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ABSTRACT

‘The nonpolymeric high molecular weight substances
such as lanolin alcohol, stearyl alcohol, and cetyl alcohnl
have been investigated for their film-forming potentiazl.
Furthermore, the application of this potential in the de-
sign of topical drug delivery systems has also been ex-
plored. The utilization of such film-forming systems may
- offer certain unique advantages not associated with the
polymeric systems.

Stearyl alcohol and cetyl alcohel do not form films
of acceptable integrity. Lanolin alcohol forms thin films
capable of being isolated. Inclusion of appropriate amounts
of ethyl cellulose and propylene glycol eor hexadecyl alcohol
in lanolin alcohol was found to improve the integrity,
hardness and modulus of elasticity of these films. These
lanolin alcohol films have been shown to reduce the normal
in vivo transepidermal moisture loss.

The in vitro release of 3H~tri&mcinolone acetonide
from selected films was investigated. The results suggest
that the drug release folilows a diffusion-controlled granu-
lar matrix model with the release profile proportional to
the square root of time. The release rate constants were

found to be proportiomal to the concentration of the



dispersed drug., Drug release was found to be maximal from
a system containing the drug in a near-saturpted solution.
In vitro penetration experiments using human cadaver

skin were also conducted from the same matrix-forming com-
positions. The analysis of the penetration data revealed
that the release from the matrix acted as the rate-limiting
step for the penetration process. The maximum rate of
penetration was observed from a system containing slightly
excess solubilizer than required to completely solubilize
the steroid. The importance of this fiﬁdingfhas heen ex-

plained.
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Chapter I
INTRODUCTION

The study of the pasSsage of medicinal substances
through the skin offers a great deal of challenge to re-
search workers in the fields of pharmacy and dermatoingy.
The choice of an optimum vehicle for a pariicular medica-
ment depends on the physical and chiemical properties of the
drug alone, its properties in the vehicle, as well as the
nature of the skin conditicn being treated. 1In the human
the skin's physiological function as a protective organ is
served by its effective barrier properties against the pene-
tration of a wide variety of substances. Compared to most

other tissues of the body, the skin surface is only slightly

permeablea.

‘Barrier Properties of Skin

The skin's barrier properties reside essentially in

the siratum corneumn layer of epidermis. Studies have shown

that there is no significant difference between rate-~limiting
properties ip isolated stratum corneum and full thickuness

epidermis (1). The absence of metabolic processes in the

dead keratinized layers precludes any role for active

transport processes. Consequently, the stratum corneum
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acts as a passive diffusion medium, but cne which displays
considerable diffusional resistance., The usual diffusion
laws of pnysics (Ficks's law) apply to the phenomena of
cutaneous penetration. The underlying epidermal cell layers,
the dermis, and the capillary walls are relatively permeable,
For a few substances like thorium chloride, the dermal-
epidermal basement membrane may constitute a second barrier
(2) but, in general, once the stratum corneum is traversed,
penetration onto the dermis and systemic circulation is
assured.

In humans, the skin surface is pierced by follicular
orifices and sweat gland ducts. These provide alternate cor
additional pathways for absorption, although the significance
of sweat ducts in this process is questionable. For sub-
stances penetrating the folliicles, subsequent absorption
may occur through the follicular wall, sebaceous gland duct,
or sebaceous gland epithelium. The pilosebaceous apparatus
is an important route of entry for some substances and, in
part, is more permeable than the interfollicular stratum
corneum. For most substances, both transepidermal and trans-
appendageal routes play some role in absorption. Overall,
however, the transepidermal route must be the principal
portal of entry for most materials, since sweat gland ducts
and hair follicle orifices account for only 0.1-0.2% of the
total skin surface.

In the initial phase of percutaneous absorption after

topical application, there may be transient but far greater
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diffusion occurring through the transappendagoal route than
through the transepidermal pathway (3). After steady-state
diffusion is attained, the dominant diffusion pathway is
transepidermal rather than transappendageal. However, for
certain slowly diffusing large molecules, transappendageal
penetration may be the predominant route throughout.

-In regard to transepidermal absorption, the sites of
diffusional resistance in the stratum corneum layer reside
both in its cell membrane and, predominantly, in the poorly
hydrated intracellular filament-matrix contents, The mem-
branes of cells of stratum corpeum are structurally rigid
and show remarkable chemical resistance. These membranes
are about 150 3 thick, almost double the 80 2 thickness
found in basal cell membranes. This change apparently
results from surface deposition on, or inclusion of resis-~
tant material in or just beneath, the stratum corneum cell
membranes (4). This thickness may contribute to the de-
creased cell permeability. Intracellularlyv the keratin
matrix comprises about 65% of cell mass, and the overall
water content is about 10%. For substances diffusing
through these cells, keratin, lipids, and nonfibrous pro-
teins constitute major "roadblocks" to passage. The keratin-
matrix structure is a mosaic of polar (bound water) and
nonpolar (interfilamentous lipid) regions which comprise
parallel but distinct diffusional pathways for water-

and lipid-soluble molecules (3).
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Overall percutancous absorption is a considerably more
complicated process than the prevailing passive diffusion
factors would suggest. The principal conditions affecting

such an absorption can be discussed as follows.

Hydration

Hydration of the stratum corneum is possibly the most
important factor in skin penetration, increasing the rate of
paséage of all substances which penetrate the skin., Hydra-
tion results from water diffusing from underlying epidermal
layers or from the pérspiration that accumulates after applica-
tion of an occilusive vehicle or covering on the surface.

Under occlusive conditions, the stratum corneum is changed
from a tissue which normally contains very little water
(5-15%) to one which may contain as much as 50% water (5).

The importance of hydration can be found in those
investigations employing occlusive plastic film in steroid
therapy. Here, the prevention of water loss from the stratum
corneum and the subsequent increased water concentration in
the skin layer enhances the penetration of the steroid
(6~10). McKenzie and Stoughton (7) have shown that péne-
tration of corticosteroids may be increased 100-fold by
occluding the site of application and thus hydrating the
stratum corneum. This enhanced activity of the steroid

applied under a plastic barrier also has been attributed to

increased contact between vehicle and skin, the accurate



localization of vehicle and increased skin temperature.

Wurster and Kramer (11) measured the rate of penctra-
tion of esters of salicylic acid across dry and hydrated
stratum corneum. They found that when the tissue was
hydrated the rate of penetration of the water-soluble esters
increased more than that of the other esters studied.
Working with aspirin in a temperature-humidity chamber,
Fritsch and Stoughton (12) showed the importance of
these factors on the penetration of excised skin. Full
hydration of the keratin (accomplished by layering water
over acetylsalicylic acid on the epidermal surface) dram-
atically increased the penetration when compared to condi-
tions of lower humidity at the same temperature. Although
under the conditions employed, aspirin may have hydrolyzed
to salicylic acid, the conclusions drawn regarding the
effect of humidity on penetration are still wvalid.

The mechanism of transport of a drug through hydrated
stratum corneum may be gquite different from that through
normal stratum corneum. Any vehicle that alters the hydra-
tion state of the stratum corneum will affect its diffusional
resistance. Increased hydration of the membrane appears
toopen up its dense, closely packed cells and increase
its porosity. The magnitude of this effect depends on the
degrece of hydration and the specific penetrant. Schleuplein
and Ross (13) indicated that hydration can increase the
permeability of skin as much as eightfold even though some
of Scheuplein's data (14) with water and polar alcohols

suggested that hydration does not significantly alter
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the barrier function of stratum corneum.

Vehicles

Vehicles do significantly affect the penetration of
substances through stratum corneum (15). In general, the
activity of the drug within the vehicle is more important
than the properties of vehicle itself in terms of drug
bicavailability.

The physical characteristics of the vehicle are a
major consideration in vehicle selection. In case of solu-
tions,substances will be more rapidly released from vehicles
having a low affinity for the penetrant. Pertinent factors
here are related to the solubility of the penetrant in
the vehicle and the rate of release of the pencetrant from
its base. In general, it has been shown that the diffusion
of the drug from the vehicle into the skin surface and sub-
sequent penetration of the drug through stratum corneum are
functions of the partition coefficient of the drug be-
tween stratum corneum and vehicle and of the relative
solubility of the drug in the vehicle (16, 17). Particle
size, drug concentration in the vehicle, and to some extent,
viscosity of the vehicle are significant factors.

The thermodynamic activity of the incorporated material
is an important factor. Thermodynamic activity is the
product of the concentration and its activity coefficient

in the vehicle. Rapid release of the drug is dependent ©On



its high thermodynamic activity in the vehicle, as the
direction of {low is always froum the higher to lower thermo-
dynamic potential. For specific concentrations of certain
substances, it has been shown that thermodynamic activities
may vary as much as 1000-fold from one vehicle to another
(18). Activity coefficicents are reduced by such factors

as pH changes that will shift the equiliberia of ionizable
compounds towards ionized state and complex formation with
vehicular contents. Vehicles with relatively low solvent
power for incorporated compounds will induce more rapid
penetration (18}). In general, a compound must be at least
partially soluble in its vehicle so that it can be readily
released into the receptor phase (skin barrier). High
solubility may result in preferential retention of the
drug in the vehicle.

The physical properties of vehicles are also impor-
tant in the degree of occlusion they produce leading to
water retention in the stratum corneum layer. The ef-
ficiency of various types of vehicles in aiding penetration
can be reasonably explained on the basis of their effect
on hydravion of the stratum corneum or how the vehicle
alters the activity of water in the stratum corneum and
influences the stratum corneum/vehicle partition coefficient.
Greases nnd oils are the most occlusive vehicles and in-

duce the greatest hydration through sweat accumulation at

the skin-vehicle interface (19). This can be accentuated
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by coevering with occlusive bandages or piastic. Emulsiocns
of the water-in-o0il type are less occlusive than greases.
Substances in the vehicle, such as humcctants, which bave
a high affinity for water, would act in proportion to the
relative humidity of the environwment. II the latter is
low, the humectani would tend teo dehydrate the stratum
corneum and decrease peneirxtion. Similarly, powders

increase suriace arsa, increuase tis rate of ovaporation

of water, and so decrease the extent of aydration (19).

Some vehicles have pronounced effects when applied
to the skin surface. Certain nonaguecus bases promote
penetration by producing structural change or chemical
damage in the barrier layer (20). Dimethyl sulfoxide,
dimethyl scetamide, and dimethyl formamide are ecxamples

of these.

Low molecular weight volatile solvents such as ether,
methanol, ethancl and acetorne may also damage skin's
barrier Iayer, Substantial lipid extraction from stratum
corneun cells, which leaves a mere porous barrier, is most

likely respounsible for this effect.

Concentration of Drug in Donor (Vehicle) Phase

Tregear (21) has tabulated a number of experimental
studies involving several compounds where Fick's law was
found to hold. The penetration rate of butanol, for

example, through isolated epidermis is directly proportional



to its conceniration in saline solutiop at dilute concentra-
tions (22), Scheuplein andé Blank (3) have stated that un-
less the applicd substance can damage the tissue, Fick's
law seems to hold fairly well for all penetrating substances.
When high concentrations of penetrant are present in the
donor phase, positive or negative deviations from Fick's
law ordinarily occur as a consequence of membrane changes
induced by the high concsantratiors or bhecause the partition
coefficient between the donor phase and the skin barrier is
not constant over the entire concentration range. An in-
créase in penetration in proportion to the square root
of concentration in the case of zliphatic alcchols has
also been recently reported (23).

In addition, other factors such as fluctuations in
skin temperature, peripheral circulation, species variation,
age and drug binding and metabolism have been found to

affect percutaneous absorption.

Polymers in Drug Delivery Systems

Protective films containing therapeutically active
agents have been used for dermatological applications.
Schertler has formulated a film-forming preparation using
polyacrylate and hydroxypropyl cellulose, suitable for
the topical application of corticosteroids (24). Conrady

et al. have developed a long lasting insect repellent film

intended for application on skin using unsaturated carbonyl



10

monomers (25). In recent years, great interost has devel-
oped regarding Lthe use of medicated polymeric films in
managing contaminated wounds (26). Spray-on bandages using
polyvinyl alcohol in combination with polyvinyl acetate or
acrylic resins and other water soluble resins have been
jnvestigated (26). In one study (27), optimal therapeutic
TEeSpUNSesS were secn “in the contaminated soft tissue wounds
in rats when an antibiotic was administered to the affeated
area and covered with a spray dressing of isobutyl cyano-
acrylate. Chloramphenicol and nitrofurazone have been
incorporated into solutions of ethyl cellulose and sodium
carboxymethyl cellulose (28). More recently, an inert
polymeric matrix impregnated with the drug has been utilized
to achieve prolonged and steady release of pilocarpine for
administration to the eye (29) and in long-term buccal
absorption of drugs (30). Shaw et al. (31) have recently
described a transdermal system which delivers the drug
scopolamine at a rate that prevents motion~induced nausea,
but minimizes the other parasympatholytic effects of the
drug.

Iin certain specific dermatological applications, the

use of drug-containing polymeric films could offer certain

unigque advantages not associated with conventional dosage

forms. ‘'These advantages inelude epnhanced therapeutic effect

combined with predictable control over the rate and extent

of absorption of the drug. 1f the vehicle is a polymeric
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film, it has been shown that it is possible to control the

rate of release of a therapeutically active substance for

subsequent penetration through the skin, depending upon !
the nature of the polymeric film and therapeutic agent (32). F
Coldman et al. (33) have studied the penetration of fluo-

cinolone acetonide and its acetate ester through human skin

with vehicle mixtures of isopropanol and isopropyl myristate

or propylene glycol. The eight- to ten-fold increase in

skin penetration is accounted for by the increase in the
thermedynamic activity of the steroid brought about by

the evaporation of isopropanol. A drug carried in a non- i
volatile polymeric solvent-vehicle containing a volatile

solvent would also be expected to follow a similar path-

way, depending on its thermodyaamicactivity in the film

after evaporation of the solvent.

Relationships for Systems Where Diffusion from the Vehicle

is Rate-Limiting

There is only one situation in which the properties of
the skin can be ignored entirely as far as topical drug
diffusion is concerned. This occurs when the release rate
of the drug from the vehicle is exclusively rate-limiting
for the absorption process. In this instance, the skin can
be regarded as a perfect sink which plays no part in deter-
mining the rate at which the drug penetrates the skin.
Generally it has been stated to be possible in cases in-

volving absorption by injured skin or where highly insoluble,
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suspensior-type ointments are used where large concentra-

tion gradients may develop in ihe applied phuse. Mathe-

matical relationships useful in describing such cases have

been given by T. Higuechi (18).

a. Penetrant BRelease from Solutions

If the penetrating substance initially is uniformly
dissolved in a homcgeneous base,the following eguation

derived from Fick's law of diffusion (34) applies:

- _ g B
@=nc)1-2 A exp | TRLEOEL) T LA ( (eq. 1)
- (2m#*1) 4h
- m=
where
Q@ = quantity of drug released to the skin surface

per unit area of application.
= initidl coneentration of drug in vehicle,
thickness of vehicle layer,

= diffusion constant of the drug in the vehicle,

- & = &3
H

= time after application,

I

m integer with values from 0 to «.

This equation is a valid expression for release from one

side of a layer of vehicle if the following restrictions are

met (35):

s -
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(i) A single drug is in true solution and (initiélly)
uniformly distributed throughout the vehicle.
(1i) The composition of the vchicle remains fixed
during the diffusion process, i.e., components
other than drug do not leave or enter the
vehicle phase.
(iii) The diffusion constant of the drug is independent
of time and position in the vehicle.
({iv) DPrug reaching the receptor phase (skin) is ab-~-
sorbed instantaneously.
When the percentage of drug released from vehicles is less
than 30-50% and the vehicle layer is sufficiently thick,
then the following simplified equation proposed by T.

Higuchi (18) can be used:

&
Q=2C PTE] (eq. 2)

b. Penetrant Release from Solid Matrix Containing Dispersed

Drug

1. Release From a Planar System Having a Homogeneous

Matrix:

The extraction of the medicament by a simple diffusional
process through'and.from an enveloping homogeneous matrix
follows this case. The drug is presumed to go successively
from the erystal surfaces into the uniform matrix and out
into the bathing solvent which in turn acts as a perfect

sink. The amount of total drug released from such a system
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into a bathing medium acting essentially as & perfect sink

would be determined by the relationship (238):

Q= bt (25-C )C, (eq. 3)

where

Q@ = guantity of drug released after time t per umit
exposed area,

D = the diffusivity of the drug in the homogeneous matrix
media,

A = the total amount of drug present in the matrix per

unit volume,

C_ = the solubility of the drug in the matrix substance.

2. Release ¥rom a Planar System Having a Granular Matrix:

Here the medicament is leached by the bathing fluid
which is able to enter the drug-matrix phase through pores,
cracks, and intergranular spaces. The drug is presumed to
dissolve slowly into the permeating fluid phase and to
diffuse from the system along the cracks and capillary
channels filled with the extracting solvent. Intragranular
diffusion is assumed, inm this instance, to be insignificant,

Here the equation 3 is modified for the effective volume

where diffusion can occur and the effective diffusional

path. For this system:

— - : |
Q=\—==(28~eC)C ¢ (eq. 4)
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whoere

Jiffusivity of the drug in the permeating fluid,

3

D
T = the tortucsity factor of the capillary system = 3,

€ = the porosity of the matrix,

C_ = the solubility of the drug in the permeating fluid.

For both eguations 3 and 4 the derivation is based

on the existence of a pseudo-steady state condition during
the release process and on the assumption that the drug
particles are quite small relative to the average distance
of diffusion and are uniformly distributed in the matrix.
These equations would be essentially valid for systems in
which A is greater than C, or eC, by a factor of three or

four.

The Case Where Diffusion Across Skin Barrier is Rate-Limiting

The majority of topical preparations on application to
an intact skin fall in this category. This is due to the
fact that the skin is a highly resistant barrier and it is
penetrated only with difficulty by most noncaustic substances.

Fick's law specifies that the flux (moles em™2 sec-l)
of a substance through a plane perpendicular to the direc-
tion of diffusion is directly proportional to the concen-
tration gradient,

dec
g = - D -a-}-c- (eq_' 5)

where J is the flux and g% is the concentration gradient.




16

A modified form of egusiion 5, applicable to biological

membranes, has been developed by T. lWiguchi (138):

PC D A
dag v s
R- (eq. 6)
h
where
aQ _ _ . ;
ar ¥ steady~state rate of penetration,
P = effective partition ccefficient between skin barrier
and vebicle,
‘7 = concentration of drug dissolved in the vehicle,
D, = average diffusion constant of the drug in skin

barrier,
A = area of skin to which drug is applied,

h = effective thickness of skin barrier.

A number of limitations must be borne in mind when
applying equation 6. In general, it applies only for rela-
tively low concentrations of penetrant in the vehicle,
and deviations from Fick's law are usual at high concentra-
tions. Good compliance with this equation could be observed
when following constraints were imposed upon experimental
conditions (15).

(i) a constant concentration of solute (penetrant)

was maintained in the donor (vehicle) phase,

(ii) sink conditions wer2 miintained on the recepior

side of the membrane,

(iii) the composition of the donor phase was maintained
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constant and loss by evaporation or diffusion
does not ogcur, and when

{iv) both donor and receptor phases were stirred.

Scope of the Present Study

Medicated occlusive dressings capable of forming a film
at the site of application could be considered superior to
conventional dressings which necessitate the use of “Saran
¥rap" to achieve occlusivity. These medicated occlusive
dressings:

(i) could be designed to provide an optimum level of
occlusivity which does not hamper the normal
physiological function of the skin,

(ii) could be expected to have greater acceptance due
to ease of application and the invisible nature
. of the film, and
(iii) as an auxilliary role, could be expected to
prevent the mechanical removal of topically-
applied drug.

Although several polymeric substances have been studied
for their film characteristics and potential applicaticn in
topical delivery systems, the nonpolymeric high molecular
weight substances such as lanolin alcohol, stearyl alcohol
and cetyl alcohol do not appear to have been investigated
for their film-forming potential. Furihermore, the applica-

tion of this concept in the design of topical drug delivery
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systems has also not been fully cexplored. The utilization
of such systems could be expcecctod to minimize the bazard
associated with the monomeric impuritics presont in the
high molecular weight polymers. Moreover, these high mole-
cular weight alcohols can be obtained in 2 state of more
definable composition than pelymers. The films formed by
these substances can be easily washed off from the skin by
soap and water.

In the present study, a preliminary screening of the
film-forming potential of lanolin alecohol, cetyl alcohol
and stearyl alcohol has been made. Propylene glycol or
hexadecyl alcohol was used as the plasticizer for the film.
The . film-forming potential of lanolin alcobol, cetyl alcohol,
and stearyl alcohol was also tested in combination with a
known film former, ethyl cellulose (37}, in presence of the
plasticizers mentioned above. The films formed by lanolin
aleohol either alone or inm combination with ethyl cellulose
in combination with the plasticizers mentioned above were
then characterized. The evaluation of the films was carried
out by measuring the hardness and modulus of elasticity at
a given film thickness. Selected films of lanolin alcohol
were also tested for their in vivo water vapor transmission
characteristics.

This work describes the kinetics of drug release and
in vitro skin penetration from selected compositions of

films of lanolin alcohol. For the purpose of these studies,

S
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triamcinolone acctonide was chosen as the model drug.
Triamcinolone acevonide belongs te the family of cortico-
steroids with potent topical antiinflammatory activity.
Furthermore, this drug was readily available in radiclabeled
form which provided a highly sensitive tecknique to study

the kinetics of release and skin penctration.

P




Chapter I1I

SCREENING AND EVALUATION OF THE PHYSICAL
CHARACTERISTICS OF THE TFILMS

This chapter describes results of initial screening of
potential film formers, evaluating screcned films for
integrity, and occlusive characteristics. For the initial
screening of the film forming capability, the following
nonpolymeric high molecular weight alcohols were selected:

(1) 1lanolin alecohol B.P. (mp 610-6405,1

(ii) cetyl alcohol NF,2

(iii) stearyl alcohol USP.S

Ethyl cellu10394 with an ethoxyl content of 48.5 was
selected as polymeric film former. The selection of these
compounds was based upon earlier observations of potential
film~forming capability and upon their pharmaceutical
acceptability, Propylene glycol USP5 and hexadecyl alcohol

(cosmetic grade, d 0.84)6 were used as plasticizers to

1Super Hartolan, Croda, Inc., New York, N.Y.

2Ruger Chemical Company, Inc., Irvington, N.J.

SRuger Chemical Company, Inc., Irvington, N.J.

‘ 4Ethyl Cellulose N-50, Herculus Inc., Wilmington,
Delaware.

sRuger Chemical Company, Inc., Irvington, N.J.

By, Michel and Company, Inc., New York, N.Y.

20
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enhance the film-forming characteristics of these materials.
Isopropyl alcechol NF7 was found to be & good solvent for
selected alcohols and ethyl cellulose and was selected for
preparing the compositions studied in view of its wide

acceptability in topical applications.

Test for Film-Forming Capabhility

For the initial screening, all the model films were
cast from 10% w/v solution of film former(s) and plasticizer
in isopropyl alcohol. The films were cast by the mercury-
substrate technigque. Five milliliters of the solution was
poured within a stainless steel ring (9.2 cm internal
diameter) which had been placed on a mercury surface con-
tained in a 140 X 10 mm glass Petri dish. The Petri dish
was then partially covered with its lid and the solvent
was allowed to evaporate overnight. The whole operation
was carried out in a humidity controlled room at 30° and
409 relative humidity. Partially covering the Petri dish
was helpful in controlling the rate of evaporation of the

solvent and reduced the blistering of the surface of the

deposited film. Any film formation was easily noted by
observing the mercury surface after the complete evapora-

tion of the solvent, and by slowly lifting ithe ring Irom

the mercury support.

Pyallinckrodt Chemical Works, St. Louis, MO.
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For the initial screening, the concentraticn of the
plasticizer (propylene glycol or hexadecyl alcohol) was
kept at 5% w/w of the fiim composition, after the evapora-

tion of the solvent. The concentration of ethyl cellulose

A

was increased from 0 to 30% w/w with a corresponding decreasc

in lanolin alcohol, cetyl alcohol or stearyl alcohol con-
centration. The increment in ethyl cellulose concentration
was done at 5% w/w intervals.

In the second stage, the concentration of ethyl cellu-
lose was kept as a constant at 15% w/w. The concentration
of propylene glycol (plasticizer) was varied from 0 to 30%
w/w in 5% increments, with a corresponding decrease in high

molécular.weight alcohol concentration.

Results and Discussion

Based on this initial screening, it was observed that
the compositions containing cetyl or stearyl alcohol were
not able to form films of acceptable integrity. These com-
positions were, therefore, not subjected to any further
evaluation.

Solutions of lanolin alcobol in isopropyl alcohol were
found to form a translucent thin film on the mercury. A
film thickness of 65 um or more ensured proper isolation.
The inclusion of solvent-plasticizer propylene glycol or
hexadeeyl alcohol reduced the tackyness of the film. The

integrity of the lanolin alcohol f£film was further enhanced

—
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by inclusion of ethyl cellulose with a corresponding decrease
in lanolin alcohol concentration. The films formed Ly lano-
lin alcohol at 5% w/w of propylenec glycol or hexadecyl
alcohol and at 15 to 20% w/w/ of cthyl cellulose were very
smooth and flexible. The films with higher than 20% w/w
concentration of ethyl cellulose showed surface roughness,
Increase in concentration of propylene glycol heyond 25%

w/w with a corresponding decrease in lanolin alcohol con-
centration, resulted in tacky films at the 15% w/w cthyl
cellulose concentration.

Determination of Film Hardness and
Modulus of Elasticity '

Seleated films of lanolin alcohol with or without ethyl
cellulose were characterized by measurement of hardnecss

and modulus of elasticity. It was thought necessary to

evaluate these physical properties since these film-forming

compositions were intended for potential application to the
skin which has its own mechanical properties. The film

hardness was determined on films cast on polished aluminum

plates. For each composition tested, 10% w/v solution

of film former(s) and plasticizer was prepared in 1s50propy

alcohol and was cast on a polished aluminum plate (20 cm X
= 8 .. 2
20 cm) using a Multiple-c1earance-Appllcatﬂr with a wet

SGardner Laboratory, Inc., Bethesda, Maryland.
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£ilm thickness of about 1 mm. The Multiple-Clearance Appli-
cator was chosen over other types of film-forming devices,
since it offered the advantages of simplicity in changing
the thickness and in operation in casting the films.

The Multiplie-Clearance Applicator (sguare shaped) has a
dimension of 10.2 % 10.2 x 1 e¢m and permits formation of

films of up to & different thicknesses by the openings on

~each of its eight edges. 1In the applicator used, the thick-
ness can be varied from 5 to 50 mils, a mil thickness being
equivalent to 25 um. The plates were then dried in a i‘
humidity-controlied room at 30° and 40% relative humidity. |
The exact thickness of the dried films was determined

after complete evaporation of the solvent, using a Minitector
{Model-N) thickress measuring gauge.g

The Minitector (Model-N) is an instrument for measur-

ing non-conductive coatings on a non-ferrous metallic base,

utilizing eddy current principles. A small AC voltage is

fed to a coil within the measuring probe to create an

alterpating field. This field causes minute currents to
flow within the conductive base in concentric paths giving ¢
rise to eddy currents. These currents, in turn create
their own field which is in opposition to the original i
field and has the effect of reducing the voltage across

the coil. This change in voltage is dependent upon the

QGardner Laboratory, Inc., DBethesda, Maryland. g
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distance of the probe tip from the base material (i.e. the
coating thickness) and can, after suitable amplification,
be displayed on the large scale meter on the instrument
which is calibrated directly in units of um thickress in
the range of 0-2500 mm.

Beifore each measurement, it is necessary to zero the
instrument on the same aluminum plate in which film casting
was done. The instrument was regularly calibrated using
the standard foils provided with the instrument.

Film hardness was then determined using an I.C.I.
Automatic Sward Hardness Rocker.lo Thé Sward Hardness
Rocker has been used for many years to measure the Sward
Hardness of paint films (38) and of some polymeric films
used in pharmaceutical applications (37). The rocker con-
sists of two 4-inch metal rings spaced an inch apart, a
gravity bob for regulating the oscillation frequency or
period of the moving system at 1.2 seconds, and a rider on
the horizontal nameplate for adjusting the zero point of
the balanced rocker,

All automatic rockers are fitted with a light-chopping
shutter on the left to interrupt a focused beam of light
during automatic counting. Two tilted glass bubble tubes

are located below the horizontal nameplate for visually

1OGardner Laboratory, Inc., Bethesda, Maryland.

v
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indicating the staort and finish of the test. Thus the
rocker can be used, without change, for either automatic
or visval counting.

To make a hardness test, the rocker with clean edges
was placed on the coated plate kept in a leveled holder and
set in motion. The total number of oscillations made by the
rocker is given by the automatic counter which is then
multiplied by 2 to give the number of rocks. The number
of rocks was measured as the average of three determina-
tions, rounded off to the nearest whole numbcer. Before
each measurement, the rocker was calibrated to show 100
rocks with the standard polished glass plate provided with .
the instrument., The measurements were made at the ambient
conditions of the room.

From the Sward Hardness R {number of rocks of the
rocker on the test film) the modulus of elasticity E was

calculated by the following equation:

E= KR (eq. 7)

The values of constant K, for different thicknesses T, were
obtained by plotting the different T values against stand-
ard K values on a semi-logarithmic paper. The standard
values of K for different thicknesses are as shown below (38):

Thickness X

0.0012" 1.73 x 10~2




0.0024" 2.10 x 107°
0.0040" 1.30 x 1077
0.1250" 2,50 x 1072

The values of Sward Hardness were shown to be affected by

factors such as high variation in temperature and sur-

face roughness of the films (38).

Results and Discussion

The results of modulus of elasticity determinations
confirmed observations made earlier that the integrity of
the lanolin alcohol film was enhanced by inclusion of ethyl
cellulose. When the concentration of the solvent-plasticizer
was kept constant at 5% w/w, the modulus of elasticity in-
creased with increasing proportions of ethyl cellulose and
decreasing proportions of lanolin alcohol. The modulus of
elasticity reached a maximum value at an ethyl cellulose con-
centration of 15% w/w (Tables I and I1). The increase in
ethyl cellulose concentration to 30% w/w with propylene
glycol as plasticizer reduced the modulus of elasticity to
2.95 kg/em® (Table I). With hexadecyl alcohol as plasti-
cizer, the modulus of elasticity started to decline, at 20%
w/w concentration of ethyl cellulose (Table II).

The composition with 15% w/w ethyl cellulose and 7.5
to 10% w/w propylene glycol gave films with high modulus
of elasticity (Table III). Further increases in proportion

of propylene glycol up to 25% w/w, with a proportionate

e el
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Table 1

Effect of Change in Lanolin Alecohol-Ethyl Cellulose Ratlo on Sward Hardness and Modulus
of Elasticity of Films Containing Propylene Glycol at Room Temperature (22¢ 4 0.50)

Lanolin Alcoheol: Mean Dry Film Constant for Sward Modulus of

Ethyl Cellulose: Thickness (x 103)b, a Given Bardness Elasticity
Propylene Glycol inches Thickness (), (%),
Ratio® Kt x-lOlD rocks psi (kg/émZ)
9.50 : 0.00 : 0.50 0,189 0.030 2 3.6 (0.2)
9,00 : 0.50 : 0.50 0,252 0.068 3 11.5 (0.8)
8.5¢ : 1.060 : 0,50 0.402 0.450 4 &4.2 (3.1)
8.00 : 1.50 : 0.50 0,724 3.200 4 33,9 (3.8}
7.50 3 2,00 : 0.50 1.047 9.000 4 50.2 (3,5}
7.00 : 2.50 : 0.50 1.063 9,200 4 51.3 (3.6)
6.50" ¢ 3.00 ;3 0,50 1.425 45,000 3 52.0 (3.0)

aA_J.l films were cast from 107 w/v solution of film formers in isopropyl alechol,

Thicknesses are expressed as mean values of five measurements.

¢
Sward Hardnegses are expressed as the mean value of three measurements rounded to the nearest
whole number.
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Table II

Effect of Change in Lanolin Alcohol-Ethyl Cellulose Ratio on Sward Hardness and Modulus
of Elasticity of Fllms Containing Hexadecyl Alcchol at Room Temperature (22° 4 0.359)

Lanolin Alcohols Mean Dry Film Constant for Sward Modulus of
Ethyl Cellulose: . Thickness (k-loajb, a Given Hardness Elasticity
Hexadecyl Alechol inches Thickness (R)C, {E),

Ratio” K, X 10%° rocks psi (kg/cn®)
9.50 : 0.00 : 0.50 0.189 0.030 2 3.6 (0.2)
9.0¢ ¢+ 0.50 : 0,50 0.193 0.031 3 11.7 (0.9)
8.50 :+ 1,00 : 0.50 0.504 0.850 42,5 (3.0)
8.00 : 1.50 : 0.50 0.650 2,200 4 51,4 (3.6)
7.50 + 2.00 : 0.50 0.480 0.700 4 40.4 (2.8)
7.00 : 2.50 ¢ 0.50 0.441 0.60Q0 4 44.8 (3.2)
7.50 ¢+ 3,00 : 0.50 1.284 30.000 3 3831 (2.7)
a‘ _

All films were cast from 10% w/v solution of film formers in isopropyl alcohol.

Thicknesses are expressed as mean values of five measurements,

c . : ; ; ;
Sward Hardnesses are expressed as the mean value of three measurements rounded to the nearest

wvhole number.

63



Effect of Change in Lanolin Alcohol-Propylene Glycol Ratio or Sward Hardness
and Modulus of Elasticity of Fllms at Room Temperature (22° i:0.5°)

Table III

Lanolin Alcohol: Mean Dry Filwm Constant for Sward Medulus of
Ethyl Cellulose: Thickness (x‘lﬂg'b, a Given Rardness Elasticity
Propylene Glycol Thickness (R) (E),

Ratic® K, x 1010 rocks psi (kg{cmz)
8.50 ¢+ 1.50 : 0.00 0.669 2.80 3 25.2 (1.8)
8.25 : 1.50 = 0,25 0.606 1.12 4 31.6 (2.2)
8.00 : 1,50 : 0.50 0,724 3.20 4 53.9 (3.8)
7,25 3 X.50 ¢+ 0.75 0.755 4,54 4 66.7 (4.7)
7.50 3 1.50 ¢ 1.00 0.809 5.52 4 66.6 (4.7)
7.25 ¢ 1.50 ¢ 1.25 0.693 3.13 4 59.6 (4.2)
7.00 ; 1.50 : 1,50 0.874 6. 5% 4 62.3 {4.4)
6.50 ¢ 1.50 : 2.00 0,740 4.05 h 63.1 (4.4)
6,00 : 1.50 : 2.50 0.724 3.91 4 65.7 (4.6)
5.50 ¢ 1.5Q : 3,00 0.622 152 4 39.9 (2.8)
5.00 ¢ 1.50 : 3.50 0,622 1.52 4 353.9 (2.8)
3A11 films were cast from 10% w/v solution of film formers in isorpopyl alcohol.

b
Thicknesses are expressed as mean values of five measurements,

c ‘
‘Sward Hardnesses are expressed as the mean value of three measurements rounded to the nearest

whole nuwiber,
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decreases in lanolin alcohol concentration did not substan-
tially alter the film characteristics. However, an increase
in concentration of propylene glycol beyond 25% w/w resulted
in films which were visibly tacky and with a low modulus of

elasticity.

Test for QOcclusive Property of the Films

The importance of occluusion on steroidal penetration
has been discussed earlier. The occlusive nature of a film-
forming material can be measured by considering the water
vapor transmission characteristics of these materials.

Since the lanolin alcohal films under investigation were to
be tested as vehicles for topical application of the steroid,
triamcinolone acetonide, it was considered more appropriate
to measure the effect of these films on the normal in vivo
transepidermal moisture loss (TEML) rather than studying

the occlusive effects in vitro by one or more techniques
reported (37, 39).

The normal stratum corneum is a very efficient but not
an absolutely perfect barrier to water loss. Under normal
conditions, water passes from the underlying tissues to the
stratum corneum, and diffuses through it to the exterior
surface where it evaporates. This process 1g known as
transepidermal moisture loss (TEML) or insensible perspira-
tion, and is governed by laws of diffusion as discussed in

detail by Scheuplein (40). Hydration by occlusion is
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achieved by placing onto the surface of the skin a topical
substance which has high diffusional resistance to water,
thereby reducing the net water loss from the stratum
corneum. The reduction of TEML after the use of a topical
agent has been used as a criteria to evaluate moisturizing
capability (41).

A variety of metﬁods have been developed to measure
the moisture loss in vivc. Noninstrumental methods such as
desiccator method of Powers and ¥Fox (42) and cold trapping
of vapor from a stream of gas passing over a surface of

the skin have been used with only a limited degree of suc-

cess. Thiele and Shutter (43) have developed an instrumental

appﬁﬁach utilizing a salt crystal method. Later, these
same a2uthors presented a critical review concerning an im-
proved salt erystal method and electrolytic methods (44).
Electrolytic methods were also used by Spruit and Malten
(45, 46). Spruit (47) also applied a thermal conductivity
cell to in vivo measurements. Baker and Kligman (48) used

electrohygrometry to make moisture loss measurements,

Measurement of In Vivo Moisture Loss

Lanolin alcohol films used in this study were prepared
by using 10% w/v solutions and the mercury support tech-
nique discussed earlier. The dry film thicknesses were
maintained in the range of 30 to 40 ym in order to avoid

the cffect of variation in thickness of TEML (41). This

P L, o A P i’ T n
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was achieved by changing the amount of isopropanolic solution
pourcd onto the mercury in the range of 4 to 7 ml. Films

of uniform thicknesses were chosen and kept in a desiccator
containing anhydrous calcium chloride. The film was placed
on a polished aluminum plate and the exact thickness was
measured at five different places uvsing the Minitector
described earlier before TEML measurements.

The TEML was measured on a single volunteer using the
method described by Spruit and Malten (46, 47). Before
starting the measurements, the volunteer was asked to wash
his left hand with soap and water and the hand was allowed
to dry completely with the help of a soft cloth towel.
The-voluﬁteer was a 29-year-old healthy male of Asian origin.
The volunteer was then comfortably seated in the temperature-
and humidity-controlled room for a period of 1 hour before
starting the measurement, In this method, a stream of dry
nitrogen was passed over the skin through a specially de-
signed cup on the volar aspect of the forearm. The cup
was kept in a specially designed plastig holder, which was

then held in position on the skin by means of self-adhesive

tapes attached to it as shown in Figure 1. The cup haq

two openings--nitrogen entered the cup through cne and left

the cup through the other and passed to an electrolytic

water analyZer,ll Thus the water present on the skin area’

11E1ectrolytic Moisture Analyzer (Model W), Mirs.

Eng. and Equip. Corp., Warrington, Pa.
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covered by the cup (area: 0.62 cmg) entered the nitrogen
flow and was conducted through the teflon tubing into the
electrolytic water analyzer. The amount of water in the
nitrogen stream could be recorded by 2 recorder attached to
the water analyzer. The measurements were carried out at
22°C and 40% relative humidity, in a temperature- and
humidity-controlled room. The gas stream was allowed to
flow through the cell at a ccntrolled rate of 100 standard
cubic centimeters per minute and the metering circuitry
was chosen so that the meter read in parts per million by
volume of moisture in the gas.

In the electrolytic water analyzer, the moisture was
absorbed from the gas stream flowing through it. By virtue
of the cell design with its associated circuitry, a current
was established whose magnitude depended on the rate of
absorption of moisture.

The exact amount of moisture in the nitrogen gas from
the cylinder was determined by passing nitrogen through the
analyzer before the experiment. A square mark was made in
the volar aspect of the forearm of the volunteer and the
skin cup was secured in position tightly in the marked area.
Then the hand was allowed to rest in position, until a steady
value was noted in the recorder which usually took 15 to 25
Attainment of steady~state was assumed when a con-

minutes.

stant value was noted for a period of 15 minutes. After deducting

i
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the amount of initial moisture in the gas from this value,
the normal transepidermal moisture loss for the voluntcer
was calculated in mg/cmzjhr from the ppm/volume values as
follows:
Temperature of measurcment = 2200 = ZQSQK
Observed atmospheric pressure = 768 mm of mercury
ppm (by volume) value observed = 48.1 (sample value)
Gas flow rate = 100 ml/min
Therefore, transepidermal moisture loss = 48.1 x 1()“4
ml/min
For ideal behavior:

P,V P2V2

1 Y1 _
760 x 22.4 _ 768 x '2
273 295

Therefore, Vé = 23.95 liters

1 mole of water vapor = 23.05 liters

i.e. 18 g of water vapor = 23.98 liters
Therefore, rate of transepidermal moisture loss

= 18 x 48.1 x 10°°

23,95 x 0.62

3494.04 x 10~' g/em/hr

Ir

= 0.349 mg/em? /hr
The normal TEML was measurcd on each day of measurement.
The test film was then placed on the marked site of

the skin after removing the cup, and the cup was then held




in pesition over the film as shown in Figure 2, The ppnm
value was noted once the steady-state was reached. The
measurcment was repeated thrice for each test film at
three different locations within same marked area. A1l the
end ol three measurements, the film was removed from the
skin site and a 20-minute rest period was given before

starting with the next film.

"Results and Discussion

Various films of lanolin alcohol were tested for their
effect on transepidermal moisture loss as shown in Tables
IV, V and VI. As can be seen from Table IV, the occlusive
capability decreased with an increase in proplyene glycol
concentration in the matrix, when the concentration was varied
from 0 to 25% w/w with a corresponding decrease in lanolin
aicohol-concentration.

The increase in ethyl cellulose concentration, with a
corresponding decrease in lanolin alcochol concentration of
the films at 5% w/w propylene glycol concentration, de-
creased the normal water vapor loss in the compositions
tested as shown in Table V. Similarly,; incrcasing the
ethyl cellulose concentration resulted in the decrease in
normal water vapor loss at 5% w/w concentration of hexadecyl
alcohol as plasticizer, as shown in Table VI,

These studies have demonstrated that at the thick-

nesses studied, the films are relatively acclusive. It
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The Decrease in Transepidermal Moisture Loass of Human

Forearm Skin After Application of Various Films

Containing Differing Concecntratices of
Lanolin Alcohol ard Propyleve Glycol
at 22° and 407 Relative Humidity

‘Lanolin Alcchol::

: : ¢
Water Vapor Loss

-~
— -

EthylVCellulnse: Film Thickness, mg cm  hr Occlusive
Fropylene Glycol nmb % 102' Capability,
Ratio” Pcrcentd
8.5 : 1.5 : 0.0 32 + 4 0.4 + 0.1 98.9
B & 1.5 § 0.5 36 + 3 1.3 + 0.l 96.3
7.5 v 1.5 ¢ 1.0 B4 25 & Q.1 92.9
Bl & 1.5 ¢ 2:5 36 + 4 4.6 + 0.2 87.8

A11 films were prepared from 10% w/v solution of film formeérs in
isopropyl alcohol.

bThicknésSes-are expressed as the mean + standard deviation of five
measurements,

cWater-vaper loss is expresséd as the mean + standard deviation of
three measurements.

do¢¢lusiwe capability was computed from the normal water vapor loss

of 0.351 mg em2 hr-l

from the forearm skin.

|
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Table V

The Decrease in Transepidermal Moisture Loss of Human
Forearm Skin After Application of Varicus Films
Containing Differing Concentrations of
Lanolin Alcohol and Ethyvl Cellulose
at 22° and 407 Relative Humidity

Lanolin Alecohol: Water Vapor Loss®
Ethyl Cellulose: Film Thickness, ng cm‘z hrql Declusive
Propylene Glycol 'umb x 10-2 Capability
Ratio” P&r‘centd
9.5 : 0.0 : 0.5 34 + 1 3.6 + 0.2 89.7
8.5 ¢+ 1.0 : 0.5 36 + 3 2.5 + 0.2 92.9
7.5 : 2.0 : 0,5 38 + 1 0.8 + 0.1 97.7
6.5 #.3.0 ¢ 0.5 39 + 2 0.5 + 0.1 98.6

2AlL films were prepared from 10% w/v solution of film formers in
isopropyl alcohol.

'bThicknesses are expressed as the mean #+ standard deviation of five
measurements,

“Water vapor loss 1s expressed as the mean + standard deviation of
three measurepgents.

dOcclu_S_i_Vé capability was computed from the normal water vapor loss
of 0.351 mg cm2 br~l from the forearm skin.
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Table VI

The Decrease in Transepidermal Moisture Loss of luman
Forearm Skin After Application of Various Films
Containing Differing Concentrations of
Lanclin Alcohol and Ethyl Cellulese
at 22° and 40% Belative Numidity

v

Lanolin Alcohol: _Water Vapor Loss®
Ethyl Cellulose: Film Thickness mg cmfz hr—l Occlusive
Hexadecyl Alcohol pmb x 1_02 Capability
Ratio® Percentd
9.0 2 0.5 : 0.5 35+ 4 2,4 + 0.2 93,2
8.5 1.0 ; 0.5 3344 2,0 + 0.2 94.3
8.0 : 1.5 : 0.5 38 + 3 0.9 + 0.2 97.4
5 2 2.0 ¢ 4.5 A+l 0.6 + 0.1 58.3
6.5 : 3.0 : 0.5 3% +1 0.3 + 0.1 99.1

A1 films were prepared from 107 w/v solutions of f£ilm formers inm
isopropyl alcohol.

Thicknesses are expressed as the mean + standard deviation of five
neasurenents.

Cyy i ;
Water vapor loss is expressed as the mean + standard deviation of
three measurements.

d0cclusive capability was computed from the normal water vapor loss
of 0.351 wg cm™ ¢ hr~l from the forearm skin.
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would be of interest to determine their relative occlusive

capability at lesser thickncsses (10 ym or less).

It v S ——
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Chapter IiX

SOLUBTLITY AND IN VITRO WFLEASE STUDILS

After evaluating the physical characteristics of the
Tilms formed by lanolin alcohol with or without othy
¢ellulose, it was decided to establish the release Kineties
of the steroid trismcinolone acetonidel? from the films of
selected compusitions, showing the effect of change in
proportion of film formers and the selvent-plasticizer,
and the natuve of the solvent-plasticizer. As In ihe case
oprrevious studies, propylene glyvcol or hexadecyl alcohol
was used as the solvent-plasticizer.

The solubility profile of the steroid in the compo-
nents of the matrix system was defined before establishing
the release characteristics of the drug from selected
films. For this purpose, the solubility of the steroid in
propylene glycol, hexadecyl alcohol, and lanolin alcohel
was individually determined. The solubility of the steroid

in ethyl celiulose was assumed to be negligible-

Solubility Studies

The solubilities of triamcinolene acetonide in

propylene glycol and in hexadecyl aleohol were determined

_ ngohnson and Johnson, Dermatological Div., New
Brunswick, N.J.
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at room temperature (22° + 0.50} and at 37° %+ 6.5°.
Solubility was determined by adding excess steroid to

25 ml of propylene glycol or hexadecyl alcochol in 50-ml
screw-capped glass bottles. A teflon-coated magnetic bar
was placed in cach of the bottles prior to capping them
tightly. The bottles werc then kept stirred in water
baths on magnetic stirrers for a period of six days. All
studies were conducted in triplicate in a constant tem-
perature room.

Prior to sampling, the stirring was stopped and the
excess steroid was allowed to seitle, An aliquot was then
filtered using a filter'° with 0.22 u filter paper. The
filtration and sampling spparatus were allowed to equili-
brate to room conditior for a period of 48 hours prior to
use, The first 5 ml of filtrate was rejected in each case
to avoid any reduction in solubility values due to the
adsorption of the steroid to the filtier paper (49).

The concentration of the steroid in the solvent was
determined using a scanning speetrophctometer,l4 after

appropriate dilutions of the solvent in spectral grade

anhydrous methanolls and by using a Beer's law plot prepared

13swinnex-25, Millipore Filter Corp., Bradford, Mass.

14Perkin—Elmer (Model-202), Coleman Instruments Div.,
Oak Brook, Ill.

15Mallinckr0dt Chemical Works, St. Louis, Mo.

e
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in that concentration range using known concentrations of
the steroid. The steroid solubility in propylene glycol

was determincd at 239 nm and in hexadecyl aleohol at 265 nm.

Apparent Solubility in Lanolin Alcohol

The apparent solubility was estimated by determining
the effective partition coefficient of the steroid in
lanolin alcohoi-water system at 220 + 0.50 and 870 * 0.5°.

About 100 to 200 mg of the melted. lanolin alcohol was
coated as a thin film in the bottom of a preweighed 50-ml
flat-bottom polyprepylene beaker and allowed to cool to
room temperature. The beaker was weighed again to deter-
mine the exact weight of the fiim. Ten micreliters of

e in ethanol with a radiocactivity

3H—triamcinolone acetonide
concentration of 10 uCi was taken in a crystallization vial
and the solvent was allowed to evaporate in a steady stream
of dry nitrogen. The radicactive steroid was then dis-
solved in one ml of distilled water. The aqueous solution
was then transferred to a 100-ml volumetric flask. Cold
triamcinolone acetonide necessary to make 3 0.002% w/v solu-
tion was weighed and added to the contents of the volu-
metric flask. The steroid was dissolved by addition of
sufficient distilled water and warming the flask. This

solution was then allowed to cool to room temperature

16 smersnam/Searle Corp., Arlington Meights, T11
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before making up the volume., Twonty milliliters of this
salution was then added to the beaker in the lanolin
aleohol film after verifying the activity of this solution.
The beaker was covered with parafilm and wzs kept in a
tenperature controlled water bath at appropriate tempera-
ture until equilibrium was reached. At each time interval,
the solution was briefly stirred and one milliliter sample
was withdrawn from the agueous phase into a scintillation
vial and 10 ml of dioxane containing scintillation iluile
was added to each vial. The vials were then counted in &
scintillation counter.ls Quench corrections weére done
using the external standard ratio method and by using the
Sténdard_quench curves prepared with standard tritiated
water.lg

The apparent partitition coefficient was then deter-
mined using the equation proposed by Chowhan (50).

t - :
% Aljwl N (Aa Aa) Wa

S . (eq. 8)
e KW, T T A W

where Ke is the effective partition coefficient, Al and Aa
are the amounts of drug in lanolin alcohol and in aqueous

phase respectively, Aé-is the initial amount of drug in

I?Hydrcscint, ICK Chemical and Radioisotope Div.,
Irvine, CA.

lgBekcman CPM-100 Liquid Scintillation Counter,
Fullerton, CA.

1gAmErsham/Searle Corp., Arlington leights, I11l.
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water, and Wl and Wa are the weiphts of lanolin alcohol
and water respectively.
The apparent soiubility was calculated from the re-

lationship:

i 0
@

K =

s (eq. )

Q,
0=

_ X
where Cs is the apparent solubility in lanolin alcohol and

CW

e is the solubility in water.

Denssity Determination

Accurate determination of true powder densities of
lanolin aleohol and ethyl cellulosc was accomplished by

using a simple attachment in the Quantasorb Surface Areca

- n
and Pore Volume Instrument.“o

The attachment was a volume-calibrated glass cell
with attached limbs. The glass cell was first cleaned,
dried and weighed. It was then filled with lanolin alco-~

hol or ethyl cellulose as full as possible while still

allowing adequate passageway for the unimpeded flow of

gas above the sample surface. The filling was accomplished

through an opening at the bottom of the ceil and the open-

ing was closed tightly with a lightly greased ground glass

stopper. The cell was weighed again and the difference

in ‘:,re'j_g_ht was noted. The Limbs Of the cell were then

20Quantachrome Corp., Grecpwale, N.Y.
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inserted into a cell holder 3in the instrument and the cell
was filled with nitrogen Tlowing through the Quantasorb
circuit. When the cell was completely filled with nitrogen
as indicated by the constant signal in the dnstrument, the
cell was isolated from its limbs by using a 4-way stopcock
placed at the junction of the cell and its limbs. At this
stage the entire Quantasorb system and the limbs were
purged by helium. When a constant signal was obtained, the
digital integrator was zerocd. Now the 4-way stopcock
was turned to its original position, thus allowing helium
to purge the isolated sample cell. 'The signal due to this
purged nitrogen was noted and it was calibrated by inject-
ing definite quantities of nitrogen in the instrument
using the gas sampling syringes supplied with the instru-
ment. The calibration signal should match the sample
signal as closely as possible.

The volume of nitrogen swept out of sample cell was
calculated from the following equation:

Arex sample cell (eq. 10)

VN, = Vealibration

2 Arca calibration

where,

= volume of nitrogen injected using the
véalibration. ek
sampling syringe,

Area sample cell = the integrator reading when nitro-

gen was purged from the powder-

filled cell with helium,
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Area calibration = the integrator reading when the
calibration volume was injected.
The true powder volume in the sample cell can be

calculated from the following relationship:

=V - ¥

vpowder cell N (eq. 11)

2
*where'*V{‘_’el:L is the empty cell volume zna VNq can be cal-
culated from eguation 10,

From the volume and weight of the powder, the density

was calculated since density = weight/volume.

Determination of Belease Rate

I.anolin alcohol, ethyl cellulose, and propylene glycol

or hexadecyl alcohol were weighed in required quantities

to make 10 ml of 10% w/v solution in a 25-ml beaker. Fiveml

of isopropyl alcohpl! was added to this and the contents

allowed to go into solution by gentle heating., The solu-

tion was cooled to rocm temperature and was transferred to

a 10-ml volumetric flask. The required concentration of un-

labeled triamcinolone acetonide was added to this and
dissoived. The guantity of stervoid used was in addition
to the 10% w/v coacentration of film formers and plasti-
cizer. One half mCi of ragiolabled steroid in 0.5 ml of
ethanol (specifiec activity 66 mCi/mg) was taken in 2
erystallization vial and the solvent was allowed to evapo-

rate in a steady stream of dry nitrogen. The radicactive




stervoid was then dissolved in 0.5 ml of isopropanol, Ten
microliters of this radiolabled steroid solution with a
radioantive conceniration of approximately 10 uCi was
added to the solutionr in the volumectric flask using a

21 The exact concentration of radio-

precision pipette.
activity in the solution was determined by addirg 13 ml
of an organic scintiliantzz to 6.2 ml aliquot of this solu-
tion in a scintillation vizl and counting the activity of
the sample in a liguid scintillation counter. FExternal
standard ratio method was empleyved for calculating counting
eificiency using a standard quench curve., After the addi-
tion of 10 ul of radivactive steroid solution, the volume
was made up to 10 ml. Two milliliters of this solution were
pipetted into a preweighed aluminum Reiri dish (diameter:
7.5 cm; area: 44.2 cmz), using the precision pipette and
the solution was allowed to spread evenly thus completely
covering the bottom surface.

The Petri dish was then kept on a flat surface for
24 hours and the solvent was allowed to evaporate to form
a uniform film. The complete evaporation of the solvent
was confirmed Ly weighing the Petri dish to a constant

weight. The film coated Petri dish was stored in a

ZIFinnpipette, Markson Science Inc., Del Mar, CA.

22 ..T™ :
OCS Amersham Corp., Arlington Ileights, 111.

]
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desiccator containing anhydrous calcium chloride at least
24 hours prior to reiease studies. The good adherence of
the film formed to the Petri dish insured that only the
exposed surface arca was available for release. Each film
was inspected at the end of release experiment. No visible
pores and "peeling” of the film from the Petri dish were
observed.

The release studies were conducted in a dissolution
assemb1y23 with Tollowing modifications. The dissclution
flasks were replaced by 1000 ml flat-tottomed polypropylene
beakers and the dissclution basket assenblies were replaced
by stainless steel stirrcers with propeller ciameterof 4.5
cm; The film-c¢oated Petri dishes were placed in the bottom
of the beakers. The¢ beakers were then held in position by
means of plexiglass discs with central circular port for
the stirrers and a small sampling port. The stirring
assembly was then set in positior so that stirring blade
was approximately 2 cm above the film surface. Three
hundred milliliters of preheated (370)'distilled water was
carefully added to each, z2nd the stirring was maintained
at 40 rpm. The water bath in the assembly was maintained
at 37°9. The releasc apparatus described above is shown
in Figures 3a and 3b.

puring the rclease study, one milliliter samples were

drawn at freguent time intervals over a period of 24 hours

zsﬁanson Rescarch Corp., Northridge, CA.
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and they were repliced by 1 nml of distilled water to rocp
constani volume. Each sample was pipetted into a scintil-

lation vial to which 10 wi of scintillation fluid2? was

added. These samples were then counted. The external standard

ratio method was emploved for caiculating counting cffi-
ciency using a standard gucnch curva.

The relcase date were computed and analyzed by a
computerzs using a Fortran progrum (GRADER) written for
this purpose. This program is given on the following page.
Appropriate corrections were applied for the sample with-
drawn and media added. All re¢lease studies were conducted

in triplicate.

Results and Discussion

Solubility Studies

The solubility of triaméinolone rcetonide in propylene
glycol and in hexadecyl alcohol, at 22° and 379 is shown
in‘Table VII. The solubility of triatmcinclone acetonide
in propylene glycol was found to be about eight times
greater than its solubility ip hexadecyl alcohol. The
attainment of equilibrium solubility in 3 days was noted

by the fact that there was no dif{ference in absorbance

between the samples analyzed at the end of 3 and 6 days.

24Hydroscint¢ ICN Chemical and Radioisotope Div.,
Irvine, CA.

25Burroughs BG700
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Table VII

Solubility of Triamecinolicne Acctonide in
Propylene Glycel and in Ilexadeeyl Alcohol

Solubility®

Solvent 227 +.4.5% 37° + 0.59
mg/ml mg/ml
Propylene Glycol B.04 + 0.19 12,09 * 0.18

Hexadecyl Alcohol 0.92 + 0.03 1.25 + 0.05

a'A_l‘l solubility values are expressed as mean # standard
deviation of three determinations.
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GRADER FROGRAM

L ,
100 % INPUT OF DATA i
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' .

106¢  #,/IRELIASED", 4X, 7TOTAL AHCUNT 7,32, 79%1097)
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2700 2% FIRNATUIZ, IS $X. 752,480,782, 4K, 732,345,782,
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3000 STOP

3160 END
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NOTE: This program ¢alculates the percen ] R : =le
and the total amount of drug released pex unit zfu't;aé
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- liguid scintillation counterx.
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The hexadecyl alcohol was found toc have strong absorption
at 239 nm., This necesvitated the use of the side of the
absorption band. Actual measurements of steroid concentra-
tion were made at 265 nm after verifying compliance with
Beer's law.

The effective partition coefficient of triamcinolone
acetonide botween lanolin alcohol and water at 22° and 370
was fourd to be 5.99 + 0.12 and 12,97 + 0:15,respectively.
From this the¢ apparent solubility of the steroid was cal-
culated to be 0.13 + 0.01 and 0.41 + 0.01 mg/g,respectively,
using eguation 8. The attainment of equilibrium in 5 days
was noted by running the partitioning experiment for a
pefiad of & days with daily sampling of the aqueous phase.
No further reduction in radiczctivity present in the agueous
phase was observed beyond a period of five days. The data
as expressed abvove represent the mean + standard deviation

of threz determinations.

Density Determination

The densities of lanolin alcohol and ethyl cellulose
were determined to be 0.98 and 1.38 g/ml, respectively, using
the pycnometric method discussed earlier. The density
values of propylene glycol (d 1.03) and hexadeeyl alechol

(d 0.84) were supplied by their manufacturers.

Release Kinctics

Higuchi (38) has shown that @ versus t¥ relationship
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is common to. both Thomogencous as well as granular matrix
systems during the ani-directioral leaching or extraction
from a simplc planar surface containing suspended drug
(equativns 3 and 4). These equations describe drug release

as being linear with square rooct of time, ]
O =% t% (eq. 12)

where k is the relesse rate constant. In the case of a

homogeneous hatrix system,

b J*nf_ 24 - €_ ) C, (eq. 13) |
apd in the <ase of a granular matrix systaoem,
!
k o= b ( 2& - eC Y C (eq. 14) g
v R s s :

These relationships have besn confirmed‘experimentally by

various workers using plastic and wax matrices (51-56).

Tor both equations 3 a2nd 4 to be obeyed, it is necessary

that A be greater than Cg in the case of homogeneous matrix

or eC_ in the case of granular matrix by a factor of

three or four.
A first-order mcechanism in which the release rate is.pro-

ortional to the amount of drug left in the matrix might

the release of drugs from

P

also be considered possible for

polymeric systems of this type (32,37). This can be

shown as

log ( Q. - Q) =5 7303 * 108 Q. (eq. 15)
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vhere Q is the initial amount of drug present per unit
area of the film, Q is the amount of drug present per unit
area at time t, and K is the first-order rate constant.

In this study, the release data were analyzed to
ascertain which release mochonism might be eperative. The :
regresSion-analySis was doae by a regression program
(PCIEM/RECG), using the triplticate data aobtained for each
composition of the film and conceniration of the drug.
In all these cases, the drvyg concentration was more thin

three times its solubility in the matrix bascd upon the solu-

i
!
i
i
!

bility of the steroid in ianolin nlcohol and the solvent-

plasticizer. Q versus t% treatments of data for the ro-

lease of triamcinolone acetonide from matrices containing

4

propylene glycol and hexadecyl alcohol arc shown in Tables

% viiy and 1IX, respQCtiveiy. The corresponding first-order

treatpents of data are shiown in Tablex X and XI. Q yersus

- ! y . : s
t1® plots of data are shown in Figures 4-7 and the corres-

ponding first-order plots arc as shown in Figures 8-11.

As can be seen from Tables VIIL and IX, the linecar sguare

root of time plots have high correlatien coefficients.

. . < - ; - 01 504
The cobserved lag times (time intercept extrapolated to

e releasc rate constant,

Q = 0) were relatively small and th

- v & 3
k, increased with increase in drug concentration ioT the
predicted by cquations =

same composition of the matrix as

and 4.




Table VIII

Q versus t‘ Treatments of Trigmcinclore Acetonide Release Data from
Films Containing Propylene Glycol as Plasticizer at 37° + 0. 5"

tm— e e e =y

e

———— e

Lanolin Alcchol: Drug

i : s

Ethyl Cellulose: Concentration® A tlag, k. 10° Correlation

- o

Propylene Glycol % mg/c_m3 min mg cm 2 min * Coefficient
Ratio _rb

8.0 : 1.5 1+ 0.4 0.50 5.12 24.05 ¢.e05 0.092

B.0 3 1.5 ¥ 0.5 0.98 10.24 4.70 1,006 0.898

8.0 : 1.5 : 0.5 1.96 20,47 0.35 1.650 0.994

8.0 : 1.5 2 0.5 2.9Y 30.71 6.28 2.849 0.294

8.5 & 1.0 t 9.5 0,50 5.04 17.14 0.448 0.997

8.5 % 1.0 : ©.5 0.99 10.07 -0.53 3181 0.980

8.0 T 10 1 8.5 1.96 20.14 7.18 1.969 0.996

8.5 1 1.0 ¢ 0.5 2.91 30,21 -0.07 2.384 0,579

4pased on weight of drug per weight of dry f£ilm,

bAll k and r values were computed from the regresqion line drawn from the data

obtained by triplicate runs at each level by using the TEKTRONIX (Model 4005-1)
graphics terminal,

09




Table IX

Q versus té Treatments of Triamcinolore Acetonide Release Data from
Films Containing Hexadecyl Alcohol as Plasticizer at 370 + 0.5°

s - o et e -
Pl T i L TS S i e S e T A e — e —— e mA— =

Lanolin Alcohol: Drug
, : b

Ethyl Cellulose: Concentration® A tiag k, 103 Correlation
Hexadecyl Alcohol % mg/cm3 min ng em™? min_% Coefficient

Ratio rb
8.0 4 1.5 % 0.5 0.50 5.08 5.984 0.454 0.890
8.0 :. 1.5 : 0.5 0.99 10.11 0.52 1.270 0.965
8.0 : 1,5 : 0.5 1.96 20.22 0.14 2.116 0.967
8.0 : 1.5 ¢ 0.5 2.91 20 .33 -0,07 2.926 0.832
8.8 3 1.0 : 0.5 0.50 4.98 -3.72 0.540 0.957
B.5 2 4.0 3 0.6 0.99 9,95 5.26 0.940 0.896
8.8 : 1.0 ¥ 0.5 1.96 18,90 0.06 1.940 0.874
8.8 :+ 1.0 0.5 2,91 29,85 1.£8 2.758 0.982

%Based on weight of drug per weight of dry fiim.

bALl k and r values were computed from the regree31on line drawn from the data

obtained by triplicate runs at each level by using the TEKTRONIX (Model 4005-1)
graphics terminal.
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Table X

First~Order Treatments of Triamcinolene Acetonide Release Data from
Films Containing Propyiene Glycol as Plasticizer at 370 + 0.5°

ety e e

— — ——

Lanolin Alcohol: Drug
D
Ethyl Cellulose: Coacentration® tlag K . 103 Correlation
Propylene Glycol % min rin~t Coefficient
Ratio rb

8.0 : 1.5 : 0.5 0,50 ~-54.51 0.639 0.8980

8.0 : 1.5 ! 0.5 0.89 -56.62 1.169 0,983
8.0 : 1.5 : 0.5 1.986 -195.74 0.696 0.978
B:0 ¢ 1.5 & 0.5 2.91 -113.20 0.858 0.986

8.8 ¢+ 1,0 r 0.5 0,50 -65.47 0.764 0.9296

8.6 : 1.0 ¢+ 0.5 _ .99 -41.54 1,833 0.921%
8.5 : 1.0 : 0.5 1.96 -02.23 2.928 0.985
8.3 r 1.0 ;: 0.5 2.91 ~258.55 0.638 0.957

: o R i S S
Ees e s —— T e e s

aBased on weight of drug per weight of dry film.
bAll k and r values were computed from the regression line drawn from the data
obtained by triplicate runs at each level by using the TEKTRONIX (Model 4005-1)
graphics terminal.




Tzble XI

First-Order Treatments of Triamcinolone Acetonide Release Data from

Films Containing Hexadecyl Alechol as Plasticizer at 370 + 0,5°

’ m—
st s

Lanolin Alcohol: Drug
0
Ethyl Cellulose: Concentration® tlag K 103 Correlation
Hexadecyl Alcohol % min min~l Coefficient
Ratio rb
8.0 £ 1.5 4 0,58 0.50 -137.21 0.775 0.974
8.0 £ 4.5 1 0.8 0.89 -7.85 2,342 0.893
8.0 * 1.5 & 0.5 1.96 ~149,23 1.130 0.965
8.0 :.1.% ¢ 0.5 2.,9) -243.97 0.832 0.02¢
84811 1,0 & 8,5 0.50 ~178.80 1821 0.956
8,8 3 1.0 : 0.5 0.9¢ -121.686 (0.847 0.9¢0
8.5 : 1.0 : 0.5 1.96 ~173.03 0.934 0.969
8.5 3 1.0 7 0.5 2.9 -172.92 0.796 0.957

%Based on weight of drug per weight of dry film.

Pa11 k and r values were computed from the regression line drawn from the data
obtained by triplicate runs at each level by using the TEKTRONIX (Model 4005-1)

graphics terminal.
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First-order plots of drug release from films
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On the other hand, relatively high c¢orrelation coef-
ficicnts were also obtained for the first-order treatment
of the rclease data. However, highly negative lug times
and a lack of constancy in the first-order constants
(Tables X and XI) strongly point against this mechanism.
An ipitial curvature effect was also noticed in all first-
order treatments of data as shown in Figures 8-11.

411 the Q versus t% plots show the mean of three

observations (Figures 4-7) because of the smal) standard

deviations invelved, The maximum amount of drug released
varied from 7,.6% to 46.0% of its solubility in distilled
water at 379, the solubility being 0.03 mg/ml. A good

linear fit was obscrved in all cases with slight nepgative
deviation at longer time intervals and at time intervals

up to 60 minutes and for higher concentration of the drug,.

The deviation at higher time intervals might be due to the

exhaustion of the drug in the suspension phase and due
to the increasc in diffusion distance for the drug in the
film. The negative deviations observed up to 60 minutes
at higher concentrations may be due to the surface drug
present. The observed lag times never exceeded 1.7% of

the total release period (24 hours).

Effect of Drug Concentration

The amouit of drug present per unit volume of the
matrix (A) was calculated from the density values of the

materials in the matrix and is reported in Tables VIII
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and IX. The coffcet of «hange in drug concentration on the
release rate constant, k, was testoed Using thesoe concoentra-
tions of triamcinolone acetoenide for cach composition of
the £ilm tested. 1In all cases, the k versus A plots wore
slightly more linear than k versus Aé plots as shown in
Table XII. While both equations 13 and 14 predict a lincar
relationship hetween k and A%; the observed results could
also be explained in terms of granular matrix alone, if
initial porosity was assumcd to be very small. Such an
assumption appears to be reasonable since these matrices
contain a plasticizer. Higuchi (36) has showr that in
those instances where initial porosity is very small or
whérﬁ the fraction of the matrix volume occupied by the

drugz is relatively large, € = K A and equation 14 reduces

to

T

) §3) iy 2. G)
k.-z-A‘/:--(Z—KCS)CS (eq. 16)

kd

where K is equal to the specific volume of the drug, if 2

is expressed in terms of grams per milliliter.

Effect of Change in Plasticizer

According to equation 13, onc would cxpect the k value

; £ ) ing the solvent-
to decrease substantially upon cuaanging 4

lene glycol to hexadecyl alcohol in

view of nearly eight-fold difference in the solubility of
the drug in the vehicle, This would be a valid expectation
if D. diffusion coefficient af the drug in the matrix, was
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Table XI1T

Comparison of Correlation Coecfficients from
k versus A plots and k versus A* plots for
films containing Propylene Glycol or
Hexadecyi Alcohol as Plasticizer

Lenolir Alcohol-Ethyl Cellulose: K vs A? k ys Al
Plasticizer ratio Correlation Correlation

Coefficient Coefficient

Plastieizer: Propviene Glyecol

8.0 = 1.5 : 0.5 0.993 0.965

-

8.5 ¢ 1.0 :» 0.5 0.999 0.960

Plasticizer: THexadecyl Alcohol

8.0 : 1.5 ¢ 0.5 0.993 0.943
8.5 : 1.0 ;: 0.5 ' 0.982 0.972

: 3
2% values were obtained from Q vs t® plot of release data.
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not altered significantly by change of solvent-plasticizer.
Alternatively, in the same release medium, equation 14
weuld predict comparable k values for the two systems
differing only in the nature of sclvent-plasticizer, pro-
vided the volume, porosity, and tortuosity of the matrix
are rot significantly sltered. This might well be the case
tor the systems studied, since the k values for the hexadecyl

_alcohol systems (Tzble ¥IX) were found to be conparable to

propylene giycol systems (Table VIII).

Effect of Vehicle Composition

Table XIII describes the effect of drug solubilization
on drug release, by varying propylene glycol-lanolin
alcohcl concentrations., The steroid concentration (0.10%
w[w) was chosen, in paft, to permit this study to be con-
ducted with films of sufficient integrity. The maximum
release of druz was obtained in systems containing the
drug in near-saturated solution (5% propylene glycol). The
percent drug released decreased with systems containing no
propyviene glycol (major solubilizer) as well as with systems
containing the solubilizer in excess of that required to
dissolve the stercid completely (8 to 15% w/w propylene gly-
col). These vehicle effects are consistent with those re-
ported for fluocinoloneacctonide from propylene glycol~-water

gels (16).
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Table XIIX
Release of 0.10% w/w Trizmcinolsone Acctonide from
Matrices Containing Diffcrent Perceniapges
of Propylene Glycol after € Hours at 379
Lanolin Alcohol-Ethyl Cellulose- Amount®
Propylene Glycol Ratio Releasced, %
8.5 : 1.5 : 0.0 37.11 + 0.62
8.0 : 1.5 : 0.5 40.46 + 1.12
T 1 1.5 : 0.8 32.38 + 0.7]
7.0 : 1.5 ; 1,5 : 30,48 + 0.29

2311 values are expressed as (Mean # S5.D.) of three runs.

e Sy e
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Chapter IV
IN VITRO PENETRATION STUDIES

After establishing the in yitro release kinctics of
triamcinolone acetenide from the film-forming compositions
of lanolin alcohol, the in vitro skin penetration profile
of the stercid from these delivery systoms was studied.

An important goul of this study was to establish whether
diffusicn from the vehicle or diffusion across the skin
was;the rate~limiting step for the test drug, triamcinolone
acetonide. The results of this study were also expected to
provide greater insighf into the factors thal govern xvail-
ability of trizmcinolone acetonide from these matrix com-
positions.

In vitro pencetration studies are subject to possible
complications due to many variables, such as the vehicle
effect on the permeability properties of the skin as dis-
cussed by Poulscnr (15). Laboratory measurements of
steady»state penetration rates and the experimental deter-
mination of the phyvsical parameters affecting penetration

rates provide valuable bench marks against which less well-

controlled in vivo topical biocavailability studies can be

compared.
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Much of the dcfinitive work beini done today in the
arca of percutarcous absorption rakes use of excined human
skin as a model for its living counterpart. Recent
publicaticns by Scheuplein et al. (57), Ostrenga ot al.

(58, 59) and Newbold and Stoughton (G60) demonstrate upplicn-

tion of the in vitro technique to mmportant problems in

— i —

dermatophurmacology. Recently Chowhan ot al. (61) have shown
that for comparztive evaluations of the forralation offrats
on percutanssus absorption, 12,31159 studies with animal

skin may not provide information in agreemont with in vitro

buman skin.

“ond Dicstribution of Steroid

Preparation ¢f Skin. All the penetration experiments

reported here utilize buman abdominal skin cbtaincd at

autopsy. Immediztely following incision, the skin was rplaced

in a plastie bag and stored in a freocezer for periods up

to but not exceceding threc months. This method of storage

has been reported not to damage the skin (€2). Before the

experiment, the skin was allowed to thaw gradually to roon

temperature, following which the skin was placed on 2

smooth disscctionl board with the epidermal surface flat

. : . Hus $as COm=
in contact with the board., All subcutaneous fat was ¢

i : <3 3
pletely I.o_elnoved b}' a &calpel‘ I'rom C[!Ch Speclmen (t_hc «Xin

of a single donor), 10 to 12 picces of suitable sizes were

My
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Skin Cell. Fach piece of skin was mounted in a special
glass cell as illustrated in Figure 12. The skin cell used
has been deseribed in detail by Franz (62). The skin cell
consisted of a lower glass chamber with a sampling port.

A Teflon-coated magnetic bar placed at the bottom of the
cell provided efficient mixing. The lower chamber was en-
closed by a water jacket which allowed circulation of water
at the selected temperature. The skin was placed in nosi-
tion on an o-ring betwecn two ball Jjoints of the top and
bottom chambers, using a pinchtype, ground-jcint clamp,

The diffusion area was 2.01 cmz. The epidermal side of the
skin was exposed to ambient conditions (= 23% and 40% rela-
tive humidity). A solution containing 0.9% sodium chloride
and 0.01% thimersol was heated to expel dissclved gases and
cooled to room temperature; 6.2 ml of this solution was
pipetied into the skin cell bathing the dermal side. The
sampling port was closed by a rubber closure and any air
bubblos on the dermal side were carefully removed by
slightly tilting the cell. Each cell was mounted on a
magnetic stirrer. During each ruvn, 12 cells were mounted
on 12 magnetic stirrers fixed to a laboratory frame

(48" x 48" x 18") as shown in Figure 13. The temperature
of fluid ir the lower chambor was maintain@d-at-ﬁ?o_i 0.5°

by circulating water from a constant temperature water

;circulatorZG'through the jacket of each cell. By this

28

Haake Model-FE, VWR Scientific Inc., San Francisco, Ca
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Diameler =1.6 cm

Sampling ~"'0" Ring

0" Ring Groove

; Stirring Rod ..-w-——\—‘:;;:;/
' Figure 12. Dicgmmatic reprcsen*%aﬁon of the diffusion

cell usad in psnetraticn studies.
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arrangement, tke epidermal side of the skin was exposued

to ambient lahoratory conditions while the dermal side was

kept at 37% + 0.5° to simulate in vivo use conditions.
After mounting, each piece of skin was allowed to

stand for 4 nours before beginning the experiment. This

allowed some time for ecguilibretion with respect to tem-

perature and relative huridity of the surrounding environ-

ment .

Prepuration of Steroid Solutions. Tanolin alcohol,

ethyl celiulose, and propylene glycol or hexadecyl alecchol
were weighed in required quantities to make 10-ml of 10%
w/v solution in a 25-m)l beaker. Five milliliters of iso-
propyl alcchol was added to this and the contents alliowed
to go into solution by gentle heating. The solution was
cooled to room temperature and was transferred to a 10-ml
volumetric flask. The required concentration of cold triam-
cinolone acetonide was added to this and allowed to g2
into solution. The quantity of steroid used was in
addition to the 10% w/v concentration of film formers and
plasticizer. This sclution was then made up to volume
using isopropyl alcohol. Two compositions which did not
have any lanolin alcohol and ethyl cellulose were also
tested. One contained 0.01% w/v of the steroid in
isopropancl, and the other contained 0,01% w/v steroid

and ‘1.5% w/v prepvlene glycol in isopropanol (henceforth re-

ferred to as compositions A and B respectively in the text).
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Before each experiment, 0.5 ml of the prepared solu-
tion of desired composition was pipetted into a 2-wl boaker
containing 5 uCi of 3H—triamcinoiono acctonide uvsing a
precision pipette. The beaker was covered and the solu-
tion was mixed thoroughly. Then 100 w1l of this radio-
actively lubeled solution was pipetted onto the skin sur-
face. This volume was found to be sufficient to spread
across the entire exposed surface arca of 2.01 cmg. The
volatile isopropanol was allowed to cscape in all cases,

At sclected time intervals, following the addition
of the solution to the epidermis, the receptor solution
was campletely removed through the sampling port using a
diépcsable syringe with its pnecdle attached to a thin
flexible plastic tubing. This allowed for a quick and
completc removal of the receptor solution and refilling
with 6.2 ml of fresh saline solution. Cne milliliter of
the removed receptor solution was then pipetted into a
seintillation vial to which 10 ml of premade aquedus
scintillation fluidz7 was added pefore counting.

The amount of guench dne to the saline splution was
external gtandard ratio method. The

determined using the

total amount of steroid penetrated 4t different time intor-

vals was calculated using o Torirzan progran (L8C) written

for this purpose which 1S shown in the following pages.

The penetration studies were conducted for & period of 7 days.

27pcs™ pmersham CoTp-.. Arlington Heights, Ill.
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The sampling was more frequent during the first 2 days
than the following 5 days. All penctration studices were
conducted in duplicate.

At the termination of a penetiration experiment and
after removing the receptor sclution, 1 ml isopropanol
was added to the epidermal surface in each cell and the
cells were covered with cover slips for a period of 5
minutes., During that period the epidermal surface was
washed of the remaining applied dose and the isopropanolic
solution was transferred to a scintillation vial. A second
washing was performed with 0.5 ml of isopropanol and this
sclution was also collected in the same vial., This pro-
cedure was repeated in 211 the 12 celis and 10 ml of a

commercial organic scintillantzs

was added to the washings
in each of the 12 vials. The activity irn the vials vas
then counted, Externail stiandard ratio metbod was employed
for calculating counting eificiency using 2 standard
quench curve.

The skin was then removed frem the cell and the
circular portion of the skin that was in contact with
the bathing fluid was cut ont using & surgical scissoer,
The epidermis and dermis were eazsily separated by means
of a forceps and collected separately in two scintillation

viels., One wmilliliter of a tissue solubilizerzg was

28008,-Amersham Corp., Arlington Heights, I11.

5q _
“YRCS*, Amcrsham Corp., Arlington Heights, I1l.
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pinpztiaed into the vizl containing epidermis and 2.5 ml
iste the vial containing dermis. Digesiion of the tissue
by the solubilizer to give a ¢lear solution vas accom-
plished by keeping the vials in uan oven at 569 + 12  for
a period oi 4 hours. If the dermal tissues were not com-
pieteily solubilized by this precedure, the coantents of

" i g 3 g 30
the vinl were homogenized using a tissue howogenizer,

{

sGImogenizer was washed with 0.5 ml of solubilizer and

E'

The
the wash wus collected in the same vial and the wvial
contents digested for an additioral one hour. Clear golu-~
tions could be ohtzined by this proccédure. Then, Lo each
of the vials 10 ml of the organic counting scintillant

waé added and the samples were counted. External standard
ratico methed was employved for applying quench eorrection,
Standard quench curves were prepared by using fresh samples
bf-dervls and epidermis having similar area as uscd in

the penctraition experirments and standard tritinted water

of known radioactive concentration.

Resuits and IS seunsion

The pepstraticn data obtained for the two compousitions

A and B were analyzed by plotting @ (amount penctritean
per unii area) against time. All the plois were made by
using mean @ values obtained from the duplicate runs

using a graphics program [(Q024114) GRAPEICS]. Based

3095 ssucmizer® (Model-SDT), Tekmar Co., Cincinnati,
Ohic.
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upon this plot, u regression analysis of the stondy-

state region of the penetration curve was carricd ouat

since cquation 6 is applicable only in the steady-state
region cf penetration. The regression analysis was car-
ried out using u regression program (PCHEM/REGG) and the
regression line was extrapolated to time axis Lo ostublish
the lag times as shown by the dotted lines in Figure 14,
For these two compositions, A and B, penetration across

the skin would he expected to be the rate-limiting step

for the absorption of steroid. The composition B should
have a near-saturated sclution of the steroid in propylenc
glycol at room temperature after the evaporation of iso-
Prépanol'based on the solubility of triamcinolone acetonide
in prepylens glycol. The penetration data obtained from
the Q versus t plots are shown in Table XIV. The plot

for composition B was curvilinear after the lag time
period and seemed to Ffit into two steady-state regions.

The existence of two steady-state regions suggested sig-
nificant time~dependent changes in the interplay of forces
poverning the penetration of stercid across the shin.
There is a notable variation in the concentration of the
steroid in the donor phaso diring the'extended pericd of
study. For example, the concentration of the steroid in the
donor phase dropped from 10 ug to 7.25 ypg. About 56.4% of
the drop occurred during first 67 hours of this study.

Also, the simultancous diffusion of some propylene glycol

T
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Mean Q « 1O

0 40 80 120 160
t, Heurs

Figure 14. Q versus t plots of triamc¢inolone acetonide pene-
tration from non occluded systems. Key: x, 0,01%
solution in isopropanol containing 1.5% w/v of
propylene glycol; o, 0.01% solution in isopropanol.
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Table X1V

Triamcinolone Acetonide (0.01% w/v)
Penetration Data

Steady-State Lag

Vehicle Penetration Time, Corrclation
Rate?, Hours Coefficient,
ng ot ? 2 P
Isopropanclc 4.52 1.84 0.996
1.5% w/v Propylene 12.67 5.70 0.998

Glycol-in Iso-

propanold

®811 steady-state values were computed from the regression
line drawn from the data obtained by duplicate runs at
each level by using TEKTRONIX (Model 4005-1) graphics
terminal,

bRepOfﬁEd-r values are for the steady-state region of the
penetration data. '

cReferred to as composition A in the text.

dReferred-to=as composition B in the text.
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into the skian could have caused changes in the thermo-
dynamic activity of the drug in the donor phase or some
alteration in the barrier properties of the skin, The
value reported in Table XIV as penctration ratc for this
composition corresponds to the initial steady-state region
(up to 67 hours of penctration experiment).

The distribution of the mteroid at the end of 7 days
is shown in Tabla XV for these two compositicns, The
-epidermal content of the steroid was found to bc more
(44.3-55.0%) than the amount reomaining on the surfacc of
skin (15.9-20.0%) or the amount prescnt in the dermis
(2.5-7.0%). This would suggest for cempositieng A and I
that the penetration of triamcinolone acetonide through the
skin was the rate-limiting step. Alternatively these values
could reflect relative solubilities rather than permeability
differences. In view of the poor solubility of triamcinolone
acetonide, the transfer of triamcinolone acotonide from
the epidermis to the lower water-bearing tissues could be

the slow step, resulting in the buildup of the steroid

concentration in the epidermis.

Effect of Drvg Cencentration on
the Penetration

In the matrices tested, the majority of drug was
present as a suspension and the minimum concentration of
the drug used was at least four times its solubility in
the matrix. Q versus t plots (Figures 15 and 16) were

made for the matrix compositons tested under the assumption



Table XV

Distribution of 0.01% w/v Triﬁmcinoloﬁe-ﬂcetonide
7 Days After Application

Amount of Applied Dose Recovered,

Amount ~ Percent
¥ehicle Penetrated, Isopropanol Pergent
Percent Wash of Epidermis Dermis Accountability
Epidermis
Isopropanol” 13.3 (15.1)  20.0 (18.1)  55.0 (54.3) 4.7 (1.9)  93.0 (89.4)

1.5% w/v Propy- 28.7 (26-.3)a 153.58 (15.9) 45:8 (56.3) 5.5 {5.3) 95.0 (97.8)
lehe Glycol
in Isopro-

panolc

%The numbers within parentheses represent the values obtained by duplicate run.
bﬁeferred 1o as composition A in the text.

cReferred to as composition B in the text.
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that the penetration through skin was rate-limiting. A
summary of the data obtained from the steady-state pene-
tration studies are shown in Tables XVI and XVII. The

effect of inereasing the concentration of the suspended

drug in the same composition of the matrix containing

propylene glycol is shown in Table XVI. The Table XVII
cshows corresponding data for matrices containing hexadecyl
alcohol. As can be secen from these two tables, the increase
in concentration of the suspended drug gave a corresponding
increase in penetration rate, High correlation coeffi-
cients were cobiained in the steady-state region of the
penetration, Mere was no notable difference in penctra-
tion rate betweern matrices having propylene giycol- and
hexadecyl -alcohol. The corresponding inerease in pene-
tration rate with increases in concentration of the sus-
pended drug was difficult to explain, if the penetration
of the steroid through the skin was assumed to act as
the rate-limitirg step as was observed for compositions A
and B. In theory, penetration should be equal from sus-
pensions containing finely powdered drug (18) when the
skin barrier is intact and acts uas 2 rate-limiting barrier.
The increase in penetration with increases in con-
centration of the suspended drug suggested that the release
of drug from the matrix might have acted as the rate-
limiting step for the penetration through the skin and

the skin acted as a perfect sink once the equilibration

-
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Figure 15. Q versus t plots of drug penetration from films
- gontaining lanolin alcohol-ethyl cellulosce-propylene
glycol (8.0 : 1.5 @ 0.5) at different concentrations

of triamcinoclone acetonide.
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KEY: x, 0.50%

204 - A, 0.99%
O, 3.955%

o, 5015

t, Hours

i Figure 16. Q versus t plots of drug penctration from films
‘ containing lanolin alcohol-ethyl celluloscmhexadecyl
alcohol (8.0 : 1.5 : 0.5) at dif{ferent concentrations

of triamcinolone acetonide.



Table XVI

Q versus t Treatments of Triamcinolone Acetonide Penetration
Data from Films Containing'?ropylene Glycol

Lianolin Alcohol: Steady-State Lag

Ethyl Cellulose: Drug Concentration, Penetration Time, Correlation
Propylene Glycol Percent? Rate’, Hours Coefficient,

Ratio ng cm™ 2 hr~l <

8.0 2 1.8 0.5 0.50 15.13 7.04 0.999
5.0 2 1.5 : 0.5 0.89 32.14 13.43 0.999
B0 2 1.5 0.5 1.96 B6L.55 2.39 0.209
8.0 = 1.5 1 0.5 2.91 25.19 5.45 0.999

2Based on weight of drug per weight of dry film.

bAll steady-state penetration rate values were computed from the regression line

drawn from the data obtained by duplicate »uns at each level by using TEKTRONIX
(Model 4005-1) graphics terminal.

“Reported r values are for the steady-state region of the penetration data.
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Table XVII

R versus t Treatments of Triamcinolone Acetonlide Penetration
Data from Tilms Containing Hexadecyl Alcochol.

|I

Lanolin Alcohol: Steady-5tate Lag

Ethyl Cellulose: Drug Concentration, Penetration Time, Correlation
Hexadecyl Alcohol Percent® Rateb, Hours Coefficient,
Ratio ng em™? nr? r¢
8.0 ; 1.5 : 0.5 0.50 12.86 13.21 0.909
8.0 ¢ 1.5 : 0.5 0.99 30.60 20.59 0.999
2.0 o .5 o 0.5 1.986 60.32 1¢,00 0.999
8.0 ¢ 1.5 » 0.8 2.91 106.11 11.81 0.997

2Based on weight of drug per weight of dry film.

All steady-state penetration rate values were computed from the regression line

drawn from the data obtained by duplicate rins at each level by using TEKTRONIX
{Model 4005-1) graphics terminal.

cReported r valdes are for the steady~state region of the penetration data.

LG
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had becn attained. To further verify this possibility, Q
VETSUS té plots of penetration data were made for ali matrix
compositicns tested as shown in Figures 17 and 18. @

versus té plots were made based on the conclusion that

the relecase of triamecinolone acetonide from these matrices
follows the diffusion-controlled matrix model which fol-
lows equation 4 discussed in the introductory chapter.

High correlation cocefficients were obtained in the sieady-

state region of pénctration as shown in Tables XVIII and XIX,

The lag %times were found to be in the range of 18-27 hours.
As in the case of the release studies, the penctration
rate ioir the matrices containing hexadecyl alcohol (Table

XIX) woz found te be comparable to matrices containing

propylene glycol (Table XVIIT), even though there is an eight-

fold difference in the solubility of the drug in the matrix.
This is consistent with the earlier conclusions from the
release studies that the diffusion-controlled matrix

model was 'granular' and not ‘homogonous.'

The penetration rates obtained (Tables XVIII and XIX)
were lower by an order of magnitude when compared with the
release rate values obtained from the same matrices. This
may be due to the fact that during the course of pene-
tration studies, the matrix was not at 37° and not immersed
into an aqueous system.

The effect of ehange in drug concentration on stecady-

state penetration rate was tested using the 'A' {amount of

S o s —
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KEY: x, 0.50%

2.0 a, 0.99%
0, 1.96%
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Figure 18. Q versus t” plots of drug penetration from films
containing lunolin alcohol~-ethyl cellulose-hexadecyl
aleohol (8.0 : 1.8 : 0.5) at different concentra-
tions of iriamcinolone acetonide.



Table XVIIIX

Q versus té Treatments of Triameinélone Acetonide Penetration

‘Date from Films Containing Propylene Glycol

Lanolin Alcohonl: Steady-State Log

Ethyl Cellulose: Drug Concentration, Penetration Time, Correlation
Propylene Glycol Percent? Rateh, Hours Coefficient,

Ratio ' ng cm'z'hr'%' r©

B:sB ¢ 1gb 4 8.5 0, 50 269,54 19,91 0.995
8.0 3 15 ¢ 0.5 0,89 571.53 23.18 0,994
8.0 : 1.5 : 0.5 1.986 1099.39 17.79 0.997
8.0 : 1.5 : 0.5 2.8 i888.13 18.93 0.895

4pased on weight of drug per weight of dry f£ilm,

B411 k values were computed from the regression line drawn

terminal.

from the data obtained
by duplicate runs at each level by using TEXTRONIX (Model 4005-1) graphics

cHeported-r values are for trhe steady-state region of the penetration data.

161
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Table XIX
Q'xsxsna-t* Treatments of Triamcinolone Acetonide Penetration
Data from Tilms Containing Hexadecyl Alcohol

Lanolin Alcohol: Steady~State Lag

Ethyl Cellulose: Drug Concentration, Penetration Time, Correlation
Hexadecyl Alcohol Percenta Rateb, Hlours Coefficient,

5 5 o=d -t .C
Ratio ng cm by T

8.0 : 1.3 : 0.5 0.50 228,48 23.02 0.993
8.0 ¢ 1.5 1 4.5 0.99 341.53 26.95 0.989
8.0 : 1 0.5 1.96 1079.11 95.13 0.983
2.0 ¢ 1.5 0.5 2.91 1509.0658 23,09 0.997

2pased on weight of drug per weight cof dry fiim.

'béll k values were computed from the regressicn line drawh from the data obtained
by duplicate runs at cach level by using TEKTRONIX (model 4005-1) graphics

terminai.

cReported-r values are for the steady-state region of the penetration data.
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drug per unit volume of the matrix) values reported in
Tables VIII and IX, TFor both the propylenc glycol zand
hexadecyl alcchol containing matrices, there was better
correlation between steadyv-state penetration rate (k) and
A rather than betwecn k and Aé as in the case of relceasc
studies. The linear re¢lationship between k and A is
shown in Figures 19 and 20 for matrices contaiwing propy-
lene glycol and hexadecyl alcohol. These findings are
also consistent with the results of the release studics
reported earlier.

Distribution of triamcinolenc acetonide atr the end
of 7 days is shown in Tables XX and XXJ for all the con-
ceﬁtrations studied from the two matrices containing
propylene glyeol aund hexadecyl alcohol respectively., As
can be seen, epidermal ¢oncentrations of the drug were low
{1.9-6.7%) and slightly more than the dermal concentra-
tion (0.3-1.7%). The amount remaining in the applied
dose was very high, contrary to the values obtained for

the controls (the compositions A and B, Table XV). This

distribution pattern of the steroid suppurted the view that

the release from these film-matrices was the rate-~limiting

step.

Effect of Vehicle Composition

Table XX1I describes the effect of drvg solubilitvy
on drug penetration from the matrices containing lanolin

alcohol., The variation in solubility was achicved by
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tration in & matirix contalining hexadeevl alcohol
on the steady-siate penctration rates obtained

from Q versus t- plots.
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Distribution of Triamcinolone Acetonide 7 Days After

Table XX

Application from Films Containing Propylene Glycol

Aniount of Applied Dose Recovered,

Lanolin Alcohol: Drug Amount Percent

Ethyl Cellulose: Concentra=~ Penetrated, Isopropanol Percent
Propylene Glycol tion, Percent Wash of Epidernis Dermiz Accountability

Ratio® Percentb Ipidermis

8.0 2 k5 % 0.5 0.50 8.0 (lﬁ.l)c 68.6 (67.6) 3.1 (3.6) 0.5 (1.7y 8l.2 (83.5)
el ¢ L5 & D5 0.99 2.1 (10.53) 64.1 (65.2) 3.1 (4.1) 1.4 {2.5)  77.7 (82.3)
8.0 2 1.5 3 0.5 1.96 10.5 ( 9.4) 73.6 (71.3) b8 32) 0.6 (0.5) 89,3 (52.4)
8.0 ¢ 1.5 2 0.5 2391 9.9 (10.3) 67.1 (68.2} 6.7 (3.4) 0.6 (0.3) 84.3 (82.2)

a}‘.ll solutions were applied as 19% w/v solution of film formers in iscpropyl aiconol.

bBaseé on weight of drug per weight of dry film.

“The numbers within parentheses rcpresent the values obtained by duplicate ren.
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Distribution of Triamcinelone Acetonide 7 Days After
Application from Fiims Containing Hexadzeyl Aleohol

Table XXI

——
s

Lanolin Alcochol: Drug Amount Epant inApgiigi;2“52 Rgccvered,

Ethyl Cellulose: ' Concentra~ Penetrated, Isopropancl Percent

Propylene Glycol tion, Percent Wash of Eptdeornis Dermis  Accountability
Ratio® Percent’  Epldermis

8.0 = 1.5 ¢ 0.5 0.50 8.5 (71.1)" 58.6 (70.7) 1.5 L1.7) 1.9 (0.6) 71.1 (50.3)

8.0 : 1.5 & 0.5 0.99 9.8 (8.3) 67,7 (12.9) 3.3 (3.0 1.2 (0.8) 81.8 (85.0)

8.0 1 1.5 % 6,5 1.96 5.2 (11.6) 72.1 (74.92) 6.5 (3.0) 0.7 (1.6) 85.5 (51.1)

8.0 5 1.5 5 0.5 2,91 8.2 {12,7) 13.7 (77.3) 2.8 (2.3 1.1 {1.0) 85.8 (93.5)

2411 solutions were applied as 10% w/v sclution of film formers in isopropyl alcohol.

bBased on weight of drug per welght of dry film.

“The tumbers withia parentheses represent the values obtained by duplicate run.

L0t
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Table XXII

In Vitro Peprectration of 0.10% w/w Triameirolone
- from Matrices Containing Bifferent
Percentiges of Prepylene Glycol and
Lanolin Alcchol at 48 and 120 licurs
Aftoer Application

Amount Peonetrated,
- Pereont®

Lanolin Alcohol: lthyl Cellulose:

Propyleune Glycol Ratio 48 hours 120 lours
B8 1.8 ¢ 00 0.2 1.0
8.2 ¢« 1.5 & 0.8 ' 0.3 1.4
8.0 z 1.5 ¢ 0.8 ' 0.4 1.6
.7 3 1.5 + 0,8 0.5 2.5
7.8 &+ 1.8 } 1.0 0.7 2.7
20 7 1.6 5 1.9 1.0 4.3
6.5 : 1.5 : 2,0 5.2 12.0
8.0 : 1.5 : 2:8 5.0 10.8

2a11 values are expressed as the mean of duplicate runs.
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changing the percentage of propylene glycol in the matrix
between 0 Lo 25% w/w with a corresponding decreasc in o
percentage of lanclin alcohol. The ethyl cellulose con-
centration was kept constant at 15% w/w., The integrity of
the propylene glycol-containing films determined the upper
1imit of 25% w/w propylene glycol, The steroid concentra-
tion of 0.10% w/w was chosen, in part, to permit the study
. over a wide spectrum of solubility ranging from nearly com-
plete suspension to dilute solution.

The reduced penetlraition of the stereoid from film
compositions containing O to 10% w/w propyleme glycol could

be attributed to insufficient propylene glycol being prescol
to dissolve all of the triamcinolone acectonide. Trnis would

cause the diffusion of the drug into the skin to be dissolu-~

tion rate-limitied causing a reduction in release rate which
in turn would be reflccted as reduction in the amount of
druz penetration. The diffusion gradients formed within
the permeating fluid in the pores and channels of tho
matrix or in the matrix itself could also be a contributing
factor. A similar release and penetration pattern hias

been reported by Poulsen (15) for fluocinolone acetonide

and fluocinonide.
on

XX11, the maximumn penctrati

vas obtained from a S
ing 15% w/w of prop

ylene

glycol rather than the film contain

nsti tuted a near-sat urated

glycol though the latter ¢@
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centration remaining in the vehicle-matrix.
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soluticn. In this respect the resulits are at variance

from the results of the release studies where the maximun
release was obtained from Lhe saturated solution., The
amount of steroid penetrated decreased at 25% w/w propylens
glycol concentration.

This can be explained since at 20 and 25% w/w propy-
lene glycol concentrations the vehicle is probably behiv-
ing more as a homogencous. system 1like an ointment with
the drug in solution rather thin as o granular motrix.
Such a transition makes the situation more complex and
definitive explanation more difficulit. In such circum-
stances, the rate of release is increaging and approaching
thé rate of penetraticn and perbaps surpassing it as the
propylene glycol concentration is gradually increased to

20% w/w and above. The drop in ancunt penetrated at 25%

w/w propylene glycol appears to be due to the drop in

thermodynamic activity associated with the dilution of
the drug.
The distribution of triamcinelone acetonide at the

end of 7 days from the maitrices is shown in Table XXTII.

The epidermal coneentration was much lower thar the con-

These obser~
vations are comparable to data reported earlier for varying
amounts of suspended drug in the same film vehicle

{Tables XX and XXI).
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Table XXIII

Distribution of 0,10% w/w Triamcinclone Acetonide 7 Days After
Application from Films Containing Differing Concentrations
of Propylene Glycol and Lanolin Alcohol

Lanolin Alcohol: AOunE Amount of Apglie@ Qose Recovered,
: : ercent

Ethyl Cellulose: Penetrated, Isopropanol Percent
Propylene Glycol Percent Tash of Epidernis Dermis Accounta-

Ratio® Epidermis bility
8.5 ¢ 1.8 1 0.0 1.5 (I.S}b 83.1 [76.2) 2.1 {&a8) 1.4 (0.8) 62.1 (81.8)
8.2 ¢ 1.5 % Q.3 2.2 (2.8) 65.7 (75.6) 2.9 (4.2 18 11.7) 72.1 (84.1)
B.G 3 1B § O.08 2,8 (2.8 £35.0 (84.1) 5.6 (7-2) 1.2 (3.8 94.4 (95.8)
T«T 5 1.8 3 @8 2.8 (8.4) 82.9 (85.90) 7.0 (8.0} 1.2 2.0) 03.9 (28.4)
7:5 1 T.b ¢ 30 4.1 (4.7) 79.0 (80.2) 7.0 (6.5} 2.6 (2.9) 92.7 (94.3)
7.4 1 1.5« 1.8 6.9 (6.1} 69.9 (80.8) 7.5 (6.6) 2.8 (3.2) 85.1 (96.7)
6.5 1 1.5 3 2.0 16.7 (12:.8) 63.0 (55.9) 6.4 (7.5) 1.5 (2.3) 87.6 (79.5)
8:0 4 1.5 2.5 14.4 (11.2) 55.0 (64.2) S.1 £5.8) 0.7 (D.8) 85.2 (82.7)

%A11 solutions were applied as 10% w/v solution of film formers in isopropyl alecchol.
DThe numbers within parentheses represent the values obtoined by dupliicate run,
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Chapter V
CONCLUDING REMARK

A preliminary screening of the film-forming potential
of variocus high molecular weight alcohols such as cetyl
alcohol, stearyl alcobol and lanolin zleoliol revealed that
lanolin alcchol formed thie films without the addition of
other adjuvants. Cetyl alcohol and stearyl alcohol did
not form thin films that could be isolated. The integrity .
and tacky rature of lanolin alcohol films could be altered
by the addition of small quantities of ethyl cellulose and
propylenme glycol or hexadecyl alcohol. The composition with
15% w/w ethyl cellulose and 7.5 to 10% w/w propylenc glycol
produced the best films. TFurther increases in proportion
of propylene glycol up to 25% w/w with corresponding de-
crezses in lanolin 2alcohol councentration did not substan-
tially alter the modulus of elasticity of the films
although a gradwal reduction in the overall film quality
was apparent. This reported film-forming capability of
lanolin alcohol is significant and appeafﬁ to have remaincd
unrecognized in spite of the widespread use of the material
in a variety of cosmeties. Lanolin alecohel is a mixture

of many compounds. Additional work must be done to identify

112
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the principal film-Jjorming component(s). Further exploration
of the pharmaceutical and cosmetic application of this
property is wirranted.

The eveluation of the occlusive capability of the selec-
ted films revealed that these films could reduce the normal
transepidermal moisture loss substantially. The ecelusive
capability appeared to decrease with increasing concentrations
of solvent-plasticizer and decreasing concentrations of lano-
lin alcohol, and appeared to increase with increoasing con—
centrations of ethyl cellulcsc and decreasing concentirations
of lanolin zlcohol in the film.

The in vitro releuse of triamcinolone acetonide from
selécted film comwpositions of lanolin alcohol with propylene
glycol or hexadecyl alccohol as solvent-plasticizer suggested
that the drug release followed a diffusion-controlled granu-
lar matrix model proposed by Higuchi (35) when the majority
of the drug wus present as a a‘suSpcnsion in the concentra-
tions studied. A linear relaticnship was observed between
drug concentration and release rate., The studies on the
effect of solubilization of the drug by increasing the
propyleae glycol cencentration in the matrix revealed that
maximum release was obtained from a system baving the drug
as a near-saturated solution. The reduced release from
matrices containing excess solubilizer can be attributed
to the reduced thermodynamic activity of the drug. The

equations for release from vehicles where the drug is in
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highly suspended state or when the drug is in solution

are well defined. However, these physical-chemieal models
appear to be inadequate in explaining observed relecase pro-
files in the narrow reogion where the drug concentraiions

are slightly dbove the saturation solubility in the vchicle.
In this respect, this study confirms the experience of other
dinvestigators in this area, and it points to a very fruit-

ful area for further research.

.

The in vitre penctration data obtained from the sawe

matrix-forming compositions as in the case ol the rclease
studies scemed to indicate that release from the matrix
rather than penetration through the skin acted as the rate-
limiting step for the absorption of triamcinolone zcelonide
from these fomulatiocns. The overall penetration data were
consistent with the release data with one exception. The
maximum penetraticn was obtained from a systoem containing
a slightly higher concentration of proylene glycol than re-
quired to make 2 saturated solution. This may have resulted
from a fundamcntal change in the nature of the mairix system
associnated with the changes in the propylene glycol con-
centration.

The film delivery systom investigated in this study
is interesting since the release from the matrix is the

rate-controlling step. This feature may not be desirable

for drugs with low aqueous solubilities and/or poor pene-

tration properties across intact skin. On the other hand,

the slow release property may be highly desirable for drugs
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with marrow therapcutic indices intended to be used in
conditions such as psoriasis. The rate-controlling feature
of the delivery system could be attributed to the granular
nature of the matrix. What is the contribution of film thick-
ness to the controlled nature of drug delivery? Will the
release-rate control be still operative during ¢linical

situztions where the film ihickness might be 5- to 10-fold

less than those studied ip vitro? What is the role of the

demonstrated occlusive property of the film in facilitating
drug penctration? Additional in vitro and in vivo studies

may help answer scme of these questions.
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