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Abstract 
In a previous in-vivo skin penetration study, it was observed that certain lipophilic liquid vehicles 
enhanced drug penetration, whilst others did not. 

To clarify the mechanism of skin penetration enhancement, isolated sheets of human stratum corneum 
were measured by differential scanning calorimetry (DSC), either untreated or after pretreatment with 
various lipophilic liquids (highly purified light mineral oil, isopropyl myristate, caprylic/capric acid 
triglycerides containing 5% phospholipids, dibutyl adipate, dimethicone 100, cetearyl iso-octanoate, 
caprylic/capric acid triglycerides), commonly used in ointment bases. 

All samples were analysed over a heating range of at least - 10-130°C. All DSC curves were evaluated 
with regard to the phase-transition enthalpies (peak areas) and peak maximum temperatures of the lipid- 
phase transitions at ca 75 and 85°C. 

With the exception of dimethicone 100, cetearyl iso-octanoate and caprylic/capric acid triglycerides, all 
vehicles showed characteristic alterations of the phase-transition temperatures and enthalpies of the 
stratum corneum lipids. Mineral oil and isopropyl myristate caused a reduction of the enthalpy and a 
decrease of the phase-transition temperatures. These two vehicles are thought to fluidize the lamellar-gel 
phase of the stratum corneum lipids, and possibly partially dissolve the lipids. Dibutyl adipate and 
caprylic/capric acid triglycerides containing 5% phospholipids decreased the phase-transition enthalpy 
only, probably due to dissolution or extraction of the stratum corneum lipids. 

These DSC results provide an explanation for the in-vivo penetration-enhancing effects observed 
previously. 

According to our recently conducted human in-vivo pene- 
tration study with methyl nicotinate as a model drug, 
applied at the same relative thermodynamic activity in all 
vehicles (Leopold & Lippold 1993), the following lipophilic 
liquids were found to enhance drug penetration: mineral oil, 
isopropyl myristate, caprylic/capric acid triglycerides with 
5% phospholipids, and dibutyl adipate. Dimethicone 100, 
cetearyl iso-octanoate, and caprylic/capric acid triglycerides 
were without effect on drug penetration. These observed 
enhancing effects might be explained by a specific alteration 
of the lamellar structure of the stratum corneum lipids, 
which are considered to be the main barrier of penetra- 
tion. On the other hand, enhancing effects may be caused by 
a nonspecific increase in drug solubility in the barrier. A 
structural change of the a-keratin caused by the vehicles is 
not expected because of their lipophilicity. Besides infrared 
spectroscopy and X-ray diffraction, differential scanning 
calorimetry (DSC) is a widely used method for the examina- 
tion of structural changes of the stratum corneum (Good- 
man & Barry 1985; Barry 1987, 1991; Bouwstra et a1 1991). 
Calorimetric measurements allow us to investigate the 
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effects of compounds applied to the skin on the structure 
of the stratum corneum. Isolated stratum corneum sheets 
show four characteristic endothermic transitions at about 
40,75,85, and 105"C, respectively. The first three transitions 
are lipid-based since they disappear after extraction of the 
samples with organic solvents. The first transition, which 
until recently has been attributed to the melting of sebaceous 
lipids (Golden et al 1986), is thought to represent a transi- 
tion from an orthorhombic (crystalline) to a hexagonal lipid 
(gel state) subcell arrangement within the lipid bilayers 
(White et a1 1988; Bouwstra et a1 1992). The two thermal 
transitions at 75 and 85°C have been reported to represent 
phase transitions of the lipid bilayers from the lamellar gel 
state to the liquid-crystalline state (Knutson et al 1985; 
Bouwstra et a1 1989, 1991). The transition at 85°C is 
considered by several investigators to represent a phase 
transition of lipids which are associated with proteins 
(Knutson et al 1985; Golden et al 1987; Francoeur et al 
1990; Barry 1991; Bouwstra et al 1991). The fourth transi- 
tion at 105"C, which requires a water content of the sample 
of at least 15%, represents the denaturation of the protein 
portion of the stratum corneum, i.e. the a-keratin (Duzee 
1975; Goodman & Barry 1985; Bouwstra et al 1989, 1991). 
Changes of the phase-transition enthalpies and tempera- 
tures of the intercellular lipids as well as alterations of the 
a-keratin denaturation peak indicate an interaction of the 
respective compounds with the stratum corneum (Knutson 



CLARIFICATION OF VEHICLE EFFECTS WITH DSC 277 

et a1 1985; Goodman & Barry 1986; Bouwstra et a1 1989, 
1991; Francoeur et a1 1990). 

This study was performed to elucidate the mechanism of 
penetration enhancement by several lipophilic vehicles, 
using DSC on isolated sheets of human abdominal stratum 
corneum. Understanding of the underlying mechanism of 
action facilitates the design of ointment bases. 

Materials and Methods 

Vehicles 
The following lipophilic liquids, which are components of 
many common ointment bases, were investigated in terms of 
their ability to alter the structure of the stratum corneum: 
dimethicone 100 (Baysilone M 100, Bayer AG, Leverkusen, 
Germany); highly purified light mineral oil (Parafluid 
Mineralolgesellschaft, Hamburg, Germany); cetearyl iso- 
octanoate (PCL-liquid, Dragoco Gerberding & Co 
GmbH, Holzminden, Germany); isopropyl myristate 
(Henkel KGaA, Diisseldorf, Germany); caprylic/capric 
acid triglycerides (Hiils Troisdorf AG, Troisdorf, Ger- 
many); caprylic/capric acid triglycerides containing 5% 
phospholipids (phospholipids: Phospholipon 80, contain- 
ing up to 80% phosphatidylcholine and up to 10% phos- 
phatidylethanolamine, Nattermann Phospholipid GmbH, 
Koln, Germany); and dibutyl adipate (Henkel KGaA, 
Diisseldorf, Germany). The strong penetration enhancer 
oleic acid, 99% pure (Sigma Chemie, Deisenhofen, Ger- 
many), served as a reference. 

Preparation of human stratum corneum samples 
Sheets of human abdominal cadaver skin were obtained 
from autopsy. After cleaning the skin with 70% (v/v) 
ethanol and removing the hair with a razor blade, the 
dermis was excised using a scalpel (Cutfix 24, Braun 
Melsungen AG, Melsungen, Germany). The stratum cor- 
neum was separated from the epidermis with a pair of 
forceps after skin samples had remained for several hours 
in a Petri dish at 3 7 T ,  placed on a filter paper soaked with a 
phosphate buffer solution, pH 7.4, containing 0.5% (w/v) 
trypsin (Type 11: Crude, Sigma Chemie, Deisenhofen, 
Germany) (Kligman & Christophers 1963). After rinsing 
the stratum corneum sheets with distilled water and placing 
them on pieces of wire gauze, they were allowed to dry and 
then stored in a desiccator with silica gel. Stratum corneum 
lipids were obtained by extraction of about 40mg of dried 
sheets of stratum corneum with 50mL of a mixture of 
chloroform/methanol (2 : 1, v/v) (Goodman & Barry 
1985). The mixture was shaken for at least one day before 
removal of the extracted stratum corneum sheets. The 
solvent phase was allowed to evaporate to dryness and the 
residue was stored in a desiccator with silica gel until 
required. 

DSC measurements 
Dry sheets of stratum corneum were pretreated with the 
respective vehicles overnight at 32°C before DSC measure- 
ment. To investigate the effect of the duration of pretreat- 
ment on the extent of structural changes of the stratum 
corneum lipids, several samples were pretreated for 1-2 h. 
The samples were transferred into Petri dishes and mois- 

tened with a 0.5-mm thick layer of the respective vehicle 
using a Pasteur pipet. To remove the vehicles after pretreat- 
ment, the samples were blotted with laboratory wipes, 
leading to a sample weight equal to the initial weight 
before pretreatment f 1 mg. The extracted lipids were 
pretreated directly in the DSC steel pans without removal 
of the vehicle before measurement. All samples were ana- 
lysed at high sensitivity over a heating range of at least - 10- 
130°C at 2 K min-' (DSC 30 with TA3000 Processor, Met- 
tler AG, Greifensee, Switzerland), approximately 10-20 mg 
being placed in each 120-pL steel pan. Untreated samples 
served as controls. 

All DSC curves were evaluated with regard to the phase- 
transition enthalpies (peak areas) and peak maximum 
temperatures of the lipid-phase transitions at about 75 and 
85"C, respectively. Significance limits had to be determined 
in order to be able to evaluate the extent of the peak shifts 
and thus the extent of structural changes of the lipid bilayers 
caused by the vehicles. They were obtained by measurement 
of 4-5 untreated stratum corneum samples from each donor 
body and subsequent calculation of the respective enthalpy 
and peak temperature means and ranges. The significance 
limits correspond to the maximum range of the enthalpies 
and the peak temperatures, respectively. In the case of the 
phase-transition enthalpy, an effect was considered to be 
statistically significant when there was more than 17% of an 
enthalpy change in comparison with the respective mean of 
the untreated samples, using the sum of both peak areas 
divided by the sample weight as a measure for the enthalpy. 
Typical enthalpy values for untreated stratum corneum 
samples are 2-4Jg-' (Leopold 1992). Analogous to the 
evaluation of the enthalpy, a statistically significant 
change of the phase-transition temperatures (peak 
maxima) was assumed in the case of peak shifts of more 
than 3°C. With at least 75% of the samples (n=8-11) 
showing a significant change in either the phase transition 
temperatures or the enthalpy or in both, an overall signifi- 
cant effect of the respective vehicle was considered to be 
proven. 

To ensure the absence of any interfering peaks, all vehicles 
were also measured separately. 

Results and Discussion 

Typical DSC thermograms of untreated and vehicle- 
pretreated stratum corneum samples are shown in Fig. 1. 
Except for the samples pretreated with dimethicone 100, all 
curves were evaluated only up to a temperature of 120°C 
because of an endothermic peak appearing in all thermo- 
grams at about 17O-18O0C, caused by the oxidative degra- 
dation of the vehicles themselves. In the case of oleic acid 
this degradation occurred even at lower temperatures 
(140°C) and allowed an interpretation of the curves only 

It has to be mentioned that the first lipid-phase transition 
at about 40T ,  which is not easily detectable (Winfield & 
Taylor 1990; Potts et a1 1991), could not be found. The 
a-keratin denaturation peak, which requires a certain water 
content of the sample in order to become apparent, could 
not be detected in every thermogram because of the low 
water content of the samples. Storage of the samples at 

up to 100°C. 
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FIG. 1. Typical DSC thermograms for human stratum corneum after pretreatment with different vehicles. 

elevated relative humidity (75.2%) was found in preliminary 
experiments not to result in alterations of the DSC thermo- 
grams, except for a more pronounced keratin denaturation 
peak. However, the water content of these samples was only 
about 15 f 1%, a concentration probably too low for an 
effect on the lipid-phase transitions to become obvious. In 
comparison, the samples stored in a desiccator showed a 
water content of 4 f 1%, both concentrations determined 
by Karl Fischer titration. 

The results of the DSC measurements show that several of 
the investigated vehicles are indeed able to interact with the 
stratum corneum lipids. According to the DSC thermo- 
grams of samples pretreated with dimethicone 100, cetearyl 
iso-octanoate and caprylic/capric acid triglycerides, respec- 
tively (Fig. la-c, Table l), none of the latter induce 
significant changes of the lipid-phase transitions. Dimethi- 

cone 100 was expected not to interact with the stratum 
corneum lipids because of its high molecular weight of about 
6700 Da. The inert behaviour of cetearyl iso-octanoate, 
which is similar to the oil gland secretion of waterfowl 
with regard to its chemical structure, and of caprylic/ 
capric acid triglycerides cannot be explained by their 
physicochemical properties. 

All the other investigated vehicles (Fig. Id-h, Table 1) 
showed characteristic alterations of the phase-transition 
temperatures and enthalpies of the stratum corneum 
lipids: the vehicles dibutyl adipate and caprylic/capric acid 
triglycerides with phospholipid reduced only the peak areas, 
i.e. the phase-transition enthalpies, which indicates a dis- 
solution or extraction of stratum corneum lipids. These two 
processes cannot easily be distinguished from each other by 
DSC measurements. The thermograms are similar to those 

Table 1. Summarized DSC results with average peak shifts and transitionenthalpy changes caused by the investigated vehicles. 

Vehicle Total number Average Number of samples Average Number of samples 
of samples peak shifts* with significant CAH-decrease* with significant 

n (“C) peak shifts (”/) enthalpy changes 

Oleic acid 8 -25 
Dibutyl adipate 8 0 

containing 5% phospholipids 11  0 
Highly purified light mineral oil 1 1  -5 
Isopropyl myristate 7 -8-10 
Caprylic/capric acid triglycerides 7 0 
Cetearyl iso-octanoate 8 0 
Dimethicone 100 7 0 

Caprylic/capric acid triglycerides 

8 
2 

3 
10 
7 
1 
2 
0 

90 
50 

50 
30 
70 
0 
0 
0 

* For details see Leopold (1992). 
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obtained after partial extraction of stratum corneum sheets 
with the chloroform/methanol mixture. Extraction of stratum 
corneum lipids has mainly been observed with organic 
solvents as vehicles (Catz & Friend 1990; Kai et a1 1990; 
Kurihara-Bergstrom et a1 1990; Bommannan et a1 1991; 
Franz et a1 1991), but it has also been shown with penetration 
enhancers such as oleic acid in propylene glycol, dimethyl- 
sulphoxide and decylmethylsulphoxide (Yamada et a1 1987; 
Touitou 1988; Winfield & Taylor 1990). The observed lipid 
extraction with dibutyl adipate was not unexpected since it 
shows a solubility parameter which is similar to that of the 
stratum corneum lipids (20.5 MPa'/*) (Liron & Cohen 1984) 
and may, therefore, act as a solvent. In the case of caprylic/ 
capric acid triglycerides with phospholipids, the incorporated 
phospholipids are considered to be responsible for the 
observed decrease of the phase-transition enthalpies. It is 
likely that stratum corneum lipids become solubilized by 
inverse micelles formed by the phospholipids. This formation 
of inverse micelles has already been observed with isopropyl 
myristate as solvent (Hamann 1990). Both vehicles led to an 
enthalpy decrease of up to 70%, in two cases even up to 100% 
which results in thermograms similar to those from lipid- 
extracted samples. However, the small amount of vehicle 
applied to the dried stratum corneum sheets during the 
pretreatment period is not likely to lead to a complete 
extraction of the lipids. The fact that there are lipid-phase 
transitions present in the thermograms after a second heating 
run even after complete disappearance of the peaks during the 
first run, shows that a considerable amount of lipid remains 
within the stratum corneum. 

Light mineral oil, isopropyl myristate and especially the 
reference oleic acid exhibited a reduction of the peak areas 
and a decrease of the phase-transition temperatures (Fig. 1 h, 
Table 1). This phenomenon may be interpreted as an 
increase in fluidity of the lipid bilayers; apparently, interac- 
tions between the penetration-enhancing compounds and 
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the intercellular lipids lead to a less ordered state of the 
latter. The formation of eutectic mixtures of the lipids and 
high amounts of the respective vehicle does not seem to be 
likely, since this would lead to a drastic decrease of the 
phase-transition temperatures due to the low melting points 
of the investigated vehicles. Regarding the vehicles as 
eutectic impurities on the other hand does not provide a 
satisfactory explanation for the observed effects, because of 
their high concentration during the pretreatment period. 
More likely, interpretations would be the development of 
arrangements with periodic undulations which have already 
been observed with liposomes (Rolland et a1 1991) or the 
formation of solid solutions (lamellar gel states consisting of 
a homogeneous mixture of the lipids and the vehicle 
molecules). These effects are referred to as fluidizing actions 
throughout this paper. The observed enthalpy decrease 
caused by dissolution or extraction of the intercellular 
lipids cannot be distinguished from enthalpy changes 
caused by fluidization of the lipid bilayers. For this 
reason, fluidizing vehicles also must be regarded as poten- 
tial solvents for intercellular lipids. Such a simultaneous 
action might be assumed in the case of oleic acid, which 
leads to very pronounced enthalpy decreases even as a 
mixture with 90% dimethicone 100 (Fig. Ih). Strong 
fluidizers such as oleic acid lead to a broadening of the 
phase-transition peaks (Beastall et a1 1988; Winfield & 
Taylor 1990; Rolland et a1 1991) and may even cause a 
fusion of the peaks (Fig. lh). 

To investigate whether the observed effects are indeed 
caused by a structural change of the lipid bilayers, extracted 
stratum corneum lipids were measured after pretreatment 
with isopropyl myristate (Fig. 2). Isopropyl myristate was 
chosen because of its known lipid-fluidizing effect (Sato et a1 
1988). Untreated lipids show only one phase transition at 
about 60°C with an enthalpy of about 17Jg-' which 
decreases slightly when the sample is reheated after a cool- 
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FIG. 2. DSC thermograms for human stratum corneum lipids. A. Untreated lipids: a, first heating; b, cooling; c, second 
heating. B. Lipids after 2-h pretreatment with isopropyl myristate (3 : 2, w/w): a, first heating; b, cooling; c, second 
heating. 
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ing run. The enthalpy values correspond well with those 
determined by measurement of whole stratum corneum 
sheets, assuming a lipid content of the stratum corneum of 
about 15%. A similar change of the lipid-phase transitions can 
be observed after reheating whole stratum corneum samples. 
This phenomenon may be explained by the formation of a 
eutectic mixture consisting of the two lipid domains origin- 
ally appearing in the thermograms at 70 and 8 5 T ,  respec- 
tively (Winfield & Taylor 1990). Another explanation could 
be the disappearance of the third peak originally at 8 5 T ,  
because this peak is considered by several investigators to 
represent a phase transition of lipids which are associated 
with proteins (Knutson et al 1985; Golden et a1 1987; 
Francoeur et al 1990; Barry 1991; Bouwstra et al 1991). It 
is important to mention that at least part of the isolated 
lipids are obviously in the lamellar-gel state (Fig. 2). There- 
fore, vehicles with fluidizing properties should be able to 
alter the structure of the lipid bilayers of isolated stratum 
corneum lipids in the same way as they do if the latter are 
located within the intercellular space of the whole stratum 
corneum. Isopropyl myristate pretreatment led to a peak 
shift of -6°C and an enthalpy decrease of 35% which 
confirms its action as a fluidizer of the intercellular lipids. 
Interestingly, an enthalpy increase was found by Walker & 
Hadgraft (1 991) after pretreatment of stratum corneum 
lipids with oleic acid. They concluded that oleic acid may 
introduce fluid-like channels within the stratum corneum 
which leads to a disruption of the intercellular lipid 
bilayers. 

The reason for the fluidizing effect of mineral oil and 
isopropyl myristate might be their branched structure. In 
the case of oleic acid the cis double bond leads to a kink of 
the molecule which may cause a decrease of the ordered 
structure of the lipid lamellae. Moreover, isopropyl myris- 
tate and especially oleic acid are able to dissolve consider- 
able amounts of cholesterol (about 70 and 175 mg mL-’, 
respectively) (Leopold 1992) which may act as a membrane 
stabilizer (Imokawa et al 1989). The fact that mineral oil 
fluidizes lipid bilayers to some extent is a surprising result 
since mineral oil is considered to be an inert vehicle. 
Isopropyl myristate (Sato et a1 1988) and oleic acid (Good- 
man & Barry 1986; Barry 1987; Golden et al 1987) are 
already known as fluidizing agents. 

The observed effects are hardly dependent on the duration 
of pretreatment. The maximum effect can already be seen 
after a pretreatment period of 1-2 has  shown with isopropyl 
myristate (Leopold 1992) and oleic acid (Hsu et al 1991; 
Leopold 1992). 

From the DSC results presented in this study it may be 
concluded that the observed decrease of only the phase- 
transition enthalpy by the vehicles dibutyl adipate and 
caprylic/capric acid triglycerides with phospholipids is due 
to dissolution or extraction of the stratum corneum lipids. 
Vehicles which cause both a reduction of the enthalpy and a 
decrease of the phase-transition temperatures (mineral oil, 
isopropyl myristate and oleic acid), are thought to fluidize 
the lamellar-gel phase of the stratum corneum lipids, and 
possibly also partially dissolve the lipids. Thus, the results of 
the DSC measurements provide an explanation for the in- 
vivo observed vehicle effects. 

Acknowledgements 
We would like to thank Professor Dr Jiirgen Barz (Institute 
of Forensic Medicine, University Hospital of Diisseldorf) 
for providing us with the human skin samples and Christel 
Calinski for performing the DSC measurements. 

References 
Barry, B. W. (1987) Mode of action of penetration enhancers in 

human skin. J. Contr. Re]. 6: 85-97 
Barry, B. W. (1991) Lipid-protein-partitioning theory of skin 

penetration enhancement. J. Contr. Rel. 15: 237-248 
Beastall, J. C., Hadgraft, J., Washington, C. (1988) Mechanism of 

action of Azone as a percutaneous penetration enhancer: lipid 
bilayer fluidity and transition temperature effects. Int. J. Pharm. 

Bommannan, D., Potts, R. O., Guy, R. H. (1991) Examination of 
the effect of ethanol on human stratum corneum in vivo using 
infrared spectroscopy. J. Contr. Rel. 16: 299-304 

Bouwstra, J. A,, Perschier, L. J. C., Brussee, J., Boddk, H. E. (1989) 
Effect on N-alkyl-azacycloheptan-2-ones including Azone on the 
thermal behaviour of human stratum corneum. Int. J. Pharm. 52: 
47-54 

Bouwstra, J. A,, de Vries, M. A,, Gooris, G. S., Bras, W., Brussee, 
J., Ponec, M. (1991) Thermodynamic and structural aspects of 
the skin barrier. J. Contr. Rel. 15: 209-220 

Bouwstra, J.  A., Gooris, G. S., Salomons-de Vries, M. A,, van der 
Spek, J. A,, Bras, W. (1992) Structure of human stratum corneum 
as a function of temperature and hydration: a wide-angle X-ray 
diffraction study. Int. J. Pharm. 84: 205-216 

Catz, P., Friend, D. R. (1990) Transdermal delivery of levonorges- 
trel. VIII. Effect of enhancers on rat skin, hairless mouse skin, 
hairless guinea pig skin, and human skin. Int. J. Pharm. 58: 93- 
102 

Duzee, B. F. V. (1975) Thermal analysis of human stratum 
corneum. J.  Invest. Dermatol. 65: 404-408 

Francoeur, M. L., Golden, G. M., Potts, R. 0. (1990) Oleic acid: its 
effects on stratum corneum in relation to (trans)dermal drug 
delivery. Pharm. Res. 7:621-627 

Franz, T. J., Lehman, P. A,, Franz, S. F. (1 99 1) Percutaneous 
absorption of methanol. J. Invest. Dermatol. 96: 574 

Golden, G. M., Guzek, D. B., Harris, R. R., McKie, J. E., Potts, 
R. 0. (1986) Lipid thermotropic transitions in human stratum 
corneum. J.  Invest. Dermatol. 86: 255-259 

Golden, G. M., McKie, J.  E., Potts, R. 0. (1987) Role of stratum 
corneum lipid fluidity in transdermal drug flux. J. Pharm. Sci. 76: 

Goodman, M., Barry, B. W. (1985) Differential scanning calorime- 
try (DSC) of human stratum corneum: effect of Azone. J. Pharm. 
Pharmacol. 37(Suppl.): 8OP 

Goodman, M., Barry, B. W. (1986) Action of skin permeation 
enhancers Azone, oleic acid and decylmethyl sulphoxide: permea- 
tion and DSC studies. J. Pharm. Pharmacol. 38(Suppl.): 71P 

Hamann, H. J.  (1 990) Wechselwirkungen mesogener Arzneistoffe 
mit kolloidalen Lecithinassoziaten am Beispiel des Fenoprofens. 
Thesis, University of Braunschweig 

Hsu, L. R., Tsai, Y. H., Huang, Y. B. (1991) The effect of 
pretreatment by penetration enhancers on the in vivo percuta- 
neous absorption of piroxicam from its gel form in rabbits. Int. J. 
Pharm. 71: 193-200 

Imokawa, G., Akasaki, S., Minematsu, Y . ,  Kawai, M. (1989) 
Importance of intercellular lipids in water-retention properties 
of the stratum corneum: induction and recovery study of surfac- 
tant dry skin. Arch. Dermatol. Res. 281: 45-51 

Kai, T., Mak, V. H. W., Potts, R. O., Guy, R. H. (1990) Mechanism 
of percutaneous penetration enhancement: effect of n-alkanols on 
the permeability barrier of hairless mouse skin. J. Contr. Rel. 12: 

Kligman, A. M., Christophers, E. (1963) Preparation of isolated 
sheets of human stratum corneum. Arch. Dermatol. 88: 702-705 

Knutson, K., Potts, R. O., Guzek, D. B., Golden, G. M., McKie, 
J.  E., Lambert, W. J., Higuchi, W. I. (1985) Macro- and 

43: 207-213 

25-28 

103-1 12 



CLARIFICATION OF VEHICLE EFFECTS WITH DSC 28 1 

molecular physical-chemical considerations in understanding 
drug transport in the stratum corneum. J. Contr. Rel. 2: 67-87 

Kurihara-Bergstrom, T., Knutson, K., DeNoble, L. J., Goates, 
C. Y. (1990) Percutaneous absorption enhancement of an ionic 
molecule by ethanol-water systems in human skin. Pharm. Res. 7: 

Leopold, C. S. (1992) Enhancer-Effekte von lipophilen Salben- 
grundstoffen auf die Steady-state-Penetration von Methylnicoti- 
nat durch die Haut. Thesis, University of Diisseldorf 

Leopold, C. S., Lippold, B. C. (1993) Enhancer effects of lipophilic 
vehicles on skin penetration of methyl nicotinate in vivo. Proc. 
Int. Symp. Contr. Rel. Bioact. Mater. 20: 16-17 

Liron, Z., Cohen, S. (1984) Percutaneous absorption of alkanoic 
acids 11: application of regular solution theory. J. Pharm. Sci. 73: 

Potts, R. O., Golden, G. M., Francoeur, M. L., Mak, V. H. W., 
Guy, R. H. (1991) Mechanism and enhancement of solute 
transport across the stratum corneum. J. Contr. Rel. 15: 249-260 

Rolland, A,, Brzokewicz, A,, Shroot, B., Jamoulle, J. C. (1991) 
Effect of penetration enhancers on the phase transition of 
multilamellar liposomes of dipalmitoylphosphatidylcholine. A 

762-766 

538-542 

study by differential scanning calorimetry. Int. J. Pharm. 76: 

Sato, K., Sugibayashi, K., Morimoto, Y. (1988) Effect and mode of 
action of aliphatic esters on the in vitro permeation of nicorandil. 
Int. J. Pharm. 43: 31-40 

Touitou, E. (1988) Skin permeation enhancement by n-decylmethyl- 
sulphoxide: effect of solvent systems and insights on mechanism 
of action. Int. J. Pharm. 43: 1-7 

Walker, M., Hadgraft, J. (1991) Oleic acid-a membrane “flui- 
diser” or fluid within the membrane? Int. J. Pharm. 71: Rl-R4 

White, S. H., Mirejovski, D., King, G .  I. (1988) Structure of 
lamellar lipid domains and corneocyte envelopes of murine 
stratum corneum. An X-ray diffraction study. Biochemistry 27: 
3725-3732 

Winfield, A. J., Taylor, P. M. (1990) Thermal analysis as a screen 
test for potential skin penetration enhancers. In: Scott, R. C., 
Guy, R. H., Hadgraft, J. (eds) Prediction of Percutaneous 
Penetration. IBC Technical Services, London, pp 412-416 

Yamada, M., Uda, Y., Tanigawara, Y. (1987) Mechanism of 
enhancement of percutaneous absorption of molsidomine by 
oleic acid. Chem. Pharm. Bull. 35: 3399-3406 

2 17-224 


