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We used the spin label electron spin resonance tech
nique to monitor the hydration effect on the molec
ular dynamics of lipids at C-5, C-12, and C-16 posi
tions of the alkyl chain. Increase in water content of 
neonatal rat SC leads to an increase in Inembrane 
fluidity, especially in the region near the membrane
water interface. The effect is less pronounced deeper 
inside the hydrophobic core. The reorientational cor
relation time at the C-16 position of hydrocarbon 
chains showed a higher change up to - 18% (w/w) of 
water content. This behavior was accompanied by an 
exponential decay both in elastic modulus and elec-

T
he uppermost skin layer, stratum corneum (SC) , 
plays an important ro le as a low pe rmeability m em
brane that reduces e ffectively the body water loss as 
:veil as limits th.e penetr.atio~ ~f external . sub.s~ances 
mto the orgamsm. ThIS mUllInal permeabthty to 

water and other solutes in both directions is assured by the 
intercellular lipids that form broad multilayer sheets in spaces 
between the corneocytes (Elias, 1975, 1983; Swartzendruber et ai, 
1989). These lipids, corresponding to about 14% of the dry w eight 
of SC, consist of ceramides (40-50%), free fatty acids (15-25%), 
choles terol (20-25%) , and cholesterol sulfate (5-10%) (Gray ef Ill , 
1982; Long ct Ill, 1985; Swartzendruber el ai, 1987) . 

El-Shime and Princen (1978) and Blank et al (1984) bave shown 
that th e diffusion constant for water in SC increases with tissue 
water content . Other investigators have suggested that water is a 
very e ffec tive pe netra tion enhancer for drug delive ry (Barry, 1987; 
Potts and Francoeur, 1991). It is not clear, howe ver , how wate r 
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trical resistance with water content. On the contrary, 
the segmental motion at C-5 and C-12 positions of the 
chain and the permeability constant increased in the 
range of around 18'% (w/w) up to the fully hydrated 
condition (58 ± 7%). Our results give a better charac
terization of the fluidity of SC and show that it is the 
principal parameter involved in the mechanism of the 
permeability of different compounds through skin. Key 
Ivords: stratI/til COl'lIemlllESRIIIJldl'atioll effectlmelllbmlle fillid
irylpel'l1leabilirylelasticiryleiecil'icallresista.lrce. ] Invest Del'tllato/ 
106:1058-1063, 1996 

reduces the barri er resistance of the SC to the pe rmeation of 
mol ecules. It is well known that an increase in lipid fluidi ty of both 
biologica l and artifi.cia l m embran es produ ces al1 in crease in it 
pe rmeability (for a re view see Fettyplace and H aydon , 1980), 
suggesting a corre lation between transdermal flu x ,md lipid fluidity 
(Knutson c/ ai, 1986; Golden e( Ill, 1987). In addition, Hadgraft et al 
(1992) have shown that topical drug pe rmeation is affected by the 
structural arrangement and composition of the SC lipids. D espite 
this knowledge, the dynam ic properti es of intercelllllar m embrane 
o f SC are not completely charac terized, and the effect of hydration 
o n the fluidity of these m embranes has not been studied in detail, 

The hydration level of the SC seems to afFect all of its properties. 
modifying even the SC affinity for water itself (Hansen and YeIin. 
1972). It is welJ known that water causes a g reat increase in the 
elasticity of SC and that the hydrated SC is much more extensible 
than SC at lo w water content (Maes ellll, 1983; Cooper e( 11 1, 1985). 
C h an ges in electrical properties of the SC as a fun ction of the 
hydration level (Leveque and Rigal , 1983; Serban C( Ill, 1983) have 
been also o bserved . Due to the hig h sensitivity, the m easurements 
of impedance or resistance (in the case of direct current) have been 
wide ly used to evaluate the h ydrati o n of the SC (for a review ee 
Leveque and Riga l, 1983) . 

In the current work, w e h ave u sed the elec tron spin resonance 
(ESR) technique and the spin labels 5-, 12-, and 16-doxylstearic 
acids (5-, 12-, and 16-SASL, respectively) to evaluate the depth
dependent fluidity of the inte rcellular m embranes in intact SC of 
n eonatal rat at difFerent hydra tion states . In order to gain a better 
understanding o f the m echanisms of w ater-induced changes in the 
barrie r fUll ction of tbe SC and also in its e lasticity and electrical 
resistance, we have measlll'ed a hyd ra tio n depende nce of thes 
parameters in neonata l rat SC. 
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StratuUl Corneum Membranes SC was o btained fro lll newborn Wistar 
rats aged less than 24 h . Afte r sac rifi ce, the slO n was excised and fat was 
removed thro ugh the usc of gaze friction in distilled water. Skin was 
allowed to stand for 5 min in a des iccato r con ta ining 0.5 li ter of anh)'drous 
ammotUum hydroxide. It was then p laced Aoating in water. with the 
epide nnis side in con tact w ith water, and after 2 h the SC was rem oved over 
a filter paper and transferred to a TeA on-coated screen . extellSivcl y washed 
with disti lled water, and a llowed to d ry at ambient condi tions. T his 
procedure reduced the effect of rClTlain in g cp idernla! t iss ues to a InininlllITI. 
The menlbrancs w ere stocked un til the usc in a desiccato r containing a sili ca 
gel under a moderate vacuum . 

Wa ter Content ofSC (WCSC) T he SC was kept at 3 I °c in a desiccator 
where the re lative humidi ty (RH) was controlled by p lacing 1 li ter of 
different aqueo us salt solu tions. T he HJ-I levels used wcre : 10UIY. IU-I 
(dis till e d water) , 93% IU-I (L .4 M ((, CO,), 81'!!,. IU-I (3.0 M ((,CO , ) , 78% 
RH (sa turated CaCI, ). 62% IU-I (4 .7 M ((, CO, ). and 46% IU-I (5.7 M 
K,C03 ) · T he samples were we ighed after equi li bratio n (3 days). and the 
solutions in th e des iccato r were replaced by 1 kg of silica ge l (0% JU-I) in 
order to obta in th e d ry w eight ofSC. From such grav imetric m easurem ents 
we obtained the percen tage of water abso rbed per towl weight o f SC. 

Spin Labeling ofSC Membranes T he f:ltty acid spin labels 5-. 12- . and 
16-SASL were purchased fro m Aldri ch C hern Co. (M ilwaukee, WI). These 
spin labels arc stearic acid analogs, and each has " nitroxidc radic;tI fi'agment 
at the 5th, 12th, and 16th carbo n pos it io ns of acyl chain , respectively. A 
small aliquot of stock label solution in e thano l (5 m g/ ml) was put in a glass 
rube, and the so lven t was evaporated unde r nitrogen gas Aux. T he SC 
sample was suspended with 200 ""I of phosphate-bu llcred sa line, pH 7.4, in 
the san~e tube. T he sample consisted of about L 0 mg of SC (dry weight) 
fro m a single an imal cu t and ground in very sma ll pieces (fi nal concentra
Don, = 50 m g/ m l). T he concen tratio n of spin label was estimated as 0.5 
mM. After labeling, the SC was introduced in a ca pill ary for the ESR. 
measure m ent. Under these conditi o ns th e SC was considered to be in the 
full y h y drated state (the excess o f water) . T he va lue obtained for the 
average h ydrati o n for this sample fro m g ravimetric m easurements was 58 ::':: 
7% (w/w) . After ESR m casurcments. the full y hydrated samples were 
recovered from the capillaries, dri ed in th e desiccato r , and divided in five 
parts, and th en each one was placed in the des iccator ill order to obtain 
differe nt levels of water coment (at equilibrium with 93, 8 1, 62, 46. and 0% 
of R.H'). Mter 3 days in desiccator. the samples were introduced in to 
capillaries aga in for new measurem ents. T hese capilla ri es ha ving a vo lume 
about twice that of the samples w ere immediate ly sca led in order to 
maintain a constant hydratio n d uri ng th c experiment. T he absence o f 
changes in hydratio n Level was asce rtained by th e temperature reversibiLity 
of the ESR signa ls. 

ESR T he I'11C aSurClllc nts were perfo n-n cd on ;1 Varian E-9 spcctr0l11 c tc r 
equipped with the rec tangu lar c,wity. Temperature w as controlled w ith a 
nitrogen stream system fi'olll Ai r Products and C hemicals Inc. (Al lentown. 
PAl . ESR spcctra were obta ined at X -band (9. 150 G I-\ z) with a microwave 
power 0[20 mW , a m odulation frequen cy of 1 00 KH z. and an ampl itude of 
2.5 G . T h e sweep time was 4 min, the magneti c field scan was 100 G . and 
the detecto r time constant was 0.064 S. 

ESR Spectra Analysis Ge nera ll y the fluidi ty of a m embrane can be 
estimated from the order parameter S . wh ich can be ca lculated acco rding to 
Gaffuey (1976) using an express io n which incl udes the apparent parallel and 
perpendicill ar hypcr fi ne splitting parameters of the spectrum T;I and T:l 
(Fig 2) , and an empirica l correction fo r the d iffe rence between the true and 
apparent polarity . Since the resolutio n o f 21'~ is very poor a t low 
temperatures, we used the dependence o f 21';1 to 1I10 ni tor te mperatu re 
changes for 5-SASL and 12-S ASL. 

I.n the rapid m otion regime li ke in the case o f 16-SASL the reso lu tion of 
2TD b CC0l11 CS insll ft'icicnt fo r precise dctcrnllllat ion fro rn th\!. cxpcrirncntal 
lJlcctra (Fig 2<) . H owever, th ., use of the rotatio nal corre lation time Tc can 
be mad e for th e ana lys is of the spectra (S imo n . 1979): 

Tc = K . W n[(J'o / IL 1)"2 - I ]. (1) 

where K = 6.5 X 10- \(I S • G - ' , and "V" is the peak-to-peak lincwidth of 
the central line (M, = 0), "" and ,, _ , arc the intensiti es of the central and 
high fie ld lines, respectively (Fig 2) . 

Water Flux in SC (WFSC) T he experiment was perfo rmed according to 
Blank et at (1 984). SC was m ounted in a g lass difi~, s i on chamber, and 0 .8 ml 
of the aq ueous so lu tio n of K, CO, w as put in both the dono r and receptor 
fides of the chamber in o rder to control the IU-l of the environll1en t at 3 1°C. 
OnJy t h e vapo r above th e solutio ns. which had a IU -l dependence o n 
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Figure 1. Water content (w/w in th e wet tissue) in neonatal rat 
stratulll corneum in equilibrium with dift-erent r e l ative humidi ty 
leve ls of the ellvironlnent at 31°C . En ol' [,nr, m ean ::':: SD for n = 6. 

K, CO., concen tratio n. contac ted the SC. D urin g th e 3-day period , th e SC 
ca In e to cqui libriUtll \vith th e c llv irOll111 c ll t. alld after th at, 20 J-LI of tritiate d 
wa ter (HTO) waS in troduced in to the solution o n th l! do no r side thro ugh 
t.he septum \I sing a microsyringe. After 3 l\Iore days. 20-"", sampLes of donor 
and receptor so lu tio ns were coullted in 3 ml of sc intillatio n fluid (toluene 
2.4 111L, m ethano l 0.48 m l, and Liquifluol' 0.1 2 1111 ) using a Beckm an (model 
LS 100) li quid scin ti ll ation coun ter. In the sready state the WFSC fo r I-ITO 
was calcu lated using the foLl owing expressio n : 

R W 
J =_ . - . 

D A· t 
(2) 

w here J is th e steady-state Au x of HTO (mg' cm - 2 
• h - ') , R is COlln ts per 

m in (C PM) in receptor soill tion . D is C PM ill donor sol u tion. I'V is weight 
of so lu tion at do nor and receptor sides (800 m g), A is exposure arca of SC 
(0.54 em' ) . and I is exposure time (hours) . 

We assumed that the receptor count is always very low as compared to 
dono r cOunt (- 500,000 C PM) and the return All x of HTO /Tom receptor to 
do no r was neg li gi b le. \1(1e also assulll ed t.hat the perm eabi li ty co nstants of 
H oO alld HTO :\I'C iden tical. 

E lasticity The curves of m echan ica l te nsio n versus d isplacem ent o f SC 
weI''' measured with a Z uick Tensio m eter (mode l l 445 , Germany). T he 
fo llowing param ete rs wcre obta ined fi'o m the Clll'ves: the e lastic m odul us. 
the ruptllre te nsio n. and the e lo ngation ofSC (respectively . EMSC, RTS , 
ESC). T he width of the SC sClip was 14 mm, the length (in the direction of 
displacemellt) was 22 nlln . and the velocity o f displacem ent was 0.5 
nun' \ll\n - 1. The water content \\'as co ntroHcd irl a desiccator. and tl"lC 
111CaSlIl'l'111Ctlts \vcrc pcrfonned at anlbic l1t tCI11pcra turc (25 ± 3°e). 

Electrical Resistance of SC (ERSC) T he lIIeasurements were m ade 
with a Keithley Electro m eter (model 617, U .S.A.) and a pair of platin um 
e lectrode w ith Aa t f.,ces ha ving an arca of 3.8 Cl11 2 T he SC taken from thc 
desicca tor was placed between th e e lectrode fa ces. and the read ings were 
taken 5 s afte r the con tact. 

R ESULTS 

WCSC Figure 1 presents th e effec t of RH o n the w a ter binding 

capac ity of n eona ta l r at se in th e e quilibrium at 31 °e. We assume d 

that th e e quilibriulll wese at 0 % RH is ve ry s111a l1. O ur d a ta for 
n eon ata l rat arc similar t o those o btained b y Spencer et nl (1975) and 
Bl ank c( nl (1984) for hum an Sc. T h e d ata can be fit (corre lation 

coeffi c ie nt: I' = 0.98) to an exponential func tion: 

wese = 0.447cxp(0.047 X RH), (3) 

w it h WCSC e xpresscd as w / w and R.H in p e rcenta ge . T h e 

e xpone nti a l b e h avior of wese versu s RH sh ows that the m ech 

anism of water uptake b y the se c an b e unde rstood as a wate r 
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Figure 2. ESR spectra of spin labels 5-, 12-, and 16-SASL (n, I"~ c, 
respectively) iu intercellular membranes of stratun} conlellm fully 
hydrated (phosphate-buffered saline, pH 7.4) at 37°C. The measured 
paramete rs are indicated. 

cooperative effect. At low WCSC, the water is tightly bound and 
probably causes conformational changes of the protein keratin 
producing more binding sites with lower affmity and increasing the 
capacity to store water, even if it is loosely bound. 

ESR The spectra at 37"C for 5-, 12-, and 16-SASL in SC are 
shown in Fig 2 . ESR spectra are similar to the spectra observed in 
plasma membranes, and are characteristic for highly immobilized 
labels, as could be expected for the rigid SC membranes (Elias, 
1977, 1981) . This membrane rigidity is due mostly to its high 
cholesterol content (20-25% of total lipids) and the large amount of 
ceramides (40-50%) (Gray ct ai , 1982; Long et ai, 1985) with mainly 
saturated long chains containing 22 or 26 carbon atoms (Elias, 
1988) . Nitroxide reduction was not observed for these spin labels 
(Alonso et ai, 1995a) in contrast with our observatiollS for the spin 
labels Tempo and Tempol (Alonso et ai, 1995b) and for perdeuter
ated di-I-butyl nitroxide (Rehfeld e/ ai, 1990) . This indicates that 
the stearic acid spin labels are located almost exclusively in the SC 
membrane. 

No ESR. magnetic interaction among the spin labels was ob
served, thus showing that the spin labels w ere uniformly distributed 
among the membrane lipids of Sc. Given about 14% of SC lipids 
(Gray el ai, 1982), we can estimate the mean lipid: spin label molar 
ratio to be about 160; this is quite sufficient to avoid the dipolar 
interaction (Fung and jolmson, 1984). 

At low temperature and/or WCSC, sometim es we failed to 
resolve the 2 T ;I parameter, and, therefore, to calculate the order 
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parameter S. T he parameters 21';1' 2 T~ and S are the static 
paramete rs associated to the o rien tational distribution of spin label; 
in the membrane , although they are related to the changes in spin 
label niobility. T he 21';1 parameter generally decreases with mem
brane fluidity , and therefore C,ll) be used fOl: its characterization. 
Another parameter, the rotational correlation time T e , is directly 
associated with the motional reorientation of the spin label and 
consequentl y with the probe mobility in the membrane. In the case 
of 16-SASL the parameters 2T;1 and 2T~ are not resolved in tlle 
spectra (Fig 2) and th erefore the use of T o is more re liable. 

In Fig 3 the parameter 21';1 for 5-SASL and for 12-SASL and the 
parameter Tc for 16-SASL arc plotted as a fun ction of WCSC for 
three temperatures (31 °, 37°, and 45 °C). The m embrane Buid ity 
increased with the hydration level of the Sc. T he effect is m ore 
pronounced for the 5-SASL where the nitroxide group is near the 
polar headgroups of the lipids, sugges ting that, at the membrane/ 
water inte rf.Ke, where water interacts strongly with the membrane. 
the changes in the probe motion are greater. At higher tempera
tures the effec t for 5-SASL (Fig 3A ), almost did not change for 
12-SASL (Fig 3B) and diminished in the To m easurements for 
16-SASL (Fig 3C). 

Water Flux ofSC (WFSC) Figure 4 shows the steady state £IlL, 

) of HTO through SC in equi librium with difFe rent JU-Is of the 
environment, plotted as a fu nc tion ofRH or corresponding WCSC 
values (according to Fig 1). We in cl uded a theoretical point in Fig 
4B postulating a zero flux at 0% RH. The first four experimental 
points (at 46, 62,78, and 81% of R H) together with the theoretical 
point at 0% RH can be ni cely fi t to a Lin ear fu nction (I' = 0.99). 
while th e last two experimental points (at 93 and 100% of RH) are 
well above this stra ight line. According to Fick's law, under 
steady- state conditions 

) = Kill . D . (.lela), (4 ) 

where K", is the partition co eflicient of water in SC given by the 
ratio of concentrations (mg' cm - 3

) of HTO in SC and in me 
so lution, D is the diffusion coelti cient, .lc is the diffe rence ofHTO 
concentration at donor and receptor sides, and 8 is the membrane 
thickness. Under steady-state conditions, ) is constant across the 
membrane at each Rl-I va lue . In the isothennic and isovolul11ic 
diffusion chamber, .lc is proportional to RH, and 

) = K · RH, 

where K = Km . (D/8) . (.lc/RH) or 

K = Kp . (.lei RH) 

(5) 

(6) 

is a positive constant and K" is th e permeability constant . Equation 
5 and 6 show that the dependence of) vs RH is lin ear if KI' of SC 
is constant for all WCSC valucs. From the data presented in Fig 
4B, this seems to occur for RH up to 81 %. Above this RH, which 
corresponds to 18% W CSC, an in crease in the slopc of the curve 
sho ws an in crease in p ermeability, in agreement with the in crca e in 
fluidity at the C- 5 position of the acyl chain in this range of water 
contcnt (Fig 3A) . It is clear from Equation 6 that KI' can increase 
due to an increase e ither in K". or D, becau se 8 increases with RH 
(Blank ct ai , 1984). Blank cI al also calculated both K,,, and D for 
human SC and suggestcd that the increase in K,,, o r D with WCS 
plays an important role in the mechanism that controls the tran -
epidermal water loss. 

Elasticity Figure 5 shows the c lastic modulus, rupture tension. 
and e longation of neonatal rat SC as a fun ction of the WCSc. The 
EMSC and th e RTSC showed a biphasic behavior. At hydration 
below - 33% (w/w) an approximately exponential decay of both is 
observed a.nd, therefore , the semilogarithmic plots g ive a straight 
linc in tlus region. At lugher water contents the additional water 
behaved like a bulk liquid , affecting very slightly these parameters. 
The curve of ESC vs WCSC (Fig 5C) has a sigmoidal shape. At 
WCSC below - 18 tyo (w/w) the ESC practically does not chang\' 
undergoing a sharp increase between - 20 and 33% (w/w) ofwa t~r 

content. Above - 33% of WCSC, the changes in ESC, similarly to 
EMSC and RTSC, are not significant . 
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Figure 3. ESR parameter 2 T il for the spin labels 5-SASL (A ) and 
12-SASL (D) and rotational correlation time, "TC , for 16-SASL (q in 
intercellular membrane of neonatal rat stratum corneum at three 
different temperatures as a function of its water content. T he 
measurem ent temperatllres arc: 31°C (circles), 37°C (squares) and 45°C 
(iriangles). E,ror (Ja r. m ean ± SI) for n = 3_ 
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Figure 4. Steady-state water flux] in neolla tal r a t stratum cor
neulll at 31 °C a s a fun c tion of (A ) its water conte nt (w /w ill w e t 
tissue) , and (D) relative humidity (RH). T he equation is the lillear 
rq:,rressio ll fo r the first. five po.ints. '£'1"(Ir bar, m can ± 51) for n = 6_ 

ERSC T he ER SC in direction tran sversa l to the membrane plane 
is plotted as a fun ction o f W CSC in Fig 6. U p to approxim ate ly 
25'Yo (w/ w) of wa ter content, ER SC show ed an exponential f., 11 
with the increase of W CSC (1' = 0.99), and above this hydration 
level , the reductio n was less prono unced . 

DISCUSSIO N 

Hansen and YeUin (1972) have employed infi-ared and nuclea r 
magn etic resonan ce (NMlt) spectroscopy to in ves tiga te the mech
anism of wa ter uptake by human SC _ T he infrared results showed 
tha t water molecules exist in three different sta tes, depending on 
the water content. Converting th eir data relative to weight of wet 
SC, one can characterize these states as fo ll ows: a) below - 9% 
(w / w) , wa ter is tightly bound to the polar sites of SC pro te ins 
(primary h ydration) ; b) From - 9 up to - 28% (w / w), wa ter is 
bound to the primary water by hydrogen bonds; and c) above 
- 33% (w / w) , the wate r properties do not difte r from those o f bulk 
w ater. T he N MR relaxation measurements revealed at least two 
time constants, sugges tin g low er wa te r mobili ty at low wate r 
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Figurc 5. E la.ticity paramctcrs of nco natal rat stratum corncum as 
a function ofits water contcnt (w/w in wct tissuc) . T he equations into 
A and /3 are linear regressions 0 11 th e first five expe rim ental points 
(loga rithmic sca le). Err"r Ilt/r. mean ± SO for n = 6. 
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Figu re 6 . E lectrical resistance in nconatal rat stratum corneum as 
a function ofits water contcn t (w/w ill wct tissuc). The equation is the 
linca r regression for the first five experimenta l poin ts (loga ri thmic scale). 
Er .... r IlIIr. mcan ± SO for n = G. 

content and the mobility similar to that of bulk water above - 23% 
(w/w) . 

Fettyplace and Haydon (1980) reported that artificia l as well as 
b io logica l m embranes show increasing permeabi li ty with increasing 
m embrane flu id ity. H ydration increases the wate r dilFusion in SC 
(EI-Shime and Princen , 1978; Blank I'i nt, 19R4) and has been 
conside red as a very e ffective enhan ce r fo r drug permeation (Barry . 
1987; Potts and Francoeur, 1991). O ur results show that the 
membrane fluidi ty docs increase w ith the wate r content in the 
neonata l r;lt Sc. T he increase in fluid ity is larger in the layer ncar 
the polar headgroLlp (C-S position), w here wate r Ill o lecules fonn a 
slllall hydration shell that could enlarge the fi'ee space for segmental 
motion of the tl rst carbons in the acy l chain . 

It is in teresting to no te that the changes of 2 T;I for both 5- and 
12-SASL are more signifi ca n t above 18'!!', WCSC, w hile 7'c for 
I (,-SASL, which depends essentiall y on the free in te rchain spaces, 
experiences majo r chan ges be low 18% at all three temperatures 
(Fig 3). A n in crease in the rotatio llal m otio ll of nitroxide at the 
C -J 6 position below 18':lu WCSC may be rationalized in ten11S of 
the hyd ra tion of the protein keratin resul ting in the vo lume 
expansion of the corneocyte alld widenill g of fi'ee in terchain spaces 
until all water bindin g sites of the protein arc occupied. 

WFSC and Tc arc not in a re lations hip on would expect (Figs 3C 
and 4B). In our case 7'" changes mainl y up to 18% WCSC, exactly 
where Kl' is consta nt, and onl y sma ller variations were observed 
above this water content w here Kp and WFSC increase sharply. 
T his shows that the SC permeability is mo re close ly associated with 
the fluidi ty of the inte rceUul ar m em brane of the SC in the region 
nca r the polar headgrollps. 

Golden el ,, / (1987) measured the activation energy for water flu.x 
in po rcine SC and fOllnd a vallie of - 17 kca l/ m ol, which is in 
agreement with the values o bta ined fo r the diff"usion of water 
through hydrocarbon domain s m easured in li pid bilayers and 
liposomes (Knutson cI nl, 1986; Golden eI nl. 1987). Because the 
results arc similar, the au tho rs suggest that th e water flux through 
the SC is lim ited by dilfllsion thro ugh the ordered hydrocarbon 
doma in of the in tercellu lar lipids. O ur work shows a direct 
correlation between water flux and membra ne fluidity in SC. Thus, 
the transepidermal water loss may be controll ed by membrane 
fluidity of the SC. Penetration through the region of the first carbon 
atom s of the acyl chain s w here the fluidity is lower sho uld be the 
rate-limi tin g step fo r water transport , in agreement with our data. 
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The water loss ;11 11;1/ () for neonatal rat is similar to human skin 
being about 3.0 g' 111 -

2 
• h - I at an ambient IU-{ of 50-60%. 

(Servomed evaporimeter, data not shown.) Based on the data ;11 

vitro (Fig 4A), we can estimate the water content of the o uter laye rs 
of neonatal rat SC ;11 lIillO to be - 33'X,. This value is considerably 
greater than the values observed ill I/ ifro at the same RH (Fig 1). It 
can be explained b y the contact of outer layers with the more 
hydrated innermost layers of the SC and by the continllollS water 
flux across the SC ill I/ ill o. 

The biomechanical properties of the SC detennine the viscoelastic 
properties of the epidelmis (Christensen ef aI, 1977). T hese properties 
have b een assessed ill I/ ill O using special instrum entation (Cluistensen cf 

aI, 1977; Maes ef nl, 1983; Cooper 1'/ nl, 1985) that measure objectively 
the SC contribution. T illS methodology shows that the skin hydration 
is i.mportam for the improvement of the elasticity at the skin surface 
leveL Our results show that the elasticity parameters EMSC, RTSC, 
and ESC change mainly at low WCSC when the filling of water 
binding sites of the proteins occurs (Figs SA and SB). Probably, these 
paralTIeters are dependent only on the keratin properties in the SC 
Above 33% WCSC alterations are insignificant, and below 18% 
WCSC the protein is insufr"iciently hydrated so that the SC looses its 
elongation capacity (Fig sq. Since there is a gradient of water 
concentration across the SC in the direction inside the body, the outer 
cell layers of SC have the lower water content and, therefore, they 
experience a stronger mechanical stress. T his phenomenon could have 
a biological function in the mechanism of nomlal and abnormal skin 
desquam ation. T hese ollter cell layers also are the rate-limiting for the 
transepidermal water loss due to their lower water content. 

Leveque and Rigal (1983) reviewed the impedance methods for 
measuring SC moisturization. As they pointed out, the water mole
cules are able to form a continuous network of hydrogen bonds, and 
the presence of an e1ectdcal field allows the proton to exchange 
between H)O+ and OH- within the SC and, thus, generates the 
current. Among other mechanisms proposed to explain how water can 
cbange the electtical properties of the SC, this seems to be the more 
direct and important one. Within this conception, in the re!,rion of 
W CSC where the network of hydrogen bonds is being fonned (below 
- 25% ), the behavior ofERSC versus WCSC is an exponential decay, 
and above this WCSC the decay is slight. 

The resolts of tlus study show that there exist two critical levels of 
W CSC: about 18% and 33%. Below 18% of WCSC, a mobility of 
deepest parts of hydrocarbon lipid chains increases along Witll the 
major changes in elastic and electric properties of SC membrane. 
Above 18% WCSC, tile hydration of the polar region of SC mem
brane increases its fluidity, and the efficiency of water transport 
through tile membrane builds up sharply. The mobilization of the 
middle part of hydrocarbon chains occurs at WCSC above 33%, when 
elastic and electric parameters become hydration-independent. 

These studies show an application of tlte ESR technique and 
membran e spin probes as a fine methodology to analyze the fluidity 
behavior of inte rcellular lamellae of intact SC. This approach may 
be used to investigate drug-lipid interactions in the SC, as well as 
different cases of skin diseases and les ions. 
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