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COPYRIGHT

Submitted materiai must be the originai work of the author(s) and must not have been submitted for
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By submitting a manuscript, the authors agree that the copyright for their articles is trans ferred 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
t ransmitted or d istributed in any form or by any means (electronic, mechanical, photocopy, recording
or otherwise) wit hout the prior written perm ission of the Publishers.
Sections of Journal
The follow ing sections w ill be features of the Journa l:
Originai Laboratory Studies: descriptions of o riginai investigative laboratory research in cosmetics
and related a reas.
Special Reports: ltems of special interest to the readers, including reports on meetings, societies,
legislation, etc.
Generai Articles: scientific a rticles of generai interest to o ur readers will be considered for
publication. These articles should be concerned w ith newer developments in such related fields as
dermatology, biology, toxicology, etc.
Short Communications: the lenght should not exceed 5 typewritten pages with not more than 3
figures incl uded. Headings ("Materials", "Discussion", e tc.) as well as Summaries are to be omitted.
If accepted, these submission will appear in print in a very short time.
Letter to the Editor: commen ts on Journa l articles are invited as well as brief con tributions on any
aspects of cosmetic science. Letters may include figures, ancVor references, but brevity is necessary.
Gues_t Editorials: concise, authoritative, substantiated commentary on specific topics of contemporary
interest.
Book Reviews: books and monographs (domestic and foreign) will be reviewed depending on their
interest and value to subscribers. Send materiai for review to the Editor, Dr P. Morganti. No such
materiai will be returned.
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Dr. P . Morganti
I NTERNA TIONAL EDIEMME
Via F. Bernardini, 22
00165 ROME - ltaly
Te!. 06/637.87.88

INFORMATION FOR AUTHORS

Papers must be submitted in English. Authors whose mother tongue is not English should arrange for
their ma nusc ripts to be written in proper English prior to submission.

Procedure of Submission of Manuscripts: submi t three copies of both the manuscript and a li
illustrative materiai to the above address.
Organization o/ the Manuscript: investigative studies should be organized as follow: title, abstracl
page, introduction, materiai and methods, results, discussion, acknowledgments, references, legends
for figur es, tables. Ali pages should be numered consecutively s tarting with the abstract. The entire
manuscript is to be typewritten, double-spaced, and w ith 3 cm margins.
Trade names mus t be capi talized: the common name for compounds may be used if the formai
c hemical name as established by international convention is given after the first use. Any
abbreviations other than those which are genera lly accepted must be defined. In the text, references
to dual authors will use both surnames throughout. For multiple aut hors, use the surnames of ali
a u thors a t the first refe rence and only the first author followed by "et a l." thereafter. Please mark in
the margin of the manuscript the desired position of the figures and tables. To allow fas ter
publication only set of proofs will be furnished to the author including the figures and tables in their
final posi tion.
Title page: list the title, name(s) and degree(s) of author(s), department(s) and institution(s) at which
the work was done, city, state, and posta! code. Any preliminary report or abstract of the work
shoul d be referred to as a footnote to the title.
Summary: each paper must be headed by an English la nguage title of not over 70 characters
(including spaces) suitable for use as a running hea d and mus t also be preceded by an English
summary not exceeding 300 words typed double-spaced. The summary will include statements of the
problem, method of study, results, and conclus ions. Since this summary will be used by abstrac ting
journals, it must be sel f-explanatory and should not include abbreviations, footnotes, and references.
Footnotes: s hould be listed consecutively at the bottom of the page on which they fa ll, designated by
the following symbols in order: *, + , + ,§, II, **,etc.
Key Words: key words for computerised storage and retrieval of information should be incorporated
in the summary.
References: the references have to be abbreviated as listed in the Index Medicus. The style of the
references mus t conform to the examples given below:
I) Robbins CR, Kellych (1970) Arninoacid composition of human ha ir. Text Res J 40:891-896.
2) Strehle r BL (1977) Time, cells and aging 2nd edn. Academic Press, New York
3) Ebling FJ, Rook (1972) Ciclic activity of the follicle. In: Textbook of dermatology 11, Blackwell,
Oxford, p. 1567-1573.
lllustrations: figures should be numbered consecutively us ing Arabic numerals, Tables should be
numbered consecutively, using Roman numerals. Ali photographs should be b lack and white, glossy
and unmounted. The number and size of illustration should be restricted to the minimum needed to
clarify the text. Authors requiring extra space for illustrations will be charge accordingly. This is also
the case for color illustrations. Ali figures, photographs, graphs, or diagrams should be submitted on
separate sheets.
Animai Experiments: descriptions of animai experiments shoudl include full details of the types of
animai used (inbred, etc.) a nd the conditions under which they were kept (standa rd diet, etc.).
Trade Names: a li common cosmetic ingredients should be referred to by their generic narnes, as
indicated in the latest edition of CTFA Cosmetic lngredient Dictionary, and the European
Pharmacopeia. If a materiai is not listed, then thc tradcmarkcd namc can be used, with the chemical
composition given in footnotes.
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Synopsis
The plasticization of stratum corneum by 2-hydroxy acids has been studied. Of the
aliphatic, straight-chain acids, the optimum was found to be 2-hydroxy octanoic acid
(2-0HC8). The plasticization effect of 2-0HC8 has been further studied as a function
of ambient relative humidity, solution pH, solute sorption, solute penetration, and
the presence in solution of penetration enhancers. Experiments were performed in
vitro using guinea pig footpad epidermis for flexibility measurements and human
stratum corneum for sorption and diffusion measurements.
Plasticization was maintained significantly higher than for water treatment over the
relative humidity range 30-80% clearly demonstrating that skin flexibility may b e
achieved at low RH where skin dryness is more prevalent.
As pH of 2-0HC8 solution is increased, the plasticization effect, sorption and penetration all decrease. Plasticization was found to be a linear function of free acid penetration. The addition of penetration enhancers substantially increased the plasticization effect without any plasticization effect of their own. They are therefore acting by potentiation, not synergism.
Riassunto
La plastificazione dello strato corneo attraverso una catena m edia di ~ ossiacido (~
ossiacidocaprilico o HCA) è stata studiata come funzione dell'umidità relativa ambientale, pH di soluzione, assorbimento, penetrazione e presenza di intensificatori
di penetrazione e materie strutturalmente affini. Negli esperimenti, condotti in vitro è stata utilizzata l'epidermide dei cuscinetti di cavie per la misurazione di flessibilità mentre, per misurazioni di diffusione e assorbimento è stato impiegato lo strato
corneo umano.
La plastificazione è stata mantenuta al di sopra dell'intera gamma di umidità relative studiate (30-80%). Una flessibilità accresciuta della pelle può essere ottenuta quindi
anche ad una bassa umidità relativa nei casi in cui prevalga l'aridità della pelle. Aumentando il pH della soluzione HCA, gli effetti di plastificazione, assorbimento e
penetrazione diminuiscono. L'allungamento a rottura è risultato essere una funzione lineare della concentrazione di acidi liberi. L'aggiunta di intensificatori di penetrazione e di altri materiali strutturalmente affini può portare ad aumenti sostan-
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ziali dell'efficacia dell'HCA (fino a 9 volte). Isolatamente, questi additivi non influenzano sostanzialmente l'allungamento, quindi non agiscono per sinergia ma per potenziamento.
Résumé
La plastification de la couche cornéé par un chaine moyenne de a-oxyacide (aoxyacidecaprylique ou HCA) a été etudiée comme une fonction de l'humidité dative
de l'environnement, solution pH, absorption, pénétration et d'autres substances semblables du point de vue structurel. Pour les expériences in vitro on a utilisé l'épiderme de la partie molle des pattes des cobayes pour mesurer la flexibilité tandis que,
pour déterminer la diffusion et l'absorption on a utilisé la couche cornée de l'homme.
La plastification a été maintenue au-dessus de l'éventail des humidités rélatives
(30-80%). On peut obtenir une plus grande flexibilité de la peau meme avec un bas
niveau d'humidité rélative dans les cas où prévaut la peau sèche. En augmentant
le pH de la solution HCA, les effets de plastification, d'absorption et de pénétration
diminuent. Il ressort que l'allongement de rupture est une fonction linéaire de la
concentration d'acide libre. En outre, en ajoutant des éléments d'intensification de
la pénétration et aussi d'autres substances semblables du point de vue structurel
on peut avoir des augmentations remarquables de l'efficacité de l'HCA (jusqu'à 9
fois). Pris individuellement, ces additifs n'influencent pas si bien l'allongement, par
conséquent il ressort qu'ils agissent par synergie.
Resumen
Se ha investigado la plasticizacion del estrato corneo por un acido a -hidroxi de cadena media (acido a-hidroxicaprilico o AHC) corno funcion de la humedad relativa
del medio ambiente, del pH de soluci6n, de la absorcion, de la penetracion y de la
presencia de potenciadores supletorios de la penetracion y de materiales estruturalmente correspondietes. Los experimentos se ejecutaron in vitro utilizando epidermis de patas de cobayas para las mediciones de flexibilidad y estrato corneo humano para las mediciones de absorcion y de difusion. La plasticizacion se ha mantenido sobre la entera gama de las humedades relativas que se han investigado (30-80%).
La mejor flexibilidad de la piel se puede, por lo tanto, conseguir también con baja
humedad relativa y la piel preferentemente seca. Al incremento del pH de la solucion de AHC, corresponde una disminucion del efecto plastificante, de la absorcion
y de la penetracion. Se ha descubierto que la extensibilidad es funcion linea! de la
concentracion de los acidos libres. La agregacion de potenciadores de penetracion
y de materiales estruturalmente correspondientes puede mejorar sustancialmente
la eficacia del AHC (hasta 9 veces). Estos aditivos no afectan la extensibilidad por
su cuenta, actuando por potenciacion no por sinergismo.
Synopse
Der Plastifizierungseffekt der Hornschicht mittels einer a-Hydroxylkette (HCA) ist
beztiglich seiner Funktion in relativer Luftfeuchtigkeit, pH-Losung, Absorption, Penetration und beim Vorhandensein zugefiigter Penetrationsbeschleuniger sowie
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strukturell ahnlichen Materialien untersucht worden. Die Experimente wurden in
vitro durchgefiihrt. Dabei wurde fiir die Messungen der Flexibilitat FuBbohlenepidermis von Guineaschweinen, und menschliche Hornhaut fiir die Messungen zur Absorption und Diffusion verwendet.
Der Plastifikationseffekt wurde im gesamten Spektrum der untersuchten relativen
Feuchtigkeit erzielt (30-80%). Eine vergroBerte Hautflexibilitat ist daher auch bei
rlativ geringen Feuchtigkeitswerten moglich, bei denen trockene Haut haufiger vorkommt. Mit der Steigerung des pH-Werts der Losung nahmen der Plastifizierungseffekt, die Absorption und die Penetration ab. Die Dehnbarkeit ist a lso eine lineare
Funktion der freien Saurekonzentration. Das Zufi.igen von Penetrationsbeschleunigern und strukturell ahnlichen Materialien kann grundlegende Erhohungen der HCAWirksamkei t (bis zu 9 mal) zur Folge haben. Diese Zusatze bewirken daher die Ausdehnbarkeit durch Potenzierung, nicht durch Synergismus.

ployed an Instron Tensile Tester to measure changes in mechanical properties by
Skin softness or pliability is largely a stretching strips of isolated corneum by
function of stratum corneum mechanical a predetermined amount with a constant
properties, and it is the water content rate of extension a nd measuring the fortha t has been sh ow to be the cri tical fac- ce required to do so.
tor in maintaining flexibility. Blank was It is clear that loss of corneum flexibilithe first to show that water is the impor- ty is attributable to reduced water contant plasticizer of dry comeum, reversing tent and that this may be quantified by
the brittleness in vitro (1). As the corneum extensibility measurement. Dry skin and
is the interface with the outside environ- its most extreme manifestation, ichthyoment, there is a delicate balance in the sis, have a characteristic loss of flexibiliequilibrium between the water content of ty. 2-hydroxy acids, as clinically tested by
the air (relative humidity) and that of the Van Scott and Yu (10) can restore ichcorneum. This has been demonstrated by thyotic skin to normal and have been
Middleton (2) who has related the scali- shown by Alderson et al. (11) to also enness of dry skin in vivo (chapping) to am- hance extensibility as measured by the
bient RH.
Instron Tester. The technique of extensiHealthy stratum corneum can hold a cer- b ility was, therefore, selected as a useful,
tain amount of water against the diffu- in vitro assay for evaluation of the effects
sion gradient caused by low RH but this of 2-hydroxy acids on corneum.
ability to «bind» water is impaired by Accordingly, a modified tensile tester or
treatment with organic solvents (3) and extensometer of greater sensitivity and
detergents (4). The mechanism of water accuracy than previously available was
binding in corneum has been thoroughly designed and built. A modified test regiinvestigated (5-9). Middleton used the cor- me was devised to avoid unnecessary subneum from the hind footpads of guinea strate damage. Previous reports cite depigs to measure water vapour binding ca- liberate damage by exposure to urea and
pacity and extension under load with va- solvent extraction (11). In addition, prerying water content (6). This latter mea- vious work h as used pairs of guinea pig
surement, known as extensibility, em- footpads with one of each pair acting as
Introduction
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contro!. This study used each pad as its
own con trol.
This study confirms the findings of Alderson et al. (11) that of the stra ight-chain aliphatic 2-hydroxy acids, 2-hydroxy octanoic acid gave the optimum exten sibility.

2. Preparation of Stratum Corneum, Hu-

Methods

1. Preparation of Stratum Corneum, Guinea Pig Footpad

The preparation procedure differed considerably from the method of Middleton
(6) as we cons idered that exposure to
trypsin, urea and non-a queou s solvent
was unacceptable. Footpads were dissected off the rear legs of guinea pigs and imm er sed in water at 60°C for 2-3 minutes.
It was then easy to separate the epiderm is from the dermis. The Malpighian
cells were not removed from the stratum
corneum as their presence did not influence the extensibility measurement.

man
In contras t to the procedures described
for guinea pig footpads used in mechanical studies, it was essential to completely isolate stratum corneum from human
epidermis for penetration and sorption
measurements.
Strips of fresh, healthy skin were cut
from either amputateci limbs or abdominal remnants using a Davies Simplex
electrodermatone set to cut a thickness
of 0.33 mm. The s trips were exposed to
the established tryp s inization process to
leave pure stratum corneum strips (12).
3. Radio-labelled 2-hydroxy Octanoic Acid

The acid was
synthesized as
l- 14C-2-0HC8 starting with a Grigna r d
reaction involving h eptyl bromide and barium 14C carbonate. Treatment with dry
bromine yielded the bromo-compound
which was converted to the hydroxy form

Key: 1. Load celi, fixed
2. Linear transducer
3. Relative humidity
4. Reducing gearbox
5. Motor

Fig. I: Modified Instron Tensile Tester (approx. 1/5th actual size), enclosed in a perspex cabinet.
The arrow indicates a guinea pig footpad clamped in position ready for measurement.
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using barium hydroxide. The hydroxy fatty acid was recovered using hydrochloric
acid. After recrystallisation from hexane,
the purity was measured by thin layer
chromatography and autoradiography to
be >98%.
4. Measurement of Extensibility
An extensometer (Fig. 1) was designed
and made to measure the extensibility of
both guinea pig footpad and human stratum corneum. Strips of the former were
cut approximately 2 mm wide and 15 to
20 mm long. Measurements were made
on strips which were clamped vertically
and attached to a fixed load celi above
and to a motor driven clamp below. The
linear rate of s tretch was O.O1 mm s·1• A
chart recorder monitored the output of
the load celi against time. The whole apparatus was enclosed in a sealed perspex
box in which the relative humidity and
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temperature were controlled and normally constant at 65 % RH±3 % and
20°C± 1°C.

5. Extensibility Protocol
For each experimental procedure, six
strips of guinea pig footpad epidermis
were immersed in water for 3 hrs at 20°C,
blotted dry, and allowed to equilibrate
overnight at 20°C, 65% RH. The extensibility of each was measured and expressed as % extension per lOOg load (of the
originai length at controlled RH) from the
most linear portion of the loaddeformation curve.
The strips were then immersed in an
aqueous solution of the test materiai for
3 hrs at 20°C, blotted dry, and equilibrated overnight at 20°C, 65% RH. After remeasuring extensibility, the efficacy of
the test solution was expressed as the
mean ratio ( ± 2 S.E.) of extensibility af-

Flg. 2: Glass penetralio11 1.:dl for studying the penetration and sorption of aqueous 2-0HCS. Thc upper
compartment contains the donor solution, the lower contains pure water. Both are kept constantly stir·
red with magnetic spin bars. The dividing membrane is human stratum corneum.
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ter test solution exposure to extensibility after water treatment.

solute). Plotted data s howed a gradually
increasing amount of penetrating solute
tending to a steady-state rate from which
the steady-state flux J can be determined.
From Fick's first law of diffusion (13)

6. Penetration Measurements

A percutaneous absorption glass celi similar to many described in the literature (13) was constructed. The two halves
of the cell were separated by 2 cm 2 human stratum corneum and assembled as
shown in Fig. 2. Each compartment held
about 5 mls of solution stirred with magnetic coupling at a rate sufficient to ensure transport through the solution was
not the rate-limiting factor. The upper
compartment contained donor solution in
contact with the superficial surface of the
corneum, the lower compartment the acceptor solution, water. The celi was maintained at 30° C, approximately that of the
s kin surface in vivo.
Prior to each penetration measurement,
the integrity of the stratum corneum was
checked by measuring its DC resistance.
Isotonic saline was introduced into both
chambers. Each side was connected electrically via agar/KCl bridges to KCI solution containing calomel electrodes and
thence to a high impedance resistance
meter. Any membra ne whose resistance
was below 40 KO was judged to be faulty
and was rejected. Both compartments
were carefully washed out with water before introducing donor and acceptor solutions. The donor salute was radiolabelled and small aliquots were removed
at 30-min intervals from the acceptor solution for liquid scintillation counting.
Sampling was normally discontinued at
7 hours except in cases of s lower penetration rates which were sampled for up
to 30 hours . Results were calculated as
total amount of salute that had penetrated per 1 cm 2 of skin at a given time from
an essentially constant concentration of
donor solution (since quantity of sulute
penetrating < < total quantity of donor

J=KD.::lC=k .::lC
---

p

d
where
K=skin-water partition coefficient
D = diffusion coefficient
.::lC=concentration difference across the
membrane
d=thickness of membrane

k p= KD
_ =permeab·1·
i ity constant
d
kP was calculated for 2-0HCB in aqueous
solution as a function of solution pH and
in the presence of a number of penetration enhancers and structurally related
materials. Each study of dependence on
one parameter was made, when possible,
u sing skin from one subject to avoid problems of inter-subject variation.
All penetration measurements were carried out in duplicate.
7. Sorption Measurements
Eight discs of 5 mm diameter were cut
from separated human stratum corneum
and each disc weighed dry. One disc served as a contro! exposed to water only for
subtraction of background. The remainder were separately exposed to 1 ml aliquots of donor solution, radio-labelled as
for penetration, for four hours at 30°C.
This time was sufficient for equilibrium
to be achieved. Each sample was then removed, briefly rinsed in water, blotted
dry, and solubilised prior to liquid scintillation counting. Specific sorption of do-
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Table l
Chain length optimisation of aliphatic 2-hydroxy acids by extensibility 0.2 mol J-1, natural pH

Acid

Extensibility ± 2 S.E.

pH

Lactic

2.50

3.00 ± 0.65

2-hydroxy butanoic
2-hydroxy hexanoic

2.30
2.35

4.20 ± 0.70
5.22 ± 0.45

2-hydroxy octanoic

2.50

2-hydroxy decanoic

3.50

5.90 ± 0.75
5.50 ± 0.75

nor solute was calculated for each group
of seven as a mean ± two standard errors.
Results and discussion

The corroboration of the work of Alderson et al. in optimising chain length is
shown in Table 1 and Fig. 3. Th e concentration dependence of 2-0HC8 extensibi-

lity effect is shown in Table 2 and Figure
4. The pH (or free acid concentration) dependence is shown in Figure 5. The pKa
of 2-0HC8 was found by titration to be
3.85.
The effects of the various penetration enhancers is given in Table 3 and the effects
of keratolytics etc. on extensibility shown
in Table 4.

--">----}---

l
I

I

t:.:irb.•n • h.•1n

11.:n~lh

Fig. 3: Graph of extensibility against carbon chain length for aliphatic 2-0H acids in aqueous solution
0.2 mol 1· 1.
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Table 2
Extensibility - concentration relationship (dose-response) for aqueous 2-hydroxy octanoic acid, pH - 2.5

Concentration mo! 1-1

Extensibility ± 2 S.E.

0.02

1.50 ± 0.20

0.04

2.30 ± 0.45

0.06
0. 10

3.25 ± 0.40
4.95 ± 0.80

0.15
0.20

5.75 ± 0.95
5.90 ± 0.80
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Table 3
Effects of Penetration Enhancers and Structurally Related Materials on Epidermis Plasticisation by 2-0HC8
2-0HC8 concentration
(mol 1· 1)

Added materiai

0.2
0.2
0.2
0.2
0.2
0.2
O.O
0.2
0.2
0.2

None
0.5% n-methyl-2-pyrrolidone (nmp)
1% nmp
2% nmp
5% nmp
10% nmp
5% nmp
1.2% 2-pyrrolidone
2% 2-pyrrolidone
5% 2-pyrrolidone
5% 2-pyrrolidone
1 % nmp + 1% 2-pyrrolidone
2% nmp+2% 2-pyrrolidone
5% nmp+5% 2-pyrrolidone
5% decyl methyl sulphoxide
5% decyl methyl sulph oxide
3.3% decyl methyl s ulphoxide+3.3%
sucrose monostearate in 33% aq. ethanol
5% 1,2-ethanediol
5% 1,2-ethanediol
5% 1,2-propanediol
5% 1,2-propanediol
5% 1,2,3-propanetriol (glycerol)
5% 1,3-butanediol
5% 1,3-butanediol
5% 2,4-pentanediol
5% 2,4-pentanediol
5% 2,5-hexanediol
5% 2,5-hexanediol

o.o
0 .2
0.2
0.2
0.2
O.O
0.2
0.2

o.o
0.2
O.O
0.2
0.2

o.o

0.2
O.O
0.2
O.O

Extensibility as a function of relative humidity
The influence of the relative humidity of
the environment upon the water content
and extensibility of stratum corneum is
well documented (14). We wished to investigate the plasticisation efficacy of
2-0HC8 at a range of relative humidities
including those low values at which conventional moisturisers cannot function
(15).
This study was carried out using one
sample of human corneum only. Its exten:;ibility (% stretch per lOOg load) was
measured before treatment, as the rela-

Mean extensibility ratio (± 2 XS.E.)
at 20 °C/65% RH
5

5.9
1.0

(±
(±
(±
(±
(±
(±
(±
(±
(±
(±
(±
(±
(±
(±
(±
(±

2.2
5
1.0
13
1.0
5.0
13
1.3
17
1.2
37 .
2.4

(±
(±
(±
(±
(±
(±
(±
(±
(±
(±
(±
(±

6.7
9
22

24
25
1.0
7

14
28
1.1

17
23
47

2)

0.5)
2)
5)
7)
8)

0.2)
2)
2)
12)
0.2)
2)
4)
7)
0.7)
0.2)

0.3)
2)
0 .1)
2)
0. 1)
0.7)
4)

0.4)
2)

0.2)
4)

0.2)

tive humidity (RH) of the cabinet containing the apparatus was changed in steps.
Sufficient time was allowed for equilibration of the corneum with each new RH.
Temperature was maintained at 20°C.
The sample was immersed in water for
3 hours at 20°C, blotted, and a llowed to
equilibrate with the cabinet environment
before extensibility was measured again
as a function of RH. Finally, the process
was repeated after immersion of the sample for 3 hours in 0.15 mol 1·1 2-0H C8
solution at 20°C. The results are presented in Figure 7.
lt is evident that the effectiveness of plasticisation by 2-0H C8 was maintained
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Table 4
Effects of various agents on extensibility ratio ( :1: 2 X S.E.)
Hydrogen bond-breaking agents 10% w/v aqueous
Urea

1.10
1.60
1.00

:!:
:!:
:!:

0.30
0.30
0.15

Dithiothreitol
Mercaptoethanol

2.10
1.75

:!:
:!:

1.00
1.00

Salicylic acid 5% w/v aqueous

3.60

:!:

1.20

Sodium lactate
Pyrrolidone carboxylic acid

0.96
2. 10

:!:
:!:

0.07
0.17

LiBr

Guanidinium hydrochloride
Sulphydryl-disulphide bond breaking agents

Keratolytic

Moisturisers
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Fig. 7: Dependence of human stratum corneum extensibility on ambient relative humidity.
Key: • Before treatment O After water • After 2-0HC8

64

The Skin Plasticization Effect of a Medium Chain
2-Hydroxy Acid and the Use of Potent iators

Table 5
Effects of 0.2 mol 1-l 2-0H C8 solution pH on epidermis extensibility and HCA penetration through and
sorption by stratum corneum
pH (adjusted
with TEA)

-2.4
3.0
3.5
4.0
5.0
6.0
6.8

Mean extensibility
(± 2XSE)
a t 20°165 % RH
5
5
3.9
2. 6
1.3
1.0
1.2

(±
(±
(±
(±
(±
(±
(±

2)
1)
0.7)
0.3)
0.2)
0.2)
0.2)

Mean permeability
constant k x 107
(ms· l, ± hai~ range
at 30°C
1.7
0.5

( ± 0.1)
( ± 0.3)

1.34 (± 0.02)
0.3
( ± 0.3)
Negligiblea
Neglibib]ea

Mean sorption x 102
(molesfg stratum
corneum,
± 2xSE) at 30°C
2.0
0.99

( ± 0.1 )
( ± 0.1 )

0.49
0.10
0.08
0.034

(±
(±
(±
(±

0.02)
0.01)
0.02)
O.OOS)b

a Steady-state penetration not achieved after 30 hours .
Different skin donor

b

throughout the range of humidity values samples with a solution of the commonused. This observation has important im- ly quoted moisturiser (17) sodium lactaplications.
te at 0.2 mol 1-1, 20°C for 3 hours, we obThe incidence of dry skin is higher at low tained no significant increase in extensiRH values (16) and the effectiveness of bility under our experimental conditions.
traditional (humectant type) moisturisers Similarly, treatment under the same conwill be minimal with little available atmo- ditions with 10% solutions of either urea,
spheric water. It is, therefore, encoura- sodium p yrrolidone carboxylate, or soging that the 2-0H C8 plasticisation effect dium chloride failed to produce any subpersists even at low RH, indicating that stantial extensibility increases. So at an
the effect is direct plasticisation of cor- RH of 65% we would expect no interfeneum rather than plasticisation via moi- ring effects of moisturisation from the
sturisation. This is borne out by investi- additives to be reported below.
gations which indicate that 2-0H C8 does
not substantially alter the water-binding
capacity of corneum (11).
Effect of pH
Ideally we would have preferred to study further aspects of 2-0H C8 plasticisa- The dependence of skin extensibility, petion at low RH, where skin dryness pro- netration and sorption on pH of the 2-0H
b lems are most evident. However, isola- C8 solution is shown in Table 5.
ted corneum samples are brittle and dif- Penetration and sorption also decrease as
ficult to handle and measure at this va- the pH increases. This is consistent with
lue. The above-described persistence of the general observation that unionised
2-0H C8 plasticisation efficacy over a wi- molecules have a higher stratum corde range of RH values was sufficiently en- neum: water partition coefficient than
couraging that we chose a compromise their ionised counterparts (18). The hiRH of 65% (at 20°C) for all following mea- gher sorption at low pH where 2-0H C8
surcments. It is of interest to note that is essentially unionised, leads to an inwhen, at this RH, we treated our corneum crease in the penetration rate as expec-
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Table 6
Effect of penetration enhancers and structurally related materials on 2-0HCS penetration and sorption
by human stratum corneum from 0.2 mol t·12-0HC8 solution
Added
materiai
None
2% nmp
6% nmp
10% nmp
10% 2-pyrrolidone
5 % nmp +5% 2-pyrrolidone
0.125% decyl methyl sulphoxide
+ 0.125% sucrose monostearate
in 33% aq. ethanol
5% 1,2-ethanediol
5% 1,2-propaned iol
5% 1,2,3-propa netr iol
(glycerol)
5% 1,3-butanediol
5 % 2,4-pentanediol

Relative* permeability constant
(± half range) at 30°C

Relative* sorpt ion
( ± 2 x S.E.) at 30°C

1
1.4
1.6
2.0
3
2
0.4

(±0.9)
(±0.5)
( ±0.6)
( ± 1)
(±2)
( ±0.2)

1
2
5
0.6
0.77
1.2
0.28

(± 1)
(± 2)
( ± 0.3)
( ±0.05)
( ±0.2)
( ±0.3)

3.1
3
1.4

( ± 0.3)
( ±2)
( ± 0.4)

2.3
1.7
1.7

( ± 1.0)
( ±0.5)
( ±0.7)

1.2
2

( ±0.5)
(±2)

2.1
4

( ±0.4)
( ±2)

* Relative to 2-0HC8 alone.

ted from Fick's first law of diffusion (13).
The higher sorption of 2-0H C8 at low pH
a lso produces a greater extensibility increase, probably due to the higher equilibrium concentration of 2-0H C8 in the
skin. It thus appears that the pH dependence of extensibility is simply a consequence of altering the concentration of indissociated 2-0HC8. This is shown clearly in Figure 5 in which extensibility is
shown to be approximately linearly dependent on the free acid concentration in
the vehicle calculated from a pka value
of 3.85.
Effect of additives
The data in Table 5 suggest that increases in penetration a nd/or sorption (e.g.
due to the presence of penetration enhancers) may be pa ralleled b y an increase in
extensibili ty.
As a result, we have carried out a more
complete investigation of the effects of a

range of known pene tration enhancers
and structurally similar materials on
skin plasticisation (Table 3) and on the penetra tion and sorption of 2-0H C8 (Table
6).

The following points are evident from Tables 3 and 6.
a. Many of the materials tested greatly increase the delivery of plasticisation by
2-0H C8. However, none of them h as
any great effect on the extensibility of
skin in the absence of 2-0H C8. The effect is thus potentiation, not synergism.
b. Although a ll the materials tested that
enhance the plasticisation effectiveness of 2-0H C8 do also increase
steady-state penetration rates, it seems
unlikely that penetration enhnancement is an adequate explanation for the
increased plasticisation effect. For
example, adding 2 % nmp increases plasticisa tion by a factor of > 4 while penetration is increased by only -40%.
The influence of ethanediol is to increa-
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se penetration ( - X 3) whilst not influencing extensibility at all. The lack
of any simple relationship between penetration enhancement and extensibility is shown clearly in Figure 6.
In any case, the effect on extensibility
(a steady-state measurement) would be
expected to depend more on steadystate sorption (i.e. the amount of 2-0H
CB associated with the skin) rather
than on the rate at which 2-0H-C8 passes through the skin.
c. If we look at the relative steady-state
sorption figures, however, we can see
that the ability of a materia! to act as
a plasticisation potentiator is not related to its effect on sorption (as shown
also in Figure 6). For example, 10%
nmp increases the plasticisation effect
of 2-0H CB by a factor of 5 but actually decreases sorption by about 20%. It
is worthy of note that this is not in conflict with the use of Fick's first law of
diffusion to explain the relation between penetra ti on and sorption in the
pH dependence section above. The adjustment of pH merely changes the
quantity of the unionised species interacting with given penetration routes
in the skin. Thus the diffusion coefficient D remains unchanged and k is
proportional to K (the partition coe"fficient, see above). The presence of apenetration enhancer" will alter the behaviour of the solute during penetration
and therefore change D. Then k is no
longer proportional to K (13). P
For the foregoing reasons, we have chosen to call materials that enhance plasticisation by 2-0H CB plasticisation
potentiators.
d. The degree to which plasticisation potentiators enhance plasticisation increases with increasing concentration.
e. The ability of the diols to enhance plasticisation increases with increasing
chain length.

The Skin Plasticization Effect of a Medium Chain
2·Hydroxy Acid and the Use of Potentiators

The mecha nism of action of these plasticisation potentiators is not clear from the
work carried out thus far. Since their effect is not simply dependent on their influence on penetration rates or sorption,
it may be that they are altering one or more of:
• the molecular environment of the 2-0H
CB in the stratum corneum;
• the distribution of the 2-0H CB within
the cellular structure of the stratum corneum;
• the thermodynamic activity of the 2-0H
CB in solution.
The above data show that the skin extensibility effect of 2-0H CB can be substantially enhanced by the presence of appropria te additives, while 2-0H CB alone is
more effective than traditional moisturisers in improving skin flexibility. This
suggests that such systems may have considerable potential for application to skin
products. Evidence to support the in-vivo
efficacy of 2-0H CB in cream formulations is presented elsewhere in this journal (19).
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Synopsis
Solar erythema is induced by UVB. Even when mild, it is associateci with epidermal
alterations, the most typical being sunburn cells formation. Usually preceded b y a
thermal eryhema, the delayed solar erythema involves the release of histamine followed by prostaglandins, but the biochemical changes are not different from those
seen in non specific inflammatory processes. The probable UV targets are some
amino-acids in membrane proteins, melanin and DNA. The latter mostly include pyrimidine dimer formation. Free radical initiation might be the primary event inside
both the cell membranes with subsequent lipid alteration, and the nucleus inducing
sunburn cells formation. Free radical scavengers may prevent such alterations to
some extent. Any solar erythema is associateci with a temporary impairment of the
skin immune barrier. Delayed adverse effects include enhancemement of premature skin ageing, higher risk of epithelial skin cancer and malignant melanoma. The
practical conclusion is that sunburns must be avoided and that careful skin protection is mandatory for fair skinned people.
Riassunto
L'eritema solare è provocato dagli UVB. Anche quando tale eritema si manifesta in
forma leggera è associato ad alterazioni epidermiche quali la formazione di cellule
attiniche che è quella più comune.
L'eritema solare ritardato, generalmente preceduto da un eritema termico, comporta la liberazione di istammine seguite da prostaglandine ma i cambiamenti biochimici non si differenziano molto da quelli che si riscontrano nei normali processi infiammatori. I probabili bersagli degli UV sono alcuni amino-acidi delle membrane
proteiniche della melanina e del DNA. Quest'ultimo, comprende principalmente la
formazione di dimeri di pirimidina. L'avvio del radicale libero potrebbe essere il primo evento che si verifica sia entro le membrane cellulari, con conseguente alterazione lipoidea, che nel nucleo che provoca la formazione di cellule attiniche.
I radicali liberi che assorbono le impurità possono in un certo qual modo prevenire
tali alterazioni. Tutti gli eritemi solari sono associati ad un indebolimento temporaneo della barriera immunitaria della pelle. Effetti ritardati negativi sono: una tendenza maggiore allo invecchiamento della pelle, rischi più alti di cancro della cute
epiteliale e di melanoma maligno. La conclusione pratica è che le scottature dovute
al sole devono essere evitate ed inoltre, un'accurata protezione della pelle è di rigore per le persone di carnagione chiara.
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Résumé
L'érythéme solaire est provoqué par les UVB. Meme lorsque il se manifeste dans une
forme légère il est associé a des altérations épidermiques telles que la formation de
cellules actiniques (c'est l'altération la plus commune). L'érythème solaire rétardé
suit généralement un érythème termique et comporte la libération d'histamines et
ensuite de prostaglandines; les modifications biochimiques ressemblent aux conséquences des processus inflammatoires normaux. Les cibles les plus probable des UV
sont des aminoacides et les membranes protéiniques de la mélanine et du DNA qui
comprend principalement la formation des dimères de pyrimidine. Dans les membranes cellulaires et dans le nucleus qui provoque la formation des cellules artiniques l'amorçage du radical libre pourrait etre la première manifestation. Les radicaux libres qui absorbent les impuretés peuvent de quelques façon prévenir ces altérations. Tous les érythèmes solaires sont associés à un affaiblissement de la résistence immunitaire de la peau. Les effets rétardés négatifs sont: tendence accrue
au vieillissement de la peau, risques majeurs de cancer et de mélanome maligne. Donc,
les bn1lures doivent etre évitées et, en outre, les personnes qui ont un teint délicat
doivent absolument se protéger.
Resumen
El eritema solar es causado por os rayos UVB. Aun cuando es blando, esta relacionado con alteraciones de la epidermis, la mas tipica de las que es la formaci6n de
células quemadas. Usualmente precedido por un eritema térmico, el eritema solar
comporta la emisi6n de histaminas y de prostaglandinas, pero los cambios bioquimicos no son diferentes de los que se han observado en comunes procesos inflamatorios. El probable objetivo de los rayos UV son algunos amino-acidos, proteinas,
melanina y ADN. En este caso se arrade la formaci6n de dimeros primidinos. La iniciaci6n de los radicales libres podria ser la causa primaria al interior de las membranas celulares con la consecuente alteraci6n lipidica e la induci6n por parte del
nucleo de la formaci6n de células quemadas. El levantamiento de los radicales libres puede, en parte, prevenir esas alteraciones. Cada eritema solar se asocia con
un provisional impedimento de la barrera inmunol6gica. Entre los efectos negativos se serralan el precoz envejecimiento de la piel, mayor riesgos de cancer epitelial
y de melanoma maligno. La conclusi6n practica es que hay que evitar las quemaduras solares y que la cuidadosa protecci6n de la piel es fundamental para los que la
tienen delicada.
Synopse
Das Sonnenerythem wird durch UVB - Strahlung veruesacht. Auch bei geringer Stiirke
wird es von Veranderungen der Epidermis begleitet, am typischsten ist dabei die
Bildung sonnenverbrannter Zellen. Dem Warmeerythem folgt das Sonnenerythem,
das zur Freigabe von Histamin fiihrt, welches wiederrum von Prostaglandins und
Veranderungen der Gallenfliissigkeit gefolgt ist, die sich nicht vonjenen eines unbestimmten entziindlichen Krankheitsbildes unterscheiden. Die moglichen UVZielsl:ht:ibt:n sin<l t:inigt: Aminosaurt:n in Membranproteinen, Melanin und DNA. Letztere hat die pyramidenahnliche Bildung polymerisieter Molekiile zur Folge. Die frei
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angreifende Initiation kann eine Veranderung innerhalb der beiden Zellmembranen
sein und zu einer sofortigen Veranderung der Lipide fiihren; der Zellkern wird so
veranla8t sonnenverbrannte Zellen zu produzieren.
Freie Frefaellen konnen solchen Veranderungen bis zu einem gewissen Grad entgegenwirken. Jedes Sonnenerythem ist mit der vorriibergehenden Beeintrachtigung
der Immunbarriere der Haut verbunden. Verspatete ungiinstige Auswirkungen schlieBen die Beschleunigung einer Vorzeitigen Hautalterung, ein hoheres Risiko fiir Hautkrebs des Epithels und bosartigen Melanismus ein. Die praktischen Schlu8folgerungen sind, da8 Sonnenbrande moglichst vermieden werden sollten und Personen mit
empfindlicher Haut diese sorgfaltig schiitzen sollten.

Introduction

Almost every caucasian has experienced
a solar erythema in his (her) lifespan and
noticed the unpleasant burning sensation
enhanced by any mild contact, even with
the sheets in one's bed. The further skin
shedding period is also remembered as a
disgracious although painless event.
Much is known today about the tissular,
cellular, molecular events which take place inside the skin during solar erythema,
but this is not sufficient to fully understand its mechanism. Nevertheless present scientific data, mostly from the last
decade, allow to get an interesting insight
into the subject and useful information
for practical purpose.
Time Course of Solar Erythema

is a thermal effect with neither histologically nor electron-microscopically visible lesions but only capillary congestion.
Biochemically it has been shown that elevating the skin surface temperature from
30 to 38°C by IR radiation increased the
leve! of free arachidonic acid and prostaglandins Ez, D2, F2a, and 6 oxo PGF1a
(17).

As most IR rays are absorbed by water,
any cloud or wet atmosphere strongly reduces skin heating by the sun, with subsequent subsiding of thermal erythema.
But other wavelenghts of the solar spectrum, namely ultraviolet (UV) light, are
not absorbed by water and consequently
can pass throught the clouds when these
are not too dense (otherwise they would
be attenuated by scattering) and cause
another and more serious type of erythema if no attention is paid for.

Immediate Erythema
Delayed Erythema
After a few minutes of sun exposure in
summertime, the skin feels warmer, while a light redness appears. This type of
erythema is caused par infrared (IR) radations, beyond a threshold dose of about
25 mJ/cm 2 (31), and lasts as long as the
irradiation is maintained. Essentially it

As far as sunburn and eventually suntan
are concerned, they are related to what
is called delayed solar erythema, a redness which arises only a few hours after
irradiation. The very start depends on the
intensity of sunlight (23) and sensitivity
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of the skin, but the timelapse is usually
6 to 8 hours; the erythema peaks between
12 and 24 h and fades away by the 3rd to
the 5th day in normally tanning skins. In
people unable to tan, the redness may last
more than a week. This delayed solar erythema will be dealt with later in the
paper.
Action Spectrum

UV rays have been shown to be responsible for the delayed solar erythema. While the sun emits a wide range of
radiations, only the wavelengths beyond
290 nm, reach the earth surface thanks
to the atmospheric ozone layer which absorbs shorter ones (30).
Using high intensity UV sources and monochromators it has been possible to give the skin the same amount of energy at
successive narrow wavelength bands of
light and plot the erythemal response
against wavelenghts, thereby obtaining
the actinic erythema action spectrum (3,
26). The curve has a maximum from 290
to 300 nm then sharply falls down to almost zero at 320 nm. Accordingly only
this small part of solar light is efficient;
it exactly corresponds to the definition of
UVB given by the «Commission Internationale de l'Eclairage». The smallest
amount of UVB energy able to elicit erythema (Minimum Erythema Dose) lies
about 18 mJ/cm 2 in Caucasian skin. The
320-400 nm wavelenghts, called UVA, also can elicit an erythema but they are
1000 times less potent. On the other band
it was found that the degree of UVB erythema was linearly related to the logarithm of dose at 297 nm, 300 nm, 303 nm
and 313 nm (3, 8).
Obviously under norma! conditions of
sun exposure, only UVB are responsible
for the solar erythema. Thus the first and
major aim of sunscreens is to absorb this
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range of radiations and thereby reduce
the amount which reaches the skin
surface.
Morphological Events

Conventional histological and ultrastructural methods previde an easy way to investigate the tissue and cell changes
associated with delayed solar erythema.
Even when the sample is taken from a minimally red area, i.e. induced by a Minimum Erythema Dose, clear-cut damages
are seen (9). Together with cellular oedema in the epidermis and vascular congestion in the superficial dermis, some
epidermal cells stain deeply eosinophilic
and bave a shrunken nucleus. They are
called «sunburn cells». It has been shown
that their number increases as the
amount of UV energy received by the skin
raises. Under the electron-microscope,
sunburn cells were shown to resul t from
membrane-bound condensation of tonofilament bundles, pyknosis and further
fragmentation of the nucleus, vacuolisation of cytoplasm with loss of organelles
(5). Ultimately they appear as filamentous
bodies which eventually are shed in the
dermis and transformed into amylo'id
substance, a phenomenon called apoptosis (a Greek derived term which etymologically means «dropping off»). Such
dead cells are the hallmark of an acute
toxic effect of sunlight on epidermis.
Accordingly a first statement can be
drawn: any solar erythema is an actual
burn, a «sunburn», even if the naked eye
does not notice any real damage.
In the case of a severe erythema, other types of tissue damage are seen involving the
dermis, such as endothelial cell swelling,
extravasation of red blood cells, perivascular cell infiltrates of lymphocytes but
also of PMN cells. The latter may undergo necrosis and show «nuclear dust» (25).
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Biochemical changes

As previously seen, the late solar erythema is associateci with a rise in skin and
sometimes body temperature, suggesting
it might be an inflamma tory process due
to the release of pro inflammatory substan ces. Recent works have confirmed
this view, through assessment of such
mediators in the su ccion blister fluid on
human skin or de rma l perfusions.
Histamine levels rise in the erythematous
area by the 4th hour (i.e. the onset of e rythema), but has returned to normal level
by 24h, when erythema is still peaking (9,
14). Type I antihistamines, while lowering
actinic erythema in guinea pig, h ave no
effect in man (22). During the same period
skin serotonin level decreases (14).
Arachidonic acid also starts to rise in the
skin together with the onset of erythema.
Prostaglandins PGFia, PGD2, PGEi are
found only la ter, 24h up to 48h following
exposure, whereas erythema h as a much
longer duration (32). Kinins might b e also involved through the release of activators by damaged lysosomes (7).
All these bioch emical events are b y no
way, different from those induced by heat
and resemble those found in the immedia te solar erythema but with a much higher intensity. They belong to a non specific inflammation. The major involvement of prostaglandins is in accordance
with the partially suppressive effect of indomethacin on UV delayed erythema in
man (10). But it only can explain the starting phase. The protracted later phase,
from the third day onward, is supposed
to be related to the diffusion of (a) unknown mediator(s) as su ggested b y the
spreading of the eryth ema beyond the irradiateci area (8, 35).
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The UV Targets

In the above paragraph only the effector
limb of solar erythema has been examined, namely that which takes place after
or during cell damage. Let us move upstream and consider what occurs before
cell damage. Obviously the UV target
must lie inside the epidermis as more
than 90% of UVB a re absorved par this
layer (6, 37).
Among the main candidates are some
aminoacids (tryptophan, tyrosine), urocanic acid (a derivate from histidine), DNA
a nd, of course, melanin.
Experimentally, wavelenghts with the
maximum activity in terms of p roducing
er ythema and s unburn cells are locateci
in uve, between 260 and 290 nm suggesting that either proteins and/or nucleic
acids may be the primary radiation absorber (5). Tyrosine absorbs UV up to 295
nm, Tryptophan u p to 315 nm, Urocanic
acid up to 325 nm. They all belong to the
p rotein moieties of epidermal cells. As a
consequence of UV absorption et subsequent rise in energy level, biochemical
reactions might the generateci inside cell
membranes or lysosomal membranes (4,
15), initia ting the biochemical inflammatory cascade leading to erythema.
The absorption spectrum of melanin is
continous and monotonously decreasing
from 290 to 400 nm (6, 37). There is clinica!, histological, and experimental evidence that it is a potent protector against
UVB, perh aps the best one. But we still
poorly understand how it works. Surprisingly after UVB ir ra diation a skin deprived of melanin produces less sunburn
cells that a lightly pigmented skin,· and after melanin ingestion «in vitro» macrophages get much more sensitized to UV
induced lysis. Consequently melanin
might be both a screen and a photosensitizer (16).
DNA absorbs UV rays up to 320 mm, i.e.
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in the exact range of UVB. Repeated or
intense skin exposure in humans can induce permanent damages, such as base
losses or alterations, mostly through the
formation of pyrimidine dimers. These
lead to errors in DNA replication (e.g. sister chromatid exchanges) and even single strand breaks (2). These changes may
last for the lifetime and be transmissible
to daughter cells, mostly if repair mechanisms are congenitally deficient or have
become exhausted by repeated actinic insults. It has been shown that cells in S
phase are proner to become sun-burn
cells probably through a higher sensitivity to UVB induced pyrimidine dimer
formation (5). Recent data lend support
to a dual target for sun damage: cell
membrane proteins for producing erythema, DNA for inducing sunburn cells (5).

samples of guinea-pig skin in v itro (5).
The same protection was found in mouse skin in vivo by intravenous injection
of superoxide-dismutase (5). In Xeroderma Pigmentosum (36), a human disease
characterized by an increased sensitivity to UVB with overproduction of actinic
skin cancers, a strong increase in skin hydrogen peroxide content was found together with reduced catalase activity. Moreover these changes were found parallel to the clinical severity and photosensitivity. In two patients, catalase given topically for 3 months reduced both clinical and biochemical abnormalities. More recently it was found that catalase topically applied could decrease the intensity and duration of UVB erythema in
normai people (19).

What happens in UVB Target Molecules?

ma

Delayed Adverse Effects of Solar Erythe-

UV radiation is capable of reducing the
oxygen molecule (dioxygen) into so-called
oxygen-intermediates, or reactive species
of oxygen, such as superoxide anion *0- 2
and hydroxyle radical *OH. These products have one unpaired electron in a outer orbitai giving them a very powerful
aptitude to react, especially with molecules having a double bond in their structure, like unsaturated lipids. Reactive
oxygen species are produced through
UVB dose radiation dependently, in human skin (27), where they might damage
the cell membranes and initiate the prostaglandin cascade. They also are involved in sulhydryl oxidisation with resultant formation of disulphide bonds, and
accordingly might contribute to the formation of sunburn cells (5).
These mechanisms have been substantiated by the protection afforded by freeradical scavengers against sunburn cell
production in UVB irradiated biopsy

Sun exposure is vi tal for the human species but overexposure, as visually assessed by the occurrence of an erythema, is
potentially harmful, even for the lifetime,
altough no visible sequellae are left at the
moment except in case of severe blistering sunburn.

Jmpairment of the Immune System
Any UV irradiation strong enough to cause a light redness, alters the immunological barrier function of the skin. This is
morphologically assessed by the loss of
Langerhans cells, a type of skin specific
macrophage permanently located among
the epidermal cells, close to the limit of
the living organism. Their function is to
phagocyte and analyse any isolateci particle or molecule, and if found alien, to
present it to the T lymphocytes, also permanently seated inside the epidermis,
with a label indicating it should be reco-
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gnized and rejected by the entire body im- (28). Experimentally actinic carcinomas
mune system. Accordingly the disappea- are easily produced in animals. In hurance of Langerhans cells after solar ery- mans there is a dose relationship betthema is followed by a period of immu- ween the incidence of cancer and the low
ne tolerance. But after a couple of days amount of melanin in the skin on one
the Langerhans cells would re-appear and hand, and the cumulated amount of sunthe immune barrier be restored.
light received by a given area on the other
An ordinary suntanning exposure (e.g. hand (34).
One hour per day for two weeks) is follo- Furthermore, diseases associated with a
wed by a decrease in blood helper T lym- greater UV sensitivity display an abnorphocytes and increase in suppressor T mally hight incidence of such skin canlymphocytes, together with a reduction cers, and those people with acinic skin
in natural killer cell activity against ma- cancer have an abnormally persistent
lignant melanoma target cells (11, 12). UVB erythema (1, 18, 33).
These side-effects are dose dependent and Other hazard are closely linked to the
also occur after non erythemogenic doses past persona! history of sunburn(s) and
of radiation (20).
their severity. Naevocytic lentigos can ocOn the other hand during a heavy solar cur on previously heavily sunburned
exposure a small amount of UVB and a areas. But the main risk is the initiation
much larger amount of UVA penetrate of naevocytic melanomas, which is far
the superficial dermis where lymphocy- more distressing that any of the above
tes are circulating inside blood vessels. quoted ones.
These cells once irradiated may undergo Epidemiologica! studies, mostly made in
similar changes as those found in epider- Australia (24) and in Israel (13), have
mal cells, especially DNA alterations. The shown that the prevalence of the disealatter, irrespective of impairment of im- se, which mainly occurs during the 3rd
mune function may involve a potential decade, is highest in people of fair comdanger of future malignancies.
plexion having spent their childhood in
low latitude countries. The prevalence is
lower but still abnormally elevated in
people with the same complexion who arActinic Skin Cancer
rived in the same climates later in life. AlAny solar erythema may contribute to in- so significantly related with the prevalencrease the cumulative amount of UV rays ce of malignant melanoma is the persoreceived by the skin for years and conse- na! history of sunburn(s) in childhood
quently favour premature ageing both at (21).
the epidermal and dermal sides, and the
occurrence of epithelial skin cancers
such as basai cell epitheliomas or spin- Conclusions and Practical Consideradle celi carcinomas and of melanocytic tions
melanomas (Hutchinson's lentigo maliWhile a certain amount of sun exposure
gna).
The action spectra for biologica! events is good for caucasian's both menta! and
linked to skin cancer, such as cell letha- physical health, any effort should be ma1i ty, mutagenesis and pyrimidine dimer de to prevent the occurrence of a late soformation, lies in UVB range and fit qui- lar erythema. The statement is especialte closely the erythema action spectrum ly valid for children in relation to the risk
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of malignant melanoma later in life, as
seen above.
Melanin pigmentation affords a natural
and often effective protection. But in fair
skinned people it is often scanty in usually non exposed areas. Consequently the
first yearly sun exposures should be progressive. That may be facilitated b y repeated application of sunscreens of appropriate absorbancy for UVB.
Red skin people and those who never tan
represent the population at higher risk.
They should avoid long sun exposure. If
they are obliged to do so, they should seek
protection through repeated application
of very potent sunscreens. As melanin is
a good protector even if induced by UVA
plus photosensitizers like psoralens, a
PUVA treatment prior to the period of exposure may be sought from a dermatologist. Topica! ointments containing both
UVB fil ters and enhancers of UVA pigmentation may be also of value (29).
Nevertheless it should be born in mind
that UVA, although non erythemogenic
nor carcinogenic under natural solar exposure, can induce the same hazards as
do UVB if they are enhanced by photosensi tizers like psoralens. Consequently
their use should be of the shortest possible duration.

The mechanism of solar erythema
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Synopsis
Changes in the physiology and biochemestry of human skin are important just after
birth and during puberty. Properties of adults kin are almost con stant and important alterations appear finally during the senescence. Skin ageing is a physiological
process which is increased by environmental agressions (UV radiations) and is under hormonal regulations . As a function of individuai variations, skin ageing is different between people of the same age and/or anatomica! regions. Major ch anges in
aged skin are: dryness, decrease of thickness, decrease of lipids content and composition associated with an alteration of sebaceou s gland function. Such phenomenons
suggest, as a consequence that percutaneous absorption of drugs or chemicals is modified. Nevertheless experimental published results are rather scarce. Though horny layer is dry and rough in aged s kin, the transepidermal water loss is not modified
a nd is similar to normai adult skin. Percutaneous a b sorption ch anges are different
according to the physiochemical properties of the tested molecules. For example with
aged skin the amounts of h ydrocortisone or benzoic acid absorbed decrease, no m odifications are de tected with estradiol and test osterone. An increase of absorption
is observed for fluoresceine. It is diffic ult to explain s uch results, but they su ggest
t hat biochemical alterations in relation with a ge are able to m odify skin permeability. The knowledge of these possible variations may have therapeutic implications.
So an increase in absorption through aged skin is a ble to induce secondary systemic
effect s mo re especially as metabolic inactivation of drugs is reduced in the aged population.
Riassunto
I mutamenti nella fi siologia e nella biochimica della pelle d ell'uomo sono importanti nel periodo postnatale e durante la pubertà. Le proprietà della pelle adulta sono
quasi costanti e un'alterazione importante è quella della senescenza. L'invecchiamento della pelle è un processo fisiologico che viene accentuato da fattori ambientali
negativi (radiazioni UV) ed è sotto il controllo ormonale. Come fun zione delle singole variazioni, l'in vecchiamento della pelle è diverso anche tra i soggetti della stessa
e t à e/o a seconda delle regioni anatomiche. Conseguenza dei princip a li mutamenti
nella pelle invecchiata sono: aridità, diminuizione di spessore, diminuizione di lipidi e variazione nella composizione che è associata a d un'alterazione della funzione
della ghiandola sebacea. Tale fenomeno ci suggerisce quindi che anche l'assorbimento
percutaneo di farmaci o sostanze chimiche è alterato. Ciò nonostante i risultati sperimentali finora pubblicati sono piuttosto scarsi . Anche nella pelle invecchiata lo
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strato corneo appare secco e ruvido, la perdita idrica transepidermica non risulta
modificata ma simile alla pelle adulta normale. L'assorbimento percutaneo varia a
seconda delle proprietà fisiochimiche delle molecole testate. Ad esempio, nella pelle
invecchiata la quantità di testosterone, idrocortisone o acido benzoico assorbita diminuisce, non si registrano modifiche per l'estradiolo mentre invece nel caso della
fluorescina c'è un aumento di assorbimento. È difficile spiegare tali risultati ma essi suggeriscono che le alterazioni biochimiche legate all'età possono modificare la
permeabilità cutanea. La conoscenza di queste possibili variazioni può avere implicazioni terapeutiche. Quindi, un aumento dell'assorbimento nella pelle invecchiata
può provocare effetti sistemici secondari, in particolare l'inattivazione metabolica
dei farmaci è ridotta nella popolazione di età avanzata.
Résumé

Les changements dans la physiologie et la biochimie de la peau de l'homme sont importants pendant la période postnatale et pendant la période de la puberté. Les propriétés de la peau adulte sont presque constantes et une autre modification importante se vérifie pendant la sénescence. Le vieillissement de la peau est un phénomène physiologique qui est soumis aux régulations hormonales et qui peut etre accentué par !es aggressions environnementales. Le vieillissement de la peau est lié aux
fonctions des variations individuelles et, par conséquent, il peut varier meme chez
les sujets d'une meme classe d'age et/ou selon les régions a natomiques. Les changements majeurs de la peau viellie sont: séch eresse, diminution d'épaisseur et de lipides et la composition associée à une altération de la fonction des glandes sébacées.
Ce phénomène nous démontre donc que l'absorption percutanée des médicaments
et d'autres soubstances chimiques a changé. Malheureusement le résultats experimentaux qu'on a publié jusqu'à ce moment sont assez lacuneux. Meme si la couch e
cornée est sèche et reche, la perte d'eau transépidermique n'est pas modifié et ressemble à celle de la peau adulte normale. L'absorption percutanée change selon les
propriétés des molecules testées. Par exemple: à cause du viellissement de la peau
la quantité de testosterone, de hydrocortisone ou d'acide benzoique absorbée diminue, il n'y a pas de modification pour 1'estradiol et se vérifié une augmentation d'absorption dans le cas de la fluorescéine. Ces résultats sont difficiles à expliquer mais
ils nous suggèrent que les modifications biochimiques liées à l'age peuvent modifier
la permeabilité de la peau. La connaissan ce de ces variations peut avoir des implications thérapeutiques. Par conséquent, une augmentation dans l'absorption à travers
la peau vieillie peut provoquer des effets systémiques secondaires surtout lorsque
l'inactivation métabolique est réduite chez la population agée.
Resumen

Los cambios fi siol6gicos y bioquimicos de la piel humana son muy importantes immediatamente después del nacimiento y durante la pubertad. Le propiedades de la
piel adulta son casi constantes y alteraciones importantes aparecen durante la vejez. El envejecimiento de la piel es un proceso fisiologico aumentado por las agresiones ambientales (radiaciones UV) y esta regulado por las hormonas. Segùn las variaciones individuales, el envejecimiento de la piel es diferente entre personas de la mi-
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sma edad y/o de la misma region anatomica. Los cambios principales en una piel
envejecida son: sequeza, disminucion de grueso, disminucion del contenido y de
la composicion lipidica asociada con una alteracion de la funcion de las glandulas
sebaceas. Esos fenomenos sugeren que, por consecuencia, se modifiquer la absorcion percutanea de medicinas u otros compuestos quimicos. Sin embargo faltan
resultados experimentales conocidos. Aunque el estrato corneo sea seco y arugado
en la piel evenjecida, la perdida de agua transepidérmica no se modifica y permanece semejante a la normal piel adutla. Los cambios en la absorcion percutanea son
diferentes segun las propiedades fisioquimicas de las moléculas investigadas. Por
ejemplo, en la piel envejecida, el absorcion de testosterone, hidrocortisone o acido
benzoico desmenuye, ninguna modificacion se ha relevado con el estradiol y la fluorescina ha llevado un aumento de absorcion. Es dificil esplicar estos resultados,
pero ellos sugeren que las alteraciones bioquimicas en relacion con la edad pueden
modificar la permeabilidad de la piel. Conocer estas posibles variaciones puede tener importantes consecuencias terapéuticas. Por lo tanto un aumento de la absorcion en una piel envejecida puede producir efectos secundarios sistematicos, en particular ya que la inactivacion metabolica de los remedios es menor en la poblacion
anciana.

Synopse
Veranderungen der physiologischen und biochemischen Ablaufe in der menschlichen
Haut sind unmittelbar nach der Geburt und wahrend der Pubertat von Bedeutung.
Die Eigenschaffen erwachsener Haut sind nahezu konstant, nur im Alter tritt schlie.Blich eine wichtige Veranderung ein.
Das Altern der Haut ist ein physiologischer ProzeB, der durch Unwelteinflilsse (UVStrahlen) verstarkt wird und hormoneller Regulierung unterliegt. Als Funktion individueller Variationen ist der AlterungsprozeB der Haut bei Personen gleichen Alters und/oder anatomischer Gebiete verschieden. Hauptveranderungen der gealterten Haut sind: Trockenheit, Verringerung der Starke, Abnahme der Zusammensetzung und des Gehlats an Fetten verbunden mit einer Veranderung der Talgdrilsenproduktion.
Solche Erscheinungen lassen die SchluBfolgerung zu, daB sich die Absorption von
Arzneimitteln und Chemikalien ilber die Haut verandert, Trotzdem sind veroffentlichte Forschungsergebnisse relativ selten.
Obwohl die Horrischicht gealterter Haut rauh und trocken ist, ist der Wasserverlust
ilber die Epidermis unverandert und daher dem der normalen erwachsenen Haut
ahnlich. Die Veranderung in der Absorption durch die Haut sind gemaB den physiochemischen Eigenschaften der getesteten Molekille unterschiedlich. So nimmt zum
Beispiel die Absorption von Testosteron, Hydrocortison und Benzoesaure in der gealterten Haut ab, bei Estradiol kann keine Veranderung und bei Fluoresceine eine Zunahme der Absorption festgestellt werden. Es ist schwierig diese Ergebisse zu erklaren, aber sie lassen annehmen, daB biochemische Veranderungen im Zusammenhang mit dem Alter fahig sind, die Durchlassigkeit der Haut zu verandern.
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Introduction

Considering the recent interest taken in
geriatric problems, the relation between
age and skin permeability to drugs and
cosmetics has rarely been investigated
(see review of ROSKOS et al 1986). This
neglect is not surprising when we know
that skin continues to perform its primary protective role in old people also, when
we consider at the same the variability of
skin permeation between subjects and regional variations in each subject.
Aging is the result of heredity and of the
frequency of exposition to external insults such as solar radiation, chemical irritants or physical traumas which increase the aging of the skin. So for each subject born in the same year skin aging is
quite different and varies largely from
one region of the body to another.
During senescence, alterations of the skin
properties in men and women appear
(elastose, dry skin, seborrheic dermatitis)
and dermatologica! problems among the
elderly are very high. In old skin external aggressions and trauma are less easely surmounted and healing takes longer
(Kligman 1979). The above is due to a decrease in turnover of epidermal cells and
in cutaneous metabolism.
All these factors increase the variability
of the properties of the skin with age and
in some cases the barrier function of skin
is altered. In this light the safety and activity of dermatologica! preparations tested in young skin may be put in doubt
in the case of geriatric appliction and more research is needed here.
In this review, we try to present the published litterature on permeability of elderly skin and to discuss the results in rela tion to the limits of the methodology,
secondly we consider the alterations of
skin properties in the human aging process, which influence skin permeability
in adults: stratum corneum structure, hy-
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dratation and lipids of the skin, blood
supply.
Percutaneous absorption in the elderly
skin

Percutaneous absorption is the passage
of drugs through the cutaneous structures and the extracellular medium from
the outside to the blood stream (Scheuplein and Blank 1971, Wepierre 1979).
This phenomenon comprises two steps:
1) A penetration phase, i.e. the passage of
molecules through the superficial skin
structures, the stratum corneum and the
epidermis to the extracellular fluid.
2) A resorption phase during which a relatively rapid diffusion occurs from the
extracellular fluid to the blood by way of
cutaneous microcirculation.
During the penetration phase the rate limiting barrier to diffusion resides almost
entirely in the stratum corneum which is
a very densely packed structure. It can almost be described as a mosaic of elements, the corneocytes, with h ydrophilic
properties which are able slowly to trap
water. These elements are embedded in
lamellar lipids which fill the intercellular space and forma continuous structure with a very low permeability to watersoluble substances. The second phase is
regulated by the cutaneous blood flow. So
alterations of structure or of constituants
(lipids or content in water) of stratum corneum in elderly skin are able to modify
percutaneous absorption. Similarly a decrease of blood flow increases the transient concentration gradient in the skin
and inhibits blood resorption (Marty et al.
1985).
One of the best methods to study the barrier function of human skin changes with
increasing age is to measure alterations
of transepidermal water loss. Table I indicates that the horny layer from young
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Table I
Transepidermal Water Loss (mg/cm 2/hour)
Aged

Young
Method

Localization

age

water loss

age

water loss

in vitro
horny
layer (1)

back-skin

21
to
28

0.82
±0. 18

68
to
82

0.74
±0.33

forearm
in vivo
(2)

leg

19
to
26

0.16
±0.06
0.15
±0.03

66
to
81

O.IO
+0.03
0. 12
±0.06

(1) Christophers and Kligman (1965); (2) Kligman (1979)

and aged individuals does not differ in its
capacity to restrict the water loss measured in vivo and in vitro (Christofers and
Kligman 1965; Kligman 1979). It appears
therefore that the stratum corneum provides an equally efficient barrier to transepidermal water diffusion in both aged
subjects and normal adults.
Concerning hydrosoluble molecules
which are poorly absorbed across the
skin, Christophers and Kligman (1965) have studied absorption of fluorescein
across horny layer obtained by cantharidin blisters on the mid-back (application
of 1 ml on 1,3 square centimeter of 1 %
aqueous solution). In the senile horny
layer, absorption was significantly higher
(6.8 ± 6.4µg/cm 2/h) than that of stratum
corneum of young adults (0.93 ±0.47µg/cm2/h). It was noted that variability of
individua! results is much higher in old
skin than in young skin. These in vitro determinations correspond to measures on
fully hydrated stratum corneum and do
not take into account blood resorption.
We shall see later that alterations in these two parameters are frequently observed in old people. Roskos et al. (1986)

measured in vivo percutaneous absorption of 14C- benzoic acid. hydrocortisone,
estradiol and testosterone in young people (18-35 years) and two elderly groups;
young-old (65-75 years), old-old (over 75
years). The molecules are chosen to provide a wide range of solubility, of oilwater partition coefficient and a wide
range of permeability characteristics in
normal adults. Drugs were applied in acetonic solution on the forearm at a dose
of 4µglcm 2 during 24 hours. Percutaneous
absorption is quantified by measurement
of rate and extent of 14 C excretion in urine during a five day period following
drug administration. Absolute bioavailability was obtained by comparison with
urinary excretion measured after parenteral administration.
As shown in table II, aging affects percutaneous absorption of benzoic acid which
is amphiphilic, soluble in water and oil
in the non ionized form and highly absorbed. Absorption of benzoic acid in five
days decreased with aging from 42% in
young people to approximately 25% in
old subjects. Similar results are obtained
with hydrocortisone which is poorly ab-
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Table II
Percutaneous absorption in vivo, % of applied dose in 5 days in young and old men
(Application of 4µ.g/cm 1)

Compound

acqueous
sol. mg/ml

log. PC
oct/water

Benzoic acid

3400

Hydrocortisone

Young

Young-old

Old-old

1.87

42.6
± 16.5

27.5*
±11.6

23.1 *
±7

280

1.93

1.87
± 1.6

0.67*
±0.58

0.86*
±0.5

Estradiol

8

2.7

10.6
±4.9

11.5
±3.5

9.0
±5.6

Testosterone

o

3.31

13.2
±3

10.6
±5.7

15.2
±8.4

PC=partition coefficient

*:p>0.05

sorbed and has a low solubility in water
and oil. Absorption of the steroid corresponds to 1.87% of the dose applied in
young people; values are twice as low for
old ones. With non polar lipophilic compounds, estradiol and testosterone, absorption is similar in young and elderly
subjects. In all cases % of absorption in
five days is around 15%.
This study corresponds to absorption in
usual conditions. All factors which vary
with age are taken into account. Nevertheless the metabolism and excretion of
applied drugs can be more lenghty with
elderly subjects. The absorbed substances accumulate in the organism, elimination is slower and the absorption may
seem weaker than in reality. This occurs
perhaps for benzoic acid for which elimination occurs in within 48h for young and
young-old people whereas this elimination occurs progressively over five days
for elderly subjects.
Cristophers and Kligman (1965) report
earlier studies with different results for
testosterone. Radiolabeled testosterone
was applied on the back skin (801tglcm 2) in

Roskos et a l. (1986).

young and old subjects during 24 hours.
Absorption was estimated by measuring
the difference between initial and residua! quantities persisting on the skin
with an eterna! counter. In these conditions absorptions was higher in young
(37.9%) than in aged people (12.5%). These results did not only shown absorption
but also adsorption of the drug in the
layers of the stratum corneum since autoextinction of 14C beta radiations is not
negligeable in this densely packed structure. Stratum corneum is a reservoir for
steroids (Vickers 1980) and the above data suggest that the stratum corneum reservoir is higher in young than in old people.
More recently, Behl and al. (1985) have
studied the influence of age and anatomie
site on percutaneous absorption of various drugs and alcohols in vitro on hairless mouse skin. The method consists of
measuring the permeability coefficient at
the stady state of diffusion.
The animals are born hairless but grow
a coat of hair in the first two weeks following birth. Hair loss begins during the
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third week and mice are devoid of fur
when they are one month old. Beyond six
~onths, wrinkles appear and cystic folhcular appendages without hair become
more prominent and numerous with age.
The cutaneous permeability with water
and the series of n-alcohols (methanol to
octanol) vary largely with the changing of
hair cycle in the mouse (Behl et al. 1984).
In the early weeks, when the first coat of
hair is in place, the skin permeability is
about 3 to 5 times as great as when observed after .the animal reaches 100 days.
Beymond th1s age, the mouse is nude and
the permeability coefficients are essentially constant until one year old. Permeability coefficients are similar for water
and methanol and increase for ethanol to
~ctanol in relation with lipophilic propert1es of the molecules. A similar study performed with hydrocortisone has shown
t~~t aft~r 100 days old, permeability coeff1c1ent is practically constant until 657
days old (Behl et al. 1984b). On the contrary, with phenol a small decrease of
permeability constant is observed between 360 and 420 days (Behl et al. 1983).
~es1:1lts of Behl ans colleagues obtained
in vitro on hairless mouse show the importance of density of fur in percutaneous absorption. Concerning influence
of age when mice have lost their hair, interpretations are difficult. All results are
obtained in vitro on a fully hydrated skin
and do not take into consideration the degree of skin deshydration or the blood resorption of the aged animals. The tissue
employed was the full thickness of skin
and measurements indicate that the
thickness of skin increases with age. Finally it is difficult to prove that the aging
process of the hairless mouse reflects
that of human skin.
This brief review shows that studies on
the influence of aging on percutaneous
absorption are scarse and reval multiple
contradictions. Their is an absence of
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clearly defined relationship between perme~bility of skin and aging. We try to explam some contradictions by analyzing
the evolution with age of physiological
factors that affect the permeability of
skin in adults.
Structural changed of senile skin

In old skin, the most notable change is
epidermal and dermal atrophy (Lee 1957,
Montagna 1965, Christophers and Kligman 1965). The living epidermis is thinner, having fewer cell layers. On th e con~rary ~ith young, the epidermal junction
is relat1vely flat. Keratinocytes are much
more ir~egular in s~ze, shape and staining
properties. The th1ckness of the dermis
decreases, collagen fibers are thinner, disordely in arrangement and more twisted. The deficit in vasculature is also apparent. In young people the papillary plexus show well developed capillary loops
and abondant subepidermal venules. In
old people, capillaries located under the
epidermis are sparse and form shallow
arches instead of loops. The differences
in density of vasculature in the lower dermis is not apparent with the exception of
very old people.
Despi~e the epidermal atrophy (table III),
the th1ckness of stratum corneum is quite similar in young (24 years old) and old
people (77 years old) respectively 10.8 and
9.2µ . The average number of layers for
both age groups is about 15 (Christophers
and Kligman 1965). These results show
that the thickness of stratum corneum
does not explain variation of cutaneous
permeability in old people.
Functional changes of stratum corneum
with aging
W~th aging, functional capacity of epiderm1s decreases (table III). For example
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Table III
Structural and functional changes of epidermis in elderly skin
Structure or function
Epidermis
Capillaries

Stratum corneum
- thickness
- turnover
- number layers
Labelling index
Hydratation
Water in dermis

Young skin

Old skin

well developed
capillary loops

atrophy
sparse
capillaries

10.8µ
14 days
14-17

56%

9.2µ
20-36 days
14-17
decrease
decrease
63%

Christophers and Kligman (1965), Kligman (1979).

Kligman (1979) compared labeling index
of leg and back skin in young and old people, 45 min. after intradermal injection of
3
H thymidine. Incorporation of radioactive materiai which represents cellular
growth is twice as small in elderly as
young people. Baker and Blair (1968) staining horny laye r with a dye showed also
that turnover of cornified cells was 14
days in young men and 26 days in elderly ones. In these conditions some properties or constituants of the skin are able
to be altered.
The most apparent surface alteration is
dry skin, presented by a scaled and rough
surface and appears in 80% of people
aged 70 or. more (Kligman 1979). Their is
à relationship between age and skin dryness (Franz and Kinney 1986). The content in w~ter and the ability of stratum
corneum to trap water ~n cornified cells
are decreased (Potts et;al. 1984). Nevertheless . decrease of ' hydratation of stratum corneum appears only in the super- .
fici~l layers of comified cdl i=tnd does not
affect thé lower layers (Potts et al. 1985).
Skin dryness is not caused by a decrease
in the dermis capacity to hold water. On

the contrary water content of the dermis
as shown b y Kligman (1979) and Pearce
and Grimmer (1972) increases with age.
As turnover of epidermal cells is reduced,
it is possible to suppose that contents in
epidermal lipids and natural moisturizing factor of stratum corneum decrease
with age or are more easily released b y
cleaning and rubbing.
Dry skin decreases cutaneous permeability, and this effect is more important for
water soluble molecules as shown many
years ago with salicylic esters (Wurster
and Kramer 1961).
Sebaceous and epidermal lipids in elder-

ly skin
Cutaneous lipids have a d0uble origin.
Firstly they come from sebaceous gland
secretion which spread on the.surface of
the skin and constitute the surface lipidic film. Secondly they come from epidermk lipids which are the intercellular lipids of the stratum corneum and are
slowly eliminated during desquamation.
Sebaceous gland secrete (Nikkari 1974)
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Table IV
Epidermal and sebaceous lipids In human skin
Nature
of lipids

Lipids
of neonata! human

Lipids of sebaceous
origin

Phospholipids

11 %

Glycosphingolipids
and ceramides

12%

Free sterols
and stero! esters

51%

4%

Free fatty acids
and Triglycerides

26%

15-25%
25-40%

Monoester Waxes
Squalene

20-25%
11 %

Elias (198 1), Nikkari (1974)

mixture wax esters of lipids consisting
mainly of free and esterfied fatty acids,
squalene and free and esterified cholesterol and monester waxes (table IV). The sebaceous secr etion forms an irregular film
on the surface of the skin which has been
estimateci between 0.4 to 41' thick. The effect of this thin fatty layer on penetration
appears very slight. The fatty layer
should dissolve lipid soluble molecules
and enhance their permeability by promoting a greater surface concentration.
Sebum containing lydrophilic materiai
may increase the permeability by promoting the hydratation of the skin. All things
considered, this factor can't be important
because Franz and Kinney (1986) show
that sebum secretion rate does not differ
in old people as a function of dryness of
the skin in either sex. The sebaceous
gland may constitute an important diffusion shunt of lipophilic molecules, thus
the number and shape of sebaceous
glands may more of less influence ab-

sorption (Scheuplein and Blank 1971).
The barrier function of the outer layer of
the stratum corneum depends on the integrity of its mosaic of lipids and proteins
content (Elias 1981). Lipids of stratum
comeum (Elias et al. 1981) in neonata! humans which have no sebaceous secretion,
are phospholipids, glycosphingolipids
and ceramides, free sterols and sterols
esters, free fatty acids and triglycerides
(table IV).
Lamellar bodies synthetized in the deeper
layers of the stratum spinosum are involved in the deposition of lipid constituants
in the intercellular spaces of stratum corneum. Skin lipogenesis is a continuous
dynamic process which probably decreases with age as does the turnover of epidermal cells.
On the surface of the skin wax esters and
squalene are representative of sebaceous
secretion, cholesterol and cholesterol
esters are of epidermal origin (Downing
and Strauss 1974).
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Table V
Sebum production values in men and women as a function of age mg/cm 2 /3 hours
Age in years

Men

Women

20-29
30-39
40-49
50-59
60-69
70-79

2.45
2.49
2.21
2.43
2.42
1.69

1.88
1.84
1.86
1.08
0.88
0.85

Pochi and Strauss (1974); Pochi et al. (1979)

Sebaceous secretion and age

Sebaceous gland is an androgen target organ. With the hormonal changes of puberty, the sebaceous glands enlarge and produce larger quantities of sebum (Pochi
and Strauss 1974). Once maturity has
been achieved little change in sebaceous
secretion activity takes place until middle age (Pochi et al. 1979). At any age range examinated on the table V, mean sebum values in men exceeded those in women. Average sebum production level in
women fell by approximatively 40% in
the 6th decade, declined additionally in
the 7th decade and remained constant
thereafter. In men no change is observed
until the 8th decade (Pochi and Strauss
1965; Pochi et al. 1974-1979). Results in
contradiction with those of Pochi et al.
are obtained by other authors (J acobsen
et al. 1985; Downing et al. 1986). Rates of
sebaceous wax secretion were measured
on the forehand of men and women after
first depleting sebum reservoir by overnight absorption of lipids with a layer of
bentonite clay. Lipids were absorbed during three hours. Wax esters corresponds
to 26% of sebum secretion. Levels are higher in men than in women. The results
suggest that the decline of sebaceous

gland activity with age is a gradual process beginning in young adulthood. After
puberty there is a progressive decrease
of secretion which corresponds to 23 %
per decade in men and 32% in women.
Reduced sebaceous gland activity in old
people has also been demonstrated in vitro (Cooper et al. 1976). Formation of
squalene and wax esters by skin biopsy
samples from the back of elderly men incubated with glucose is lower than in
adults.
The most probable explanation in variation of sebaceous gland synthesis and secretion in the aged is a concomitant decrease of androgens (Pochi et al. 1979).
The role of other hormones as glucocorticoids and thyroid hormone is not particularly marked with the exception of impaired endogenous hormonal activities.
In men testosterone fall significantly after 70 years. In women, androgen sources for the sebaceous secretion are ovary and adrenal cortex. After menopause
decrease of sebum production is the result of ovarian involution. Residual sebum production in many subjects corresponds to persistent adrenocortical androgen and ovarian secretion.
By planimetrie studies, Plewig and Kligman (1978) showed that glands become
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larger with age. Planimetrie measurement in men of sebaceous size in facial
biopsies shows an increase of the relative volume of skin occupied by the gland
and the glands are greater in the elderly
than in the young. The large size of the
glands is probably the result of prolonged cell transit time with persistence of
sebaceous lipid synthesis since there is
no mean decrease in surface lipids under
70 years of age. Other authors (Lee 1957)
found that gland in aged men and women
have the same size as those in young adult
men.
In old people percutaneous absorption
may be altered since the environment of
old skin is less attractive for dissolution
of lipophilic drugs and enlargement of sebaceous glands increase areas for diffusion across appendageal shunts. Nevertheless variations of lipid secretion and
size of glands with age have probably a
minor importance in percutaneous absorption when we know that permeability of the skin of children with a low sebaceous activity is similar to that of
adults (Fisher 1985).
Epidermal lipids

The proportion of epidermal lipids in
skin surface lipids in studied by calculation of the ratio waxes esters/cholesterolcholesterol esters. This ratio is very low
in children, high in young adults and low
in aged women (Pochi et al. 1979). These
changes show predominance of epidermal lipids in young children and postmenopausa! women.
Study of accumulation of surface lipids
during 24 hours by Nazzaro-Porro (1979)
shows that lipids of very old subjects
(over 80 years) are similar in composition
to those of 5-9 year old children and that
the amount of lipids corresponds to the
conclusions of De Luca et al. 1984 after

determination of various lipids and cholesterol in skin surface lipids. So alteration of secretion and probably of the synthesis of epidermal lipids throughout the
life are low and of minor importance in
percutaneous absorption in old people.
Blood clearance in elderly skin

Blood supply of human skin is far in excess of that required to meet its nutritional needs. The microvasculature in man
is richly developed for heat regulation. In
old skin there is a significant reduction
in the surface density of the dermal capillary network and reduced circulation
can be demonstrated. For example the
clearance of 22 Na injected intradermally
in the midback skin is equal to 8. 7 min
in 20-30 year old subjects and 13.3 min in
71-82 year old subjects (Christophers and
Kligman 1965). Similarly the average time of extinction of fluorescein administered in the dermis increases in old people.
Finally wheal resorption produced by intradermal injection of saline takes twice
as long to flatten in the aged (Aschner
1960). Impeded clearance may be due to
decreased blood flow and/or to connective tissue alteration which retard diffusion between capillaries and lymphatics.
This has been observed in rats for which
exudation of Evans blue after intradermic injection of histamine is more rapid
in the younger than the older specimens
(Khon 1969).
Finally a recent study of Guy and al.
(1985) show to what extend interpretation
of data obtained in young and old people
problematic. The authors study the methyl nicotina te induced vasodilatation in
human skin as a function of age. 50µ1 of
a 100 mM methyl nicotinate aqueous solution was applied on the ventral surface or the forearm for 15 sec. Subsequently cutaneous blood flow changes beneath
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the site of application were measured during 60 to 90 min with a laser Doppler
flowmeter of by photoplethysmography.
There are no significant differences in the
intensity and duration of vasodilatation
induced by methyl nicotinate. The diffusion kinetic through the skin, the speed
of blood resorption and vascular reaction
are without doubt different in young and
old subjects. Nevertheless these variations affect absorption in favorable and
unfavorable manners in such a way that
the pharmacological effects is identica!
in the two age groups.
Conclusions

Throughout life, skin continues to perform its primary protective role, but with
aging major properties of the tegument
are altered and possibly skin barrier is
modified.
Studies on percutaneouos absorption in
old people are scarce and they show an
absence of clear relationship between
aging and permeability. Differences in
mean absorption between young and old
subjects are not considerable. Only individua! variations increase greatly with
age.
In old subjects factors which influence
skin permeability are more or less modified and produce when compared to
adults a decrease or increase of absorption. The importance of each of these factors is not the same for each aged individua!, thus increasing variabili ty between
subjects. Problems concerning topica!
therapy and safety of cosmetics are able
to arise for subjects whose cutaneous
permeability diverges considerably from
the norm and the risk is as great as the
frequency of skin disorders in old people
is high.
More studies, with an adapted methodology, are necessary to establish the rela-
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tions between the anatomica!, biochemical and physical modifications of the skin
in old people and the possible alterations
of the cutaneous barrier.

J . Wepierre, J .P. Marty

91

REFERENCES
1. Aschner D.M. (1960) «Intradermal salt solution test in elderly patients» Exp. Med. Surg. 18, 17-20.
2. Baker H., Blalr C.P. (1968) «Celi replacement in the stratum corneum in old age» Brit. J. Dermatol.,
80, 367-372.
3. Behl C.R., Linn E.E., Flynn G.L., Pierson C.L., Higuchi W.I ., HO N.F.H. (1983) «Permeation of skin
and eschar by antiseptics. I: baselin studies with phenol» J. Pharm. Sci., 72, 391-396.
4. Behl C.R., Flynn G.L., Kurihara T., Smith W.M., Bellantone N.H., Gatmaltan O., Pierson C.L., Higuchi
W.I., Ho N.F.H. (1984) «Age a nd a natomica! site influences on a lkanol permeation of skin of the ma le
hairless mouse » J. Soc. Cosmet. Chem., 35, 237-252.
5. Behl C.R., Flynn G.L., Linn E .E., Smlth W.M. (1984b) «Percutaneous absorption of corticosteroids:
age, site and skin sectionning influence on rates of permeation of hairless mouse skin by hydrocortisone » J. Pharm. Sci., 73, 1287-1290.
6. Behl C.R., Bellantone N.H., Flynn G.L. (1985) «Influence of age on percutaneous absorption of drug
substances. In percutaneous absorption » (Bronaugh R.L.; Maibach H.I. Ed.) Marce! Dekker, New York.
183-212.
7. Christophers E., Kligman A.M. (1965) «Percutaneous absorption in aged skin. In Aging» (Montagna
W. Ed ..) Pergamon Press, New York, 163-175.
8. Cooper M.F., Mc. Grath H., Shuster S. (1976) «Sebaceous lipogenesis in human skin, variability with
age and with severity of acne » Brit. J. Dermatol., 94, 165-172.
9. De Luca R., Slcuranza A., DI Donna V., Ammaturo V., Sellito C., Mangano P., Vacchiano T.M., Cesario
F., Dramls A. (1984) «Escrezione lipidica cutanea» Bull. Soc. l t. Biol. Sper., 60, 1217-1222.
10. Downing D., Strauss J.S. (1974) «Synthetis and composition of surface lipids of human skin» J. lnvest.
Dermatol., 62, 228-244.
11. Downing D.T., Stewart M.E., Strauss J.S. (1986) «Changes in sebum secretion and the sebaceous gland»
Dermatologie Clinics, 4, 419-423.
12. Elias P.M. (1981) «Lipids and the epide rma l permeability barrier» Arch. Dermatol. Res., 270, 95-117.
13. Elias P.M., Cooper E.R., Korc A., Brown B. (1981) «Percutaneous transport in relation to stratum corneum s tructure and lipid composition» J. Invest. Dermatol., 76, 297-301.
14. Fisher L.B. (1985) «In vitro studies on the permeability of infant skin » In: Percutaneous absorption
(Bronaugh R.L. e t Maibach H.I. Ed.) M. Dekke r, New York, 213-222.
15. Frantz R.A., Kinney C.K. (1986) «Variables associated with skin dryness in the Elderly» Nursing Research, 35, 98-100.
16. Guy R.H., Tur E., Bjerke S., Maibach H .I. (1985) «Are there age and racial differences to methyl nicotinate induced vasodilatation in human skin » J. Amer. Acad. Dermatol., 12, 1001-1006.
17. Jacobsen E., Billings J.K., Frantz R.A., Kinney C.K., Stewart M.E., Downing D.T. (1985) «Age related
changes in sebaceous wax ester secretion rates in Men and Women» J. lnvest. Dermatol., 85, 483-485.
18. Kligman A. (1979) «Perspectives and problems in cutaneous gerontology» J. lnvest. Dermatol., 75, 39-46.
19. Kohn R.R. (1969) «Age variation in rat skin pe rmeability» Proc. Soc. Exp. Biol. Med., 131, 521-522.
20. Lee M.M.C. (1957) «Physical and structura l age changes in human skin» Anat. Ree., 27, 473-493.
21. Marty J.P., Guy R.H., Maibach I.H. (1985) «Percutaneou s penetration as a method of delivery to muscle and other tissues» In: Percutaneous absorption (Bronaugh R.L. and Maibach H.I. Ed.), Marce! Dekker, New York, 469-488.
22. Montagna W. (1965) «Morphology of the aged skin: the cutaneous appendages» In: Advances in Biology of Skin: Aging (Montagna W. Ed.) Pergamon Press, London, 1-16.
23. Nazzaro-Porro M., Passi S., Boniforti L., Belsito F. (1979) • Effects of aging on fatty acids in s kin surface lipids» J. l nvest. Dermatol., 73, 112-117.
24. Nikkari T. (1974) «Comparative chemistry of sebum» J. Invest. Dermatol., 62, 257-267.
25. Pearce R.H., Grimmer B.J. (1972) «Age and the chemical constitution of normai human dermis» J.
lnvest. Dermatol., 58, 347-361.
26. Plewig G., Kligman A.M. (1978) • Proliferative activity of the sebaceous gland of the aged» J. l nvest.
Dermatol., 70, 314-317.
27. Pochi P.E ., Strauss J.S. (1965) «The effect of aging on the activity of the sebaceous gland in man» In:
Advances in biology of skin: Aging (Montagna W. Ed.) Pergamon Press, New York, 121-127.
28. Pochi P.E., Strauss J.S. (1974) «Endocrinologie contro! of the development and activity of the human
sebaceous g land » J. lnvest. Dermatol., 62, 191 -20 1.
29. Pochi P.E., Strauss J.S., Downing D.T. (1979) «Age related changes in sebaceous gla nd activity» J. lnvest. Dermato/., 73, 108-11 1.

92

Percutaneous absorption and Lipids in elderly Skin

30. Potts R.O., Buras E.M., Chrisman D.A. (1984) «Changes with age in the moisture content of human
skin» 1. lnvest. Dermatol., 82, 97-100.
31. Potts R.O., Buras E.M. (1985) «In vivo changes in the dynamic viscosity of human stratum corneum
as a function of age and ambient moisture» l. Soc. Cosmet. Chem., 236, 169-176.
32. Roskos K.V., Guy R.H., Maibach H.I. (1986) «Percutaneous absorption in the aged» Dermatologie Clinics, 4, 455-465.
33. Sheuplein R.J., Blank I.H. (1971) «Permeabil ity of t he skin» Physiol. Rev., 51 , 702-747.
34. Vickers C.F.H. (1980) «Reservoir effect of human skin. Pharmacological speculation» In: Percutaneous
absorption of steroids (Mauvais-Jarvis, Vickers and Wepierre Ed.) Academic Press, New York, 19-29.
35. Wepierre J. (1979) «Facteurs physiques et physiologiques intervenant dans l'absorption percutanée
des médicaments» Actualités pharmacologiques, 31ème séric, Masson, 169-202, Paris.
36. Wurster D.E ., Kramer S.F. (1961) «Investigation of some factor s influencing percutaneous absorption» 1. Pharm. Sci., 50, 288-293.

J. Appl. Cosmerol. 6, 93-102 (April-June 1988)

Vitamins and minerai as skin nutrients
B. BERRA, S. ZOPPI, S. RAPELLI.
Institute of Gene rai Physio logy and Biochem ist ry, Sc hool of Pharmacy, Univers ity of Milano, Milan (Ita ly)
R eceived: M ay 19, 1987. Presented a r the 2nd l nte rnarional Meeting on Cos m e ric Dermatology, R ome (Jtaly), May 19-22, 1987.

Key words: Vitamins, Mi nerals, Intercellular, Matrix, Macromolecu les, Sk in , Nutrition.

Synopsis

The deficiency of many vitamins due to decreased intake or reduced bio-availability
can determine skin lesions of different types and seriousness. In some cases, e.g.
niacin deprivation where the early clinica! symptom is dermatitis, vitamin deficiency can be recognised mainly by skin alterations (stomatitis, glossitis and seborrheic
dermatitis). The ascertainment of a possible vitamin deficiency is important to correctly evaluate the pathogenetic mechanisms causing dermatitis; in fact, the clinica! symptoms of a vitamin deficiency are sometimes very similar to those of EFA
deficiency. As important as the effects of vitamin deprivation are the consequences
of a deficiency of minerals and ultratrace elements. Particularly relevant from this
point of view are manganese, zinc, copper, silicon, selenium, for the physiological
role they play in skin formation and maintenance. Last but not least the following
consideration: the entire skin is accessible to the clinician. It is never overemphasized that the whole surface area of any patient should be inspected whenever it is
possible. Su ch an inspection, which should be part of any thorough physical examination is often overlooked not taking into due account that it could provide important information on the generai nutritional condition of the patients with special regard to their vitamin and minerai intake.
Riassunto
La carenza di molte vitamine dovuta ad una diminuzione nell'assunzione o nella biodisponibilità possono provocare lesioni della pelle di vario gener e e entità. In alcuni
casi, ad esempio in mancanza di niacina, la dermatite è il pr imo sintomo clinico. La
carenza di vitamine può essere r iconosciuta soprattutto dalle a lterazioni della pelle
(stomatiti, glossiti e eczemi seborroici) anche prima di una possibile identificazione
delle funzioni delle vitamine.
L'accertamento di una possibile carenza di vitamine è importante al fine di poter
valutare correttamente i meccanismi patogenetici che provocano le dermatiti, infatti i sintomi clinici della carenza di vitamine sono talvolta molto simili a quelli della
carenza di EFA. Le conseguenze derivanti da carenza di minerali e di elementi ultratracce sono gravi quanto quelle della carenza di vitamine. Da questo punto di vista,
r isultano particolarmente importanti: il manganese, lo zinco, il ferro, il potassio, il
rame, il cobalto, il silicio, il selenio, il cromo e il molibdeno per il ruolo fisiologico
nella formazione della pelle e nel suo mantenimento. Ultime, ma non per questo meno importanti, le seguenti considerazioni: l'intera superficie della pelle è "accessibi-
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le" al clinico ma il fatto che tale area dovrebbe essere esaminata ogni qualvolta che
si presenta l'occasione non viene mai messo abbastanza in evidenza. Un simile esame, che dovrebbe far parte di ogni visita accurata è spesso lasciato da parte e non
debitamente considerato, dato che invece potrebbe fornire delle informazioni importanti sulle condizioni nutrizionali generali dei pazienti soprattutto per ciò che
riguarda vitamine e minerali.
Résumé
Le manque de beaucoup de vitamines du à une diminution d 'immission ou de la biodisponibilité peut provoquer plusieures lésions plus ou moins graves. Quelques fois,
la dermatite est le premier symptòme clinique du manque de vitamines, c'est le cas
par exemple de la niacine. L'avitaminose peut etre reconnue surtout grace aux altérations de la peau (stomatites, glossites et eczémas séborrhéiques) meme avant qu'il
soit possible vérifier les fonctions des vitamines. La vérification d'une éventuelle carence de vitamines est très importante pour pouvoir évaluer d'une façon correcte
les méchanismes pathogéniques qui provoquent les dermatites; en effet, quelques
fois, les symptòmes cliniques du manque de vitamines ressemblent aux effets d'une
carence de EFA. Le niveau de gravité du manque de substances minérales d'éléments
«ultra trace» ou de vitamines est toujours le meme. A ce propos le zinc, le fer, le manganèse, le potassium, le cuivre, le cobalt, le silicium, le sélénium, le chrome et le
molybdéne sont particulièrement importants pour le ròle physiologique qu'ils jouent
dans la formation de la peau et pour la maintenir en bon état. Dernièrement, il faut
rappeler que l'entière surface de la peau peut etre examinée par le clinicien mais
on devrait le faire chaques fois que l'occasion se présente, à chaque visite des patients mais, au contraire, on ne tient pas compte de cette pratique. Elle pourrait nous
donner des informations très importantes sur !es conditions nutritionnelles des sujets (surtout pour les vitamines et les substances minérales).
Resumen
La falta de muchas vitaminas debida a un reducido aporte o a una menor disponibilidad puede determinar lesiones de la piel de diferente tipo y gravedad. En algunos
casos, por ejemplo la falta de niacin, cuyo primer sintoma clinico es la dermatitis,
la carencia de vitaminas se puede reconocer sobre todo por alteraciones de la piel
(stomatitis, glossitis y dermatitis seborréicas) aun antes de identificar las funciones
de las vitaminas. La comprobaci6n de una posible falta vitaminica es importante para evaluar correctamente los mecanismos pat6genos que causan la dermatitis; en
efecto, los sintomas clinicos de una carencia vitaminica son a veces muy semejantes
a los de una carencia EFA. Igualmente importantes son las consecuencias de una
falta de minerales y de elementos «ultratrace». Muy notables, desde este punto de
vista, son mangan~so, cinc, hierro, potasio, cobre, cobalto, silicio, selenio, cromo y
molibdeno por su papel fisiologico en la formaci6n y la conservaci6n de la piel. En
fin, pero no ultimo, el hecho que la entera piel es accesible a los clinicos. Nunca se
subraya demasiado que toda la area superficial de cada paciente tiene que ser examinada toda vez que es posible. Este examen, que tendria que formar parte de otro
fisico mas profondo, a menudo se considera de escasa utilidad, mientras que podria
proveer importantes informadum:s sobre la condici6n nutricional genera! del paciente, con particular respecto a la asunci6n de vitaminas y minerales.
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Synopse
Der Mangel an vielen Vitaminen, der auf eine verringerte Einnhame oder eine geringere biologische Verfilgbarkeit zuriickzufilhren ist, kann Hautschader verschiederer Art und Ernsthaftigkeit verursachen. In einigen Fallen wie z. Bsp. bei NiacinEntzug, dessen friihes klinisches Symptom die Dermatitis ist, kann Vitaminmangel
hauptsachlich durch Hautveranderungen erkannt werden (Stomatitis, Glossitis und
seborrhoische Dermatitis), und das sogar bevor die Funktionen der Vitamine erkannt
werden konnen. Die Fest stellung eines moglichen Vitaminmangels ist filr die korrekte Berwertung der pathogenetischen Mechanismen, die Dermatitis verursachen
von Wichtigkeit, tatsachlich sind die klinischen Symptome eines Vitaminmangels
manchmal denen eines EFA - Mangels sehr ahnlich. Die Konsequenzen eines Mangels an Mineralien und Spurenelementen sind jedoch genauso ausschlaggebend wie
die eines Vitaminmangels.
Von diesem Gesichtspunkt aus betrachtet sind Magnesiwn, Kaliwn, Zink, Eisen, Kupfer, Kobalt, Silizium, Selen, Chrom und Molybdan dank der physiologischen Rolle,
die sie in Hautaufbau - und Erhaltung spielen, besonders wichtig. Zuletzt folgende
Betrachtung: die gesamte Hautflache ist dem Kliniker zuganglich, es ist daher nicht
ubertrieben zu sagen, daB die gesamte Hautoberflache des Patienten untersucht werden sollte sooft dies moglich ist. Eine solche Kontrolle, die Bes tandteil einer jeden
vollstandigen Untersuchung sein sollte, wird oft iibersehen, da nicht beachtet wird,
daB sie wichtige Informationen iiber die allgemeine Ernahrungssituation des Patienten mit besonderer Bewertung der Vitamin - und Mineraleinnahme liefern konnte.

Introduction

As a matter of fact, protein or calorie malnutri tion or both are accompanie d by deIt is well documented that malnutrition ficiences of specific nutrients, especially
results in skin changes and lesions of dif- vitamins, essential fatty acids and mineferent types and seriousness. In case of rals giving rise to dry and scaly skin (EFA
protein-caloric deficiency chronic wa- deficiency), persisting mounds of kera tin
sting is accompained by loss of subcuta- around the ha ir follicles (folicular hyperneous fat and produces fine wrinkling of keratosis, due to vita min A deprivation),
the skin, especially in old subjects whe- perifollicu lar hemorrhages and cutare the skin itself has lost its elasticity.
neous petechiae, which are seen together
In protein-deficiency conditions the skin almost exclusively in scurvy because of
is shiny and often friable over areas of de- a deficiency of ascorbic acid. As a rule the
pendent edema, due to reduced plasma lack of many vitamins, due to decreased
oncotic.pressure which in turn is caused intake or reduced bio-availability, can be
by low plasma albumin concentration. A early recognized mainly by skin alteratendency to excessive bruising may oc- tions (stomatitis, glossitis and seborrheic
cur, even in the absence of a ny other dermatitis); in some cases, e.g. niacin designs of defiçiency of vitamins C and K, privation where the early clinica! symppresumably as evidenc~ of increased fra- tom is dermatitis, the clinica! description
gili ty of the capillary walls or loss of of the skin pathology was reported even
strenght of the supporting connettive tis- bcforc thc functions of the vitamins itself
sue.
could be identified.
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The functions and the effects of deprivation of minerals and vitamins can be better focused and understood when the
main compartments of the skin are considered separately. In this presentation
we will deal with the influence of such
nutritional factors on the biochemistry
and functions of derma macromolecules.
Macromolecules of the intercellular matrix

The macromolecules synthesized by fibroblasts are the main and bulky components of the dermis and can be grouped
into four categories; 1 - collagen; 2 - elastin; 3 - proteoglycans; 4 - structural glycoproteins which constitute together
with glycosaminoglycans the so called
«ground substance». These macromolecules are build up according to a «coded»
program which reflects the characteristics of morphogenesis, maturation and
aging of the skin.
The exact timing of the biosynthesis process is due to the need of a strict coordination between the synthesis of macromolecules and the morphogenesis of the
derma fibrous network. The auto rearrangement of these molecules is an uncoded process and it happens because of the
mutual affinity of the molecules. Should
this biosynthesis program be modified
the dermis architecture would be distorted. Even if the occurred changes are due
not only to modifications in the rate of
synthesis but result also from the excretion of lytic enzymes such as collagenase, elastase and from other lysosomal digestive processes, there are also some external factors which can influence skin
structure: one is r epresented by the nutri tional aspects.

Vitamins and minerai as skin nutrients

Minerals, ultratrace elements and vitamins: how nutrients can selectively influence dermis components

a) Biosynthesis of collagen
The chemistry of the primary component
of collagen is remarkably constant for all
the different tissues; therefore the differentiation depends upon the changes it
undergoes after its initial produc~ion in
the fibroblast, i.e. we assume that we are
dealing with a post-translational process
(for details on collagen biosynthesis in
skin see ref. 1,2). Thus the degree of hydroxylation of praline and lysine will determine the number of these molecules
available for subsequent oxidative deamination to form stable collagen fibres.
The hexoses (glucose and galactose) contained in a covalent linkage in tropocollagen molecules make the hydroxylysine
residues they are attached to be more easily deaminated (3). The more hydroxylysine is formed, the more materia! will be
available for the production of firm crosslinkages. Also the association of hydroxylysine with complexes of galactose and
glucose residues of the glycosaminoglycans hinders the extent of cross-linking
and thus exerts a modifying effect on the
physical state of collagen.
In this respect factors in the environment
of the developing connective tissue have
a critica! determining influence on the nature and physical characteristics of the
tissue finally produced. These factors include trace elements and vitamins such
as:
1 - manganese, a cofactor of the glycosyltransferase acting on the lysine residue
«selected» to be hydroxylated (4);
2 - vitamine, folate and ferrous iron involved in the hydroxylation of praline and
lysine acting as an electron donor in the
oxidative system (5). Moreover, some authors have reported that one of the roles

B. Berra, S. Zoppi, S. Rapelli

97

of vitamin e in the enhancement of collagen synthesis is related to the formation of large synthesizing polysome (6);
3 - in order to build up the collagen it is
necessary to join together molecules of
tropocollagen with intermolecular bindings; this is achiaved by converting the
lysine residue into its aldehyde derivative, allyllisine; this step is enzymatic and
it is brought about by a copper-dependent
amine oxidase; therefore copper-deficient
diets prevent the formation of the intermolecular bonds (7, 8).
4 - Two additional elements are needed
for assembling the final collagen structure, zinc and silicon. The action of the former was recognized in the ·7os, mainly
in wound healing which indicates its involvement in collagen synthesis (9, 10). A
dependence on silicon for maximal prolyl hydroxilase activity has been demonstrated (11); moreover, a s it will be discus-
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sed later, this element plays an important
structural role in the final framewor k of
the dermis.

b) The second macromolecular system of
the dermis: glycosaminoglycans, glycosaminoglycuronoglycans and glycoprotiens
The n on-cellula r por tion of the dermis
consists broadly of two parts: 1 - the protein moiety (collagen and elastin) and 2a numbe r of complex mucopolysaccharides, which according to the modem terminology are nowadays referred to a s
glycosaminoglycans (GAG), glycosaminoglycuronoglycans (formerly acidic mucopolysaccharides) and proteoglycans. The
chemistry and biosynthesis of these compounds are beyond the scope of this presentation (details can be found in ref. 12).
Broadly fig. 1 outlines the general steps
involved in proteoglycan synthes is (14).
The initial translation product r eferred
to a s the precursor protein is r eleased in-
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to the rough endoplasmic reticulum having attached N-linked oligosaccharide
built up only by many residues of mannose (high-mannose portion). When it is
processed in the Golgi complex several
post translational modifications occur
which include the following: 1- addition
of the glycosaminoglycan chains to the
appropriate serine and threonine residues; 2- addition of 0-linked oligosaccharides; 3- conversion of the high-mannose
N-linked oligosaccharides to complex
forms which include other saccharide residues (galactose, N-acetylhexosamines,
focose, sialic acid); 4-possible processing
of the protein by removal of portions of
the polypeptide. In their natural state glycosaminoglycans exist in firm association
with tropocollagen molecules thus controlling the degree of polimerization; moreover, they might bave an «organizing»
role in that they determine the architectural design of the connettive tissue by
controlling the orientation of the fibrous

-

elements of the dermis and its physical
state: as to whether it is a highly fibrous
structure or a gel containing a great content of water. In fact, GAG, which can be
regarded as polyanions and are located
between collagen fibrils, can retain water to an extent which is related to their
chemical structure (1). In this respect
hyaluronic acid plays a very important
role; because of its great capability to retain water and of its natural elasticity,
hyaluronic acid is one of the most important dermal components responsible for
its gel-like properties. Moreover, the network of hyaluronic acid molecules has a
high electrical charge and acts as an anionic charged membrane (13); therefore b y
acting as a molecular sieve, it allows
smaller molecules to pass whilst it prevents the passage of macromolecules (1).
The degree of viscosity of the hyaluronic
acid gel can be modified by depolimerization either enzimatically or by agents
such as cysteine, riboflavin, hydroquino-
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~------LINKAGE

-

REGION

- - CORE PROTEIN

SUBUNITS

Fig. 2: Schematic representation of proteoglycan aggregate (modified from Lennarz WJ: The Hiochemistry of Glycoproteins and Proteoglycans. Plenum Presso, 1980).
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ne and ascorbic acid. Free radicals produced by irradiation can also have a depolymerizing effect.
Hyaluronic acid and proteoglycans can
form large aggregates which are schematically outlined in Fig. 2.
Structural glycoproteins which include
specialized molecules such as fibronectins and laminine are sinthesized in situ
from the mesenchymatous cells of the
connective tissue and can be found in basa! membranes and in the intercellular
space, free or associated with the other
proteins or proteoglycans of the matrix.
Fibronectins are large proteins that are
secreted by fibroblasts and are also normally found in serum. Fibronectin forms
immobilized fibrillar arrays across the
surface of many cells, especially fibroblasts, and interconnects cells together.
It is made up of two not identica! polypeptides which are linked near the Cterminus by disulfide bonds. Native fibronectin contains specific domains with

specific high-affinity binding sites for the
cell surface, collagen, fibrin, proteoglycans, sulfated GAG and extracellular proteins and polysaccharides (Fig. 3) (15).
Laminin, a 400.000 m.w. fibrous glycoprotein, is a linking factor for epithelial
cells and promotes, by an unknown mechanism, their differentiation. Whereas
fibronectin binds to all types of collagen,
lamin binds preferentially to type IV collagen.
Vitamins and trace elements involved in
the biosynthesis and organization of this
macromolecular system of the dermis
are:
1 - vitamin A. Retinoic acid and retino!,
two forms of vitamin A, are polyisoprenoid compounds widely distribued in anima! tissues, capable of stimulating glycoproteins and GAG synthesis (16) (see Fig.
4);

2 - the elongation process generating the
complex type oligosaccharides of glycoproteins and GAG requires a series of spe-
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cific glycosyltransferase enzymes («one
linkage, one glycosyltransferase» theory)
(see Fig. 5) requiring manganese.
3 - as previously pointed out, silicon plays
an important metabolic role in connective tissue; a structural role far this mine-
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ral has also been proposed mainly supported by the finding that it is a component of animal glycosaminoglycans and
their protein complexes. In the connective tissue silicon contributes to the structural framework by forming links or
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GDP-Man, to the Man intermediate (reaction 2). The chain is then built up to the ManQGlc intermediate
by the addition of dolichol-linked mannosyl (reaction 3) and glycosyl residues (react10n
whereupon
the lipid-oligosaccharide is transferred to an asparagine residue of the acceptor protein (reaction 5). Processing to the final «Complex» or polymannose glycoprotein then occurs (reaction 6). (Adapted from Montgomery et al. Biochemistry, 1983). The phosphorylation of retino! to RetP and the formation of a mannosyl adduct (MRP) analogous to MDP have been demonstrated (reaction 7). lt has been postulated that MRP
can participate in donation of mannosyl residues to protein, either in a manner analogous to MDP by
donating residues to the growing oligosaccharide precursor (reaction 3) or in a mechanism involving direct donation to glycoprotein (reaction 6). Abbreviations used in this figure are: Do!P, dolichyl phosphate; RetP, retinyl phosphate; UDP, uridine diphosphate; GDP, guanosine diphosphate; MDP, mannosyl dolichyl phosphale; MRP, mannosyl retinyl phosphate; Man, mannose; GlcNAC, N-acetylglucosamine; Asn,
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bridges within and between individua!
polysaccha ride ch ains and perphas by
linking p olysaccharide cha ins to proteins
(Fig. 6). In this way, silicon may aid in the
d evelopment of the architecture of the fibrous elements of the connective tissue
and may contribute to its structural integrity by providing strength and resilience (17);
4 - to prevent and/or contro! hyaluronic
acid depolymerization, vitamin A and E
and selenium might have a role as scavengers of free radicals.
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e) The elastic tissue of the dermis: elastin
The elastic fibres a re an integr a! part of
th e dermis but their constitution isso different from collagen tha t it seems be tter
to consider this tissue as a sepa ra te entity. It has a different amino acid composition and in the skin it is appa rently in
a clifferent physical state. Because of these ch emical and physical differen ces, it
is possible that elastic fibres may be produced by a differ ent group of cells than
those p roducing tropocollagen. Thus, the-
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Fig. 5: Proposed sequence for the processing of peptide-bound N-linked oligosaccha ride chains: • , Nacetylglucosamine residues; O , mannose residues; 1', glucose residues; e, galactose residues; O , sialic
acid r esidues; a nd 'l fucose residues. The wavy line represents the polypep tide chain; the broken !ine
is the mRNA. (Modified from Lennarz W.J : The Biochemistry of Glycoproteins and Proteoglycans. Plenum Press, 1980).
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re is the hypothetical possibility that clones of special fibroblasts (elastoblasts)
may be present in the dermis together
with collagen-producing cells. It is also
possible that the same cells may «switch»
from producing tropocollagen to the formation of elastin (18). The composition of
elastin is unusual in that it contains large amounts of praline, glycine, alanine
and a greater quantity of valine than any
other known protein. Moreover, there are
cross-links not present in collagen which
are characteristic of the elastic tissue,
due to the condensation of three oxidized
lysine residues present in the precursor
molecule, tropoelastin, with an intrachain residue of lysine according to the
scheme of Fig. 7, giving rise to desmosine and isodesmosine (19). The biosynthesis of elastin requires also the secretion
of structural glycoproteins by fibroblasts
(20).

For these reasons a complete maturation
of proelastin to tropoelastin and elastin
requires some of the nutritional factors
needed for collagen maturation and matrix formation, i.e. mainly copper, manganese and vi tamin A.
Conclusive remarks

The functional integrity of the dermis depends on the availability of proteins and
energy as well as of vi tamins and minerals.
Also the «physiological» aging process of
the skin is impaired and speeded up by
protein-caloric malnutrition and by a deficiency of selected nutrients. Since the
entire skin is accessible to the clinician
it should be inspected whenever it is possible because this examination could provide important information on the genera! nutritional condition of the patient
with special regard to his vitamin and mi-

neral intake.
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