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logists, plastic surgeons, and ali other scientists working on products which will come into contact with the 
sk in and its appendages. 
The Journal is publisched quarterly in Engl ish. It is distributed to cosmetic chemists, dermatologists, p lastic 
surgeons, medicai and pharmaceutical schools, medicai li braries, selected hospitals and research institutions 
throught the world, and by subscription to any other interested individuals or organizat ions. Statements and 
opinio ns expressed are pe rsona! to the respect ive contributo rs and are not necessarily e ndorsed by the 
Editor(s), Advisers, Publishers of Distributors of this Journa l. 

COPYRIGHT 
S ubmitted materiai must be the originai work of the autor(s) and must not have been submitted for publication 
elsewhere. 
By submitting a manuscript, the authors agree that the copyright for their articles is transferred to the publisher 
if and when the article is accepted for publication. None of the content of this publication may be reproduced 
in who le or in pan, trans lated, stored in a retrieval system, or transmitted or distributed in any fonn or by any 
means (e lectronic, mechanical, photocopy, recording or othe rwise) without the prior written permission of the 
Publishers. 

Sections of J ournal 

The following sections will be features of the Journal: 

Originai Laboratory Studies: descriptions of originai in vesti gative laboratory research in cosmetics and rela­
ted areas. 

Special Reports: Items of special interest to the readers, including reports on meeti ngs, societies, legislation, etc. 

Generai Articles: scientific articles of generai interest to our readers will be cons idered for publ icati on. These 
artic les should be concerned with newer developments in such relateci fields as dennatology, biology, toxico­
logy, etc. 

Short Communicatio11s: the lenght should not exceed 5 typewritten pages with not mo re than 3 figures 
included. Headings ("Materials", "Discussion", etc.) as well as Summaries are to be omitted. If accepted, these 
submission will appear in print in a very short time. 

Letter to the Editor: comments on Journal articles are invited as well as brief contri butions on any aspects of 
cosmetic science. Letters may include figures, and/or references, but brevity is necessary. 

Guest Editorials: concise, author itative, substantiated commentary on specific topics of contemporary interest. 

Book Reviews: book and monographs (domestic and fo reign) will be reviewed depend ing on their interest and 
value to subscribers. Send materiai for review to the Editor, D r. P. Morganti . No such materiai will be returned. 

Address: ali papers should be submitted to: 
Dr. P. Morganti 
INTERNATIO NAL EDIEMME 
Via Innocenzo XI, 4 t 
00165 Rome - I tal y 
Te!. 06/637.87.88 



INFORMATION FOR AUTHORS 

Papers 111ust be sub111itted in English. Authors whose 111other tongue is not English should arrange for their 
111anuscripts to be written in proper English pr ior to sub111 ission. 

Procedure of Submission of Ma1111scripts: sub111it three copies of both the manuscript and ali illustrati ve 
materiai to the above address. 

Orga11izatio11 of tlze Manuscript: investigative studies should be organized as follow: ti tle, abstract page. 
introduction, mater iai and methods, results, discussion, acknowledgments. references, legend for figures. 
tables. Ali pages should be numered consecutively starting with the abstract. The entire manuscript is to be 
typewrinen, double-spacecl, ancl with 3 cm margins. 
Trade names must be capitalized: the common na111e for compounds may be used i f the formai chemical name 
as established by international convention is given after the first use. Any abbreviations other than those which 
are general ly accepted must be defined. In the text. references to dual authors will use both surnames throu­
ghout. For multiple authors. use the surnames of ali authors al the first reference and only the first author fol­
lowed by "et al." thereafter. Please mark in the margin of the manuscript the desired position of the figures and 
tables. To allow faster publication only set of proofs wi ll be furnisched to the author including the figures and 
tables in their final posit ion. 

Tille page: l ist the title, name(s) ancl degree(s) of author(s), department(s) and institution(s) at which the work 
was done, city, state, and postai code. Any prel iminary report or abstract of the work shoulcl be referred lo as a 
footnote to the title. 

Summary: each paper must be headed by an Engl ish language tille of not over 70 characters (including spa­
ces) suitable for use as a running head and must also be proceded by an English summary not exceeding 300 
worcls typed double-spaced. The summary will include statements of the problem, method of study, results, 
and conclusions. Since this summary wi ll be used by astract ing journals, il musi be self- explanatory a'nd 
should 110 1 inlcude abbreviations, footnotes, and references. 

Footnotes: should be listed consecuti vely at the bottom of the page on which they fal l , designateci by the fol­
lowing symbols in order *, +, +. §. IT, **,etc. 

Key Words: key words for computerised storage and retrieval of information should be incorporated in the 
summary. 

References: the references have to be abbreviateci as l isted in the l ndex Medicus. The sty le of the references 
must conform to the examples given below: 
I) Robbins CR, Kellych ( 1970) Aminoacid composi tion of h.uman hair. Text Res J 40:89 1-896 
2) Strehler BL ( J 977) Time, cells and aging 2nd edn. Academic Press, New York 
3) Ebl ing FJ, Rook ( 1972) Ci clic activity of the follicle. In : Textbook of dermatology 11 , Blackwel l. Oxford, p. 
1567- 1573. 

l/lustratio11s: figures should be numbered consecutively using Arabic numerals Tables should be m1111bered 
consecutively. using Roman numerals. Ali photographs should be black and white. glossy and unmounted. The 
number and size of i l lustration should be restricted to the minimum needed to clarify the text. Authors requi­
ring extra space for i llustrations wi ll be charge accordingly. This is also the case for color i llustrations. Al i 
figures, photographs, graphs. or diagrams should be submitted on separate sheets. 

Animai Experiments: descriptions of animai exper iments should include full detail s of the types of animai 
used (inbred, etc.) and the condi tions under which they were kept (standard diet . etc.) 

Trade Names: ali common cosmetic ingredients should be referred to by their generic names, as indicateci in 
the latest edition of CTFA Cosmetic Ingredient Dictionary, and the European Pharmacopeia. If a materials is 
not listed, then the trademarked name can be used, with the chemical composition given in footnotes. 



INFORMAZIONI PER L'ABBONAMENTO 
L"abbonamento annuale comprende quattro numeri . È possibile ottenere abbonamenti a prezzo 
ridotto da parte dei ricercatori che lavorano presso Istituti che abbiano sottoscritto almeno un 
abbonamento a prezzo normale. 
L' Editore potrà fornire a richiesta notizie più dettagliate. Le sottoscri zioni di abbonamento possono 
essere effettuate mediante assegni posta li , bancari, di conto corrente o per contanti ind irizzandol i a: 

L' IVA è a carico dell' editore, non detraibile dall 'abbonato a norma a1t. 74 lett. C DPR 633/72 

INTERNATIONAL EDIEMME - Via Innocenzo XI, 41, 00165 ROMA 
(c/c bancario n. 29612/37 Banca di Roma Ag. 123 (653) Piazza Pio XI - 00165 Roma) 

SOTTOSCRIZIONI ANNUALI 

ftalia L. 70.000 - Altre Nazioni $ 60 
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Numero arretrato L. 23.000 
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Payment muse be made in U.S. dollars us ing bank draft, international posta i money o rder onl y. 
lta lian residents only may pay by persona! check: 

INTERNATIONAL EDIEMME - Via Innocenzo XI, 41, 00165 ROMA 
(c/c bancario n. 29612/37 Banca di Roma Ag. 123 (653) Piazza Pio XI - 00165 Roma) 

ANNUAL SUBSCRIPTION RATE: 

ftaly, Lit. 70.000 - Other Countries, $ 60 
Additional Air Mail postage rate: $ l S 

Statements and opinions expressed in the artic les and communications here in are those of the 
author(s) and not necessaril y those of the Editor(s), or publi sher. The Editor(s) and publisher, 
disclaim any responsability or liabi lity for such mate1ial and do not guarantee, warrant, or endorse 
any produce or service adverised in this publicatio n nor do guarantee any claim made by the 
manufacturer of such product or service 
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We wish to dedicate this Journal of Applied Cosmetology, 
to the memory of the well-known italian dermatologist, 

professor LUCIANO MUSCARDIN. 

l t is with sorrow thai we report the unexpected and untùnely death of our dear.fi·iend and colleague 
Professor Luciano Muscardin. We ali knew Di: Muscardin far his outstanding professional and 
human credentials. He was a very known dermatologist in the specific fiels of Cosmetic 
Dermatology, and an expert member of many scientific and legai committees for italian and 
european government authorities. He has written extensively on Cosmetology editing one book and 
many scientific papers. 
However, this does not measure the man, and this is ùnportant, because, above all D1: Muscardin 
was a warm, caring, and happy human. His high professional standing was a small part of his 
presence. Of greater importance were his companionship with those near to hùn, his ready smile, 
his warmth, his dependable faith in his fellow man. 
Luciano Muscardin 's qualities were those which earn the title "Physician ". He was loved by his 
patients and respected by his peers. Our society is priveleged to have many great names on its 
rosters. Perhaps, because of this, we find the loss of any member to be noteworthy. The loss of Dr. 
Muscardin is deeply felt by usali. 
Our sympathy is sent to ali who share in the sorrow. 
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_________________ Synopsis 
A barrier that separates cellular contents from the environment is an absolute condition for li fe. 
This separation is provided by the plasma membrane also called the celi membrane. Ali biologica! 
membranes. whether from eucaryot ic or procaryotic cells, have the same classes of chemical com­
ponents. a similari ty in strucLUral organ izat ion and a number of properties in common. Biologica! 
membrane consist of a con tinuous double layer of lipid molecules in which proteins are embedded. 
This lipid bi layer is flu id, with individuai lipid molecu les able to diffuse rapid ly w ithin their own 
monolayer but usuall y not from on monolayer to the other. 
The three major I i p id components of membranes are phosphoglycerides, sph ingo i i pids and 
cholesterol ; their percentage varies significantly in the different membranes and is related to the 
specific roles of the individuai membranes. A lthough lipid molecu les display considerable struc­
tural diversity. ali of them share one important structural property: they are amphipatic, so they can 
assemble spontaneously into bilayer when placed in water, forming sealed compartments that reseal 
if torn. The functional significance of the lipid compositions of different membranes will be di s­
cussed and focused mainly on the lipid lamellar strucLUre of stratum corneum. 

La barriera che separa dal l'ambiente il contenuto delle cellule rappresenta la condizione indispensa­
bile per la vita. Questa separazione è mantenuta dalla membrana plasmatica chiamata anche mem­
brana cellulare. Tutte le membrane biologiche sia che provengano da cellule eucariotiche che preca­
riotiche, sono formate dagli stessi componenti chimici e posseggono una uguale struttura organizza­
ta. La membrana biologica è formata da un doppio strato continuo di molecole lipidiche attraversate 
da qualche molecola proteica. 
Il doppio strato lipidico è fluido e permette soltanto l ' interscambio tra i diversi l ipidi di uno 
stesso trato. I tre principali componen ti delle membrane sono i fosfogliceridi, gli sfingolipidi 
ed il colesterolo. La loro percentuale varia in un modo significativo tra le diverse membrane ed 
è legato al loro speci fico ruolo. Anche se i di versi lipidi posseggono considerevol i diversità 
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strutturali. sono tutte molecole anfi pat iche che formano spontaneamente s trati b imolecolari se 
inserite in un ambiente acquoso. 
li s ignificato funzionale della composizione lipidica delle diverse membrane verrà di cu so in mo­
do da mettere a fuoco soprattutto la s truttura lamellare lipidica dello strato corneo. 
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Basic structural features of 
cellular membranes. 
Biologica! membranes, both from eucaryotic and 
procaryotic cells are bui lt up from the same clas­
ses of che mical compounds - lipids, proteins and 
in smalle r quantity, carbohydrates. however the­
re are important qual itative and quantitati ve di f­
ferences within any g iven c lass of compounds. 
Biologica! membranes d ivide the intrace llul ar 
milieu from the exte rna l environment. In con­
trast to the procaryotes, eucaryotic cells have a 
well defi ned me mbrane surrounding a centrai 
nuc leus and a variety of intracellular structures 
and organe lles. The in tracellular membranous 
syste m establishes a number of dis tinct subcel­
lula r specializalion. By means of this compar­
tmentali zat ion of the celi , diffe re nt che mical 
reactions, requiring different e nvironments, can 
occur s imultaneously. 
As it w ill be di scussed late r in more detail , 
membranes are lipid in na ture and many sub­
s tances that are soluble in a hydrophobic envi­
ronme nt wi ll concentrate in cellu lar membranes, 
w here ma ny specific bioche mical reactions can 
occ ur; the extensive me mbrane syste m of euca­
ryo ti c cell s c reate an additiona l e nvironment 
that the celi can use for its di ffere nt functions. 
The mean thickness of a typica l plasma mem­
brane is 75-90 À, but th is va lue is lower for in­
trace llular membra nes. A li of the m, however, 
cons titute a dynamic struc ture in which lipids a­
re present in a fluid state and make up a non a­
queous compartme nt where the differe nt com­
pounds can move and possibly interact. 
Bio logica! me mbranes, and particularly the pla­
sma membranes. share unique properties: they 
are impermeable to a g reat varie ty o f substances 
and within the membranes itself there are sele­
ctive transport systems that a llow strict contro ! 
of the flux of substrates, cofactors and ions from 
one compartment to the others. In th is way the 
concentrati on of the di ffe re nt subs tances and 
conseque ntl y the different metabolic pathways 
can be modulated. 

B. Berra, S. Rape/li 

The plasma membrane of e ucaryotic cells also 
plays an important ro le in celi-celi recognition 
and interaction and represents the target of ma­
ny hormones and metabolic regulatory factors 
which are important for the signal transmiss ion 
and transduction to intracellular mediators. 
As already mentio ned , lipids and proteins are 
the main components of biologica) membranes; 
the ir amount varies cons idera bly in different 
membranes according to the type and the fun ­
ction of a given celi. A smaller amount of car­
bohydrates is also present, not in free form, but 
linked to g lycoproteins a nd glycolipids. 
Based on evidence from physicochemical, bio­
c hemica l and electro n mi c roscope inves t iga­
tio ns knowledge of the structu re o f biologica! 
me mbranes has evolved. Pro te ins can be d ivi­
ded, roughly, into two main categories on the 
basis of their ex tractibility from the membrane: 
I - peripheral (or extrins ic) localized on the 
me mbra ne s urface, to w hich they are loo e ly 
bound and from where they can be easily remo­
ved. T hey account fo r approximately 30% o f 
the tota! and in many instance have e nzymatic 
acti vity. 2 - integra i (or intrinsic) which span the 
phospholipid bil ayer (see a lso be low), with por­
tio ns protruding on each s ide. Hydrophobic in­
teractions be tween the lipids and the hydropho­
bic domains of these integrai proteins prevent 
the m fro m be ing readily re moved, and their e­
xtractio n leads to di sruptio n of the membrane. 
In generai me mbrane prote ins play di vers ified 
roles and are involved in many functions: tran­
sport of small molecules; recogni tion and adhe­
s ion phenomena; transduction of s ignals from e­
x te rnai ligands; they can act as enzymes and re­
ceptors. besides the ir s truc tural role. 
Me mbrane lipids belong to three ma in classes: 
phospholipids, sphingoglycolipids and chole te­
rol. Their pe rcentage in d iffere nt membranes 
varies significantly and it is quite clearly re lated 
to the celi and/or organe lle functions. 
The phospholipids (or g lycerophospholipids) a­
re polar, ionie lipids composed of 1,2 d iacylgly­
cerol with a phosphodiester bridge that links the 
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glycerol backbone to a specific base, usually a 
nitrogenous one, such as choline. serine, ethano­
lamine. Phosphatidylcholine (PC) contains mo­
stly palmi tic (C 16:0) in rhe sn- 1 position of gly­
cerol and primarily the unsaturated 18-carbon 
fatty acids - oleic, linoleic or linolenic - in the 
sn-2 position. Phosphatidy lethanolamine (PE) 
has the same saturateci fatty acids as PC at the 
sn- J pos iti on bu t contains more of the long­
chain polyunsatured fatty acids, namely 18:2, 
20:4, 22:6 - at the sn-2 position. 
PC, PE and phosph atidylserine (PS) are the 
most abundant phospholipids in human tissue. 
At ph ysiological pH PC and PE have no net 
charge and exist as a dipolar zwitterions, whe­
reas PS has a net charge of - 1, i.e. it is an acid 
phospholipid. 
There are two other compounds wi th this chara­
cteristic: phosphatidy l inositol and phosphati­
dylglycerol ; the first one occurs in mammalian 
membranes and it i rather unusual because it o­
ften contains almost exclusively stearic acid at 
the sn- 1 position and arachidonic acid (C20:4) 
at the sn-2 hydroxygroup. Phosphatidylglycerol 
occurs in relati vely large amount in mi tochon­
drial membranes and it is a precursor of cardi o­
Jipin. M ost phosphol ipids contain more than one 
kind 01· fatty acids per molecule, so that a given 
class of these compounds actually represents a 
fami ly of different molecular species. 
Sphingolipids are complex lipids whose core 
structure is provided by the long-chain aminoal­
cohol sphingosine. There is a close similar ity 
between carbons 1,2 and 3 of sphingosine and 
glycerol mainly because both of them have nu­
cleophilic groups, hydroxyl or amino, at these 
carbon atoms. Sphingosine as such with i ts free 
amino group does not occur naturally. 
The fundamental building block or core structu­
re of natural phingolipids is ceramide, the lon­
g-chain fatty acid amide derivative of sphingo­
sine. Therefore there are two long-chain hydro­
carbon domains in the ceramide molecule and 
these hydrophobic regions are responsible for 
the lipoidal character of sphingol ipids. 
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Free ceramide is not a component of membrane 
lipid but rather it is an intermediate in the bio-
ynthesi and catabolism of glycosphingolipids 

and sphingomyelin. 
In sphingomyelin the primary alcohol group at 
C- 1 of sphingosine is esterified to cho line 
through a phosphodiester bridge of the kind that 
occurs in the acyl glycero-phosphol ipid; the ami­
no group of sphingosine is attached to a long­
chain fatly ac id by means of an amide bond. 
Sphingosine is therefore a ceramide phosphocho­
line. l t contains one negati ve and one positi ve 
charge so that it is neutra! at physiological pH. 
As indicateci above. in plasma membranes there 
are also carbohydrate-conlaining sphingolipids. 
which include cerebrosides, sulfatides, globosi­
des and gangl iosides. In this compounds the po­
lar head group is attached to sphingosine via the 
glycosidic linkage of a sugar molecule rather 
than a pho. phate ester bond, as in the case of 
the phospholipids. 
In other words the glycosphingolipids do not 
contain phosphate and have a sugar attached by 
a B-glycosidic linkage to the 1-hydroxyl group 
of the sphingosine in a ceramide. One subgroup 
is the cerebrosides, which contain either a glu­
cose or a galactose attached to ceramide and are 
referred to as glucocerebrosides or galactocere­
brosides, respectively. Cerebrosides are neutra! 
compounds. Galactocerebrosides are found pre­
dominantl y in brain and nervous ti ssues. whe-· 
reas the small quantities of cerebrosides in non­
neutral tissues usually contain glucose. Galacto­
cerebrosides may contain a sul fate group esteri ­
fied on the 3 position of the sugar. T hey are cal ­
led sulfatides. Cerebrosides and sulfatides u­
sually contain very long-chain fatty acids with 
22 to 26 carbon atoms. 
In piace of one monosaccharide, neutra! glyco­
sphi ngo lipids of ten bave 2 (dihexosi des) , 3 
(trihexosides), 4 (tetrahexosides) sugar residues 
attached to the 1-hydroxyl group of sphingos ine. 
0 -g lucose, d-galactose, N-acety lg lucosamine, 
and N-acetylgalactosamine are the usual sugars. 
The most complex group of glycosphi ngolipids 



is represented by gangliosides, which contain o­
ligosaccharide head groups with one or more re­
sidues of sialic acid; these are amphipathic com­
pounds with a negative charge at pH 7.0. Speci­
fic gangliosides and glycolipids are found in the 
skin either in normai or pathological conditions. 
The third major lipid present in membranes is 
cholesterol that contains four fused rings - which 
makes it a planar structure - a palar hydroxyl 
group at carbon-3, and an eight-member bran­
ched hydrocarbon chain attached to the D ring at 
position 17. Cholesterol is a compact hydropho­
bic molecule; however the hydroxyl group, that 
can be este rified, g ives, when it is free, a little 
hydrophilia to the molecule. In a given membra­
ne choleste rol is located between the phospholi­
pid molecules, orienced in a way which allows it 
to internet with the other lipid components, rno­
dulating the fluidity and, consequently, the per­
meability of the membrane itself. 

Micelles, lipid bilayers 
and liposomes 
The physicochemical properties of the lipid 
components just described dictate the bas ic 
structural characteristic of their organization in 
living cell s. 
Ali amphipathic compounds, with a hydrophilic 
head and a hydrophobic tail, react in a unique 
fashion in an aqueous system because o f the ir 
low solubility in water. Under proper cond i­
tions, these lipid molecules will come together 
to form spheres, termed micelles, with the hy­
drophobic tails interacting to exclude water and 
wi th the charged polar head groups on the outsi­
de. Micelles wi th a single lipid or a mixture of 
lipids can be made. The formation of the micel­
le depends also on the temperature of the sy­
stem and, if a mixture of lipids is used, on the 
ratio of concentrations of the different lipids in 
the mjxture. The micelle structure is very stable 
because of the hydrophobic interaction of the 
hydrocarbon chains and the attraction of the pa­
lar groups to water. Depending upon the condi-
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tion, amphipathic lipids will interact to fonn a 
bimolecular leaf structure with two layers of li­
pid in which the polar head groups are at the in­
terface between the aqueous medium and the li­
pid while the hydrophobic tails internet in a se­
cond way to form an environment that excludes 
water. This bilayer conformation is the basic li­
pid structure of ali biologica) membranes as de­
scribed later in more detail. 
Lipid bilayers are extremely s table structures 
held together by noncovalent interactions of the 
hydrocarbon chains of the acyl groups and the 
ionie inte ractions of the charged groups w ith 
water. Hydrophobic interactions of the hydro­
carbon chains lead to the srnallest possible area 
for water to be in contact with the chains, and 
water is essentially excluded from the interior of 
the bilayer. 
A lipid bilaye r may close in on itself, forming a 
sphe rical ves icle separating the external space 
from an interna l compartment. These vesicles a­
re termed liposomes. 
Indi viduai phospholipid molecules can read ily 
exchange piace with the neighbouring molecu­
les, which leads to rapid lateral diffusion in the 
piane of the membrane. In addition, the fatty a­
cy l chains can rotate around the carbon-carbon 
bonds; in fact there is a greater degree of rota­
tion nearer the methyl end, leading to greater 
motion at the center of the lipid bi layer. Indivi­
duai lipid molecules cannot migrate readi ly 
from one monolayer to the other, a process ter­
med flip-flop. Thus the lipid bilayer has not on­
ly an inherent stability but also a flu idity in 
which individuai molecules can move rapidly in 
their own monolayer but do not exchange with 
the adjoin ing monolayer. 
Artificial membrane systems have been studied 
extensively as a mean to determine the prope r­
ties of biologica! membranes. A varie ty o f te­
chniques are available to prepare liposomes, u­
sing synthetic phospholipids and lipids extra­
cted from natural membranes. Depending on the 
procedure, unilamellar ves icles and multilarnel­
lar vesicles (ves icles within vesicles) of various 

85 



Raie of lipids in ce/lular membranes and skin biology 

size (20nm- l µm in diameter) can be prepared. 
The interioi· of the vesicle is an aqueous envi­
ronment, and it is possible to prepare liposomes 
with different substances entrapped. Thus the e­
xternal and internal environments of the liposo­
me can be manipulated. 

Biologica/ membranes 
T he basic structure is a bimolecular leaf arran­
gement of lipids in which phosphoglycerides, 
sphingolipids, and cholesterol are oriented so 
that the hydrophobic portions of the molecules 
interact to minimize their interactions wi th wa­
ter or other polar groups. The polar head groups 
of the amphipathic compounds are at the inter­
face w ith the aqueous environment. A number 
of models for the structure of biologica! mem­
branes have been suggested dating back to one 
by H . Davson and J. Danielli in 1935, which 
was refined in later years by J.D. Robertson. In 
early 1970s, G.L. Nicolson and S.J. Singer pro­
posed th e mosa ic model for membranes in 
which i t was suggested that proteins are on the 
surface as well as in the lipid bilayer. Some pro­
teins could span the lipid bi layer wi th their po­
lar groups in contaci wi th the aqueous surroun­
dings on both sides and the hydrophobic por­
tions interacting with the lipids in the interior of 
the membrane. This model has been extensively 
retìned and now is referred to as the fluid mo­
saic model to indicate the movement of both l i­
pids and proteins in the membrane. The propo­
sed structure accounts for many properties of 
mammalian membranes, but it continues to un­
dergo modi fications and refinements. 
These properties, including fluidity, flexibil i ty, 
which allow changes of shape and form, self­
sealing features and impermeability for many 
substances are mainl y related to the physicoche­
mical characteristics of the lipid bilayer. 
Jr is now recognized that the membrane lipids may 
nor be randomly distributed in the monolayers, but 
that there are islands of lipids associated together 
or in contact with a specific protein. The indivi-
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dual l ipids are not, however, immobil ized in the e 
islands but rapidly exchange with molecules in the 
suITounding area of the membrane. 
A n importane difference between the Nicolson­
Singer model and earlier models is that the lipid 
bilayer is discontinuous, w ith proteins embed­
ded in the hydrophobic portion of the bilayer. 
M any membrane proteins span the bilayer, wi th 
portions protruding on each side. Hydrophobic 
interaction between the lipid and the hydropho­
bic domains of these integrai proteins prevents 
these proteins from being readil y removed, and 
their extraction leads to disruption of the mem­
brane. Protein can also be loosely bound to the 
membrane by interaction between charges on 
the protein and these peripheral proteins are ea­
sily removed by mild treatment with little dama­
ge to the membrane. 
Even though the model would suggest that pro­
teins are randomly distributed throughout and 
on the membrane, evidence from a variety of 
sources supporrs a high degree of functional or­
gani zation wi th definite restriction on the loca li­
zation of some proteins. M embrane proteins al­
so have a defin i te orientation w ithin and across 
the membrane. Integrai proteins w ith enzymatic 
acti vi ty may bave their catalytic site on either 
the inner or outer surface. This orientation is e­
stablished during the biosynthesis of the mem­
brane and remains unchanged. A nother restri ­
ction is th at spec i fic peripheral proteins are 
bound to only one side. 

Asymmetry of the Membrane 
In contrast 10 the random distribution of lipids 
between the outer and inner lipid monolayer of 
liposomes, there is an asymmetric distribution of 
lipid components across biologica! membranes. 
Each layer of the bilayer has a di fferent compo­
sition w ith respect to individuai phosphoglyceri ­
des and sphingolipids. 
Sphingomye lin and phosphatidylcholine are 
predominantly in the outer layer, whereas pho­
sphatidy lethanolamine, phosphatidylseri ne and 



phosphoinositides are predominantly in the in­
ner lipid layer. In contrast. cholesterol i s equally 
distributed on both sides of the membrane. 

Membrane fluidity 
The interaction among the different lipids and 
between lipids and proteins are complex and dy­
namic. There is a fluidity in the lipid portion of 
the membrane in which both the lipids ancl pro­
teins move. The clegree of flui cl ity is dependent 
on the temperature ancl the composition of the 
membane. A t low temperature the lipids are in a 
gel-crystall ine state, w ith the li picls restrictecl in 
their mobil ity. As the temperature is increasecl, 
therc is a phase transition into a liquid-crystal l i­
ne state. w ith an increase in fluiclity. With l ipo­
somes prepared from a single pure phospholi ­
pid, the phase transition temperature, Tm, is ra­
ther precise; but w ith liposomes prepared from a 
mixt ure of lipids. the Tm becomes less precise 
because individuai clusters of lipids may be in 
either the gel-crystalline or the l iquicl-crystalline 
state. The Tm is not precise for biologica! mem­
branes because of their heterogeneous chemical 
composit ion. lnteract ions between speci fi c li ­
pids and between lipids and proteins also leacl to 
variations in the gel- liquid state throughout the 
membrane ancl 10 cl ifferences in the fluiclity of 
cli fferent areas of the membrane. 
The specific composition of the indi viduai bio­
logica! membranes leads to differences in flu icli­
ty. Phosphoglycerides containing short-chain 
fatty acids will increase the flu idi ty as does an 
increase in unsaturation of the fatty acyl groups. 
The c is double bond in an unsaturated fatty acid 
of phosphol ip id leacls to a kink in the hyclrocar­
bon chain. preventing the tight packing of the 
chains, and creates pockets in the hydrophobic 
areas. l t i s assumecl that these spaces, which 
will also be mobile due to the mobility of the 
hyclrocarbon chains, are filled with water mole­
cules and small ions. Cholesterol wi th its flat 
stiff ring structure reduces the coi ling of the fat­
ty acicl chains and decreases fluidity. Ca2+ dire-
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ctly clecreases the fluidi ty of a number of mem­
branes because of its interaction with the negati ­
vely chargecl phospholipicls, which. in turn, re­
cluces repul sion between the polar groups and 
increases the packing of li picl molecu les. 
Ca2+ causes aggregation of lipids into clusters. 
which also reduces membrane fluidity. Fluidity 
at different levels within the membrane also va­
ries. The hydrocarbon chains of the lipi cls bave 
a motion, which procluces a fluidity in the hy­
drophobic core. The centrai area of the bi layer 
is occupiecl by the encl s of th e hydrocarbon 
chains ancl is more flu id than the areas closer to 
the l wo surfaces, where th ere are more con­
straints due to the sti ffer portions of the hyclro­
carbon chains. Cholestcrol makes the membrane 
more rigicl towarcl the periphery because it does 
not reach into the centrai core of the membrane. 
Indi viduai lipids and proteins can move rapiclly 
in a lateral motion along th e surface of the 
membrane. However. electrostatic interacti ons 
of polar beaci groups. hydrophobic interactions 
of cholesterol w ith selected phospholipids or 
glycolipids, and protei n- lipid interactions ali 
lead to constraints on the movement. Thus there 
may be lipid domains in which lipicls move to­
gether. such as islancls floating in a sea of lipicls. 
Integrai membrane proteins also move in the li­
pid environment, even i f their movements are 
slower than that of li picls. 
There is very l ittle transverse motion of proteins 
in membranes. Movement of membrane pro­
teins may be restrictecl by other membrane pro­
teins, matri x proteins, or cellular structural ele­
ments such as microtubules or microfilaments 
to which they may be attachecl. 
Evidence is accumulat ing th at the fluiclity of 
cellular membranes can change in response to 
changes in diet or physiological state. Their 
contene of fatty acid and cholesterol i s modified 
by a variety of factors. In addition, pharmacolo­
gical agents may bave a direct effect on mem­
brane fluidity (e.g. anaesthetics). 
Thus cellular membranes are in a constantly 
changing state, with not only movement of pro-
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teins and lipids laterally on che membrane but 
wi th molecules moving into and out of the mem­
brane. A variety of forces. including hydropho­
bic and electrostatic interactions are involved in 
maintaining the basic structural characceri stics. 

Stratum corneum lipids as 
bound-water modulators 
and their importance 
tor water uptake 
In the kin or ali vertebrates a membrane is pre­
sent to function as a homeostatic barrier which re­
gulates water diffusion throughout the skin itself: 
this membrane is constilllted by the horny layer of 
which the main components - proteins. lipids. wa­
ter - are assembled in a very ordered struclllre. 
Lipids derive from desquamated keratinocytes 
and from the sebaceous secretion. 
In the horny layer the intercellular spaces inclu­
de a super imposed lamel lar structure. derived 
by exocytosis from granules localized in the lo­
wer granular layer. 
The basic unit o f lamellar structures that are 
fou nd in the end-phase of keratinocytes diffe­
rentiati on consists of a lipid bilayer sim i lar to 
that found in myelin and rods of the retina. In 
common wi th other biologica! membranes the 
lipid distribution shows asymmeu-y: however a 
characteristic feature is that this asymmetry is 
not due to phosphol ipids butto glucosylcerami­
des and ceramides. Altogether these compounds 
are prevalently locali zed in the external leaflet. 
The less potar species have an unusual structure 
in which the fatty acid l inked lo sphingosine is 
represented by a long chain alpha-hydroxyacid 
esterifi ed in turn main ly w i th linoleic acid. In 
some glyco ylceramides thi s last one esterifi es 
the glucose moiety in the 3' position. 
Thus glycolipids have the function of a " reser­
voir" of essential fatty acids normally accompli­
shed in biologica! membranes by phospholipids. 
These last molecules are present only in the li­
v ing cells of the basai and spi nous layer and are 
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rapidly degraded when keratinogenesis starts. 
The hydrolyzed fatty acids from phosphol ipids 
contribute to che pool of free acyls present in the 
horny layer together with those derived from se­
baceous secretion: the sphingosine moiety is re­
cycled for the synthesis of glucosylceram icles or 
ceramides. 
The remainder of the lipid component of the 
horny layer is represented by free cholesterol 
(20%), and free fatty acids. 
Lamellar granules. in which the bilayer is organi­
zecl in a disk-shape configuration, assemble to gi­
ve the fi nal structure of the layer under the in­
fluence of: I - acylglucosylceramides which du­
ring the .. dispersion·· of lamellar disks undergo a 
deglycosi lation process: 2- lysophospholipids for­
mation. catalyzed by a Ca-dependent phospholi­
pase that acts on phospholipids of the granular 
layer: 3- the parallel increase of free fatty acids in 
the arca between the granular and horny layers. 
A ro te which is not on ly structural but also fun­
ctional is played by the cholesterol esters locali ­
zed in the stratum corneum: the exfoliation or 
horny layer cells, which constitutes the last sta­
ge of epiclermal di fferentiation, is accompl ishccl 
by the hydrolysis of cholesterylsulfate. 
In conclusion, stratum corneum lipids that form 
the lamellar structure serve as a water modu la­
tor. This water-holding function of the stratum 
corneum is thought to be completely distinct 
from the water permeability barrier, although 
the same intercellular lipids play a crucial ro le 
and pathological (del ipidated) skin general ly 
suffer a defect in both functions. Recent data 
from the l iteralllre suggest that although cerami­
des are the main determinane of both functions, 
ceramides with relati vely short. non-branched, 
and saturateci alkyl chain lengths are mainly as­
sociateci with the water-holding function, whe­
reas acylceramides with linoleic acid or cerami­
des with long alkyl chain lengths serve as a per­
meability barrier. 
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_________________ synopsis 
The fo ll icular route plays a major ro le in the early permeation phase. Late r on topically appl ied 
materia i he ld in the fol licle provides an additiona l reservoir. Both fac tors a re of uppe rmost impor­
tance for the short contac i (m inutes) the rapy which seems to be applicable to a broad range of sub­
stances. On the other band, it is sti li a matter o f debate whether the fo llicula r route is a preferential 
pathway for penetration in the late phase. Recent resu lts have improved o ur knowledge about the 
in fl uence of age, body region, massage, washing, UV irradiation and diseases o n pe rcutaneous ab­
sorp tion. lo ntopho resis and ultrasound enhance the pe rmeation o f top ica! agents, the former no t 
on ly by direct ac tio n on topically appli ed cha rged compounds inc l. drugs and peptides, but also by 
e lectroosmosis of endogeno us e lectro lytes. The usefu lness of a rtificial membranes, or of the skin 
of the marmoset and the ha irless guinea pig, or of shed snake ski n as models for the permeabi lity 
of human skin awaits further confi rmatio n. Skin metabo lism can be used for design of drug pre­
cursors, but it has a lso to be taken in to account for toxifi cation and de toxification. In this respect, 
il is important to note that chemical agents are metaboli zed d ifferently by the ski n compared to o­
the r organs and the sex differences in skin metabolism and bioavai labili ty afte r topica! applicat io n 
can be observed. 

------------------Riassunto 
La via follicolare gioca un ruolo fondamenta le ne lla prima fase de lla permeazione delle sostanze 
appl icate topicamente. In una fase successiva il materiale che si lega a l fo llicolo g iuoca un ruolo di 
riserva. Entrambi questi fattori risultano molto importanti per le terapie rapide di contatto (minuti) 
adatte pe r l ' uso di molti princ ipi attivi. D'altra parte è ancora mate ri a di discussione se la via 
fo ll icolare possa essere considerata quale via preferenzia le di penetrazione in una fase successiva. 
Recenti ri sultati hanno migliorato la nostra conoscenza sull 'influenza eserc itata sull'assorbimento 
percutaneo da ll'età, da lla regione de l corpo. dal massaggio. dal lavaggio, dall'i rrad iazione con UV 
e dagli s tati pato logic i. Sia la ionoforesi che gli ultrasuoni fac ilitano la penetrazione di agenti top ic i: 
il primo soprattutto non soltanto pe r l'azione d iretta eserc itata sulla carica e lettrica de i princi pi 
att ivi q ua li fa rmac i e peptidi , ma anche pe r effetto di feno meni e lettrosmotic i ed e lettrolitic i. 
L' utilità de ll' uso delle membrane artificiali , o della pelle de ll ' uì stiti e della cavia senza pelo, o del 
serpente come mode llo per simu lare l' assorbimento percutaneo della cute umana deve ancora 
ottenere ulteriori conferme. li metabolismo della pelle può essere utilizzato per studiare precursori 
di fa rmaci, ma può anche servire per studi di tossicità e detossicazione. A tal riguardo è importante 
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ricordare che gli agenti chimici sono metabol izzat i in modo di verso dalla pelle rispetto ad altri 
organi. Inoltre sono da sottolineare anche le differenze sessuali e la di versa biodisponibili tà dei 
diversi prodotti applicati per via topica. 
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lntroduction 
Recent research and new developments have in­
creased ins ight into skin permeability, the stru­
c ture and locati o n of the di ffus ion barri ers a­
gains t hydrophilic and lipo phili c compounds 
and percutaneous absorption for systemic trea­
tme nt. Two workshops sponsored by the FDA 
and other organisations tried to summarize cur­
rent knowledge in the light of regulatory requi­
re me nts and to initiate furthe r research to im­
prove and standardize the various me thods c ur­
rently used. The first was focu sed on percuta­
neous penetration in vitro (Skelly et a l. 1987), 
the seconcl on absorption in vi vo (Shah et al. 
1991 ). This article wi ll concentrate on some of 
these matters. For more detail s the reader is re­
ferred to recent rev iews (Brandau & Lippold, 
1982: Bronaugh & Maibach , 1985: Schaefer et 
al. 1982: Sc halla & Schaefer, 1987: Sche uple in, 
1978: Scott & Dugard 1990: Shroot & Schaefer, 
1987) . 

Follicular Route of Penetration 
and Short Contact (Minute) 
Therapy 

Some 12 years ago, we compared normai and 
diseased skin and found in a numbe r of studies: 
that the entry of drugs is not on ly increasecl, but 
also faster in skin with dis turbed barrier fun­
ction (review in Schaefer et a l. 1982). Washing 
off the excess shou lcl therefore reduce the drug 
concentration in the v iable laye rs of di seasecl 
(parakeratotic) skin re lati vely more than in the 
surrounding uninvolved skin. Tndeed. we were 
able to observe a pronounced drop of anthral in 
concentration in normai human skin compared 
to skin from which the horny layer has been re­
moved by tape stripping ( fig. I ) leading to only 
a s light ly weaker antipsoriatic efficacy w he n e ­
xcess of the drug was washed off as early as I O 
m in. after application (Schaefe r at al. 1980; 
Schalla, 198 1, 1989). 
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Fig. I - Ratio of the skin influx. non-influenced, to tho t in­
fluenced by woshing off the excess drug ot different ti­
mes with intoct (· - -) ond domoged (-) borrier fun­
ction, of O. I% tritium-lobel/ed onthrolin: toto/ penetrotion 
period olwoys 1000 min: in vitro (Schollo et al: 798 1) 

Others confirmed our cl inical results, a nd it was 
shown that the app lication periocl could be fur­
the r reduced to only 4 min. These very short a p­
pl ica tions could not anymore be ex plained on 
the base of differences in skin permeability be­
tween in volved and uninvolved skin . In addi­
tion , the reduction of s ide effects on the sur­
rounding uninvol ved psoriatic skin was not re­
duced to the extent we had expec ted. Therefore 
adclitiona l phe nomena hacl to play a role. 
One candidate was the fo llicular route of penetra­
tion. Scheuple in ( 1978) conc luded from his resul­
ts using a series of alcohols that th is pathway 
plays a predominant role in the early pe netration 
phase which is then taken over by inte rfollicular 
" bulk " diffu sion into the viable sk in. Using 
histoautoradiography we could already find huge 
amounts of various dermatological topicals wi thin 
the foll icular channel some minutes after applica­
tion. Whereas these findings confirmed the results 
of Scheuplein we were unable to observe a faster 
clearance of the foll icular input compartme nt, and 
only a small accumulation of drug could be found 
in the perifollicular dermis 4 days after applica­
tion in vitro, with none in vivo (fig. 2). 
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Fig. 2 - Histooutorodiogrophy 96 h otter a single app/ico­
tion of 1% onthralin to intact skin (the homy layer wos re­
moved just before sectioning the biopsy to ollow longer 
exposure of the photoemulsion for better visualization of 
the follicular ond derma/ conteni) 

The reason cou ld be either the insens iti vity of 
the histoautoradiographic techniques which is at 
che most semiquantitative or that the barrier fun­
ction of the fallicular epithe lium is comparable 
with that of the interfollicular epidermis, i.e. the 
fallicular channe l serves more as an additional 
reservoir far the topicals applied than as a prefe­
rential route of penetration - al least fa r the more 
lipophilic drugs most often used in dermatology. 

ln terestingly, Be h I et al. ( 1985) faund a lower 
permeability coefficient far hydrocorti sone in 
the hairless mouse in their very first days of I ife 
than in adult mice, followed by an inc reased 
penneability in young animals. These changes 
coinc ided with the development of hair fol licles 
from the 5'" day of I ife. 

Ulel ( 1989, 1991 ) removed the fallicular and horny 
layer content by repeatedly cementing cyanoacry­
late to the skin srnface and tearing it off after poly­
merisation. By stripping another pa11 of the same 
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skin specimen with adhesive tape which removes 
the horny layer, but not the follicular content. she 
was able to calculate the amount of a drug in the 
fa ll icular channel. The results obtained after d iffe­
rent penetration periods are shown in fig. 3. 

KINETIC SKIN COi\IPAH:TJ\IENTS 
CORTISOL - LOT ION 
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Fig. 3 - Amount of drug 5 min, 1 h, 5 h and 24 h ofter to­
pico! applicotion of 1% 3H-hydrocortisone in a cetone 
calculated by the rodioactivity found in the vioble skin 
layers vs the marker conteni within the follicular c honne l 
vs the toto! (li/et. 1989) 

By far the highest concentration of the marker 
mol ecule -' H- hydrocorti sone was faund within 
the follicu lar c hannel 5 min after a pplication, 
giving a 35-fald difference in drug concentra­
tion between the foll icle and the v iable sk in 
layer. The foll icular concentration is more than 
5-fald higher at 24h, serving stili as the driv ing 
farce far a net diffusion. 
The tota! fallicular su1face is smaller that the tota! 
inte1follicular skin area (rough estimates assume 
I o/o (up to I 0%)) thereby restricting the importan­
ce of that penetration pathway. Neve11heless, by 
increasing the driving farce, e .g. by increasing the 
concentration of anthralin in its vehic le antipso­
riatic efficacy could be achieved which was com­
parable to conventional therapy by washing off 
the interfallicular drug after a few minutes. 

Environment 

Clothes may produce uneven absorption due to 
both ' rubbing-effects' and skin temperature chan­
ges and sweating. Int:entional massage did not, ho­
wever, augment percutaneous absorption of co11i-



sol, neither in the guinea pig nor in the rhesus mon­
key (MacMaster et al. 1985). We found a marked 
increase in one series of experiments using young 
hairless rats, but could not confirm these results in 
a second set (Lamaud & Schalla, unpublished). 
The discrepancy is probably explained by the fact 
that the 'hairless' rats used in the first series were 
in their phase of hai r growth, early in life. 

Washing after prolonged application may have 
the apposite effect. A washing in effect could be 
observed by washes with detergents and solven­
ts 24 h after app lication of hydrocorti sone or a 
herbic ide (Wester & Maibach, 1985). 

Soaps and detergents increased che transepider­
mal water loss (TEWL) under exaggerated expe­
rimental conditions. This increase seems to be re­
lated to irritation and/or the rough dry aspect in­
duced by various soaps and detergents (Frosch & 
Kligman, 1979; Levegue, 1989). Repeated daily 
washings progressively disturb the permeability 
barrier measured by TEWL (fig. 4) and by urina­
ry excre tion of I 4C-malathion (Marty, 1985). 
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Fig. 4 - Transepiderma/ water loss (TEWL) in vivo during 
chronic exposure of the forearm to soap (one forearm 
was washed 4x/day tor 5 days) (de Rigai & Leveque 
presented in Leveque, 1990). 

Acute UV exposure induces a sharp dose-depen­
dent increase in skin permeability starting 2 days 
after irradiation (Fig. 5). 
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Fig. 5 - Transepidermal water /oss (TEWL) (x- ± S.E.M.) 
through hair/ess rat skin fol/owing irradiation b y d ifferent 
UV doses (Lamaud & Schalla, 1984) 

There was a linear relationship between the lo­
gari thm of the UV dose a nd the TEWL 
(r=0.929) (Lamaud & Scha ll a, 1984). Never­
the less, the horny layer does not completely 
loose its barrier function by a moderate sun­
burn. The TEWL (as a measure of hydrophilic 
compounds) was increased from 5 ± I g*m·' '~ h ·' 

to 33 ± 6 g*m·' *h ' in UV - irradiateci hai rless 
rats, but removal of the horny layer by strip­
ping produced an increase to 89 ± 5 g *nr' *h·' . 
That this also holds true for percutaneous ab­
sorption of more lipophi lic compounds such as 
cortisol (log P= 1.5 - 1.6) could be shown by 
the urinary excretion after top ica! app licatio n o f 
the ' H - labe lled drug (fig. 6). 

Age and Body Region 
The permeabili ty of infant skin is well-known 
to be hi gher not only in preterm babies, but a l­
so to a !esser ex te nt during the first years of !i­
fe, indicating a maturation process of the bar­
rier. The systemic bioavailability after topica! 
application is further augme nted in infancy by 
the higher skin surface to body weight ratio. 

95 



Advances in percutaneous absorption 

CU~ l lìl.ATl\!E l RINARV EXCKETI()'\' 
OF1

J C·CORTISOI. 

~ 20 

i 
IO - -------ÌI----·------- ----~~-· ,,,,,.. • -- • _ _ t"tlmrol -

' ,,"" T 

I !di 

Fig. 6 - Urinary excretion of drug and its metabolites fol­
/owing topica/ application of a I% 3H-hydrocorfisone lo­
tion to intacf, stripped and UV-irradiated hairless rat skin 
(Lambrey & Schalla. unpublished). 

In fact, these features are combined in particular 
in preterm babies leading to a considerably hi ­
gher ri sk of to xicity v ia perc utaneous a bsor­
ption. Initiated by a demand from pediatricians 
some years ago we calcu lated whe the r, on the o­
ther hand, thi s increase would be sufficient to 
e nvisage percutaneous nutrition of premature 
babies. The inte ntion was to avoid the high ri sk 
of thrombo(phlebi-)tic complications by intra­
venous feeding with fat e mu ls ions. Based on a 
numbe r of in vitro experime nts w ith neutra[ li­
pids and essential fatty ac ids using preterm skin 
of different gestationa l age, we concluded th al 
the calorie intake by the topica! route was far 
be low the needs of premature babies. 

We a lso showed that the calorie intake via the 
topica! route does not play any role in adull 
skin, i.e. adults cannot become obese by normai 
or even excessive use of cosmetics. 

In the e lderly, investigations are sparse and the 
results somewhat contrad ictory. The topica! 
bioavailability may be increased because of de­
layed clearance fro m the skin . The extent to 
w hi c h penetrati o n is a ug me nted by age, and 
whethe r this is indeed due to age rather than sun 
damage rema ins unclear. 
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It is well-known that percutaneous absorpt ion 
varies accord ing to the body region. Rougier et 
al ( 1988) suggested that such differences may be 
re lated to the corneocyte s ize. The larger the cor­
neocyte surface area, the lower was the permea­
bi lity for '"C-benzoic ac id. This makes se nse sin­
ce the distance for a molecule to pass through 
the horny layer by the in tercellul ar pathway will 
be greater for the larger corneocytes. Neverthe­
less these results have to be confirmed by others 
and should be extended to other body regions. 

Skin Diseases 
Dermatoses may roug hly be di viclecl into hyper­
ke ratotic, orthokeratotic and parakeratotic clisor­
de rs. The latter a re associate ci wi th increasecl 
skin permeabi lity as shown for psoriasis a nd e­
czema in many stud ies. In hyperke ratotic condi­
tions, changes in percutaneous a bsorption de­
pend upon the nature of the d isturbances. De­
tails are founcl in the reviews c itecl in the intro­
cluction. 

lontophoresis 
lon tophoresis ancl ultrasouncl e nh ance the per­
meation of topi ca! agents. the former not o nl y 
by direct act ion on topi ca ll y appliecl c ha rged 
compounds inc l. clrugs and pepticles. but also by 
e lectro-osmosis of e ndogenous e lectro lytes. 
Rece nt experimental and theoretical approaches 
(review in Pratzel , 1987) have underlined that 
ion to pho res is induces a facilitated di ffus io n 
through the main barrier, i.e. cha rged and polar 
mo lecules are direc ted by the e lec tric fie ld a­
long the shortesl path through the horny layer 
ins tead of ne t d iffu s io n provoked by random 
migration within a concentration gradie nt. 

The iontophoretic current were found to be pri­
marily through the appendages a nd certain ap­
pendages (e.g . small hairs) appeared to carry 
most of it (Cullander & Guy. l 99 1 ), i.e. the fol­
licular route seems to be even more important 



under these conditions than for the norma] dif­
fusion pathways di scussed earlier. 

The number of small , very mobile electrolytes 
in the viable skin layers is much more than the 
minute amount coming out of the barrier. There­
fore, iontophoresis does not continue to play a 
major role in these deeper compartments. 

Animai and membrane 
models tor sfudying 
percutaneous absorption 

The pig (and probably a lso the mini and micro 
pig) remains the ani mal species of choice. Most 
data for skin permeability are quite comparable 
to those for man, but recent results indicate so­
me differences (Scott & Dugard, J 990). The 
Rhesus mo nkey is somewhat inferi or to pig. 
The hairless rat seems to be the best rodent spe­
c ies already giving higher values re lative to 
man. The value of marmoset skin and shed sna­
ke skin as well as of skin of newer varieties o f 
species such as the hairless guinea pig and the 
hairless Mexican dog remains to be estab lished, 
but first results are promising. Ali other species 
(hairless mouse, ali hairy rodents, including gui­
nea pigs and rabbits) are rather poor predictors 
of percutaneous absorption of topicals and of 
the effect of pene tration enhancers in man. 

The usefulness of artificial membranes and, mo­
re inte restingly, of biologica! ski n substitutes by 
modem celi culture techniques awaits furth er 
co nfirmation . The same holds true for newer 
mathematical models. 

Skin Metabolism 
Skin metabolism can be used for design of drug 
precursors, but has also been taken into account 
for toxification and detoxification (review in 
Bouclier & Shroot, 1987; Kappus, 1989; Shroot 
& Schaefer, 1987). 

J. Appl. Cosmetol. 10, 23-00 (April-June 7992) 

It is important to note that chemical agents are 
metabolized differently by the skin than by o­
ther organs and that sex diffe rences in skin me­
tabolisrn and bioavailability afte r topica! appli­
cation can be observed. 

Uprooted human scalp hairs - a techn ique used 
in clinica! dermatology for hair analysis - have 
been grown in culture and found to be excellent 
for studying skin rnetabol ism linked to carc ino­
genesis (Merk et al. 1987). They also proved to 
be applicable, to other rnetabolic pathways. The 
use of celi cultures has also become increasin­
gly popu lar. The re levance of these models to 

human skin in vivo has yet to be establi shed. 
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----------------Synopsis 
The interest in transdermal deli very for extracutaneous treatments has stimulated a better understan­
ding o f pe rcutaneous absorption, mainly in trying to increase ski n permeability and controll ing the 
re lease of drugs or thei r precursors. 
Permeati on can be increased by various types of enhancers such as fatty alcohols and acids, their e­
sters , Azone, monoglycerides, pyrrolidone derivatives, cyclic monoterpenes, methyl sulfoxides and 
urea. There is evidence that they act by differenl modes of action: disruption of the intercellular li­
pid s tructures, altering their composition or the cohesiveness between cells, effects on the celi 
membrane or on intracellular components. Enhancement by these agents does not correlate with 
their irritancy, and il is not identica! between man and a number of animai species. 
Additional vehicle effects are caused by modifying the solubility and partitioning of the active com­
pounds. Liposomes and niosomes are just examples. The ratio between the interfollicular and the 
fo llicular penetration pathways can also be altered. Solutions seem to favour the former, particles 
the !alter. 
On the other hand, there is also an increasing need for penetration blockers in view of the risk of to­
xic and allergie reactions to the chemicals used in our private and occupational I ife. 
Whether for enhancement, or blocking of penetration, it has to be taken into consideration that co­
smetic and dermatologica! topica! applications act differently on diseased skin from normai skin. 

Riassunto 
L' incrementato interesse per i trattamenti topici ha provocato una migliore conoscenza sull 'assorbi­
mento percutaneo. Si è cercato così di incrementare la permeabilità cutanea controllando meglio la 
cessione sia dei farmaci che dei loro precursori. 
il grado di permeazione può essere incrementato da vari tipi di acceleranti l'assorbimento quali gli 
alcooli e g li acidi grassi, i loro esteri , l 'azone, i monogliceridi , i derivati de l pirrolidone, i monoter­
peni ciclici, i metil sulfossidi e l' urea. È stato dimostrato che queste sostanze agiscono con diversi 
meccanismi di azione: scompaginamento delle sostanze lipidiche intercellulari, alterazione della lo-

101 



Activity of vehicles and diffusion through the horny /ayer 

ro cornpos1z1one o della coesione delle cellule, effetti sulle membrane cellulari e sui componenti in­
tracellulari. L'accelerazione nel grado di assorbimento di questi agenti non è correlato con il loro 
potere irritativo e non è uguale tra l'uomo e le diverse specie animali. Inoltre, modificando il grado 
di solubilità e il coeffi ciente di riparti zione dei composti attivi si possono ottenere dai veicoli ulte­
riori effetti. Ne sono alcuni esempi i liposomi ed i niosomi. 
Può anche essere alterato il rapporto tra penetrazione interfolli colare e penerrazione follicolare. L e 
soluzioni sembrano favori re la prima via di penetrazione mentre le particelle (emulsioni) favorisco­
no la seconda. 
D' altra parte si sente anche la necessità di incrementare lo studio sulle sostanze che riducono o im­
pediscono l ' assorbimento percutaneo soprattutto ridurre il ri schio cli reazioni tossiche o allergiche 
provocate eia inquinanti ambiental i con cui si viene in contatto durante la vita cli relazione o nell 'am­
biente cli lavoro. 
Nell ' usare accelleranti o bloccanti r assorbimento bisogna tener anche conto che la cute sana e la 
cute patologica reagiscono in modo diverso all"applicazione topica di farmaci dermatologici o di co­
smetici . 
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I ntroduction 
This paper will focus o n some aspects of the 
horny layer in relation to its barrier function and 
modifications induced by vehicles including ad­
diti ves such as penetration enhancers. The follo­
wing reviews give more details: Brandau & Lip­
pold, 198 1: Bro naugh & Maibach, 1985: Elias, 
1983; Landmann, 1988; Maltoltsy, 1986; Schae­
fer et al. 1982; Schalla, 1989; Schalla & Schae­
fer, 1987; Scheuple in , 1978: Scott & Dugard 
1989; Shroot & Schaefer, l 987. 

The reader sho uld bear in mind that vehicles 
a lso influence other features o f the horny layer, 
s uch as smoothness, appeara nce, subjecti ve 
fee lings etc., which are not w ithin the scope of 
th is article. 

Composifion of fhe 
Horny Layer 
Jt is genera lly agreed that the horny layer is the 
main barrie r against d iffu s ion. Th is layer is 
composed o f cells which d ie d uring the ir termi ­
nal d ifferentiation, with consequent reduction 
of the water content which in turn leads to a ti ­
ghtly packed struc ture of fil aments and matrix 
resistant to many liquids and solvents. This cel­
lular conteni is encased in an even more resi­
stant cornified envelope. The intercellular spa­
ce be tween these flattened cells is composed of 
lamellar struc tures formed by multiple bilayers 
of the hyd ropho bic and lipophi lic regio ns o f 
fatty ac id esters, ceramides, cholesterol sulpha­
te and others (reviewed by El ias, 1983; Elias et 
a l. 1987; Landmann, 1988 ; Matoltsy , 1986). 
T he lamell ae tightl y pack the structures and 
comple tely fili the intercellular space in the in­
nermost horny layer, whereas they form lacu­
nae in between the now non inteITupted lamel­
lae in the mid-portion and o uter stratum cor­
neum (Ho u et al. 199 1 ). 

W Schalla 

There is an inverse linear correlation between 
the horny layer th ickness and the transepidermal 
water loss (TEWL) as a simple measure of ove­
rall skin permeability for hydrophilic compoun­
ds (Leveque, 1989; fig. I). 
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Fig. I - Inverse lineor correlotion between tronsepidermol 
water loss ond horny loyer thickness (Leveque. 1989) 

The horny layer thickness in vitro and in vivo 
depends on the re lati ve humidity (RH). Up to 
85% RH, the thickness is increased to 125% re­
lative to 0% RH. A steep increase was calcula­
ted for RH > 98% leading to 65µm thickness at 
I 00% RH compared to 20 µ m in vivo at 0% RH 
(Blank, 1984). 
Most of the fasc inating contributio ns in the last 
two decades have focussed on the essentia l ro ­
le o f the inte rcellular do main for pe rcutaneous 
abso rpti o n , i .e. the interce llu la r pa th way 
through the horny layer. No ne theless, o ther 
routes such as the transcellu lar pathway should 
not be ruled out. The latter route is much shor­
te r. 'Vertical ' gates in the di rection of the via­
ble e pidermal Jayers can hardl y be seen be­
tween neighboured corneocytes in fig . 2 - no t 
surprising ly, since the mean diameter of these 
hexagonal cells is in the range of 30 µm whe­
reas the ir th ickness is less than I µm. The di­
stance for a molecule to diffuse by the intercel-
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lular pathway is therefore extremely long re la­
tive to the transcellular route. 

Fig. 2 - Pocking of comeocytes. 
Note thot just o few celi membrones con be seen in the 
verticol direction in this field of view trosmission electron 
microscopy) indicoting thot the intercellulor pothwoy is 
very much Jonger thon the tronscellulor route, 
controdictory to whot is suggested in most of the 
schemes used tor comporing the penetrotion 
pothwoys. 

Moreover, de tergent-induced celi di ssociation 
and desquamati on can be stimulated by EDTA 
and inhibited by aprotinin, a proteinase inhibi ­
tor, underlining the importance of prote ina­
ceous struc tures for the morphological changes 
observed during terminal differentiation within 
this barrie r layer (Egelrud & Lundstrom, 1990). 
Th e corneocyte attachment was fou nd to be 
correlateci with the number and distribution of 
corneosomes (modified des mo somes in the 
horny layer). The inner s tratum compactum 
was tightly packed and corneosomes were nu­
merous, whereas cohesion were mainly peri ­
pheral in the stratum di sjunction. In this super­
fic ial part of the horny layer, corneosomes were 
res tricted to corneocyte edges (Chapman & 
Walsh, 1990). On the other band, extracellular 
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lipids derived from membrane-coat ing granules 
seem to play a significane anti-cohesive role 
preventing appos ition of corneocytes, incli ca­
ting that lipid envelopes are unlikely to mediate 
cohesion in normai stratum corneum (Chapman 
et al. 1991 ). 

The follicular route was consicle red to be impor­
tant only in the early phase of penetration, whe­
reas the major part of any given compound per­
meates late r on via the interfollicular e pidermi s. 
Based on a few experime nts th is phenomenon 
was explai ned by a reduced barrie r of the fol li ­
cul ar epithelium on the one band and the appro­
ximately 100 fold larger surface area of the in­
te rfolli c ular e pidermis on the other hancl. T his 
po int of view neecls to be modi fied in the light 
of recent results (see the article "Acl vances in 
Perc utaneous Absorpti on'· in this monograph) . 
As Brian Barry ( 1987) pointed out: "We can po­
stulate that for most penetrants of intermed iate 
polarity, a variety of routes will come into play 
depenclent on skin conclition and diffusional ti ­
me, but for s implicity investigators o ften consi­
de r only the predominant route for any particu­
lar drug. However it is important not to concen­
trate sole ly on one theoretical pathway and to i­
gnore other possibilities". 

The interest in transdermal de li very for extra­
cutaneous treatments has further stimu lated the 
ef-forts to be tter understand percutaneous a b­
sorption, mainly in trying to increase skin per­
meability and controlling the release of drugs 
or prodrugs . 

Penetrafion Enhancers 

Pe rmeation can be increased by various types of 
e nhancers such as fatty a lcohols and acids, their 
esters, in particular monogl ycerides, Azone, 
pyrrolidone derivatives, cyclic monoterpenes, 
methyl sulfoxides, salicylic acid ancl urea. There 
is evidence that their mocles of action differ. 



Disruption of the intercellular lipid st:ructures seems 
to be one of the most common mechanism for en­
hancers, including Azone, oleic ac id and dimethyl 
sulphoxide. The enhancers could be put into three 
main categories: those which promoted permeation 
through both po la.r and lipid routes of the intercellu­
lar space, accelerants which preferentially affected 
the lipid route, and enhancers which mainly mocli­
fiecl polar pathways (fig. 3) (Bany, 1987). 

Rcl::uivc Disorder 

Fig. 3 - A composite diogram representing postuloted 
sites tor penetrotion enhoncers to oct in the intercel/ulor 
domoin. The figure illustrotes the chonge from relative 
order to relative disorder otter the insertion of 
occeleronts. Smoll circles represent po/or acce/erants 
such os the pyrrolidones, propy/ene glycol, ethanol and 
oprotic solvents: lineor choin mo/ecu/es represent Azone 
and beni mofecules correspond to cis-unsaturoted 
fong-choin compounds such os ofeic acid and o/eyf 
alcohof (Barry, 1987). 

Other modes of ac tion of penetration e nha ncers 
involve a ltering the composition of the intercel­
lular space and/o r the cohesiveness between cel­
ls as well as effects on the cel i membrane or in­
tracellular compone nts. The e nha nceme nt by 
these agents cloes not correlate w ith the ir irritan­
cy, and it is not ide ntica! be tween man and a 
number o f animai species. 

Vehicles as Carriers of 
Active lngredients 
Othe r components of ve hic les do not intera.et 
as mu c h as the pe ne tra ti o n e nhancers w ith 
horny layer s tructures. Rather, they modify 
the solubility and partitioning of ac ti ve com­
pouncls in a g iven vehic le ancl the reby the pe r­
meation. 
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Liposomes ancl niosomes a re newer develo­
pme nts in this clirec tio n. Suc h bil ayered ancl 
multil aye recl vesicles to some extent mimick 
the inte rcellular lamell ar struc ture in the s tra­
tum corne um ancl can serve as carriers for a ­
c ti ve ingredie nts . In this respec t, they proba­
bly act more as a n additio nal reservoi r rather 
than as a pe netratio n enha ncer. Results sug­
gesting th a t liposome entra pped molecul es 
ha.ve increasecl skin pe rmeability have ham ­
pe red by that fact that the ve hic les usecl were 
far from o pti ma l fo r the g i ven agents. In o­
th e r words : it is easy to improve skin pe r­
meability by every method ifa poorl y relea­
sing vehicle is usecl a s re fe rence. We could 
for example not e nha nce the pe netrati on of 
hydrocortisone by incorporating it in to ni oso­
mes whe n we used for compari son a vehic le 
w hic h we had founcl to re lease the dru g very 
well to the skin. 

The ratio be tween the inte rfollic ul a r a nd the 
follicul ar penetratio n pathway can a lso be a lte­
red. Solvents seem to favour the former, pene­
trati on as particles, washing off the re maining 
excess of a topica! from the skin surface a ncl 
probably also entrapping into liposo mes or ni o­
somes, the latte r. 

Reduction of Penetration 

The most common approach usecl for reducing 
the acti vity is cli lution of the active agent in the 
preparation, e.g. by mi xing a clrug conta ining 
topica! with its vehic le without any clrug. Howe­
ver, it was observed that some suc h diluted pre­
paratio ns were as active as the uncl il utecl ones 
(Gibson et al. 1984). One rea.son for this pheno­
menon is that qui te often suspensions are used 
containing solubilized as we ll as unsolubilized 
drug. Only the former can immediately be libe­
rateci to the skin . Crystals have first to be clissol­
vecl within the vehicle or at least within the stra­
tum clisjunctum of the horny layer before they 
can penetrate into the skin. Dilution if such su-
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spensions diminished the unsolubilized portion, 
but not the solubilized concentration because 
crystals will again di ssolve up to drug saturation 
in the given vehicle. 
Another point to be stressed in respect to de­
creased penetration is the following: 
Reduction of the active agent at the target s ite is 
not automatically followed by a decreased acti­
vity, as holds true for the opposite, i.e. enhanced 
penetrati on may not always improve the effica­
cy of cosmetic, dermato log ica] or transdermal 
treatment. It has to be born in mind that the dose 
response re lationship is usually saturable and 
that the re is a max imal respo nse which cannot 
be further augmented by increasing the concen­
tration. The need for use of penetration enhan­
cers (or reducers) has therefore to be checked 
individually. 
There is a lso an inc reasing need for broad pe ne­
tration blockers in view of the ri sk of toxic and 
a lle rgie reactio ns from the chemicals used in 
our domestic and occupational lives. The baITier 
c reams, includ ing topicals conta ining io n e­
xchangers, s ilicone, tanning agents e tc., are at 
present far from be ing ideai for most of their 
practi cal uses. The refore, the best protection 
s tili remains the avoidance of direct con tact 
with such chemicals by instrumental aids or by 
wearing gloves. 

Altered Horny Layer 
Structures 
The stratum corneum is moclified by environ­
me nta l factors, sk in diseases and the ir trea­
tment and so on . Acute sunburn is fo llowed by 
a sharp , short-las ting inc rease in TEWL (see 
"Advances in Percutaneous Absorption" in this 
monograph); chronic UV exposure induces a 
thickening of the horny layer. Thicken ing of 
the horny layer is not automatically accompa­
nied by a stronge r barrier function si nce it de­
pends on the type: ortho-hyperkeratosis such 
as in ca!losities strengthens the barrier, patho­
logical hyperkeratoses in most ichthyotic con-
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ditions diminish the barrier function, as in pa­
rakeratotic diseases such as psoriasis and acute 
and subacute eczema (fig. 4) (review in Schal­
la, 1987, 1989). 
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Fig. 4 - Time course of the tronsepidermol water loss 
(TEWL) of invo/ved ond uninvo/ved psoriotic skin under 
PUVA theropy. 

Treatments may modify the horny layer in seve­
ra] ways: 
Occlusion is followed by maximal hydrat ion 
of the horny layer. As already pointed out, the 
thickness inc reases by a factor of abou t 2 .5. 
The barrie r func tion is usua ll y reduced by oc­
c lusion as shown in a number of studies (re­
v iewed in Bra nd a u & Lippo ld , 1982; B ro­
na u g h & Maib ac h , 1985; Schaefer et a l. 
1982). The increased skin pe rmeab ility is u­
sually accompanied by an increase in the topi­
ca] as well as the system ic bioavailability. We 
have foun d as an exception of this rule that 
occlusion o nl y aug me nted the systemi c bioa­
vailability (Scha lla et al. 1987). 

Bathing also induces a max i mal hydration of the 
horny layer, but it is of shorter duration. Intere­
stingly, the reservoi r function of the horny layer 
seems to be reduced by bath application of acti­
ve agents . Fischer ( 1976) compared the time 
courses of photosensiti vity by a trioxsalen bath 
to those from trioxsalen painting and methoxy­
psorale n table ts (fi g. 5) . 
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Fig. S - Time course of the erythemo reoction ofter 
different opp/icotion procedures of psoro/ens. 
Shodowed areo: Durotion of bothing (Fisher. 1976) 

12 h 

The photosensitivity dropped immediate ly after 
termination or a bath for 15 min. a fa r shorter ti ­
me than that after painting whichdid not reach 
its max imum within the first hour. We were able 
to confirm this and in addition found no detecta­
ble serum levels, in contras t to pai nting, indica­
ting that the kinetics after bathing are complete­
ly different fro m those o f top ica! applicatio n. 
The kine tics are in fact superimposable on those 
for iontophoresis, but at a lower leve) (fig. 6). 

Z.-it in h 

Fig. 6 - Eliminotion kinetics of ocetylsolicylic ocid ofter 
iontophoretic ond bath opplicotions. resp. (Protzet. 1987). 

In e ithe r of tho e particular appli cations, the 
horny layer reservoir is diminished and effecti-

J. Appl. Cosmetol. 10, 23-00 (April-June 1992) 

ve drug concentratio ns in the skin are reached 
earlier. l f short application periods (rough esti­
mate < 30 min) and highes drug concentrations 
in the same vehic le are used the topica! bioavai­
lability is often higher than that by conventiona l 
application. but the systemic bioavailabil ity is 
lower. He nce, the benefit/ri sk ratio is better 
whe n such short a pplications are used. 
Corticoids cause skin alrophy and thinning of the 
horny layer (Wenclt & Frosch. 1982). One can as­
sume that the barrier function is reduced and that 
this in lllrn may reinforce any side effects. 

Retino ids also alter the s tructure of the horny 
layer. Serum levels normally reach a steady sta­
te a fter I - 2 weeks of repeated dosing to the in­
tact horny layer. As shown in fig. 7 , a plateau is, 
indeed, achieved within the 2"0 week, but th is is 
followed by another increase. This indicates that 
the barrie r function is dis turbed by chronic e­
xposure to retinoids which thus after 2 weeks 
facilitate the ir own penetration. 

Fig. 7 - Serum tevets of o retinoid ond its metobolite ofter 
once doily opplicotion tor 4 weeks. 
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Announcement 

51
h WORLD CONGRESS OF THE INTERNATIONAL SOCIETY 

OF COSMETIC DERMATOLOGY 

PROGRESS IN COSMETIC DERMATOLOGY: 
BASIC SCIENCE AND TECHNOLOGY 

OCTOBER 7-9, 1993 
Sheraton New York Hotel and Towers 

New York, New York U.S.A. 

This meeting presents the first opportunity in the USA to meet with dermatologists, 
cosmetic chemists, pharmacologist, physiologist, toxicologist, and other experts 
with an identified interest in the maintenance of normai skin as well as the therapy 
of unaesthetic conditions. 

Program 

• Basic and Advanced sc ience 
• Component technology 
• Test modalities 
• Instrumentation 
• Regulatory affairs 

The meeting wi ll further promote: 

• Aging skin 
• Skin nutrition & metabolism 
• Dermocosmetic Therapy and 

Management of Special Skin Conditions 
• Cosmetic crenodermatology 

• Understanding and cooperation among the various disciplines which have special 
interest in protecting and preserving the skin. 

• Studies concerning experimental and clinica! cosmetic dermatology within in­
stitutes and hospitals. 

• The highest standards for patient care through education. 

Cali f or abstracts 
Scientific contributions will be considered for inclusion in the program based upon 
merit and educational interest. Abstracts must be submitted on the officia! Congress 
Abstract Reproduction Form and received before September 1, 1993. 

Abstract form and Submission Guidelines are available from the 5'" World Con­
gress Secretariat Office at: 
ISCD 
875 Kings Highway, Suite 200 
West Deptford, New Jersey 08096 USA 
Tel. 609-845-1720 Fax 609-853-0411 



Registrati on 
Advance registration is requested and will help avoid delays at the time of the Con­
gress. Those who remit the appropriate fee with the officiai form prior to Septem­
ber 1 O, 1993, quality for a reduced registration fee. Please use the Advance 
Registration Form included in this announcement. 

Advance registration will not be accepted after September 10, 1993. If you cannot 
pre-register at the time of the Congress. The Congress Registration Desk located at 
the Sheraton New York & Towers wili be open daily. 

Registration fees are payable in U.S. funds only, drawn on a U.S. Bank, and must 
be accompanied by the officiai regi stration form. Make checks payable to: ISCD. 

The registration fees for members and non-members, includes admission to the 
scientific session with the exception of the Pre and Post Meeting Workshops; Ex­
hibits, opening and closing ceremonies; luncheon; and ali Congress publications to 
include final program and abstracts. 

Accomodation 
Hotel rooms have been reserved at the Sheraton New York Hotel & Towers. The 
special , reduced room rate for the Congress is $ 150.00 for a single room and 
$ 170.00 for a double room plus applicable State and Locai Taxes. Room reserva­
tions at the specially reduced rate will be made on a first-came; first-served basis. 
The ISCD room block will be he ld unti! September 15, 1993. Reservations 
received after this date will be accepted on a space available basis and will be sub­
ject to the rates prevailing at the time of the reservation. The special Con,gress 
room rates cannot be guaranteed to be available after September 15, 1993. Rooms 
will be held only until 6:00 pm unless late arrivai is advised and payment for 
the first nights accomodations is guaranteed. 

Reservations may be made directly with the hotel at the following address: 
Sheraton New York Hotel & Towers 
Seventh Avenue & 52nd Street 
New York, New York 10019, U.S.A. 
Phone: (2 12) 581-1000 
Fax: (212) 262-4410 

Please note that your registration to the Congress will include a voucher worth 
$100 US which may be used towards accomodation expenses at the Sheraton New 
York Hotel & Towers during the officiai dates of the meeting. 



Acknowledgement of receipt of fees 
Upon receipt of your completed registration form and payment of fees, the 
Secretariat will send you an acknowledgement which should be presented at the 
Advance Registration Desk at the Sheraton New York & Towers, where you will be 
given your badge, tickets and all Congress documents. 

Cancellation and refunds 
A full refund of registration fees will be made for cancellations received befor Sep­
tember 10, 1993. An administrative charge of $100 US will apply to cancellations 
receveid between September 10 and October 1, 1993. No refunds will be made for 
cancellations recei ved after october 1, 1993. 

Entry requirements 
A valid passport is reqired for ali visitors entering the United States. Visas are re­
quired for most nationals entering the country. Before finali zing your travel plans, 
please consult the US Embassy or Consular Office in your country of residence for 
details regarding visas and entry requirements. 

Insurance 
The 51

h International Meeting on Cosmetic Dermatology cannot accept liability for 
injures or losses sustained from accidents or other occurrences that may arise in 
connection with the Congress. We recommend that participants subscribe to ap­
propriate trave! and health insurance. 

New York City - The Big Appie 
New York City Offers a tremendous variety of unique and exciting activities for 
visitors. Theatres, museums, historic sites and an exotic array of restaurants abound. 
World-renowned attractions include the Statue of Liberty, Broadway, Rockfeller Center, 
the United Nations, Lincoln Center, the Empire State Building, and much more. 

Secretariat 
Communications regarding housing registration, abstract submission, and request 
for generai information should be directed to. 

Ian Dockrill, Congress Manager International Society of Cosmetic Dermatology 
875 Kings Highway, STE. 200 
West Deptford, NJ 08096 U.S.A. 
Tel.(609)-845-1720 
Fax (609)-853-0411 



Exposition Management 
Communications regarding the exposition and requests for application forms for 
exhibit space should be directed to. 

Nick Montata, Exhibit Manager International Society of Cosmetic Dermatology 
875 Kings Highway, STE. 200 
West Deptford, NJ 08096 U.S.A. 
Tel. (609)-384-6287 
Fax (609)-853-04 li 

Organizing Committee 
Communications regarding committee activ ities and program participation should 
be directed Lo. 
USA and others country: 
M. Brodie James, M.D. 
1076 Tannery Lane 
Camden, ME 04843 
Tel. 207-236-4177 
Fax 207-594-406 

Europe: 
Pierfrancesco Morganti, Ph.D. 
Via Innocenzo XI, 41 
00165 - Roma (Italy) 
Tel. (06) 393.78.788 
Fax (06) 63.80.839 

Important dates 
July 1, 1993 Deadline date for receipt of abstracts 

September 10, 1993 Advance registration deadline 

September 10, 1993 Hotel reservation deadline 

For further information, please contact the Congress Secretariat: 

ISCD Secretariat 
clo Talley Management Group, Inc. 
875 Kings Highway, Suite 200 
West Deptford, New Jersey 08096 USA 
Tel. 609-845-1720 I Fax 609-853-0411 



OFFICIAL ADVANCE REGISTRATION FORM 
5'" lnternational Meeting of Cosmetic Dermatology 
October 7-9, 1993, Sheraton New York & Towers, New York, USA 

To qualify for the reduced advance registration fee, registration must be 
postmarked no later than September 10, 1993. If yo u cannot regis ter by 
september I O, 1993 you may register at the time of the Meeting in New York (at 
thehigher on-s ite fee as detailed on this form). 

Name and Mai ling Address of Registration (Please Print or Type) 

Name: 
Family Name First name Middle ini tial Degree 

Tit le lnsti tut ion/A ffì liat ion 

Address: 

City State/Province 

Country Postal code 

Telephone number: Fax number: 

P lease indicate any disabi lity which will require spec ial ass istance: 

Unless the ISCD is advised prior to the meeting of any special requirements due to 
disabil ity, we cannot guarantee that serv ice wi ll be avai lable if requested on site. 

B. Congress advance registration fees 

O ISCD Members $ 460 US $ D Non ISCD Members $ 570 US $ 

C. Accompanying persons registration form 

Accompanying persons $ 175.00 U.S. per registrant 
Names of accompanying persons: 

Family name First name 

Total congress registration fees $ ___ _ 



The registration fees for members and non-members, includes admission to the 
scientific session with the exception of the Pre and Post Meeting Workshops; ex­
hibits; opening and closing ceremonies; luncheon; and all Congress publications to 
include final program, and abstracts. All registrants will receive a voucher worth 
$100 US for use towards accomodation expenses at the Sheraton New York Hotel 
& Towers. This voucher is non trasferable and may only be used at the Sheraton 
New York towards accomodation expenses over the dates of the V International 
Meeting on Cosmetic Dermatology. 
*Note: Do not mail your registration after September 10, 1993-bring it with 
your payment to the Congress. Your registration will be processed on site. 

A fulJ refund of registration fees will be made for cancellations received before 
September 10, 1993. An administrative charge of $100 US will apply to cancella­
tions received between September 10 and October 1, 1993. No refunds will be 
made for cancellations received after october 1, 1993. 

Total registration fees for accompanying persons $ ___ _ 

Registration fees include admission to the exhibits, luncheon, hospitality suite, 
and opening ceremonies. 
For office use only Date MOP Amount D# ___ _ 

D. Registration Summary 

Congress Registration Fee $ ____ Accompanying Persons Fees $ ___ _ 

tota I of ali f ees $ ___ US 

All registrants: To aid us in processing your registration correctly, please indicate 
how payment will be made. Registrant name must appear on ali bank documents. 

O Credit card (Visa or Mastercard only) Circle one: Visa Mastercard 
Your name as it appears on credit card: 

Account number: Expiration date: 

Signature: 

Please note: individuals are responsible for all bank charges. Check with your 
bank before processing payment. 



D Payment is enclosed in US dollars by check and issued by a US correspondent 
bank. Enclose check make payable to: ISCD (foreign check will be returned to 
sender). 

D *Payment is being processed separately by: (Name of your bank) 

D *My bank advised that payment to the Congress will be made by: 
(U.S. bank name) 

(City/State) 

D Wire transfer of Funds. Transfer funds to: 
ISCD 
The Bank of Gloucester County 
1100 Old Broadway 
Woodbury, NJ 08096 USA 
ABA# 031207636 Acct# 16022448-12 

Registration will not be processed unti/ transferred funds have been received. 

• Please make a copy of this form for your records. 
• Mail completed form with payment, or a copy of the trascontinental bank transfer 

information, to: 
ISCD 
875 Kings Highway, Suite 200 
West Deptford, New Jersey 08096 USA 

To qualify for the reduced advance registration fee, registration must be 
postmarked no later than September 10, 1993. After this date you may register at 
the time of the congress in New York Cty; where the registration fees will be as fol­
lows: 

ISCD Members $570 Non ISCD Members $650 US 
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