rabbits.

n=6

GB = Glaxal Base,

PC-SUV = small unilamellar vesicles (SUV) prepared using L-a-phosphatidyicholine (PC),

PC-MLV = multilamellar vesicles (MLV) prepared using L-ai-phosphatidylcholine (PC)
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Table 34: Cetirizine Plasma Concentrations after the Topical Application of 10 mg Hydroxyzine from
GB on the Shaved Backs of Rabbits

PK Parameter ' Cetirizine Plasma Concentration (ng/mL)
| Time (h) | 4 05 | 1 2 3 4 5 6 8 10 | 24
Rabbit Code
3 0.0 29.0 34.0 n.a. 34.0 n.a. 48.1 n.a. n.a. 93.5 64.7
4 0.0 17.3 24.8 43.1 37.3 17.3 72.7 67.2 93.0 58.1 58.1
5 0.0 12.1 54.8 31.5 88.9 n.a. 29.8 n.a. n.a. 34.0 37.3
6 0.0 15.3 18.2 22.3 57.3 n.a. 62.2 33.1 257 232 n.a.
Mean ‘ 0.0 18.4 32.9 32.3 54.4 17.3 53.2 50.2 59.3 522 53.4
SEM 0.0 3.7 8.0 6.0 12.6 0.0 9.3 17.0 33.7 15.6 8.3

PK = Pharmacokinetics

GB = Glaxal Base
n.a.= not available
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Table 35: Cetirizine Plasma Concentrations after the Topical Application of 10 rrig Hydroxyzine from
PC-SUV on the Shaved Backs of Rabbits

PK Parameter Cetirizine Plasma Concentration (ng/mL)
Time (h) | 4 0.5 1 2 3 4 5 6 8 10 24

Rabbit Code

3 0.0 29.0 26.5 n.a. 33.1 16.5 40.6 26.5 39.9 17.3 431

4 0.0 20.7 40.4 n.a. 37.3 29.0 45.6 20.7 43.6 29.0 53.9

5 0.0 26.1 25.3 274 35.3 47.6 69.8 12.1 n.a. 19.8 61.3

6 0.0 24.7 14.9 30.7 31.1 29.9 n.a. 29.5 26.1 26.1 36.9
Mean 0.0 251 26.8 29.0 34.2 30.7 52.0 222 36.5 231 48.8
SEM 0.0 1.7 52 1.7 1.3 6.4 9.0 3.8 53 2.7 54

PK = Pharmacokinetics
PC-SUV = small unilamellar vesicles (SUV) prepared using L-a-phosphatidylcholine (PC)
n.a.= not available
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Table 36: Cetirizine Plasma Concentrations after the To

PC-MLYV on the Shaved Backs of Rabbits

pical Application of 10 mg Hydroxyzine from

PK Parameter Cetirizine Plasma Concentration (ng/mL)
Time(h) | 05 1 2 3 4 5 6 8 10 24

Rabbit Code

3 0.0 12.8 2.4 56.5 69.6 64.4 68.5 61.5 557 814 43.2

4 0.0 23.6 61.9 22.8 88.3 27.0 41.1 36.5 n.a. 36.9 69.6

5 0.0 239 n.a. n.a. 519 8.3 349 48.2 56.3 88.5 24.6

6 0.0 n.a. 30.3 n.a. n.a. 38.6 42 .8 27.0 30.3 n.a. 37.8
Mean 0.0 20.1 31.5 39.6 70.0 34.6 46.8 43.3 47.4 69.0 43.8
SEM 0.0 3.6 17.2 16.8 10.5 11.7 7.4 7.5 8.6 16.1 95

PK = Pharmacokinetics

PC-MLV = multilamellar vesicles (MLV) prepared using L-a-phosphatidylcholine (PC)

n.a.= not available
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Figure 30: Mean + SEM Cetirizine Plasma Concentrations after the Topical
Application of 10 mg Hydroxyzine From GB or PC-SUV or PC-MLV on the

ved Backs of Rabbits.
>3

Glaxal Base,

PC-SUV = small unilamellar vesicies (SUV) prepared using L-a-phosphatidylcholine (PC),

PC-M

LV = multilamellar vesicles (MLV) prepared using L-a-phosphatidyicholine (PC)
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Figure 30a: Mean Hydroxyzine and Cetirizine Plasma Concentrations after the Topical Application

of 10 mg Hydroxyzine From GB or PC-SUV or PC-MLV on the Shaved Backs of Rabbits.
n=or>3

GB = Glaxal Base,

PC-SUV = small unilamellar vesicles (SUV) prepared using L-a-phosphatidylcholine (PC),

PC-MLV = mutltilamellar vesicles (MLV) prepared using L-a-phosphatidylcholine (PC), Hyx = Hydroxyzine, CTZ = Cetirizine
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Table 37: Mean + SEM Percent of Hydroxyzine Dose Remaining on the Shaved
Backs of Rabbits at 24 hours after the Topical Application of 10 mg Hydroxyzine
from GB or PC-SUV or PC-MLV

. Percent of Hydroxyzine Remaining
Formulations Mean + SEM
GB 0.06 £ 0.02
PC-SUV 0.02 + 0.01
PC-MLV 0.04 £ 0.01

n==6

GB = Glaxal Base

PC-SUV = small unilamellar vesicles (SUV) prepared using L-a-phosphatidylcholine (PC)
PC-MLV = multilameliar vesicles (MLV) prepared using L-a-phosphatidylcholine (PC)
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Figure 31: Mean + SEM Percent of Hydroxyzine Dose Remaining on the Shaved
Backs of Rabbits at 24 hours after the Topical Application of 10 mg
Hydroxyzine from GB or PC-SUV or PC-MLYV.

n==6

GB = Glaxal Base,

PC-SUV = small unilamellar vesicles (SUV) prepared using L-a-phosphatidyicholine (PC),
PC-MLV = multilamellar vesicles (MLV) prepared using L-a-phosphatidylcholine (PC)
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Table 38: Histamine-Induced Wheal Areas on the Shave
Application of 10 mg Cetirizine from GB

d Backs of Rabbits Before and After the Topical

PD Parameter

Wheal Area (cm?)

Time (h) | 0.5 1 2 3 4 5 6 8 10 24

Rabbit Code

1 091 | 049 | 082 | 091 | 0.89 | 025 | 021 | 010 | 008 | 030 | 051

2 0.92 | 047 | 068 | 028 | 046 | 023 | 047 | 016 | 009 | 044 | 052

3 138 | 050 | 047 | 063 | 050 | 0417 | 0.77 | 093 | 068 | 074 T 059

4 064 | 022 | 040 | 027 | 033 | 0415 | 015 | 035 | 046 | 037 | 0.3

5 113 | 052 | 053 | 040 | 049 | 038 | 046 | 027 | 042 | 055 | 058

6 128 | 049 | 053 | 025 | 069 | 050 | 045 | 025 | 069 | 065 T 570
Mean 104 | 045 | 057 | 046 | 056 | 028 | 037 | 034 | 035 | 046 | 057
SEM 011 | 0.05 [ 006 | 041 | 0.08 | 005 | 0.10 | 042 | 092 008 1 003
n=6

PD = Pharmacodynamic
GB = Glaxal Base
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Table 39: Histamine-Induced Wheal Areas on
Application of 10 mg Cetirizine from PC-SUV

the Shaved Backs of Rabbits Before and After the Topical

PD Parameter Wheal Area (cm?)
Time (h) | 0.5 1 2 3 4 5 6 8 10 24

Rabbit Code »

1 1.13 0.34 0.22 { 0.09 | 0.26 0.29 0.10 0.00 0.14 0.30 0.58

2 1.20 0.50 017 | 0.16 | 0.08 0.21 0.27 0.07 0.20 0.10 0.55

3 1.02 0.14 061 ] 045 | 049 0.25 0.09 0.00 0.00 0.18 0.30

4 0.91 0.55 0.39 | 0.16 | 0.57 0.33 0.34 0.08 0.08 0.21 0.22

5 0.89 0.42 0.17 | 0.31 0.28 0.25 0.07 0.05 0.04 0.18 0.31

6 1.11 0.80 1.05 ] 113 | 0.74 0.28 0.81 0.38 0.08 0.39 0.41
Mean 1.04 0.46 043 ] 0.38 | 0.40 0.27 0.28 0.10 0.09 0.23 0.40
SEM 0.05 0.09 014 | 0.16 | 0.10 0.02 0.1 0.06 0.03 0.04 0.06
n= 6

PD = Pharmacodynamic
PC-SUV = small unilamellar vesicles (

SUV) prepared using L-a-phosbhatidylcholine (PC)
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Table 40: Histamine-lnducéd Wheal Areas on the Shaved Backs of Rabbits Before and Aft
Application of 10 mg Cetirizine from PC-MLV

er the Topical

PD Parameter

Wheal Area (cm?)

Time (h) | 05 1 2 3 4 5 6 8 10 24
Rabbit Code
1 0.78 | 045 | 032|021 | 048] 006 | 020 0.06 000 | 018 | 031
2 109 | 0.36 | 029 | 036 | 033 | 011 | 007 0.00 008 | 013 | 008
3 120 | 060 | 068 ] 027 | 041 031 1 000 0.00 003 | 020 | 051
4 117 | 049 | 023 ] 021 047 008 1 000 0.05 009 | 034 | 063
5 1.07 | 107 | 051 ] 044 | 013 009 | 013 0.00 008 | 031 | 043
5 110 | 042 | 029 [008] 040 | 012 | 005 0.00 000 | 009 | 007
Mean 107 | 057 | 039|026 0221 013 | 007 0.02 005 | 021 | 034
SEM 0.06 | 011 | 0.07 | 005 0051 004 1 003 001 002 | 004 | 009
n==6

PD = Pharmacodynamic

PC-MLV = multilamellar vesicles (MLV) prepared using L-a-phosphatidyicholine (PC)
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Wheal Area (cmz)

Time (h)
Figure 32: Mean + SEM Wheal Areas of Histamine-Induced Wheal on the
Shaved Backs of Rabbits after the Topical Application of 10 mg

Cetirizine from GB or PC-SUV, or PC-MLV.

n=6

GB = Glaxal Base,

PC-SUV = small unilamellar vesicles (SUV) prepared using L-a-phosphatidyicholine (PC),

PC-MLV = muttilamellar vesicles (MLV) prepared using L-a-phosphatidyicholine (PC)

GB
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Table 41: Percent Suppression of Histamine-Induced Wheal Formation on the Shaved Backs of
Rabbits after the Topical Application of 10 mg Cetirizine from GB

PD Parameter

Percent Wheal Suppression

Time (h) | 5 1 2 3 4 5 6 8 10 24
Rabbit Code
1 456 | 98 | 00 | 18 | 725 | 768 89.2 91.2 66.6 442
2 454 | 211 | 674 | 470 | 7291 804 818 893 48.8 371
3 291 | 333 | 96 | 283 | 756 | 00 0.0 27 0.0 16.1
4 737 | 521 | 679 | 608 | 8181 819 59.0 815 556 376
5 509 | 502 | 621 | 53.8 | 638 | 563 74.9 60.8 76.2 456
6 564 | 523 | 778 | 38.8 | 553 | 595 773 383 41.0 374
Mean 502 | 365 | 475 | 384 | 703 | &92 63.7 60.6 48.2 363
SEM 60 | 74 | 1371 87 | 38 | 176 134 122 10.0 i3
n=6

PD = Pharmacodynamic
.GB = Glaxal Base
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Table 42: Percent Suppression of Histamine-Induced Wheal Formation on the Shaved Backs of

Rabbits after the Topical Application of 10 mg Cetirizine from PC-SUV

PD Parameter

Percent Wheal Suppression

Time (h) | 5 1 2 3 4 5 6 8 10 24

Rabbit Codeé

1 522 69.3 875 63.8 50.0 856 100.0 800 | 588 196

2 378 705 80.0 907 742 67.1 90.8 757 | 875 314

3 875 | 456 59.9 56.0 774 92.0 1000 | 1000 | 840 72.8

4 29.9 50.1 79.2 278 58.7 56.5 89.9 90.0 732 72.0

5 556 818 66.4 69.9 73.6 93.0 95.2 95.3 80.5 66.6

6 322 11.2 39 373 76.7 317 67.0 929 | 666 65.6
Mean 49.2 563 628 57.6 701 71.0 90.6 89.0 75.1 54.7
SEM 88 10.9 125 93 35 98 70 38 i5 9.4
n=6

PD = Pharmacodynamic

PC-SUV = small unilamellar vesicles (SUV) prepared using L-a-phosphatidylcholine (PC)
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Table 43: Percent Suppression of Histamine
Rabbits after the Topical Application of 10

-Induced Wheal Formation on the Shaved Backs of
mg Cetirizine from PC-MLV

PD Parameter

Percent Wheal Suppréssion

Time (h) | 5 1 2 3 4 5 6 8 10 24

Rabbit Code

1 433 502 73.3 77.2 922 746 26 1000 | 77.2 60.7

2 658 724 657 686 89.0 92.0 100.0 923 87.9 92.0

3 40.7 336 738 60.1 69.4 100.0 | 100.0 972 806 50.0

4 58.2 80.8 825 859 | 93.0 100.0 955 922 71.0 46.2

5 0.0 6.9 195 758 843 778 100.0 858 435 217

6 60.6 727 921 907 887 952 100.0 | 1000 | 9711 936
Mean 448 543 67.8 76.3 86.1 90.1 98.0 946 752 60.7
SEM 98 716 0.3 75 36 i 13 23 70 714
n==6

PD = Pharmacodynamic

PC-MLV = muitilamellar vesicles {MLV) prepared using L-a-phosphatidylcholine (PC)
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Fi'gure 33: Mean + SEM Percent Suppression of Histamine-Induced Wheal
Formation on the Shaved Backs of Rabbits after the Topical Application of 10 mg

Cetirizine from GB or PC-SUV, or PC-MLV.

n=6

GB = Glaxal Base,

PC-SUV = small unilamellar vesicles (SUV) prepared using L-a-phosphatidyicholine (PC),

6l

PC-MLV = multilamellar vesicles (MLV) prepared using L-a-phosphatidylcholine (PC)
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Figure 33a: Mean + SEM Percent Suppression of Histamine-Induced Wheal
Formation on the Shaved Backs of Rabbits after the Topical Application of 10 mg
Cetirizine from GB or PC-SUV, or PC-MLV.
n=6
GB = Glaxal Base,
PC-SUV = small unilamellar vesicles (SUV) prepared using L-a-phosphatidylcholine (PC),

PC-MLV = multilamellar vesicles (MLV) prepared USing L-a-phosphatidylcholine (PC)
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Table 44: Cetirizine Plasma Concentrations after the Topical Application of 10 mg Cetirizine from
GB on the Shaved Backs of Rabbits

PK Parameter Cetirizine Plasma Concentration (ng/mL)
Time (h) | 05 1 2 3 4 5 6 8 10 24
Rabbit Co
1 0.0 552 74.4 419 46.5 22.0 17.8 43.2 44.8 4.1 0.0
2 0.0 79.8 65.6 31.1 27.8 32.0 7.4 6.6 0.0 1.2 0.0
3 0.0 457 457 26.5 12.8 44 4 9.9 241 66.5 17.8 74
4 0.0 64.4 56.1 31.1 21.1 6.6 49 11.6 7.0 6.6 3.7
5 0.0 59.4 46.5 49.8 45.3 13.7 3.3 0.0 0.0 0.0 0.0
6 0.0 46.5 36.1 29.5 41.5 17.8 60.2 137 4.1 2.8 0.0
Mean 0.0 58.5 54 1 35.0 32.5 227 17.3 16.5 20.4 5.4 1.9
SEM 0.0 52 58 37 57 55 8.8 6.2 11.5 27 1.3
n=6

PK = Pharmacokinetics
GB = Glaxal Base
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Table 45: Cetirizine Plasma Concentrations after the Topical Application of 10 mg Cetirizine from
PC-SUV on the Shaved Backs of Rabbits

PK Parameter Cetirizine Plasma Concentration {ng/mL)
Time(h)| 05 1 2 3 4 5 6 8 10 24

Rabbit Code

1 0.0 8.3 8.3 253 23.2 10.3 12.0 11.6 21.6 10.7 0.0

2 0.0 174 16.2 26.5 28.6 303 27.8 36.1 29.0 23.2 7.8

3 0.0 14.5 19.9 16.6 124 21.1 17.0 78 14.9 10.3 10.3

4 0.0 27.0 191 12.4 12.4 19.9 11.6 20.7 22.4 13.2 13.2

5 0.0 14.1 14.5 22.0 19.1 241 10.3 16.6 224 30.3 32.8

6 0.0 3.7 257 95 33.2 324 353 34.0 34.5 27.4 20.7
Mean 0.0 14.1 17.3 18.7 21.5 23.0 19.0 211 24 1 19.2 14.2
SEM 0.0 33 2.4 2.9 35 3.2 4.2 4.8 2.8 3.6 4.6
n=6

PK = Pharmacokinetics
PC-SUV = small unilamellar vesicles (SUV) prepared using L-o-phosphatidylcholine (PC)
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Table 46: Cetirizine Plasma Concentrations after the Topical Application of 10 mg Cetirizine from

PC-MLV on the Shaved Backs of Rabbits

PK Parameter Cetirizine Plasma Concentration (ng/mL)
Time (h) | 0.5 1 2 3 4 5 6 8 10 24

Rabbit Co

1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 78.9 15.3 10.0 85.6

2 0.0 35.3 6.2 6.2 64.0 60.2 48.6 49 4 935 78.1 51.9

3 0.0 14.5 19.5 4.9 4.1 16.2 41.1 41.5 69.8 519 12.8

4 0.0 28.6 10.3 15.7 14.5 60.2 59.8 93.9 63.6 453 29.5

5 0.0 19.1 16.6 22.0 14.5 10.7 24.5 12.8 13.2 19.1 9.1

6 0.0 249 24.5 17.0 64.0 67.3 36.9 23.6 20.3 30.3 7.8
Mean 0.0 20.4 12.8 11.0 26.8 35.8 352 50.0 459 39.1 32.8
SEM 0.0 50 3.7 3.5 12.0 12.2 8.5 12.8 13.9 10.1 12.6
n=6

PK = Pharmacokinetics

PC-MLV = multilamellar vesicles (MLV) prepared using L-a-phosphatidylcholine (PC)
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Fjgure 34: Mean + SEM Cetirizine Plasma Concentrations after the Topical Application

of 10 mg Cetirizine From GB or PC-SUV or PC-MLV on the Shaved Backs of Rabbits.
n=6 '

GB = Glaxal Base,
PC-SUV = small unilamelflar vesicles'(SUV) prepared using L-a-phosphatidylcholine (PC),
PC-MLV = multilamellar vesicles (MLV) prepared using L-o-phosphatidyicholine (PC)
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Table 47: Mean + SEM Percent of Cetirizine Dose Remaining on the Shaved
Backs of Rabbits at 24 hours after the Topical Application of 10 mg Cetirizine
from GB or PC-SUV or PC-MLV

Formulations Percent of Cetirizine Remaining
Mean £ SEM
GB 174 £ 3.6
PC-SUV*+ 99%15
PC-MLV 32+9.2

n==6

* Significantly different from GB p< 0.05

+ Significantly different from MLV p< 0.05

GB = Glaxal Base

PC-SUV = small unilamellar vesicles (SUV) prepared using L-a-phosphatidylcholine (PC)
PC-MLV = multilamellar vesicles (MLV) prepared using L-a-phosphatidylcholine (PC)
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Figure 35: Mean + SEM Percent of Cetirizine Dose Remaining on the Shaved
Backs of Rabbits at 24 hours after the Topical Application of 10 mg
Cetirizine from GB or PC-SUV or PC-MLV.

n=6

GB = Glaxal Base,

PC-SUV = small unilamellar vesicles (SUV) prepared using L-a-phosphatidylcholine (PC),
PC-MLV = multilamellar vesicles (MLV) prepared using L—a-phosphatidylcholine (PC)
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Table 48: Histamine-Induced Wheal Areas on the Shaved Backs of Rabbits Before and After the Topical

Application of 10 mg Cetirizine from HPC-SUV

PD Parameter

Wheal Area (cm?)

Time (h) | 05 1 2 3 4 5 6 8 10 24

Rabbit Code

3 122 | 075 | 075 ] 080 | 074 | 0.75 0.04 113 703 | 040 | 014

4 143 | 1.07 | 1.07 | 1.03 | 051 | 099 1.02 0.68 075 | 103 | 027

5 0.99 | 0.90 | 0.74 | 0.70 | 0.40 | 050 0.40 0.30 030 | 031 | 000

6 121 | 1.01 | 1.01 ] 086 | 147 ] 075 1.03 0.55 058 | 056 | 0.00
Mean 113 | 093 | 0.89 | 085 [ 071 0.75 0.85 0.67 067 | 058 | 0.10
SEM 0.05 | 007 | 009007 [ 017 070 0.15 017 015 | 0.16 | 006
n=4

PD = Pharmacodynamic

HPC-SUV= small unilamellar vesicles (SUV) prepared using L-a-phosphatidylcholine hydrogenated (HPC)
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Table 49: Histamine-Induced Wheal Areas on the Shaved Backs of Rabbits Before and After the Topical

Application of 10 mg Cetirizine from HPC-MLV

PD Parameter

Wheal Area (cm?)

Time (h) | 05 1 2 3 4 5 6 8 10 24
Rabbit Code
3 1.22 0.75 0.06 | 0.19 | 0.46 0.01 0.05 0.02 0.03 0.1 0.29
4 1.13 0.26 0.02 | n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
5 1.20 0.21 0.14 | 0.02 | 0.10 0.02 0.02 0.09 0.07 0.28 0.42
6 1.64 1.21 0.10 | 0.53 | 0.51 0.08 0.28 0.17 0.14 0.21 0.20
Mean 1.30 0.61 0.08 | 0.25 | 0.36 0.04 0.12 0.09 0.08 0.20 0.30
SEM 0.12 0.24 0.03 | 015 | 0.13 0.02 0.08 0.04 0.03 0.05 0.06
n=4

PD = Pharmacodynamic

HPC-MLV= multilamellar vesicles (MLV) prepared using L-a-phosphatidyicholine hydrogenated (HPC)

n.a. = not available
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Figure 36: Mean + SEM Wheal Areas of Histamine-Induced Wheal on the Shaved Backs of
Rabbits after the Topical Application of 10 mg Cetirizine from GB or HPC-SUV,

or HPC-MLYV.

n=or>3

GB = Glaxal Base,

HPC-SUV = small unilamellar vesicles (SUV) prepared using L-a-phosphatidylcholine hydrogenated (HPC),
HPC-MLV = multilamellar vesicles (MLV) prepared using L-a-phosphatidylcholine hydrogenated (HPC)
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Table 50: Percent Suppression of Histamine-Induced Wheal Formation on the Shaved Backs of

Rabbits after the Topical Application of 10 mg Cetirizine from HPC-SUV

PD Parameter

Percent Wheal Suppression

Time (h)

0.5 1 2 3 4 5 6 8 10 24

Rabbit Code

3 385 38.5 - 344 39.1 38.3 23.0 7.0 15.2 67.1 88.2

4 141 14.1 17.3 59.2 20.6 18.4 456 40.0 17.6 78.6

5 9.1 24.9 29.0 59.4 49.3 59.1 69.4 69.3 68.4 100.0

6 16.5 16.7 28.8 3.1 37.9 14 .4 54.5 52.0 53.6 100.0
Mean 19.6 23.6 27.4 40.2 36.5 28.7 44 1 44 1 517 91.7
SEM 6.5 55 3.6 13.2 59 10.3 13.3 11.3 11.8 52
n=4

PD = Pharmacodynamic

HPC-SUV= small unilamellar vesicles (SUV) prepared using L-a-phosphatidyicholine hydrogenated (HPC)
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Table 51: Percent Suppression of Histamine-Induced Wheal Formation on the Shaved Backs of

Rabbits after the Topical Application of 10 mg Cetirizine from HPC-MLV

PD Parameter

Percent Wheal Suppression

Time (h)

0.5 1 2 3 4 5 6 8 10 24

Rabbit Code

3 38.5 95.3 84.8 62.0 99.3 95.7 98.7 97.2 91.1 76.6

4 76.7 98.2 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

5 82.8 88.0 98.1 92.0 98.3 98.3 925 94.5 76.3 64.8

6 24.2 93.7 66.7 68.3 94.8 82.4 89.6 914 87.2 87.3
Mean 55.6 93.8 83.2 74 1 97.5 92.1 93.6 94 .4 84.9 76.2
SEM 14.3 2.2 9.1 9.1 1.4 4.9 2.7 1.7 4.4 6.5
n=3

PD = Pharmacodynamic

HPC-MLV= multilamellar vesicles (MLV) prepared using L-a-phosphatidylcholine hydrogenated (HPC)
n.a. = not available
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Figure 37: Mean + SEM Percent Suppression of Histamine-Induced Wheal
Formation on the Shaved Backs of Rabbits after the Topical Application of
10 mg Cetirizine from GB or HPC-SUV, or HPC-MLYV.

n=or>3

GB = Glaxal Base,

HPC-SUV = small unilamellar vesicles (SUV) prepared using L-a-phosphatidylcholine hydrogenated (HPC),
HPC-MLV = multilamellar vesicles (MLV) prepared using L-a-phosphatidylcholine hydrogenated (HPC)
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Figure 37a: Mean + SEM Percent Suppression of Histamine-Induced Wheal
Formation on the Shaved Backs of Rabbits after the Topical Application of

10 mg Cetirizine from GB or HPC-SUV, or HPC-MLV.
n=or>3

GB = Glaxal Base,

HPC-SUV = small unilamellar vesicles (SUV) prepared using L-a-phosphatidylcholine hydrogenated (HPC),
HPC-MLV = multilamellar vesicles (MLV) prepared using L-a-phosphatidylcholine hydrogenated (HPC)
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Table 52: Cetirizine Plasma Concentrations after the Topical Application of 10 mg Cetirizine from
HPC-SUV on the Shaved Backs of Rabbits

PK Parameter

Cetirizine Plasma Concentration (ng/mL)

Time(h)| 05 1 2 3 4 5 6 8 10 24
Rabbit Code )
1 00 74 45 58 a1 45 41 6.2 99 66 37
3 00 | 103 | 66 83 87 78 87 7.0 9.9 6.2 58
5 00 | 116 | 99 9.9 49 2.0 7.0 7.0 78 7.0 20
6 0.0 62 19 6.2 6.2 74 58 62 a1 6.6 49
Mean 0.0 89 65 75 6.0 54 6.4 66 79 66 a1
SEM 0.0 13 12 10 1.0 14 70 02 14 02 08
n=4

PK = Pharmacokinetics

HPC-8UV= small unilamellar vesicles (SUV) prepared using L-a-phosphatidyicholine hydrogenated (HPC)

LOT



Table 53: Cetirizine Plasma Concentrations after the Topical Application of 10 mg Cetirizine from
HPC-MLV on the Shaved Backs of Rabbits

PK Parameter Cetirizine Plasma Concentration (ng/mL)
| Time(h) 0.5 1 2 3 4 5 6 8 10 24
Rabbit Code
3 0.0 8.7 3.3 2.8 29.5 16.6 27.4 42.8 46.5 17.4 12.4
4 0.0 43.6 26.5 54.4 n.a. n.a. n.a. n.a. n.a. n.a. n.a.
5 0.0 0.0 423 17.8 30.7 324 28.2 39.9 22.8 28.6 37.8
6 0.0 44.8 34.9 26.1 22.8 35.7 23.6 6.6 48.6 19.1 5.8
Mean 0.0 243 26.8 253 27.7 282 26.4 29.7 39.3 21.7 18.6
SEM 0.0 11.7 85 10.8 2.5 5.9 1.4 11.6 8.3 3.5 9.8

n=3
PK = Pharmacokinetics

HPC-MLV= multilamellar vesicles (MLV) prepared using L-a-phosphatidylcholine hydrogenated (HPC)
n.a. = not available
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Figure 38: Mean + SEM Cetirizine Plasma Concentrations after the Topical Application
of 10 mg Cetirizine From GB or HPC-SUV or HPC-MLV on the Shaved Backs of Rabbits.

n=or>3

GB = Glaxal Base,

HPC-SUV = small unilamellar vesicles (SUV) prepared using L-a-phosphatidylcholine hydrogenated (HPC),
HPC-MLV = multilamellar vesicles (MLV) prepared using L-a-phosphatidylcholine hydrogenated (HPC)
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Table 54: Mean 1 SEM Percent of Cetirizine Dose Remaining on the Shaved

Backs of Rabbits at 24 hours after the Topical Application of 10 mg Cetirizine
from GB or HPC-SUV or HPC-MLV

Formulations Percent of Cetirizine Remaining
Mean + SEM
GB 174 + 3.6
HPC-SUV*+ 59+0.7
HPC-MLV , 19.2+4.0

n=3

* Significantly different from GB p< 0.05

+ Significantly different from MLV p< 0.05

GB = Glaxal Base

HPC-SUV= small unilamellar vesicles (SUV) prepared using L-a-phosphatidylicholine hydrogenated (HPC)
HPC-MLV= multilamellar vesicles (MLV) prepared using L-a-phosphatidyicholine hydrogenated (HPC)
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Figure 39: Mean + SEM Percent of Cetirizine Dose Remaining on the Shaved
Backs of Rabbits at 24 hours after the Topical Application of 10 mg Cetirizine
from GB or HPC-SUV or HPC-MLYV.

n=or>3

GB = Glaxal Base,

HPC-SUV = small unilamellar vesicles (SUV) prepared using L-a-phosphatidylcholine hydrogenated (HPC),
HPC-MLV = multilamellar vesicles (MLV) prepared using L-a-phosphatidylcholine hydrogenated (HPC)
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Figure 1: HPLC Chromatogram of Hydroxyzine
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Figure 2: HPLC Chromatogram of Cetirizine
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Appendix B

Figure 1: Transmission Electron Micrograph
of the Initial PC-SUV Containing Hydroxyzine
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Appendix B
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Figure 2: Transmission Electron Microgra
of the Initial PC-MLV Containing Hydroxyzine
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Figure 3: Transmission Electron Micrograph
of the Initial HPC-SUV Containing Hydroxyzine
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Figre 5: Tansmission Electron Microgrh
of the Initial PS-SUV Containing Hydroxyzine
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Appendix B

Figure 6: Transmission Electron Micrograph
of the Initial PS-MLV Containing Hydroxyzine
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Figure 7: Transmission Electron Micrograph
of the Initial PC-SUV Containing Cetirizine
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Figure 10: Transmission Electron Micrograph
of the Initial HPC-MLV Containing Cetirizine
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100 nm

Figure 11: Transfnission Electron Microgréph
of the Initial PS-SUV Containing Cetirizine
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Figure 12: Transmission Electron Micrograph
of the Initial PS-MLV Containing Cetirizine
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Appendix B

Figure 13: TrahsmiSsion Electron Micrograph of HPC-MLV
Containing Cetirizine Stored at 10C for 12 Months
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Appendix C
Figure 1: Particle Size Distribution of Initial PC-SUV Containing Hydroxyzine
Determined by Submicron Particle Sizer

VOLUME-Weighted GAUSSIAN DISTRIBUTION Analysis (Vesicle)

GAUSSIAN SUMMARY:

Mean Diameter = 263.6 nm Chi Sguared = 359734.250
Stnd. Deviation = 196.1 nm (74.4 %) Baseline Adj. = 1.104 %
Coeff. of Var'n = 0.744 Mean Diff. Coeff. = 1.76E-008 cm2/s
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25 % of distribution < 112.5 nm

50 % of distribution < 185.9 nm

75 % of distribution < 307.3 nm

90 % of distribution < 482.2 nm

99 % of distribution < 1024.1 nm
Run Time = 0 Hr 40 Min 47 Sec Wavelength = 632.8 nm
Count Rate = 187 KHz : Temperature = 23 deg C
Channel #1 = 7840.8 K _ ~ Viscosity = 0.933 cp
Channel Width = = 1.333

25.0 uSec Index of Ref.
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Appendix C
Figure 2: Particle Size Distribution of Initial PC-MLV Containing Hydroxyzine
Determined by Submicron Particle Sizer

VOLUME-Weighted NICOMP DISTRIBUTION Analysis (Vesicle)

NICOMP SUMMARY:
Peak #1: Mean Diam.

Peak #2: Mean Diamn.

o\

329.3 nm, S.Dev.= 39.3 nm (11.9%) Vol= 8.3
4870.3 nm, S.Dev.= 648.0 nm (13.3%) Vol= 91.7 %
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NICOMP SCALE PARAMETERS:
Min. Diam. = 20 nm Plot Size = 60

Smoothing = 3 Plot Range = 1000

GAUSSIAN SUMMARY: -
75798.852

Mean Diameter = 1721.9 nm Chi Sqguared =

Stnd. Deviation = 1121.0 nm (65.1 %) Baseline Adj. = 0.978 %

Coeff. of Var'n = 0.651 Mean Diff. Coeff. = 2.70E-009 cm2/s
Run Time = 0 Hr 37 Min 44 Sec Wavelength = 632.8 nm

Count Rate = 214 KHz Temperature = 23 deg C
Channel #1 = 7259.1 K Viscosity = 0.933 «c¢p
Channel Width = 250.0 uSec Index of Ref. = 1.333
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Appendix C
Figure 3: Particle Size Distribution of Initial HPC-SUV Containing Hydroxyzine
Determined by Submicron Particle Sizer

VOLUME-Weighted NICOMP DISTRIBUTION Analysis (Vesicle)

NICOMP SUMMARY:

Peak #1: Mean Diam.
Peak #2: Mean Diam.
Peak #3: Mean Diam.

61.4 nm, S.Dev.= 7.4 nm (12.0%) Vol= 0.2 %
276.9 nm, S.Dev.= 33.2 nm (12.0%) Vol= 1.8 %
2584 .5 nm, S.Dev.= 367.9 nm (14.2%) Vol= 98.0
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Appendix C
Figure 4: Particle Size Distribution of Initial HPC-MLV Containing Hydroxyzine
Determined by Submicron Particle Sizer

VOLUME-Weighted NICOMP DISTRIBUTION Analysis (Vesicle)

NICOMP SUMMARY:

Peak #1: Mean Diam.
Peak #2: Mean Diam.

It

116.0 nm, S.Dev.= 11.2 nm (9.6%) Vol= 5.0 %
9463.9 nm, S.Dev.= 959.5 nm (10.1%) Vol= 95.0 %
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Min. Diam. = 20 nm Plot Size = 54

Smoothing = 2 Plot Range = 1000
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Mean Diameter = 3221.7 nm Chi Squared = 17454.721
Stnd. Deviation = 2728.8 nm (84.7 %) Baseline Adj. = 0.000 %
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Appendix C
Figure 5: Particle Size Distribution of Initial PS-SUV Containing Hydroxyzine
Determined by Submicron Particle Sizer

VOLUME-Weighted GAUSSIAN DISTRIBUTION Analysis (Vesicle)

GAUSSIAN SUMMARY:

Mean Diameter = 134.4 nm Chi Squared = 70.952
Stnd. Deviation = 60.7 nm (45.2 %) Baseline Adj. = 0.000 %
Coeff. of Var'n = 0.452 Mean Diff. Coeff. = 3.46E-008 cm2
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Appendix C
Figure 6: Particle Size Distribution of Initial PS-MLV Containing Hydroxyzine
Determined by Submicron Particle Sizer

VOLUME-Weigh ICOMP DISTRIBUTION Analysis (Vesicl

NICOMP SUMMARY:
Peak #1: Mean Diam.= 499.0 nm, S.Dev.= 55.0 nm (11.0%) Vol= 13.7 %

Peak #2: Mean Diam.= 5969.1 nm, S.Dev.= 600.3 nm (10.1%) Vol= 86.3
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