
ar caaict*”-"™ rrfW



248
5*1. In yivo Methods

In the final analysis, to gain a full insight 
into ths parcutanaoua absorption procasa of a drug in 
a living animal we must datarmina tha permeation in 
that species. However, particularly in nan, this 
approach is of tan fraught with experimental and 
athical difficulties. Many in vitro procaduras 
monitor staady stata flux across tha intact stratum 
eornaum, wharaas in vdoo mathods oftan esploy physio- 
logical and points. Thasa may ba sensitive to minuta 
amounts of tha panatrant antaring tha skin during tha 
transiant phasa of diffusion and particularly down 
tha shunt routes. A furthar complication is that many 
drug mblecules prohably panatrata tha living skin mainly 
through tha shunt routas, and, in vitro proeadura which 
naglaets this aspect is potentially misleading. Another 
severe difficulty with human subjects or living experi­
mental animals is that the techniques datarmina tha 
extant of absorption, indirectly. In a typical experi­
ment, tha investigator applies a radioactive drug in an 
ointment to tha animal's skin and assesses tha kinetics 
of skin permeation from tha rata of excretion in tha 
urine. However, tha drug may ba partially metabolised 
while crossing tha viable tissues of tha skin. Body 
organs may taka up a fraction of tha panatrant, and a 
correction for this has sometimes bean made by tha 
worker injecting intravenously a single dose and 
determining urinary excretion*. However, sufficient
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tin* mast be allowed for collection of ell the excreted 
drug; otherwise the organ storage value may include a 
siseable error* For some compounds* binding, slow 
metabolism and distribution of the medicament to a "deep 
compartment** may rate-limit the excretion*

When experimental animals are used as models for man* 
in addition to species differences we must allow for increased 
permeation because of shaving and we must prevent the animal 
from Ingesting or inhaling part of the done*

More specialised swthods such as human skin window 
and dental perfusion were described briefly by Kats and 
Poulsen2*

5*l*a. Animal models»

A persistent theme in work on percutaneous absorption 
is the development of suitable animal models which correlate 
adequately with man. However* most experimental animals 
differ significantly from man in the features which affect 
percutaneous absorption.

An additional limitation arises when the investigation 
aims primarily to assess the therapeutic activity of a drug 
formulation. Some workers developed few techniques which 
produce disease states in animals which are similar to 
human aff Udations. * * However, several diseases are common



250
§to dog and man Manna at developed an animal modal 

for chronic ulceration# and various workers hava producad 
several types of "clean* mounds using# e.g.« cantharidin 
or suction blisters# adhesive tape stripping# scalpel blade

(a.a)abrasion and sand paperingl

Nguyen f* developed a new model for a scaling
dermatosis induces hyperproliferation in hairless mice.

11Scott stated that even when simulated disease states
developed# their response to drug may mislead in an
extrapolation to man. The situation as summarised by

2Nats and Foulsen still holds today that animal models 
are invaluable for the more detailed study of the anatomy# 
physiology# and biochemistry of the skin# for screening 
topical agents# and for detecting possible toxic hasards.

5.1. b. Techniques»

5.1. b.l. Observation of a physiological or pharmacological response.

If the penetrant stimulates a biological reaction 
when it reaches the viable tissues# then this response 
may provide the basis of determining the penetration 
kinetics. At least in theory# local allergic# toxic# or 
physiological reactions may be used and various topical 
agents affect such skin functions as sweat gland secretion# 
pigmentation# sebaceous gland activity# vasodilation# 
vasoconstriction# vascular permeability# epidermal 
proliferation# and keratlnisation. The most productive
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technique in terms of biopharmaceutical application is 
the vasoconstrictor or blanching response to topical 
steroids. Other methods include determination of changes
in blood pressure* reduction in pain threshold* production

2of convulsions* and the red tear response .

5.1. b.2. Physical properties of the skin.

A wealth of information is available on methods for 
measuring diverse physical properties of Skin* ijn vivo 
and Jjt vitro, much of it presented in the bioengineering 
literature, some of the methods include the measurement 
of transepidermal water loss* thermal determinations 
(conductivity* differential scanning colorimetry* surface 
sorption)« mechanical analysis (linear and non-linear 
viscoelastic techniques)* use of ultrasound* classification 
of function and dimension* spectral analysis* and use of 
photoacoustic and electrical properties•

12Wtigpper have edited a symposium on photobiology
and photomedicine• Tregear1* wrote a classic review text* 
and Wilkes e£ alH summarise additional information.

5.1. b«3. Analysis of body tissues or fluids.

Urinary analysis is often used to study percutaneous
15 16absorption* and the work of Wurster and Kramer • Butler 

and particularly reldmann and Maibaeh*17*1** illustrated

its value. However* as eaphasised earlier* all the drugs



which penetrate the skin should he accounted for by a
"calibration" of the subject with a slow intravenous
injection and a simultaneous determination of blood levels*
The aim is to allow for all the pharmacokinetic factors
inherent in drug absorption, distribution# storage#
metabolism# and excretion* This combined procedure is a
good method for Jg vivo assessment of topical bioavailability 

21Neild and Scott analysed Psoralens in the circulating
22blood. Sved e£ detected nitroglycerin. Sene of the

relevant earlier attempts of plasma analysis include those
23 24 2Sof Qasmell and Morrison # Stolar §!♦ T Stelser at el

2dand nosier jl. worked on the pharmacokinetics of
2?topically applied lindane. Hoxhota and Fung measured 

nitroglycerin absorbed in the shaved rat.

A combination of blood# urine# and feces analysis
was used with rats# monkeys# and human volunteers to
examine the percutaneous absorption and excretion of
tritium-labelled Difloraaone dieeetato# e novel topical 

28 29steroid , Webster and Hoonan observed that in the 
monkey the feme bese of antiacne agent was twice as 
bioavailabla as the salt form.

Sometimes the drug hes e particular affinity for a
specific animal organ# which can be removed end the drug
content analysed. Iodine# iodides# and mercury have been

(30-32)investigated in this manner ' Biopsies of organs



253
and akin tissue may ba analyaad and avan individual sections 
measured*

$*l«b*4* Surface loaa.

Measurements of the ratea of loaa of a penetrant from
an appiiad vehicle ahould land to a determination of tha

33flux of tha notarial into tha Ain* Malkinson atatad 
that tha main uaa of a leas tachniqua haa baan to monitor 
tha dacraaaa in radioactivity at tha akin surface*

i.l.b»i. Histology*

Zt ia tempting for an axparinantar to try to loeata 
tha roittaa through which aatariala panatrata tha akin hy 
axamining microacopic aactiona. however# auch an approach 
can mialaad because tha draatic traatmant appiiad in 
preparing tha akin aactiona ancouragaa laaching and 
tranaloeation of diffusible matariala away from thair 
original sites*

Soma wrkar*^4"^ observed that cartain drugs 

changa tha apidarmal aulphydryl groups in an aasily 
datsctabla way* In aarliar days workers coloured a 
panatrant with a dye and than examined akin aactiona to 
loeata tha panatrant* however# phyaieochanioal theory 
aaphaaisaa that membrane transport occurs at tha molecular 
level wild) each species partitioning and diffusing 
separately*
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37Baker and Kligman used tetrachloro sallcylanillde 

to determine the permeability of the stratum corneum.

38Foreman jj£* observed by examination of UV fluorescence 
photomicrographs of hairless hamster shin treated with crude 
coal tar that the hair follicles in this species provide an 
important route for the penetration of tar components. In 
unfixed sections, the follicle, sebaceous gland, and fat 
cells underlying the dermis contained high concentrations 
of material.

5.2. Bloassays for Topical Steroids.

Topical corticosteroid bioassays are the most
sophisticated and refined of all bioassays which we use

39to develop and to assess dermatological formulations .
In particular, one may not only enploy the vasoconstrictor 
assay to evaluate the intrinsic activity of a topical 
steroid for correlation with possible clinical anti-inflammatory 
action; but one may use it also as a test in fundamental 
biopharmaceutical studies. Thus, the blanching test occupies 
a unique position among topical bioassays.

39Haleblian reviewed the bloassays for topical 
corticosteroids, anti-bacterials, antifungals, antiyeast 
preparations, antimitotics, antiperspirants, sun screen 
agents, antidandruff, anaesthetic - analgesic formulations, 
antipruritics, sntlwart, poison oak/ivy dermatitis and 
Psoriasis.
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Klingman and Mil'll0 preaantad an iaproved bioaasay 

for aasasalng comedogenic substances. Pochi41 considered 

the assessment of sebaceous gland activity as a useful
model for developing antiacne formulations, domes and

42Frust dealt with relevance of the hamster flank organ 
as a model of the human sebaceous gland and its response 
to antiandrogens. Gallin43 reviewed the chemically Induced 
depigmentation in animal models. Leyden j&?4 presented

updated and expanded igi vivo methods for determining the 
efficacy of topical antimicrobial agent.

5.2. a. Antlaranuloma.

Some workers evaluated the relative potencies of 
topical glucocorticoids by standard antigranuloma bioassay(45.46) 

This bioassay measures local activity rather than topical 
action.

5.2. b» Thymus involution.

Some investigators employed the thymolytic 
anti-inflammatory activity of corticosteroids to predict 
their possible value as topical steroids

5.2. C. Inflammation.

Since the clinical value of topical corticosteroids 
lies in their anti-inflammatory properties, several Important 
bloassays developed and then treated inflammatory responses 
in experimental animals and man.
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5.2.c*(l). Croton Oil.

Topical rat aar assay was ussd by Witkowshi and
(47 48) 46Kligman ' * and modified by Dorfman to study the

relative potencies of anti-inflammatory compounds* The
anti-inflammatory effect of thetest compounds may be
determined from the relative suppresion of the croton oil
induced inflammation. They stated that croton oil irritation
in human skin mimics clinical Inflammatory conditions* This
technique was adopted to human skin.

This bioassay has several advantages as a preliminary
screening process* It is simple* non occlusive# and provides
dose response data* The procedure yields clues regarding the
potential dissociation of topical and systemic drug action#

49and it is one of the few topical animal screening models .

A rank order of corticosteroids evaluated by the 
suppresion of croton oil induced pustules or kerosene 
provoked blisters correlated mwionably well with clinical 
judgements of cooperative efficacy# although the grading 
was not always the same in both the inflammatory tests5®

Lorensetti51 presented data derived from his own 

experiments or abstracted from the literature on the 
relative potencies of topically applied steroids in the 
rat croton oil erythema assay as well as in the human 
vasocostrictor assay*
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5.2. c.(2)• Mustard Oil and Mltrie acid.

Various concentrations of mustard oil in liquid 
petrolatum (mainly 80%) and nitric acid in water (usually 
15%) were kept in contact with normal skin of volunteers* 
Corticosteroid ointments were rubbed into the above skin 
sites at time intervals ranging from 24 hr before to 24 hr 
after the application of the two primary irritants. The 
time of appearance of the inflammatory reaction* its rate 
of progress* and the final degree of response were noted*
The inflammatory reaction was graded as erythema* erythemaplus 
obvious edema* additional formation of papules or vesicles* 
or necrosis ? The major factors which influenced the 
results were the relationship between the time of steroid 
application and the induction of inflammation* the duration 
of steroid contact with the skin site* the concentration 
of the corticosteroid the intensity of the inflammatory 
stimulus* and the thickness of the epidermis.

5.2. c.(3)• Tetrahvdrofurfurvl alcohol.

Tetrahydrof urf ury1 alcohol moderately irriates human 
skin* It also has the practical advantage that it is an 
excellent solvent for a wide range of cospounds* including 
steroids. Solutions of the test cospounds are applied to 
the skin under occlusion* and the erythema produced is 
scored on a 0 to 6 scale. When the erythema reduces in 
the presence of a steroid* the compound is rated as an
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anti-inflammatory agent. The investigators who used 
this bio-assay concluded that fluorometholone was 40 
times more active topically than hydrocortisone, even 
though the systemic activities were equal. Flurandrenolide 
was more effective than hydrocortisone acetate^0*5

5.2. c.(4). Kerosene.

steroid preparations were applied under occlusion for 
6 hr. and the resulting blanching was scored 1 hr later.
The sites were then challenged with irritant patches of 
kerosene applied for 20 hr. and the responses were graded 
cm a 5 point scale which ranged from 0 for cosplete absence 
of pustules or vesicles to 4 for bullae. The rank order 
of steroid anti-inflammatory efficacy correlated reasonably
well with clinicians* judgements of comparative effectiveness.

54Zeynoun and Kurban used the same technique to evaluate 
steroid creams and to correlate the results with double 
blind clinical studies.

5.2. c.(5)• LlDODOlvsaccharlde.
55Heite at evaluated five steroid ointments and

two controls for their abilities to suppress the erythema 
produced by a subcutaneous injection of bacterial 
llpopolysaccharide into human skin. Hydrocortisone was 
ineffective in this bioassay.

5.2. C.(6)• Histamine.

53Reddy and singh assessed the abilities of previously
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applied alcoholic solutions of steroids to reduce the 
sise of histamine wheals induced in human skin by the 
pin-prick method.

5.2.C.(7)• Experimentally produced ecsematous reactionsi allergens.

Several early attempts to produce useful models of 
allergic contact eczema so as to simulate clinical syndromes 
were only partially successful.

56 57Haxthausen used electrophoretic studies. Scott
induced eczematous lesions in guinea pigs by sensitising 
them with dinitrochlorobenzene and then evaluated the 
efficacy of six commercial steroid ointments.

S8Evans jsensitised mice by painting the abdomen 
with axazolone in olive oil. Seven days latter the animals 
were challenged on one ear with oxazolone in acetone.
Graded doses of steroids dissolved in the oxazolone solution 
were applied to the opposite ear. Activity of the 
corticosteroids was expressed as percentage of Inhibition 
of ear weight gain in treated versus control ears, or as 
relative ear weight among the ears treated with various 
steroids.

KgYoung at jJ.. concluded that betamethasone valerate 
acted as an anticorticosteroid in this assay in the rat. 
as well as in the antilyophocyte bioassay.

60Kepel jt al. used a method in which the sensitised
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animals ara challenged at the ear by rubbing In undiluted 
antigen. After 24 hr, the developed lesion Is treated with 
a steroid gel. The end point is the reduction in weight 
of a biopsy from the treated ear with reference to the 
contralateral control ear.

5.2. c.(8) . Tape.l£fc4ae,i,Sfl»
61wells suggested that this technique could be used 

to study the anti-inflammatory activity of topical steroids* 
He found that hydrocortisone inhibited the vasodilatation 
normally produced by 30 strippings of the stratum coraeum. 
The Wells technique was further investigated as a bioassay 
by Heseltine e£ jJ.. for hydrocortisone and triamcinolone 
acetonide* Although tape stripping essentially removes the 
barrier to steroid penetration through the skin* with all 
that this implies with respect to biopharmaceutlcal studies* 
the method has been esployed more recently during the 
development of corticosteroid formulations^f^***)

5.2. c.(9)• Erythema.

Ultraviolet (uv) light injures the skin in a cosplex
fashion which involves epidermal cell death* increased
mitotic index, hyperplasia, cellular exudation* and 

65vasodilation • Since most steroid responsive diseases 
are inflammatory* a UV erythema suppression bioassay is 
at least potentially useful for evaluating the relative 
activities of corticosteroids and their formulations.



261
Erythema produced in dog and rat skin woo inhibited 

by topical steroids/ experiments with guinea piga yielded 
contradictory resultant6**8*

69Jarvinen discovered that massive oral doaaa of
cortiaone reduced somewhat the intenaity of erythema
prodded in human akin by UV* and thia work led to
investigations which employed topical ateroida in human
volunteera• sverall and fisher ® were the firat to evaluate
a topical corticoateroid preventing the effect of UV raya
on human akin, when corticoateroida were applied before
exposure to yy^#72) or grans jraye*73'r75. the erythema

77decreaaed. Burdick and Haleblian jjj uaed
a combination of the vaaoconetrictor teat and UV erythema 
auppreaaion aa human bioaaaaya for corticoateroida.

Woodford78 found that the fSD (Minimum erythema done) 

varied with the volunteer, the day of testing* and the aite 
of application. Becauae of theaa factora. together with the 
lack of preeiaion of the teat* reluctance of volunteera to 
participate in repeated UV triala* and poaaible adverae

(79*841effects of euch repeated akin expoaure to UV irradiation » *1 
the test should be abandoned for aaseaaing topical eteroid 
activity and bioavailability on human akin in favour of the 
vaaocontrictor assay.

5«2.d. fffMgaliS.a a
the activity of corticoateroida may be aaaeaaed by
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ftheir effects on the growth of skin, its coaponents# on
its appendages.

5.2.d.(1)• Fibroblast inhibition.

Corticosteroids set on many different types of cells.
Zn particular# the fibroblasts of connective tissue respond 
to an inflammatory stimulus via a series of reactions which 
glucocorticoids inhibit®^.

Within the inflammatory process fibroblasts manufacture
connective tissue conponenta, and they are the cells of
origin or transfonaation for many other cell types. On
exposure to steroids, fibroblasts react morphologically
e.g.# the cytoplasm and nucleus disintegrate and cell
replication is inhibited. We can directly correlate both
these reactions with the antl»inflammatory activity of 

86corticosteroids • Thus# the potencies of topical steroids
have been measured using a sensitive assay based on the
in vitro inhibition of fibroblast growth when incubated
with propylene glycol solutions of the steroids. A plot
of fibroblast growth versus log dose of steroid provides
a measure of the relative potencies of steroids such as

(86«W)hydrocortisone and fluocinolone acetonide .

The effects of glucocortlcosteroids on primary human
goskin fibroblasts have been studied by Ponec et al. . 

Haleblian40 tabulated the relative potencies of
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steroids such as corticosterone, hydrocortisone, 
prednisolone, dexamethasone, Paramethasone, triamincinolone 
acetonide, and fluocinolone acetonide as determined by the 
antigranuloma, bloasaay, thymus involution, and fibroblast 
inhibition.

5.2. d.(2). ttedugSlon.gf„ .flit*

Corticosteroids reduce the mitotic sate in normal 
human skin*91#9a> and in Psoriatic akin*93#94l Marks

05et al. developed this tape stripping technique to 
stimulate mitosis in the dorsal skin of the hairless mouse.

5.2. d.(3)• skin thinning.
96Spearman and Jarrett considered that, because

thinning of the epidermis follows an inhibition of epidermal
mitosis, measurement of the epidermal mitosis, measurement
of the epidermal thickness of the mouse tail in the presence
and absence of steroids should prove to be a useful bioassay.

97Winter and Wilson considered that the back skin of the
domestic pig was more like human skin than was mouse skin,
and they used the epidermal thinning technique in both 

(97 08)pig and man * • The effect was related to the molecular
structure of the corticosteroid, its concentration, and the 

99 100base used • Delforoo et showed that corticosteroids
reduced viable epidermal cell else, not the number of cell 
layers.
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1A1Bytes and Marks"* discuss#* mthods for the

MU«r«MBt of akin atrophoganlcity of topical starolds, 
lfiSKirby aad m»ar©*w* uni « dereastor to asaswire ths total 

akin thickness la tho Mouse oar and tho human foraarm aad 
found that tho ©£ steroid induced thlanlao
dapanded oa tho fenmlatloa appliad. JabloasHa j| j|.*03 
using a histological tachalqus# evaluated akin atros>hy la 
nan indues* by topical corticosteroids* other workers haw* 
employed xaroradlegraphle* ultrasonic, and stasoonlcro- 
scopic Matheds.*1®*"*®*^

5.2. d.(4) liffij%ff|oa of hair growth.
Corticosteroid* iahlbit hair growth la rat dm they 

are ^pUoi directly to tho skin. the bieaasay of
i1** Baker awd this phenamnnen by recording 

the extant aad th# pattora of regrowth of hair la tho 
dipped* dorsal region of tho aad after troatiaoat with 
steroids.*l07#10®* This bioaaaay was asod to study tho 
offset of sMlscular ehaagas la s sarlas of seven hydroeorti- 
seaa analogs.

9.3. d.(S) Leukocyte challenge.
Cortleostorolda lahihlt tha rolaasa of lysesOMal

100easynes froo human and rodent neutrophils. Wateoa j£ al. 
therefore tested serei oortloosterolds for their effect oa 
tho release of B-glucuronldas# whoa husisa white colls wore 
challenged with synosan. Tha rasultaat ranking of the
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steroids correlated quite well with published vasoconstrictor
assays.

5.2. e. Psoriasis bloasaav.

Most bioassays fail to deal with spontaneously occuring 
skin diseases40* Ate psoriasis bioassay was developed for 

treatment of the disease lesion* and as such it is the 
nearest approximation to a clinical trial. Chronic 
stabilised psoriatic patients are selected as test subjects* 
and steroid preparations are applied under occlusion to the 
psoriasis piaqua. The area is read as either unchanged or 
converted to normal skin, and the results may be presented 
as log dose versus percent cleared (probit) graphs.

5.2. f. The Vasoconstrictor test.

It has been known for more than 30 years that certain
110steroids make human tissues pale. Ashton and Cook 

reported vasoconstriction in superficial corneal vascularisation 
treated with subconjunctival steroids. The blanching produced 
by topical application of anti*inflammatory steroids has been 
used as a valuable bioassay. Mckensie and Stoughton111, 

observed that treating psoriasis with steroids under plastic 
wrap blanched the lesion and also normal skin, considered 
that this effect might be used to assess the percutaneous 
penetration of corticosteroids*

112Mckensie emphasised that the test was most valuable
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for demonstrating those compounds that blanched at high 
dilutions* which correlated with the most effective clinical 
anti-inf1ammatory activity*

Further work with alcoholic solutions of steroids 
developed the test and gave additional insight into the 
variables which affected the precision and accuracy of the
bioassay*

In the meantime* corticosteroids were being tested in
(113*116)solvents other than staple ethanol .

This bioassay may be employed both to screen new 
steroids for clinical efficacy and to determine the 
bioavailability of steroids from topical vehicles* The 
term "bioavailability* is taken here to mean the relative 
absorption efficiency for a medicament as determined by the 
release of the steroid from the formulation and its penetration 
through the stratum corneum and viable epidermis into the

11*1dermis to produce the characteristic vasoconstrictor effect •

Thus we may measure the intensity and duration of the
steroid induced pallor to assess both the activity of a
corticosteroid and its bioavailability from different vehicles*

118as determined by a pharmacological response .

5.2.f*(1)• Development of a standard vasoconstrictor test*

Zn the years since the vasoconstrictor test was
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introduced many of its practitioners have proposed their 
own modifications of the test design* The most important 
variables have included such features as the method of 
application* occluded or nonoccludedy the duration of 
steroid application from 2 hr to 20 hri and the method 
assessing the response graded or present/«*>ssnt* single 
or multiple readings with time*

5*2«f•(2)• Design consideration for the vasoconstrictor test.

To design a standard procedure using idle arms of 
volunteers* many features must be considered* For example* 
blanching may be inconsistent for people with very short 
or very narrow forearms* For application sites nearer to 
the pulse or elbow than 4 cm* and for typists* i*e.* persons 
exercising the forearm muscles during the period of steroid 
application**f

Because of the differences between sites on the same 
119forearm preparations should be applied according to 

randomisation charts* Lower blanching scores and more 
inter-and intra-subject variation arise with nonocclusion*
A short steroid application time of 6 hr provides better 
differentiation between products than does 12 hr of occlusion* 
Variations in the applied amount of a cream or ointment 
between 3 and 8 mg applied over SO mm of skin do not 
significantly affect the degree of patllor produced over 96 hr*
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Blanching readings should ha taken under standard 

lighting conditions with the arsis held horizontally or 
slightly upward# The blood vessels in some volunteers 
enlarge when their arsis hang downward* and this swelling 
nay obscure the pallors* The pallor may be assessed against 
untreated skin on a 0 to 4 scale with half point ratings 
as follows! 0# noraal skim 1* slight pallor of indistinct 
outline# 2* more intense pallor with at least two corner* 
of the application squase outlined# 3* even pallor with a 
clear outline of the application area# 4* very intense 
pallor. Only the most patent formulations applied to very 
sensitive volunteers produce a score of 4 at the peak time 
of 9 to 12 hr* Pallor should be assessed by observing the 
response for a minute before allocating scores* when the 
eye can seek out the less intense sites*

Over the years there have been several attespts to
replace a visual method of assessment by an instrumental

120approach* Qreeson jrt al. modified the xenon 133 gas
clearance technique of Sejrsen to measure cutaneous blood
flow alterations caused by f1urendrenolide* and they
correlated decreased blood flow and vasoconstriction*

121Tronnier reported the "thermal conductivity* of areas
122blenched by steroid* stuttgen reported that blenching

was accompanied by e decrease in 111 radiation* although 
123Klraly end Soos could not detect such differences with

124IR camera. Gibson discussed the disadvantages of visual
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standards and the limitations of normal photographic 
techniques*

Reflectometry and colorimetry have toaan usad in
anthropological studies of different races, and these
Methods have received some attention in steroid assessment
studies. Simple ref lectometfry is suitable for measuring
changes in pigmentation and has been used to quantify

124erythesis, but the technique lacks sensitivity .
113Hsseltine found that the procedure was no isprovement

over the visual assessment for pallor*

12$Said mad Brookes assessed blanching with a
reflectance spectreawter but found that differentiation
between viOkold products was difficult. Tring used
a similar technique to assess the effects of various
treatments, including steroid application, on skin color
in Psoriasis. It is possibla that reflactance measurements
are more satisfactory for determining skin color than for
assassing blanching. Considerable success has been achieved
by workers determining the logarithm of tha invaraa of the

127reflectance of the skin .

Per optimal value in biopharmaceutlcal studies, any 
instrumental method for assessing tha blanching response 
must mset certain criteria. The instrument must not 
contribute to tha response which it measures, nor should 
it change tha physiological or physico-chemical condition
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of the skin. Thus, methods which apply avail a alight 
weight to tha akin can cauaa a spurious pallor* and occlualva 
roathoda may hydrata tha akin and altar tha percutaneous 
abaorption of tha steroid* Tha datarmination must ba rapid 
cospared with tha tima acala of tha abaorption process*
Tha maaauramant ahould ba sensitive* reproducible* and 
accurate* and tha tachniqua rauat ba accaptabla to tha 
volunteers*

The method haa to allow for phyaiologioal variables* 
auoh as tha normal variation of akin temperature daring 
tha day^128~130l Moat inportantly* any instrumantal 

technique must not be affected by or must condensate for 
skin imperfections which may altar* for exaiiple* a reflectance 
BMaauramant. At tha present tima* tha only really aatiaf actory 
tachniqua eaploys tha trained human aye* which ia adept at 
aaaaaaing aubtle color diffarancaa and at making automatic 
allowances for akin imperfection** In particular* tha aye 
brain combination can readily coepare a ataroid application 
aita with the adjacent untreated akin* It ia thia compariaon* 
rather than aome arbitrary fixed atandard of pallor* which 
ia tha corneratone of a successful vasoconstrictor assay*
Thus* Barry and Woodford * found that a visual assessment 
method was more sensitive and precise than an objective* 
instrumental method such as reflectance spectroscopy*

The blanching response fades quickly and erratically
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if volunteers bacons hot or their arms become weti panel
members may need to change their life style somewhat during 

118a test period •

To use the vasoconstriction assay as a biopharmaccutical 
technique* it is not essential to know precisely how steroids 
produce pallor. This is fortunate, as the exact mechanism 
by which topical corticasteroids blanch skin remains in 
doubt. Host workers agree that the pallor arises from a 
vasoconstrictor action and the terms "vasoconstriction", 
"blanching", and "pallor" are widely used as synonyms.

5.2.f.(3). The Barry - Woodford vasoconstrictor test! Occluded.

Semisolid formulations are stored at room temperature, 
and the first gram of product from a tube is rejected. 
Caucasian volunteers are screened for a consistent response 
to a standard preparation, containing 0.1% betamethasone 
17-valerate. They are ranked as good, medium, or poor 
responders. Ten volunteers are selected to provide a 
team with a balance of such responders, in subsequent 
trials, any particular volunteer not available may be 
replaced by one with a similar sensitivity ranking. This 
procedure leads to greater consistency of results from 
trial to trial. No volunteer should have received topical 
application of a steroid for at least 2 months prior to 
an investigation.
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af aha waaar*laparrlava *11*.



273
5.2. «.<5). Pr«cl»lop «n* reproducibility of th« Berry-woodfordi

Vasoconstrictor ft.

For a taat which depends on a pharmacological raaponaa 
in humans assassad subjectively# it is important to 
investigate how rasults may altar as tha panal composition 
changas and how raproducibla tha tast is from yaar to year. 
Sixtaan voluntears wars employed# six baing used throughout 
as members of every panal and tha remainder baing called 
upon as necessary to produce full panels of 10 volunteers*

Tha occluded blanching tast was used* and tha results 
for all volunteers ware expressed in a standard manner as 
the percentage of the total possible score at each time 
period of assessment* A blanching profile could than be 
drawn from a plot of percentage total possible score as 
a function of time*

5.2. f.(6)• Dose - response relationships in the vasconstrictor test*

To give confidence in the use of the vasconstrictor 
test for biopharmaceutical assessments* it is important 
to establish dose - response relationships* Experiments 
were therefore performed to see if model preparations 
which contained different concentrations of steroid in 
the same base produced graded blanching responses. An 
essential criterion in this program is that the steroid 
in each formulation should be entirely in solution* There
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then be no problem with suspended drug dissolving 

on dilution with placebo vehicle and thus maintaining tho 
thermodynamic activity of tha panatrant. Tha activities 
and bioaveilaibilities of many proprietary cortlcoataroid 
formulations have boon aaaoaaad by tho single application 
vasecentrlcter toat of Barry and Woodford*!31*133* Thia 

work ranked tho preparations la a classification which 
often demonstrated cooperability between the blanching 
results and tho conclusions of clinical trials*!34”13**

Tha axhaustie account of tha literature survey stakes it 
very clear that in the investigation such as tha present 
one# it is highly desirable to evaluate the products for 
their biesvailability. Besides bolng a numerous parameter# 
bioavailability studios on topical formulations would prove 
the real therapeutic justification and usefulness.

Croast bases selected on tho bases of their jjj vitro 
evaluation were subjected to bieavallnblllty study employing 
vasoconstrictor assay*

***• ff.

Vasoconstrictor assays on soloctod corticosteroids 
crease after Jj| vitro evaluation.

S.S.a. Experimental.

Corticosteroid femulations i

About twenty selected hydrophilic topical steroid
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eras* f emulation, were stored at roe* taaperatura for 
not loan than too weeks and the first gran of product 
obtained froa each tube wee rejected.

Ton fair akiaed volunteers worn eelected without 
reference to the eon or steroid sensitivity. Sons had 
received topical application of corticosteroids for at 
least 1 aedths prior to the investigations and an interval 
of one nooth was allowed between trials*

The blanching test aapleyed was a Modification of that 
described by Sorry and Woodford*^ (a) Double-blind technique 

was used for blenching tost* iOjfcl ag of creaa femulations, 
were applied to the washed floor surface of ferearas, 
previously inflaaMod by four stripping of Johnseaplast 
adhesive tape. The application aitoa consiatod of S an 
areas punched out froa Johasonplast adhesive tape (Johnson 
It Johnson, loobay, India) to which the foraulatlons wore 
applied by reference to previously prepared randoaisation 
sheets# a total of tan sites wore used for each preparation* 
The aitoa ware occluded with edheaiva tape* Thus, each 
square was converted into an Isolated area of steroid 
application under occlusion. The eras wore then bandaged 
with tube-gause to ensure a reasonably constant taaperatura 
environeent•wane' ^um^s ^^so^^^^^^wooe# t#
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After 6 hr the bandage# adhesive tapes vert removed

and tha araaa vara washed with soap and watar at akin
teaperature# wara dried# and tha dagraa of pallor waa
aatimated 10 min later toy two observers unawara of tha
poaition of application of various ataroida using a 0 to
4 acala with half-point rating toaaad on that of Poplar#

140Woodford and Morrison aa given toalow.

0 - normal akin
1 - Slight pallor of indiatinct outlina
2 - Pallor with at laaat half circla outline*
3 - Swan pallor with a clear outlina of tha circle*
4 - Vary intanaa pallor.

Readings wara taken after a further 3#6 and 18 hr provide 
data points for akin blanching at 8#9#12 and 24 hr after 
application and recorded in Table 7-1* All oatimationa 
of pallor were performed in a double-blind manner without 
reference to the application charts* Throughout the 
duration of the testa the volunteers avoided elevated 
tesperaturea. (environmental or those produced toy exercise) 
and did not allow their arms to come into contact with water*

The whole experiment waa conducted in consultation 
and with a dermatologist and a physician* The photographs 
of the whole experiment shown in figure 7-1 to 7-7*
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TA»SS 7* *1 i Bloarallability Study on ftoloctod Trlanelnolona
/xftpnMi Pr gnash,ns*g.liii*.

Cnn . - • - . !l*n^4n§ £*^a« . .
MOO* 6 hr* 9 hr* 12 hr* 24 hr.A B A B A 9 A B

1* 29*0 36.5 26*0 32*5 24*0 30*8 8.0 10*0
5. 14.0 20*0 24*0 30*0 23*0 29*0 9*0 11*5

13* 14.0 17.5 22*0 27*5 12*0 15.0 BU Nil
25. 16*9 20*0 25.0 31*5 18*0 22*5 8.0 10*0
27* 18.0 22*5 22*0 27*5 20*0 25.0 10*0 12*5

A * Seoro*
• • Parcantaga »«aciwn poaaibla mom*
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FIG. 8-1
PERCENTAGE OF TOTAL POSSIBLE SCORE AS A FUNCTION 

OF TIME FOR TRIAMCINOLONE ACETONIDE CREAMS
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TABLE 7-2 i Bioavailability Study on Salactad Bataaathaaona IT^fiiartta 1x4— w Blanching Taat.

Dagraa^of Blan§h|ng at_aach ragding
Boa*

A
6 hr.

B
f hr*

A B
12

A

• 01 
2 24

A
hr*

B

1* 36.0 45.0 49.0 41*5 42*0 45*0 24*0 30*0

5. 34*0 42 •$ 44*0 57.5 44*0 55*0 19*0 24*0

7. 25.0 31.5 33.0 41*5 35*0 44*0 21*0 24*5

13. 22*0 27 .S 30*0 37.5 21.0 24*5 7*0 9.0

27. 32.0 40.0 43*0 54.0 44*0 55*0 24.0 32*5

A m Scora.

S' - Parcantaga Maxim* posalbla acorn.



FIG, ft-2
PERCENTAGE OF TOTAL POSSIBLE SCORE AS A FUNCTION

OF TIME FOR BETAMETHASONE 17-VALERATE CREAMS
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TAILS 7,3 t l«ctcd Haitinonide

Degree of Blanching at aach reading
Cream
NOS. 6

A
hr*

B
9 hr*

A B
12

A
hr*

B
24
A

hr.
B

1. 49*0 61.5 56*0 70.0 52,0 65 42*0 52.5

5. 46*0 57*5 52,0 65 *0 43*0 54*0 38*0 47.5

13* 24*0 30*0 32*0 40,0 21*0 26*5 2*0 2*5

25* 32*0 40*0 40*0 50*0 40.0 50*0 37*0 44.5

27. 38*0 47.5 46*0 57*5 44.0 55*0 29.0 36*5

A « Score.

B • Percentage maximm possible score.



Pe
rc

en
ta

ge
 to

ta
l pos

si
bl

e s
co

re

Time after application ( h )



280

TABLK 7-4 « Bloayallabllltv Study on Salactad Fluclnoloaa 
AgatoolOa..Crania.AJIimMh..fliit..........................

Dagraa of Blanching at aach raaOlng
Craan

Boa*
A

8 hr.
B 9 hr. 

A B 12
A

hr.
B

24
A

hr.
B

1. 34.0 42.5 48.0 80.0 28.0 35.0 20.0 25.0

5, 30.0 37.5 34,0 42.5 42.0 52.5 15.0 19.0

7. 24.9 30.0 32.0 40.8 34.0 42.5 18.0 22.5

13, 20.0 25.6 28.0 35 .0 32.0 40.0 10.0 12.5

25. 28.8 35.0 42.8 52.5 40.0 50.0 8*0 10.0

27. 32.9 40*0 48.0 50.0 40.0 50.0 22,0 27.5

A - Scorn.
B - Parcantaga maximaa poaalhla scorn.
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FIG, fl-4
PERCENTAGE OF TOTAL POSSIBLE SCORE AS A FUNCTION 

OF TIME FOR FLUOCINOLONE ACETONIDE CREAMS
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TAMM 7-* I IwcoxImM Aron 
vmrmim '"J"—" ^.*Mgj,„.M..,jf..to«..fi»iif,,tlIi40il»«!5cSti

COrt2C4Mltnro2<lS
Croon

HOO« TA »v HAL FA

2. 70.80 m? 13*.42 on2 202.34 cni2 222.00 en2

1. M.ll on2 mat on2 202.00 on2 99.12 «n2

7. —
202.07 on2

— -

13. 238.90 on l»*lt on2 00.48 on2 02.70 en2

25. 17.11 on2 230.32 on2 222.03 on2

27* 50.21 ee2 140.00 on2 240.93 on2 220.03 «n2

TA • TriawiMloM aMtoni4«« 

nr • itiiMihiaoM nfftl«nt«(

HAL » H*lein«Ol4«.

FA » UiKwiooloM acfnldt.

— » iadiutM not Ukm for atuiy.
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f *4* Primary—la Irritattoolt<Uf

the numcmUotl «r Co—otic involvtA
with tin probleme of topical formelationa# it often
concerned with the potential of hie product for alia
irritation oaf eeneitlvity and confused by the —bar
of possible local tonicity testa. The ultimate goal
of toxicity atudias ia to —sere safety or harul—an—a

idi—dor the proposed —o conditions •
no ideal aiaglo toot procedure —iota which will 

adequately aaaauro irritation and so—itivlty potential* 
Thorn la rather a apoetr— of toata to bo aoloctod by 
the trained toxicologist who can secure data and tra—- 
late it into probable off—to in nan* and balance thoae 
ef tecta againat the intended —e and p—aible mis—e 
of the product, primary akin irritation teat ia 
ainpler and loaa expensive* The further caperi—ntal 
design ahould bo geared to indicate the p—aible typo 
injury# the antent — aeriouaoeaa of the injury# end 
the aergln of aafoty that prevails under the —at

142extra— conditio— of uae*
while opinio— —anting the value of — Inal 

atudloa firy.i4WW^ — reeponeible para— would 
diepenee with ani—1 —in toata* Xf properly# judged# 
— the baa ia of degree of variability and net — a 
•yea-no* baa la# aninal toata help to predict danger 
of aevere human irritation and# to ao— degree, the 
co—tratlo— that —y safely be tolerated by non*
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*ha taste km tinir v«Im •» ra^triiiv*

tools* Dm tett, with ateqwtt «Mtx9ls« an ralaiad 

to •khar Nkataaaaa whaat kasaria km kaaa Miami by 
tins mi experience. Zb addition# tonic terns pnvlda 
m Mliaata af ths awfia «C safety aaiar aocaal sssgs.142

SUUXalXCV BBACTIONS I

ffiaarr irritaata an atetaacaa white 4aaag> skis 
by iixwet cyteteKls asfcien. " Mild prlsaiy irritants 

sxsrt thslr naattwia after repeated —pesora or ever* 

axpasura. Nili irritation way bsorna chronic or wmm 
lalin after a master of aapaavna resulting in "akin 
faliiaa*^.

Skin ZrritatisB a

Mstfcods davitoi te nsaswra skin irritancy ara 

aiafola for asraailag mat stiengar and noiarata irri­
tants# hot ara virtually insaaaltiva in tha low irritancy 

ranpa* Materials ara oithar placed in siaaglo contact 
ifftk hasMMi or >nln»1 for veried tins fiarlwlij at 

varied concantratioas# or rapaataily asad. tessa tests 

datamina not only prinary irritation hot si so *skin 

fatigue** whan tha skin raaats tea te a soccassioa af 

instate of a subthreshold intensity*

fho skins of tha samsa# rat# goinsa pig# rtehit# 

■iniatera pig# and teasp hats baas aaad to soraan 
anpoods for prinary irritant activity* Histologically# 
thslr skin do not cloaaly rasstels hunts skin* hot fran 

a fakpnsira point af view# they all show changes when 
irritated* Tha rabbit and gnina pig ara nest frequently
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tatio* of tho ritia of rabbita laiiiftUy oos bo oapootof 

to «wsa • oiaflar roapoooo la hum, kst oot sooooaar* 
Uy la oil haMM, Xf approoiablo art—a oooura An 

rabbit akin* tbo oatorial abovlf bo aoapoetof w a 

poeaiblo vMleaat biaaao aiila«
DralatW* propoaafl tbo am «Mal| «Ni Ala irri- 

tatioai toot* Potato toots oro xooft of aaapootof irrl*

toots on mo abraftf oaf istoot skis of rabbits* 
too MMfii t)m iiMml *££*fifcii *£ a

Xorpo soatoor of fAworoo ocposio oaapHMaalo is tbo poAsaa 
oAo oof rabbit. Lovoootois oof walfin^^ eloiaof o itloao

• f^woo»^p^w tvasoaNBM^onpp oo wpaaawpw^F
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booorf.
1stJuatleo, Travail, osf VAssos ossf bosos oaai 

isoraiWi toooas patA toots* ropoat aooaa potato toots* 
oof wstoc trosoof ooioo tbroopb rot oof rabbAt aataioof

Iriaicy skis Arritotios toot woo ooodwetof 00 oibiao 

ratotoito Oarabhal tosaaorob Costco* torodo) woAgtoAop 

l.*~1.0 top* ftoroo amiss osf ttoxos fosolos wars ooaf par

oostroilot roo* (St+j !•) ttorooptoaait tbo oparlam* 

ftos foef oosaAotAsp sf aooksf asf Lucor* proos asf wator
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low 7-f • irriln irilwtlw tf mtn untlm
•C4MMI

1. BcytBaaa ani Mmimm
BantatlOB iBtacl akla AkraM akla

14 lira* 73 hr*. 14 lira* 73 tea.

Ml mKjXammm 0
f«qr siiflM aiytlwa 1
MUhdafiaal ary-

3
miauf to savaxa

3
savara aiftkaai 4

Total paaiMa 
SrytBaaa aaara

4
(faar)

Bara la all ecaaaa*

!• OAaaa faroatloa
aaara

a 34 kn» 73 Bra* 34 Bra* 7Bm«

»a adaaa 0
V«t| alight 04 wt 1
Ball dafiaat Orta— 3
Modarata ta aaaara 
04aa« 3
Savara Odaaa 4

Total paaaUala
Odaaa aeara 4 Sara is all araaaa*

(rear)
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wu iUom4 it libidtnt

The skill of the rabbit was shaved os tlis previous 
evening sad os ths day of the experiment the tost cress 
hsso was applied on the abraded ad intact skis. One 
gras of oroaia base or cress was takes for each site.

danse Fateh was secured over each medicated area 
by means of adhesive tape. The whole area was covered 
with an appropriate sleeve for 34 hr.

The cause patch was removed after 34 hr ami each 
site was examined carefully. The reaction was evaluated 
according to Braise's method at 34 mad 73 hr.

Zt is most interesting to see that the different 
cress bases costainisg same corticosteroid drug producing 
different degree of vasoconstriction, but the difference 
may be taken to be an indication of ths vales ef formulat­
ion in introducing the drug to the epidermal surface in 
the most favourable way for penetration into the skis.
This observatioa indicates that ths formulation eon 
influence the overall efficacy of a topical formulation.

The rasults ef the blanching tost of corticosteroid 
formulations are Shown in Table 7-1 to 7-4 as ths total 
seers for each formulation and as a percentage of the 
total possible score of to# at each time period. The 
method of calculation was aa follows « Maximum score 
per site ■ 4# for two arms. 4x3 « •> for ton volunteers#
I x 10 « 80.
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ttw Slaaehiag rnfllM fw ill Ml«eu4 «onaalstloaa 

«*• ihM» la flgurs »»l to ft»4# sapsratad aid occasionally 

dot tad for eiirlty and mm of dlseuaaiaa. cwvm mm 

drawn with tha halp of aKpsrlasntal peistt* Marly all tha 
foraulstioas gara cams with • pMk la Ml hoars mgloa 

with a asckad fall-off thoraaftor# notatola axoaptloa baiag 

triaaclnoloaa aeatoalds craaa Mo* 1 whara Ms aooraa da* 

aroaasd continuously aftar # hr# as Mom la flguM §*i*

Ca^ariiMs botMoa tha various araaa f emulations 
boon m far haaa aada la taras af aas sat sf notion#
■uIhm raaaaaaa aad dturitlM ad fit laa Saulaaa hasa# wp^^pnvm^^iPsnr amarur

safiaiaatad that tha as riTaaaiari ha aaaadaad aa a
logical basis toy eoaaidariag tha * Moe-Mder-tho-owrre0 
UK) yaloa af raspoaM versus tlas curra, slaaa this Mali 

roughly aPSdualasts athar phawaeahinatls astbsds asaasaly 

aaplsysd to astiaata biological availability f roa oral aaA 

paraataral desaga ferns* this valw is thoa aa iadieatloa 
af tha overall sffaetivaaoss of tha corticoataroids la da 

blaaehiag tost* Oao aritlalsa af pplylig this toohaigas to 

tha praaaot data la that tha araa-uodar-the-curve has boaa 
oaloalatod oaly to 14 hr# and sans formilatioas still Maw 
relatively high responses at this tins* bewsvar# as Is 

a^porloaoad by tha fow raaults# tha raspoaess of all tha 

formilatioas fall off aftar this tias and tha orrar involvad 

la using tha aroa opto only 14 hr will thoroforo bo mlatlvaly

Tha araa-undar-tha-curvea la Figaro b-i to M was 

ahtaiaad by drawing# cutting aaf Mlghlag tho papers and
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mpwii iO MBit* Of *pOSOOntogo of tho total pBHittl 
MMMm ii h.* Vohto ?•» ilww tto orao-owior-tho -conro 

va«M of «U tiw Mloetoi fomolotioao. fMiUutiag 

iiml ooop orison of fosnolatioao using « btologlMl 

ropponoo • tins pirsotor* Tbsso saloon ooafirn tho 
%sonf doscriboi - (not pusoly viiuil isppootioo of tho 

graphs.
Moleiaooido osoon Os. 1 has o rosy high soluo, 

o am iatsnso fogroo of soooooaotriction,

offoetiso.
frioaoiaotooo ooohooiio ososns ohowoi s rosy poos 

offoot (Yshio 7*1) ooaporoi to ottos oortioootoroii for* 
natations. hoonlto in tto tohlo show that Croon Moo. 
ft* It. SS ml St ohowoi o goof rospooso dll Ml 

Croon ho. I shows* s goof roopoaoo M ft h oaf foil away 
«l lotor roodings.

tho ABC toloop Cos trionoinolnoo ooottniOo oroono 
(YMl« 74) show that tto loldlvo potoaoy Oooroosof in 
orOor • Croon Mo. I ? ft > St > tft > It.

for hofMothooooo MMroioroto f osaalotiaao. croon 
Moo. I. tt oof t ohowoi o gooi rospooso oh IS h oaf 
Croon moo. I ft IS ohowoi o gooi roopoaoo oh 9h.« hoh 
rospooso foil down oh lotor roofings.

tto avc wolooo for hohonottooono 17-valarato oroono 
(Totolo 7-») show that tto rotation potoaoy foeroasaf in 
tho ocior t Croon no. 17 11? 7 > II.

All tto holoinoniio fornulotioao ohouoi o gooi 
roaponso at 9 h.« hut tto roopoaoo foil down oh lotor
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vsellogo except In the CBM of effw Ho. 25 which 
appeared to have i prolonged action.

*t» AUC valuer for haiclnoaldo ctreene (Tabic 7-5)
•how that the ftl«Uv« potency decreased in tho order i 
Groan Hoo. i>5>27>25> 13.

for fluocinclose acetonide formulations, Crswa Ho. 1 
showed o good response ct t h. Creaat Hoo. 5« it oaf 2S 
showed o food response «t 13 h oad erooo Ho. 17 ifttr 
giving good response at 9h.« tho ttipowo sustained opto 
llh and foil down ad later readings.

fhs AUG values for fluoeinolea* acstonids erases 
(Table 7-i) show that tho relative potency doorooood In 
ordor •
Crooo Hoo. 17 > 25 >1 >5 >13*

Comparing tho blanching results with la vitro 
rolaaso in laboratory dooigaod nodal and lihoxatioa of 
port Iwittrft id o through sartorius olatawit ohoOhor 
aaaanbly. Croon Ho. 13 ahood vary poor result# la all 
tho oraans la blanching roadlnfo. Groan Ho. 7 oontalalng 
betamethasone 17-valerate hao aloo shown a poor blanching 
roadlngo. Other craans have shown eonparahlo raaulto with 
In vitro roloaoo aawopt la fluoolaolono aoatonido erases, 
wbaro Craan Ho. 27 and 25 gavo nora blanching roadlago 
than Craan ho. 1. and la hotanathaooao 17-valarata oraano 
whora craan ho. 37 gavo nora blanching roadlago than 
craan He. 1.

fho blanching toot hao booa wood ao a laboratory 
toot to evaluate the efficacy of several topical corti­
costeroid formulations. 900000117 the raaulto substantiate
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tflm iapresslcas of their offlooey i» elioieel practice*
fhU OOOOV dOMOOStrotOO clearlv that doalMMI of VaSO* 
constrictor activity produced by t steroid* reflecting 
tho degree of HOi peMOtretloo* ttf bo influenced 
eonsiderebly by tho coapesitien of tho hose i* which 
It io forsnileted.

Dm poroontogo response of trioocioolono ooolMMldo 
creese ot 24 hr dees not exhibit storked differences 
except freon Mo* It* In Oho fenmlatlens of bot—otho" 
ooao 17*v«lortU, helclaonido oof flooelooleoo eeete- 
olfo croons tho differences ot 24 hr ere slightly higher 
»ii— tfiawiiolnM ueeteelde rntioM boh 1b ell Oho 
femuletlone tho pereentege reepense of Csoooi Mo* 12 
oMhtbttof nerked differences*

Shoo frooi this port of tho «uk it could bo 
eooBlofei thot hololoooifo formulations profimoA o 
bettor blanching of skin then tho corresponding 
f emulations y followed by botooothosooo 17-valerate# 
flooeincleno oeotooifo sod trlwociiiolooo acctonide 
feimulatione* ta erosoi Moo* 1 oof 9* ov oroosi Moo*
27 sad 1» MAX* oroosi Moo* 1 oof i end f A oroosi Mo* 27,25 
oad 1 oro tho boot topical formulations# oo they soy 
allow tho steroid to evert tho nsnlw offset.

Primary shi» irritation tost io robbito 
(fable 7-4) Mow thot ooo of the selected ereasi is 
irritoot to tho iatoet end abraded skis hi rabbits*
Thus frosi this port of the work it is concluded thot 
it is safe to ooo the oil selected crooswi*
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