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Summary 

Excised hairless mouse skin (EHMS) is used to evaluate the potential of sodium choleate (NaCOL), an ox bile extract 

containing the sodium salts of taurocholic. glycocolic. desoxycholic and cholic acids, and of the free choleic acids (HCOL) to 

enhance the transcutaneous penetration of progesterone (PGT) and prednisolone (PDN). EHMS is pretreated with aqueous 

dispersions of the enhancers, then the steroids are allowed to permeate through the pretreated EHMS from normal saline under 

occluded conditions. NaCOL is ineffective whereas HCOL produces structural modifications of the stratum corneum, resulting in 

increased skin permeability of both steroids. The chloroform-soluble components of HCOL interact strongly with stratum corneum 

lipids, as demonstrated by differential scanning calorimetry, thus facilitating PGT penetration. The chloroform-insoluble compo- 

nents of HCOL interact with more polar structures of stratum corneum. thereby promoting PDN transport. The data also suggest 

the existence of a parallel drug co-transport mechanism by the more lipophilic HCOL components. 

Introduction 

Excised hairless mouse skin (EHMS) has been 
used extensively for studies of transdermal drug 
penetration enhancement. A prospective clinical 
application of the penetration-enhancing agents 
studied is generally not the sole scope of these 
studies. In fact, the research in this field has 
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often been aimed at clarifying the correlations 
among the enhancer-induced structural modifica- 
tions of the biological membrane, the penetration 
enhancement effect, and the physicochemical 
properties of the penetrant, in view of rationaliz- 
ing the choice of the proper enhancing agent for 
a given drug. 

Some authors have warned that using EHMS 
in place of human skin might lead to substantial 
overestimations of drug permeability (Bond and 
Barry, 1988). Nevertheless, EHMS may still be a 
useful model for studies of the mechanism of 
enhancement of solute transport across the horny 



layer. not requiring similar pcrmeahilitics of hll- 
man and model skin. Indeed, the type of human 
skin is typically not well controlled, leading to 
variation in age. diet. disease state, etc.. and in 

turn. to excessive variability of permeability cocf- 
ficicnts. 

In the present study, EHMS has been used to 

evaluate the potential of sodium cholcatc 

(NaCOL). ;I cheap and readily available ox bile 
extract containing the sodium salts of taurocholic. 
glycocolic, desoxycholic and cholic acids, and of 
the free choleic acids (HCOL), obtained by acidi- 
fication of NaCOL, to interact with skin compo- 
ncnts and structures and to enhance the pcnctra- 
tion through skin of steroids having very different 
polarity, such as progcstcronc (PGI‘) and prcd- 
nisolonc (PDN). 

The ability of the putative penetration cn- 

hanccrs to affect the degree of order of the lipid 
bilayers in the horny layer has been asscsscd by 
diffcrcntial scanning calorimetry (DSC) and cor- 
related with the penetration enhancing cffcct. in 
order to gain information on the mode of action 
of the agents. 

Bile acids arc known to be cffcctive promotcra 
of drug transport across epithelial membranes. 
Yet. littlc effort has so far been made to test their 
action on skin. The present work was intended to 

provide preliminary indications for more in-depth 
investigations with specific components of Na- 

COL. 

Materials and Methods 

Mu terials 

The following commercially available materials 
were used as received: progesterone (PGT) and 
prednisolone (PDN) (Merck, Darmstadt. Gcr- 
many), sodium cholcate (NaCOL) and trypsin 
from porcine pancreas (type II: Crude) (Sigma 
Chemical Co., St. Louis, MO, U.S.A.). 

The strongly acidic ion exchanger Amberlitc 
IR-I 18H (Sigma) was thoroughly rinsed with 
deionized water prior to use. 

The excised hairless mouse skin (EHMS) spcc- 
imens were dorsal sections taken from 6-10 week 

A portion of Na<‘OL. was converted intO t hc 
acidic form by gradually adding 211 I I (r ;ICIIICO~~ 

NaCOL solution (pH 0.77) with the ion c%\- 
changer Ambcrlitc IR-I ISH. until ;I constant 111 I 

01‘ I .h7 was reached. The initially clear solution 
turned into ;I turbid dispersion. u hich showed 110 

tendency towards sedimentation. ‘l‘hc ion CI\- 
changer was removed by filtering through gt;ls\ 
wool. the dispersion was cvaporatud to drynes\ 
under reduced prcs\urc \cith the aid of anhydrous 
ct hanol. and the residue W;II\ vacuum dried ;~t 
50°C and pulvcrizcd in a mortar (H(‘OL). 

A portion of t1C‘OL was repeatccll!~ cstracted 
at ambient tcmperaturc with 500-ml \,olumcs 01’ 
chloroform until no appreciable rcsiduc was found 
in the evaporated extract. The chlorol’(~rm-~~)~~~~~l~ 
(HC‘OL(I)) and chlorotorl7i-insoiuhlc (HC’OL(II)) 
materials were vacuum dried at 50°C‘ and pulvcr- 
izcd in a mortar. ‘I’hcy wcrc in 
I : 2 w/w. 

I’rcpratioti of’ icoirrtc~d .vtrritrrttr 

ttiis 

Isolated stratum corncum 

the proportion 01 

sheets wcrc ob 

taincd by treating EHMS with trypain according 
to ;I previc>usly dcscribcd tcchniquc ((‘ampigli CI 
al., I ‘)XS). 

The HCOL(I) fraction was used to remove t hc 
epidermis from EHMS by the following proce- 
durc. 

Water was absorbed into HC’OL(I) by Icvig!a- 
tion, until a sprcadablc, though viscous. paste 
resulted. The EHMS specimen was placed, dcr- 
mis side down. on a teflon plate, and the HC’OL(I ) 
paste was spread on the epidermis. Next, the 
system was occluded with aluminum foil anti kept 
for 23 h at 30°C. after which the paste. and the 
epidermis sticking to it, could easily be removed 
from the dermis by gently rubbing with 21 spatula. 
Microscope observation showed that separation 
had neatly occurred at the basal Iaycr Ic\,cI. The 



dermis was immediately used for the permeation 
experiments. 

Permeution experiments 

The permeation cells for semisolid vehicles 
described in a previous report (Campigli et al., 
1988) were used for these experiments. Prior to 
the permeation experiment, the epidermis side of 
each EHMS specimen was maintained in contact 
with the agent to be tested for 24 h at 30°C. This 
was carried out by assembling the empty cell with 
the epidermis side of EHMS facing the receiving 
compartment, and then introducing 300 ~1 of the 
pretreatment agent into this compartment. Fol- 
lowing prctreatmcnt, the cell was disassembled, 
the skin tlushed with normal saline containing 
0.035% formaldehyde as a preservative (NSF), 
the donor compartment filled with a paste-like 
suspension of the steroid under study in NSF, the 
cell reassembled with the epidermis side of EHMS 
(or the stripped side of the dermis, in some cases) 
in intimate contact with the steroid suspension, 
and the receiving compartment filled with 5 ml of 
NSF. In a few cases to be specified no EHMS 
pretreatment was performed and a paste-like sus- 
pension of the drug in the vehicle under study 
was used as the donor phase. Four cells were 
generally run concurrently at 30°C. The drug flux 
measurements started after at least 6 h from the 
beginning of permeation. At time t, from the 
start of permeation the receiving solution was 
completely renewed, at time tz the amount of 
drug, Q, having penetrated into the receiving 
phase during the interval t2-t, was determined, 
and the tlux, /, at time t = t, + (tz--t ,I/2 was 
computed according to the equation: J= 

Q/t A( tL-t ,)I, where A is the cross-sectional area 
of permeation. In no case was the interval t,-t, 
so long as to allow the permeant concentration in 
the receiving phase to exceed 10% of solubility. 

In order to determine the drug content in the 
receiving phase, each sample (3 ml) was shaken 
with 8 g of chloroform. After centrifugation (4000 
rpm, 20 min) the aqueous phase was removed by 
suction and the organic phase (7 g) was trans- 
ferred to a new centrifuge tube and evaporated to 
dryness at 40°C under a stream of nitrogen. The 
residue was dissolved in 200 ~1 of methanol and 

the solution analyzed by HPLC, using a Partisil 
ODS-3 column (C,,- 5 pm, 25 cm x 4.6 mm, 
Whatman, Clifton, NJ, U.S.A.) and UV detection 
at 248 nm. For PGT, the mobile phase was a 
methanol-water (7 : 3) mixture, while a methanol- 
acetonitrile-water (3 : 3 : 4) mixture was used for 
PDN. The flow rate was 1.0 ml/min. The stan- 
dard aqueous solutions used for calibration were 
processed in the same way as the samples. 
Testosterone and cortisone acetate were used as 
internal standards for PGT and PDN, respec- 
tively. 

Determination of stratum corneum-NSF partition 

coefyicien ts 

Small sheets of isolated stratum corneum taken 
from three animals were pooled, then divided 
into two portions of which one was immersed in a 
30% HCOL dispersion in NSF (HCOWO), the 
other in NSF, for 24 h at 30°C. Subsequently, 

each portion was processed as follows. The stra- 
tum corneum pieces were withdrawn, thoroughly 
rinsed with water, blotted dry with filter paper, 
and vacuum dried at ambient temperature. A 
weighed amount (around 20 mg) was immersed in 
4 ml of an 8 pg/ml PGT solution in NSF, the 
suspension was deaerated by suction in order to 
ensure thorough wetting of the stratum corneum, 
and kept at 30°C for 60 h. Thereafter, it was 
passed through a teflon filter (pore size, 5 pm) 
and the clear solution was analyzed for PGT as 
described above. Partition coefficients of 1022 

and 292 (expressed as w/w ratios) were deter- 
mined for the stratum corneum treated with 

HCOL30 and NSF, respectively. 

DSC measurements 

A Mettler TA 3000 system, consisting of a TC 
10 TA Processor, a DSC 20 measuring cell and 
printer/plotter, was used for these studies. 

Isolated stratum corneum pieces taken from 
the same animal were treated with the agents to 
bc studied for 24 h at 30°C. Then, after thor- 
oughly rinsing with water, blotting dry with filter 
paper, and vacuum drying (around 10 Torr) at 
ambient temperature for 24 h, the samples were 
weighed (accuracy: f lop5 g) in sealed aluminum 
pans and scanned over a temperature range of 



- 10 to + XO”C, at a heating rate of 10 K/min 
(the measuring cell worked in a freezer at - 45°C). 
Type 8 was chosen as the integral baseline. This 
is a curve joining the measured points at the start 
and end of integration, allowing determination of 
the pure energy of transition in cases whcrc a 
change in specific heat is associated with the 
transition. 

Results 

The pretreatment tcchniquc was adopted in 
this study in order to demonstrate and to assess 
modifications of skin. relevant to drug flux, caused 
by the agents. The permeation experiments fol- 
lowing the pretreatment were always carried out 
with a drug suspension in NSF, as the donor. 
Under these conditions, the effects of the agents 
could be gauged. in the same manner as that 
described in previous papers by the present au- 
thors (Di Cola et al., 1989; Nannipieri ct al.. 
199C)), by means of the R(/) value, defined as the 
ratio of drug flux through skin pretreated with 
the agent to that taken from the same animal, 
pretreated with a reference. Where required. the 
statistical significance of the difference between 
agent and reference was evaluated by Student’s 
t-test for paired data. 

Permeutiorz studies employing PGT 

In Fig. 1 the time profiles for PGT flux across 
full-thickness skin pretreated with NSF and iso- 
lated dermis taken from the same animal arc 
displayed for the purpose of comparison. The flux 
for the full-thickness skin shows a trend toward 
gradual increase during the first 3 days of pcrme- 
ation. then increases sharply on day 4, after which 
the flux values closely match those relative to the 
isolated dermis. 

According to these data, the resistance of the 
epidermis to PGT flux became negligibly small 
compared to that of the dermis after little more 
than 4 days of contact with NSF (1 day of prc- 
treatment plus 3 days of permeation). Deteriora- 
tion of the barrier function of EHMS is known to 
occur after prolonged exposure to aqueous me- 
dia, due to microbial growth (Van der Merwe and 

Ackermann. 19x7: Van dcr Merwc et at., IWS). 

Very recently it was shown that 4uch a low 
formaldehyde concentration in the receiving 
phase as that used in the present pcrmcation 
experiments is not sufficient to provide full pro- 
tection for EHMS against microbial damage 
(Sloan et al.. 1991 1. Nonetheless. the data in Fig. 
I show that for the first 3 days of pcrmcation the 
epidermis, although becoming damaged. still prc- 
sentcd a significant resistance to PGT flux. In 
particular, the flux values in the interval 30-70 h 
were similar and could he mediated. A virtually 
constant flux during such an interval was also 

observed with EHMS prctreatcd with alI of the 
agents under study. Thercforc, meaningful I<(./ 1 
values could bc calculated from avcragc flux ~tl- 
ucs in the interval 30-70 h. 

Consideration of the data in Fig. I suggestx 
that with PGT as the pcrmeant and NSF as the 
refercncc. if the permeability of the dermis to the 
drug is not enhanced by the agent under stud). 
then K(J ) values substantially greater than 2 ;II-c 

unlikely to be attained, howcvcr cffectivc the 
agent may be in reducing the diffusional rcsis- 
tancc of the epidermis. This is due to the strongly 
lipophilic nature of PGI‘ whereby the diffusional 
resistances of the epidermis and dermis arc of’ the 
same order of magnitude. Similar consideration5 



have been made about the penetration of PGT 
through full-thickness human skin (Barry and 
Bennet, 1987). 

Data on the effect of pretreating EHMS with 
the agents under study are listed in Table 1. 
Comparison between a 3Oc/; NaCOL solution in 
NSF (NaCOL.30) and NSF resulted in no signifi- 

cant difference. which indicates that the choleate 
solution as such was unable to produce any 
stronger modification of the PGT permeability 
through EHMS than that caused by NSF itself. 
This consideration is confirmed by the strict simi- 
larity of the flux vs time plots for EHMS prc- 
treated with NaCOL30 or NSF. illustrated in Figs 
2 and 1, respectively. On the other hand. a 30% 
dispersion of the free bile acids in NSF (HCOL30) 
led to an K(J) value in accord with a significant 
penetration enhancement with respect to NSF. 

The permeability of the inner aqueous tissues 
of EHMS was substantially unaffected by 
HCOL30, as shown by the virtual correspon- 
dence, seen in Fig. 2, between flux values relative 
to full-thickness skin pretreated with HCOWO 
and to isolated dermis. 

The lipid-soluble components of HCOL wcrc 
removed from HCOL by extraction with chloro- 
form, and the residue, HCOL(II), was used to 
investigate the relevance of such components to 

Reference Jr (SD.) .’ Agent/ R(J) (S.D.) “ 

(fig hK’ Reference 

cm-‘) 

NSF 0.47 (0.12) HCOWO,’ 

NSF 2.08 (0.88) 

11c’OL(11)30/ 

NSF I .24 (0.23) 

NaCOL30,’ 

NSF 0.93 (0.28) 

HCOL(I1)3t1 0.69 (0.13) HCOL30/ 

HCOL(I1)30 1.62 (0.18) 

I’ Mean and standard deviation (S.D.) for four runs. The value 

for each run was an average of those in the 30-70 h interval. 

R(J): ratio of drug flux through skin pretreated with the agent 

to that. taken from the same animal, pretreated with ;I refer- 

ence (Jr). 

1 .o 

i 

t 

Fig. 2. Flux (J) vs time profiles for PGT through EHMS 

pretreated with l~c‘OL30 ( n ) or NaC‘OL30 (0 ). or through 

the laolatcd dermis (0 1. All profiles xbrre ohtaintd with 

ElIMS specimens taken from the rame animal. Data repre- 

sentative of three experimenl\. 

the overall penetration enhancing effect of 
HCOL. No statistically significant difference re- 
sulted between the effects of a 30% HCOL(II) 
solution in NSF (HCOL(11)30) and NSF. On the 
other hand, direct comparison between the cf- 
fccts of HCOL30 and HCOL(I1)30 indicated a 
significantly greater effectiveness of the former 
( P < 0.01). Hence, the lipid-soluble components 
of HCOL can safely be considered of great rele- 
vance to the enhancing effect of this material on 
PGT penetration through EHMS. 

Fig. 3 compares the time profiles of PDN flux 
through full-thickness skin and isolated dermis 
taken from the same animal. The flux values for 
the dermis exceed those for the full-thickness 
skin by two orders of magnitude. This demon- 
strates that the epidermis is virtually the only 
barrier to PDN permeation through EHMS. 
Hence, the in vitro flux of PDN is expected to be 
much more sensitive to changes in epidermis per- 
meability induced by the agents under study than 
was the PGT flux. Fig. 3 also shows that the PDN 
flux through full-thickness skin remained virtually 
constant for the first 4 days, after which it tended 
to increase. This finding is in accord with the 



progressive microbial spoilage of the skin. previ- 
ously noted with PG’I‘ as the pcnetrant. Accortl- 
ingly. the cffccts of the agents were cvaluatod 
based on the R(J ) values calculated from average 
.I values in the 30-70 h interval, xs prcviousl>, 
performed when dealing with PGT. 

The results arc rcportcd in Tahlc 7. It should 
bc stressed that the effects of ;I given agent on 
epidermis permeability to PDN and PGT cannot 
bc compared through t hc corresponding K( .I ) 
values, since the PGT flux through EHMS i4 

strongly influenced by the dermis layer. As 
demonstrated by the data in Tahlc 3, the penctra- 
tion accelerating effects of both HCOL30 and 

HCOL(I1)30 were rcmarkablc. In f’act. no statisti- 
cally significant differcncc was observed between 

the two agents. 
These results indicate little if any relevance of 

the lipid-soluble components of HCOL to the 
effect of pretreatment with this agent on PDN 
penetration through EHMS. Since the revcrsc 
was tound with PGT as the penetrant. thcrc 
appears to be more than one mode of action of 
HCOL on skin. Discussion of this point will be 
resumed later. 
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Fig. 3. Comparison between flus (J) vh time profiles for PDN 

through full-thickness EHMS pretreated with NSF (0) and 

isolated dermis taken from the same animal ( q ). Each profile 

I\ ~hc man of two EHMS specimens taken from different 

dorsal areas. Data reprewntative of three euperimentu. 

The HCOL30 dispersion had :I pH of 1.5. i.c.. 
well below the physiological value for skin. How- 
ever. the permeation enhancing cffoct of scm- 

neutralized HCOL30 (HCOL(HNU0). which was 
;I dispersion of 15% HCOL and l5(G NaC’OL in 
NSF with a pH of 3.5, was substantially weaker 

than that pertaining to HCOL30. as appears I‘rom 
the K( .I) value for HCOL,3O/t~(‘OL(HN)30 in 

Table 2. Such ;I difference bctwccn the cffccts ol 

HCOL.30 and HCOL(HNM) is not believed to be 
due solcty to the difference in their pH volucs. 
since we ascertained that the flux of either P<;‘I‘ 
or PDN through EHMS pretreated with isotonic 
HCI, pH 1.5. was not significantly diffcrcnt I‘rom 
the respective values detcrmincd with NSF as the 
pretreatment solution. The penetration cnhanc- 
ing effect of HCOL(HN)30 was c~en ucakcr than 
that of ;t dispersion of 155 HC‘OL. in NSI; 
(HCOLIS. see Table 3). as evaluated based on 

the paired comparisons method ( I’s: 0.05). In- 

deed, the prcsencc of NaCOL may decrcasc the 
effectiveness of HCOL through the formation ot 
mixed miccltes. 

The cffcct of HCOL concentration in the prc- 
trcatmcnt dispersion on PDN flux was investi- 
gated by dctcrmining the 13.1) KIILIC‘ l’or ;t given 
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Fig. 4. Effect of HCOL concentration in the pretreatment 

vehicle on PDN flux through EHMS. The R(J) value for the 

different concentrations was calculated with IICOL30 as the 

reference. Each aeric of data points was obtained with the 

concentration relative to the reference concentra- 
tion of 30%. The results are shown in Fig. 4. As 
can be seen, a reduction of the HCOL concentra- 
tion from 30 to 10% corresponds to a decrease in 
flux by around 50%. 

Permeation experiments where PDN suspen- 

sions in HCOL30 or HCOL(II)30 were applied to 
non-pretreated EHMS were carried out to invcs- 
tigate possible drug cotransport phenomena by 
some components of HCOL. The flux data ob- 
tained are represented in Fig. 5. Comparison 
between the / values for the two vehicles corre- 
sponding to each value of time by the paired 
comparisons method indicated a significantly 
higher flux for HCOL30 (P < 0.01) since the ini- 
tial period. This result can be reconciled with 

51 
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Fig. 5. Flux (./) vb time profiles for PDN permeation through 

EHMS from HCOL30 (0) or HCOL(II)Xl (0). Each data 

point represents the mean of four values. Vertical bars repre- 

sent the range. 
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Fig. 6. DSC traces for isolated stratum cornrum taken from II 

yingle animal, prctrrsted with HCOL(IIW (tract A. _ttf = 

14.0 J/g (49.X”C)). or NaC’OL (trace B. -1H = 15.X J/g 

(d7.9”C)). or NSF (tract C. AII = l8.0 J/g (4X..S’C)). or 

HCOL30 (trace D. -IH = 2.3 J/g (IO.X”C)). The thermograms 

are normalized by the weight of the sample. Data rrpresznta- 

tive of three animal\. 

those of the pretreatment experiments, which 
demonstrated a non-significant difference be- 
tween the effects of HCOL30 and HCOL(II)30, 
by hypothesizing that drug cotransport across the 
skin by some lipid-soluble components of HCOL 
represents a mechanism of permeation enhance- 
ment parallel to structural modification of EHMS. 

DSC studies 
It has been reported that thermal transitions 

of the stratum corneum lipids associated with 
increased mobility occur in the temperature range 
27-67°C (Knutson et al., 1985). In Fig. 6 thermo- 
grams are compared for stratum corneum treated 
with the agents under study for the same time 
and at the same temperature as for the pretreat- 
mcnt of EHMS employed for the permeation 
studies. The transitions shown by the thermo- 
grams in Fig. 6 can safely be ascribed to a disor- 
dering of stratum corneum lipids. It clearly ap- 
pears from such thermograms that the treatment 
with HCOL30 was the only one causing a dra- 
matic decrease in both the enthalpy and the peak 
temperature of the transition, while NaCOL30 



Discussion 

The pretreatment of EHMS with aqueous Na- 

(‘01~ resulted in no significant effect on \kin 

pcrmeahility to cithcr PGT or PDN. Nor did this 

agent produce any structural modification of the 

horny Iayer lipids that could be dctectcd by DX’. 

Yet. bile salts such as sodium cholatc and ;I 

combinalion of taurocholatc and glycocholate 

have recently been found to enhance the percuta- 

~C‘OLIS penetration of indomethacin and the 

hypocalccniic peptide elcatonin. respectiveI!, 

(Chiang cl al.. 1091: Ogiso ct al.. IYYI 1. In ordcl 

to rcsolvc 5uch an :rpp;ircnt contradiction. it 

should be considered that in the casts cited the 

bile salts were kept in contact with the skin 

throughout the pcrmcation experiment. so the\ 

might favour drug penetration by some cotrnns- 

port mechanism. 

On the other hand. HC’OL gave rise to a 

structural modification of OHMS resulting in in- 

cl-cased permeability to both steroids. The free 

carhoxylic function of the acids appears from 

these results to be of fundamental importance to 

the interaction of these acids with EHMS. ‘l‘he 

DSC studies have suggested that the lipid-soluble 

components of HCOL interact strongly with the 

stratum corneum lipids. thus perturbing the order 

of the bilnycrs. Such an effect is expected to 

facilitate the tr~inscut~incc)tis pcnctralion through 

the lipid domain of the \tr:ituni cot-ncuni. (‘on- 

w~-hcIl. tlic chlorofol-ni-iiisotLit~l~ coniponcnt5 of 

H<‘OI. should c’ucrt ;I niinol- cI‘fcc1 on such ;I 

roulc 01‘ pcnctration , ;I\ indicated bh, thcii- fiiilurc 

to substantialI! alter the Ihcrnial tr:in5ition\ 01 

the stratum corncum lipids. l-hi\ reasoning i\ 

supported by the permeation data for f’(i’I‘, which 

is ;I highly lipophilic nioleculc. 5upposcd to tr;t- 

kcrsc the lipid pathway. The permeation of’ ITiT 

was inriecd enhanced hy Hc’Ol30. whereas little 

it‘ any cnhanccnient was found with ti(‘OL( IIUO. 

The chloroform-ins~)tut~l~ conipc~nents of I IC’OI. 
wcrc probably able to interact with more polar 

structures of the stratum cornuuni. in order to 

Uacilitatc the pcnctration of I’DN. This hypol hc- 

sis is based on the following considerations. .l‘hc 

PDN 11~1s was c~~Il;~~lcccl 10 ;I non-.\ignific~tti~t~ 

dif‘l‘crcnt dcgrec by HCOL.30 and lI~‘OL(11)3~~. 

We detcrmincd ;I value of 37 for the PDN oc- 

tanol-water partition cocfficicnt. This value is 01’ 

the same order of magnitude as the octanol-watct 

partition cocfficicnts for t hc hydrocortisonc 

derivatives that wcrc found to partition pret’cr- 

ably in the protein domain of the horny layer 

(Raykar ct al., 1YSX). therefore. it is rcasonahlc IO 

cxpcct I’DN to pcnetrntc mainly by the polar 

rroutc. 

As already pointed out. the dala in I;ig. 5 

suggest that the lipid-soluble components 01’ 

HC’OL. in addition to altering Ihe structure ot 

the lipid bilayers. can also accclcratc xteroid pcr- 

nication by ii cotransport mechanism. Such ;I 

phcnomcnon could bc dctccted by pcrmcalion 

cxpcrimcnts only with PDN. since the dermis 

control of PG1‘ penetration hinder-cd the mea- 

rurement of accelcrution effects with this steroid. 

In conclusion, the multiple et’fucts of HC’OI, 

on drug penetration through I!HMS demon- 

stratcd in [his paper warrant ~LI~LII-c \vork aimcrl 

at identifj4ng the individual component5 of the 

mixture rcspmsihlc for such effects. 
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