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Summary
The quantitative assessment of xerosis has been mainly based on the superficial and instantaneous
measurements of skin capacitance and transepidermal water loss, or in subjective scoring syste ms.
Modelling the transepidermal water loss curves obtained after occlusion is a versatile methodology
to assess the stratum corneum water holding-capacity. On the other hand , laser Doppler velocimetry
has often been e mployed to study the vasodi latory effect of nicotinates on the cutaneous microci rculation and investigate the penetration e nhancing/retarding potential of permeants. Since dry skin presents alterations in the water accumulation dynamics and an impai red barrier function , the previous
methodologies can potentiall y be employed in the study of xerosis. This work aims to test the ability of the two dynam ic tests to quantitatively assess differences between norma i and dry skin.
Twenty volunteers participated in this study. Vo lunteers were submitted to a plastic occlusion stress
test, after which the TEWL curves were recorded. A mathematical model was adj usted to the data
poi nts, and the evaporation half-l ife and dynamic water mass were calculated. In the second part of
the study, a sol ution of methyl nicotinate was applied to the skin and the subsequent increase in the
blood flow was measured. Time for onset and max imum response were determ ined.
Resu lts indicate that in normai skin , the decrease in TEWL after occlusion is rapid and pronounced ,
but when dry skin is occl uded , TEWL decreases at a slower pace. These results are translated in a
higher t 112evap for dry skin , almost double of that obtained in normai skin. Studies with methyl nicotinate reveal differences between the onset of action observed in the two skin types .
These fi ndings confirm that the dynamic methodologies employed can detect differences in the water
dynamics and barrier function of normai and dry skin. This suggests their potential application to the
area of efficacy testing of products that are used to re-establish skin hydration.

Riassunto
La valutazione quantitativa per verificare il grado di xerosi c utanea si basa principalme nte sulla
misurazione della capacitanza (idratazione) e della perdita d 'acqua attraverso la traspirazione
(TEWL) o su un sistema soggettivo basato sul punteggio. Poter portare su un modello le curve di
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TEWL ottenibili attraverso l'occlusione della pelle, rappresenta una me todologia sempl ice e versatile per misurare la capacità dello strato corneo nel trattenere e legare l'acqua.
Vista da un 'altra angolazione la velocimetri a Laser-Doppler è stata impiegata per valutare l'effetto
vasodilatatorio provocato dai nicoti nati a li vello del microcircolo cutaneo controllando così la
mi nore o maggiore potenzialità penetrativa di eventuali permeati.
Dato che la pelle secca presenta una evide nte alterazione sia nella dinamica d i accumulo dell 'acqua
che nella funzionalità della barriera cutanea, si pensa che queste metodologie possano essere utili per
la val utazione della cute xerotica.
Sono state quindi utilizzate per valutarne l'efficacia su cute normale e cute xerotica, su venti vo lontari che hanno partecipato allo studio. Sottoposti ad uno stress-test mediante un cerotto occl usivo ne
sono stati determinati le curve di TEWL utilizzando modell i matematici c he pemettono di calcolare
sia il tempo di evaporazione che la quantità di acqua dinamica.
Nella seconda parte dello studio è stata applicata sulla pelle una soluzione d i nicotildimetile che ha
permesso di determinare le variazioni del flusso sanguigno.
I risultati ottenuti dimostrano come, nella cute normale, la diminuzione della TEWL dopo occl us ione sia rapida e pronunciata mentre nella cute secca decresca molto lentame nte ri velando una minore intensità.
Risultati analoghi si ottengono anche con il test al nicotinato dimetile.
Questi risultati dimostrano come i due test possano essere utili zzati per de te rm inare l'efficacia di
prodotti cosmetici quando, in presenza delle alterazion i della barriera c utanea, si voglia dimostrare
come sia possibile ricondurla alla norma reidratando al contempo la pelle medi ante l' uso d i prodotti cosmetici .
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INTRODUCTION

tain stimuli is evaluated and the fac tors that
influence the cutaneous water content in the deeper layers and the barrier function can be investigated .
The mathematical modelling of the transepidermal water loss curves that result from a plastic
occlusion stress test (POST) is a versatile dynamic methodology that enables the measurement
of the stratum corneu m water holdi ng-capacity.
Previous studies have indicated that inflicted
damage to the skin barrier (such as tape stripping or application of lipid extracting solvents)
can be detected by this method (9). The objective of the present study is to extend the test of the
discriminat ive capacity of the model to the
quantitative assessment of differences between
normai and dry skin .
Laser Doppler velocimetry (LDV) has been
extensively employed to study the vasodilatory
effects of various nicotinates on the cutaneous
microcircu lation and, in turn, investigate the
penetration enhancing/retard ing potential of
severa! substances (10). Topica] application of
methyl nicotinate induces a rapid locai vasodilatation which is cl inicall y expressed as a cutaneous erythema (contact urticaria type). Since
xerotic skin is characterized by alterations in the
skin barrier function (11 ), the permeation of
methyl nicotinate should be facilitated , and the
erythema should appear sooner than in normai
skin. It is therefore reasonable to assume that
th is dynamic methodology can also be applied to
the study of xerosis.

Dry skin, or xerosis, is perhaps the most widely
occurring skin disorder. It is more prevalent in
the geriatric population , but the presence of
areas of the body with xerotic skin in children
and adults is also common. Despite such high
incidence, the characterization and defin ition of
dry skin has only recently been completed (1 ,2),
Dry skin can be described as presenting a rough,
scaly and fla ky surface, often associated with
sensations of loss of elasticity and itch, and that
worsens in low humidity conditions (3). It was
initially considered to be a consequence of reduced sebum secretion , but it is in fact the result of
a range of environmental and pathological factors that affect epidermal proliferation and differentiation (4). The rate of proliferation of epidermal cells is increased, but the desquamation of
corneocytes is impaired, which contributes to
epidermal thickening (5) . The stratum corneum
lipid bilayers and the epidermal components are
al tered , wh ich results in a decrease in the water
content and barrier function (6). Alterations also
take piace in the multiple metabolica( processes
that normally occur in the upper layers of the
epidermis.
The most commonly employed strategy to quantitatively assess xerosis has been mai nly measurements of skin capacitance and/or transepidermal water loss (TEWL) . These methods are
valid and useful in the characterization of dry
skin , however, they are at the same time insufficient, since the first techn ique onl y detects
MATERIAL ANO METHODS
superficial hydration and both are limited by
providing instantaneous data. Additionally, in
Healthy fornaie volunteers participated in th is
the clinical practice, xerosis is commonly evastudy,
aged between 20 and 55 (mean
luated by subjecti ve visual scoring systems
30.4±1 3.4), and were fully informed of the natu(7,8).
re of the study and the procedures involved. The
Alternati ve tests ha ve been developed to overcowork
was developed in accordance w ith the
me such difficulties. These are based on a dynaDeclaration
of Helsinki and its subsequent
mical assessment of cutaneous bioengineering
amendments.
The skin type was evaluated by
variables, where the response of the skin to cer-
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self assessment and clinica( scoring syste ms (7) .
Since xerosis is generally more severe in the
frontal aspect of the leg, the entire study was
conducted on this anatomica( site .
The subjects were allowed to rest 15 minutes
before the experime nts. The skin at the measuring site was left uncovered , the subjects remained in a n air-conditioned room, under consta nt
te mpe rature (22 ±2ooC) and humidity (30-50%)
a nd were kept relaxed thro ughout the measureme nts. Heat sources and air draughts were avoided.
In the first part of the protocol, 20 volunteers ( 10
with normai skin and the remaining with dry
skin) were subrnitted to a POST, invol ving the
application of an occlusive patch for 24 hours.
Afte r th is period the patch was removed and
TEWL was recorded for 30 min utes . The patch
consisted of a layer of cl ing fi lm "sandwic hed"
be tween
Parafi (mTM
(Pechiney
Plastic
Packaging, Ch icago, IL, USA) and covered with
gauze, which was the n applied to the skin using
surgical adhesive ( Leukoplast, Beiersdorf S.A.,
Ha mburg, Germ any). T EWL measure me nts
we re performed with an evaporimete r
(Tewa me ter TM300 , Courage and Khazaka,
Ge rma ny) foll owing published guidelines
( 12, 13). Data points were continuously registered for 30 minutes. The mathe matical model
was adjusted to the data poi nts using a specially
modified simplex rout ine and the software
ADAPT written in Fortran. Calculated paramete rs considered relevant to the study were t 112cvap
(evaporation half-life) and DWM (dynami c
wate r mass) (14,15) .
In the second part of the work, anothe r panel of
20 volunteers was used , where IO presented dry
skin and the remaining normai skin . Two sites
were marked in the fro ntal aspect of the leg: one
was used as the contro( and in the other a O.l M
aqueous solution of methyl nicotinate (Aldric h,
Dorset, UK) was applied fo r exactly 60 seconds
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usi ng a saturated filter paper disc. Immediately
after removal of the paper disc, the alte rations in
the blood flow in both sites were measured for l
hour using a two-probe laser Doppler perfu sion
monitor ( PF5010, Perimed , farfalla, Swede n),
following published guidelines ( 16). Time for
onset (!{i) and time for maximum response (t.,,ax)
were the parameters conside red more relevant
fo r data analysis.
Non parametri c comparati ve analys is (Wi lcoxon
sign rank test) was used in th is study. A 0.05
sign ificance level was adopted.

RESULTS
The desorption curves obtained after removal of
the occlus ive patch applied for 24 hours are
represented in figure I . It can be read ily appreciated that dry and normai ski n present diffe re nt
profi les . In normai skin, the decrease in TEWL
after occlusion is rapid and pronounced . On the
other hand , whe n dry skin is occluded, TEWL
decreases at a slower pace. These results are
translated in a higher t 112cvap for dry skin , almost
double of that obtained in normai skin, a nd in a
more elevated DWM ( table I) . There is a marked statistica! d ifference between the t 112mp
results (p=0.01 8), which is less pronounced fo r
DWM (p=0 .059).
Studies with methyl nicotinate also reveal di fferences between the two skin types. Two ty pical
outputs provided by vo lunteers with no rmai ski n
and xerosis are presented in figure 2. It can be
readi ly seen that the blood flow does not inc rease immedi ately after drug application. Most
responses from volunteers with normai skin
occur after 150 to 300 seconds. After this o nset
time a rapid increase is followed by a plateau
and subseque nt decay. It can be clearl y appreciated that the increase in blood perfusion , the
vasodilatio n induced by methy l nicotin ate,
occurs earlier in volu nteers with dry skin . The
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profiles provided by the contro! sites are not
included in the figure, since, as expected, there
was no significant variation in the blood flow
throughout the 60 minutes. The parameters used
in this study were onset time tO and maximum
response time tmax (table Il). to is markedly lower

in the group with dry skin and these results are
statistically different from the group with normai skin (p=0 .002). The differences in tmax are
Jess marked (p=0.07), however, as can be seen
from figure 2, tmax is far more difficult to assess
with precision.

Tab. I
Evaporation half-life (t 112,.,.P) and dynamic water mass (DWM)
values (mean (DWM) values (mecm ± SD, n=lO)
l112evap

DWM

(min)

(g/m2)

Normai skin

2.03±0.91

Dry skin

3 .95± 1.90

p=0.018

497.46±80.87

p=0. 059

613.58± 130.99
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Fig. 1 Desorp1io11 profiles obtained after remava/ of the occlusive patch (mean, n=lO).
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Tab. II
Onset time (t0) and time/or maximum response (t,,,.,) values (mean ± SD, n=JO)
lo

lmax

(seconds)

(seconds)

Normai ski n

309.6±199. 7

Dry skin

103.7±13.4
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Fig. 2 T1vo differem b/ood perf11sio11 projiles, obtained afier applica1io11 of methyl11icori11are.

DISCUSSION
The first attempts to quantify skin dryness were
essentially based in the visual observation and
grading of parameters such as flake size, roughness and colour (7 ,8). This approach is evidently
subjective, but nevertheless, in the clinica! per-
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ception of dry skin there is an evident need for
the integration of different parameters, whic h
can only be perceived through the human intervention ( 17). The development of nonin vasive
bioengineering methods has undoubtedl y contributed to a better characterization of xerosis.
M ultiple devices have been developed over the
last three decades with applications in this area.
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Some of the most commonly employed are
based in the direct measurement of the hydric
content of the stratum corneum, using electrical
properties (18) or phototherrnal/acoustic techniques (19,20). Others are indirect, that is, they are
based in the evaluation of changes in a certain
property of the skin that is dependent of the presence ofwater in the tissue (21) . The assessment
ofthe mechanical properties of the skin (22), the
analysis of skin surface appearance (by squametry or profilometry (23,24)); and the assessment of the stratum corneum barrier function
by measurements of the TEWL (25) are examples of indirect methodologies.
The previously mentioned static tests are very
useful to study stratum corneum function and
competence in moisture content and retention.
H owever, dynamic tests are in generai more
informative, mainly because they are not reliant
in single measurements.
Previous studies confirmed that the mathematical modeliing of TEWL curves obtained after
prolonged occlusion was able to detect inflicted
damage to the skin barrier (tape stripping or
application of lipid extracting solvents) (9). The
present study aimed to extend the test of the di scriminative capacity of the model to the quantitative assessment of differences between normai
and dry skin.
The marked differences observed in the results
confirm the applicability of this methodology.
Subjects with dry skin presented a greater water
accumulation capacity and different water dynamics. The higher DWM can be explained by two
factors. First, the weakened barrier function ,
since it causes a higher loss of water through the
skin. Additionally, dry skin has an increased rate
of proliferation of epidermal cells , but the desquamation of corneocytes is impaired, which
contributes to epidermal thickening. This leads
to a greater capacity to accumulate water and,
therefore, to the higher amount of water released
after occlusion. The t 112cvap is extended because

the mass of water being released is greater.
Studies with laser Doppler velocimetry provided
differences between the onset of action after
application of methyl nicotinate, which can be
attributed to an impaired barrier function in the
group with dry skin. Some authors advise caution when correlating these two variables,
because of the multiple factors involved in the
response to nicotinates (26) , but valid extrapolations ha ve previously been established (27, 28 ,
29) .
These findings confirm that the modelling of the
TEWL curves resulting from a POST and the
study of the vasodilatory action of methyl nicotinate are sensitive methodologies, able to detect
differences in the water dynamics and barrier
function of normai and dry skin. This shows that
the methods are valid for the objectives proposed and suggests its potential appl ication to the
area of efficacy testing of products that are used
to re-establish skin hydration.
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