Available online at www.sciencedirect.com

international
scueuce@mnsc-r journal Of
e pharmaceutics
ELSEVIER International Journal of Pharmaceutics 285 (2004) 43—49

www.elsevier.com/locate/ijpharm

Effects of HPE-101, a skin penetration enhancer, on human
erythrocyte membranes

Kyoung-Jin Le&, Sun-Joo Hwarfyy Jung Sun Kirfi, Dae-Duk Kinf,
Young-Hee Shify Chi-Ho Leé*

2 ocus Discovery Inc., Blue Bell, PA 19422, USA
b College of Pharmacy, Pusan National University, Pusan, 609-735, Republic of Korea
¢ Department of Biotechnology, Dongseo University, Pusan 617-716, Republic of Korea
d College of Pharmacy, Seoul National University, Seoul 151-742, Republic of Korea
€ College of Pharmacy, Kyungsung University, Pusan 608-736, Republic of Korea

Received 15 May 2004; received in revised form 1 July 2004; accepted 6 July 2004
Available online 27 September 2004

Abstract

The primary aim of this study was to investigate the skin permeation-enhancing mechanism of HPE-101 using erythrocyte
ghost cells prepared from human whole blood as a biomembrane model. The extent of hemolysis of erythrocytes induced by
HPE-101 was measured using a spectrophotometer at 540 nm. The effect of HPE-101 on lipid fluidity was examined by observing
the change of intramolecular excimer formation and fluorescence polarization using an intramolecular prbisgpgtedie)
propane) and a lipid probe (1,6-diphenyl 1,3,5-hexatriene), respectively. Hemolysis of erythrocytes was observed at 0.01 mM
and completed at 1.0 mM of HPE-101. The fluorescence polarization of the ghost membrane decreased with the addition of
HPE-101, whereas the intramolecular excimer formation increased. HPE-101 thus enhanced the rotational mobility and the
lateral diffusion, thereby decreasing the microviscosity of ghost membranes, implying that HPE-101 increases the lipid fluidity
of ghost membranes. Therefore, HPE-101 seems to cause an increase in fluidity of the lipid bilayers in the stratum corneum of
the skin, resulting in the reduction of diffusion resistance.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The human skin has attracted considerable interest
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fax: +82 51 513 6754. active drugs in recent years. A major problem, how-
E-mail addressclee@pusan.ac.kr (C.-H. Lee). ever, is in the control of drug flux which arises from
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the impermeability of the skin as well as in its biolog- investigated by looking into the interaction of the com-
ical variability. The importance of the barrier function pound with erythrocyte ghost membrane. Hemoglobin-
of the skin’s stratum corneum is well established, with depleted human erythrocyte ghost cells were first de-
the entire horny layer providing the major rate-limiting veloped byDodge et al. (1963)and have been used as
lipophilic barrier. To increase the skin permeation rate a model lipid bilayer, like liposomes, due to their ready
of various drugs, several approaches have been at-accessibility, ease of preparation and wealth of avail-
tempted including the use of penetration enhancers, able informationKatsu et al., 1989; Lieber and Steck,
synthesis of prodrugs, iontophoresis, and phonophore-1982; Kahana et al., 1991; Suwalsky et al., 2002
sis (Sugibayashi et al., 1992Among these, addition ~ Considering the chemical similarity of HPE-101 and
of penetration enhancers is one of the most convenient Azone, using erythrocyte ghost membrane would be a
and relatively effective methods, which explains the good starting point for its mechanism study. Herein, we
tremendous amount of work found on the development report the results of the interaction of HPE-101 with
of safe and effective enhancers in the last few decades.erythrocyte ghost membrane using fluorescence po-
The nature of research with enhancers include that in larization and intramolecular excimer formation tech-
which the effect of known enhancers such as alcohols, niques, which could provide valuable information on
polyols, surfactants or fatty acids/amines are investi- understanding the interaction of this enhancer with the
gated or in which novel compounds like Azone are lipid region of the stratum corneum of the skin.
developed\alker and Smith, 1996

HPE-101 [1-(2-(decylthio)ethyl)azocyclopentan-2-
one], whichis similar in structure to Azone, was synthe- 2. Materials and methods
sized by a collaborative effort of Kumamoto University
and Hisamitsu Pharmaceutical Co., Inc. in Japé&m6 2.1. Materials
etal., 1992 (Fig. 1). HPE-101 is known to enhance the
percutaneous absorption of various drugs, such as in- HPE-101 was supplied from Hisamitsu Pharmaceu-
domethacin Yano et al., 1999 alprostadiol Adachi tical Co. (Saga, Japan). 1,6-Diphenyl-1,3,5-hexatriene

et al., 1992, 19983 cyclosporine Nlakashima et al.,  (DPH), and mineral oil were purchased from Sigma
1996, valproate Matsuyama et al., 1994 anethotrex- Chemical Co. (St. Louis, MO, USA). 1,3-Di(1-

ate (Matsuyama et al., 1993pnicotinic acid and tri- pyrenyl)propane (py-3-py) was purchased from Molec-
amcinolone acetonideYéno et al., 1998 However, ular Probes, Inc. (Eugene, OR, USA). All other chem-

little is known on how HPE-101 interacts with the skin icals were reagent grade and used as purchased.
barrier and how it enhances the percutaneous absorp-
tion of drugs. In a report b¥Katsu et al. (1989)the 2.2. Hemolysis of erythrocyte induced by HPE-101
skin permeation-enhancing mechanism of Azone was
Erythrocytes were collected from human whole
blood by centrifugation at 163&@ g for 30 min. The

2 buffy coat was discarded and the cells were washed
E ‘JN—CHz—CHz—s—(CHg)g—CHe, three times with phosphate buffer saline (PBS). Ery-
throcytes were suspended in 4ml of PBS at the fi-

1-[2-(decylthio)ethyl]Jazacyclopentan-2-one nal concentration of 0.5% (v/v). Then, HPE-101 dis-
(HPE-101) solved in 2% ethanol solution were added to the ery-

throcyte suspensions in the concentration range of
0.001-100 mM and the suspensions were incubated at
37°C for 30 min. After centrifuging the suspensions,
the degree of hemolysis was determined by measuring
the absorbance of the supernatant at 540 nm, as previ-
ously reportedKatsu et al., 198p The percentage of
hemolysis was calculated by comparing with a sample
Fig. 1. The chemical structures of HPE-101 and Azone. treated in hypotonic solution without HPE-101.

= (CH2)11=—CH3

1-dodecylazocycloheptan-2-one (Azone)
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2.3. Preparation of erythrocyte ghost cells using an AB2 spectrofluorometer (SLM-Aminco In-
struments Inc., Urbana, IL, USA) with the excitation
Erythrocyte ghost cells were prepared by a slightly wavelength at 330 nm. The excimer to monomer fluo-
modified method described in the literatukéafana rescence intensity ratid’(l) was calculated from the
et al., 199). Briefly, heparinized human whole blood 480 to 379 nm signal ratiZ@chariasse et al., 1982
was obtained from healthy volunteers, and was cen-
trifuged at 4 C for 30 min at 1630x g to collect ery- 2.5. Determination of fluorescence polarization
throcytes. After removing the plasma and buffy layer
containing leukocytes and platelet, the packed ery- In order to confirm the results of the intramolecu-
throcytes were washed three times with isotonic PBS. lar excimer fluorescence technigue, the estimation of
Then, the erythrocytes were hemolyzed with hypotonic fluorescence polarization was also carried out using
phosphate buffer and the mixture was centrifuged at 1,6-diphenyl 1,3,5-hexatriene (DPH) as a lipid probe.
12,000 rpm for 15 min at 4C to remove water-soluble A half wl of DPH stock solution in THF (2 mg/ml)
fragments. The supernatant was discarded and this pro-was added to ghost cell suspension (jL@Qorotein of
cess was repeated three to four times. The resulting ghost membrane/ml of PBS) to make the final probe
open erythrocyte ghost membranes were resuspendedtoncentration as 1/1G0y of membrane protein. The
in 9 volume of PBS containing 0.1 mM Mgg&land in- ghost cell-probe suspension was shaken in the dark
cubated for 30 min at 37C with gentle shaking. The  at 37°C for 30 min. A blank ghost cell suspension
resealed erythrocyte ghost cells were harvested by cen-was prepared under identical conditions without probe.
trifugation at 4500 rpm for 30 min. The amount of the HPE-101 was added to the ghost cell-probe suspen-
ghost membrane protein was analyzed byltbery et sions in the concentration range of 0.01-1.0 mM, and
al. (1951)using bovine serum albumin as a standard. the fluorescence intensity was measured a€3ising
The ghost cells were suspended in PBS to makqp0  a Kontron Spectrofluorometer (Model SPF-25, Kon-
protein of ghost membrane/ml of PBS and were store tron, Swiss) equipped with polarizers in both the ex-

at 4°C until used for experiments within 2 days. citation and emission beams. The excitation and the
emission wavelengths for DPH were set at 362 and

2.4. Effect of HPE-101 on intramolecular excimer 430 nm, respectively, with a slit width of 5nm. The

formation fluorescence polarizatiorP) was obtained from the

intensity measurements using the following equation
Intramolecular excimer formation of py-3-py was (Kohmoto et al., 1994

employed to measure the fluidity change of membrane I — G
caused by the lateral diffusion of lipid@4chariasse ~ p = -~ "V~
et al., 1982. An aliquot of py-3-py ethanol stock so- Iy + InG
lution (5 x 10°M) was added to the ghost cell sus- whereG is the emission grating factor which corrects
pension so that the final probe concentration was lessfor the monochromator's transmission efficiency for
than 5x 107 M. The suspension was then incubated Vvertically and horizontally polarized light, and is given
at 4°C for 18 h with gentle magnetic stirring. Pre- by the ratio of the fluorescence intensities of the vertical
vious reports from this laboratory showed that this to horizontal directionlyy andlyy are the fluorescence
method resulted in reproducible incorporation of the intensities measured when the polarizer and analyzer
probes into the membrandsee and Kim, 1994; Park  prisms are in the vertical or horizontal position, respec-
et al., 199%. Then, HPE-101 stock solution in 2% tively.
ethanol was spiked into the ghost cell-probe suspen-
sion to make 0.01-1.0 mM of HPE-101, and the ex- 2.6. Evaluation of erythrocyte ghost membrane
cimer to monomer fluorescence intensities were mea- microviscosity
sured within 1 min at 25C. A blank ghost cell sus-
pension was prepared under identical conditions with-  The viscosity of white mineral oil, a viscous mix-
out py-3-py to serve as the control of the fluoromet- ture of high molecular weight aliphatic hydrocarbons,
ric measurements. The measurements were carried outvas determined at the temperature range of 0€40
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using the Physica-Rheometer (Model Rheolab MC10, was chosen to study its effect on the ghost membrane

Germany) with a thermostatic circulator (Model Vis-
cotherm VT100). Py-3-py was incorporated into white
mineral oil in the same manner as performed in the
ghost cell suspensions, and excimer to monomer flu-
orescence intensity ratid’{l) was measured at the
temperature range of 0—4C. The calibration curve

of logn (viscosity) versug’/l was obtained from both
plots of temperature versus microviscosity of mineral
oil and temperature versuigl of mineral oil. The mi-
croviscosity of ghost membranes was evaluated from
the calibration curve of log versud’/l.

3. Results and discussion

3.1. Effect of HPE-101 on hemolysis of
erythrocytes

In a preliminary study, 2% ethanol in PBS resulted
in a negligible hemolysis of erythrocytes while com-
pletely dissolving HPE-101 up to 100 mM (data not
shown). Thus, it was selected as a solvent for HPE-
101.Fig. 2shows the effect of HPE-101 concentration
on hemolysis of human erythrocytes. Hemolysis of ery-
throcytes began to occur at as low as 0.01 mM of HPE-
101 in 2% ethanol in PBS. Since complete hemolysis
was observed at concentrations higher than 1.0 mM,
the concentration range of 0.01-1.0 mM of HPE-101

120 -
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20
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HPE-101 concentration (mM)

Fig. 2. The effect of HPE-101 on the hemolysis of erythrocytes sus-

pended in isotonic phosphate buffer saline (0.5% (v/v)) containing

various concentrations of HPE-101. Hemolysis was determined after
incubating for 30 min at 37C.

fluidity.

3.2. Effect of HPE-101 on the lateral mobility of
lipid bilayer in ghost membrane

Intramolecular excimer formation of py-3-py is
known to be sensitive to the lateral mobility changes,
and thus has been used to study the fluidity change of
biomembranesKang et al., 1996; Zachariasse et al.,
1982. An increase in the excimel’} to monomer k)
intensity ratio (/I) is an indication of increased lateral
mobility of the probe (i.e., py-3-py) within the mem-
brane. In a preliminary study to determine the probe
incorporation time, the value ¢fg¢/l 379 nmrapidly de-
creased for the initial 10 h of incubation at@, then
reached a constantvalue thereafterfor atleast25 h (data
not shown). Thus, the effect of HPE-101 concentration
on the lateral mobility was investigated after incubating
the probe for 18 h with ghost cells at&@. As shown in
Fig. 3 HPE-101 increased the lateral mobility of ghost
membrane in a dose-dependent manner.

3.3. Effect of HPE-101 on the rotational mobility
of lipid bilayer in ghost membrane

Fluorescence polarization technique was employed
using DPH as a probe dye to measure the rotational mo-
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Fig. 3. The effect of HPE-101 on the lateral diffusion. HPE-101
increased the excimer to monomer fluorescence intensity &tip (

of py-3-py in erythrocyte ghost cells. The excitation wavelength was
330nm and’/l was calculated from the 480 to 379 nm signal ratio.
Fluorescence measurements were performed a€2&ach point
represents the mean S.D. of three to nine determinations.
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025 - ing the similarity in structure of HPE-101 with that of
Azone, this may also be the possible mechanism for

0.20 - HPE-101.
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& 0187 3.4. Effect of HPE-101 on microviscosity of ghost
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The excimer to monomer fluorescence intensity ra-
tio (I'N) of py-3-py in the erythrocyte ghost membranes
can be translated into microviscosity values by compar-
ing this intensity ratio with those measured in an ap-
propriate solvent or solvent mixture of known viscosity

HPE-101 concentration (mM) (Cogan et al., 19793The fluorescence spectra of py-3-

. . . py are identical in membranes and white mineral oil,
Fig. 4. The effect of_ HP_E—lOl on the rotational ‘moblllty. HPE-101 thus it was used as a reference system for this purpose.
decreased the polarization of DPH incorporated in ghost membranes. i ) X
The excitation and emission wavelengths were 362 and 430 nm, re- BOth the excimer to monomer fluorescence intensity

spectively. Fluorescence measurements were performed°&t. 37
Each point represents the mears.D. of three measurements.
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bility of lipid bilayer in ghost membrane. In a highly 1.2 )
viscous membrane, the DPH molecule is held essen- OE )
tially motionless, and a fluorescence polarization value £ 1.0+ 2
of 1 is observed. The polarization value near 1 thusis _® ;4| 1 &
observed in highly rigid membranes, whereas the value ~ P2
near 0, in extremely fluid membranes. Therefore, there § 0.6 L 3
is an inverse relationship between membrane fluidity __3 L 2
and fluorescence polarizatioddhmoto et al., 1994 041 0 1>
As represented iffrig. 4, the values of fluorescence 0 10 20 30 40 50

polarization P) in ghost membranes decreased with
an increase of HPE-101 concentration from 0.001 to
1 mM. This result implies that the rotational mobility
of lipid in ghost membranes increased with an increase
of HPE-101 concentration.

In a recent study using stratum corneum lipids in
langmuir monolayersL{opez-Castellano et al., 2000
Azone is known to increase the fluidity within mono-
layer. A liposome composed of lipid components of

®

Temperature (°C)

- N
3,1 o
L 1

Microviscosity (poise)
o

stratum corneum was also used as a system to evaluatt 0.5+

the enhancing ability of Azone. Changes in the lipid

fluidity of the model lipid liposome membrane, con- 0.0 , , ,
sisting of ceramide (40%), cholesterol (25%), palmitic 0.001 0.01 0.1 1
acid (25%) and cholesterol 3-sulfate (10%), by the ad- (b) HPE-101 concentration (mM)

dition of Azone were also measured by a fluorescence

polarization methodKai et al., 1993. The basis for Fig. 5. The Effect of HPE-101 on the microviscosity of ghost mem-

the skin permeation-enhancing mechanisms of Azone branes. (a) The viscosity ) and excimer to monomer fluorescence
L . intensity ratio ('/I) of py-3-py (@) in white mineral oil were deter-

was prqposed to be.the Change n dlf‘fFISIOn constant of mined as a function of temperature. (b) THevalues in Fig. 3 were

a drug in the rat skin caused by the increment of the repiotted using the linear equation obtained from the relationship

fluidity of the model lipid liposome. Thus, consider- between thé¢'/l ratio and log; in Fig. a).
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ratio of py-3-py ('/1) and the viscosity (poise) of white ~ enhance the skin permeation of drugs by increasing the
mineral oil were obtained at various temperatures, and fluidity of the lipid bilayers in the stratum corneum of
were plotted as a function of temperatufég( 5a)). the skin, which resulted in the reduction of diffusion
While the viscosity of white mineral oil decreased as resistance. Further studies are underway to understand
the temperature increased, the fluidity of white min- other mechanism(s) of HPE-101, such as its effects on
eral oil (expressed a4l) increased with the increase the lipid depletion and/or partitioning into the skin.
of temperature. Since a linear relationship existed be-
tween thd’/l values and log, this could be served as a
calibration curve in determining the microviscosity of
the ghost membranes from thd value. When the re- We appreciate Hisamitsu Pharmaceutical Co. for
sult of Fig. 3was replotted using this calibration curve, their kind donation of HPE-101.
the effect of HPE-101 on the microviscosity of the di-
rect environment of py-3-py in the membranes could be
expressed as shownfig. 5b). HPE-101 significantly ~ References
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