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9 8 % EFFECTIVE SUNSCREENS 
FILTRI SOLARI PROTE1TIVI AL 9 8 % 

• High tollerability. Altamente tollerabili 
• Non greasy. Non grassi 
• Rapidly disappearing. Invisibili sulla pelle 
• Easy to apply. Facili da spalmare 
• Photostable. Fotostabili 
• Water proof. Idrorepellenti 

MAVISAN' 
crema 

To prevent UV-induced skin damages. 
Previene i danni del sole 

To preserve skin natural defences 
Preserva le naturali difese della pelle 

To prevent the oxidative stress 
Previene la formazione dei radicali liberi 
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DIET SUPPLEMENT OF CAROTENOIDS ANO 
ANTIOXIDANT VITAMINS 

INTEGRATORE DIETETICO DI CAROTENOIDI, 
VITAMINA C, VITAMINA E 

The first 
photoprotectant 

contro/led by RPF* ~ 
l 

L'unico fotoprotettivo ·.; 
con RPF* definito ~ 

"" To enhance the immune response 
~ Neutralizza gli effetti negativi dei raggi UVA-UVB-IR 
"" To ameliorate iper and ipopigmented skin 
~ Indicato nelle discromie cutanee 
~ To slow-down the aging process 
~ Per ridurre l'invecchiamento 

pili a day - 1 capsula al giorno 

* RP.F = Radical Protection Factor - Fattore di Protezione anti Radicale libero 
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ACROMOS 
PLUS with vitamin e 

The scientific approach to [AGE-SPOTS] : i 
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Applicare sulle 

...___ 

aree da trattare 1 o più 
volte al di proteggendo la 
cute durante il giorno con 

MAVISAN BLOCK 

To be applied on AGE-SPOTS 
1 I 2 times a day, protecting 

the skin by MAVISAN 
BLOCK in the morning 
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Migliora la pettinabilità e la lucentezza dei capelli 
Enhance brigthness and hair combing 
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® •Lotion 
•Diet supplement 
•Shampoo 

For the treatment of hair loss 

Lm ma VI 

The right solution 
to an old problem 
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Clinical studies demonstrated Bioesse efficacy to treat mild 
to moderate hair loss in the frontal parietal scalp 11 
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MEAN PERCENTAGE VARIATION OF TOTAL HAIR MASS PER cm2 OF PATIENTS WITH 
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Caracteristics 
• Autodosable 
• PH balanced 
• Alcool-free 
• Non-irritating 
• Gentle 

' 

A NEW MAVICEUTICAL 

FOR TDPICAL TREATMENl 

OF SKIN INFECTIDf'-

ALFA 4 ( 

MIC::OSPUMA 

MILD ANTIMICROBIAL 

CLEANSER 

MAXIMUM STRENGTH 

lndications 

>In pre and post-operative 
treatment 

> In post laser treatment 

>In preventing infection and 
formation of scar lesions 

For more scientific information cali lo: 
Mavì Sud Sri - V. le dell'Industria. 1 
04011 Aprilia (Lt) ltaly 
Tel.+39.6.92.86.261 - Fax +39.6.92.81.523 
E-mail:mavi@colosseum.it -
URL:http://www.colosseum.it/st81/mavi 

> To help in healing and 
revitalizing damaged skin 

. ,"- . ' : : ·.:··~' ~ : .~ . ·1~ . .f~ ~ :~,. ·~,,·.>'ti. !.,~r-; ,:-... :·;:~'·:~J: ... ::t 7':t .. :~ 

·., DOES NOT DRY OR IRRITATE THE:SKJN;; 
: . •. ~ '· . _. ·• i .· .... , •. ". ·. ·' .•. - .... ~ •. : ' •. : ·- "'· .,,. :" :~·.; ' . .-~~· - '~-·-' ... ~~ 





!LfJ. 1
1
n 

0
oermatto

1
1ogia 

mav1 n erma o ogy 

" u. ! •• • ••• .. ~ ... 



Trimestrale di Dermatologia Cosmetologica 
Quarterly Review of Cosmetic Dermatology 

EDITOR-IN-CHlEI' P. MORGANTI, Ph.D. 
Sccrerary Generai 
ln1emational Society of Cosme1ic Demrntology 
Via Innocenzo Xl, 41 • 00165 Roma (ltaly) 
Fax +39-6-63.80.839 
E-mail=iscd @colosscum.i1 

EDITING ASSISTANT M.L. NUNZIATA 
Via Innocenzo Xl, 4 1 • 00165 Roma (ltaly) 
Fax +39-6-92.8 1.523 
E-mail=iscd@colosseum.i t 

ASSOCIATE EDITORS F.H. KEMPER, M.D. C. JACOBSON. M.D. 

Celi and T issue Coltur e 
G. Biagini (I) 
L. Di Silvio (UK) 
N. Stark (USA) 

Molecular Biology 
L. Bruckner-Tuderman (0) 
V. Calabrese ( I) 
T. Krieg (D) 
J. Uiuo (USA) 

Skin Biology 
B.Berra (I) 
M. Ponce (NL) 

Photobiology 
H. Honigsmann (A) 
F.P.Noonan (USA) 
Y.K.Park (Korea) 
G. Prota (I) 

Skin Immunology 
A. Giannetti (I) 

Skin Per meation 
J.P. Marty(F) 
G. Puglisi (I) 

Skin Pharmacology 
F.H. Kemper (D) 
R. Paoleui (I) 

Skin Toxicology 
S. Paglialunga (I) 
M.G. Rozen (USA) 

Skin Ageing 
S. Jablonska (PL) 
M. Noszczyk (PL) 
M. Verschoore (F) 

Professor Emeri tus. 
Pharmacology and Toxicology 
D-48129 MUnster. Domagkstr. 11 
Fax +49-25 1-8355524 
E-mail;;;kemper@uni-muenster-de 

Past Presìdent - ln1ema1ional Society of Cosmetic Demrntology 
3600 Gas1on Ave. Suite I 051 Dallas 
TX 75246 USA 
Fax + 1-2 14-8241900 

M.B. JAMES. M.D. S.D. RANDAZZO. M.D. 
Dermatologist 
Via Androne. 39 · 95124 Catania (ltaly) 
Fax +39-95-326334 

Program Director - Jn1cmmional Society of Cosmetic Dennatology 
157 Beacon Strcct #2 
Boston. Ma 021 16 
Phonc/Fax +1 -617-2628433 
E-mail;AMERx@hey.net 

SCIENTIFIC SECTIONS AND EDITO RIAL BOARD 

Natural Cosmcsis and Balncology 
G. Agostini (I) 
B.R. Balda (D) 

Non-Invasive Methods and Biotechnologies 
H. Tronnier (D) 
W. Gehring (D) 
U. He inrich (D) 
E. Berardesca (I) 
P. Elsner (D) 

Skin and Cosmetic M icrobiology 
J. Kabara (USA) 
D.Orth (USA) 
D. Steinberg (USA) 

Skin Bioenginecring 
L. Andreassi (O 
L. Rodrigues (P) 
P. Elsner (D) 

Allergy Tcsting 
F.K.E. Andersen (NL) 
B. Santucci (I) 
A. Sertoli (I) 

Cosmetic Manufaclure and Contro) 
L. Nteta (SA) 
A. Parsons (SA) 
H.C. Roos (SA) 

Cosmetics and Fragrances 
G. Angclini (I) 

Cosmetics and Environment 
Retno l.S. Tranggono (Indonesia) 
P. Suvanprakorn (Thailand) 

Aromathcrapy a nd Natural Raw Materials 
G. Salvatore (I) 

Cosmetics' Safety Evalua tion 
E. Chiaccherini (I) 

Clinica! Jm,•esligations 
in Cosm etic Dermatology 
H. Maibach (USA) 

Oral M ucosa a nd Dcnta l Care Problems 
E. Benagiano (I) 

Nail Care Cosmetics 
R. Baran (F) 
B. Richert (B) 
A. Tosti ( I) 

Hair Care Cosmetics 
S. Calvieri (I) 
W.A.D. Griffiths (UK) 
C.E. Orfanos (D) 

Cosmetics and Skin Disorders 
V. Mordovstev (R) 
W. Raab (A) 
T. Ruzicka (D) 

Plastic and Aesthetic S urgery 
P. Palombo (I) 

Cosmetic Pediatr y 
G. Fabrizi (I) 
Y. Kazuya (J) 

A. Taieb (F) 

Cosmetic Gynaecology 
A. Lanzone (I) 
S. Mancuso (I) 
M. Massobrio (I) 



GENERAL INFORMATION 

The JOURNAL OF APPLIED COSMETOLOGY is an international journal devoted to publisching originai 
papers, reviews and other materiai which represent a useful contribution to research on the skin and on 
cosmetics. 
It is aimed at cosmetic chemists, dermatologists, microbiologists, pharmacists, experimental biologists, 
toxicologists, plastic surgeons, and ali other scientists working on produets which will come into contact with 
the skin and its appendages. 
The Journal is publisched quarterly in English. It is distributed to cosmetie chemists, dermatologists, plastie 
surgeons, medicai and pharmaceutical schools, medicai libraries, selected hospitals and research institutions 
throught the world, and by subscription to any other interested individuals or organizations. Statements and 
opinions expressed are persona] to the respective contributors and are not necessarily endorsed by the 
Editor(s), Advisers, Publishers of Distributors of this Journal. 

COPYRIGHT 
Submitted materiai must be the originai work of the autor(s) and must not bave been submitted fo r publ ication 
e lsewhere. 
By submitting a manuscript, the authors agree that the copyright for the ir 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 whole or in part, translated, stored in a retrieval system, or transmitted or distri buted in any form or by any 
means (electronie, mechanical, photocopy, recording or o therwise) without the prior written permission of the 
Publishers. 

Sections of Journal 

The following sections will be features of the Journal: 

Originai Laboratory Studies: clescriptions of origina i investigati ve laboratory rescarch in cosmetics and 
re lated areas. 

Special Reports: ltems of special interest to the readers, including reports on meetings, societies, legislation, etc. 

Generai Artieles: scientific articles of generai interest to our readers will be considered for publ ication. T hese 
articles shoulcl be concernecl with newer developments in such related fields as clermatology, biology, 
tox icology, etc. 

Short Co111111u11icatio11s: the lenght should not exceed 5 typewritten pages with not more, than 3 figures 
included. Headings ("Materials'·, "Discussion", etc.) as well as Summaries are to be omined. lf accepted, these 
submissiori will appear in print in a very short time. 

Letter to the Editor: comments on Journal artie les are invited as well as brief contributions on any aspects of 
cosmetic science. Letters may inc lude figures, and/or references, but brevity is necessary. 

Guest Editorials: concise, authoritati ve, substantiated commentary on specific topics of contemporary interest. 

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

Address: ali papers should be subrnittecl to: 
Dr. P. Morganti 
INTERNATIONAL EDIEMME 
Via Innocenzo XI, 4 l 
00165 Rome - Ita ly 
Tel. 0039/6/393.78.788 
Fax. 0039/6/63.80.839 



INFORMATION FOR AUTHORS 

Papers must be submitted in English. Authors whose mother tongue is Aot English should arrange for their 
manuscripts to be written in proper English prior to subrnission. 

Procedure of Submission of Manuscripts: submit three copies of both the manuscript and ali illustrative 
materiai to the above address. 

Organization of the Manuscrìpt: investigative studies should be organized as follow: title, abstract page, 
introduction, materiai 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 
typewritten, double-spaced, and with 3 cm margins. 
Trade names must be capitalized: the common name for compounds may be used if the formai chemical name 
as established by international convention is given after the first use. Any abbreviations other than those which 
are generally accepted must be defined. In the text, references to dual authors will use both surnames 
throughout. For multiple authors, use the surnames of ali authors at the first reference and only the first author 
followed by "et al" thereafter. Please mark in the margin of the manuscript the desired position of the figures 
and tables. To allow faster publ ication only set of proofs will be furnisched to the author including the figures 
and tables in their final position. 

Tide page: list che title, name(s) and degree(s) of author(s), department(s) and institution(s) at which the work 
was done, city, state, and postai code. Any preliminary report or abstract of the work should be referred to as a 
footnote to the title. 

Summary: each paper must be headed by an English language title of not aver 70 characters (includ ing spaces) 
suitable for use as a running head and must also be proceded by an English summary not exceeding 300 words 
typed double-spaced. The summary wi ll include statements of the problem, method of study, resu lts, and 
conclusions. Since this summary will be used by astracting journals, it must be self-explanatory and should not 
inlcude abbreviations, footnotes, and references. 

FooMotes: should be listed consecutively at the bottom of the page on which they fall, designateci by the 
fo llowing symbols in order *, +, +, **, etc. 

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

References: the references have to be abbreviateci as listed in the Index Medicus. The style of the references 
must conform to the examples given below: 
I) Robbins CR, Kellych ( 1970) Aminoacid composition of Mman hair. Text Res J 40:891-896 
2) Strehler BL ( 1977) Time, cells and aging 2nd edn. Academic Press, New York 
3) Ebling FJ , Rook (1972) Cie lic aetivity of the fol liele. In: Textbook of dermatology 11 , Blackwell , Oxford, p. 
1567-1573. 

Jllustrations: figures should be numbered consecutively using Arabic numerals Tables should be numbered 
consecutively, using Roman numerals. Ali photographs should be black and white, glossy and unmounted. The 
number and size of illustration should be restrieted to the minimum needed to clarify the text. Authors requiring 
extra space for illustrations wi ll be charge accordingly. This is also the case for color illustrations. Ali figures, 
photographs, graphs, or diagrams should be submitted on separate sheets. 

Animai Exeriments: descriptions of animai experi ments should inc lude full details of the types of animai 
used (inbred, etc.) and che conditions under which they were kept (standard diett, etc.) 

Trade Names: ali common cosmetic ingredients should be referred to by their generie 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. 
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Summary 
Unti I recently, the only strategy affording the protection of the skin against the harmful solar radia
tion was to reduce the number of impinging photons with fabrics, umbrellas, hats, sunglasses or 
sunscreens. 
Diverting impinging photons is the first step in sun protection. It is not the only one. Non-diverted 
photons enter the skin and provoke molecular damages to DNA, RNA, proteins, lipids, vitamins etc. 
often by indirect oxidative reactions. 
It is important to perform a second step and scavenge the reactive species, which provoke these resi
duai reactions, by using antioxidants against d ifferent reactive oxygen species such as superox ide, 
hydroxyl radicals and singlet oxygen. 
The third step in sun protection is to stimulate the endogenous self-defense responses. As of today it 
is possible to stimulate DNA repair, energetic metabolism, heat shock proteins, immune response, 
etc. 

Riassunto 
Oggi come oggi, la sola strategia che permetta d i proteggere la pelle contro i danni del sole è quella 
di ridurre il numero dei fotoni incidenti. Questo può essere ottenuto usando parasole, cappelli , vesti
ti, occhial i da sole ed anche mediante l'applicazione di preparati che assorbono o riflettono la radia
zione solare, i cosiddetti schermi o fi ltri solari. 
Contrariamente a quanto comunemente si crede, è stato recentemente portato all'attenzione dei ri
cercatori come un'abbronzatura naturale fornisca solo un piccolo fattore di protezione. In termini di 
Sun-Protection-Factor (SPF), l'abbronzatura è equivalente a un filtro solare con un SPF = 3 o 4. È 
quindi imperativo tener presente, quando ci si espone agli ultravio letti, non solo che il processo di 
abbronzatura si accompagna comunque alla produzione di danni molecolari, ma anche che l'abbron
zatura stessa non offre protezioni particolari e che, quindi , l' uso dei fil tri solari non deve essere ab
bandonato mai, neanche ad abbronzatura ottenuta. 
Deviare o assorbire i fotoni incidenti è solo il primo passo di una moderna strategia per la protezio
ne solare. Non è l ' unico! I fotoni che non sono riflessi o assorbiti penetrano nella pelle e provocano 
danni agli acidi nucleici (DNA e RNA), alle proteine ed ai lipidi. È necessario rimuovere questi dan
ni perchè essi provocano la morte cellulare e la conseguente reazione infiammatoria, che, come è 
noto, accelera il processo di invecchiamento cutaneo, inducendo mutazioni anche troppo spesso 
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sottovalutate. 
È da poco tempo possibile fornire preparati in cui il rilascio dianti-ossidanti è ritardato nel tempo, e 
che contengono enzimi di riparazione del DNA. È anche possibile fornire prodotti che provocano 
un'abbronzatura artificiale con piccola ma misurabile capacità di protezione. Permettendo di mante
nere il livello di danni molecolari al minimo, tali preparati riducono l'intensità dell'eritema solare ed 
i danni secondari associati alla risposta infiammatoria. 
I risultati scientifici degli ultimi anni lasciano ben sperare su un progresso tecnologico che permet
terà l'aumento del numero delle armi di difesa anti-solare per usufruire di un 'abbronzatura senza 
danni. Gli induttori della sintesi della melanina e delle proteine da choc termico, gli stimolatori del 
metabolismo energetico e della risposta immunitaria (che è parzialmente ridotta dall 'esposizione 
agli UV) sono in corso di studio approfondito. E la possibilità di ottenere la protezione mediante 
somministrazione di farmaci per via orale è anch'essa allo studio. 
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Abstract 

Unti! recently, the only strategy affording the 
protection of the skin against the harmful solar 
radiation was to reduce the number of impin
ging photons with fabrics, umbrellas, hats, sun
glasses or sunscreens. 
Diverting impinging photons is the first step in 
sun protection. It is not the only one. Non-diver
ted photons enter the skin and provoke molecu
lar damages to DNA, RNA, proteins, lipids, vi
tamins etc. often by indirect oxidative reactions. 
It is important to perform a second step and sca
venge the reactive species, which provoke these 
residuai reactions, by using antioxidants against 
different reactive oxygen species such as supe
roxide, hydroxyl radicaJs and singlet oxygen. 
The third step in sun protection is to stimulate 
the endogenous self-defense responses. As of 
today it is possible to stimulate DNA repair, 
energetic metabolism, heat shock proteins, im
mune response, etc. 

INTRODUCTION 

It is a truism that solar radiation is one of the 
major environmental factors on earth. Another 
major environmental factor is oxygen. Oxygen 
and light are essential for severa] !ife forms, and 
specifically for vertebrates and higher plants. 
Unti! the middle of the twentieth century, solar 
radiation was known to be the cause of erythe
ma, but was substantially believed to be harm
less. The di scovery of the biologica! role of 
DNA in 1944 and the use of UV-C to generate 
mutations attracted the attention of the scientists 
on the importance of avoiding radiations which 
might be absorbed by DNA. It turned out that 
sunscreens produced to avoid the erythema in 
summertime sunbathers were able to filter off 
the UV-B part of solar radiation, which is both 
erythemogenic and absorbed by DNA. 
In the second half of the twentieth century it 
was observed that skin cancers in humans, such 
as squamous and basai celi carcinomas, occur-
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red much more frequently in the skin of zones 
exposed to UV (hands, face, neck) than in non
exposed regions. Work with laboratory rodents 
pointed out that UV-B is a complete carcinogen, 
and UV-A was found out to be a cancer promo
ter. Humans exposing themselves to solar radia
tion with UV-B protection experienced sagging 
of the skin and this led to the understanding that 
UVA can be hannful. 
In the last decade of the twentieth century it was 
observed that, in the presence of oxygen, UVA 
damages biologica) macromolecules, such as 
DNA, lipid and proteins (l, 2, 3, 4). lt was reali
zed that UV from solar radiation can be directly 
absorbed by biologica! molecules and provoke 
di rect damages, or generate reactive species, su
ch as singlet oxygen or other oxygen-containing 
free radicals, which can provoke oxidative da
mages to these same macromolecules. It was 
therefore proposed to associate anti-oxidants to 
sunscreens, in order to avoid the oxidative da
mages generated by those photons, which hap
pen to reach the skin notwithstanding the pre
sence of sunscreens. 

STRATEGIES TO ACHIEVE SUN 
PROTECTION 

The biochemical analysis of organisms exposed 
to UV radiation led to the understanding of the 
mechanisms of DNA repair (5). Other repair 
and/or defense systems were uncovered in the 
skin of vertebrates. The induction of heat shock 
proteins, was originally thought to be elicited 
only by a sudden increase of the temperature. 
Later it was observed that cells under a variety 
of stresses were also induced to synthesize heat 
shock proteins. In recent years it was observed 
that the accumulation of mRNA of a major heat 
shock protein was associated to exposure to 
UVB (6) and UVA has been shown to provoke 
the synthesis of heat shock proteins in human 
skin (7). It was also observed that UV radiation 
from a solar simulator (UVA + UVB) provokes 
the degradation of NAD, the arrest of glycolysis 
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and celi death (8). Ali these and other observa
tion led to the conclusion that the capability to 
simulate the responses of skin to solar radiation 
might be helpful in the overall protection again
st sun exposure. 

A reasonable strategy to protect against solar ra
diation can therefore rest on the following ac
tions: 

1-avert impinging photons 
2-scavenge reactive species 
3-stimulate the endogenous mechanisms of 
repair 

1- Averf impinging phofons 
Impinging photons can be averted by severa] 
artific ial devices such as umbrellas, hats, 
clothes, sunglasses etc, It has to be pointed 
out that umbrellas and fabrics have a limited 
capability to fi lter off impinging photons. In 
some instances, wearing a shirt wil l sti li al
low J 0% of the impinging photons to reach 
the skin (9) and it is well known that, becau
se of the reverberation of sand, being at the 
beach under an umbrella might well be in
sufficient to avoid an erythema (10). 
I t has been Jongtime believed that natural 
tan constitutes, per se, a great protection 
against solar radiation, and that, once a tan is 
achieved, the skin is fu lly protected against 
UV. This is not true. It has been recently 
shown in a cohort of several dozen indivi
duals, by comparing the amount of DNA da
mage elicited by a same UVB dose in tanned 
and non-tanned skin of the same individuai 
(11), that a natural tan reduces the damages 
by only about 50%-60%. 
For people desiring or needing to be undres
sed under the sun, sunscreens in creams for 
topica! application are at hand. Great pro
gress has been made in the conception and 
in the cosmetic formulation of sunscreens 
and there are now a dozen or so which offer 
broad spectrum protection (UV-B and/or 
UV-A), are photo-stable and do not generate 
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photo-irritations or photosensitizations (12). 
To offer protection against UV-B or UV-A, a 
molecule has to scatter or to absorb the ra
diation at these wavelengths. Because of the 
limited molar extinction coefficient of any 
molecule, the fract ion of absorbed photons 
by a sunscreen topically applied in a cream 
with limited thickness will always be less 
than I 00%, Moreover, when a photon is ab
sorbed, an electron goes in an excited state 
a nd the chances are that the e xci tat ion 
energy be transferred to molecular Oxygen 
to generate a very reactive species called 
singlet oxygen (see 3, 4 and 12). This is true 
also for the so-called "physical filters" such 
as Ti02 and ZnO which do indeed not only 
scatter, but also absorb UV-A and UV-B. 
It appears therefore not only that a fraction 
of the impinging photons does reach the skin 
even in the presence of sunscreens, but also 
that the energy of a fraction of the photons 
absorbed by sunscreens is used to generate 
singlet oxygen. 

2-Scavenge reacfive species 
Non-absorbed photons can be d irectly absor
bed by macromolecules such as DNA and 
proteins and can also strip hydrogen atoms 
from lipids and trigger the peroxidative ca
scade, Singlet oxygen can be generated ubi
quitously and react everywhere within the 
celi or in the extra-cellular matrix. lt is the
refore mandatory to supplement sunscreens 
with ingredients able to interrupt the peroxi
dative cascade and to scavenge reactive oxy
gen species such as superoxide, hydroxyl ra
dical and singlet oxygen. Vitamin E and Vi
tamin C together with Butylated Hydroxy
Toluene and Nor-Dihydro-Guaiaretic Acid 
and histidine are known to efficiently coun
teract those reactive species, Hydrogen pe
roxide is generated during the oxidative bur
st associated to the inflammatory reaction 
foolowing celi damage, and catalase-like 
molecule will be welcome to join the pano-



ply of the anti-oxidants. 
There has been a considerable amount of re
search conducted about the possibil ity to in
duce protection by ora! administration of 
specific anti-oxidants such as ~-carotene or 
vitamin E, or by specific die ts. The ora! ad
ministration of vitamin E and vitamin C for 
severa! weeks doubles the value of the mi ni
mal erythemal dose (MED) (13). Other anti
ox idants gave deceiv ing resul ts. O n the 
other hand it is very interesting to note that 
the ora! admini stration of ro-3 fa tty acids 
seems to have a very positive effect against 
UV-induced skin cancer (14). 

3-Stimulate the endogenous 
mechanisms of repair 

DNA repair 
It has been observed that the same dose of 
UV-A + UV-B originating from a solar si
mulator e licits different damage-repair pat
terns in ind ividuals wi th the same MED 
( 15). These results can be interpreted either 
as a consequence of the fact that the MED is 
not linked to DNA damage in a bi-univoca! 
manner ( 15) or that individuals with the sa
me MED have DNA repair mechanisms of 
different efficacy ( I J ). It is conceivable to 
try and increase the efficacy of the mechani
sms of the endogenous DNA repair system. 
The DNA repair systems are crucial: it is in
deed known that when these mechanisms are 
impaired, genetic diseases such as Xeroder
ma pigmentosum (XP) or Thio Tricho Di
strophy (TTD) can follow. 
In humans, the expression of DNA repair ge
nes is constitutive, not inducible. The DNA 
repair enzymes, however, can be protected 
agai nst UV- linked oxydative damage and 
therefore their ac tivity can be increased. 
DNA repair activity can be increased in hu
man cells, by the topica] application of lipo
somes containing exogenous DNA repair 
enzymes. Liposomes are instrumental in hel-
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ping the repair enzymes to enter the epider
mal cells. 
One of these enzymes can be the T4endo V 
nuclease, which nicks DNA in the close vici
nity of a pyrimidine dimer (16). Other DNA 
repair enzymes can be used, such as DNA 
photolyase. DNA photolyase binds to pyri
midine d imers in nuclear DNA and utilizes 
the energy of UVA radiation to undo the di
mers and restitute the DNA in the undama
ged form. It has been shown on human skin 
that the application post-UVB of Photolyase 
under UV-A irradiation for a half an hour re
moves 50% of the UV-B generated pyrimi
dine dimers (17). It also restores the induci
bility by IFN-y of the synthesis of ICAM -I, 
which is inhibited by UV-B (17). This is to 
say that repairing DNA restores the immune 
response depressed by exposure to UV-B, 
which is known to provoke the migration of 
Langerhans cells and to practically suppress 
Contaci Hypersensitivity (CHS) and De
layed-Type Hypersensitiv ity (DTH) (18) . .ln
terestingly enough, if UV-B provokes the 
suppression of CHS and DTH, it does not 
negatively interfere wi th the production of 
antibodies against specific antigens in the 
course of a vaccination (19). 

ENERGETIC METABOLISM 

When DNA is damaged by UV, the metabolism 
of the celi is affected. In particular Nicotinami
de Adenosine Dinucleotide (NAD) is split in 
ADP ribose and nicotinamide, glycolysis is ar
rested and ATP synthesis impaired. The conse
quence of this is celi death, with the possible 
triggering of the arachidonic acid cascade and 
the inflammatory conseq uences, of which 
erythema is but one aspect. 
It has been shown that the topica! application 
post-UV, of liposomes containing NAD reduces 
dramatically the intensity of the erythema (8) as 
if the addition of NAD could help maintaining 
electron transport and synthesis of ATP at a le-
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vel sufficient for keeping the cells alive. Strate
gies for maintaining the leve! of energetic meta
bolism in UV aggressed cells can be designed 
and ingredient have been found to boost the 
synthesis of ATP. 

HEAT SHOCK PROTEINS 

When a celi is subjected to stress (temperature 
increase, treatment with heavy metals, exposure 
to modified amino acids, treatment with pro
oxydants) it stops the synthesis of ali proteins 
except those belonging to a fam ily which, for 
historical reasons, has been termed the fam ily of 
heat shock proteins (hsp). 
It has been reported that exposure to solar simu
lators provokes the accumulation of heat shock 
mRNA (6) and heat shock proteins (7). The role 
of these proteins is to help nascent polypeptides 
to fold in the correct tertiary structure upon lea
ving the ribosomes where they are synthesized, 
and also to help refolding those proteins the 
structure of which has been somehow perturbed 
by the stress. The synthesis of heat shock pro
teins requires a few hours after the stress and is 
a response to an aggression, not a prevention 
against it. It can be surmised that sun protection 
might be improved by achieving the prevention 
against solar aggression by using gratuitous in
ducers of hsp synthesis. 
Gratuitous inducers of hsp ynthesis are inno

cuous substances able to stimulate the response 
of self-defense wi thout representing, per se, an 
aggression to the skin, Topica! application of 
gratuitous inducers of heat shock proteins a few 
hours before exposing one-self to the aggression 
of sunlight or of other environmental aggressors 
could be one of the newest and most efficient 
ways to accompany sunscreens and an ti -oxi
dants to achieve sun protection. 

DISCUSSI ON 

The effects of solar radiation, in particular of ul
traviolet radiation have been studied for more 
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than a century on a variety of organisms, ran
ging from bacteria to plants to man. A part of 
our knowledge on the effects of solar radiation 
on human skin, hair and eye is summarized in a 
monograph of the European Society for Photo
biology, published in 2001, which I was asked 
to be the editor of. The majority of information 
in th is paper is described in full detail in chap
ters of thai monograph. 
When learning about the effects of an aggres
sion on an organism, as well as when learning 
about he endogenous reactions of the organisms 
Lo those aggressions, it comes spontaneously to 
the mind how to design a certain amount of stra
tegies to help fighting the aggression. 
In this paper I have exposed a Three Step 
method to achieve sun protection, which consi
sts in avert ing impinging photons, scavenging 
reactive species generated by non-averted pho
tons and boosting the endogenous defense me
chanisms. This third step might be divided in 
two sub-steps, i.e. enhancing the self defense 
(activate DNA repair, induce the synthesis o f 
heat shock proteins) and resto.ring physiological 
functions which are impaired by the aggression 
(boost energet ic metabolism, restore immune 
response). 
Active ingredients can be added to cosmetics to 
achieve the three steps of sun protection. Others 
will be found in the future, to make protection 
and repair as complete as possible 
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Summary 
Western type diets do hardly provide the recommended intakes of certain long-chain polyunsatura
ted fatty acids (LC-PUFAs), although research revealed their functionality and essentiality that was 
even honored with a Nobel prize in 1982. 
LC-PUFAs exert 2 major biologica] functions: 
• Structural elements of membranes 
A double layer of phospholipids, containing besides other FA also LC- PUFAs (arachidonic acid, 
docosahexaenoic acid), is responsible for the particular properties of membranes. They are highly 
selective permeability barriers that carry metabolic active proteins like the energy conversion pro
cess, gap junctions to contro! the flow of information between cells and receptors for externaJ stimu
li . The transdermal waterloss is mostly due to the linoleic acid content of the skin, although y-linole
nic acid might be as important as well. 
• Messengers 
Ali LC-PUFAs containing 20 carbon atoms are precursors of eicosanoids. This includes 
• dihomo-y-linolenic acid (DGLA): C20:3 co-6 
• Arachidonic acid (AA): C20:4 co-6 
• Eicosapentaenoic acid (EPA): C20:5 co-3 
Eicosanoids act as locai hormones interfering with cellular regulation. In the skin, they can evoke 
pro-inflammatory or anti-inflammatory reactions, depending on the precursor fatty acid. A balanced 
application of co-3 and co-6 PUFAs, either by food or by supplements, may thus alleviate inflamma
tory skin disorders. 
Based on these multiple involvements in our metabolism and their importance for health, the fol
lowing recommendations have been elaborated by scientific societies and authorities: 
During a workshop on the essentiality of co-6 and co-3 fatty acids, Aprii 7-9 1999, in Bethesda, a 
daily intake of about 0.65 g EPA plus DHA /day has been recommended. This is in good agreement 
with dietary guidelines, revision 2000, by the American Heart Association and with the qualified 
health claim issued by the FDA on October 31, 2000, and other scientific recommendations. Since 
this can hardly be achieved by eating fish only by a majority of the population, alternative sources 
have to be explored. 
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Riassunto 
La cultura occidentale raccomanda con "poco calore" l'inserimento nella dieta di acidi grassi polin
saturi (LC-PUFAs) anche se gli studi ne hanno rivelato la funzionalità e la essenzialità, addirittura 
con un Nobel nel 1982. 
Gli LC-PUFAs svolgono principalmente 2 funzioni biologiche come: 
- Elementi strutturali delle membrane 
Un doppio strato di fosfolipidi contenente oltre che altri acidi grassi anche LC-PUFA (acido arachi
donico e docosaesanoico) è responsabile delle particolari proprie tà delle membrane. Queste mem
brane sono barriere permeabi li altamente selettive e necessarie per il trasporto di proteine metaboli
camente attive e indispensabili per la conversione del processo energetico; fungono inol tre da mes
saggeri nel controllo del flusso delle informazioni tra le cellule e i recettori per gli stimoli esterni . 
La perspiratio insensibilis è legata essenzialmente alla presenza nella pelle dell ' acido linoleico, an
che se svolge una funzione importante anche l'acido y linolenico. 
- Messaggeri 
Tutti g li LC-PUFAs che contengono 20 atomi di carbonio sono precursori degli eicosanoidi come: 
- l'acido d iomo-y-linolenico (DGLA) C20:3 w-6 
- l'acido arachidonico (AA) C20:4 w-6 
- l' acido eicosapentenoico (EPA) C20:5 c.o-3 
Gli eicosanoidi agiscono come ormoni locali che interferiscono con la regolazione della vita cellula
re. Nella pelle possono indurre reazioni pro-infiammatorie o anti -infiammatorie in dipendenza del 
precursore dell'acido grasso. 
Un'assunzione bilanciata di PUFAs w-3 e w-6, sia attraverso g li alimenti che attraverso diete tici, può 
alleviare eventuali processi infiammatori a carattere patologico. 
La comunità scientifica e le autorità hanno perciò elaborato le seguenti raccomandazioni nell'uso 
dei PUFAs. Dati i loro molteplici coinvolgimenti nei nostri processi metabolici e visto il ruolo im
portante che rivestono per la salute, il 7-9 aprile del 1999 durante un meeting svoltosi a Betesda, è 
stata raccomandata l'assunzione giornaliera di circa 0,65g di EPA più DHA. Queste raccomandazio
ni sono in accordo con le linee guida alimentari consig liate sia nel 2000 dall ' Associazione America
na per il Cuore che con quanto raccomandato dall ' FDA il 31 ottobre, 2000. 
Poiché per la maggior parte della popolazione risulta difficile mangiare più frequentemente la carne 
di pesce, ricca appunto di PUFAs, è necessario trovarne fonti alternative. 

138 



N-3 and n-6 PUFAs in healthy 
and diseased skin 

Good health depends on good nutrition. This 
simple relationship urged US authorities to esta
blish the first recommendations for nutrients in 
1943, which are currently being revised for the 
l J •h time. Since their I" publication, many nu
trients have been identified to be criticai for an 
adequate intake. To this list we have to add the 
long-chain polyunsaturated fatty acids (LC-PU
FAs) because their avai lability in the food chai n 
is limited. In order to bridge the gap between an 
inadequate intake and requirement, food items 
can been fortified or the deficiency can be brid
ged by supplements. 
During the 50ies the essentiality of linoleic acid 
has been recognized since infants fed a linoleic 
acid deficient formula present a drying and 
flaking skin '. 
In 1989 only, the essentiality of ro-3 fatty acids 
has been discussed in the US, but no RDA has 
been issued due to lack of data2

• Today, the re
quirement of a:-linolenic acid (Cù-3) as well as 
of linoleic acid (w-6) is well accepted. 
Both, Iinoleic acid (LA) and a:-linolenic acid 
(ALA) must be elongated and desaturated; the 
former to dihomo-y-linolenic acid (DGLA) and 
arachidonic acid (AA) and the latter to eicosa
pentaenoic acid (EPA) and docosahexaenoi c 
acid (DHA) for full biological activities. Re
search during the past years revealed that the 
conversion of ALA to EPA and DHA is rather 
slow and insufficient in human beings. Therefo
re, severa! nutrition societies added EPA and 
DHA to the li st of recommended nutrie nts 
taking into account that mankind should have 
access to these highly unsaturated fatty acids di
rectly and not only via the precursor. Recent 
studies clearly show a health benefit from the 
intake of the highly unsaturated PUFAs y-linole
nic acid (GLA, 18:3 ro-6), eicosapentaenoic acid 
(EPA, 20:5 w-3) and docosahexaenoic acid 
(DHA, 22:6 ro-3). 
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Fatty acids (FA) consist of a carbon chain of up 
to 24 atoms linked by single or double bonds 
and an acid group at the end. Double bonds oc
cur either after the 3n1 carbon atom leadino to o 

the w-3 or n-3 FA, or after the 6•h carbon atom 
(w-6 or n-6 FA) (Fig. l ). Animals and humans 

Stearidonic acid; C18:0 

~ 
Linoleic acid; C18:2 n-6 

o 

OH 

o 

OH 

o 

a.unolenic acid; C18:3 n-3 OH 

lack the enzyme that is responsible to introduce 
the 2"d double bond at the correct position; the
refore, for us, the precursor of ali functional ro-6 
FA, linoleic acid (18:2 ro-6) and the precursor of 
ali functional w-3 FA, a:-linolenic acid (18:3 w-
3), are essential. Between two double bonds the
re are always two single bonds, which renders 
the PUFAs vulnerable against oxygen radicals. 
Furthermore, ali double bonds are in the cis
configuration. 
Thus, FA can be classified by following catego
ries: 
• Saturated (without double bonds) 
• Unsaturated (with one or more double bonds) 
• Monoenes (with one double bond) example: 

oleic acid in, e.g., in olive oil 
• Polyenes (with two or more double bonds) 
•w-3 PUFA ( 1" double bond in position 3) 

example: EPA and DHA in fish oil 
• w-6 PUFA (1 " double bond in posi ti on 6) 

example: y-linolenic acid in borage oil and 
arachidonic acid in animai fat. 

In a healthy diet ali these categories have to be 
balanced against each other for a proper functio
ning of our metabolism. 
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Fatty acids exert 3 functions in the metabolism 
and its regulation: 
• Source of energy: 

Although this concerns mostly medium- and 
short chain saturated FA it is noteworthy that 
the FA are an excellent source of energy. 

• Structural elements of membranes 
FA are the building elements for phospholi
pids that aggregate to a double Jayer to form 
the membranes. They are highly selective per
meability barriers that carry other structural 
elements like proteins. These elements are re
sponsi ble for metabolic acti viti es like the 
energy convers ion process, control of the 
information flow between cells, and they con
tain receptors for external stimuli. LC- PUFAs 
such as arachidonic acid docosahexaenoic 
acid gives them the particular physical pro
perty. 

• Messengers 
Ali LC-PUFAs containi ng 20 carbon atoms 
are precursors of eicosanoids (Fig. 2). This in
cludes 

o 

HO 

o 

HO 

o 

HO 

H 

H 

H 

OH 

OH 

OH 

PGE1 
(ex DGLA) 

PGE2 
(exAA) 

PGE3 
(ex EPA) 

• dihomo-y-linolenic acid (DOLA):C20:3 ro-6 
• Arachidonic acid (AA): C20:4 ro-6 

• Eicosapentaenoic acid (EPA): C20:5 ro-3 
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Cyclooxygenase and lipoxygenases convert the
se fatty acids into the corresponding prostaglan
dins, leukotrienes, thromboxanes, prostacylins 
and hydroxy-fatty acids. 
Eicosanoids act as locai hormones interfering 
with cellular regulation. They are involved in 
inflammation, regulation of blood flow, contro] 
of ion transport, modulation of synaptic tran
smission, termination of pregnancy, etc. 
Prostaglandins and leukotrienes originatin g 
from DOLA or EPA are by far less active as 
pro-inflammatory agents than the corresponding 
derivatives of AA3. The intake of fi sh oil deri
ved fatty acids leads to a decrease of AA in the 
membranes and, thus, to a lower production of 
the strongly pro-inflammatory eicosanoids, be
cause the enzymes involved in the PUFA meta
bolism are the same4

• 

The human epidermis has a limited capacity to 
metabolize fatty acids. lt lacks the enzymes to 
introduce new double bonds, e.g. it cannot desa
turate LA to OLA or DOLA to AA. However, 
the elongase is present, which con verts OLA to 
DOLA5. This opens the unique opportunity to 
contro! the production of the pro-inflammatory 
eicosanoids by the supplementation of the com
peting fa tty acids, OLA and EPA. Unfortuna
tely, there is no direct source for DOLA, but 
OLA can be taken instead. 
Furthermore, the epidermis expresses only the 
15-lipoxygenase, but not the 5-lipoxygenase be
sides the cyc looxygenase. Therefore, the fo l
lowing set of eicosanoids can be produced by 
the epidermis: 
•Out of arach idonic acid (20:4 w-6), which 

makes up 9 % of fatty acids in epidermal pho
spholipids: 
by the cyclooxygenase pathway: POE2, 
POF2cx , POD2; 

by the 15- lipoxyge nase pathway: 15-Hy
droxyeicosatetraenoic acid (15-HETE) 
•Out of LTA4 derived from stimulated 

leukocytes: 
by leukotriene A4 hydrolase: LTB4 

•Out of dihomo-y-linolenic acid (20:3 ro-6), 



which is only a minor constituent of phospho
lipids: 
by the cyclooxygenase pathway: PGE1; 
by the 15-lipoxygenase path way: 15-Hy
droxyeicosatrienoic acid (15-HETrE) 

•Out of eicosapentaenoic acid (20:5 w-3), whi
ch is not present in normai epidermis: 
by the 15-lipoxygenase pathway: 15-Hy
droxyeicosapentaenoic acid (15-HEPE) 

• Out of docosahexaenoic acid (22:6 w-3), whi
ch is not present in normai epidermis: 
by the 15-lipoxygenase pathway: 17-Hydroxy
docosahexaenoic acid ( 17-HoD HE) 

15-Lipoxygenase products inhibit the formation 
of the chemotactic attractant LTB4 in a dose de
pendent manner, the 15-HETrE being the most 
potent one. The 50 % inhibition of the 5-lipoxy
genase occurs at 13 µmol/L 15-HETrE, 26 
µm ol/L 15-HEPE res. 17-HoDHE and at 40 
µmol/L 15-HETE6

• 

The significant interaction between the various 
sources of eicosanoids has been proven in nu
merous studies. Most of them have in common 
that AA derived eicosanoids have been counter
balanced by an other precursor given either as 
supplement or with food. 
In a 120 day study 11 healthy men recei ved a 
standard diet for 30 days followed by either 6 g 
DHA for the next 90 days (n=7) or LA (n=4). 
Both diets were supplemented by 20 mg a-to
copherylacetate to assure an adequate intake of 
vitamin E to protect the LC-PUFAs from oxida
tion. The DHA concentration in the phospholi
pids of periph eral blood mononuclear cells 
(PBMNC) increased from 2.3 wt% to 7.4 wt% 
in the verum group on the expense of AA that 
decreased from 19.8 wt% to I 0.7 wt%. At the 
end of the study, lipopolysaccharide stimulation 
of PBMNC resulted in 60-75% lower release of 
prostaglandin E2 and leukotriene B47

• 

In order to test the health benefit of GLA, 160 
patients suffering from atopic eczema received 
either 3 g borage oil (690 mg GLA) or a place
bo for 24 weeks. The reduction of Costa score 

U. Moser 

points was similar in both groups, although im
provement of individuai symptoms was obser
ved in the verum group. An analysis of a sub
group taking into account the compliance of the 
patients showed that the volunteers of the verum 
group used significantly less diflucortolone-21-
valerate cream than the participants of the pla
cebo group8

• This study underlines the useful
ness of nutrients as a complementary measure 
during a normai, standard treatment. 
These examples illus trate that membra nes 
carrying mainly AA as LC-PUFA can only 
synthesize the strongly pro-inflammatory eico
sanoids PGEi, LTB4 etc. Adding competitive 
precursor FA, GLA or EPA/DHA, results in a 
balanced reaction of the immune system. 

CONCLUSION 

The long-chain fatty acids arachidonic acid, 
dihomo-y-linolenic acid and e icosapentaenoic 
acid are essential for the regulation of the im
mune system. y-Linolenic acid can be elongated 
in the skin to DGLA and is, therefore, a suitable 
precursor. GLA as well as the fish oil fatty acids 
EPA/DHA are required for a balanced synthesis 
of e icosanoids and thus important for skin 
health. LC-PUFAs are useful for a complemen
tary treatments, they do not replace medicai 
measures. A balanced diet should contain w-6 
and w-3 LC-PUFAs in a ratio of 5: I. Current re
commendations for an intake of EPA/DHA vary 
between 0.65 g/d (ISSFAL)9 and 1.1 g/d (BNF)'0 

141 



N-3 and n-6 PUFAs in healthy and diseased skin 

References 

1) Wiese HF, AE Hansen and DJD Ada m (1958) Essential fatty acids in infant nutrition. 1 Nutr 
58: 345-360 

2) Recommended Daily Allowances lOth Edition (1989). National Academic Press Washington, 
D.C. 

3) Kelley D S (2001) Modu lation of human immune and inflammatory responses by dietary fatty 
acids, Nutrition 17: 669-673 

4) Denzlinger C, T Kless, S Sagebielkohler, C Lemmen, K Jacob, W Wolfgang, and O Adam 
(1995) Modulation of the endogenous leukotriene production by fish oil and vi tamin E, J Lipid 
Mediat Cell Signa! 11: J 19-1 32 

5) Ziboh V A, Miller C C, Cho Y H (2000) Metabol ism of polyunsaturated fatty acids by skin 
epidermal enzymes: generation of antii nflammatory and antiproliferative metabolites, Am J 
Clin Nutr 71: 36JS- 366S. 

6) Miller C C, Tang W, Ziboh V A, Fletcher M P (1991) Dietary supplementation wi th ethyl 
ester concentrates of fish oil n-3 and borage oil n-6 po lyunsaturated fatty acids induces epider
mal generation of locai putative anti -inflammatory metabolites, J lnvesr Dermatol 96: 98- J 03 

7) Kelley D S, Taylor P C, Nelson G J, Schmidt PC, Ferretti A, E rickson K L, Yu R, and 
Chandra R K. (1999) Docosahexaenoic acid ingestion inhibits natural killer celi activity and 
production of inflammatory mediators in young healthy men, Lipids 34: 3 17-324. 

8) Henz B M, Jablonska S, van de Kerkhof PC M , Stingi G, Blaszczyk M, Vandervalk P G 
M, Veenhuizen R, Muggii R, and Raederstorff D. (1999) Double-blind, multicentre analysis 
of the efficacy of borage oil in patients with atopic eczema. Br 1 Dermatol 140: 685-688. 

9) Simopoulos A,. A Leaf, and N Satem, Jr.(1999) Essentiality of and recommended dietary in
takes for omega-6 and omega-3 fatty acids. Ann Nutr Metab 43: 127-30. 

10) British Nutrition Foundation (1992) Unsaturated fatty ac ids: Nutritional and physio logical si
gnificance. Task and Force Report. London, Chapman and Hall 

Author Address: 
U. Moser, Ph.D. 
Roche Vitam ins Europe Ltd. 
Box 3255 
C H-4002 Base!, Switze rland 

142 



J. Appl. Cosmetol 20, 143-152 (Apnl/June 2002) 

Oral N-acetylglucosamine supplementation 
improves skin conditions of female volunteers: 
Clinical evaluation by a microscopie 
three-dimensional skin surface analyzer* 
Kazuaki Kikuc hi Ph.D., and Yoshiharu Matahira, Ph.D. 

R&D l5' Division. Ya izu Suisankagaku industry Co .. LTd. Japan 

Received: February; 2002 

Key words: N-acetylglucosamine, beautifìcation effect, ora/ supplementation, skin surface 
analyzer 

Summary 
Within the skin tissues, acidic mucopolysaccharides such as hyaluronic acid are present in the co
rium layer and play a large part in water retention and skin resilience. Hyaluronic acid is a po lymer 
composed of dimers containing N-acetylglucosamine and g lucuronic acid. Although applications o f 
the use of hyaluronic acid in cosmeceutical food ha ve been reported, the beauty efficacy o f ora lly
ingested hyaluronic acid cannot be predicted adequately because li ttle is known about its digestion 
and absorption in humans. 
The purpose of this study was to in vestigate the effect of long-term ora! N-acetylglucosamine sup
plementation on skin condi tions in females who have a common tendency of xeroderma and rough 
skin. The subjects (average age: 25.5 ± 10.7) were assigned rando mly and double-blind to e ither a 
N-acetylglucosamine group (n= l l ) or a placebo gro up (n= 11 ), and ingested a daily I 000-mg dose of 
N-acetylglucosamine or lactose, respectively, for 60 days. 
Dermato logica( examination by doctors suggested that N-acetylglucosamine supplementation favo
rably affects skin conditions; that is, improvements were observed in the desiccation of facial and 
who le body skin. After N-acetylglucosamine supplementation for 60 days, che moisture contene o f 
the regio n below the left eye was increased significantly; conversely, a sig nificant decrease in the oil 
and fat content was observed. [n addition, cl inical evaluation by a microscopie three-dimensio nal 
skin surface analyzer confirmed that oral N-acetylg lucosamine supplementation is useful for mi tiga
ting the roughness o f the skin and che epidermolys is of the corneum. These results indicate that oral 
N-acetylglucosamine supplementation may be of benefi t in enhancing skin hydration. By contrast, 
no sig nificant improvement was observed in the skin condition of the placebo group, as appraised 
by either dermatological examination or digita i analys is. The beautification effect produced by inge
stion of N-acetylglucosamine indicates that th is compound may be a potential ingredient for cosme
ceutical foodstuffs. 

Riassunto 
I Mucopolisaccaridi, q uali l' acido ialuronico, sono presenti nel derma e svolgono il fondamentale 
ruolo di u·attenere e legare l'acqua a livello della cute. 
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L'acido ialuronico è un polimero composto di dimeri contenenti N-aceti l-glucosamina e acido g lu
curonico. 
Sebbene sia già stato riportato l'uso dell'acido ialuronico quale componente di nutra-cosmeceutici, 
la sua efficacia orale nel migliorare l'aspetto este tico della cute, è d iffic ile da sostenere essendo po
co noti a livello dell ' organismo umano sia i processi digestivi che l'assorbimento di questa macro
molecola. 
Lo scopo di questo studio è stato di verificare l'effetto a lungo termine dell ' assunzione orale di un 
dietetico a base di N-g lucosamina sulla cute di donne con tendenza alla xerosi. 
Ai soggetti (di età media di 25,5± 10,7) è stata assegnata a doppio ceco ed in maniera casuale la 
somministrazione orale per 60 giorni sia di confezioni di prodotto a base di N-acetil-glucosamina 
( 1 OOOmg per dose) che di placebo a base d i lattosio . 
Secondo osservazioni fatte da dermatologi, la sperimentazione con N-aceti l-glucosamina sembra 
mig liorare notevolmente l'idratazione cutanea dopo 60 giorni di trattamento, soprattutto a livello 
dell ' area periorbitale. Questi miglioramenti sono stati evidenziati a li vello cutaneo anche mediante 
l'uso del microscopio tridimensionale. 
Secondo questi primi risultati l' uso orale della N-acetil-glucosamina può essere utile nel ridurre lo 
stato di secchezza della pelle e l'epidermolisi dello strato corneo, potenziando l'idratazione cutanea. 
Al contrario, il placebo non ha modificato l' aspetto della pelle secondo l' osservazione medica e l'a
nalisi digitale. 
L' N-acetil-glucosamina può, quindi, essere considerata quale ingrediente cosmetico uti le per la for
mulazione di nutracosme-ceutici. 
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Abstract 

Twenty-two fe males with a common tendency 
of xerosis and rough skin (average age: 25.5 ± 
10.7) were assigned randomly and double-blind 
to either an N-acetylglucosamine (NAG) group 
(n=ll) or a placebo group (n= ll ). The NAG 
group received supplements of 1000 mg of 
NAG per day for 60 days, and the pl acebo 
group recei ved supplements of an equi valent 
amount of lactose. Before dermatological exa
mination, ali subjects were kept for at least 30 
min in a room under controlled temperature (18-
20 °C) and humidity (45-60%). Dermatological 
examination by a doctor suggested that NAG 
supplementation resulted in a significant impro
vement in the dessication and flushing of facial 
skin. After NAG supplementation for 60 days, 
the moisture content of the region below the left 
eye was increased significantly, whereas the oi l 
and fat content had decreased significantly. The 
surface of the skin was analyzed by a microsco
pie three-dimensional skin surface analyzer, 
which showed that the smoothness had impro
ved and the degree of dryness of the corneum 
was reduced in the NAG group, but there were 
no s ignificant improvements in the placebo 
group. We have confirmed that oral NAG sup
plementati on may enhance skin hydration and 
improve in skin roughness; therefore, NAG may 
be useful as a n ingredie nt of cos meceutical 
foodstuffs . 

INTRODUCTION 

Within the skin tissues, acidic mucopolysaccha
rides and collagen are present mainly in the co
rium layer and play a large part in water reten
tion and skin resilience ( 1, 2). Hyaluronic acid 
(HA), an acidic mucopolysaccharide, is a poly
mer composed of dimers containi ng NAG and 
glucuronic acid, and has high hydration capacity 
owing to its hydrophilic groups. It is reported 
that the HA present in human skin changes 
structurally with aging (3, 4), and that it alters 

Kozuok1 K1kuch1, ond Yosh1horu Motoh1ro 

quantitatively in the dorsal skin of hairless mice 
exposed to chronic UV irradiation (5). Some 
studies have demonstrated that there is a distinct 
decrease of HA in skin during maturation (2, 6-
8). Currently, applications of HA have been re
cognized as an effective means by which to 
maintain the moisture retention and resilience of 
skin, thereby diminishing the appearance of rou
gh skin, and fine lines, etc. HA is a good bioma
terial, and has been shown by autoradiography 
to permeate ali layers of intact skin in humans 
(9). A few applications of HA in cosmetics ( 1 O) 
and wound healing materiai (11 ) ha ve been re
ported before now. However, because little is 
known about the digestion and absorption of 
orally- ingested high molecular mass compounds 
such as HA, the beneficiai effects cannot be pre
dicted adequately. 
On the other hand, a report has indicated that 
orally-ingested NAG is absorbed rapidly from 
the intestine and reaches the cutaneous layer 
( 12). Interestingly, it was obser ved that the 
NAG in HA and dermatan sulfate was deacety
lated and quantitatively decreased in aging hu
man skin (3). Breborowicz et al. demonstrated 
that exogenous NAG rapidly stimulated the pro
duction of HA by human peri toneal mesothelial 
cells and fibroblasts (13). According ly, it is pre
sumed that NAG has a role in maintaining the 
amount or the chemical structure of HA. 
The purpose of this study was to investigate the 
effect of 60 days of oral NAG supplementation 
on the skin conditions of females with a com
mon tendency of xerosis and rough skin. The 
moisture content, oi l and fat content, and acidity 
of skin were measured in addition to the doc
tor's dermatological examination. Furthermore, 
the skin conditions (smoothness, dryness, scali
ness, and number of skin wrinkles, etc.) were 
evaluated clinically by a microscopie three-di
mensional skin surface analyzer. 
For thi s study, rather than using "synthetic 
NAG'', we used "natural NAG" as the test mate
riai; that is, natural NAG obtained by partially 
hydrolyzing the high molecular mass polysac
charide, chitin, which is found in the shells of 
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crustacea. By contrast, synthetic NAG is produ
ced by chemical synthesis (N-acetylation) from 
0-glucosamine hydrochloride, which is prepa
red by the complete hydrolysis of chitin with 
concentrated hydrochloric acid. This synthetic 
NAG is not suitable for use as a food additive, 
however, because there is little information on 
its safety in humans. We therefore used the na
tural form of NAG, which had been manufactu
red without chemical synthesis. 

MATERIAL ANO METHODS 

Subjecf 

Twenty-two subjects volunteered for this study. 
The subjects were females with a common ten
dency of xerosis and rough skin (average age: 
25.5 ± 10.7) and the moi sture content of their 
skin on the ins ide of left upper arm was less 
than 50 % when analyzed on l 7th October 1999 
(weather, cloudy; temperature, 20.5 °C; humi
dity, 51 %). We ascertained that they had not 
taken any medications and had not received any 
medicai treatments before the beginning of the 
study. This study was performed according to 
the He ls inki dec laration. Ali subjects were 
informed of the purpose of the study before gi
ving their written, informed consent. 

Experimenfal design 

Before the investigation, subjects were matched 
and divided randomly and double-blind into two 
matched groups: the NAG group (n=ll ) and the 
placebo group (n=l l). No significant differen
ces between the two groups were noted in age, 
height, body mass, daily sack duty, or irradia
tion time of direct sunlight (Table A). The NAG 
group received supplements of 1000 mg of 
N AG per day for 60 days, and the placebo 
group received supplements of an equi valent 
amount of lactose. The supplementary NAG 
was not synthesized by the N-acetylation of glu
cosamine hydrochloride, but instead was a natu-
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ral form (Marine Sweet®, Yaizu Suisankagaku 
Industry Co., Ltd, Japan) separated after the 
partial hydrolysis of chitin. In principle, a der
matologi ca! in spection was carried o ut just 
before the ingestion period, and then 30 and 60 
days after dail y ingestion had begun. Before 
dermatologica! examination, al i subjects remai
ned for at least 30 min in a room under control
led temperature ( 18-20 °C) and humidity ( 45-
60%). The subjects were asked to come to the 
laboratory as near to the same hour as possible, 
wearing a long-sleeved blouse or T-shirt and not 
a sweater. Furthermore, ali subjects were asked 
to refrain from applying cosmetics to the in
spection area of the skin for at least 60 min 
before the examination started. 

INSPECTION PROCESS 

7. Dermatologica/ examinafion 
and docfor's quesfions 

For the whole body, there were four ranks of 
evaluation (0, no symptoms; I, slight; 2, me
dium ; 3, severe) with respect to pruritus, desic
cation, flushing, erosion, desquamation, papula, 
vesicle and tumefaction. For the face, the same 
four ranks of evaluation were used with respect 
to cosmetic dermatitis, desiccation, flushing and 
spread of cosmeti cs. In addition, the ameliora
tion of overall symptoms, including observa
tions of the whole body and face, was evaluated 
as a generai observation. These evaluations we-

TableA 
Physica/ characteristics of subjects in t/1e NAG group 

and the placebo group. 

NAG group Placebo group 
Age (y) 25.5±10.7 25.5±1 1.2 

Height (cm) 157.4±2.6 158.7±4.2 

Body mass (kg) 52.6±5.6 52.9±4.2 

Daily sack duty {h/d) 7.2±1.2 6.4±1. I 

l rradiation time of direct 1.7±1.4 2.6±2.5 

sunlight (h/d) 

Data represe/11 the 111ea11:rsta11darrl deviatio11 for each group (11= 11 ). 
No sig11ifica111 differe11ces were 1101ed betwee11 tlre two groups i11 a11y 
catego1y. 



re conducted by severa! doctors accredited by 
the Japan Dermatologie Science Society. 

2. Moisture content, oil and fat 
content, and acidity (pH) 

The moisture content was measured by a Cor
neometer CM825 (Courage+Khazaka Electronic 
Gmbh, Germany), which determines the moistu
re content of the epidermis by measuring the 
electrostatic capacity of the cornea] layer. The 
oil and fat content was measured by using a Se
bumeter SM810 (Courage+Khazaka Electronic 
Gmbh, Germany), in which a special tape that 
absorbs o nly oil and fat is attached to the mea
suring region for 30 seconds. The o il and fat 
content is then estimated by the change in the li
ght transmittance of the tape. The acidity was 
electrochemically measured by a PH900 (Cou
rage+Khazaka Electronic G mbh, Germany). 
The regions for measuring the moisture content 
and acid ity included an area l cm below the left 
eye, the inside of the left upper arm (3 cm above 
the e lbow), and the poli (3 cm below the spi
nous process of neck region) . The o il and fa t 
content was analyzed in the region below the 
left eye. 

3. Analysis by a microscopie 
three-dimensional skin 
surface analyzer 

This analysis was conducted by using a digitai 
analyzer of the skin surface (YISIONSCAN, 
Courage+Khazaka Electronic Gmbh, Germany). 
The skin surface was irradiated with special ul
travio let ray source, and the image was taken by 
a high performance CCD camera and digitalized 
for evaluation. As in the measurements of moi
sture content , etc, described above, the skin 
areas analyzed included the region below the 
left eye, the inside of the left upper arm, and the 
poli. The following factors were used as para
meters. 
(a) SEsm (skin smoothness): this value is calcu-

Kazuak1 K1kuchi, and Yosh1haru Matahira 

la ted from the average of the width and 
depth of wrinkles, and is an index that indi
cates the smoothness of skin. A lower value 
of SEsm indicates a smoother skin surface. 

(b) SEr (skin roughness): this value is obtained 
by calculating the ratio of po ints that are 
darker than the set-up points across the who
le image, and is an index that indicates the 
roughness of skin. A higher value of SEr in
dicates a rougher skin surface. 

(c) SEsc (skin scaliness): scaly areas are identi
fied as brighter than the set-up values in the 
image. The SEsc value is obtained by calcu
lating the ratio of these brighter areas relati
ve to the whole investigation area, and is an 
index that indicates the degree of dryness of 
the corneum (i.e., the amount of scale). A 
lower value of the SEsc indicates that the 
skin has a greater moisture content and a !es
ser amount of scaliness (epidermolysis). 

(d) SEw (skin wrinkles): this value shows the 
number and width of the smf ace texture or 
the wrinkles in both the vertical and hori
zontal direction of the skin. A higher value 
of SEw indicates that the skin has a greater 
number of wrinkles, and that the wid th of 
these wrinkles is wider. 

Statistica! analysis 

The non-parametric Wilcoxon's rank test was 
used to analyze di fferences between pre- and 
postsupplementation values. Comparison of the 
characteristics for subjects of the NAG group 
and the placebo group was evaluated wi th the 
non-parametric Mann-Whitney test. A p-value 
of less than 0.05 was taken as a significant d if
ference. 
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RESULTS 

Docfor's dermatologica/ 
examinafion 

Table B shows the effect of 30 and 60 days of 
NAG or placebo supplementation assessed by 
the doctor's dermatological examination. Ali 
data represent the mean of scores evaluated on 
the basis of four rank standards. A reduction in 
the score suggests that particular condition of 
the skin has improved. In the NAG group, when 
compared with the conditions of presupplemen
tation , the symptoms of ' desiccation' and ' flu-

shing' of facial sk:in were improved significan
tly after 30 and 60 days of supplementation. 
Furthermore, a significant improvement in the 
'spread of cosmetics' of the NAG group was ob
served after 60 days of supplementation. By 
contrast, no significant improvements were ob
served for any category in the placebo group. 
With respect to symptoms of the whole body, si
gnificant improvements were recognized in the 
category of 'desiccation' in both the NAG group 
and the placebo group. In the overal l asses
sment, significant improvements were observed 
in the NAG group, but not in the placebo group. 

Table B 
Docror's pre- and posrsupplemenrarion dennarological examinationfor rhe NAG group 

and the placebo group 

NAG group Placebo group 

Numberof pre' post' post' Numberof pre• post' post' 
subject with (after 30 d) (after 60 d) subject with (after 30 d)(after 60 d) 
a symptorn asymptom 

Fa cc 

Cosmetic dermatitis 3 1,00 1,00 1,33 o - - -
Desiccation li 2,00 1.18** 1.00* li 2,00 1,73 1,55 

Flushing IO 1,80 I.IO* I.IO* IO 1,60 1,40 1,30 

Spread of cosmetics 6 1,83 1,33 0.83* 6 2,17 1,50 1,67 

Whole body 

Pruritus IO 1,40 0,90 0,60 5 1,80 1,60 1,00 

Desiccation li 2,09 1.36* 1.00* li 2,00 1.55* 1.45* 

Flushing 5 1,40 0,80 0,40 5 1,80 1,20 1,00 

Erosion I 2,00 1,00 0 ,00 I 2,00 1,00 1,00 

Desquamation 3 1,33 1,33 1,00 2 1,00 1,00 1,00 

Papula 2 1,00 1,50 1,50 2 1,00 1,50 1,00 

Vesicle I 1,00 2,00 2,00 I 1,00 1.00 2,00 

Comprehensive observation li 1,82 1.27* 1.09* Il 1,64 1,18 1,27 

Data represent the mean number of subject (s) showing that symptom. 
•at presupplementation of tested sample. 'at postsupplementation of tested sample. 
*p<0.05 from corresponding value at presupplementation. **p<0.01 from corresponding value at presupplementation. 
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Moisture conteni, oil and fai 
conteni, and acidity (pH) 

Changes in the moisture content, oil and fat 
content , and acidity of each region for both 
gro ups are shown in Ta ble C, In the NAG 
group, the moisture content of the region below 
the left eye increased significantly from 48.0 o/o 
to 58.8 o/o and to 56,2 o/o after respectively 30 
days and 60 days of supplementation. Conver
sely, the oil and fat content in the same region 
was decreased significantly from 63.8 o/o to 40,8 

Kozuoki K1kuch1, ond Yosh1horu Motoh1ro 

o/o after 60 days of NAG supplementation. By 
contrast, there was a significant decrease in the 
moisture content of this region in the placebo 
group after 60 days of supplementation, The 
analysis of the skin acidity showed that there 
were no significant changes in the pH of any of 
the measured regions of the NAG group during 
the supplementation period; however, the pH of 
the inside of the left upper arm of the placebo 
group was increased significantly from 5.4 to 
5,7 after 30 days of supplementation. 

Table C 
Moisture conteni, oil andfat content, and acidity in the NAG group 

and rhe placebo group 

NAG group Placebo group 

pre• post• post' pre' post• post• 
(after 30 d) (after 60 d) (after 30 d) (after 60 d) 

Moisture content (%) 

Region below the left eye 48.0±8.8 58.8±14.2* 56.2±8.4** 58.6±11.7 57.8±10.4 48.1±10.2* 

lnside of left upper arm 37.8±7.8 38.7±5.8 36.2±6.8 37.6±9.5 36.5±6.7 32.2±8.5 

Poli 51.3±5.6 51.9±5.4 52. 1±10.9 51.7±18.9 49.2±14.1 53.6±20.8 

Acidity (pH) 

Region below the left eye 6.0±1.0 5.7±0.5 5.8±0.4 5,7±0.6 5.7±0.5 5.8±0,5 

lnside of left upper arm 5.5±0.3 5.6±0.3 5,7±0.4 5.4±0.4 5,7±0.4* 5.6±0.5 

Poli 5.7±1.1 5.4±0.3 5.3±0.4 5.7±0.7 5.5±0.4 5.6±0.4 

Oil and fat content (%) 

Region below the left eye 63.8±42.3 53.0±29.2 40.8±18.7* 37. 1±32.2 30. 1±20.3 42.6±30.1 

Data represent the mean±standard deviation for each group (n= I I). 
•at presupplementation of tested sample. •at postsupplementation of tested sample. 
*p<0.05 from corresponding value at presupplementation. **p<0.0 1 from corresponding value at presupplementation. 
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Analysis by a microscopie 
three-dimensional skin surface 
analyzer 

Table D summarizes the changes in each para
meter obtained by digitai image analysis. In the 
NAG group, a significant decrease compared 
with the values before supplementation was ob
served in the SEsrn value and the SEsc value at 
the poli , whereby it was found that the srnooth
ness of skin was recovered, the dryness of cor-

neum was reduced and the scaliness was decrea
sed. By contrast, no significant irnprovement 
was observed in the SEsm value and the SEsc 
vaJue at any of the investigated regions in the 
placebo group. With respect to the SEr val ue 
and the SEw value, neither the NAG group not 
the placebo group showed significant changes at 
any of the investigated regions. The analysis of 
these pararneters showecl that oral NAG supple
mentation is useful for mitigating the roughness 
of skin ancl epidermolysis of the corneurn. 

Table D 
Pararneters obtained by the microscopie three-di111ensio11a/ ski11 swface ana/yzer in the NAG group 

and the placebo group 

NAG group Placebo group 

Para meter" pre• post' post' pre• post' post' 

(after 30 d) (after 60 d) (after 30 d) (after 60 d) 

SEsm (desired value: lower) 

Region below the left eye 378, 1 337,6 309,4 379,6 398,8 353,7 

Inside of left upper arm 384,7 324,7 379,9 335,7 373, 1 335, 1 

Poli 443,8 338.9* 345.2* 387,2 414,1 366,2 

SEr (desired value: lower) 

Region below the left eye 0,25 0,26 0,2 1 0,24 0,23 0,24 

lnside of left upper arm 0,30 0,22 0,28 0,10 2,51 0,22 

Poli 0,5 1 0,32 0,40 0,35 0,33 0,44 

SEsc (desired value: lower) 

Region below the left eye 238,4 137,0 133,0 166,8 146,7 158,0 

Jnside of left upper arm 342,9 195,8 202,4 2 14, 1 256, 1 246,5 

Poli 352,4 201,6 169.3* 231,8 219,7 202,2 

SEw (desired value: lower) 

Region below the left eye 33,2 29,0 27,8 29,8 33,6 33,7 

lnside of left upper arm 30,2 26,4 3 1,9 23,7 28,I 24,4 

Poli 27,3 23,4 29,5 27,5 26,0 29,3 

Data represent the mean number of subjects in each group (n= 11 ). 
•The parameters are as follows: SEsm, skin smoothness; SEr, skin roughness; SEsc, skin scaliness; SEw, 
skin wrinkles. 
•at presupplementation of tested sample. 'at postsupplementation of tested sample. 
*p<0.05 from corresponding value at presupplementation. 
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DISCUSSION 

Before now, conventional examinations carried 
out by dermatologists have been usually applied 
to appraise clinica! studies on the beautification 
action of sample compounds, including external 
preparations and cosmetics. Thus, for large-sca
le examinations, differences in the appraisal 
methods of each participating doctor has been 
likely to affect the test results, It is assumed that 
the credibility of the test results may depend 
mostly on the sk:ill of the doctor. In this study, 
therefore, we have introduced a non-human cli
nica] evaluation method using a digitai analyzer, 
in addition to the standard evaluation by the 
doctor. 
The doctor's examination suggested that long
term oral NAG supplementation (1000 mg per 
day) favorably affects skin conditions; that is, 
improvements were observed in the desiccation 
of facial and whole body skin. After NAG sup
plementation for 60 days, the moisture content 
of the region below the left eye was increased 
significantly; conversely, there was a significant 
decrease in the oil and fat content. Judging from 
the fact that most females who have oily skin 
are concerned about make-up deterioration, an 
ability to decrease in the oil and fat content of 
facial skin is very desirable. In addition, clinica! 
evaluation by a microscopie three-dimensional 
skin surface analyzer confirmed that oral NAG 
supplementation is usefu l for mitigating the rou
ghness of skin and epidermolysis of the cor
neum. These results indicate that ora! NAG sup
plementation may be of benefit to enhancincr o 
skin hydration . To our knowledge, we have 
shown for the first time that NAG, a constituent 
element of HA, has the capacity to improve the 
skin condition of humans, and we have demon
strated this action per os clinically. 
For the placebo group, either no significant im
provement was observed in skin condition as 
appraised by dermatologica] examinations and 
digitai analysis, or the skin condition got see-

Kazuaki Kikuchi, and Yoshiharu Matahira 

mingly worse; that is, there was a decrease in 
the moisture content of the region below the left 
eye and an increase in the pH of the inside of 
the left upper arm. It is thought that the pH con
dition of the placebo group deteriorated slightly 
because a higher pH value has been reported as 
a characteristic of disturbances in skin physio
logy (14). The present study was carried out in 
autumn (that is, between the end of October and 
the end of December); therefore, environmental 
factors accompanying the alteration in climate 
might influence the results of our study. We 
consider that, owing to the cold climate and 
drier air of the autumn environment, the skin 
conditions of the placebo group showed a ten
dency toward steady deterioration. We presume 
that the ora] supplementation of Jactose (the pla
cebo) did not infl uence the deterioration of skin 
conditions, which were caused by climate alte
ration. 
In summary, we have shown that ora! NAG sup
plementation improved skin conditions. Althou
gh the mechanism for this beneficiai effect of 
NAG on skin conditions is unknown, we hy
pothes ize that NAG may promote the bio
synthesis of mucopolysaccharides, such as HA, 
leading ultimately to an improvement in skin 
conditions. Considering its beautification action 
after ingestion, we conclude that NAG will be 
potentially useful as an ingredient of cosmeceu
ticals. 

ACKNOWLEDGMENTS 

We wauld like ta thank dactars af the Center far 
Health Care, Osaka University of Fareign Stu
dies, and the Department af Dermatalagy, 
Osaka City University Medicai Schaal, far their 
valuable technical assistance. We are also in
debted ta the faculty members af Osaka Univer
sity of Foreign Studies far their callabaration 
thraughaut the present study, 

151 



Ora/ N-acetylglucosam1ne supplementat1on 1mproves skin cond1t1ons of tema/e volunteers 

References 

l )Ferrara JJ, Reed RK, Dyess DL, Townsley MI, Onarheim H, Laurent TC, and Taylor AE 
(1991) Increased hyaluronan flux from skin following bum injury. J Surg Res 50: 240-244. 

2)Meyer LJ and Stern R (1994) Age-dependent changes of hyaluronan in human skin. J lnv 
Derm 102: 385-389. 

3)Longas MO, Russell CS, and He X-Y (1986) Chemical alterations of hyaluronic acid and der
matan sulfate detected in aging human skin by infrared spectroscopy. Biochim Biophys Acta 
884: 265-269. 

4)Longas MO, Russell CS, and He X-Y (1987) Evidence for structural changes in dermatan sul
fate and hyaJuronic acid with aging. Carbohydr Res 159: 127-136. 

5)Koshiishi I, Horikoshi E, Mitani H, and Imanari T (1999) Quantitative alterations of hyaluro
nan and dermatan sulfate in the hairless mouse dorsal skin exposed to chronic UV irradiation. 
Biochim Biophys Acta 1428: 327-333. 

6)Ghersetich I (1994) Hyaluronic acid in cutaneous intrinsic aging. lnt J Derm 33: 119- J 22. 
7)Poulsen JH and C ramers MK (1982) Determination of hyaluronic acid, dermatan sulphate, he

paran sulphate and chondroi tin 4/6 sulphate in human dermis, and a materia) of reference. Scan. 
J Clin Lab lnv 42: 545-549. 

8)Schachtschabel DO and Wever J (1978) Age-related decline in the synthesis of glycosamino
glycans by cultured human fibroblasts (WI-38). Mech Ageing Dev 8: 257-264. 

9)Brown TJ, Alcorn D, and Fraser JRE (1999) Absorption of hyaluronan appbed to the surface 
of intact skin. J lnvest Dermatol 113: 740-746. 

lO)Rieger M (1992) Skin constituents as cosmetic ingredients. Cosmet Toiletries 107: 85-92, 94. 
ll)King SR, Hickerson WL, and Proctor KG (1991) Beneficia) actions of exogenous hyaluronic 

acid on wound healing. Surgery 109: 76-84. 
12)Shoji A, Iga T, Inagaki S, Kobayashi K, Matahira Y, and Sa kai K (1999) Metabolic 

disposition of [14C] N-acetylglucosamine in rats. Chitin and Chitosan Research (in Japanese) 
5: 34-42. 

13)Breborowicz A, Kuzlan-Pawlaczyk M , Wieczorowska-Tobis K, Wisniewska J , Tam P, 
French I, and Wu G (1998) The effect of N-acetylglucosamine as a substrate for in vitro 
synthesis of glycosaminoglycans by human perotoneal mesothelial cells and fibroblasts. Adv 
Peritoneal Dialysis 14: 31-35. 

14)Dikstein S, Hartzshtark A, and Bercovici P (1984) The dependence of low pressure 
indentation, slackness, and surface pH on age in forehead skin of women. J Soc Cosmet Chem 
35: 221-228. 

Author Address: 
Kazuaki Kikuchi Ph. D. 
R & D 1 ST Division, Yaizu Suisankagaku lndustry Co., Ltd ., 
5-8-13 Kogawashinmachi, Ya izu-city, Shizuoka, 425-8570, Japan 
Phone : +81 -54-621-0125 
Fax : +81 -54-629-7 662 
E-mail: yskbio@p o.sphere.ne.jp 

152 



INFLAMMATORY MECHANISMS 
IN ALLERGIC DISEASES 
By B. Zweinman end L.B. Schwartz 
2002. 5812 poges Hordcover 
us 195 
Morcel Dekker lnc. 
ISBN: 0-8247-0540-8 
250 Madison Avenue New York, NY, l 0016 
Fax. +212-685-4540 
http://www.dekker.com 

Book Reviews 

Allergie diseases, as clinica) manifes tations, are the end result of a complex inflammatory process 
involving severa) cellular and humoral participants. 
The understanding of these participants' rote, stili not completely defined, is the objective of this 
interesting book. 
The text is divided in five parts: the introduction, part one ( l chapter), the components in the a ller
gie inflammatory response, pa.rt two ( I O chapters), The allergie inflammatory mechanisms in clini
ca) disorders, part three (l O chapters), The emerging concepts in the modulation of allergie inflam
mation, pa.rt four (5 chapters), and The overall summary/conclusion, pa.rt fi ve (1 chapter). 
Mast cells and basophils, that may contribute to innate and acquired immunity, are recognized as the 
principal celi types to initiate the type I IgE-dependent hypersensitivity reactions. 
Mast cells are concentrated at sites in the lamina just around the upper and lower airways, conjunc
tiva, dermis gastrointestinal mucosa, and perivascular tissues occupying sentine) positions. 
Basophils reside in the circulation, but enter tissues at sites of inflammation during the ea.rly phase 
of cell-mediated delayed-type hypersensitivity reactions. 
The select participation of basophils and mast celi in various clinica! conditions, as well as the dura
tion, intensity and tissue distribution of a particula.r response, will depend on various characteristics 
of the agonist immunologica] sensitivity of the host, the target tissue involved, and any underlying 
pathology. 
These two celi types, basophils and mast cells, a.re distinguished from one another through pathways 
for growth, differentiation, and survival. Grow and differentiation, activation and regulation secre
tion, their mediators and biology and pathobiology of human mast cells and basophils are ali well 
described in the second chapter of part two, where their involvement in human diseases, such as cuta
neous allerg ie reactions, rhinitis, asthma, arthri tis and fibrosis, can be addressed. 
The physiological and pathological role of eosinophil s is described in the chapter three. They form 
less that 4% of circulating leukocytes, are principally tissue-dwelling cells and thei.r life span is esti
mated at 13 days from development to death. Eosinophil maturation is T-lymphocyte-dependent and 
separate from that of the neutrophil and monocyte-macrophage lineages. 
Anima! models of atopic airway inflammation and human asthma suggest that there is an increase in 
eosinophil colony-forming activity in allergie diseases. Moreover data from human bone marrow 
studies suggest that IL-5 Ra expression may be an important step in eosinophil maturation. In parti
cular IL-5 and eotaxin act cooperatively to greatly increase eosinophil release from blood. 
However eosinophil emigration from the blood vessel into the tissue matrix is a tightly regulated pro-
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cess, involving deadhesion from integrins, with chemo-attractant guiding the cell into the tissue and 
interaction with tissue matrix proteins, such as fibronectin, laminin. 
Release of granule proteins is a major effector limit of eosinophil function. 
Major basic protein (MBP) is a single polypeptide chain of I J 7 aminoacids. It contains 17 arginine 
residue, which accounts for its basicity, and 9-cysteine residue, which explains its tendency to form 
disulfide bonds. The reduce form ofMBP is as toxic for parasites as the native form, but is less potent 
at activating leukocytes. 
Activation, degranulation, and function of eosinophils and their role in allergie disease are all repor
ted in this interesting chapter. 
Neutrophil structure and function is the topic of chapter four. They consti tu te 50-80% of the circu
lating blood leukocytes and undergo apoptosis, with subsequent macrophage recognition and pha
gocytosis of the dying neutrophils. They are motile cells as a reflection of their cytoskeletol appara
tus. This motility is increased when neutrophils become activated by various stimul i, including 
agents that may be released in a llergie inflammatory reactions. 
Activated neutrophils frequently generate by-products of 02 that can be damaging to microbes and 
ti ssue proteins. A second major oxidant-generating pathway relevant to inflammation involves indu
cible nitric oxide synthetase, which appears to be activated by neutrophils. This enzyme reacts wi th 
L-arginine to generate nitric oxide, which is mildly reactive wi th tyrosine-containing amino acids, 
sometimes impairing protein function while being converted to the more toxic peroxynitrates. The 
latter, in turn, can be converted to the OH- radical. Peroxinitrites bind to glutath ione, wh ich may 
inhibit some of their activity. However the role of neutrophils and their pathological mechanism in 
different alle rgie diseases merits continued investigation. 
The demonstration, provided in the fast 15 years, that the IgE antibody production by B cells was 
regulated by T-helper (Th)-cell -derived interleukins, underl ined the centrai role of lymphocytes in 
the pathogenesis of allergie reaction. This is the topic of chapter fi ve. 
Today a llergie inflammation is considered as the final results of a Th2-type T-lymphocyte response 
to one or more common environmental allergens. The allergen-specific Th2 response represents the 
triggering event for the recru itment and the involvement not only of lgE-producing B cells, mast 
cells, and eosinophils, but a lso of other celi types, as well as, a high number of soluble factors and 
adhesion molecules, thus giving rise to an inflammatory cascade of unequaled cornplexity. 
Moreover Th2 responses can also account for other hallmarks of a llergie inflammation and asthrna, 
such as hyper production of rnucus (bx IL-4, IL9 and IL- 13) and subendothelial fibrosis (by IL-4 and 
IL-1 3). 
The question of how Th2 responses are enhanced in atopic patients is also unclear. However, the ro le 
of environmental factors together with an inherited disregulation of gene (s) controlling IL-4 expres
sion, has to be considered. 
However the new insight in the pathophysiology of T-cell responses in atopic diseases provide exci
ting opportunities for the development of novel irnrnuno-therapeutic strategies. 
These are the concluding rernarks of the chapter five. 
Leukocyte -Blood Vessel In teractions is the topic of chapter six. 
The overall goal of this chapter is to summarize the celi adhesion rnolecules that function during cel
lular recruitment in a llergie inflammation. As matter of fact inflammation is a complex process
involving interactio n between ti ssue resident and recruited leukocytes. 
In allergie diseases, the local generation and display of chemokines and other chemo-attractants, 
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together with the unique phenotypic pattern of expression of adhesion molecules and chemokine 
receptors on leukocyte subsets, combine to facilitate the selective emigration and accumulation of 
eosinophil basophyls, and Th2 lymphocytes at sites of chronic allergie inflammation. 
The focus of chapter seven is Extra cellular matrix and in remodeling inflammatory processes asso
ciated with interstitial fibrosis and the airway disease asthma. 
The epithelium, the largest interface with the environment, has important barrier functions. 
In the airway, barrier functions are balanced against the need for cellular trafficking into the airway, 
and the epithelial basai lamina is adapted to allow regulated passage of inflammatory cells. Elastic 
fibers and smooth-muscle cells maintain tissue mechanisms over a range of architectures and leve! 
distension. Fibrillar collagen provides the ultimate high-tensile modulus to the tissue when fully 
extended. 
Pulmonary fibrosis is a dynamic process, driven by chronic inflammation, that involves matrix 
degradation, and changes, and ultimately, the accumulation of collagenous matrix that replaces and 
distorts lung architecture. 
This process may be initiated by inhaled particles or gases; by xenobiotics, by systemic autoimmu
ne disease, by the reaction of aeroallergens or by as yet, undefined predisposing genetic factors. In 
most patients the cause is impossible to determine and the disease is termed idiopathic. 
Inhibition of changes in lung architecture is the key future goal in therapy of inflammatory diseases 
that cause lung remodeling. 
Future therapeutic strategies include specific anti-inflammatory agents, inhibition of growth factor 
synthesis and/or of collagen secretion, the use of agents that inhibit fibroblast proliferation or the 
expression of collagen genes. 
In the chapter eight the regulation of IgE Synthesis is reported the role of cells and cytokines, as well 
as the molecular mechanisms invol ved in human immunoglobulin E (IgE) synthesis. 
Therefore the role of cells and eitokines involved and the molecular events in the induction of IgE 
synthesis are described together with the perspective for future therapies. 
In the chapter nine effeetor roles of lgE antibodies are reported and well documented. 
The role of lipids as mediators in allergie inflammatory diseases is reported on the ehapter ten. These 
mediators are al so key partieipants in the pathogenesis of other allergie diseases. Identificati on of the 
enzymes involved in synthesis of these lipid mediators, leucotrienes, prostaglandins and platelet
activating faetor has led to the study of specifie inhibitors that block their produetion. Nove! reeep
tor blockers and antagonists, such as the CysLTl receptor antagonists, ha ve reeently been developed. 
These nove! therapeutic agents seem to have great potential to modulate the allergie inflammatory 
response. 
With the 11 th chapter dedieated to cytokines in allergie inflammation, ends part two of the book. 
As matter of fact cytokines and chemokines, are secreted to recruit additional inflammatory eells and 
augment immune response. 
Thus reeruitment of inflammatory cells is a complex process that involves the interaction of tissue 
cells with leukocytes, draining lymph nodes, and bone marrow. Cytokines are, in fact, involved in 
differentiation and maturation of mast cells, eosinophils and basophils affecting the growth, d iffe
rentiation, migration and activation of allergie inflammatory cells. 
In part three are reported ali the allergie inflammatory mechanisms involved in different cli nical 
disorders, sueh as Allergie Rhinitis; in chapter 12, Nasal Polyps and Sinusitis in chapter 13th Allergie 
eye disorders and Asthma respectively in chapter 14th and 15th. Beeause of its localization, the eye 

155 



Book Rev1ews 

is exposed to severa] external stimuli eliciting a wide variety of immunologica! and immunopatho
logical reactions. On the other hand, in view of the wide distribution of blood and Iymphatic vessels, 
ocular tissue also takes part in severa] systemic allergie reactions and diseases. Accordingly nosolo
gica! entities grouped under the umbrella term of allergie conjuncti vitis are now diagnosed on the 
basis of clinical criteria, ali reported in chapter l 4th. 
Chapter l 6 on atopic dermatitis (AD) is particularly interesting for our readers because this patho
logy is to be treated by corticosteroids, baths and hydrating emulsions with a high emollient activity. 
The maintenance of the skin hydration is a master for people affected by Atopic Dermatitis. 
Moreover intense pruri tis and cutaneous reacti vity are also the hallmarks of AD together with bac
terial superinfection . Dryness contributes to the irritation and itching of AD and for these reasons, 
skin should be treated with a continuation of hydration therapy and emollients. The use of appro
priate cosmetic emulsions may have the effect to maintain the skin hydration and reduce the appl i
cation of topica! corticosteroids and consequent skin atrophy. The contemporary use of mild clean
sing agents, such as special bath-oil, may help the skin to trap water, providing symptomatic relief 
for the patient affected by AD. 
Naturally, the choice of moisturizer should be individualized according to each patient's surrouncling 
humidity and sweat gland function , j ust to avoid to cause eventually irritati on and itching of the skin. 
Finally treatment of moderate to severe AD may require a multi-drug regimens, reflecting the multi
faced nature of allergie inflammation. 
Chapter 17 outl ines the current state knowledge of the pathophysiology, immunopathology, ancl 
molecular basis of the urticarias, highlighting mainly the mechanisms, rather than management. 
Chapter 18 and 19 are entirely declicated respectively to anaphylaxis and inflammation and to non
aphylactic drug clisorders Anaphylaxis is a potentially fatal, systemic reaction that results from the 
release of biologically active mediators. 
Clinically it is triggered by antigen exposure and IgE - mediated activation of mast cells or basophils. 
These cells then release mediators that act on target organs. 
On the other hand, non-anaphylactic drug reactions are more common, and they are a greater cause 
of morbidity, often involved by drug metabolism. Forali these reason this area of research require 
the collaboration of different groups of investigators-chemists, immunotoxicologists, pharmacologi
sts basic immunologists, and clinica! allergists and dermatologists. The basic research of ali these 
specialists wi ll surely lead, in next future, to the development of ( I) improved predicti ve models for 
drug hypersensiti vity, (2) an ability to design and manufacture drugs that are less likely to produce 
hypersensiti vity reaction (3) improved in vitro and in vivo tests for the diagnosis of drug hypersen
sitivity and (4) superior treatment modalities of hypersensitivity reactions. Reaching some of al i of 
these goals has the potential to greatly decrease iatrogenic morbilidy and motility from the use of 
medications. 
The ultimate seven chapters of part three of the book are respectively dedicated to Vascularitis, 
Funga! Allergie Respi ratory Diseases, to Synthetic and genetically engineered Allergens and to 
Allergen Trijection Immunotherapy, anti- IgE Antibody Therapy and DNA Immunomodulation of 
Asthma are also extensively treated. 
Although the pharmacological approaches for treatment of allergie diseases has advanced greatly, 
most of the current therapies are aimed at symptoms, rather than the underlying mechanism. 
Meanwhile new innovative DNA-based approaches are being developed, including the use of aller
gen DNA, the complexion of the human genome project wi ll surely open whole new venues of 
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research useful to know the real mechanisms of activity, for example, of cytokines at the chromoso
mal level. Understanding why different individuals respond differently to potential antigens and to 
various therapeutic interventions will be more tangible and future pharmacogenomics will permit the 
knowledge of new markers of disease for an optimal individualization of innovative therapies. With 
these hopes ends this book of great importance for ali who want to better understand the field of 
allergy and immunology that affects up to 20% of the individuals seen in genera! practice clinics. 
Thanks to the reliable data and the wide bibliography reported in ali the 27 chapters this book is use
fui for al i medicai doctors, biologists and chemists involved in cosmetic dermatology who directly 
or indirectly need to know the mechanism and the role of ali the components involved in the patho
genesis of allergie diseases. 

P.MORGANTI 
Editor-in-Chief 

157 



Book Rev1ews 

CUTANEOUS WOUND HEALING 
By Vincent Falanga 
2001. 496 pg. Hardcover 
'i:.65.00 
ISBN 1-85317-204-9 
Martin Dunitz Ltd, London. UK: 
Fax+ 44 (O) 20-7482 1326 
E-mail: info.dunitz@tandf.co.uk 
Webster: http//www.dunitz.co.uk 

The skin, the largest and most visible organ in the body, is a highly elaborate structure that serves 
many functions, from protection through perception, and through complex physiological roles. 
Therefore the understanding and management of acute and chronic skin wound heaJing represent an 
important chapter in the fundamental area of biomedica! investigation. 
This interesting book by 29 chapters and a final well documented Mini Atlas reports the extremely 
important progress had in developing sophisticated bioengineered skin constructs and in advanced 
therapies useful in the treatment of acute and chronic wounds. 
As matter of fact, the process of healing in which scarring sometimes evolves slowly and may be 
accompanied by suppuration and necrosis, requires that lesions be coated and protected and the hea
ling area be stimulated. 
The biomaterials, used to dress areas of cutaneous substance loss, interact with the different compo
nents of the wound tissue and influence the relative process. Indeed, after the application of non-self 
materials, the inflammatory reparative tissue response involves resident cells, invading infiamma
tory cells, extracellular-mat.rix components, and inflammatory mediators. These interactions may 
affect the time of tissue repair as well as the morphological and differentiation features of the repai
red tissue. 
However it is to-day known that optimal epitheliali zation can be achieved with d.ressi ng and with 
conditions that keep the wound moist. Moreover it is also accepted the concept of slow-release anti
septic agents which can deliver antimicrobial agents in a way that does not prove detrimental to the 
heal ing process. 
Finally we have addressed major advances in the treatment of wounds by the use of topica! growth 
factors and bioengineered skin. These, together with the prospect of gene therapy, allow us to paint 
a very bright future for this decade. 
With these statements ends the first chapter. 
Chapter 2 introduces the reader on the implications for wound healing directly connected with the 
skin function as barrier. 
Stratum corneum, as a biosensor, regulates the epidermal lipid and DNA-metabolic responses to a 
variety of exogenous insults. Yarious signaling mechanism-including changes in epidermal ions 
and/or in levels of epidermal cytokines and growth factors are potential candidates for the mediation 
of these metabolic responses. 
The role of cytokine cascade in initiating cutaneous pathology, including the propagation of hyper
trophic scars and keloids, seems, in fact, more certain. Thus, outside-to-inside signaling may account 
for the pathogenesis of a variety of dermatoses characterized by abnormal barrier function, including 
hypertrophic scars and keloids. 
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As matter of fact the disruption of permeability barrier provokes a speed-up of the cytokine casca
de, and an increase of lipid and DNA synthesis, with a consequent epidermal hyperplasia. Moreover 
both environmental humidity and psychological stress influence permeability barrier homeostasis. 
When barrier perturbation becomes persistent, these processes can escalate and become chronic, 
where the barrier function remains abnormal long after re-epithelization has occurred. 
These conditions can be viewed as an exuberant wound healing response that can be explained by a 
primary, ongoing barrier abnormality. 
Mitigation of the cytokine cascade by normalization of barrier function through application of spe
cific lipid mixtures or selectively permeable membranes should become a standard part of the the
rapeutic armamentaiium. 
The vapor-permeable membranes in fact allow restorative process to proceed. Conversely, the abi
lity of occlusive membranes to involute hypertrophic scai·s and keloids can be explained by their 
potential damaging effect on subjacent metabolic processes, including the cytokine cascade. 
Chapter 3 and 4 describe respectively the celiular and molecular events of wound healing and the 
keratynocytes involvement in this process, meanwhile chapter 5 focuses on the problem of collagen 
expression, synthesis and regulation in skin both during development and wound healing. 
Humans have to repair wounds rapidly in order to restore the skin's criticai protective function and, 
at the same time, attempt to preserve normai sensation, pliability and cosmesis. The relative impor
tance of processes such as re-epithelialization and granulation tissue formation depends on the 
degree of tissue loss and the depth of the wound. 
Forward migration of keratinocytes across a wound surface is clearly one of the chief components 
of the tissue repair process. As soon as the wound is covered in a monolayer of keratinocytes, the 
epidermal celis stop migrating and begin to form a stratified epithelium and an underlying basai 
lamina from the margins of the wound in a centripeta! direction. 
Keracinocytes have biologica! characteristics enabling them to form a co-ordinated multiceliular 
stratified epidermis, with replicating cells at the base becoming committed to a complicated pathway 
of terminal differentiation and eventual loss. Evidence is accumulating that mesenchymal tissue has 
a major role in the maintenance of this cellular organization and function, together with epithelial 
organogenesis and repair. 
These dermal-epidermal interactions are achieved by a complicated communication network, which 
takes piace by celi-celi, celi-matrix and cell-diffusible factor connections. Detailed knowledge of 
these interactions and of their disturbance in diseased states and in wound healing should lead to bet
ter understanding of the pathophysiology of the skin and the restoration of skin defects. 
Moreover keratin may play a role in providing strength to celis as they are subjected to the forces 
generated by the contractile actin cytoskeleton both during lamellopodial crawling and during purse
string closure of embryonic wounds. Coliagen, a family of 19 molecules produced from 33 genes, is 
also involved with structure and repair of tissue during wound healing. Celi interaction with diffe
rent collagens and other extraceliular matrix molecules causes changes in celi activity through 
signals from matrix receptors such as integrins. 
In addition, extraceliular matrix is a repository for severa! growth factors influencing celi activity. 
The range of cellular responses elicited by growth factors, the relative signal regulations at the leve! 
of their receptors and the mechanisms of signal transduction to elicit the specific celiular responses, 
is the topic of chapter 6. With deeper understanding of the cross talk that occurs within each celi, it 
may be possible now to fine-tune the use of growth factors for the purpose of accelerating wound 
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repair and modifying the fibrotic response. This is reported as conclusion of this interesting chapter. 
The role of immunocytes, cytokines and angiogenesis in wound healing is focused in chapter 7. 
Since wound healing represents a complex multi-step process involving many different celi types, 
such as keratinocytes, Langerhans cells, melanocytes, fibroblasts, mast cells, etc, it should not be 
surprising that multiple cytokines, growth factors and chemotactic polypeptides are important and 
participate in restoration of cutaneous homeostasis. Moreover, complex quantitative and qual itative 
changes in the angiogenic and angiostatic cytokines occurr in the wound site during the healing 
phase, confirmi ng the importance of cytokines in wound healing. However this multi-step process 
stili presents many challenges for both cli nicians and scientists. 
Chronic non-heaJing wounds such as those viewed in psoriasis, chronic inflammation and ulcers 
remain as important therapeutic challenges requiring additional study. 
Learning more about the pathogenesis of psoriasis will surely provide useful clues to unravel many 
of the mysteries of normai and abnormal wound healing events in the skin. Therefore it should be 
necessary to better understand the role to induce keratinocyte hyperplasia for T cells and selected 
cytokines in the wound heaJing and in the pathophysiology of psoriasis. For these reasons the futu
re therapeutic progress will depend on further defining the role of immunocytes, cytokines and regu
lators of angiogenesis in the cutaneous wound healing response. 
Chapter 8 provides a focused discussion on various models of wound healing that requires princi
pally the use of ani mais. 
For the complexity of the involved problems the in vitro studies are not sufficient to clarify and 
address ali the specific questions of the healing process, united for example, to the age, ischemia, 
infection or diabetes. This process requires, in fact, a coordinated response involving multiple 
systems including the immune and vascular systems, as well as tissue cellular actions, and so is a 
complex, highly regulated reaction. For ali these reasons the utility of animai models for studying 
wound healing centers on this complexity which can be duplicated by in vitro experimentation. 
Different are the in vivo models studied such as lncisional and Burn wounds, Partial-and-full 
Techniques Wounds, lmpaired and Chronic Wound all well documented and described to permit the 
reader to better understand the specific questions of the healing process, allowing also a tool for 
improving the treatment of such wounds. 
The overall cl inica! approach to wounds is reported from chapters 9 to 12. 
Gene therapy is described as a commonplace new technique moving into the clinica) arena. Two are 
the basic strategies depending on the introduction and expression of foreign DNA into host cells: a 
stable insertion of the permanent correction of inborn errors of metabolism (gene therapy), and a 
transient transformation for the short-term expression of a gene product (gene medicine). 
AIJ both these therapies may be used to treat cutaneous wounds and other disorders. Understanding 
the mechanism of action and molecular biology of active peptides in the wound is a criticai element 
for the use of gene therapy in wound healing. It is also necessary to establish dose/response data for 
all growth factors and others active molecules in the wound, and the effects of combination of these 
molecules need to be elucidated. Basic principles for the clinica! approach to wounds are asepsis, 
debriment, risk assessment, rapid closure, physical protection, physiologic support and minimization 
of scar. As matter of fact the most powerful means of removing bacteria wounds of all types is throu
gh debridement under clean or sterile conditions. At this purpose washing with disinfectants such as 
silver sulfadiazine or silver nitrate is reserved for more extreme bacterial contamination, and when 
primary closure of wounds is not expected. 
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In presence of burn wound the four main goals are prevention of infection, (by bacterial agents) 
maintenance of a moist environment (by bio logical or biosynthetic dressings), protection of the 
wound, and minimizing scar formations. 
Skin grafts are also employed on bums that are expected to take longer than 3 weeks to heal. 
Substitute skin are also being developed, but to date there are few reported long-term resul ts. 
When a wound is not acute but chronic, wound bed preparation seems to be a critica! condition to 
obtain positive results. Therefore clinicians have to reserve more attention to the microenvironment 
of chronic wounds. 
As matter of fact with the increasing number of elderly people in society, the management of chro
nic medica] conditions will beone of the major challenges in the next several decades. Fortunately 
with the increasing ability to take care of medicai problem more efficiently, by expected new thera
peutic modalities, the obtainable results on chronic wounds will be surely better than today. At this 
purpose the role of a multidisciplinary clinic specialist will be fundamental to provide a base-line 
data for evaluating the effectiveness of care treatments at regularly stated intervals and ensuring that 
ali members of the health care team follow the same protocol. The patients' psychological well being 
and the contro) of distressing symptoms should be also other primary objectives. 
Therefore, it is essential to hamess ali available ski lls to improve our understanding as well as the 
management of healing and non-healing wounds. At this purpose ali the possible laboratory evalua
tions such as physiological assessment, biochemical tests, histology as well as vascular tests are to 
be used. 
The infected wound is the topic of chapter 14. 
The process of tissue infection depends on the number and pathogenecity or virulence of the micro
flora and can be associated with a delay in healing. Host defense mechanisms play, in fact, a rote in 
protection against the microflora. Infection in a wound reflects, therefore, disturbed host-bacteria 
equilibrium. Each process involved in healing is affected when bacteria proliferate in a wound and 
it is only when th is equilibrium is in balance that the normai process of wound healing can occur. 
Bacteria impair repair processes by producing toxic byproducts and competing with cells for oxygen 
and nutrients. Debridement of devitalized tissue and wound cleaning are, therefore, the first impor
tant components of any wound management protocol. Wound healing cannot take piace unti I necro
tic tissue is removed. 
At this purpose the use of appropriate dilutions of some antiseptic solutions may be beneficiai. The 
following use of wound dressings is useful to absorb varying amounts of drainage and moist granu
lating wounds. 
And wound dressing is the topic of chapter 15 where the different dressing from the transparent poly
meric films, to hydrocolloids, hydrogels and Alginates or Collagen are described. 
What ali these categories of dressings have in common is that they create or maintain moist wound 
environment for healing. 
Other performance characteristics are their absorptive capacity, hydrating abi lity, adhesive quality 
and their different chemical activity and applications. 
Chapters 17th to 22nd are ali dedicated to the difficult problem of ulcers. 
Cutaneous ulcers are, in fact extremely difficult to manage. To better understand this pathology it is 
necessary to focus not solely on the ulcer but to examine the surrounding skin also. The skin color, 
the presence or absence of atrophy, edema, and induration are all-important clinical findings. For 
instance, exaggerated hyperpigmentation and dermatitis usually accompany venous disease. 
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Compression and wound dressing are the lines of treatments for venous ulcers also. Compression 
reduces distension of superficial veins and by reducing the vessel area renders incompetent valves 
competent. Moisture retentive dressings in combination with compression may produce more rapid 
injtial healing rates. Moreover, these dressings ha ve the advantage of promoting a moist environment 
that enhances autolytic debridement and granulation tissue, re lieves pain and lowers the rate of infec
tion. Dressing should be selected according to the characteristics of the wounds. 
Hydrocolloids and hydrogels are preferred for mild to moderate drainage, meanwhile alg inates and 
foams are used for moderate to heavy drainage. Finally fi lms are helpful for acute wounds with mini
mal or no drainage. 
Compression may be delivered by a variety of modalities such as graduated compression stockings, 
elastic and inelastic bandages, orthotic devices and compression pumps. 
Which bandage is best? 
The type of bandaging used depends largely on geography. North Americans tend to favor Unna's 
boot or three layers bandages, the British often prefer four layers and continental Europeans are more 
likely to choose short stretch systems. 
Large-scale meta-analyses of published ulcers trials bave failed to demonstrate notable differences 
between various types of compression bandage. Compression bandages are usually used to heal leg 
ulcers, but the type of bandage used remains controversial. The physiology underlying the develop
ment of venous ulceration has not been fully elucidated. Once this is better understood, the futu re for 
ulcer healing and prevention may lie manipulation of the ulcer bed or damaged skin. 
Unti I this is the case, compression therapy will remai n the gold standard of ulcer treatment. 
Chapters 23rd to 28th are dedicateci to the more recent topica! treatments able to act on d ifferent tar
geted substrates in the wound-healing cascade. 
As we have seen, wound healing in the skin is a complex biologica! cascade of events in which 
numerous cells, cytokines, growth factors, proteases, and extracellular matrix components act in con
cert to restare the integrity of injured tissue. 
It has become also clear that certain regulatory peptides, such as growth factors, directly regulate 
many of the processes crucial for normai wound healing. It is obvious that substances that are che
motactic to inflammatory cells, or mitogenic to cells, should benefit wound healing. 
With such clear rationale why the enhancing wound healing with topica! growth factor application 
has a lirruted clinica! success? 
Probably because the number of growth factors that affect the various processes in the wound hea
ling cascade are considerable and their availability and function is probably sequential. 
Another important problem is surely the used delivery system. Therefore it wi ll be of fundamental 
importance to use adeguate carriers to enhance the penetration of growth factors throughout the skin 
strata. 
Together wi th the clinica! use of the growth factors, secreted from the cells, the tissue engineered and 
the development of bio-engineered skin for wound healing applications ha ve been the focus of many 
clinica! studies of the last ten years. 
The goal in the development of bio-engineered skin has been to recreate the beneficiai characteri
stics of skin grafts while eliminating or minirruzing their limitations. Two major approaches bave 
been taken to achieve this goal, one is to create a bi-layer skin substitute that is comprised of both 
derma! and epidermal layers, the other is to use cultured keratinocyte grafts or derma! substitutes 
alone as a skin substitute. 
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AH applications require that bio-engineered skin promotes healing of a wound. Products that utilize 
celi culture technology and/or bio-engineered natural or synthetic materials technology are well 
described together with their clinica) use in treatment of burn wounds, chronic ulcers or surgical 
wounds. 
The more recent advances in burn treatment are also reported and illustrated in a well-documented 
way. This new technology is undoubtedly the fastest and safest way for optimizing the qual ity of 
wound healing, avoiding the formation of keloids and unpleasant scars. 
Chapter 29 is the last chapter dedicated to an interesting discussion of how to best deal with chronic 
wounds in the context of advanced therapeutic agents. 
As matter of fact the optimal preparation of wound bed is fundamental to obtain the best results by 
the use of topically applied growch factors, bio-engineered skin, and systemic new agents. 
The goal is to arri ve at a stable wound which is characterized by an opti mal well-vascularized wound 
bed and no or minimal exudate. 
To achieve this goal it is necessary to remove necrotic/fibrinous tissue, to contro! edema, to achieve 
a well-vascularized wound bed, to decrease bacterial burden and to minimize/elirninate wound exu
date. This is the starting point to improve the efficacy of new therapeutic agents, which should results 
in better overall wound care. 
The last 15 pages are dedicated to a mini-atlas describing by well-done photos and appropriated 
explanations many problems of wound skin healing. 
This book reports ali the updated news on the complicated topic of Cutaneous Wound healing from 
the basic aspects of wound care to the more sophisticated cascade of events accompanying. 
Ali the more important research done in this area are reported and presented in a very clear and com
prehensible way providing an overview for all surgeons, particularly plastic surgeons, dermatologi
sts, cosmetic chemists, bio logists and physiologists concerning the new development in the cuta
neous wound repair process as well as the proper surgical management and medica] approaches 
necessary to optimi ze wound care. It also delivers to researchers involved in the technological deve
lopment which the cutaneous wound healing has undergone in the last ten years, to students willing 
to learn the basic and the mechanisms of activity that regulate the wound repair process of the skin. 

P.MORGANTI 
Editor-in-Chief 
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The see-sawing of nitric oxide (NO) between their beneficiai and detrimental roles pushed the 
authors to an overview on the state-of-the-art on NO and inflammation. 
As a matter of fact, many studies have demonstrated that NO could lead to apoptosis of certain celi 
types, meanwhile other research results have described NO as inhibitor of apoptosis of other celi 
types. 
This book through 15 chapters tries to clarify the real rote played by nitric oxide. 
On the process of inflammation inducible Nitric Oxide synthase (iNOS) catalyzes the conversion of 
L-arginine, in the presence of oxygen to the free radical NO and L-citrulline. In biologica! systems, 
NO is primarily derived from a cationic aminoacid L-arginine and oxygen of NO synthases (NOS). 
Though L-arginine has been shown to be criticai in the antimicrobial actions of macrophages there 
is also evidence that the citotoxicity of macrophages can be enhanced by L-arginine depletion. 
For example, it has long been recognized that tumoricidal actions of activated macrophages are 
dependent on depletion of environmental L-arginine. L-arginine depletion was also reported in 
inflammatory sites during macrophage infiltration and wound healing. 
NO has a short half- life and is oxidized to the inactive and-products nitrite and nitrate (N02- and 
N0 3-). Moreover NO play a central regulatory role in variety of physiological and pathological pro
cess including inflammation and host defense. 
To date NOS isoforms have been identifi ed as neuronal NOS (nNOS, type I), inducible NOS (iNOS, 
type II), and endothelial NOS (eNOS, type III). 
nNOS and eNOS constitutively exist in celi and their activity is mainly regulated by the levels of 
intracellular free Ca2+. NO generated by eNOS and nNos serves as a signaling molecule participa
ting in various physiological processes ranging from regulation of vascular tone to development of 
learning and memory. 
Too much or too !inie, NO production in cells and tissues has been implicated in the pathogenesis of 
a number of diseases including stroke, hypertension atheriosclerosis and heart attack. 
In contrast the two constitutive NOS isoforms, iNOS is generally not present in quiescent cells but, 
with proper stimulation it can be induced in almost any type of celi and tissue. lts expression is often 
induced by inflammatory substances such as cytokines and microbial endotoxin. Calmodulin is also 
an essential cofactor for the catalytic function of iNOS. Moreover, while elevated cytosolic Ca2+ 
combines with calmodulin to form the Ca2+/calmodulin complex, which subsequently activates 
eNOS and nNOS, activation of iNOS does not require elevation of intracellular Ca2+. 
iNOs is also a more potent enzyme with higher L-arginine to NO turnover as comparated with eNOS 
or nNOS and, for its high enzymatic efficacy, has an important role in host defense and inflamma
tion. 
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The iNOS gene expression seems to be up regulated, in human by cytokines through the transcrip
tional factors NF-kB, AP-1 and STAT l a. 
Translational and post-transcriptional regulatory mechanism also play a role in NO expression. 
In addition to NO, NOSs have recently been shown to also generate superoxide anion 
(.0-2). However it is now clear that 02- generation seems to occur from ali NOS isoforms. iNOS
derived .02- and NO interact to form another potent oxidant peroxynitrite (ONOO-). Therefore this 
free radical - NOS-mediated may contribute to the cytotoxic actions of macrophages in inflamma
tion and immune defense. Modulating both the 02 and ONOO- formation they may provide new 
approaches to regulate macrophages function in inflammatory process and host defense. Therefore 
the cytotoxic nature of .0-2 and its associated ox idants not only contributes to the killing of inva
ding microbes, but also causes tissues damage in inflammation. Understanding the molecular mecha
nism that governs NO synthesis can surely lead to nove! therapeutic strategies. 
Ali these interesting topic are reported i the first and the second chapter. 
Recent studies over the last decade have demonstrated that NOS is regulated primarily by cytokines. 
Both cytokines and free radicals, such as ROS and not yet fully defined reactive nitrogen oxide spe
cies (RNOS), mediate signals that a llow cells to decipher their environment. 
The modulation of NO production by cytokines, as well as the possible feedback effects that NO has 
on expression and activity of various cytokines, is discussed in chapter 3. 
NO plays also a major role in the regulation of cyclooxigenase (COX) enzyme, augmenting eicosa
noid production by acting at severa! levels. 
Therefore there is an NO-mediated increase in the production of pro-inflammatory prostaglandins 
(PGs) resulting in an exacerbated inflammatory response. 
NO or its by-product peroxinitrite (ONOO-) can increase PGs release by either activating or indu
cing the COX-2 enzyme. Thus, regulation of COX-2 by NO or peroxynitrite represents a powerful 
mechanism, which amplifies the course of the inflammatory response. 
The challenge in the future to understand the molecular mechanism used by such species in 
modifying key steps of the cyclooxygenase pathway as this will undoubtedly elucidate important 
molecular targets for the future pharmacological intervention. With these auspices ends chapter 4. 
Nitric oxide regulation of leukocyte adhesion molecule expression and leukocyte recruitment are 
treated on chapters 6 and 7. 
The vascular endothelium serves as an important autocrine/paracrine organ that regulates vascular 
wall contractile state and cellular composition. 
The endothelium interacts with both cellular and hormonal mediators from the blood and the vascu
lar wall. These interactions are of crucial importance in inflammatory reactions. One of the initial 
events in vascular inflammation is endothelial activation. NO inhibits endothelial adhesion molecu
le expression by at least two trascritiona1 factor (NF-kB) dependent mechanisms. 
First NO induces the protein Ik.Ba, the newly synthesized inhibitor binds tocytoplasmic NF-kB resul
ting in prevention of further NF-kB translocation to the nucleus. Second NO causes nuclear accu
mulation of NF-kB. 
Weather JkBa translocates into the nucleus by active or passive mechani sm remains to be establi
shed. 
Therefore there is increasing evidence that NO may attenuate adhesion molecule expression on 
endothelial cells. Indeed intercellular adhesion molecule-1 (ICAM-1 ) and vascular celi adhesion 
molecule- 1- (VCAM- 1) -synthesis by human and rodent endothelial cells is reduced with NO 
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donors. 
In addition endogenously produced NO may downregulate the expression of VCAM-l both from 
constitutive and iNOS sources. 
In conclusion NO seems to function as an anti-adhesive molecule in inflammatory settings. 
The poly- (ADP)-ribosytransferasi (PARS) activity and its role in the regulation and generation of 
the inflammatory response are the topic of the 5th chapter. 
PARS occupy, in fact, a criticai position in a self-amplifying cycle of oxidant-driven damage. 
Its activation seems to lead to celi death and some have argued that the physiological role of PARS 
should be to eliminate genetically damaged cells, thereby reducing oncogenic potential. Indeed, 
PARS inhibition has been shown to facilitate the rapid ligation of DNA excision-repair patches and 
suppress malignant transformation in cells with DNA damage induced by irradiation and chemical 
carcinogens. 
The effect of NO on lymphocyte function is the argument of chapter 8, where a new concept of acti
vity is reported. NO should play a specific role in the intracellular transduction pathways to fac ilita
te production of the cytokine IFN gamma and perhaps other molecules. 
The rote of nitricoxide in arthritis, gut inflammation, and disorders of the skin, myocardial ischemia
perfusion injury and in myocarditis is reported from chapters 9 to 13. 
Ali these inflammatory conditions seem to be associated with production of comparatively large 
amounts of NO, produced by iNOS, with consequent cytotoxic effects. 
Factors that appear to dictate the consequences of iNOS expression include the type of insult, the tis
sue type, the leve! and duration of iNOS expression, and probably the redox status of the tissue. 
Moreover to really understand the biological-activity :>f NO, it should be necessary to better know 
its relationship with key oxidants such as 0 2-. 
Nitric oxide is clearly a common mediator in both septic and hemorragic shock but is also a media
tor of interleukin-2 induced cardiovascular toxicity and ant itumoral activity. 
This is the topic of the last chapters I 2 and 13. 
NO contributes to the pathogenesis of vascular leak syndrome (VLS), hypotension and myocardial 
depression, which are observed as dose-limiting toxycities following administration of a number of 
cytokines, such as IL- I, il-2, IL- 12 and TNFa. 
But NO can also inhibi t lyrnphoki ne activated killer (LAK celi) induction by IL-2. 
On the other hand, NO also can inhibit cellular respiration and DNA synthesis in turnor cells, trig
gering prograrnmed celi death. 
A better understanding of these possibilities seems important since pharrnacological interventions 
can be designed to either block NO synthesis or to enhance NO or perhaps more selectively target 
NO synthesis within turnors. 
This book rnakes a useful reading for biologists, pharmacists, dermatologists, allergologists and stu
dents in medicine and chernistry willing to learn the basis and the rnechanisrn of activi ty that regu
late a li the inflarnmatory processes rnodulated and effected by NO and free radicals. 
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This book divided in four parts fora tota! of 11 chapters describes the most important developments 
in understanding the interaction between cosmetic lipids and the skin barrier over the past ten years. 
Part one reports the chemistry and structure of skin lipids, Part two the biologica! function of skin 
lipids, part three the analysis of skin lipids and their effects on skin, and the final part IV the lipids 
in cosmetic products. 
ehapter I is completely dedicated to the chemistry of natural and synthetic skin barrier lipids. 
According with the last studies the cornified cells, with their surrounding lipid matrix, represent the 
so-called two-compa11ment model of the Stratum eorneum (Se). This two component system for
med by dead cells and lipid -lamellae consti tute the skin barrier against the environment. These stu
dies have also demonstrated the loss of phospholipids and the emergence of neutra) lipids, cerami
des, and cholesterol in the se during barrier formation. 
The ceramides are credited with playing an important rote in the lamellar lipid structure and in bar
rier functions providing new insights into the pathogenesis of both disorders of corn ification and 
diseases associated with barrier abnormali ties. Nevertheless free fatty acids, cholesterol together 
with the ceramides that occur mainly in equimolar ratios seem to be important for the formation of 
stable lamellar liquid crystalline lipid structures at 4.5 - 6.0 pH. 
Both cholesterol and ceramides, acting also as antagonists, are able to modulate and stabilize the 
lamellar crystalline gel structure of Se lipicls. The dose combination of horny cells and Jipids lamel
lae modulate and regulate transepidermal water loss (TEWL) and water-binding capacity of the skin. 
At th is purpose nature-identical or analogues ceramide are today produced by biotechnology for 
cosmetic ancl dermatologica! use. 
The term nature - identica! ceramides covers natural-identica! ceramides and their racemates, whe
reas ceramides analogues are usually compounds based on stereoisomerically pure sphyngamine 
with a different acyl chain length or with a similar skeletal structure. 
Pseudo-ceramides generally have structures that cliffer more clearly from the basic structure ancl are 
often designed for cosmetic applications. The structure of ali these new chemical compounds, their 
physiological functions and their dermatological properties are well described in this interesting 
chapter. 
ehapter 2 reports the Structure of se lipid layers and their interactions with lipid liposomes. This 
chapter focused on the lipid composition and organization in the se and the change invol ved in this 
lipid lamellar organization as a consequence of topica! application of drugs and cosmetics. The lipid 
lamellae oriented along the surfaces of cells are designed to keep many substances outsicle the body 
and act therefore as permeability barriers. Furthennore these lipids, mainly organized in a crystall i
ne sublattice with an unusual long periodicity of the structure being approximately of 13 mm, increa-
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se their mobility by the increase of water content. 
eonsidering ali the studies reported the drug transport can be adjusted on demand by association of 
the drug with liposome vesicles with the right size and lamellarity. 
Using rational liposome, intact vesicles transport across se does not occur. 
However drug transport increases when single-chain surfactants are intercalated in the vesicles. 
These single-chain surfactants can act as penetration enhancers. 
Molecular dynamics (MD) is a modeling technique that can be used to simulate the thermal motion 
of a structure as a function of time, using the forces acti ng on the atoms to drive the motion. 
This is the interesting topic of chapter 3, reporting data obtained cutting out molecular dynamics 
simulations of three different simple stratum corneum lipid models. 
According with the conclusion of the study by the molecular simulation of skin lipid composition, 
cholesterol is able to fluidi zing the rigid gel phase, meanwhile ceramides seem to consol idate the 
lipid assembly playing also an important role in the coherence of the lamellar bilayer. 
Therefore this computer modeling method, providing a deta iled picture of molecular interactions, 
can offer useful information for validating or refining the interpretation of experimental data. 
Role of lipids in skin barrier function is the topic of chapter 4. 
As we know the skin barrier has the important role to protect the water-rich internal organs from the 
dry environment. For these reasons the thickness of se is enhanced under a low-humidity. Thus skin 
barrier homeostasis, through its lamellar li pids and corneocytes, is a self-referential and self-organi
zing system. 
Inhibition of lipid synthesis, lipid processing and migration of the lamellar body induces barrier 
abnormalities. Thus abnormality of cholesterol sulfate processing induces serious skin abnormalities 
as well as the phospholipids decrease meanwhile topica! application of palmi tic acid may restore the 
barrier function. 
The best positi ve results on barrier recovery may be obtained applying topically ceramide, choleste
rol, palmit acid, and lino leic acid in the molar ratios l: l: I :3 or I: l :3: I. Stearic acid, in piace of pal
mi tic acid seems to show also the same effect. Occlusion or moisturization with aitific ial materiai 
could improve skin condition, even if these treatments potentially perturb its homeostasis. 
Therefore a better understanding of skin homeostasis is required to develop an ideai skin care 
system. Skin models may help to better understand the barrier function necessary to recovery the best 
way to treat an altered skin. 
Skin-equivalent model is the topic of chapter 5. 
As matter of fact advances in technology and a movement toward reduced an imai testing ha ve spur
red the development of alternative methods for deterrnining skin irritation, sensitization, and efficacy 
of cosmetic products. 
Epiderrnis and skin models are three-dimens ional systems produced by seeding single celi suspen
sions of keratinocytes on an appropriate support. The keratinocytes attach to the substrate and proli
ferate. 
Skin-equivalent models consist of a living derma! equivalent associated with an overlaying epider
mis. Besides fibroblast-populated collagen gels, three-dimensional derma! equivalent can be gene
rated by synthesis of extracellular matrix by fibroblasts inside a scaffold or an inert fil ters before 
keratinocyte seeding. The inclusion of melanocytes in combination with Langerhans and endothelial 
cells compose the many variations that have been developed. 
At this time, no-validated and accepted model can accurately replace animai experimentation, but 
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human tissue engineered skin equivalents form promising alternatives, because cells are of human 
origin and closely resemble the tissue of origin. 
Soon after these hopes starts chapter 6 on Analytical techniques for skin lipids. 
Skin lipid contains a variety of individuai lipids differi ng in chernical structure and polarity. 
lndividual factors such as age and sex, and environmental variables, such as seasonal variations and 
exposure to uv light, play a role in se barrier lipids, affecting also their composition. 
At this purpose it is important to know the composition of the intercellular lipids of Se also becau
se qual itative and quantitative characteristics vary between healthy and diseased individuals. 
Therefore, the different analytical technique currently applied for the determination of skin lipids has 
been reported and well described in this chapter. As matter of fact it is important to control in a repro
ducible and standardized way all se lipids in order to better understand the relationship being 
between the various skin conditions and the barrier function alterations. 
e hapter 7 focuses on the description of the most popular, easy-to-handle, and frequently used non
invasive biophysical methods. 
These methods involve in fact the application of physical principles to study and explain the struc
ture and the function of the skin to assess its various properties. In order to perform these studies a 
number of generai condi tions should be met for optimal results. 
Ali examinations should be done in an air-conditioned laboratory that guarantees constant room tem
perature. 
The volunteers should sit in this location at least 30 minutes before to assess the test procedure, being 
also in a relaxed physiological and psychological state. Finally a suitable body test site has to be 
selected and the assesser should be skilled in the art and presses a large amount of experience 
These recommendations are reported in the chapter together with the biophysical methodologies 
more used today. 
The se is not a static but instead a dynamic barrier that is continually being formed by the dermis 
by differentiation of keratinocytes to corneocytes while an average one layer of corneocytes is lost 
from the upper surface per day. Infrared and Raman spectroscopy reported on chapter 8, are two 
techniques that have proved especially suited for the investigation of its dynamic structure. 
As matter of fact by these two methods has been elucidated the centrai role of the intercellular lipid 
domains in se barrier function. Tue studies employed to investigate the thermotropic phase beha
vior of Stratum eorneum lipid multilamellae, the activity of penetration enhances, the deterrnination 
of skin types and the effects of cosmetic products on the skin surface lipids, are all well described 
and reported on this interesting chapter. 
ehapters 9 focuses on the chernical characteristics and the application of lipids for skin care formu
lations reviewing aJso their interaction with the skin. 
The lipids, in fact render a characteristic skin feel, give certain occlusivity to the cosmetic product, 
and can penetrate into the Se interstices to a certain extent. But lipids, used as building blocks for 
membranes during growth and repair, are also one of four major classes of biomolecules which are 
essential for !ife. 
However the shared characteristic of the lipids is their hydrophobicity, which is a result of the pre
sence of long chain hydrocarbon residues, which can be linear, branched or even cyclic. Moreover 
they directly influence viscosity and skin feel of the cosmetic formulation, even if the dynamics of 
the structural change of emulsions due to water loss after application to the skin seem to have the 
major impact on product performance. 
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of occlusion used, and the chemical-class, sometime can also cause skin irritation, as clearly descri
bed in chapter 1 and 2. 
Percutaneous absorption in mammals varies depending on the area of body on which the chemical 
resides. Therefore when considering skin absorption in humans, the site of application is important 
to better understand both dermato-pharmacology and dermato-toxicology of ali the chemicals 
applied. 
The Se is today considered a dynamic skin barrier where the stratum corneum lipid synthesis is 
regulated by barrier requirements and the by stratum-granulosum-stratum corneum interface throu
ghout the layers of the se. 
Being the complexity of this skin barrier and its particular biophysical properties, a domain mosaic 
model was developed. This model depicts the bulk of the lipids as segregated into crystalline 
domains bordered by grain borders where lipids are in the fluid crystalline state. 
Although the abnormalities in lipid composition are correlated to altered ultra-structure responsible 
for reduced barrier function, biochemical, morphological, biologica} and functional in vivo analyses 
of neonata} skin are necessary to obtain a global perspective on skin maturation. 
This way ends chapter 4 entirely dedicated to the Development of Skin Barrier Function in the 
Neonate. 
Many enzymes are capable of metabolizing cutaneous xenobiotics such as cytochromo P-450. Their 
role in the production of toxic and irritant metabolic and their dynamic response to inductive and 
inhibitory stimuli is discussed in chapter 5. 
However the factors that influence the metabolism of cutaneous xenobiotics can be dynamic or sta
tic, varying according to the physiological and pathological condition of the skin, if dynamic, or 
being related to the structure of the skin at a particular site, if static. 
Passive follicular delivery is another component of topica} delivery via the lipoidal domains of the 
Se. At this purpose specific particulate systems, such as liposomes and synthetic microspheres, have 
used as drug reservoirs, localizing in follicular and sebaceous areas for compounds with the right 
physicochemical characteristics for both active principle and vehicle. 
Manipulation of particle size and other formulation factors, such as lipid ratios and compositi on, may 
be useful in achieving a greater extent of delivery to the follicles and sebaceous glands. 
Ali the considerations for designing the experimental design and using the appropriate methodolo
gies to obtain the right follicular permeation are well described in chapter 6. 
The in vivo relationship between percutaneous absorption and transepidermal water Joss (TEWL) is 
the topic of chapter 7. 
Between the permeability of the skin to the outward movement of water (TEWL) and the inward 
uptake of molecules, a linear relationship exists. Thus, the permeability varies widely in relation to 
the nature of the molecule administered, occurring physicochemical interactions between the mole
cule, the vehicle, and the se. 
Moreover, it appears that the linear relationship Iinking TEWL and percutaneous absorption is inde
pendent of the physiochemical properties of the compound applied, but dependent of the efficiency 
of the skin barrier. 
e onsequently, as with determinations of TEWL, percutaneous absorption measurement provides a 
good marker of the cutaneous barrier integrity. 
Thus, the chemical and physical properties of the topical vehicle and the barrier properties of the 
living se determine the initial absorption of compounds into the skin. 
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The vital ity of the living skin will, in part, determine the metabolism, distribution, and excretion of 
the compounds through the skin and the body. 
The skin substantiality of both the vehicle and the active principle is also to be regarded because the 
mechanism of washing does not often prevent penetration of some chemicals. Thus, the fate of che
micals, both lipophilic and hydrophilic, that form a reservoir in skin during the absorption process is 
also to be taken into account. The best in vitro and in vivo methodologies with their limitations and 
topical/systemic bioavailabi lity of the chemicals applied are ali reported in chapters from 8 tol l 
together with the important steps influencing/enhancing the percutaneous absorption process. 
The dose response interrelationship and the effect of single versus multiple dosing in percutaneous 
absorption, are reported in chapter 12 and 13. 
Increased concentration of an applied chemical on skin increases the body burden, as does increa
sing the surface area and the time of exposure. 
The body burden is also dependent on the frequency of daily application and on possible effects 
resulting from long-term topica] exposure. Dose accountabi lity (mass balance) competes a dose
response study, meanwhile the pharmacokinetic practice is necessary to determine the bioavailabi
lity of a studied chemical, generally done with a single-dose regimen. 
The duration of application of a compound may considerably influence the tota! amount absorbed. 
Moreover, both the substances added to formulation as the excipient and/or the physical form of the 
active principle affect not only release and absorption, but also its action, increasing or decreasing 
the quantity of water in the se. 
To contro! absorption and topica! activity of drugs and cosmetics the tape-stripping methods are 
being to be used as an alternative approach to chemical trials. By this non-invasive method it is pos
sible to study and determine the bioequivalence of topica! dermatologica! products in parallel to the 
use of concentration-time curves for systemically administered drugs. 
In fact, the amount of chemical present in the se at the end of application may represent the se vehi
cle partitioning and could also reflect the rate of penetration of the chemical. 
New technical improvement and more reproducible chemical and non-invasive measuring procedu
res may lead to a wide knowledge in the area of skin pharmacology, which requires accuracy and 
repeatability. Therefore, according to chapters 14 to 16, the physicochemical properties of the drug, 
the vehicle, and the se play an important rote in total absorption. 
Applied vehicles ha ve, in fact, the potential to either increase or decrease the quantity of water in the 
se and, thereby, to increase or decrease penetration such as the physical form of the drug, affect not 
only its release and absorption, but also its action. 
Moreover the skin 's acid mantle and key lipids of its se seem to be important for permeability bar
rier homeostasis, impacting on the transdermal delivery of drugs molecules. 
In chapter 17 are reported the new strategies that could be put in piace to enhance the transdermal 
drug delivery, in terfering, with the Se lipid biogenesis. A key aspect of any new drug or cosmetic 
product is its safety and efficacy, as demonstrated in controlled biologica! and chemical trials. 
When they are topically applied, a pharmacologically active agent must be released from its carrier 
before it can contact the epidermal surface and be available for penetration in the se and lower 
layers of the skin. 
For these reasons in vitro and in vivo tests are necessary to determine the bioavailabilty and phar
macokineticy of ali the active principles used. 
These tests are, of course, formulation-specific and are a property of the different formulations and 
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their method of manufacture. This interesting topic is reported in chapters from 18 to 21 where the 
kinetics of chemicals and their percutaneous absorption is discussed. 
Transdermal drug delivery offers advantages of avoiding locai gastro-intestinal irritation, improvi ng 
also patient compliance. 
A second use of this topical application is to treat the upper skin layers, which is the field of exter
nal dermatotherapy. A third use of dermal application is to reach deeper underlying tissues with 
minimal systemic exposure. 
Thus the use of sunscreens should limit the penetration of active ingredients only to the first strata 
of SC. Conditions like : 
- acne require drug targeting of pilosebaceous structures; 
- in psoriasis therapeutic drug levels should be obtained in deeper epidermal layers, etc. 
- Iontophoresis and phonophoresis are nove) non-invasive drug del ivery systems used to facil itate 
transdermal delivery. Iontophoresis facilitates the transport across the skin of charged molecules 
such as ions and soluble salts under an external applied potential difference. Phonophoresis or 
sonophoresis enhances penetration and movement of drugs through intac t sk.in under the influence 
of an ultrasonic perturbation. 
Strategies to use both these technologies for enhancing derma! distribution and delivery of diverse 
substances of wide-ranging molecular size and chemical composition, are outlined in chapters from 
22 to 24. 
Percutaneous absorption of cosmetic ingredients, including fragrances, can represent a major rou te 
of ingredient uptake and subsequent systemic exposure. 
Therefore its derma! exposure is a function of the concentration of chemical contacting skin and the 
duration of sk.in contact. 
On the other side, skin absorption is dependent on many factors, including lipid solubi lity of the che
mical , environmental conditions, occlusion of the dosing area by clothing, surface area o f sk.i n appli
cation and the age of the individuai. 
Thus, skin absorption studies should be conduced under conditions that approximate specific pro
duct use/abuse conditions, attempting to accurately define the estimating systemic exposure to the 
chemical used. 
In fact, the systemic exposure estimates fora single exposure to a cosmetic ingredient is a function 
of the amount applied to sk.in, the concentration of the ingredient in the product, the duration of skin 
contact, and the extent of percutaneous absorption. 
Potential systemic exposure, percutaneous absorption and safety evaluation of cosmetic ingredients, 
such as Fragrances, Hair dyes and A lpha-hydroxy-acids are reported on chapters from 25 to 28 where 
interesting experimental studies are carefully discussed. 
The last seven chapters are dedicated to special topics. 
The methodology to be used for controlling the false-negative or fal se-positive allergie or irritant 
response from a chemical appl ied to skin during a patch testing, is reported on chapter 29. 
The bioavailability of the applied chemical is to be considered as important as the same intrinsic acti
vity, when a patch test is pe1formed. As matter of fact, a chemical must penetrate the sk.in eliciting a 
response. 
Nail penetration is the topic of chapter 30, where the physical and chemical properties of human nai l 
pertaining to topica) drug delivery are reported. 
Aminoacid composition of human nail is much closer to hair than to the SC, because of the lower 
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glycine and higher half-cystine content in the nail keratin. For these reasons, the human nail plate 
does not mimic the behavior of a lipophilic membrane, such as the skin, but is more like a hydrogel 
membrane in its barrier properties. Once hydrated, a hard nail plate becomes more elastic, hence pro
bably more permeable to a topically applied drug. 
Since the newer antifungal agents have shown a better risk-benefits ratio, topica! therapy in combi
nation with oral therapy may help increase overall efficacy of the drugs used for onychomycosis. 
At th is purpose, many are the studies to verify the ability of topica! treatments alone to cure ony
chomycosis. Recent research fi ndings begin to lay a theoretical foundation for successful develop
ment of efficacious topica] products to treat nail diseases. 
Chapter 31 tries to describe the ideai vehicle, as the sum of the ingredients in which the drug is pre
sented to the skin. 
In fact, the drug delivery vehicles comrnonly used today, attempt to achieve a balance between the 
physiochemical requisites for stability, and preservation against microbial spoilage, and release of 
the active ingredients to the se. 
Thus, modem pharmaceutical and cosmetic formulation development is based upon the stability and 
compatibility of excipients and active drug (s) cosmetic or aesthetic user-acceptability of the vehicle 
and bioavailabili ty of the drug(s). 
Due to its complexity, dermatologica] vehicle treatment may, therefore, remains an art gleaned by 
persona! experience rather than a defined textbook science. 
Despite widespread use of sunscreens, chapter 32 is entirely dedicated to their percutaneous absorp
tion. 
Sunscreens are, in fact, an important group of products, classified as cosmetics for European law or 
drugs for the FDA in USA, that provide protection against sunbum and many cumulative, sub
erythemal forms of skin damage. 
Even if only small numbers of adverse reactions to sunscreens have been reported, it is possible to 
predict some extent of penetration of sunscreen agents and to speculate how penetration may be 
modulated by various types of vehicle. 
Therefore, the influence of formulation vehicle and quantification of penetration rates, and skin 
distribution using experiments des igned to mimic actual product use, seem to be essential prerequi
sites to obtain realistic risk assessrnent values. 
In fact, the development of colloidal drug carrier systems, such as micelles, mixed micelles, liposo
mes, and microemulsions play an important role in the activity and delivery through the skin of 
modem pharmaceutical and cosmetic ingredients. 
Notwithstanding our deep knowledge on carriers, each drug or active cosmetic ingredient requires a 
different, precisely formulated, vehicle for optimized therapy or treatment. 
Issues of stability and compatibility of carriers and active agents together with locai and systemic 
safety of ali components rnust be counter-balanced with adeguate drug del ivery potential and user 
acceptability. Finally, metarnorphosis of the vehicle after application to the skin has to be conside
red in terms of the drug /active cosmetic ingredient reservoir formed in the se and in terms of the 
extent and period of del ivery desired. 
With these interesting considerations ends this complete volume entirely dedicated to the problems 
conceming the absorption of dermatologica! products. 
For the accuracy with which the absorption of active ingredients and carriers through the skin layers 
and its appendages are treated, this volume should be considered as a main textbook for dermatolo-
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gists, biologists, cosmetic chemists, pharmacists and students of Medicine and Pharmaceutical 
Chemistry willing to know the metabolic destiny of those substances which, directly and indirectly, 
come into contact with the skin. 
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The skin is the most complex organ of human body that allows both physical and immunological 
protection from the damages of the ex ternai environment. It consists of two district Jayers ( I) the der
mis, made up of connective tissue elements, and (2) the epidermis, composed primarily of kerati
nocytes. The outmost layer of the skin, the Stratum eorneum (SC) as true interface with the envi
ronment, is represented as bricks and mortar where bricks are the corneocytes embedded in a matrix 
of specialized lipid bilayers (the mortar). 
The protein matrix of corneocytes contains a specific mix of hygroscopic low molecular weight com
pounds that keep the skin hydrated. Therefore the main objective of the permeability barrier is to be 
as tight as possible, except fora minimum leakage of water needed for the hydration of the keratin 
necessary to plasticize the se. 
As matter of fact, water-holding properties of corneocytes are intluenced by the rate of filaggrin 
break down that leads to formation of amino acids known as Natural Moisturizing Factors (NMF). 
Functions and dysfunctions of skin effect not only the physical health, but also the self-esteem of the 
person. For these reasons repetitive and excessive contaci with cleansers and water can be very 
drying and irritating to skin, tending to remove both the lipids and NMF. 
Ali the cleansers surfactant-based or oi l-solvent-based can disturb the skin, dissolving and removing 
the intercellular Jipid bilayers of the se, and can also interact and damage the protein composition 
of corneocytes. Of course, the extent to which cleansers may provoke ali or some of these damages 
depends upon the formu lation of the cleanser and the duration and frequency of skin contact. For 
these reasons nurses, plastic surgeons, mothers with a number of infants, and ali people that have to 
wash the hands frequently, have to use more mild cleansers and to limit contact with water to main
tain skin in good condition. 
Water and cleansers are in fact, the main factors damaging the water-holding mechanisms of the 
superficial se, while wind and low humidity are the main environmental factors removing water 
from damaged regions of superficial se. 
Therefore, when the relative humidity is high, the skin 's NMF has li ttle difficulty in holding water 
in the protein matrix of corneocytes. At low humidity the NMF is unable to hold water against the 
pull of low partial pressure at the skin surface. If the NMF is depleted, there is nothing to hold water 
at low relative humidity (RH) so that the skin surface becomes very dry. 
For ali these reasons NMF is essential for the correct functioning of the Se. 
Working together with the interlamellar lipids, it assists in the retention of water within the cor
neocytes, vita! for the barrier and mechanical properties of the SC. 
Moreover, over-exposure to solar rays may aggravate the problem of dry skin, interfering both with 
filaggrin degradation and, therefore, with NMF production, and generating lipid peroxides. 
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further research will be required to commercialize this new technology. 
This part of the book ends with chapter 20 dedicated to the description of a new category of skin 
cleansers designed to deposit beneficiai lipids during wash. 
Soap-based normai cleansers have, in fact, the potential to internet with skin proteins and lipids lea
ding to dry skin and irritation. Delivering moisturizing benefi ts from cleansers is a new technical 
challenge since this involves actually depositing and delivering skin care materials under wash-off 
conditions that are normally designed to remove materials from skin. 
This trend of providing slcin care benefits from wash-off systems is a new area of active research 
resulting in novel product forms and cosmetic technologies. 
Part IV is dedicated to the Evaluation methodologies described in six chapters, from 21 to 24. 
Like foods, moisturizers ha ve a dual identity. Their are experienced as functional as well as hedonic
giving substances. Thus more emphasis is being placed on understanding the consumer as a person 
and not as a marketing object, and many marketing managers are aslcing who to test, what to test, 
and how to test. 
For these reasons the main responsibility of research and development department (R&D) is to help 
guide the development chemist's efforts to build products that will delight consumers and induce 
them to become loyal brand users. 
But what is a moisturizer? lt is a topicall y applied substance that overcomes the signs and symp
toms of dry skin and, today, the amelioration of symptoms is stili the primary benefit required. 
However dry skin has many aspects, from how it looks to how it feels to how it fu nctions. 
Determining the ideai course for testing is not always easy, and, for these reasons, a wide array of 
tools, both visual and instrumental measurement methods are used. Thus instrumental methods are 
ideai at providing objective data to individuai aspects of what the product does for skin. 
With expert assessment, a qualified human judge integrates many aspects into measurements of the 
visual appearance of skin. Subject self-assessment within the context of the chemical trial gives 
quantitative measure to the perception of skin look and feel. 
Clearly, the selection of measurement(s) both in vitro and in vivo must be made appropriately for the 
products being evaluated and the choice of measurement has to balance the different study needs. 
Moreover the instrumental measurements have to be done in a controlled environment and the ope
rator must have a clear understanding of their instruments with it. 
Chapters 25 and 26 are both dedicated to the Formulation problems of the cosmetic slcin-care (part 
V), focusing not only on the technology necessary to make and produce the moisturizing products 
but also on the understanding of the consumer 's need. 
The final objective is to create an efficacious, stable, safe, and esthetically pleasing product that 
meets consumer expectation. 
Ali the technical elements that go toward supporting successful product development are reported in 
these two interesting chapters. 
In the last two chapters of the book (27 and 28) respectively the Safety and the Regulatory 
Assessment of Cosmetic Products are discussed (part VI). 
Thus the author has tried to show, in the chapter 27th not only what is involved in the safety asses
sment of cosmetic products and how to go about the process itself, but also to indicate the centrai 
role a safety assessor can play in cosmetic company. 
As matter of fact, the safety assessor should be totally involved in the project development planning 
from the product formula, to contro) of the ingredients safety, to marketing, advertising labeling, 
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packaging and finally to customer relations and the eventually crisis management. 
If utilized fully, the safety assessor can avert many problems early in product development and so 
directly contribute to effective use of time and resources. 
In chapter 28 are reported ali the regulations controlling cosmetics in Europe, in USA and in Japan 
that are moving in the direction of a harmonized system capable to ensure consumer safety and ena
ble free trade. 
The book ends with the hope that industries and the regulators can cooperate in the years to come in 
order to assure that the products meet the same regulations in ali target markets. 
This highly esteemed volume deserves a special thank for the accuracy used in treating ali the topics 
always followed by complete and update references. 
It is advised to be in the library of medicai doctors, biologists, chemists, dermatologists and ali the 
students interested in the skin hydration problems. 

P.MORGANTI 
Editor-in-Chief 
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