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ASSTRACl' 

The nonpolymeric high molecular weight substances 

such as lanolin alcohol, stearyl alcohol, and cetyl alcohol 

have be.en investig~ted for the-ir :film-forming pot0ntial. 

Furthermore~ the application of this potential in the de­

$ig'n of tQpical drug-delivery system~ has also been ex­

plore<.I.~ 1'he uti}iza.tion of such film-forming systems · may 

. offer certain unique advantages not associated with the 

polymeric systems. 

Stearyl alcohol and cetyl alcohol dC> .not form films 

of acceptable integr-ity. Lanolin alcohol forms thin films 

capable of being isolated. Inclusion of appropriate an:ouuts 

of ethyl cellulose and propylene glycol or 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--triamcinolone ac·etonid~ ·- - . . 

from selected filmS was investigated. ';('he results suggest 

that the drug release .follows a diffusion-controlled granu-. 

lar matrix model with the release profi-le proportional to 

the square root of time. The releas-e rate constants were 

f<;>Uild to be proportional to the concentration of the 
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-disp~rsedd:rtig. Drug r~lease was fo'Und to be maximal from 

a system containing the drug in. a . near..;.satur.tteu solution . 

. !!1· vitro penetration experiments using human cadaver 

~k,i:n ·were als(} ~o·nducted from tl:le same matrix.:forming com­

position.s. The. a,nalys.i.s of the pen~ttation dat.a r¢.veal~d 

that the release :from the matri x, acte¢ as the rate-limiting 

step for the penetration process. The maximum rate of 

pe11etration was observed from a sy·$tem contai ning slightly 

excess solubilizer t~n required to completely solubilize 

the steroid. The importance o:f this findt.cg has been ex-. 

plaiiled~ 
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Chapter I 

INTRODUCTION 

The stttdy of the p~~$t->age of medicinal subst:urc.es 

through t .he sktn offers ·~ great d~.al of challern~c ·to t~e.,. 

search workers i·n the fields of pharmacy and d~rrm\to togy. 

The choice of an optim1Jm vehi.cle for a particular medica--

ment depends on th~ physical and chemical properties of the 

drus alone, its properties in the vehicle, as we-ll as the 

nature of the skin condition being -created.. In the ·huir.an 

the skin's pnysiological function as a protective organ is 

served by its effective barrier properties against the pene­

tratibn C>f a wide variety of substan..ces. Compared to most 

other tissues ()f t.he body, the skin surface is only slightly 

permea-ble. 

Barrier Properties . of Skin 

The skin ts barrier pro.I>erties reside essentially ~n 

the stratl.Un corneum layer of epide:rrnis. Studies have shown 

tbat t -here is no significant di.fferenc~ between ra'!:e-li:niting 

properties in isolate:d st:t4.tUtn corneum and full thickl1f~ss 

cpi(jei"mis (1). The abs.ence of metabolic processes Ln the 

dead keratinized layer~ precludes any role fo:;:- activ·e 

transpor1: processes. Conseqttent;ly,. the stratum corn¢um 

1 
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acts as a. passive diffusion medium, but cne which displa:ys 

considcn·~ble 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 cornetur.. is traversed, 

penetration onto the dermis and systemic circulation is 

assured. 

In humans, the skin surface is pierced by follicular 

l orifices and. -sweat gland ducts. These provide al terha te or 

' ! additional pathways for absorption, although the significance 
' 

- J 

of swe.at ducts in this process i.s questionable. For sub-

stances penetrating the. follicles, 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 int-erfollicular st·raturn 

corneum. For most. substances, both t.ransepidermal and trans-

appendageal routes pl,ay some role in absorption. Overall, 

however, the transepidermal route must be the p:f.iJ1cipal 

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 niay be transient bU~ far greater 
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diffusion occurring through the transappendaecal route than 
I 

: through the trnnsepidermal pathway (3). After steady-state 
I l diffusion is at taine.d, the dominant. diJ;fusion pathway is 

transepidermal rather than transappendageal. .However, for 

certain s.lowly diffusing large molecules, transappcndagea.l 

penet·ration may be the predomina.nt route throughout. 

· In regard to transepider.mal absorpt.ion, the sites of 

diffusional resistance in the stratum corneum layer reside 

both in i ·t3 cell membrane and, predominant!)', in the poorly 

hydrated intracellular fil.ament-matrix contents. The mem-

branes of cells of stratum coroeu.'Tl are structurally rigid 

and show rema!"kable chemical resistance. 'l'hese membranes 

are about 150 ~ thick, almost double the 80 ~ 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 ~ell 

membranes (4). This thickness may contribute to the de­

~reased cell permeability. Intracellularly the keratin 

matrix comprises about 65% of cell mass, and the overall 

water content is. about 10%.. For substanc-es diffusing 

throug}). these cells,. keratint lipids, and nonfibrous pro­

tein.s constitut~ major "!'q;ldblocks" to passage. The keratin­

matrix structure is a mosaic of pol.ar {bound water) and 

nonpolar ( iriterf'ilamentous lipid) regions which compris e 

parallel but distinct d'iffusio·nal pathways for water-

and lipid-soluble molecules (3). 
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Overall percutaneous 1l.hsorption 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 

passage of all substances which penetrate the skin. Hydra­

tion results from water diffusing from underlying epidermal 

layers or from the perspiration that accumulates aftt~r applica-

tion of an occlusive 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 a-s much as 50% water ( 5). 

The importan.ce 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 i:ncrea$ed water concentration in 

the skin layer enhances the penetration of the ste·roid 

(6-10). ~IcKenzie and Stoughton (7) have shown tha·t pene­

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 attril:>uted to 

increased contact between vehicle and skin, the accurate 
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localization of vehicle and 1.uc·cE-Kscd skin temperature. 

Wurster and Kramer (11) measured the r:t.te of penetra­

tion of esters of salicylic acid across dry and hydrated 

stratum corneum. They found that when the tissue was 

hydra.ted the rate of penetration o -f the water-soluble esters 

inc-reased more than that o'f the othC'r esters stu<li ed. 

Working with aspirin in a temperature-humidity chart}berJ 

Fritsch: and Stoughton (12) showed the importance o -f 

these factors on the penetration of excised skin. Full 

hydration of the keratin (accomplished by layering water 

()ver ac;:e.tylsalicylic acid on the epidermal surface) .dram­

atically increased the penetration when compared to _cond.i­

tibns of lower humidity at the same temperature. Although 

under the conditions employed, aspirin may ·have hydrolyzed 

to salicylic acid, the conclusions drawn r-e.g.arding the 

effect of humidity on penetration are still valid. 

The mechanism of transport of a drug through hydrated 

stratum corneum may be quite different .from tha_t through 

normal stratum corneum. Any vehicle that alters the hydra­

tion s .tate of the stratum corneum will affect its dif.fusional 

re.sistance. Increased hydration of the membrane appears 

toopcnup its dense, closely packed cells and increase 

its porosity. The magn.itude of this effect depends on the 

degree of hyc:lration and the specific penetrant. Schleuplein 

and Ross (13) indicated that hydra tion can increase the 

permeabil ;i. ty of skin as much as eightfold even thoug~h some 

of Scheupl-cin's· data (14) with water and polar alcohols 

suggQsted that hydration does npt significant:ly alter 
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the ·barrier func-tion of stratum corneum. 

Vehicles 

Vehic.les do significantly affect the penetration of 

subs tances throut,>il stratum corneum (15). In general. the 

act.iv1ty of t .he drug within the vehicle is more important 

than the properties of vehi~cle itself in terms of drug 

bioavailabi lit)r. 

The physical cha~racteristics of the vehicle are a 

6 

major consideration in vehicle s~lection. In case of solu­

tiorn~~ s4bst.ances will be more rapidly released, :from ve.hicles 

having a :J.ow a·ffi~ity tor the penetrant. Pertinent factors 

here are relat.ed to the solubility of the penetran.t in 

the vehicle- and the rate .of release of .the penetran··t from 

its base. In general; it has been shown that the diffusipn. 

of the drug from the vehicle into the skin surface and sub-

sequ~nt penet-ration o-f the drug through stratum corneum are 

functio.ns of tbe parti ti<>n coecfficient of the drug be-

tween stratum corneum an.d vehicle and of the relative 

solubility of the drug· in the vehicle (16, 17). Particle-

size, drug concent r:Ition in the vehicle, and to some extent, 

viscosity of the vehicle are significant factors . 

The thermodynamic activity of the ;lncotporated mat.erial 

is an important factor. Thermodynamic acti.vi ty is the 

product of the c oncentration and its activity coefficient 

in the vehicle. Rapid release of the drug is dependent on 



J 

7 

its high thermodynamic activity in the vehicle, as the 

direction of flow is always frum the higher to lower thermo-

, dynamic potential. For spe·cific concentrations of certain 

substances, it has been shown th~i.t thermodyriamic act 1 vi ties 

may vary as much as 1000-foid from ap.e vehicle to another 

(18). Activity coefficients are reduced by such fact6~$ 

as pH chang-es that will shift the eq.uiliberia of ion:i,.zablp 

compounds towards ionized state and complex fo·rmation with 

vehicular contents. Vehicles with relatively low solvent 

power for incorporated compounds will induce mor.e rapid 

penetratiO!\ (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 properti~s of vehic1es 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 basi-s of their effect 

on hydrrn:ion of the stratum corneum o-r how the vehicle 

alters the activity of water in the stratum corneum and 

influence$ the stratum corneum/vehicle partition .coeff·icient. 

Greases and oiis are the mo.st occlusive vehicles and in­

duce the greatest hydrat.ion through sweat accumulation at 

the skin-vehicle interface (19). This can be accentuated 
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Substances in the vehi.cle, such as h·u.ncc t~unts, W~J,ich h.a.~-~ 

a bigh affinity for 'ivater , would act in proportion to th~ 

J:ela.tive humidit~ of the E>In"'ironnkmt. II the latter is 

low, the humce.ta.nt w(>uld t en.d to clehyc!rate the ~tr.atum 

corneum and decren.se pene t r::.·t ton. Sir::d lar 1 r, pcwder.s 

increase st~rface are:a, increa~e t:~e j:'e.t(~ of ::·.•?..po~atiort 

of water, a.nd ~o d(:crea~~ the ext~nt of !"l}·c!ratlon (19). 

Some \•ehicles tnt,.re pronounced effects when applied 

to tbe skin surface. Certain nonaquec~-~ bast.:.;s promote 

penetration by producing structural change or chemical 

damage in the. barrie.r layer (20) ~ Dimeth:)ll snlfoxide, 

dimethyl acetamide, and dimethyl forrlla.m:ide :-l..re ex<.tmp l es 

of these. 

Low molecular ,..-eight volatile solvents such as e1:her, 

methanol, ethanol and acetone may al$0 darna~;e skin's 

barrier layer. su:bstantia1 lipid extraction from stratl!m 

cornerun cells, which leaves a more porous ba:rrie.r, is most 

like'ls respoilsible for this effect. 

Concentration of Drug in Donor (Vehicle) Phase 

Tregear (21) h<:l:S tabulated a. number of experimental 

studies involving several compounds Where Fick's law was 

found to hold. 'fhe penet:ration rate of butanol, for 

example-, through isolated epidermis is directly proportiomil 
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to its concentration in saline solutic:Hl at dilute concentra-

tions (22) . Scheuplcin and Blank (3) have stated that un-

less .the appl ic~d substance can d;un::tge thi.! ti ssuc, Fick • s 

law seems to hold fairlyw~ll for all penetrating substances. 

When high concentrations of penetra.nt are present in the 

donor phase, positive or negative deviations from Fick's 

law ordinarily occur as a consequence of membr:tne chang.es 

induced by the high concentra.tior::s· or he:cause the partition 

coefficient bet-ween the donor phase and the? skin barrier is 

not cQnstan:t over the entire concentration range. An in-

crease in penetration in proportion to the square root 

of c:oncentrati.on. in the case of 2,l.i.phatic alcohols has 

also been recently reported ( 23). 

In addition,. other facto:rs such a.s fluctuations in 

skin temperature, peripheral circulation, spe::ies va:-iation, 

age and drug binding and me·tabolism have been found to 

affect percutaneous absorption. 

Polymers in Drug Delivery Srs,tems 

Protee;tive films containing therapet~tically active 

agents have b~en used for d~rmatological applications. 

Schertler has formulated a film-forming preparation using 

polyacryl~te and hydroxyp·ropyl cellulose, suitable for 

the topical appLication of corticosteroids ( 24). Conrady 

et !f.L have deve loped a long iasting ins.ect repellent film 

intended for application on skin using unsaturated carbonyl 
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monomers (25). In recent years. great i1lterQst has devel­

oped rngarding the use of mBdicated polymeric films in 

managing contam:Lna ted wounds (26). Spray-on bandages using 

polyvinyl alcohol in combination wi.th polyvinyl acetate or 

acryli.c resins and other water soluble resins have been 

investigated (26). In one study (27), optimal therapeutic 

respons~s were seen ·in the contaminated soft tissue wounds 

in rats When an antibiotic was administered to the aff-HC ted 

area al'ld covered with a spray dressing of isobutyl cyano­

acrylate. Chloramphenicol and nitrofurazone have been 

incorporated in,to 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 fo.r 

administration to tb·e 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. 
ln certain specif:tc dermatological applications, the 

use of drug-containing pQlymcric films could offer cer-tain 

unique advantages not assoc·iated with conventional dosage 

formsA These advantages include enhanced therapeutic effect 

combined with predictable control over the rate and extent 

of absorption of the drug. lf the vehicle is a polym~ric 
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film, it has been shown that it. i.s 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). 

Coldman et ~1. {33) have studied the· penetration of. fluo­

cinolone . .acetonide and its acetate .este.r through human skin 

w.ith vehicle mixtures o.f isopropanol and isopropyl myristatc 

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

skin penetration is accc>unted for. by the increase in the 

thermodynamic. activity of the steroid brought ab.out by 

the evaporation of isopr.oparrol. A drug carried in a non-

volatile polymeric solvent-vehicle containing a volatile 

solvent wopld also be. expected to f()llow a similar path­

way, .depending on its thermodynanricactivity in the film 

after evaporation of the solvent. 

Rel:ationships for Syst.em$ Where Diffusion. from the Vehicle 

is Rate-Limiting 

There is only one situation in which the properties of 

the skin can be ignored ~ntirely as far as topical drug 

diffusion is concerned. This occurs when the release :rate 

of the drug from the vehicle is exclusi-vely 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, 

I 
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suspcnsio.P-type ointments ~re used w11exoe 1ar.gc c:.<1nccntra-

tion gradien~s may develop in the applied ph'u.se. Mathe­

matical relationships useful in doscribJng such cases have 

been given by T. Higuchi ( 18). 

a. Penetrant Release from Solutions 

lf the penetrating substance initially is uniformly 

dissolved in a homogeneous base, the following eq.u~:tion 

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

1 - ·.8 2~· ~ . • . 1 2 exp [.-:Qi~2m+~)2 1T2t] 
1r . (2m+l ) 4h 

m:::: 

where 

Q ;:. quantity of drug 1·eleased to the ski-n surface 

co = 

h :: 

D = 

t :;:; 

m = 

per unit area of application • 

.initial concentration of drug in vehicle, 

thickness of vehicle layer. 

diffusion constant of the drug in the vehicle, 

time after application, 

integer with values fromO to ... 

(eq. 1) 

This equation is a valid expression for release from one 

side of a layer of vehicle if the following restrictions are 

met (35}: 
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(i) A sj,ngle drtlg. is in true solution :md ( ini tfally) 

uniformly distribu.ted throughout the vehicle. 

(fi) '£he composition of the vehicle remains fixed 

du]:"i·ng the diffusion process, i.e *' , components 

other than drug do not leave or enter the 

vehfcl-e _phase~ 

(iii) The diff.usion co.l)stant of the drug is independent 

of: time and position in the vehicle. 

(iv') Drug reaching. the receptor phase (skin) is ab­

sorbed in!>tantah~ously. 

When t;he percentage of drug released from vehicles is less 

than 30-50% and the vehicle layer is sufficiently thick, 

then the follo\ving simplified equation proposed by T. 

Higuchi (18) can be used: 

(eq. 2) 

b. Penetrant Release from Solid Matrix Containing Dispersed 

P.rug 

1. Release From a Pl~:nar System Having a Homogeneous 

Matrix: 

The extraction of the medicament by a simple diffusional 

process through nnd. from an enveloping homogeneous rna t.rix 

follows this case. The drug is presumed to go successively 

from the cry.stal surfn,.ces 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 ab'tir.g essentially as a perfect sink 

w:ould b .c dcterm:i.ncd l.)y the relatio;1ship (36): 

Q = · 1v t ( 2A .... c ). c 
'J s s 

Q == quantity o:f drug releaseQ af:t~r time t per uu:i.t 

exposed area, 

(eq. 3) 

D the diffusivity of the drug in th.e hontogcncous matrix 

media, 

A = the total amount of d-rug present in the rriatrix per 

unit volume~ 

C
5 

u the solubility of the drug in the matrix substance. 

2. Release 1'rom a Planar System Having a Gran'Ular M~trix: 

Here the medicament is leached. by the bathing fluid 

wJ:lich is able to enter the drug~rnatrix phaso through pores, 

cracks, and intergranular !?paces. The drug is presumed to 

di ssolve slowiy into the permeat±ng fluid phase and to 

diffuse .from the s"ystem along the cracks and capilla:ry 

channel s filled with the extract"ing solvent. Intragranular 

diffusion is assumed ,. in this instance. to be "insigni ficant. 

Here the equation 3 is modified for the effective volume 

where di ffusion can occur and the effective diffusionai 

path. For this system: 

Q = J n 1': ( 2A - £C ) C
5 

t 'V T · S 
(eq. 4) 
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' where 

D ,.. ul.!Iusivity of the drug in the! ·permeating fluid, 

-r =the tortuosity factor of the capillary systC;>m .~ 3, 

= the porosity Of the ffiatrixJ 

C
5 

- the- solubility of the drug in the permeating fluid. 

For both equations 3 and 4. the uerivation is based 

on tbe existence of a pseudo-steady state conditi-on, during 

the release process and on the assumption that the drug 

particles are quite small relative to the average distance 

of diffus ion and .are uniformly distributed in the matrix. 

These equations would be essentially valid f·or s_ystetiis in 

which A is gr~ater than c
5 

or £C
8 

QY a factor of three or 

four .. 

Tbe Case Where Diffusion Across Skin Barrier is Rate-Limiting 

The. majority of topical preparations on appl:ication 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 l.aw spe~ifies that tbe flux (moles cm-2 sec-
1

) 

of a substance through: a plane perpendicul-ar to the direc­

ti()n of diffusion is directly proportional to the concen-

·· de 
J = - D dx (eq. 5} 

de where J is the flux and dx is the concentration gradient. 

i 
' . 
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A modif"ied form of equ:.l.t ion 5, app.li cable to b i ological 

membra!l~S, has bee.n deve l oped by T. Higuchi ( 13): 

(eq. 6) 

wh.ere 

dQ dt = steady-state rate of penetration, 

P = effectiv:e Plt.rtiti()n coefficient between skin barrier 

and vehicle, 

Cv concentration of drllg d i ssolved in the \Tehi(!lej 

D
5 

= average diffusion constant of the dr.u.g 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 to:r rela~ 

tively low concentrations of penetrant in the vehicle, 

and deviations from Pick's law are usual at high concentra-

tions. Good compliance with tb,is equation could b e observed 

when following c-ons.traints were imposed upon experi.m~n tal 

conditions ( 1!)). 

( i) a consta,nt concentration of solute (penetrant) 

was .matntained in the. donor (vehicle) pl:laso, 

(ii) sink cdndit1on~ ~et~ mtintained on the receptor 

side of the membrune, 

(i~i) the composition of the dono.r phase was maint·aitied 

... 
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constant and losH by eyapqration or dif:fusion 

docs not occur, and vd;.c•~ 

{ iv) both donor and receptor phases were- stirred. 

Scope of the Present. Study 

Medicated occl'-lsive dre~$ing!:; capable of forming a film 

at the si,te of appliccation could be considered superior to 

conventional dressings which necessitate thl:! use of "Saran 

l'i'rapi' to achieve occlusi vity. These medicated o.c.cltisi.ve 

dressings: 

(i) could be designed toprovide an optimum level of 

occlusivity which does not hamper the normal 

phy·siological function of the skin, 

(ii) could be expeqted to have greater accep.tance due 

to. ease of application and the invisible nature 

(iii) 

of the film, and 

as an au~tlliary role 1 COUld. be expected t .O 

prevent the mechanical removal of topically-

applied drug. 

Although several polymeric substances have been stu·died 

for their film characteristics and potential applicat.ion in 

topical delivery systems, the nonpolymeric high molecular 

weight substn.nces such as lanolin alcohol, steary1 alcohol 

and cetyl alcohol do not appear to have. been investigated 

for their film-forming potential. Furthermore, the applica­

tion of this concept in the design of topical citl.ig delivery 
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systems has also not been fully c~:fJlol'ed. The utilization 

of such systems could b~ cxpoctf:d to .minimiz0 tho hazard 

associated With the monomer~c impurities prcsont in the 

nigh molecular weight polymers. Moreover, th(?.Se hi.gh mole­

cular w~i-ght. alcohol$ can be obtained ii1 a sta tc of more 

definable composition than polymers.. The films formed by 

these substances can be easily washed off from thE: skin by 

soap and water. 

In the prese.nt study. a preliminrtry scr(.•ening of the 

film-forming potential of lanolin a,lcohol, 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 lanolill alcohol, cetyl alcohol, 

and stearyl alcohol was also tested i .n combination with a 

known film former, e1;hyl cellulose (37)# in presence of the 

plasticizers mentioned above. The films forme.d by lanolin 

alcohol either alon-e or in combination with ethyl cellulose 

in combina.tion 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 the;i.r in vivo water vapor transmission 

characteristics. 

This work describes the kinetics of drug relea,se and 

in vitro skin penetration f.rom se).ected compositions of 

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

! 
I 
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triamcinolone acotonide w~s chosen 3S the moc!cl drug . 

Triamcinolone acetQnide belongs· to the family of cortico­

stel'ol.crs with potent topical an tiinflrumnatory activity . 

. Furthermore., this drug was r-eadily available in radiolabeled 

form which provided a highly sensitive techni que to study 

the kinetics of release and skin penetration. 

. ) . 
I 
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Chapter IJ 

SCREENING AND EVJ\LUA'l'IO:'{ OF THE PHYSICAL 
CHARACTERISTICS OF THE FIL..'JS 

This :chapter describes results of i .nitial screening of 

potential film formers, evaluating sc.reC1nccl films for. 

integrity, an.d occlusive characteristics. Jo"'or the initial 

screening of the film forming· capability, the following 

nonpolymeric high molec~lar w~ight alcohpls were selected: 

(t) lanolin alcohol B. P. (mp 61°-64°) ,
1 

(ii.) cetyl alcohol NF, 2 

(iii) ste.aryl al~ohol USP • 3 

'4 Ethyl .cellulose with an ethoxyl content of 48.5 was 

.selected as polymeric film former. T.he selection of thes·e 

compounds was based upon earlier observations of potential 

film-forming capabili,ty and upon their pharmaceutical 

acceptability. Propylene glycol USP5 and he?"adecyl alcohol 

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

1supe?r Hartolan, Croda, Inc., New York, N.Y. 

2Ruger Chemical Company, In~., Irvington. N.J. 

3Ruger Chemical CoJ!lpany, Inc., Irvington, N.J. 

4 Etbyl C~llulose N-50, lierculus Inc., Wilmington, 
Delaware. 

5Ruger Chemical Company, Inc. , lrvington, N .J · 

6 · M. Michel and Company, Inc., New York, N .. Y. 
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enhance the film-1'orming characteristtc·s oj' these matcrial.s. 

Is<Jpropyl alcohol NF7 
wa$ .found to 1:>~ &. goo~ sol v~nt for 

selected alcohols and ethyl cellulose and was. selt:cted for 

preparing tbe compositions studied in view of its widQ 

acceptabiitty in topical applications. 

Test for Film-Forming Canabi.1it~ 

F'or the i,nitial screeni.ng, all the model films were 

cast from ~0% wfv solution of film former{s) and plasticizer 

in isop-ropyl alcohol. The films were cast by the rnercury­

suostrate te.cnnique. F.ive milliliters of the solution was 

poured within a stainless steel ring (9.2 em internal 

diameter) which had been placed on a mercury surface. con­

tairiE!d in a 140 x ~0 tnm glass Petti 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 iri a hUt'-nidj.ty controlled room at 30° and 

40% relative humidity. Partially cover.ing 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 mercliry surface af.ter the complete evapora­

tion of the solvent~ and b~ slowly li.fting the ring from 

the mercury sup})ort. 

7iiallinckrodt Chemical Works, St. Louis, MO. 

I 
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F.or th~ i!litial s-creening, the c'.>ncent.raticn of the 

plasticizer (propylene ~lycol or hexadecyl alc<;>hol) was 

kept at 5% wfw of the film composition. after the evapora­

tion ot the solv~nt:. The ~oncen:tration of ethyl cellulo~c 

was in~reased from 0 to 30%. w/w with. a corresponding decrease 

in lanolin alco·hol, cetyl alcohol or stearyl alcohol con-

ceiitration. The increment in et;hyl cellulose con:centratJon 

was done at 5% wfw intervals. 

In the second stage, the concentration o.f ethyl ce.ll-u­

lose was kept as a constant at 15% wfw. The concentration 

of propylene glycol (pl~sticlzer) w~s varied. from 0 to 30% 

wjw in: 5% increments, with a corresponding uecrease in high 

molecular we·igbt alcohol concentration .. 

Rcsul t .s : and Discussion 

Based on this initial s·creening, it was o.bserved that 

the compositions containing cetyl or stearyl alcohol were 

not able to form films of a.cceptable integrity. These com-

positionswere
1 

therefore, not .subjected to any further 

evaluation. 

Solutions of Ianqlin alcohol in isopropyl alcohol were 

found to _form a translucent thin f'ilm on the mercury. A 

film thickness of 65 11m or more ensured proper isolation. 

1'he inclusion of solvent-plasticizer _propylene glycol or 

liexadecy.l alcohol reduced the tackyness of the filln. The 

itttegri ty of the lnno1in a.Tcobol film was further enhance<;l 

I 

~ 
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by inclusion of ethyl cellulose with a. corr(:s1)ondinR decre•r:-;,_• 

in lanolin alcohol concentration. Tl f'l H~ 1 ms . formed hy lano~ 

lin al.cohol at 5% wjw of prori.ylr~n,. .. v ~- '"' glycol or }:(~xa.dccy'l 

alcohol and at 15 to 20% w/w/ of ethyl ce ll.ulosc WQr(' vcr1· 

smooth and fle~ible. The films with higher than 20~, wjw 

concentration of et·hyl cellulose sho\ved surf.ace t'ouchtwss . 

Increase in concentration of p:ropyli~ne glycol beyond 25:~ 

w/w with a corresponding dBcreas.e in lanolin alcohol eon­

cent ration, resulted in tacky ~ilms at the 15';1 wfw cthy.l 

cellulose concentration. 

Determination of Film Hardness and 
Modulus of Elasticity 

Selected films of lanolin alcohol with or without ethyl 

cellulose were characterized by measurement of hardness 

anq ITJOdulus of elasticity. It was thought necessary to 

evaluate these physical prope.rties since thc$·e film-forming 

compositions were intended for potential application to the 

skin which has its own me chanical properties. The film 

hardness was determined on films cast on polished alumlt1U:rt 

plates. For each composition tested, 10% wfv solution 

f 
· pr·epn.rcd in i~opropyl o film former(s) and plasticl-zer was ..... 

alcohol and was cast on a polished aluminum plate (20 ern x 

20 ern) using a Multip-le-Clearance Applicator
8 

with a wet 

8Gardner Laboratory~ Inc., Bethesda, Maryland. 
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film thickne~s of about 1 mm. Tbe· Multiple-Clearance Appli-

cato:r was chosen over other types o .f film-forming devices;; 

since it offered the advantages of simplicity in changing 

the thtckness and in operation in casting the films. 

The. Multiple-Clearance Applicator (square shaped) has a 

dimension of 10.2 x 10.2 x 1 em and permits formation of 

films of up to S different thicknesses by the openings on 

each of its .eight edges . In the applicator us.ed, the thick-

ness can be varied from 5 to 50 mils, a mil thickness being 

equivalent to 25 J,tm. The plates were then dried in a 

humidity-controlled room at 30° and 40% relative humidity. 

The exact thickness of the dried films was determined 

after complete evaporation of the solvelit 1 using a J.!initector 

(Model-N) thickness n:easuring gauge. 9 

The Minit~ctor (l~odel-N) is an instrument for measur-

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

utilizing eddy current principles. A small AC vol t.age is 

fed to a coil within the measuring p·robe to create an 

alternating 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 

flel4, and ha~ tbe effect of re(}Ucing t.lle voltage across 

the coil. This ch~nge in voltage is dependent upon the 

~Gardner Laboratory, Inc., BothesdaJ llaryland. 
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distanc.e of t)H~ probe tip from the base material (i.e. the 

coating thickness) and can, after suitable amplificn.ti.on, 

be displayed on the large scale meter on thp instrum<mt 

which is calibrated directly in units o.f J.liD thick.ness in 

the range of 0-2500 vm. 

Before :each measurement, it is necessary to zero the 

instrument on the -same aluminpm plate tn which film casting 

was done. The instrument was regularly ca1:1.brat~d using 

the standard foils provided with the instrume nt. 

Film hardness was then de·termined using an l.C~ I. 

A11tom~ tic Sw.atc:l Hardness Rocker. 10 'J:'i~e sward. uard·ness 

Rocker bas been used fo.r many years to measure the Sward 

Hardness of pain.t films (38) and of some polymeric films 

used in pharmaceutical appljcations (37). The rocker con­

sists o:f two 4-inch metal rings spaced an inch apart, a 

gravity bob for regulating the oscillation frequency or 

period of the movi.ng system at 1.2 seconds, and a rider on 

the ttorizontal nameplate for adjust"ing the zero point of 

the baianced rocker. 

All aute>matic rockers are fitted with a Iight~chopp.ing 

shutt.er o.n the left. to intorl'J.rp't a focused beam of light 

d·uring automatic counting. Two tilted. g).ass bubble tubes 

are located below the horizontal nameplate for visually 

10Gardner Laboratory, Inc., Bethesda. Maryland. 
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indicating the stn.rt and finish of tho test. 'rhus the 

rock(~r can be used, without chang o, for ei thor automntic 

o~ vist!al Gount ing. 

To make a hardness test, the rocker w.ith clean edges 

was placed on the coated plate kept in a leveled holder an.d 

so.1; in mOttort. The total P.mnber of oscillations made by the 

rocker is given by the automati~ collnter wl}ich is th'3n 

multiplied by 2 to give the numbe~· of rocks. The numb~r 

of· rocks was measured as· the ave·rage of three determina-

tions. rounded o{f to the nearest whole number. Before 

each measurement, the rocker was calibrated to show 100 

rocks with the standard polished glass plate provided :with 

the . .in$trurnent. The measurements were made at the .ambient 

conditions of the J.•oom . 

From the Sward Hardness R (nmnber of rocks of the 

rocker. art tile test f:i~m) the modulus of elasticity ·£was 

cal-culated by the :following equation: 

E = { 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 s9mi-logarithmic paper. The standard 

values of K for different thicknesses are as shown below (38): 

Thickness 

().0012" 

K 

. ' -9 1.73 X 10 

l . 
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O.QQ24H 

0.0010'' 

O.l250tt 

2 10. 10-S 
·. •.. X -

1 .. 30 X: 10-7 

2.50 X 10-2 

The values of Sward Jlardne~s were shown to be affected by 

factors such as high v:aria tion in temperature and sur-~ 

tace roughness of the fi:lms (38). 

Results arid Discussion 

T.he results of modulus of elasticity d~terminations 

conf.frmed observations made earlier that the integrity of 

2'1 

the lanolin alcohol film was enhanced by inclusion of ethyl 

c~llulose. When the. concentration o.f the solvent-plas"ticizer 

was ' kept constant. at 5% wtw. the modulus of elasticity in­

creased with increasing proportions of ethyl cellulose and 

decreasin·g ·prqpqrt.ions of lanol~n alcohol. The modulus of 

elastic.ity reached a maximum value at an ethyl cellulose con­

centration of 15% wfw (Tables I and II). The incre:;.se in 

ethyl c~llulose concentration to 30% W/w with propylene 

glycol as plasticizer reduced t .he modulus of ~l~$t'i.ci tY to 

2.95 kg/cm2 (Table I}. With hexadecy1 alcohol as plasti­

cizer:, the modulus of elasticity started to decline, at. 20';, 

wfw concentration of ethyl cellU.lose (Table II). 

The composition with 15% wfw ethyl cellulose a.nd 7. 5 

to 10% wjw propylene glycol gave films wit'h high modulus 

of elasticity {Table III). Further ih.creases in proportion 

of propylene gl)~Col -up to 25% w/w, with a proportionate 
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Table I 

Effect of Change in l-anolin Alcohol-Ethyl Cellulose'Ratio on Sward Hardness andModulus 
of Elasticity of Films Containing Propylene Glycpl at Room Tempera,ture (220 + 0.50) 

~==================~-=================~======~--~-===~~==~-===~-~-.-~ ~~ 

Lanol~n Alcohol; 

Ethyl Cellulose: 

Propylene Glycol 
a Ratio 

9.50 : o.oo : 0.50 

9.00 : 0.50 : 0~50 

8~50 : 1.00 : 0.50 

8.00 : 1.50 : 0.50 

7.50 : z.oo : 0~50 

7.00 : 2.50 : 0.50 

6.so 1 3.oo : o~so 

Mean Dry F:i.lm 

3 b Thickness (x 10 ) , 

inches 

0.189 

0.252 

0.402 

0.724 

t.047 

1.063 

1.425 

Consta,nt fo:r Sward 

a Given Hardness 

Thickness (R)c, 

Kt X 10
10 rocks 

0.030 2 

0.068 3 

0.450 4 

3.200 4 

9.000 4 

9.200 4 

45.000 3 

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

bThicknesses are expressed as mean values of five reeasurements. 

Modulus o; 

Elasticity 

(E), 

psi (kglcm2) 

3.6 {0.2) 

11.5 (0.8) 

44.2 (3.1} 

53.9 (3.8) 

50.2 (3.5) 

51.3 (3.6) 

42.0 {3.0) 

c Sward Hardnesses are e-xpressed as the mean value of three measurements rounded to the nearest 
whole number. 

-~-- . ·-·-·-· ·- ... _ ... -·· ----· · :,_ .--·-.. - ___ ... 
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Table II 

Effect of Change in Lanolin A1cohol-Ethyl Cell:ulose. Ratio on Sward Hardness and Modulus 
of Elasticity of Films Containing Hexadecyl Alcohol at Room Temperature (22° ±0.50) 

liS.nolin Alcohol: 

Ethyl Cellulos.e: 

Hexadecyl ~lcohol 

Ratio2 

a.so , o~oo : o.so 

9.00 : 0.50 : 0.50 

a.so ! 1.oo : o~5o 

8.00 : 1 .• 50 : o.so 

7~50 : 2.00 : o.so 
7.00 : 2.50 : 0.50 

1.so : ~.oo : o.so 

Mean Dry Film 

3b n,ickness (x 10 ) , 

inches 

0.189 

0.193 

o.so4 

0.650 

0.480 

0.441 

1.284 

ConstE;lnt for Sward 

a Given Hardness 

Thickness (R)c, 

K · · 1010 
t X . rocks 

o.o3o 2 

0.031 .3 

0.850 4 

2.200 4 

Q.700 4 

0.600 4 

30 .• 000 3 

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

bTI1icknesses .are expressed as mean values of five me<lsuternents. 

Moduhts C?f 

Elasticity 

(E)' 

2 psi (kg/em ) 

3.6 (O,Z) 

11.7 (0. 9) 

42.5 (3.0) 

51.4 (3.6) 

40 .• 4 (2.8) 

44.8 (3.2) 

38.31 (2.7) 

cSward Hardnesses are expressed as the mean value of thre~ meastJrements rounded to the nearest 
whole number. 
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Table III 

Effect P! Change in Lanolin Alcol')ol-Fropylene Glycol Ratio on Sward li~rdness 
and ~1odulus of Elasticity of Film$ at Room TeJt1perature (22° ± 0.5°) 

Lanolin Alcohol: Mean Dry Film 

Thickness (x 103)b~ 

Constant for Sward Modulus of 

Ethyl Cellulose: 

Propylene Glycol 

Ratioa 

-
8.50 : 1.50 : 0.00 

8.25 : 1.50 : 0.25 

~~oo : 1,5o : ~. so 

7.75 .: 1.50 : o. 75 

7~SO : 1.so : t~oo 
7.25 : 1.50 : 1.25 

1.00 ; 1~so : l.So 
~.50 : l.SQ ; 2.00 

6.oo : 1.50 : z~so 
5.50 : 1.50 : 3~DO 

5.00 : 1.50 : 3~50 

0.669 

0.606 

0,:724 

0 •. .755 

0.809 

0.69.3 

0.874 

o. 740 

o.n4 
0. 622 

0.622 

a Given Hardness 

Thickness (R)c 

K X lO~O 
t 

rocks 

2.80 3 

1.12 4 

3.20 4 

4 .. 54 4 

5 .. 52 4 

3.13 4 

6.54 4 

4.05 4 

3.91 4 

1.52 4 
1.52 4 

8 All films were cast from 107.w/'l solution of film formers :tn :tsorporyl alcohol. 

bThicknesses are e~presse'd as me·rtn values of five measurements. 

Elasticity 

(E), 

2 psi (k~[cm · ) 

25.2 '(1. 8) 

31 . 6 (2.2) 

53.9 (3.8) 

66.7 (4.7} 

66.6 (4. 7) 

59.6 (4.2) 

62.3 (4 •. 4) 

63.1 (4.4) 
65.7 (4.6) 

39.9- (2.8) 

39. 9 (2.8) 

cSwa~d iL~.r<l.nesses are expresscq .as the mean valu1.1 of three mcas~1r~ments rounded to the neat·~st 
whole nulhbcr . 
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decreases in lanolilt alcohol conc ent-ration did not subst.an-

tially alt.er the film characteristics. However, an increase 

.in conc.entration of propylene glycol beyond 25~ wJw rcsul ted 

in films which were visibly tacky and with a low modulus o·f 

elasticity. 

Test for. Occlusive Proper:ty of the 'F'ilms 

The importance of occlt1sion .on steJ,"oidal perietra tion 

has been discussed earlier. The occlusive nature of a fi l m-

forming mat~i'ial can be measured by consideri ng the water 

vapor t;ransmission cbarac.t .eristics of these rnaterials . 

Since the. lanolin alcohol films under investicgation w¢:re to 

be tested as vehicles for topicai application of the st.e.roid, 

triamcino~one acetonide, it was consideredrnore appropriate 

to measure the effect of these films on the normal .in viv o 

transepidermal moisture loss (TEllL) rather than studying 

t .he occlusive effects in vitro by one or more technique.s 

reported (37~ 39). 

The normal stratum corneum is a very efficient but not 

an absolutely perfect barrier to water los.s. Under normal 

conditions, water .passes from the underlying tissua s to the 

stratum corneum~ and diffuses through it to the ext¢rior 

S\lrface where it evaporates. This process is known a,s 

transepidcrmal moisture loss (TEML:) or insensible perspira­

tion, and is governed by laws of diffusion as discuss ed in 

detail by Scheuplein (40). Hydration by occlusi on is 
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achieved by placin~ onto the surface of the skin a topical 

substance which has high diffusionaJ resistance to water, 

thereby redu<;i.ng the net water loss from the s ·tratum 

corneum. The reduction of TEML after the use of a ·topical 

agent -has been used as a criteria to evaluate moisturizing 

capat>il,ity (41). 

A variety of methods have been developed to measure 

the moisture loss in vivo. Noninstrumental methods ~uch as 

desiccator method of Powers and Fox (42} and cold trapping 

of vapor f}.'om a stream of gas passing over a surface of 

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

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

approach utilizing a. s~lt cryst~l method. Later, these 

same authors presented a C:r;"i tic.al review concerning .an irn­

proved salt crystal method and electrolyt:ic methods. (4·1). 

Electrolyticm~thods were also used by Spruit and Malten 

(45, 46). Spruit (47) also applied a thermal conductivity 

cell to in vivo measurements. Baker andKligman (4a) used 

electrohyg'rometry to make moisture loss measurements. 

Measurement of In VivoUoisture Loss 

Lanolin alcohol films used in this study were prepar~d 

by hsing 10% wjv solutions al)d the mercury support tech­

nique discussed earlier. The dry film thi{!knes:ses were 

maintained in the raiig·e of 30 to 40 .lJm in order to avoid 

the effect of variation in thickness of TE~IL (41) · This 
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was achieved by c-hanging the amount of isop)~otJnnolic solutiun. 

poured onto the mercury in the range of 4 to 7 ml. Films 

of \Utiform thicknesses were chosen and kept in a desiccator 

contai ning· anhydrous calcium chloride. The film was place d 

on a polished aluminum plata and the exact th~~ckness was 

measured at five differe!lt places using the Minitector 

described earlier before 'l'EML measurement:;;. 

The TEML was measured on .a single volunteer usinr; the 

method described by Sprui t and Mal ten (46. 47). Be-fore 

starting the measurements~ the volunteer was asked to wash 

his left hand with soap and wat-er and the hand was allowed 

to dry c·ompletely with the help of a soft cloth towel. 

Th.e volunteer was a 2·9-ye;:tr- old heal thy male o·f Asian origin. 

The volunteer was then comfortably s eated in the temperature ­

and humidity-controlled room for a period of 1 hour before 

starting the measurement. Iil this method, a stream of dry 

nitrogen. was passe d over the skin through a s pecially de­

signed cup on the volar aspe ct of the. forearm. The cup 

w-as kept in a sp~cially designed plastic holder, which was 

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

tapes attached to it as show.n in Figure I. The cup had 

two opehings--nitrogen entered the cup through one and left 

the cup through the other ~nd passed to an electrolytic 

water analyzer. 11 Thus the water present on the skin area· 

11Electrolytic Moisture Analyzer (Model W), Mf'rs. 
Eng. and Equip. Corp. , Warrington. Pa. 
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Figure 1. 
? 

Skin Cup (0.62 em-) with Plastic Ho lder. 
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covered by the cup (area: 2 0.62 em ) entered the nitroge n 

flow and was conducted through the tef1on tubing into t he 

electrolytic water analyzer. The amount of water in the 

nitrogen strea.tn could be .recorded by a recorder atta:chc.d to 

the water analyzer. The measurements WP.re carried out at 

22°C and 40% relative humi dity, in a. tempe:rature- and 

humidi ty....,controlled room~ The. gas stream was .allowed to 

. flow thrpugh the cell at a controlled rate of 100 .standard 

cubic c entimeters per mi nute and the metering circuitry 

was chosen so that the meter r ·ead in par"ts· per million by 

volume of mo:i.,~turc in the grts. 

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 ~urrent 

was establi$hecl whose magn~i tude. depended on the rate of 

absorption of moisture. 

The exact amoun·t of moisture in the ni.trogen gas from 

t .he cylinder was det~rmit1ed by passing nitrogen through the 

analyzer befolc·e the experiment . A square mark was made in 

the vqlZ;tr aspect of the forearm of the volunteer and tl;le 

skin cup was secured in position tightly in the marked area. 

Then the hand was allowed to rest in position, until a s·teady 

value was noted in the recorder which usually took 15 to 25. 

minutes. Att-ainment of steady-state was assumed when a con-

stant value was noted for a period of 15 minutes. After· deducti1}g 
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the amount of initial .mois·ture in the gas from this value. 

the normal trans-epidermal moi sture loss for the volunteer 

was c .alculated in mgfcrri
2Jhr from the ppmfvnlume values as 

follows; 

Temperature of measur~ment = 22°c = 295°K 

Observed atmospheri,c Pr'¢ssure. = 768 mm of mercury 

ppm (by volul]l~) value observed = 48._1 (s8.mple value) 

Gas flo-w rate = 100 ml/min 

Therefore, transepidermal moisture loss 

:For ideal behavior: 

760 X 22.4 

273 

P2V2 

T2 

768 x v2 _ = ..;__ __ .......;;;;, 
295 

T·heref.ore, v
2 

~- 23.95 liters 

l mole of wate:r;- vapor :::: 23.95 liters 

i.e . 18 g of water vapor = 23.98 liters 

-4 = 48 . 1 X 10 

Therefore, rate of transepidermal moisture los.s 

-7 = 18 X 48.1 X 10 
23.95 X 0.62 

= 3494.04 x ro"'"7 gfcrr?fhr 
2 . 

mgfcm fhr 

The normu.l TEML \vas measured on each day of measurement. 

The test film was then placed on the mar-ked site of 

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

i-
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in position over the film as shown in Figure 2. The pprn 

value was noted once the steady-sta:tew:ts rea~hed. The 

mcasurctnont was repqat¢d thric~ :for each test film at 

three .. different locations within same marked area. At the 

end of three measurements, the :f:llmwas removed from the 

skin site and a 20-minute rest period was given be.fo .re 

starting with the next film. 

Resu! t .s and Disc·ussion 

Various films of lanolin alcohol were tested for their 

effect on transepid~rm~l moisture loss as shown in Tables 

IV~ V and VI. As can be seen froroTable IV, the occlusive 

capability decreased· with an increase in propll'ene glycol 

c.oneentt·atiQn in the IIIat:t"ix, when the concentration was varied 

from 0 to 25% w/w with a co:-re$ponding decrease fn lanolJn 

alcohol concentration. 

The iri¥rease in ethyl celluloseconcentration, with a 

corresponding dec.rease in lanolin alcohol concentration o-f 

the films at 5% wfw propylene glycol concentcration, de-

·creased the normal water vapor loss in the compositions 

t .ested a~ shown in Table y. Similarly, increasing the 

ethyl cellulose concentration resulted in the decre~se in 

nc;>rmal water vapor loss at 5%. wfw concentration o.f hexn:decyl 

alcohol as plasticizer, as shown in Table VI. 

'l'hese studies have demonstrated that at the thick­

nesses studied, thefilms are relativeiy occlusive. It 
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Figure 2 . Skin c up (0.62 cm2 ) placed o n the film posi t ion 
on the volar a spect of the fo r earm of th ~ 
volunteer. 



Table IV 

The Decrease in Transepidermal Moisture Lo!'>S o-f HHT:mn 
Foreatin Skin Aft~r . Appltcation of Various Films 

Contfiining . Diffe~Jng Concentrations of 
I.anol:i,n :Alcqho1 Cln~ Pr()pylene Glycol 

at 22·0 and 407. Relat:ive. Humidity 

Lanolin Alcohol: 

39 

- . . 

Ethyl Cellulose: Fil~ !h.ickn.ess, 

b 

. . -2 . . -1 
mg em hr Occlusive 

Propylene Glycol 

. a 
Rat;io 

8 •. 5 : 1.5 : 0.0 

8.0 -"::· l .. s 0.5 

1 .. $ .. 1 •. 5 . 1.0 . . 
6.0 1 • .5 : 2.5 

J.l!n 

32 +.A 

3& + 3 

33+ ·4 

36 ± 4 

2 
X 10 · 

o.4 + o.i 
1...3+ 0.1 

2.5 + 0.1 
. . -
4.6+ 0.2 

c~:pability~ 

.. d 
J>~J:'C(;:U~ 

98 •. 9 

96.3 

92.9 

87 •. 8 

a . . 
All fil~s "Wete prepared frt>m 10% w/v solution of f~lm for:mcrs in 
isopropyl alcohol. · 

bThicknessesare. E!Xpr~ssed as t;he mean+ standard deviation of f.~ve 
measuret~~ent$-• 

e . . f Water vupor loss is expressed as the mean +standard deviation o 
.three measutemertts. 

dOccluslye capabtlity was cpmput~d :from .-=he n()rmal wat:~r v;;1por loss 
,of ()"'351 rng cm-2 hr-1 from t}le foreann skin. 
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Table v 

the Decrease in Trartsepfdermal Hoisture Loss of Human 
Forearm Skin After Application of Various Films 

Containing Differing Concentr.ation$ of 

Lanolin Alcohol: 

Ethyl Cellulose: 

Lanolin Alcohql :Jnd Ethyl Cel11,1lose 
at 229 an.d 40% Relative Humidity 

c . Water Vapor Le>ss 

-2 Ml 
mg em hr Occlusive 

40 

Propylene Glycol 

R . a 
at:1o 

·Film Thickness, 

b 
1Jm X 10

2 
Capability 

d Pe-rcent 

9.5 . o.o 0.5 34 + 1 3.6 + 0.2 89.7 . 
8 •. 5 : 1.0 0.5 36 + 3 2.5 + 0.2 92.9 ....... 

1.5 . 2.0 0.5 38 + 1 o.s + 0.1 97.7 . 
6.5 . 3.0 0.5 39 -f. 2 0.5 + 0.1 98.6 . 

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

bl'hick.nesscs are expressed as the mean + standard deviation of five 
'llleasuremcnts. 

c;\la.ter vapor loss is expressed as the mean + standard d.ev..iation of 
three measurements. 

dOcclusive capability '-l'as computed from the normal water vapor loss 
of 0~351 mg cm:-2 hr-1 from. the forearm skin. 
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Lanolin 

Table VI 

The Decrease in TransepiclE;!rinal Mo:i_sture Loss of Human 
Forearm Skin After App):ic~t:.ion of Vurious Films 

Containing D.:(ffer.i.I)g Concentrations of 
L.anolin Alcohol and E.thvl Cei1ulosc 
at .. 22° a~d 40% U~la.tiv~ Humidity 

- -- -
AlcohQl: Water Vapor Los s c 

Ethyl Cellulose: F.tltn Thickness m~ 
-2 -1 em hr Ocd.usive 

41 

.. 

Hexadecyl Alcohol b 
lJm x 102 

capability 

Ratio a 
Per.cent 

9.0 . .0 • .5 0.5 35 + 4 2.4+0.2 9j.2 .. .. . 

8.5, 1.0 . 0.5 33 + 4 2.0 ± 0.2 94.3 . 
s •. o . 1,.5 o.s 38 + .. 3 0.9+ 0.2 97 . 4 . 

. -
7.5 . 2~0 0.5 37 + 1 0.6+ 0.1 98.3 . 
6 •. 5 3. 0 0.5 39 + 1 0.3 + 0.1 99.1 

a 
All films were prepared from .10% \1/V solutio.ns of film forz:;'!ers in 
iSopropyl alcohol. 

bThiclui.esscs are expresse-d as the ll(e<l,n + st<Jndard deviat-ion of five 
~easure;.nen:t,s. 

cWa:ter vapor loss is expressed as the mean + standard deviation o~ 
three measurements. 

dOcclusiv~ capability . was computed from the normal wa·ter vapor loss 
of 0. 351 rrtg cm"'""2 hr-1 from the forearm skin. 
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WOU}<} b~ of intere:'it to d~tJ~rmine their l'(HatJve QCC}Ul>iV~ 

capability at lcss¢r thickn<~£ses (10 11m o:r less). 
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Chapter III 

After evaJ.uating the physj cal charactc:rjstics of the 

films formed by lanolin alcvhol with or wi,thuut cth:yl 

cellulose, it was deeided to establish the :release kilwtics.; 

of the steroid trir..mcinolone acetonidc12 frotfl the films of 

selected compositions, showing the effect of change- in 

propo:rtion of film form~rs and the solvent-plasti.cizcr, 

and the nature of the solvent-plasticizer. As in- the case 
. 

of previous studies, propylene glycol or h.exadecyl alcohol 

was -used as the sol vent-plastici:!er. 

The solubilcity profile of the steroid in the compo­

nents of the matrix s.ystem was defined before establishing 

the release characteristics of the drug from select('d 

films. For this purpose, the solubility of the steroid in 

propylene glycol, hexadecy1 alcohol. and lanolin alcohol 

was individually determined. The solubility of the steroid 

ifi ethyl cellulose was nssu~~d to be negligible. 

Solubilitv Studios 

The solubilities of triamcinolone acetonide in 

propylene glycol and in hexadecyl alcohol W~'!"e determined 

12 .. Tohnson and Johnson~ Dermntological Div .• New 
Brunswick. N·. J. 
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at room temperature (22° + 0.5°) and at 37° _:t:0.5°. 

Solubility was determined ·by adding excess· steroid ·to 

44 

25. ml of propylen.e gl.yco1 or hexadecyl alcohol in 50-ml 

screw;.....capped rsl-ass bottles. A teflon-coated mAgnetic bar 

was placed in each of the. bottles prior to capping them 

tightly. The bo.ttl~s wer~ thetl !~ept stirred tn water 

baths on magnetic stirre~s for a peri6d o1 .si* U~~s. All 

.studies were conducted in tripl.ic:~ .. te in. a constant tern-

peratur-e room. 

Prio.r to sampling, the stirring was stopped and the 

excess steroid was allowed to settle. An aliquot was then 

filtered using a filter13 with 0.22 11 filter paper. The 

.filtr~tfon ar.d .S3.rri.Pling r-.vparatus were allowed to equili-

brate to room cond:ttiol! for a period of 4.8 hours prior to 

use. The first 5 ml of filtrate was rejected in eac.h case 

to avoid ariy reduction in solubility values due to the 

adsorption -of the s"teroid to the filter paper (49). 

The concentration of the steroid in ~he solvent Was 

determined using a scanning spectrophotometer, 14 af-ter 

appropriate dilut·ions of the solvent iri spectral grade 

anhydrous methanoi15 and by using a Beer's. law plot prepared 

13swinnex-25, Milli,pore Filter .Corp., l3radford, Mass. 
14P~rkin-Elmer (Model-202), Coleman Instruments Div -. , 

Oak Brook, Iil. 
15Mallinckrodt Chemical Works, St. Loui-s, Mo. 
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in that concentration range u.sii'lg known concentrations- of 

the steroid. The steroid solubility in propylene glycol 

was determined at 239 nm and. in hexadecyl alcohol at 265 nm. 

Anpa-rent Solubility in Lanolin Alcohol 

The apparent solubility was estimated by d.etermining 

the effective partition coef-ficient of the steroid in 

lanolin alcol:lol-water sy$tem ~t 220 + 0.50 and 370 + 0.5°. 

About 100 to 200 mg of the mel ted. lanolin .alcohol was 

coat.ed as a thin film in the bottom of a preweighe.d 50-rnl 

flat-bottom polY.propylene beaker and allowed to cool to 

room temperature. The beaker was weighed ag9.1n to deter-

mine the exact weight of the film. Ten microliters of 

3H-triamcinolone acetonide16 in e1:banol with a radioactivity 

concentrat.ion of 10 pCi was taken in a crystallization vial 

and the solvent was allowed to evaporate in a steady stream 

of dry nitrogen. The radioactive steroid was then dis­

solved in one rol of distilled water. The aqueous solutio.n 

was then transferred to a 100-.ml volumetric flask. Cold 

triamcinolone acetonide necessary to make a 0 .. 002%. wjv solu­

tion ''as weighea and add~d to the contents of the volu­

metric flask. The steroid was dis·solved by addition of 

sufficient distilled water and warming the flask. This 

solution was then allowed to cool to room temperature 

16Amers})amjSear1e Corp., Arlingto.n Heights, Ill. 
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before making up the volume. Twenty milliliters of this 

solution wa.s then added to the beaker in the lanolin 
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alcohol film after verifying· the activity of this solution. 

The beaker was covered with parafilm and wu.s kept in a 

ten1perature contl'olled water bath at appropriate tempera­

ture until equilibrium was reacbed·. At each time interval J 

the· solution was briefly stirred a.nd one mi.ll ili tor sample 

was withdrawn from t.he agueous .Phase into a scintillation 

vial and 10 m1 of dioxane cOntaining scii1tl1lat~on !luic117 

W:a.$ added to each vial. The vials were t·bon counted in a 

~ .·1.1 t. . t 18 sc1nt1 · a: :ton coun er. · Quench corrections were done 

using the external standard ratio method and by using the 

standard quenc.h curves prepared with standard tritiated 
19 wate.r. 

The apparent partitition coefficient was then deter­

mined using the equation proposed by Chowhan (50). 

(eq. 8) 

where K is the effective partition coefficient J A1 and Aa. e 
arc the amounts o.f drug in lanolin alcohol and in aqueous 

phase respectivelyJ A' is the initial amount of drug in 
a 

17Hy4roscint, lCN Chemical and Radioisotope Div., 
l .rv ine, CA. 

l8Bekcman CPM-100 Liquid Scintillation Counter, 
Fullerton, CA .. 

19Amersham/Senrle Corp., Arlington Heights, Ill. 
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water, and Wl a.n::J, Wa are thq w.oights of lanolin nlco·hol 

~rid water rcspec.:tively. 

The apparent solubility was calculated from the re­

lationship: 

47 

IC. = e (cq. 9) 

I where C is the ap·parent 1 biJ · t · 1 1· s · · so u ·. -~ · y Hl . a no ln alcohol nnd 

Cw . 
l.S s the solubility in water. 

D.ensi 'ty Determinat i.on . . .;-- ' . 

Accurate det~rmin~t~on o£ t~ue p6~der den~itics 6f 

l~n<.O.:~n ~lcohol and ethyl, cellttlos9 .was n.cc().mplished by 

using a: simple attachment in the Qu;:tn ta$orb S.u.rface Area 

and Pore Volume :instrument.
20 

'l'he attachment was a vol time ... cal ibra ted g1ass cell 

with attach.ed I ·imhs. The glass cell \\·as first cle:\ned, 

dried and weighe d. It was then filled 'd th lanolin alco­

hol or ethyl cellulose as ful~ as possible while still 

allowing •dequate passageway for the unimpeded flow of 

gas above the sample surface. The filling was acc<ir.:pU.shcd 

throug:h an openinK at the bottom of the ceil and the ope n­

ing was closed. tightly v.rith a lightl~r g~cased ground g!nss 

stopper. The cell was weighed again and the difference 

in weight was noted. The limos of t]le cell u•ere then 

20Quantachrome Corp • ., Grecnwal:e ~ N.Y. 
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insei·ted into :i CE:1 1 holdc·r j .fi the 1nstrut:tent anc.l the cci 1 

was .fill~d :with nitrogen flow:\ nrr through Ute Quant.C4Sorh 

circuit. When the cell was cor:1pletcly filled with ni trogc n 

as J.ndicated by the constant signal in tho instrum<:t\t, th•~ 

cell was isolated from its limbs by using a 1-wa,y stopcod: 

placed at the junctitJn o .f t})e cell and its lir:lus. At thif, 

stage the entire Qnant~sorb sy$tcm and th<.' limbs wHrc 

purged by hel~'tlm. When a constant signal was obtained., thn 

digital integrat·or was zeroed. Now the 4-way stopcock 

was turned to its original position, thus allow·ing hcliur.1 

tq P\lrge the isolat:eci sample c¢11. ·The signal due to this 

p~rged nitrogen was not.ed and it was cali.hr~tet1 by ibject­

ing de.finite quantities of. nitrogen in the instrumqnt 

using the gas sampling sy'ringes supplied with the inst.ru;. 

m~nt. The calibration signal should match the sample 

signal asclosely as possible. 

The volume of nitrogen swept out qf sample cell was 

calculated tr9m the fo1lowing equation ; 

where, 

Area sample cc~l 

Area ca.libration 

(eq.. 10) 

v = voll,llJ'lC; .of nit~rogen injected using tbc 
calibration 

sampling syringe, 

C'ell = the inte~ra_ tor reading when nitro-Area sample l'> 

gcn was })Urbcd from the powder­

.filied cell with helium, 
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Ar~a calibration ~ the lntecra~or rc~ding ~hen the 

calibration volume ~as injc~ted. 

The true powder volume in the sample cell can ue 

calculated from tho following reln.tio·m:;hip: 
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(eq. 11) 

where ·vcell is th<-: empty c(•ll vol umc arrct VN? can t>e cal-

-culated from equation 10. 

From the volume and weight of the powder, the density 

was calculated since dens :I. ty ~" weight/volume. 

Determination of Rolen.se nate 

Lanolin alcohol, ethyl cellU.loseJ and pro_pyl~ne gJycol 

or he:xadecyl alcohol were weighed in required quantities 

to make 10 ml of 10% wJv solutton j n a 25-ml beaker. Five ml 

of isopropyl alcohol was added to this and the contents 

allowed to go into solution by gchtle heating. The solu-

tion was cooled to room temperature and was transferred ~o 

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

labele d triamcinolone acetonido was added to this and 

dissolyed. The quantity of steroid used was in addition 

to the 10% wfv C()ncentration of film formers and plasti­

cizer. One half m.Ci of radiolabled steroid in 0.5 ml of 

ethanol (specific nctivity 6G mCi[mg) was taken in a 

crystallization vial ~nd the solvent was allowed to evapo­

rate in n. steady stream ot· dry nitrogen. The radloacti ve 
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stci•oid i.~:as then di ssuJ vcd in 0. 5 ml of: i .sopropanol. T.en 

microliters of th~is ra<.i.iolabled steroid solution with a 

radioactive conccntrat i OJ1 of approximately 10 vCi was 

~dded to the solution in the volumetric flask using a 

precision pipette .. 21 Th~ exact ~oncentration of radio-

activ.:ity in the solution was d•~termined by adding 13 m:l 

o;f an organic S<~intilla.)lt 22 to 0. 2 ml aliq:Uot of this SOl'ti­

tion in a scinti1latior~ \~ . .tal and cciti!lting the activity .of 

the sample in a liquici sc:(nt;i.1la.tion comJter. External 

standard ratio metilod 'vas cmployt~d for calculating counting 

effl.ciency U$:i.tlg a standard ,1uent:ch cu::-ve. After the addi­

t ;ion of 10 111 of radioactive staroid solution. thE: volume 

was made UJ) t.o 10 ml~ T'.;;o mtllilite::.·.s o'f this ::>elution werH 

pipet ted into a preweighed aluminum ::)etri dish (diameter: 

2 . 7. 5 ern~ a.rea.: 1.•1. 2 em ) , usl.ng t&e precision pipette and 

the solution was allo\1/(:d to spread evenly thu$ completely 

coverin,g the bottom. surface. 

The ~etri dish was then kept on a flat su:rfa:c¢ fOr 

24 hours and the solvent was allowed to evapor~te to form 

a uniform film. The complete evaporation of the sol'\7ent 

was confirmeci by weigt.ing the Petri dish to a constant 

weight. ThG film co3.ted :netri dish was st:ored in a 

21Finni>:ir>et1;e~ Markson S~ienc~ In~., .Del Mar, CA. 

22 TM . . 
OCS , Amersham Corp., Arlington Ileights, IlL 
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desiccator contn.inir1g· anhydrous calcium chloride at least 

24 hours prior to roleasc studies. The good adherence of 

the film formed to the Petri dish insured that only ~he 

exposed surL.1ce a.rca was availa·hl6 for release.. Each film 

was inspec·tcd at tho end .of rel~ase e':'poriment. No visible 

pores and :•peeU ng" of the film· from the l'etri d..ish were 

observed. 

The release studies ~\'e·re condncted in a dissolution 
. ?.3 

assembly with following modifications. The dissolution 

flasks wore repla·~cd by 1000 ml !lat:-'bottomed polypropylene 

peakers ar.d the disscL.1tion bRsket assemblies \vere replaced 

by stainless stee-l stirrers with propeller diruileter of 4. 5 

em. The film-coated Petl'i dishes \i1ere placed in the bottom 

of the beakers. Tho beakers were then held in position by 

means of plexiglass discs with central circular port for 

the· stirrers and a small uanipling port. The stirring 

assembly was then set in position so that stirring blade 

was approximately 2 em above the film surface. Three 

hundred milliliters df pr~heated (37°) di~tilled water was 

car~fully added to each, and the stirr~ng was maintained 

at 40 rpm. 'the \'•':;.~ter bath in the assembly was maintained 

at 370. The rel.e:tsc app&.ra tus described above is shown 

in Fj_gures 3a and 3b. 

During the release study, one milliliter samples were 

drawn at frequent time inte;rvals ove:t a period of 24 hours 

23nnnson Resea-rch Corp., .Northridge. CA. 
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constant voll..nne, Each samp-lf:• W().::; pipettcd into a scint11-

latio·n·· v·l· 'a ·l t a..· ,. J. ·c· - f' · · t ·11 t · fl ·· t 21 -· · -: .. _· . . o V.' rHC!tl . !fiJ. o sc:;.n 1 a 1on -.uH · .was 

added. T-hese samples were then counted. •fht~ ext.c.rnal s tandarri 

ratio method was t~mpleyy(;~d for calcuiat:ing counting cffi-

ciency ~.ising a stnhda:rd quc:nch eurva. 

The rt~l cas e d~ .. trt. werB computed and analyzed by a 

. 25 
comr.~ut;er t:sing a Fort1'd.n progr:tm {GRADJ~R) writte.n for 

this purpose. This prn.gram is gi.ven .on the following p<.ge. 

Appropriate corr~ctions were appl'ied for the sampl~ with-

drawn and media added. Ail release studies were collductcd 

in tri·plicate. 

Results and Discussion ...... . . . - . 

Solubility SttJ.dies 

The· scHubility of triamcinolone ~cetonide in propylene 

glycol and in hP-xadeGyl alcohol, at 22° and 3'/0 is shown 

in Table Vll.. The solubj 1 i ty o:f triamcinolone n.cetonide 

in propylene glycol w•s found to b~ about eight times 

greater than its solubility in hexadecy1 alcohol. The 

attainment of equtiibrium Solubility in ·:3 d~ys was noted 

by the fact that thei·e was -~o difference in abso_rbance 

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

24Hydroscint .. ICN Ch.emical and Radioisotope Di v · , 
Irvine. CA. 

25n . · 1 136700 · ·. urroUgls - -. -_- . 
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'fable VIT 

Solubility o.f . 1'rian!cJnolono :Ace.tonide itl 
PropylcJll? Gly~ol . and in lle-xadecyl Alcohol 

- __ .........___ - =.~==--=::::.:::;. ~=. ;::!::· ========:::::.:::=======::;:=:= 

Solvent 

.nlg/ml mgjlnl 

----~~------~----------------~~------~------------------~ 
Propyl ene Glycol 

Hexadecyl Alcob.o.l 

8 .. 04 

0.92 

+ 
:~ 

+ 

0.19 

0.03 

12.09 + 0.18 . 

1. 25 + 0.05 

aAll S()lubilit~y- values are expreE;sed as mean + standard 
(lev:tation of three dete-rminations~ 
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GRADER PROGHA}l 

L 
100 X !UPlJT OE~ 7l!H A 

. 20~ • ~I~EUSlOH T!~E. {t !> .. ' C?!i< r Sl, EFF US>, ~GT{lSl ,DP11 (:5 >, T:IPrH 15) ,C < l ~l l 
30~ ~c-r"Jr-~n s> , ?~t! t s~, r.::L u :;>,a c i ~> 
"""' t'!:"Df< /· )···c·~~c· .... ; ·;. .... r•r't. -svv ... ·ro "'' · l.n : .. 1r ··.n·qol'!l'•tl1,, .. ,.u 
~OC ;rEAJ<S,J>TI:~E,C?~,E7'F' 
600 ~· U.R!TE 1-iEI'il!! NGS 
;oo ~4I1N.l • t > 
SCO 1 r0R;i :H(:2X, 'i,!l':f <D"' ,JX,.""SGRT <TY,6X,'C?i'V ,~X,"% C:r'F", 
900 t 7X, ")?·!'V, 7X, 'lOT ~L !IF~;,, ~X,' CC!\~E:CTF::t' , ;;~ 
1 QOC ~, '!R~ !..'EASE::l " I 4X t 'TOTAL ·A.iCU;H" ,.5X, ... OXiO•)') 
10~0 i'Rl:i! 2 
11'.6;"1 ., "'O"" ·~"··<~v '< <~I'l )'· L-·< ,T!\r· · ·L "'t>.i.l"' .,·-v , ........ ~ -·,. .. ~C· ""r. }' ·"v . 'I' . . '¥ • f ... (\ •• rl.l ... :.\ t ll ·1 .• t ~.~ ~ 1: I \1 . . " .,, . rl , . ·.;:)J\ f !'. t: .. ~l'I~C..;.J .'01\J • · f .;.A 

lt£1 ,,'l~G/ChlC~J~l 
1100 % COli f'UH: :·HiD \~;(! Tr: RESULiS 
14GO Ct1}=0 
l SOO DP:tf1l ==0 
fovO DOSI.;Z, l ~ 
170~ sarn>=SaRrtnm:ct>) 
t .e·. o··". l'l.i;-}.1<'). -( .~':> ... ,'!') ·/~=-=-<..,t> ·t~t" .. ' V fJ• h · .& · · •• 'WI 1 J • .... . . ·-· , f ·4 J· • \J V _ 

190n TaP~(T) =U~'~rp~r~ ) 
• 1,1 , .-- ~ -- - _ ~-- r!! . 4 :·- ~- -~· 

2000 C<!J=Ct!..-t1+~? !HY:-t) 
2100 CTD.P f.f!l=Tt:?M\!) +C\ I> 
2200 PRL{!):.;t Cv ·icCi]?~fiJ/P!lPH 
2JGD TRL1t>£f~LCI>~TAC/ } OO 
:.;J/L"' f'liT)-~~i [T. ' · .1·· 1\·o·J \"::'t'-' ~."'tV'V -~\ : ~ ~ ~~ ..... , ... _~ . '.& . lJ. r1 eH,.4'"1 

250.0. 5 u:rnr.c 6, 2SHiilZ( D ~$GT< IJ ,C?l'f<I r, E:FF<!> t 

26v0 'DPM<n, i)Prl<I) ,CTD?M<!l,?RUil ,TRLCI> ,~HI> 
~7o· o· ~~ ~~~~ ~~<·· 1~ ~. , y -s ~ l ~ -~ ~ .v -- ~ ~v -~ ~ .. . .. . .,. ... ;J~"'" ,., ,,o,.o) ..... ~r · · •·-"• .o" :•··o.* 1 ~,..,ro.~ • ..,,.,,.o.-• 
.,·.., i\ 1\ '4,y ~·1/\ 2 f: 'l .... , .·,. . -? . ,., .,....; ..,. 
· ... ~vv s :•ql' .\! • ~ v~ 1 r 1 1/a.t.t"-·" 1 r~·- 1 

~900 •A1X 1f 6.4, 9X ,F 6.4) 
J O~Q S1'0? . 

NOTE: This program calculates the percent drug rel~ased 
and the tot~ . .l amount of d1•ug released l?e::· un1t ~rea. • 
based on the given CPM and percent cff1cHmcy of the 

. liquid scintill-ation counte-r. 
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'Ihe he:r.adecyl alcohol w3.s found to have strong absorption 

at 239 nm. '!'his neccscitatsd the use of the side o.f the 

absorption baud. Actual measurements of steroid concentra­

tion were ma.de at 265 nm after verifying compliance with 

Bee~'s law. 

'l'he effective partition coefficient of triamcinolone 

acetonid<= botween lanolin alcohol .and wat·er at 22° and 370 

was found t0 he 5.99 + 0.12 and 12.'"/'? 2:. 0.15.respectively. 

From this the aJ)pZLrcnt solubility of t .he steroid was cal­

culated to be 0.13!. 0.01 and 0.41 + O.Dl mg/g,respectively, 

using equation 9. 'l'he attainment of equilibrium in 5 days 

was noted by ru:nning the partitioning experiment for a 

period of 8 days wi.th daily sampling of the aqueous phase. 

No further r0duction in radioactivity present in the aqueous 

phase v.'ii.S observed bey01~d a period of five days. The dat;a 

as ~xpressed above ropre~cnt the mcari + standard deviation 

of three determinations. 

Q_~n~ity De_!e:srpin2.t:t~ 

The densities of lanolin alcohol and ethyl cellulose 

were determined to be 0. 98 and 1 . . 38 gjml, respecti veiy, using 

the pycnomotric method discussed earlier. The density 

values of propyl«)ne glycol (d 1.03) and hexadecyl alcohol 

(d 6.84) were supplied by their manufactu~ers. 

Rclcase .Kinctics 

Higuchi (36) has shown that Q versus t! relationshi.P 
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is common tc.~ b~th homogeneous as well a.s granular mat1·ix 

systt:ms during· tho uni....;dir·ectional lc3.chi.ng or <>x tract ion 

from a simple plf'.nar surface contai ni.ng suspend<:!d drut~ 

(equations 3 and 4). These equations describe drug r e lc:ase 

as bcin~ lj.ncitr with square root of time, 

(eq. 12) Q = 1;- 'tl . . 

whc1·c k is t .he r~l ~,?ase rate <;onstant. In the case of a 

}lomo.gcneoltS ~n:ttrix system, 

a~n.d fn tl1e 

~------~--------k = J.nc 2A - c 
" . s 

) c· 
s 

•:!.ttS·e oi :t granula r matrix syst <.!m, 

j DE 
lt .::.: . t ( 2A - tC5 ) C5 

(eq. 13) 

(eq. 11) 

These relations~ips have b0~n confirmed experiment:tlly by 

various worl~crs using plastic and wax matr,ices (51-56). 

For both equations 3 a.nd 4 to be obeyed, it is necessary 

that A be greater than C in the case of hoinogeneous matrix 
. s 

or ~c8 in th~ case Of gra,nuJar matr~x by ::1. factor of 

three or four. 
A first~order nwchanism in which the reieasQ rate is . pro-

portional to· the amount of drug left in "t;h~ matrix might 

also be. considere.d possible for the release of drugs from 

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

shown as 

log ( Q - Q ) 
•«> 

-Kt 
== 2 .303 + log QQ) 

( eq. 15) 
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... - ·<:: . • 1..; l..R . amount i.>f ch~u ~.~ pl'C!>ct1t. pt:~r u i1it where Q is th · i"t ~ · t ' 1 

• of dru~~ pre.s .. ~nt IH'I~ unit arBn. of thu film. Q is t-Ile· amc>.u· nt · 

area at time t 1 ~nd K i .s the .f:i...rst.-ordcr r::ttc con:i taht. 

In thts study. the rcl(}ase dat.a. were ana 1 y:t.f~d tn 

ascertain which release medatl.nir;m might b<! operative. TIH' 

:regression a.nalysis was donr:: by n rer,ress ion pro•~rmu 

(PCllEl~/REGG.), l!Sing the tripl ie:tta da tn. ohtai:n~d tor eacn 

composition of thB film a.nd cvno~n ~. rn tion of the 'lrug. 

In all these c~.scs ~ tho drvg conePlll:r<l.t ion wa:::; mort1 th:tn 

three tin1~s its solubility in the n1atrix b~scd upon the ~~olu­

bility of the st;er()id iiT lanolin i'ilcoho 1 ant~ the~ so I vent­

plasticizer. Q versus ti trc:itr.Jents of clat:l fqr· the rc-

lease of trtamcinolone ac-eto,licl.e from r:1a trices con tn,.in in~ 
propylene glycol and hexadecyl alcohol arc shown in 1':\pJe!> 

VIII and IX, respectively. The correspondi n~~ first-order 

treatments of data are shown in Tablcx X aild Xl. 

-~ t ... plots of data are shown ii~ figures 4-7' and th<: cor res~ 

pondJng· first-ordGr plots are as shown in f:igur<'S 8-11. 

As can be seen from Tables Yilt. nnci IX, the linear .S•Jua·rc 

root of time plo·ts have high correJaticn coefficients. 

The observed lag times (time interct:pt extrs.po.latcd to 

Q = 0) were relatively small and the rel e ase rate constant, 

k, in<lrease(l with increase in drug concentration for tM 
t. 3 

same composition of the matri~ as predicted by cqua Jons 

and 4 .. 

t· 
~ ·, · 
' ... 
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Table VIII 
.1. 

Q versus t:.: Treatments ofTrianicinolor..e Acetonlde Release Data from 
FilmsContaining Propylene Glycol as Plasticizer at 37° :!: o. 5° 

~--- ·-- --- ---- --- ~ 

Lanolin Alcohol: 

Ethyl Cellulos~: 

Propylene Glycol 

Ratio 

8.0 1.5 : 0.5 
s.o : 1.5 : 0.5 

8.0 : 1.5 : 0.5 

8.0 1.5 : 0.5 

8 . 5. : 1 . 0 : 0 • 5 

8 • 5 : 1 .. 0 : 0. 5 

8.5 : 1.0 : 0.5 

8.5 : 1.0 : 0.5 

Drug 

Concentration~ 

% 

0.50 

0.99 

1.96 

2.91 

ot.so 
0.$9 

1.96 

2.91 

A 

mgfcT.Tl3 

5. i2 

10.24 

20.47 

30.71 

5.04 

10.07 
20.14 

30.21 

tlag 

min 

24.05 

4.70 

0.35 

6.2o 

17.14 

-0 .53 

7.18 
-0 . . 07 

aBased on weight of drug per weight of dry film. 

· 3b 
k. 10 

~2 . -~ mg em m1n -

0.40.5 

1.056 

1.650 

2.849 

0.448 

1 .. 131 

1~$6~ 

2.381 

Correlation 

Coefficient 

rb 

n~egz 

0.995 

0.994 

0.994 

0.997 

0.980 

0. 99.6 

0 . ~79 

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 ~ermin~l. 
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ta.ble rx 

Q versus t; Treatr.1ents of Triamcinolone A~etonide Relellse Da.ta from 
Films Containing Hexad~cyl Alcohol as Plasticizer at 370 .+. b.so 

Lanolin Alcohol; Drug 

Et~yl Cellulose: 
. . a Concentr.at .ion · 

Uexadecyl Al~ohol % 

Ratio 

8 . 0 : l .. 5 : 0 • 5 0.50 

s.o : 1.5 : 0.5 0.99 

8 • 0 : 1 •. 5 l 0 . 5 1.96 

8.0 : 1.5 : 0.() 2.91 

8 • 5 : 1.0 : 0 • 5 0 . 50 

8.5 : 1.0 : 0.5 0.99 

8.5 ! 1.0 : 0.5 1.9<3 
8.5 : 1.0 : 0.5 2.91 

A. 
3 

mgfcm 

5.06 
10.11 

20.22 

30.33 

4.98 
9.95 

19.90 

29.85 

t 3h 
lD.g k. 10 

-2 - ·~ min n1g em min · · 

5.94 0.454 

0.52 1.270 

0.14 2.116 

-0.07 2.926 

-3.72 0.540. 

5.26 0.940 

0.06 1.940 

1.es 2. ·756 

aBased on we.i~ht of drug per \~~igbt of dry fi1r.t. 

Correlation 

Coefficient 

rb 

0.990 

0.965 

0 . 967 

0.932 

0.957 
n~nee 

0.914 
0.9S2 

bAll k and r v:\1\~es were computed from the regression line drawn from the data 
obt~ined by triplicate runs at ~ach level by using the TEKTrtO~IX (Model 4005-1) 
graphics terminal. • 
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Table X 

First;..Order Treatments Of Triamcinolone Acetonide Release Data from 
Fi:!.rns Containing Propylene Glycol as Plasticize.r at 370 ,:: 0. so 

Lanolin Alcohol: 

Ethyl Cellulose; 

Propylene Glycol 

Ratio 

8.0 : LS : 0.5 

8.0 : 1.5 ; 0.5 

8.0 : 1.5 : 0.5 

8.() : 1.-5: 0.5 

8.5 : 1.0 : 0.5 

8.5 : i.o : o.s 
8.5 : 1.0 : 0.5 

8.5 : 1.0 ; 0.5 

Drug. 

Coicentrationa 

% 

0 , 50 

0.99 

1.96 

2.91 

o. 50 

0.99 

1.96 

2.91 

tlag 

rnin 

-54.51 

-56.62 
-195 .. 74-

-113.20 

-$$.47 
-41.54 

-,.92.23 

-258.55 

aBased on weight of drug per weight of dry film. 

r b K . 103 

min-1 

0.63~ 

1.169 

0.696 
0.858 

0.764 

1.833 
o.e2G 
0. 6$i~ 

Correlation 

Coeff ic.i e.nt 
·~ 

r 

0.990 

0.983 
0,978 

0.986 

0.996 

0.~19 

0.995 
0.957 

0
All kand r values were computed from the :f.egression line drawn from the ~~ta 
obtained by triplicate runs at each level by using the TEKTRONIX (Model 4005-1) 
graphics terminal. 
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TRble XI 

First-Order Treatments of Tri•mcjnolone Aceto~ide Relea~e Data from 
Films· Containing Hexadecyl .Alcohol as Plasticizer at 370 + 0. 5° 

. . . . , ' -
Lanolin Alcohol: 

Ethyl Ce11ulos~: 

Hexadecyl Alc6hcl 

Ratio 

8.0 : 1.5 : 0.5 

8. 0 : 1 . . 5 ! 0. 5 

8.0 : 1.5 : 0:.5 

8.0 : 1.5 ; 0.5 

8.5 : 1.0 : 0,5 

8.5 : 1.0 : 0.5 

8.5 : 1~0 : 0.5 

8.5 : 1.0 : 0.5 

D~g 

C t t
. a oncen ra 1on 

% 

0.50 

0.99 

1;96 

2.91 

0.5.0 

0.99 

.1. 06 

2.9). 

tlag 

r.:in 

-137.21 

-7.65 

-149.23 
-243.97 

-178.80 

-121.66 

-178.05 

-172.92 

aBased on weight of drug per weight o"f dry film. 

K . 103b 

ml.n-1 

0.775 
2.342 

1.i30 

0.882 

1.321 

0.847 
0.934 

0.796 

_..;....:__.__...,.. 

Correiation 

Coefficient 

rb 

0. 97·1-

O •.. £:Q3· 

0.965 

0.9~9 

0.956 

0.990 

0.069 

C.9G7 

bAll k and r values were computed from the ::-egression lin~ grawn from the data 
obtained by tripl icn.te runs at each level by using the TEKTF.OXIX O!odel 4.005-1) 
.graphlcs terminal . 
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Figur~ 10. Ffrst~o1·dcr plots of drug ralease from films con­
tairtiug lanolin al.<:>ohol-ethyl cellu1osc-:he xadecyl 
alcohol {8.0 : 1.5 : 0.5) at differe nt conc(~ntra­
t .ions. of trin.mcinolone acctot1ide. 
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On the other hand, rela.tivel~· hit:h corr·~l~tion coe.f­

fici<::nts were also obtained for the first-order t.reatment 

of the release data. However., highly negative lag times 

an.d a lack of con~i tapcy in the first - order constants 

('l'ablcs X a.nd XI) strongly po.int against this mcchan.ism. 

i . ~-·-~ i-.ni-~.i-al -.c_urvat.tlr~ effect v.'aS a:lso hot-ice-d -in all f .irst--

order treatn~ots of data as gho~n in Figures 8-11. 

All the Q vArs.us t~ plots show the mean of three 

obs<¥rvations (Fit;t:res 4-7) because of the s:nal~. standard 

aevia·tions involvc-:d. The maxi:num. amount of drug rel 0as~d 

v~ried from 7.6% to 46.0% of its solubility in distllled 

water at 37°, tha soluhi lit}' being 0. 0.3 mg/ml. A good 

linear fit was observed in all cases with slight negatiYe 

deviation at lcng~r time intervals and at time inter'l:tls 

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

The deyiatiqn at higher time intervals might be due to the 

e.Xha'i.1stion of the drug in the suspension phase and due 

to the increase in diffusion distance for the drug in th~ 

film. The negative deviations observed up to 60 minutes 

a.t higher concentrations t:1ay be dtte to the surface drug 

present. The observed lag times never exceeqE;'d 1.7$ of 

the total release period (24 hours). 

Effect of Drug Concentration 

The ~oim.t of drt.tg present per unit ·volume qf the 

matrix (A) was calcula:fed from the density values of .the 

materials in the matrix and is reported in. 'l'ables VIII 

I 
: . ~ 

.w 
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' J an<} IX, The of feet oT ch:wt~c in drut; coil<:t•Jltl'ati on ~m ·U;c 

release rate constant, k, was tested twin~~ t hr.'!";(~ cont:dttra­

ti.ons of triamcin.olonc <1 cetonide for ttach ·comp<J:-;1 t i r)n of 

the film tested.. In all cases , the k verr-: u ~;. A )Hots ''-\'re 

slightly rn()J:"C liiloa:r than 1< versus A:\ pl<)ts as stww!) i.n 

Table XII. While both f;:qua.tions 13 and lA prr:dlct a Un.-ar 
J. 

relationship between k and A:.!. the oh;.;crv(!(l l~esu lt B c-ould 

also be explained in t:erzns of gratluJ :1 r matrix alon~) , if 

initial porosity was assumed to he very smalL Such an 

assumption appears to be rcil~OIJal~J,t: since these matricr.r. 

contain a plas·tJciz~r. HiFuchi. Cl6) ha.s showr. t.ha.t i.n 

those instanC(!s whe.re iui tial por-osity is v<:ry .small or 

wh4re the ;fraction o.f :the matrix volume occupied by t tw 

dru~ is relatively large, t: :-.. K A c:uid equation 11 :-educes 

to 

. fo·· 1~ k = A · . -;;- ( 2 - K C . s ) c s 
( cq. Hi) 

where K is equal to the spcci fie vel urnc of the drur,-. if ."'.. 

is expressed in terms of grams p~r milliliter. 

Effect of Chn.tige- .iri Pl ast:i c i.zer 

13 0. n· c· would <'Xpect the' k \·a 1 uc According to equation · , 

to ct'ecrcase substantially upon ch4tn .sin~ the solvent-

. f.·. I· ~o·m· p· r·. 0· ·p .'ylene {d,·coi tp hexad¢cyl n;tcohol in _plast icizer J - ., 

ld d ifference in the so"}ubiljt,~· of view of nearly eight-fa ·. 

the drug in the vehicle. This wotild be a valid exppctation 

t f the d1~ug fn the matrix, was if D~ diffusion co~fficicn· n 



.•; 

.i 

Table XIl 

Comparison of Corf~lat~on Coqff~.sients from 
k ~<.,;u§_ A plots . ~nd k v .ersus A'.! plots for 

·til01s containing Propyl,.ine Glycol or 
llexadecyJ Alcohol as Plasticizer 

.tanolfn /~lcohol-Etl1yl ·Cellulose : 

Pla.sti.cizer ratio 

Plastt 0lzer: 
-·--..;,..,o....._.-~ 

Pro~:vlene Glycol 

s.o . 1.5 0.5 

8.5 L.O 0.5 

PlasticJz·er; . Ue.i!aclecyl Alcohol 

8.0. 1.5 : 0.5 

s.5 . 1 •. 0 : o.5 

Co~relat.i.on 

Coefficient 

0.993 

0*999 

o. 99;3· 

0 .. f)$2 

Corl·e1a t ion 

COefficient 

0 .. 965 

0.960 

0 .. 943 

0.972 

a i 
.k vnluc<s were obtained from Q vs t "" plot of release data . 

·==-~· =· ======================= 
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not altere-d r>ignificant:ly by change of· solvent-plasticizer. 

Alternatively, in tho ~amc .release medium, equation 14 

would predict comparablt~ k values for the two systems 

differing only in the nature of sclvcnt-_piasticizcr> pro­

vided the volun1e, porosity, a,nd tortuosity of the m.a.tri.x 

are not significantly ttl to red. This- m.ight well be the case 

for the systems studicdJ since thB l• values for the h0x.adecy1 

alcohol systems (T!-!blc IX) were found to be comparable to 

propyle-ne glycol sy!Stems (Table VII I). 

Effect of Veh:lcle Composition 

Table XIII describes the .effect of drug- solubi.lizn.tion 

on ~r\ig release, by varying propylene glycol-lanolin 

alcohol concentrations. The steroid concentration (0.10% 

wfw) was chosen, in part, to permit this stud y to be con,... 

ducted with films of sufficient ii1tegri ty. The maxtmur.1 

release of dru~ was ot>tn.ined in systems containing the 

drug in near-saturated solution (5% propylene glycol ). The 

percent drug released decreased with systems containing no 

propylene glycol {major so1ubi1izer) as well as with syste ms 

containing the solubi1izer in exces s of tha t required to 

dissolve the steroid completely (S to 15% w/Yl propylene gly­

col). These vc b:i.cle ef:!e¢ts are consistent \\'ith those re­

ported for fl uocinolone acctonide from prop-ylene glyco1-\'/a ter 

gels (16). 

pY'j . 
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Lanolil'l Al<;obol-Ethyl C~ll.ulose-­

P.ropylene Glyc.ol Ratto 

8. 5 1.5 o.o 

8.0 : ... l .~ 5 .o. 5 . 

7.7 . l. 5 0. 8 . •: 

7 .. 0 1.5 1 .; 5 

. a Amount 

37.11 + 0 .62 

40. 4G + 1.12 

32 ~ 38 + 0.71 

30.48 + 0. 2!) 

·a All values are expressed as (.Mean :!., S. D ·) oJ thr.e.e run::;:. 



--...... .... 
~-- . 

C.hapt.er IV 

I~ VITRO PENETRATION STUDIES 

After establi.shir:.'g th~ .in yi t~ 1~clcase kincti cs of 

tri~.rocin.'llc•nQ ar;etonfdf~ fror,t the fJlm-Iorminl~ cnm}:iositions 

of lanolin alcohol, the in v"i tro skin pen:etra.tion prcfi 1~ 
---~·, 

of the stercid from t!l'~sc de livery systems wa.s studied. 

An importa,nt {:o~;, l o~ this stut1y t~·as to ~:.>t~ibTish whether 

diffu~icn from the: vehicle o.r diffusion across th~ ~kin 

was the rate-limiting .step for the test drug. triamoin.ol Qne 
• 

acetcnide. The res ults of this study were also expected to 

provide greater insight irito the factors tha·t c~o\.·e1'n avail-

abi1i ty ot triamcinolone acetonide from these mn..tr.ix com-

positions. 

In vi~ro penetration studies are subject to poss ibl('! 

compii catiQns due t.o m;tpy variables, such as the. vehi'cle 

effect on the J.1Crmeability properties of the s~in a s dis­

cussed hy PoUlsen {15). Laborato1•y measurements of 

~-teady-state pcnctrat~on :ro.te13 a:11d the expe:L"iment~1 de ter­

mination of the physicn.l paramete rs affecting penetration 

rates ·pi·o\'ide vahmbl~ bench marks against which less well­

controlled in.~ topi.ca.l bioavailability studies can be 

compared. 

77-
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Much of thG definiti-ve wo:rl~ be in;~ <1<';n·c.· to(lny in th•~ 

area of pcrcutn:P•~ ~-'us :;~,bsr'l7Ption r.taY.q~ u .. se o.J cxc'.i!a. ·d t · . tw:nn 

skin as a. mod~l ior its living counterpart .. Uec<.•nt 

public:at)t.rd:> b~· Schcuplein C! al. (57), Ostrcnp.;a ~ :d. 

(58, 59) and ~0wboJ.d and Stoughton (G.O) dc-mons t t~at t.' appl ic:;t­

tion of tlH .. Jn \~i.:..tl'o t~chnique ·to Hllp()rtant pr0.bl• ·i~; : .. in 

.d~rmatoph:t.rm~cology. Recent Iy Chowhan <~t _01. ( Gl ) h;t v •· : ;hnwn 

that for compar::ttiv0. evalua.tj.on.R D:( the fprnlilntion <•fJr ·c:t s 

on percut:iri~ous absorption, in v).t:ro s~udi.f~s with anir'tal 

skin may not provide informat:L<)n i:l a~~rcem.:'nt with . ltl 2u·~~ 

human sk:tn. 

Deterrrii.hntion of lr• Vitro Penl'!tratj on R:tt(~. -·- . . --- ·--'-' -~ 
and Dit:;trj_bn-:;ion of Ste.roid. · 

pre1~:.aation ot_Ski.h. 1~11 the pcnetra.ti0h c.xp(·1'it:'l''nt s 

reported here utiliz.c 'hlunail abd6 r.limrl sk) n obt:dn<id n t 

au tops}'·. Im.-r.cdio. t~ly fnllo\dng: incision., the skin •.:·:ts pb <'t ·d 

in a p1astl.c ba.g and S.tored in a fi~t't:zc:r for periods np 

to but not ex~cedi'i!g three rzlonth$. Thif.; !!1Cth0d of Rtol·ag><· 

has been reported not to damage the skin (C~). BcJorr. thl': 

experiment:, the skin was allowed to thaw r;radually to T0t; :':l 

tetnp.eratt:.:..·c, follO\'Jing which t11e si<'.in was plnc<,><l on a 

smooth di~r:;.cction hoard '"'~ith the epidc:rm:ll surJac& f l~ t 

.iri contact wit:h the board. All subcutaneous fil t was CO:':'l ... 

pletel~· rcu1oved by a scalpel~ rrom each specimen (the ~: ki·n 

of a sin~le donor), 10 t<> 12 pieces of suitable sizes were 

·ctit. 

,...~ . · .... 
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Skjn Cell. Each piece of skin was mounted in a special 

glasB cell as illustrated in fj gure 12. The sl~in c.e 11 used. 

has been described in dotrp.], by Franz (62). 'rhe skin cell 

consisted of. a lower glass chamber with a sampling port. 

A T~flon:-coated magnetic bar placed at the bottom of the 

cell ptovi.d~d effi.cient mixing. 'l'he lower chamber was en­

closed by a wat.er jacket t•;bich allowed circulation of water 

a.t the selected ternperaturc. The skin was placed in posi-

t1on on an o-ring between two ball joints of th~ top and 

bottom chambers, using a pinch type .. ground-jo.int .clarnp. 

2 The diffusion area was 2 .. 01 em . The epidermal side ot the 

skin wa,s exposed to .ambient conditions (= 23() art.d 40% rela·­

tive hu.midi ty). A solution ¢ontaining Q. 9% s .odium chlorid~ 

and 0.01% thimersol was he~t~d to expel dissolved ga$es and 

cooled to ro·om tr,dnpe,i'ature; 6,2 ml o.f this solution was 

pipetted into tho &kin cell bathing the derinal side. The 

sampling port was closed b~~ a rubber closure and fl.IlY air 

bubbl~s. on the dermal sicle .were carefully removed by 

slightly tilting the cell. Each cell was mounted o:n a 

magnetic s .t .il·rer. During each run. 12 cells v.-ere mounted 

oil 12 magnetic stirrers fixed to a laboratory frame 

(48" .x 481t x l8") ;,ts shown in Figure 13. Tne temperature 

~of fluid in the lo\H1r chamh_cr was maintained at 37° .±. o. 5° 

by circulating water from a constant temp.erattt.re water 
. 26 

circtilu tor t~rough the jacket of each cell. By this 

26naakc Mode1-FE, VWR Scientific Inc •• San Franci;sco, CA. 
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Figure 12. OiogramotiC repr(lszniGtion of the -diffusion 
cell ·used in penetration studies. 
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Figuj:e 13. In vitro skin penetration assembl y use d in 
these stud i es. 
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arrangement, the ~pi~crmal =?ide of the skin was expmJcd 

to ambient laborato-ry conc.litious while tho dernia.1 side was 

kept at 37° + 0.5° to simulate in vivo usc conditions. 

After mounting, each piece of skin was allowed to 

stand for 4 hours befor·e begin,ning the t~xperimcnt. 'fhis 

allowed SGffi(~ time for CqUi 1 ibr~.t ion \1ltll i'c.:;pc:!ct tb t.em-

perature and relati v~~ hUJ:~idi ty of the surrounc.li rig en\"i ron-

ment. 

£!.~~~rat ion of ~teroid Solutions~ Lanolin al coho1, 

ethyl cellulose~ and propylene glycol or hexadccyl alcohol 

were weighed in rcql.tired qu-antities to make 10-ml o::r 101 

wfy solution ir1 a 25-ml beaker. Five milliliters o.f iso­

pro.pyl alcohol was added to this al)d the contents n U.owecr 

to go into solution by gentle heating . The solution was 

cooled to room. temperature and was transferred to a 1o- ml 

volumetric flask. Tbe .r eqttired concentration of cold criam·-

cinolo!le acetonide was added to fhis and allowed to {;.J 

into. solution. The quantity of steroid used was in 

addition to the 1~~ wjv concent~ation of film formers and 

pl.::>..:st;ic.f :zer. This solution was then made up to volume 

using isopropyl alc<:>liol. Two composition$ which did not 

have any lanolin alcohol ~-nd .ethyl cellulose were ~lso 

tested . . One contained O.Ql% w/v of the steroid in 

isopropanol, ancl the other c.ontained 0 •. 01% w/v steroid 

and·1.5%·wtv propylene glycol in isopropanol (henceforth re;;.. 

ferr.ed to as compositions A and B respectively in the t .cxt ). 
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Befo.re each f":xper.i.ment. 0.5 ml of tho prcpal·ed Golu,­

tion of desired composition was pipct.ted ].nto a 2-nil bbtlkt!'!.. 

conta·irdng 5 pCi ·Of :3n-triamcino1onc acctonidt~ ,l!:dng a 

precision ptpette. The beaker was covered and the ~>olu­

tion was mixed t'h.oroughlY. 'fhi?.n 100 vl o f th)r; radio-' 

actively lo.beled solution was pipe ttud onto the! s kin sur­

:face. This volume was found t .o 'be suJfi cicnt to ~pre>ad 

across the entire e)cposed surface are a. of 2.0] cm
2

• The 

volatile isopropanol was alloWed to escnpe in all ca::;(?-f>, 

At solected time i ·ntervals, followi:nr; the addition 

of the s.alution to the epidermis, t11c rcccptt1r ~:ol ntio.n 

was completely removed through the samgling po:x;t using a 

d;ispcsable s.yringe with its ne.edlc attached to a thin 

fle~HllC plastic tubing. Thi$ alloWed for a quick and 

complet-e remqval of the receptor solU.tion arid refill ).ng 

with 6.2 ml of: fresh ssl:i.nc solution . One rriill:iliter of 

th.e rcrr.oved receptoi· solution was then plpe-tted in to a 

scintillation vial to which 10 rr.l of prern~de aqueous 

seint111ation fluict27 was ~dded before ~ounting. 
The am0uot of quen~h clue to the sa1i.nc solut:ion was 

determined using the external $t~ndard ratio method~ The 

total amount of steroid penetrated. at different time int.cr­

vals was calculated using ~ 1:-o·r:tr:.n p1;ogra.m (LSC) written 

for thiS pur,pose which is shO\~·n in the fo llmvit1g pages. 

The penetrr.tion. studies were (.>:onductcd for a period of 7 d'.'\ys . 

27 ACS Tr.t Amcr$ham corp. , Arlington Heights. 111. 
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LSC PROGRA~I 
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The. sampling "Jns more frequent during the firs t 2 days· 

than the folld\ving 5 days . All penetration stucl"tcs were 

conducted in duplicate. 

At the termination of a penetratton cxporimcnt and 

after removing the receptor solution, 1 ml isopropanol 

was added to the epidermal surfa.ce in ead1 c~ll at1d the 

cells were covered with cover slips for a pcrl.p('l qf 5 

minutes ~ During that period the epidei~r.ml surf~tce was 

86 

washed of the remai.ning al)p11ed dose ancl the i~opropanQl ic 

solution was t :ransferred t~ a s .cintillation via.l. l\ second 

waShing was performeci with 0.5 ml of isopropanol and this 

s.olut.i<)rt '"~s also coliecteci in the same vial. This pro­

cedure was repeateq in all the 12 celis ~nd 10 ml of a 

. . . i. 1. .i . .. ti 11 28 dd d t .. h . hi commerc a organ. c sc:1.n .; . ant was a . . o .. o l: H was . ngs 

in each of t.bo 12 vials. The a,Gtivity in the vials wns 

for calculating counti.ng efficiency us ing ~- standard 

quench curve. 

The skln was then r emoved from the cell a11d the 

ci1~cuJ.ar portion of th-e skin that was in cont~,.ct with 

the b~.thing fluid was r;ut 011t using a surgical sciss;(~r. 

The epi<;icrmis and dermis w~:re easil~~ separ:;ted br ·means 

of a forcep~;; uud collected sepa:ra.tely in t\vo sci.ntillntion 

~ · 1 0 . . . . f . 1 . 1' 29 
VJ.V, s. ne tnillilitcr o · a t1.ssue s o ubl . 1.zer · was 

---:-~~-. ---
?0 
.u"'NCS* 

. . ' 

Amers ham Corp; • Arlington H~ights, Ill. 

AntorshamCorp., Arlington He i ghts, Ill. 

·.--- · · • • J 
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iut(J the v.i.al contatn.ing dermis. Digest.iou _o:f the t:i.~->suc 

by the ::;t.)J\lbtl) zcr to give a \!lear sol ut:i ou v-~as accom-

pli::.;h()d b'y keeping the vi::t1s in un oven ut soo + 1o fvr 

a period oi 4 hou:rs. Tf the dm:·m<'l.l tissu~s \n')rc not com-

P1¢tcl:: S·:>lubj_ 1 iz<.:d by this pi·ocecture, tho cc·:1ten ts of 

the vi;;~l '\'t:rQ homogenized using a tissue hotiKl~enizt~r. ~0 

the wash l\'as. coJiected in the sn.rno vial and the vial 

contcnt·n d:.l.gested for an additional one hour. C1ca..r r>vlu-

tionB C{Hlld be oht::tincd by th~s pJ~()CCdurc!. 'fh'-1n, to ench 

of the viu.ls 10 ml of the organj,c ()ol~nti ng scintilln:t _t 

was adctt,d and 1.:he sarilples were cou.nted. - :r::xterual standard 

ratio m..;?:thod was employed for applying quench cO.rret.tJon. 

Standard q!l~nch curves were prepar<~d by using frcnh :;>ample-:-:; 

.()f d<~rmis and epidermis ha\.·ing similar area as used J11 

the pen.~thttior. experirr;e.nts ~nd stand.£u·d tritiated wate!' 

of k~own r~dio~'~tiv·e concentration. 

The JH~il~tr,nion data obtaj_net.l for tbc two comp(Jsi..t:i. 0Ji~: 

A and I3 were n;:1alyzed by plottint Q- (amount pmtt!tra ted 

per unit area) ag;:tinst tir~e. All the plots were i_::.-..de by 

using mean Q. v~lues obtained from the duplicate runs 

Using a t;l'aphiCS' program [ (Q021114) -GRAP}!ICS] • flRS(:!d 

----~------------30'l'issucmizern (Mo<\e),-SDT), Tel.:mar Co., Cinctnnati. 
Ohio. 

r ----
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upon this plot, a r~gressi()n analysis of th(: stc.nciy­

state region of :the penet.ration c .urve was carri<~d out 

since equation 6 is appli.cabloonly in the steady-s tate 

region cf penetration. The regression analy!">i..~> was car-

ried out using u regresf:;ion program (PCliE::t/HEt.G) and the 

regression li.ne \<Ia!'> extr CJ.polated to time axi.s to c !;:. tahJ i sh 

the lU:g times as ·shown by the dot teet 1 inc ~; in Figure 11. 

Fo.r the3e two c qmposit i ons, A and B, pc~1e,trat)on u c1•oss 

the skin woul-d ·be expee:te q t .o pe the rate--J i m.i. ting ~tep 

for the absorpt1.or.t of s teroid. The composi ti.on n sh(~tlld 

glycol at room temper ature after the e vP.porn.tion of iso­

propanol ha.sed on the solubility 0f tr :iamcino].ot~p ~~C (-? tonidc 

in propylene glycol. The penetration data obtu.inc~t frol'~'a 

the Q versus t pJots are shown in Table XIV. Th e plot 
~-· 

for composition B was c urvilinear a f ter the lag time 

period and seemed t .o fit in to t\~,;·o ste·ady:-statc :regi ons. 

The existence of t\vo steady-state 1•egions ~Uggestcd f;i~-

nifica nt t:ime-dc~pe.lldprit changes in the intc~play of fot·cr;s 

gover1t ing the pcnetratio11 of steroid across the ·sl:in · 

'l'here i~ a notable vari~d ion ill the cohce.ntra t ion of the 

stero~d in the donor ~hasc rlltri ng the extehd~~ period of 

stt~dy. For example, the <;atJcentration o-f the steroid in t ·he 

donor phase dropped from lQ l.lg to 7. 25 l!g. Ab.out 56A~b of 

the drop o.ccurxcd dnring first .67 hours of thi!J study' · 

Also. the simultJt:n~ous diffusion of some p1·opylenc g1.YCCJ1 
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Q .vorsust plots of tria,n:tci'nolone acetonidc pene­
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Table X-IV 

Triam.cinolone Acetonide (O.di% w/v) 
P~rie:trat'i<>n Data 

Steaqy:_~tatc Lag 

Ve.llicle · Penetration 

Rate a, Hours 
ng cm_:2 hr-l 

90 

Correl.at:i.on 

C(>E}ffictent, 

h 
:r 

----~~----------------------~~~~~~----~-----------

1.5% wfv Propylene 

Glyco.l, · in l$o­

propanold. 

4.52 

12.67 

1.84 0.99(3 

5.70 ().998 

aAll stea_dy-state vaiu~s were computed frot!l the rQ.r;rp:s~;ion 
l:i.n.e d~awn froni the data ob'tain~d by duplicate ru!ls at 
each level by using TEKTRO~IX O!odel 4005-l) graphics 
terminal. · ·- · .· 

bReported r values are for th.e steady-state regipn of the 
penefr~tion d~t~, 

cReferred to as compps;ition A in the text. 

d compositi()n i-n the Referred to as B text. 

- . ...: . ..., 
I 
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into the skin could h:.tve cau~ed cha.ngcs in tho therrfio-

dyl1amic activity of th·e drug in the donor' l)hasn or somo 

alteration in the bn.rri. er properties of the sl:in. Th e 

value reported in Table XIV as penetration rate for t.hJs 

composition corresponds to the ini tia1 stca.dy•-statc rog.ion 

(up to 67 hours of penetration experiment). 

The distribution of the steroid at the end of 7 day$ 

is sh.own in T~ .. bl"f~ XV for thes e two composition~~, ·Th<:! 

epidermal conten"t of the stHroidwas found to u0 m0rc 

(44. 3-55. 0%) than the amou11t rcmainil1{; on the .sur·facc o.f 

sk~n (T5. 9-20.0%) or t .he amourit rJ:r.esc-:nt in the dermis 

(2. 5-7. O%'). 'Tlii{.; would 3llgg.~.st for ccrnpos itlons· A and n 

that tlle penetration of triam.-~inolonc ace-cunide through tho 

ski.n wa,s the rate-limiting step. Alternat ively these valu~s 

could reflect .relati"\•e solubilities r1.the r than permeability 

differences. In view of the poor solubility of triamcinolone 

~~etohid~, the transfer of triameinolone acotopide from 

tbe epidermis to the lower -..vater--bearing tis;:;uf~S could be 

the :slow step, resulting in the buildup of the steroid 

concentration in the epidermis. 

Effect of Drug Ccncent'ia t i<'m oil 
the Pene tra.tion 

In the matrice!i te.sted, the majority qf drug was 

present as a suspension and the minimum concentrati on of 

the drug used was at lc;o.ast four times its solubility in 

tbe matrix. Q versus t plots (Figures 15 and 16) wert-J 

made for the matri~ compositons tested under the assumption 

. ' ~-
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Vehicle 

b lsoprop:tnol 

1.5% w/v Propy-

let'le Glycol 

in Isopro­

·lc panp 

Tal>le XV 

Distr:tl;lution qf .O.Ol%w/v Triamcinolone Acetonide 
7 Days After App).iq~tion 

.--~-.. - . --~-------------. 

Amount of A1n11ied Dose Recoveref.L.. 
---. ... ·1'\ t . . . . .... . 

·P •. mount 

Penetrated, 

Pe~cent 

Isopropanol 

Wash of 

Epidermis 

13.3 {15.1} 20.0 (18.1) 

~ ·s 7 (·•2· ·6 · ·3·)a ·1·\) .- (15· 9 ·)· ""' . • . - . : ... . - Q .• . :0 . -•-: -

=:§_!'CGQ 

Epidermis Dermis 

.55.0 (54.3) 4~7 (L9) 

45.;3 (50.3) 2.5 (5 .• 3) 

P-ercent 

Accountability 

93~0 (89.~) 

9~~0 (97.8) 

a'Ihe numbers within parentheses r~present the values obtained by duplicate run. 
b . . . · . . . .. . .. 
Ref~r·red to as compos .~ t1on A in the text. 

cBeferred to as composttion B in the text. 
~ :· ========~-============ 

-~ 
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A that the penet:tc'ition through skin was rate-limiting •. 

summary of the data obtained from tho steady-state pene-

tration studies are shown in Tables XVI and XVII. The 

effect of incxeasing the conce.ntration of t 'he suspended 

drug in :the same composition of tho matrix containing 

propylene glycol is shown in Table XVI. The Table XVII 

93 

show$ corresponding data for matrices containing hex<ldecyl 

alcohol. As car1 be s~en from tliese two tab:le$, the in.c:t·ease 

in concentration .of the suspended drug gave a correspondim~ 

increase in pen¢tration rate . High correlation coeffi­

·Cien.ts were obtained in th.e steady-state region of the 

pene.tration. There was no notable difference in .penctra-

tion rate between r;1a'trices having propyle ne glycol,- and 

hexadecyl -alcohol. The corresponding increase in pene-

tration rate with increases in c.oncentrat ion o.f t . .he sus-

pended dt-ugwas difficult to explain, if the penetration 

of the steroid through the skin wa$. ~ss'U.Qled to act as 

the rate""'limiting step as was observed for compositions A 

and B. In theory, penetratlon sho.uld be equal frotn Sl,l$­

pensions containing fine.ly powde rnd drug (18) when the 

skin barrier is intac:t and acts as a rate-limiting barrier. 

'The increas·e in p enetration wi:tb increase s in .con-

centrati on of the suspended drug suggested that the r e lease 

of drug fi•om :the matrix might have acted as the rate-

l.irni t .iilg step for the penetration through the skin and 

tl1e skin acted as a perfect sink once the equilibratton 

I r · ·~·:• 'l ' 
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Table XVI 

Q versus t Treatments of Tria,mcinolone Acetontde Penetration 
Data from Films Containing Propylene Glycol 

~anolin Alcohol~ 

Ethyl Cellulose; 

Propylene Glycol 

Ratio 

8 .. 0 : l~5 : 0.5 

a.o : 1 . 5 : o.s 
8 •. 0 : 1 . 5 : 0 . 5 

8.0 : 1.5 ; 0.5 

Drug Concentration, 

Percent a 

0.50 

0.99 

1.96 

2.91 

Steady-State 

Penetration 

Rateb l 

-2 -1 ng em hr 

l5.l3 
32.14 
6L55 

95.19 

aBaS¢d on weight of drug per weight of dry fi1r.1. 

Lag 

Time, 

Hours 

7.04 

13.43 

2.39 

5.45 

Correla~ion 

Coefficient, 

c r 

0.999 

0. 999 
0.999 

0.999 

bAli steady-state penetration rate values were computed from the regression line 
dra>vn from the data obtained by duplicate runs at each level by usir.g TEKTROXlX 
(Model 4005-1) gr~tphics terminal. 

c . . . 
Reported r values arc fnr the steady-st;lte region of the penctr;1tion dat~. 

-----· .- -· -- --- -~ ·- ...... ·--·----"'"·--- ------------ ·-~ ·- -~ -- __ _, - -- - - ----- ___ ..,__..,._ - . . . 
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Table XVII 

Q versus t Treatments of Tri1il;mcinol6rre Acetoliide. Penetration 
Data from Films Containing Hexaciecyl Alcohol. . . .. .. -- . . 

Lanolin Alcohol: 

Ethyl Cellulose~ : 

Hexadecyl Alcohol 

Rati-o 

s.o .: 1.5 : 0.5 
8. 0 :. L 5 : 0. 5 
8.0 : 1.5 : 0.5 

8.0 : 1.5 : 0.5 

Dtug Concent~ationt 
. . a 

Percent 

0.50 

0.99 

1.96 

2.91 

S.teady;..f>ta.te 

Pcnetra,.tion 

Rate0 • 
. -2 -1 ng em hr 

12.86 

30.60 
60.32 

106.11 

aBased ol). weigh~ of d:r;ug per weight o f dry film. 

Lag 

T'ime, 

Hours 

13.21 

20.50 

16.00 
llAU 

Correlation 

Coeffici.ent., 

rG 

0.999 

0.909 

0.999 

o .. 99'1 

bAll st~ady-sta.te pe.netration rate val'ues were computed from the regression line 
qrawn from . the data obtainod .by duplicate runs a;t eac·h level by usirib TEKTRO~IX 
(Model 4005;..1) graphics terrr.ina1. · 

cRE)pC>rtcd r values a re for t~o steady-state region of the penetration d.ata. 

~· 
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had been attained. To further V<:rf:ry thi~ possibility, Q 

. ~· 
versus t~ plots of penetration rlata- were made fbi" all matrix 

compositions tested as shown in Figtl:res 17 and 18. Q 

! . 
versus t · plots were made based on the conclusion that 

the release 6f triamcinolone a~ctonid~ from these matrices 

follows the diffusion-controlled matrix model '';hich fol-

lows. equation 1 d1.sousscd in the introductory chapter. 

Uigh .corrcla1:ion coefficients were o~,tained in the ·:.:;teady­

state regiori of penctt·ation as shown in Tabl~s XVIII and XIX. 

The lag times were .found. to be in the ranr~o of 18;...:27 ho.urs. 

/!s ln the case or the release studies •. the penetration 

tate for the matrices contaiping hoxadeb~l ~l~bh61 (Tabln 

XIX) \V~3 found to bo ccmparabl~ to mn.triccs cpntain$ng 

propylene glycol ('fable XVIII), even thoutih there i$ an c;igh t­

fold diffr,rence in the solubility of the drug in th'<' matrix. 

Tl:tis is consistent with the earlier conclusions from the 

release ~tudies tlmt the diffusiolt-contro11ed matrix 

mod~l was 'granular' and not 'homogenous .. • 

The penetration rates obt~ined (Tables XVIII a:nd XIX) 

were IC?war by an order of magni:tuc1o when comparo(J with the 

release rate values obta:i.ned frorn the same matricqs. 'rhis 

may be due to the fact that during the course of pene­

tration studies. tbe matrix was not at 37° tt.nd not im!'llcrsed 

into an aqueo:us system. 

The effect of change in drug concentration on steady-­

state pea1etration :rate was tested \•~ing the 'A' (amount o! 

r· 
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T~ble XVIII 

Q versus ti ';t'reatments of Triamcinolone .Aceton.:tde Pe+tetration 
Patr~ from films Containing Propylene Glycol 

Lanolin Alcohol: 

Ethyl Cellulose: 

Propylene Glycol 

natio 

8.0 : 1.5 : 0.5 

8.0 : 1..5 : 0.5 

8.0 : 1.5 : 0.5 
8.0 : l..5 : 0.5 

Drug Concentrationt 

Percent a 

o .• 50 

0.99 

1.96 

2.91 

St¢acty-Sta.te 

Pen~trati~n 

Rate0 • 

-2 -'* ng em hr N 

26Q.54 
571.53 

1099.39 

1689.13 

aaased on weight of drug per weight of dry film. 

Lag 

Time, 

Hours 

19.91 

23.18 

17.79 

l8.~3 

CorrelatH>n 

Coefficient. 
c r 

0.995 

0.991. 
0.997 

0.995 

bAll k values were computed from the regression line drawn from the data obtaine-d 
by duplicate runs at each level by using TEKTRONIX (Xod.sl 4005-1) graphics 
terminal. 

cRcported r values uro fqr the steady-state regton of the penetration data. 
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Ta,ole XIX 

Q ·V,tiSU§ ti Treatment~ of ':{'riamcin.olone Acetonide Penetration 
Data from Films Containing He~~d~cyl Alcoh<:>l 

Lanolin AlcohoL: 

Ethyl CellUlose~ Drug Concentration , 
. . . . a Hexa.decyl Alcqllol J?~rcent 

Ratio 

B. 0 : L 5 : 0.5 0.50 

8.0: 1 . . 5: 0.5 0.99 

8.0 : 1.5 : 0.5 1.9·6 

8 .. 0 : 1.5 : 0.5 2.91 

-
Stea<:l¥-State 

Penetration 

nate0 • 
. . -2 ... -~ ng em · hr 

228 .48 

541.53 
1079.11 

1909.G5 

aBa;sed oh w~ight of drug per ·,·.~eight of dry film. 

l.ag 

Time, 

Hours 

23.02 

2t:L 95. 

25.13 

23.0.9 

Correlation 

CO.effic~ent. 

c r 

0.993 

0 . 989 

6.993 
0.997 

bAll k values were computed from the regression line drawn frcm the data obtainecl 
by duplicate runs at each level cs using TEKTRONIX (model 4005-1 ). graphics 
tarrninai. · · ·· 

cReported r v.~1ues are for tL~' steady-state region of th.e penetr~tt:l;on data. 

· ·-~- -~- ·-- - --~· ... ---~ .. -_..... __ . .--... -·---:-·---·- ·-·,; _l··- .. - - -·---· -----·- _, _ __ ..., ____ ........ ~ .- - --=- - - -l ~·- . . ;.-... -....... - ... _, · ·· ·- - =-

--~· · 

..... 
0 
tv 

I 

.... 

I 
- · j 



103 

drug per unit volume of the: m~l.trix) valtH.·:.; rGportc·d in 

Tables VIII and IX~ Fo1· both the propylene g1yco1 nnd 

hexadecyl alcohol contain.ing matrices, there was bettGr 

correlation between steady-state pcnetr<ttion rate (k) and 

A rather than between k and A! as in tho case of rel<·asc 

studies. The linear relationship between k and 1\ is 

shown in FigurfJS 19 and 20 for matrices conta] n·i ng propy-

lene glycol and hexadecy1 a1 cohol. These fincH ngs are 

also consistent with the reHuJ.ts of the releafj(! ~>tudies 

reported earli<?r. 

Dj.str5.bution of triamcl.nolonc acetonidc at the end 

Of 7 days is shown in Tables XX and XX! !or all the con-

centrations s.tudied from the two ma.t.rj.ccs containing 

propylene glycol ~tnd hexadecy1 alcohol respect i vcly. i\s 

can he seen, ep1derl1lt~.l concentration~ of the drtt~ \\·er<; low 

(1.9-6.7%) and slightly more than the dermal concentra­

tion (0. 3.-.I. 7%). The amount remaining in the upplied 

dose '\",•as very high, contr~ry to the values obt::dned for 

the controls (the compositions !1 and B, Table XV). This 

distribution pattern of the steroid supported the view that 

the release from these film-matrices was the rate-limtting 

step .. 

Effect of Vehicle Composition 

Table :XXII des¢r.ibes the effect of drug solubilit-y 

on drug peltetration :from the matriGCS containihg lanolin 

alcohol. The variation in solubility was achiqved by 

... _·,. --
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Lanolin Alcobo.l: 

Ethyl C,all'!llose: 

Propylene Glycol 

:;1 
Ratio 

8.0 ! 1.5 : 0.5 

8.0 : 1.5 : o.:s 
a.o : 1.s : o.; 
8.0 : 1. 5 : Od 

Table XX 

Distribution .of Triamcinolone Acetonide 7 Days After 
Application .from Films Cor.ta:ining Propylene Gl.yeol 

Drug Amo.u.nt 

Concentra- Penetrated, 

tion, Percent 
. . , . .. b 

fe:r.cent 

0.50 9.0 (10.1) c 

0. 99 9.1 (10. 5) 

1. 96 10.5 ( 9.4) 

2.91 9~9 (10.3) 

Amount of AppVed~ Pose Recovered, 
Perc~nt 

I sopiop.11'io 1 

\;;ash of Epidermis De:rtni~ 

Epidermis 

68.6 (67. 6) 3.1 (3.6) 0.5 (L7) 

64.1 {65~2) 3.1 (4.1) 1.4 (2. 5) 

73.6 (71.3) 4~5 (3.2) 0.6 (0.5) 

67.1 (68.2) 6.7 (3.4) 0.6 ;(0.3) 

af.l l solutions ~·ere applied as 10% w/v solution of film for::1ers ln isc?ropyl &icohol. 

bBased on 'Welght of drug per ..,.,.~ight of dry film. 

cThe numbe.rs within p.;trc~thescs rcp.rese:1t the values obtained by duplicate !'en. 

Percent 

Accountability 

81.2 (S3.5) 

i7. 7 (82. 3) 

89,3 (52.4) 

84. 3 (82.2) 
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Lanolin Alcohol: 

Ethyl Cellulose: 

Table XXI 

Distri:bi!tion of TriamcinC"lone Acetonide 7 Days After 
Application from Filrw Containing Hexad~cyi Alc.ohol 

nr,tg Amount 

Concentra- Penetrated, 

Amo~mt of APt:-lied' u(>~e Recovered, 
Pet' cent 

Isopro·t'a11cl Percent 

Propylene Glycol 

Ratio a 

tion~ P.ercent 'W?s1• of Et-Jd~rt11 s Dermis Accou.ntability 

8.0 : 1.5 : 0.5 

8.0 : 1.5 : 0.5 

8.0 : l . S : 0 ~ 5 

8.0 : 1.5 : 0.5 

b Percent 

0.50 

0 •. 99 

1. 96 

2, 91 

( c 8.5 7.3) 

9,8 (8.3) 

6.2 (11.6} 

8.2 (12, 7} 

Epidermis 

58.6 (70.7) 1.9 (1.7) 1.9 co.o) 

67.7 (72.9) 3.1 (3.0) 1.·2 (0.8) 

72.1 (74.9) 6 .s (3. Q) 0 .• 7 (1. 6) 

73.7 (17 .3) 2. 8 (2. 5) 1.::. (l..Ci) 

2 All solutions ,,•e-c~ applied as 10% w/v solution of fiim fortuers in isopropyl alcohol. 

bBased on weight of drug per weight of d-ry film. 

cThe numbers within p~:entheses ~epl:esent. the Values obtafn€d by duplicate run. 

71.1 (30.3) 

81.8 (85.0) 

85 .• 5 (9i.i) 

85 .• 8 (93.5) 

~ 

0 
... , 

j 
r 



Table XXII 

In Vitro Pencotl~ation o:f Q.1{)~t w/w Tri:tm(!.ino lonc 
· from Ma.trice;, Con t.nining l)iffel•ent 
Percent:tg.ns of PrcpylcmJ Glycol and 
Lanolin Alcohol at dB and 120 Hours. 

After Arml ication 

======= =====·=-:::::i;.,.,..':..==· ---'-· .. ·..:...-.-

Lanolin Alcohol : Rchyl Ceilu1ose: 

Propylene Gl ycol Hatio 48 hotu~s 

s~s • · 1.5 ., . o.o 0.2 .·. . 
8.2 ·• 1.5 0.3 0.3 . 
8.0 1.5 0.5 0.4 

7.7 1.5 . o,s 0 t:: .. .• v 

7.5 ·• 1.5 . 1.0 0. 'l . .. 
7.0 1.5 1.5 1 . 0 

6.5 . 1 .. 5 2.0 5.2 . 

(3 .• 0 ; 1.5_ ·• ·. ~t .• s 5.0 . . 

lOS 

120 Hours 

1.0 

1.4 

1.6 

2.5 

'2.7 

4.3 

12.0 

10.8 

aAll values are expressed ~~ the mean of duplic.ate runs • 

r .... .;... .• 



chancing the pr-~rcent~wc of . . · . 
. t-~ . prop~rlene g1yc.o· 1 1. n· t .. l.l ."·' ..... matr:ix 

between 0 to 25~ w fw with a corresrJondinr.tt u decrease i,n the 

percentage of l::tnol in alcohol. h T e ethyl ·.celTtHor.;c con-

centration wa!-;; kept constant at 15'! w.jw. ,., The int~grity of 

tbe propylene ~lyco1-c<>ntai.ning films det ·· · · · ·. ·· . • · · erm1nc<l the upp<::r 

limit of 25~ wjw pl"'opylerie glycol~ The steroid c.(nlcen t.t·a­

tion of 0.10% wfw was chosen, in part, to perrP.it the study 

over a wide spcG trum qf solubility :::angl.ng from nenrly con'­

plete sus pension to dilute solution. 

The reducocl penetration of th:e steroid from film 

composi tiqns containing 0 to 10% w/w propylene glycol cou1 d 

be attributed to insufficient propylene glycol }Jeing prest::nt 

to dissolve all of the tr;iamcinolone acoto,nide. This would 

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

tion rate-l:i_ini t.ecl caus:i.r.g a reduction in relE!as'c rate which 

in. turn would be reflected as :reduction in the amount of 

drug penetrn.tion. The diffusion gradients formed within 

the permeating .fluid in tbe pores a nd channels of 
t!lc 

matrix or in the matrix itself could also be a cop.tribut:i ng 

factor. A siJ;liiar re lca.se and. pene tration pat tern has 

been repor-ted by Poulse n (15) for i'luocinolone acetonide 

and fluocino;Jide. 

As seen froi11 'l'able 

was obta.inc~d from ,a sys cen1 

XXI I, tbe maxitntim penetrriti'Oll 

containing 20% wfw of propylene 

. J.S% w/w of propylene 
glycol rather than tJ1e film conta.inJ.ng 

t d a near .... saturated 
glycol though the latter constitu e ' 



110 

solutiotL Iri this rcsp~ct the :results are at va.ri ::1.nce 

from the results of the release studies wlwre tho mn.xi!Irt~tn 

release was obtained f·rom the saturated solution. 'fhc 

amount of steroid IJ<:mctratcd decreased at 25% wjw propyl cne 

glycol concentration. 

This can be explained since n.t 20 and 25% w/w propy-

lene glycol concentrations the vehjcJe is proba.Ll y beh~tv-

ing more as a homogeneous system 1 n~c an oiutmertt with 

the drug in solution rather than as a granular r:JU,trix. 

Such a transition makt:;'S the situation more complex and 

definitive explanation more difficult. In such circum-

stances, the rate of release is in<:rt~asing and approaching 

th¢ rate of penetrat.i,o}1 an<I perhaps stirpnssin[; it as the-

propylene gll7 Col Gonc~ntration is gradually increased to 

20% wfw .und abot~e. The drop in amount penetrated at 251(, 

wfw propyl em:. glycol appears to be due to the drop in 

ther·modynrunic a-ctivity assoc.i.ated \d th t ·he di 1 ut ion of 

the drug. 

The distribution of tri!l.mcinoJone acetonide at the 

end of 7 <lays from the matricas is shown ]u Table XXII I. 

The epidermal concentration was much lower than the con-

-centra.tJon remaining in tlw vehicJ c-matrix. These obs{)r;.. 

vations are comparable tq dtt_ta reported earlier for varying 

amounts of suspended drug in the snme film vehicle 

{Tables XX and XXI). 

1 t··· -~ 
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Table XXIII 

Distribution of 0.10% w/w Triamc.incjlope Acetonid.e 7 Days After 
Applicatidn fr6~ Filfus Containing Dttfering Concentrations 

of Ptopylene Glycol and Lanolin Alcohol 

--
Lanolin Alcohol: Arilo.unt Amount of Anplied Dose Recover~d, 

f)t.~rcent - ---- ~ ..... 

Ethyl Cellu.lo$e: Penetrated, Isopropanol 

Propylene Glyco~ Percent Wash of Epiderm!$ D~rrnis 

Ratio a Epidermis 

8.5 : 1.5 : 0.0 1 . . 5 (1. 8)0 63~ 1 (76.2) 3.1 ( 2. 8) 1. 4 {0. 8) 

8. 2 ~ 1 . 5 : 0. 3 2. 2 (2. 6) 65.7 (75.6) 2.9 (4.2 1.3 (1.7) 

8.0 : 1.5 ; 0.5 2.6 (2.5) 85 .6 (84 .t) 5.6 (7.2) 1.2 (1.8) 

7. 7 : L 5 : 0.8 2. 8 (5.4) 82.9 (85.0) 7.0 (8.0) 1.2 (2.0} 

7.5 : 1.5 : 1.0 4.1 (4. 7) '79. 0 (80. 2) 7.0 (6.5) 2 .6 (2.9) 

7.0 : 1 .. 5 : 1.5 6.9 {6.1) (19. 9 (80. 8:) 7.5 (G.G) 2.8 (3.2) 

6.5 : 1 . 5 : 2.0 16.7 (12.8) 63.0 (53.9) 6.4 (7.5) 1. 5 (2. 3) 

6.0 ·~ 1.5 : 2.5 14.4 (11._2) 65.0 (6~1. 2} s 1 u· 3) . ,. .) . ·. 0.7 ( 0.8:) 

Percent 

Account a-

bility 

69 .. 1 ( 81. 6) 

72.1 (8.4.1) 

94.4 (05 .t)) 

9:3 • 9 (9S . 4 ) 

92.7 (94.3) 

85.1 (96,.7) 

8"" 6 ('"'0 -) I; i y, ':) 

85.2 (S2.7) 

aAll solutions were n.pplicd n.s 10% w/v solution of film fo:r~Q'!:"s in isopropyl alcotol. 
0The nurr.pers within pa rt:::nthcses represent the values obt ~ lned l.:ry duplicate run. 

=-----~:..-. -.. - - :::-:::::::-...:· - - ~-·=== 
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Chapter V 

CONCJ..mliNG HH~L\ HKS 

.4. preliminary scree~in~ of tn~ film-forminrr pot.(7-ntial 

of various high molecular weight alcoholr;; such ~s <;ctyl 

alcoltol, stcar¥1 alcob~l and lanolin alcohol revealed t"J1a t 

lanol.in alcohol f(>rmcd thin films without the additl:on of 

other adjuvants. GetyJ alcohol and ste<~l~yl ~tl.cohoJ dj d 

not form thln fj:lms that eould be i so.lated. The inte~i·i t\• . . , • .. ..._ . .. 

and tacky nature of lanolin alcohol .films could be rLlt~r<.~d 

by the addition of small quant .ities .of ethyl cetlulose a:nd 

propylene glycol or hexadecyl ~.1 cobol. 'l'he compos.i tion with 

15% '"/w ethyl cellulose and 7 ~5 to 10% w/w propylen e glycol 

prodtlced the bc.st films. Further i)l creanes in proportion 

of pro;Jylene glycol up to 25~; wfw Wif:h corr~spondi.n .g de·-

creases in lanolin alcohol CQ!1ccntr:ttion did not substan-

t:ially alter the modttl"tts of elastici ty of the fflms 

altl1ough a gradual ~cduct;i011 ir:. the o\7erall fil r.1 <l!~alit:y 

was apparent. This report~d film-forming capn.t>i11ty of 

lanolin alcohol is signif.icant and appears to pave l~emained 

unrecognized in spite of the ''lide spread usc o f the material 

ih a v~riety of cosmetics. Lanolin .alcohol is a mixture 

of many compounds. Additional worlt must be done to identify 

112 
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the principal fili•J-:ft.n·mini{ compo:ncnt.(s). Further exp loruti on 

of the ph~,rJria(!etrtic·al and cosmetic :tppl ication of this 

property is wt•,rr;ln:tcd. 

Th.? ev~du~;t:i:on qf th~ occlu~ivc capability of the st~lec­

ted fj;lms revealed th:.t t t!'::?se films could rcdu <,;,e 'the normal 

transepiderrtal n:oisture iost~ substantially. Tho occlusi.vc 

capability appeared to decrea.sc with incren.si ng conccutrutions 

. of solvent-plasticizer and <)ecl'e[-!.Sing conc<~htrat. iohs of lano-

lin alcohol, and appeared to lncrea~e wi.th inC1,'Casing con-

centrations of ethyl c-elluJcsc and dccrcasin~ conCE.'ntratjo!\c 

of l2nolin gl~Ohol in. the film. 

The in vitro r£~1e~SH of t.:riaL!cinolone acetonid~~ fretn _,....._ .. -. 

selected film corr.posoltions of J.n.noli)~ ale:ohol with propyle ne 

glycol or hexo:decyl alcohol n.s sol vcnt;.;.plasti(~izcr Sll!~gestPd 

that the drug rel,ease followed a C:i:ffusion-contTollcd granu­

lar matri~ model proposed by Jiigllchi ( 36) \\'hen th0 r.J:=tjo!·i tr 

of the drug w::rs present at> a a suspension in the c.oricentr:t-

tions studied. A li11.en.r rclaticnsh :ip was observed bot·wecm 

drug concentrat ion and release rato. The studies on the 

effect of solubil iz3 t ion of tl"~e drtt~ by incre3 sing the 

propylene glycol concentration in the. matrix rcveal9d that 

maximum release was obtained frotil a system havi ng the drug 

as a neai•-satura ted solution. The reduced l"el·ease from 

matrices conta,ini.ng excess solubilizer can ue attriouted 

to the reduced thermodynamic nf;tivity of the drug. The 

equatiotlS for release from vehicles where '(;he dru~ is in 

~ . \ ·•·-· ·--
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bfghly suspended state or when the ch·ug is iri solutl.on 

are well def.ined. llowevcr, tlwsc physical-Ghemica 1 model t:; 

~ppear to be inadequate in explainin~ observed relcu.H<.! pro­

files in the narrow region where the: drug concentr:t~ions 

are slightly above the satu-ration solubility i11 the vct\:iclf~. 

In this resp~ct • thi·s stuqy confirms the cxp<:l' i(:WCC o.f other 

investigators in this area, and it points tQ a very Irutt­

ftil area for further research. 

The in vitro p~notration drrta obt;:tined fro~ the sa.h<t> 

matrix-forming composition s as in the~ ca,se (jf the re:J ea.s~ 

studies seel}led to indicate that release !n.J;n the matrix 

rather. than penctrati<'n thr.o~gh t~1e skin act(~cr as tlw rate­

limiting step for the abso:t.~ption of tl'iamcinoJone ac(;:t.onide 

from these .fomu1atlons. T:tle. overall penc t:rnt:ion d<:H.a were 

consistent with the re.lease data with one exception. T.he 

maximum penetration \\·as obtained from a system contail!i..ng 

a slightly high~r concentration of proylene r;lycol than re­

quired to make a saturated solution. This mnr have r esulteu 

from a fundamenta l chan:ge in tlle na ture of the ma.tr 1~ systf·m 

~s~O(!ia ted witb the change r. in the pro:rnyl~nc glyeo1 con~ 

centration. 

The film delivery syst.cm invostigated in thi$ study 

is interesting since the r e lease from the matrix is the 

rate-controlling step .. This fa.atu:tc may not be desirable 

for drugs witb low· aqueous 80lubilities and/or poor pene­

tration properties across intact akin. On the other hand. 

the slow relc;•ase property ma,y be highly desirable for drugs 
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with narro\~· therttpcutic- indices intended to be usec:l in 

conditions such. as psqtia~i.~. Tlt¢ rate-controllin~ feature 

of the deli\•ery system could be- at -tl~ioutcd to the granuln.r 

nature of the ;Jn'U.trix. lfllt~ot i,s th~ c()h trtbtitlori of film thiclc,.... 

nes$ to the con-trolled nature of drug delivery? Will the 

reiease:-rate e_on tro1 be st il J. operative du:rin:g (~linica.l 

situations wher.e the fj lm thicknc.t:s mt~l~t be 5- to l,O:...ffild 

less thai\ those stud-ied j n _vitro? What is the role· of the .. . . . . __..._. -- _ .. 

demonstrated occlusive. ;pl·ope~ty <>·f the !ilb in facilitntfn.g 

drug p~nctra.tion? Addit ion:.d in vl.tro and in. v:i.vo studios ·--- .. ----
may help ~nsw~r some of ti1i>b.~ 

. . . . . .,_ ... . 
qttd$ ~1ons-. 

- .-· .- · .. · 
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