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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
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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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