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bstract

The effects of fatty acids at various concentrations in propylene glycol (PG) on the in vitro permeation of alendronate from solution formulations
nd formulated pressure-sensitive adhesive (PSA) transdermal delivery systems through excised hairless mouse skin were investigated. Caprylic
cid, capric acid, lauric acid, oleic acid and linoleic acid at concentrations of 3, 6 and 10% were employed as a fatty acid. The highest maximum
ermeation flux was obtained with 3% capric acid in PG followed by 6% capric acid and 3% oleic acid from solution formulations; the enhancement
actor by the addition of 3% capric acid to PG was 20.5 compared to PG alone. On the contrary, from PSA transdermal delivery systems, the highest
nhancement factor of 2.9 was attained with 6% caprylic acid in PG compared to PG alone. The maximum permeation flux and lag time from PSA
ransdermal delivery systems by the addition of 6% caprylic acid to PG were 195.68 ± 26.6 ng/cm2/h and 0.6 ± 0.3 h whereas PG without fatty
cids showed 67.3 ± 5.8 ng/cm2/h and 0.5 ± 0.4 h, respectively. The PSA transdermal delivery systems initially provided very high permeation rate

ollowed by a gradual decrease regardless of the fatty acids. The highest release rate was also obtained with the formulation containing 6% caprylic
cid in PG although release rates were not matched with permeation rates perfectly. In conclusion, for effective transdermal delivery system of
lendronate, 6% caprylic acid in PG could be employed.

2008 Elsevier B.V. All rights reserved.
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. Introduction

Alendronate sodium (sodium 4-amino-1-hydroxybutylidene-
,1-bisphosphonate trihydrate) is a potent inhibitor of bone
esorption mediated by osteoclast (Schenk et al., 1986; Sato
nd Grasser, 1990; Beek et al., 2003; Gur et al., 2005). It has
een used for the treatment of a variety of bone diseases includ-
ng osteoporosis, Paget’s disease and metastatic bone disease
Hosking et al., 1998; Russell and Rogers, 1999).

Even though alendronate is considered as the drug of choice
or the treatment of osteoporosis, its use has been limited due
o the complexity of administration. Alendronate has very low

ioavailability less than 1%, and the absorption is reduced by
o-administered drugs or foods by 60% (Ptáček et al., 2002;
acy et al., 2007), therefore, it is recommended that the drug

∗ Corresponding author. Tel.: +82 2 3277 4376; fax: +82 2 3277 2851.
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e administered at least 30 min before taking other drugs or
oods.

The main adverse drug effects are gastrointestinal troubles
ncluding esophagitis, abdominal pain and acid reflux. To pre-
ent these adverse drug events, patients should sit up or walk
or more than 30 min after taking the drug (Lacy et al., 2007).
onsidering most patients with osteoporosis are elderly people,
any patients have difficulties with following the administration

rocedure.
Since the transdermal delivery reduces the gastroinstesti-

al problem, it has been recognized as an alternative route to
ral delivery (Ansel et al., 1995; Gwak and Chun, 2002; Cho
nd Gwak, 2004). In addition, the advantages of the transder-
al delivery are as follows: avoidance of metabolism by oral

dministration, and constant maintenance of plasma drug con-

entration.

The stratum corneum is known to have an excellent barrier
roperty against skin penetration. Four mechanisms have been
uggested to overcome this problem. One possible mechanism

mailto:hsgwak@ewha.ac.kr
dx.doi.org/10.1016/j.ijpharm.2008.01.050
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s the reduction of skin resistance as a permeability barrier by
isruption of tightly packed lipid regions of stratum corneum,
hich consequently increases penetration through the intercel-

ular lipid matrix (Aungst et al., 1990). Another mechanism
s increased skin/vehicle partitioning of the drug. Green et al.
1988) reported that the permeation enhancement of naphazo-
ine by fatty acids could be caused by ion pair formation between
rug and fatty acids, resulting in the increase of partitioning
nto the stratum corneum. A third likely mechanism of skin
ermeation enhancement is increased solvent transport into or
cross the skin. The results of increased solvent penetration may
nclude increased drug solubility in the skin and increased skin
enetration of the drug if the drug has a high affinity for the
olvent (Yamada et al., 1987). The remaining proposed mecha-
ism is increased drug solubility in the vehicle. Generally, acidic
nhancers have been used to increase the solubility of basic
rugs, and vice versa (Aungst et al., 1990).

The objective of this paper was to examine the feasibil-
ty of developing alendronate transdermal delivery systems by
nvestigating the effects of fatty acids in PG on the percu-
aneous absorption of alendronate using the hairless mouse
kin.

. Materials and methods

.1. Materials

Alendronate sodium trihydrate and pamidronate sodium
internal standard, IS) were kindly supplied by Whanin
harmaceutical Company and Hallim Pharmaceutical Com-
any, respectively. Propylene glycol monolaurate (PGML,
auroglycol® 90), propylene glycol monocaprylate (PGMC,
apryol® 90) and diethylene glycol monoethyl ether (DGME,
ranscutol® P) were obtained from Gattefossé (Gennevilliers
edex, France). Ethanol, propylene glycol (PG), isopropyl alco-
ol (IPA), calcium chloride, sodium dihydrogen phosphate,
odium hydroxide, hydrochloric acid, potassium phosphate,
odium acetate, acetic acid, sodium citrate and citric acid
Duksan Pure Chemical Co., Ansan, Korea) were used. Iso-
ropyl myristate (IPM), caprylic acid, capric acid, lauric
cid, oleic acid, linoleic acid and 9-fluorenyl methylchloro-
ormate (FMOC) were purchased from Sigma Chemical Co.
St. Louis, MO, USA). The diethylamine (DEA) solid-phase
xtraction (SPE) cartridges were used (Strata, Phenomenex,
SA). Acetonitrile and methanol used were of HPLC grade.
crylic pressure-sensitive adhesive (PSA) solutions in organic

olvents which were Duro-Tak® 87–2196 (copolymer: acrylate-
inylacetate, functional group: COOH, 45% solution of
elf-crosslinking acrylic copolymer, 3000 cps, solubility param-
ter 16), Duro-Tak® 87–2100 (copolymer: acrylate, functional
roup: COOH, 51.5% solution of self-crosslinking acrylic
opolymer, 8500 cps, solubility parameter 16) and Duro-Tak®

7–2510 (copolymer: acrylate, functional group: OH, 40.5%

olution of non-crosslinking acrylic copolymer, 4500 cps, solu-
ility parameter 16) were obtained from National Starch and
hemical Company (Bridgewater, NJ, USA). Other reagents
ere of analytical grade.

l
w
a
H

harmaceutics 357 (2008) 126–131 127

.2. Animals

Male hairless mice aged 6–8 weeks were purchased from
amtako Bio Korea Co., Ltd. (Osan, Korea). Animals were

reated humanely.

.3. Analysis

Samples were analyzed by high-performance liquid chro-
atography (HPLC). The HPLC system consisted of a pump

L-7100, Hitachi, Japan), with a detector (L-7480, Hitachi,
apan) set at 260 and 310 nm for excitation and emission, respec-
ively. An ODS column (Capcell Pack C18, Shiseido, Japan)
quipped with a C18 Radial Pak insert was used. A simple gra-
ient method was used in which the starting mobile phase was
omposed of solution A and solution B at the ratio of 28:72
v/v) and delivered at a flow rate of 1.5 ml/min; solution A and
olution B were made up of acetonitrile and methanol (1:1), and
5 mM citric acid buffer and 25 mM sodium phosphate buffer
1:1), respectively. The starting mobile phase was changed to
ethanol, solution A and solution B (20:28:52) at 13 min and

old at this composition for 13 min. Then the original mobile
hase was again pumped to restore starting conditions. The total
un time was 30 min.

.4. Preparation of the samples

Samples from release, permeation, solubility and partition
oefficient studies were analyzed using the method by Ptáček et
l. (2002). This method involved corprecipitation with calcium
hosphate, separation on DEA SPE cartridge and derivati-
ation with FMOC in citrate buffer (pH 11.9). Calibration
urves were constructed by plotting the peak area ratios of
lendronate to IS versus the concentrations of alendronate in
olution.

.5. Solubility determination

An excess amount of alendronate sodium was added to the
arious pure solvents or co-solvents, and shaken at 37 ◦C for
ore than 48 h. The solutions were then centrifuged at 7500 rpm

or 5 min, and the supernatant was assayed by HPLC after appro-
riate dilution.

.6. Partition coefficient determination

Lipophilic and hydrophilic phases were saturated with
ach other before the experiment. The compositions of
ipophilic/hydrophilic phase were n-octanol/water and
oluene/PG with or without fatty acids. Alendronate solution
500 �g/ml) was prepared with hydrophilic phase saturated
ith lipophilic phase. One milliliter of this solution was

hen transferred to 10 ml centrifuge tube containing 1 ml of

ipophilic phase saturated with hydrophilic phase. The tube
as vortexed for 30 min and centrifuged at 3000 g for 5 min,

nd the drug concentrations in both phases were determined by
PLC.
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.7. Preparation of alendronate transdermal delivery
ystems

Ninety milligram of alendronate sodium (alendronate
3.8 mg) was dissolved in 2 ml of PG with or without fatty
cids, and then mixed with 5 g of three kinds of acrylic adhe-
ive solutions: Duro-Tak® 87–2196, Duro-Tak® 87–2510, and
uro-Tak® 87–2100. The fatty acids used were 3, 6 and 10%

aprylic acid, capric acid, lauric acid, oleic acid and linoleic
cid. Alendronate PSA transdermal delivery systems were pre-
ared by casting the above solutions on a polyester release liner
oated with silicone (Gelroflex ALU-PET 100 �-2S DR, 3M,
SA) using a casting knife. The area of the cast solutions was
0 cm × 15 cm per 7 g solution. They were set at room temper-
ture for 10 min to evaporate the solvents, and then dried for
0 min in an oven set at 37 ◦C. The dried film was transferred
nto a backing film (Scotchpak 1109, 3M, USA).

.8. Procedure for skin permeation from solution
ormulations and PSA transdermal delivery systems

After sacrificing with ether, the dorsal skin of each hairless
ouse was excised. One milliliter of alendronate solution for-
ulation (2 mg/ml) or PSA transdermal delivery systems of an

ppropriate size were applied to the epidermal side of the skin,
nd mounted on a Franz Cell permeation system (Diffusion Cell
rive System, Labfine, Korea); the dermal side was in contact
ith the receptor compartment. The theoretical amount of drug

oaded to the epidermal side from PSA transdermal delivery sys-
ems was 1.06 mg. Receptor compartment cells were filled with
H 7.4 potassium phosphate buffer and the media were stirred by
Teflon-coated magnetic bar to keep them well mixed. The per-
eation media were maintained at 37 ◦C. The surface area of the

eceiver cell opening was 1.766 cm2, and the cell volume was
2 ml. At predetermined time intervals, 1 ml of receptor solu-
ions was withdrawn, and the amount of alendronate permeated
as determined by HPLC.

.9. Procedure for alendronate release from PSA
ransdermal delivery systems

Alendronate transdermal delivery systems prepared were
ounted on a Franz Cell permeation system; the drug loaded-

ayer was in contact with the receptor compartment. Receptor
ompartment cells were filled with pH 7.4 potassium phosphate
uffer and the media were stirred by a Teflon-coated mag-
etic bar to keep them well mixed. The released media were
aintained at 37 ◦C. At predetermined time intervals, 1 ml of

eceptor solutions were withdrawn, and the amount of alen-
ronate released from various PSA transdermal systems was
etermined by HPLC.

.10. Statistical analysis
All the values are expressed as the mean ± S.D. The perme-
tion flux of the formulated transdermal delivery systems was
ompared with Kruskal Wallis test, which was followed by a pos-
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erior test with an unpaired t-test using the Bonferroni correction.
P-value of less than 0.05 was considered significant.

. Results and discussion

.1. Effects of fatty acids in PG on the permeation of
lendronate from solution formulations

PG was selected as a vehicle due to its relatively high solu-
ility and physicochemical characteristics which is well mixed
ith PSA. We employed a lot of vehicles to examine their solu-
ilities. The overall solubilities of alendronate in pure vehicles
sed were fairly poor, which were below 2 �g/ml except for
G. The solubility of alendronate (n = 3) in PG, PGML, PGMC,
leyl alcohol, DGME, IPM, IPA and ethanol was found to
e 2110.3 ± 432.6, 15.1 ± 2.6, 19.4 ± 3.7, 3.8 ± 0.7, 1.5 ± 0.4,
.0 ± 0.1, 0.4 ± 0.1 and 2.2 ± 0.05 ng/ml, respectively. Parti-
ion coeffcientn-octacol/water was calculated to be 0.013 ± 0.0007,
hich was very low.
PG is known to have relatively low skin cell toxicity (Ponec et

l., 1989, 1990; Kadir et al., 1993), and has been widely used for
ormulation of transdermal delivery systems. It was suggested
hat the probable mechanism of PG is solvating alpha keratin and
ccupying hydrogen-bonding sites, thus reducing drug/tissue
inding (Barry, 1987). On the contrary, fatty acids are known
o be enhancers with lipophilic properties, and many studies
ave shown that the skin permeability enhancing effects of fatty
cids are greatest with PG vehicles (Cooper, 1984; Cooper et
l., 1985; Aungst et al., 1986; Yamada et al., 1987).

We investigated the effects of various fatty acids on the alen-
ronate permeation. Five fatty acids at concentrations of 3, 6 and
0% were compared: three were saturated fatty acids-caprylic
cid (C8), capric acid (C10) and lauric acid (C12); and two were
nsaturated fatty acids-oleic acid (C18 with one double bond)
nd linoleic acid (C18 with two double bonds). Most of the stud-
es on fatty acid penetration enhancers have focused mainly on
leic acid, and to a lesser extent, linoleic acid. Both oleic acid and
inoleic acid are unsaturated fatty acids with a cis-configuration.
ccordingly, it has been proposed that the effects of these com-
ounds are associated with the linked structure owing to the cis
ouble bond (Barry, 1987; Cooper, 1984; Golden et al., 1987).
mong saturated, straight-chain fatty acids, capric acid and lau-

ic acid were previously shown to be the most effective enhancers
or naloxone permeation (Aungst et al., 1986).

The maximum permeation flux (0.17 ± 0.07 �g/cm2/h) of
lendronate in PG was very low and lag time (0.9 ± 0.3 h)
as short. With the addition of fatty acids, the permeation

ates increased markedly up to 20.5 times as depicted in
ig. 1. The highest maximum flux was obtained with the
ddition of 3% capric acid, which was 3.52 ± 0.92 �g/cm2/h,
ollowed by 6% capric acid (3.43 ± 0.005 �g/cm2/h), 3%
leic acid (2.71 ± 1.27 �g/cm2/h) and 3% caprylic acid
2.31 ± 0.58 �g/cm2/h). The longest lag time (8.4 ± 1.1 h) was

ound in the formulation of 6% caprylic acid in PG, and the
ormulation containing 3% capric acid in PG showed the lag
ime of 5.1 ± 0.7 h. There was no correlation between fatty acid
oncentration and maximum permeation flux or lag time except
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Fig. 1. The permeation flux (A) and lag time (B) of alendronate from solution
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PG in PSA transdermal delivery systems was attributable to
the increased diffusivity because the partition coefficients rather
decreased by the addition of caprylic acid; the partition coef-
ficients (PG/toluene) were 9.7 ± 0.9, 4.1 ± 1.3, 3.8 ± 0.5 and

Table 1
Permeation flux (Js)and lag time (TL) of alendronate from formulated trans-
dermal delivery systems containing propylene glycol (PG) in the presence and
absence of fatty acids at various concentrations

Vehicles Js (ng/cm2/h) TL (h)

PG 67.25 ± 5.77 0.5 ± 0.4
Caprylic acid (3%) 86.46 ± 1.34* 3.2 ± 0.03
Caprylic acid (6%) 195.68 ± 26.6* 0.6 ± 0.3
Caprylic acid (10%) 55.05 ± 6.80 0.2 ± 0.1
Capric acid (3%) 74.44 ± 11.47 1.3 ± 0.5
Capric acid (6%) 30.07 ± 23.25 1.2 ± 0.9
Capric acid (10%) 22.18 ± 8.42* 0.9 ± 0.5
Lauric acid (3%) 62.51 ± 3.47 NA
Lauric acid (6%) 32.75 ± 2.54* NA
Lauric acid (10%) 51.61 ± 4.04 NA
Oleic acid (3%) 46.28 ± 1.89* 0.04 ± 0.04
Oleic acid (6%) 128.22 ± 10.28* 0.4 ± 0.3
Oleic acid (10%) 142.63 ± 2.75* 0.5 ± 0.3
Linoleic acid (3%) 41.06 ± 4.17* 0.1 ± 0.1
Linoleic acid (6%) 74.29 ± 4.17 0.3 ± 0.1
Linoleic acid (10%) 79.78 ± 8.14 0.1 ± 0.1
ormulations containing various concentrations of fatty acids in propylene glycol
n = 3).

or capric acid. Capric acid showed higher permeation rate with
ower fatty acid concentration.

We investigated the mechanism of enhancing effects by
apric acids. Base on the equation of Js = DKC/h (Barry, 1983),
he permeation flux could be enhanced by the increase of diffu-
ion coefficient (D), partition coefficient (K) and/or the constant
rug concentration dissolved in a formulation (C), assuming
hat the skin thickness (h) is constant. In this study, saturated
rug concentration of 2 mg/ml was used, in which drug was
aturated in all vehicles used, resulting in the maximized and
onstant thermodynamic activity. K was obtained by measuring
rganic solvent/vehicle partition coefficients. Increases in per-
eation rates not accounted for by increases in K were assumed

o involve increased skin diffusivity indicating barrier disrup-
ion (Aungst et al., 1990). Even though n-octanol is known to
ave a similar polarity to that of the lipids of skin (Raykar et
l., 1988), toluene was used as the lipophilic phase for partition
oefficients of alendronate from PG with or without fatty acids
ecause n-octanol was miscible with PG.

The results revealed that the enhancing effects by the addition
f capric acids were not attributable to increased K. The addition
f capric acids rather decreased the K values regardless of the
oncentrations. The partition coefficients were calculated to be
.7 ± 0.9, 1.1 ± 0.2, 1.9 ± 0.4 and 2.0 ± 0.1 for PG only, PG
ith 3, 6 and 10% capric acid, respectively. It was, therefore,

hought that the enhancing effect by capric acid was mainly due
o increased skin diffusivity by barrier disruption.

The enhancing effect by the addition of fatty acids to PG
as been widely studied, and the binary system was considered

o disorganize the multilaminate hydrophilic–lipophilic layers
ocated intercellularly in the stratum corneum, consequently pro-

oting percutaneous absorption of drugs (Nomura et al., 1990).
pecially, using differential scanning calorimetry and infrared

D
b
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pectroscopy, it has been suggested that fatty acids can change
he physicochemical properties of skin in which they disrupt
he packed structure of the intracellular lipids of the stratum
orneum (Golden et al., 1987).

.2. Effects of fatty acids in PG on the permeation of
lendronate from pressure-sensitive adhesive transdermal
elivery systems

To evaluate the effects of PSAs, three kinds of acrylic
dhesives were employed; Duro-Tak® 87–2196, 87–2100 and
7–2510. Ninety milligrams of alendronate sodium (alendronate
3.8 mg) was dissolved in 2 ml of PG and mixed with 5 g of
SA. Among PSAs used, Duro-Tak® 87–2100 and 87–2510
ere not mixed with the vehicle, and phase-separation occurred.
herefore, Duro-Tak ® 87–2196 was chosen as the PSA for the

abrication of alendronate PSA transdermal delivery systems.
The permeation rate and lag time of alendronate from the for-

ulated PSA transdermal systems including PG with/without
atty acids are summarized in Table 1. Unlike solution formula-
ions, the addition of fatty acids failed to increase the permeation
ux dramatically, and some formulations rather decreased the
ermeation flux. The overall permeation fluxes of alendronate
rom PSA transdermal systems were quite lower than those from
olution formulations. The difference was possibly thought to be
he solubility or diffusivity change by mixing with PSA.

The highest enhancement factor of 2.9 was attained with
he addition of 6% caprylic acid compared to PG alone. Like
he enhancing effects by capric acid in the solution formula-
ions, the enhancing effect by the addition of caprylic acid to
ata were expressed as the mean ± S.D. (n = 3). There was statistical difference
etween Js (P < 0.05). NA, not available.
* P < 0.05 compared to PG.
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ig. 2. Effect of fatty acids at various concentrations in propylene glycol on
he permeation of alendronate from formulated transdermal delivery systems
n = 3).

.7 ± 0.8 for 0, 3, 6 and 10% caprylic acid-containing PG,
espectively. There was no correlation between solution formu-
ation and PSA transdermal delivery systems with respect to
ither permeation flux or lag time.

Fig. 2 shows the cumulative amount of alendronate permeated
cross the hairless mouse skin from PSA transdermal delivery
ystems containing PG only and five fatty acids at the represen-
ative concentration in PG which showed the maximum highest
ux among the concentrations of 3, 6 and 10%. The PSA trans-
ermal delivery systems initially provided very high permeation
ate followed by a gradual decrease regardless of the fatty acids.
he decrease in permeation rate with time was attributable to

he rapid reduction by rapid drop in alendronate concentration
n the donor compartment. The graph in the initial phase in most
ormulations showed 1st order straight line, indicating that the
ermeation occurred very rapidly after administration. The lag
ime was shorter than 1 h except for 3% caprylic acid and 3 and
% capric acid (Table 1).

In the case of unsaturated fatty acids such as oleic acid and
inoleic acid, the maximum permeation flux showed fatty acid

oncentration-dependent manner even though 6 and 10% did not
ive significant difference.

Fig. 3 shows the release profile from PSA transdermal deliv-
ry systems. Release rates were not matched with permeation

ig. 3. Effect of fatty acids at various concentrations in propylene glycol on the
elease of alendronate from formulated transdermal delivery systems (n = 3).
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ates perfectly; oleic acid (3%) and capric acid (10%) showed
ery high release rate even though permeation rate was very
ow. However, 6% caprylic acid in PG showed the highest rates
ith respect to both release and permeation rate among vehicles

mployed in this study. It was found that the releases from the
ormulated PSA transdermal delivery systems were proportional
o the square root of time, consistent with the matrix-controlled
iffusion model (Q′ = k′t1/2, Q′: amount released, k′: release rate
onstant) (Chien and Lambert, 1974). The release rate con-
tants were calculated to be 12.3 ± 0.2, 14.1 ± 0.2, 0.9 ± 0.08,
.8 ± 0.6 and 11.3 ± 0.6 �g/cm2/h1/2 in the formulations of 3%
aprylic acid, 6% caprylic acid, 6% capric acid, 10% capric aid
nd 3% oleic acid in PG, respectively.

This study was to examine the feasibility of developing alen-
ronate transdermal delivery system. Among vehicles used in
his study, 6% caprylic acid in PG showed the most excellent
ermeation profile; the permeation flux of the formulation con-
aining 6% caprylic acid in PG with theoretical drug dose of
58.7 �g/cm2 was 195 ng/cm2/h. If the patch is formulated at
he size of 10 cm × 10 cm, the drug amount permeated per hour
ill be 19.5 �g with a drug dose of 35.9 mg, resulting in the total
ermeated amount of 468 and 936 �g for 1 and 2 day applica-
ion, respectively, which is 0.67–1.34% of 70 mg oral dose. It
hould be cautious, however, to conclude that the formulation
ould be used in human because it is known that hairless mouse
kin is increased in permeability compared to human skin (Bond
nd Barry, 1988) Nevertheless, this study was considered to pro-
ide some preliminary data to develop alendronate transdermal
elivery systems.

cknowledgement

This study was supported by the Korea Research Founda-
ion Grant funded by Korea Government (MOEHRD, Basic
esearch Promotion Fund) (R04-2004-000-102100).

eferences

nsel, H.C., Popovich, N.G., Allen, L.V., 1995. Pharmaceutical Dosage Forms
and Drug Delivery Systems. Williams & Wilkins, Malvern, pp. 357–372.

ungst, B.J., Blake, J.A., Hussain, M.A., 1990. Contributions of drug solu-
bilization, partitioning, barrier disruption, and solvent permeation to the
enhancement of skin permeation of various compounds with fatty acids and
amines. Pharm. Res. 7, 712–718.

ungst, B.J., Rogers, N.J., Shefter, E., 1986. Enhancement of naloxone penetra-
tion through human skin in vitro using fatty acids, fatty alcohols, surfactants,
sulfoxides and amides. Int. J. Pharm. 33, 225–234.

arry, B.W., 1983. Dermatological Formulations. Marcel Dekker, New York,
pp. 49–94.

arry, B.W., 1987. Mode of action of penetration enhancers in human skin. J.
Control. Res. 6, 85–97.

ond, J.R., Barry, B.W., 1988. Hairless mouse skin is limited as a model for
assessing the effects of penetration enhancers in human skin. J. Invest.
Dermatol. 90, 810–813.

eek, E.R., Cohen, L.H., Leroy, I.M., Ebetino, F.H., Löwik, C.W.G.M., Papa-
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