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This article reports the characterization of the physicochemical properties of two important antifungal
topical drugs, amorolfine and ciclopirox. Furthermore, the release of the drugs from commercial lac-
quer formulations for treatment of onychomycosis was studied using the online FTIR-ATR technique.
Based on the physicochemical background of these two drugs and their release from commercial
lacquer formulations for treatment of onychomycosis, the suitability of these drugs for optimized local
antifungal therapy to human nails is discussed. Amorolfine appears to be more suitable for drug deliv-
ery to human nails because it penetrates into the nails via the hydrophilic pathway. Furthermore amor-
olfine penetrates very well into fungal cells, due to the pH value of the nail, as well as the pKa value of
this antimycotic agent and the lipophilic properties of its base form.

1. Introduction

Onychomycosis, the most common of all nail infections,
is reported to affect up to 18% of the general population,
representing around 50% of all nail disorders (Roberts
1999; Scher 1999). Systemic and topically applied antimy-
cotic drugs are used in mono- and combination (topical
plus systemic) therapy of this disease. Topical antifungal
drugs have an important role in the modern management
of onychomycosis (Baran and Kaoukhov 2005). Modern
nail lacquers containing active antimycotic agents are rela-
tively new galenic formulations and have been termed
transfungual delivery systems (Baran 2000). Currently
available commercial lacquer formulations include those
containing amorolfine 5% as hydrochloride (Loceryl1 Na-
gellack; Galderma Laboratorium GmbH) and ciclopirox
8% (Nagel Batrafen1; Aventis Pharma). The main chal-
lenge of topical therapy is to achieve biologically active
antimycotic concentrations of agents liberated from the ve-
hicle into the nail plate and at the nail bed for a sustained
period of time.
The physicochemical properties of pharmacologically ac-
tive substances are critical for their therapeutic activity.
Therefore, knowledge of the physicochemical background
of drugs is very important for optimal drug delivery to the
human nails and for therapy of nail diseases (e.g. onycho-
mycosis). Furthermore, the physiological conditions in the
human nail plates have to be taken into consideration. The
nail plate has a pH value of about 7.4, containing few
lipids (0.5–1.5%) and a relatively high amount of water
(7–30%) (Baden et al. 1973; Finlay et al. 1980; Murdan
2002).

In the field of topical antimycotic drugs for onychomyco-
sis, there have been some articles dealing with their phar-
macokinetics in the nail (e.g. Franz 1992; Polak 1993;
Ceschin-Roques et al. 1991), with the biological activity
of the drugs (Mensing et al. 1992), and their biological
activity due to sublimation (Polak et al. 2003). Further-
more, there are some reports focusing on physicochemical
aspects of the penetration of antimycotic agents into and
through human nails in vitro (Walters et al. 1985; Mertin
and Lippold 1997; Kim et al. 2001).
Therefore in this article, the physicochemical background
of amorolfine (hydrochloride) and ciclopirox was studied
and the release of these drugs from commercially avail-
able lacquer formulations was measured online using the
Fourier transform infrared (FTIR) attenuated total reflec-
tion (ATR)-technique in direct comparison.
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2. Investigations, results and discussion

As shown in the Table, amorolfine is quite water soluble
when it is used as the salt (9.2 mg/ml). This result is in
agreement with the water solubility (9.9 mg/ml) reported
by Mertin and Lippold (1997). Ciclopirox is very water
soluble when it is used as ciclopirox olamine (32.8 mg/ml).
The water solubility of ciclopirox was 8.6 mg/ml. How-
ever, the solubility of ciclopirox in buffer (pH 7.4) was
1.0 mg/ml compared to 6.6 mg/ml amorolfine in buffer
(pH 7.6). The n-octanol/buffer partition coefficient was
measured in order to characterize the lipophilicity of the
drugs studied. As shown in the Table, amorolfine has a
very low n-octanol/buffer partition coefficient (0.035)
when an aqueous phase with a pH of 4.0 is used. Amorol-
fine is a base with a pKa of 6.6. Therefore, amorolfine is
highly ionized at a pH of 4.0. On the other hand, amorol-
fine has a very high n-octanol/buffer partition coefficient
(17.4) when an aqueous phase with a pH of 7.4 is used
because amorolfine is present 91% as the base at pH 7.4.
The results show that the amorolfine base is very lipophi-
lic in contrast to its ionized form.
Ciclopirox has a high n-octanol/buffer partition coefficient
(27.7) at pH 7.4, which means that it is a very lipophilic
drug.
The release of the two drugs was studied using both a
lipophilic and a hydrophilic acceptor system. It can be
seen that amorolfine was very rapidly (half life t1/2 of
about 4 min) released from the Loceryl1 lacquer formula-
tion (see Fig. 1) when water was used as the acceptor sys-
tem: after 15 min 90% of amorolfine was released.

In contrast, no release of ciclopirox from the Batrafen1

lacquer formulation could be detected after 120 min when
water was used as the acceptor phase (data not shown).
On the other hand, a very fast release (half life t1/2 of
about 8 min) of ciclopirox from the Batrafen1 formulation
was observed when a lipophilic acceptor system (dodeca-
nol-collodion-membrane) was used (see Fig. 2).
In contrast, no release of amorolfine from the Loceryl1

lacquer formulation was found after 120 min when the li-
pophilic acceptor was used (data not shown).
The results show that ciclopirox appears to penetrate into
human nails via the lipophilic pathway. In contrast, be-
cause of the hydrophilicity of its ionized form (¼ trans-
port form) amorolfine is capable of diffusing into the hu-
man nail plate via the hydrophilic pathway. The pH value
in the nail is about 7.4, and therefore basic drugs with a
pKa of about 6.5 such as amorolfine are present in their
unionized form (¼ active form) having a higher lipophili-
city, which is necessary to enter the fungal cells.
As shown in the literature, the hydrophilic pathway and
also the degree of hydration (Marty 1995) appear to be the
most important prerequisites for drug penetration into hu-
man nails because in the human nails there are only 0.5–
1.5% lipids, but a 7–30% water content. Therefore, the
human nail plate behaves physicochemically more like a
hydrophilic gel membrane as opposed to a lipohilic mem-
brane, such as stratum corneum (Mertin and Lippold 1997;
Walters et al. 1983). For further characterisation of differ-
ent physicochemical properties of amorolfine and ciclopir-
ox, investigations on alternative biological membranes
(bovine hoofs and human nails) have been initiated.
Taking all the results together, we can conclude, that
amorolfine is physicochemically more suitable for delivery
to the human nails because it penetrates via the hydrophi-
lic pathway. Due to the optimal pH value of the nail plate,
as well as the pKa value and lipophilic properties of amor-
olfine, the active agent penetrates very efficiently into fun-
gal cells. These physicochemical data confirm other ex-
perimental results published earlier, which demonstrated
that amorolfine penetrates very well not only into, but also
through human nail plates into subungal debris to main-
tain effective antifungal drug concentrations even after ter-
mination of local treatment in patients with onychomyco-
sis (Mensing et al. 1992).
These experimental data should at least partially explain
clinical results published recently, in which amorolfine 5%
nail laquer had higher clinical and mycological cure rates
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Table: Physicochemical properties of amorolfine and
ciclopirox

Amorolfine HCl Ciclopirox

Water solubility
(mg/ml) Water

Buffer

9.2 � 0.06

6.7 � 0.2**

8.6*
32.8 � 0.6 (Olamine)
1.0***

pKa 6.6**** 8.07****

Partition coefficient
n-octanol/buffer:
pH 7.4
pH 4.0

17.4 � 1.9
0.035 � 0.003

27.7 � 4.4

N ¼ 3, mean � SD; *water at 32 �C, ** 7.6 pH, *** 7.4 pH (according to Mertin and
Lippold (1997)), **** according to (Mertin and Lippold 1997)
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Fig. 1: Release of amorolfine HCl from Loceryl1 nail laquer into water
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Fig. 2: Release of ciclopirox from Nagel Batrafen1 into a dodecanol col-
lodion membrane



than ciclopirox 8% nail laquer in mono- or combination
therapy of onychomycosis (Halmy 2004; Baran and Kaou-
khov 2005).

3. Experimental

3.1. Materials

The model antifungal drugs, amorolfine HCl and ciclopirox olamine, were
obtained from Galderma Laboratorium GmbH (Düsseldorf, Germany) and
Sigma (Taufkirchen, Germany), respectively. Ethanol was supplied by Bun-
desmonopolverwaltung für Branntwein (Offenbach, Germany), ether by
Kraemer & Martin (Sankt Augustin, Germany), and dodecanol by Merck-
Schuchardt, (Hohenbrunn, Germany). Collodium (solution 4%, DAC 99)
was supplied by Caelo (Hilden, Germany); all the other chemicals required
were purchased from Sigma (Taufkirchen, Germany).

3.2. Analytical assays

3.2.1. Partition coefficient and water solubility

The concentrations of amorolfine and ciclopirox in the aqueous phase were
determined after the experiments for determination of the partition coeffi-
cient. The measurements were carried out photometrically at l ¼ 214 nm
(amorolfine) and at l ¼ 220 nm (ciclopirox) using a HP Diode Array
Photometer (Waldkirchen, Germany).

3.2.2. Release studies

FTIR-ATR-spectroscopy (see Wartewig et al. 2002) was used to determine
the release of the drugs studied from commercial lacquer formulations.
The experiments were carried out with an IFS 28 FTIR spectrometer (Bru-
ker Optics, Ettlingen, Germany) equipped with a SpeculATR ATR-attach-
ment (Thermo Spectra-Tech Inc., Shelton, USA). The sampling compart-
ment is a Fresnel ATR accessory that uses a ZnSe crystal with an angle of
incidence of 45� in a horizontal orientation. The diameter of the top of the
crystal is 20 mm. Each IR spectrum was collected at room temperature
with 32 scans and a spectral resolution of 2 cm�1 in the wave number
range from 680 cm�1 to 4000 cm�1. OPUS software (Bruker Optics) was

used for data treatment. The FTIR-ATR spectra of the nail lacquers, Locer-
yl1 and Batrafen1, are presented in Fig. 3. The decrease over time of the
integral intensity of the IR band between 2420 cm�1 and 2580 cm�1 was
used to investigate the release of amorolfine from the lacquer. In the case
of ciclopirox, the evolution over time of the sharp IR band at 1560 and
1640 cm�1, both associated with the drug, were evaluated.

3.3. Lacquer formulations used

Two commercial lacquer formulations were used: Nagel Batrafen1 (con-
taining ciclopirox) and Loceryl1 nail lacquer (containing amorolfi-
ne � HCl).

3.4. Determination of partition coefficients

The partition coefficients of the above compounds were determined for n-
octanol/phosphate buffer pH 5.7 and 7.4 at 25 �C. Solutions of the above
drugs (4 ml) in the buffer at a concentration of 100 mg/ml and 4 ml of n-
octanol were decanted into screwed cap tubes. The tubes were placed in a
shaking water bath at 25 �C. At the equilibrium time (5 h) the tubes were
centrifuged. The n-octanol layer was separated and discarded and the ab-
sorbances were read for the aqueous phase at a suitable lmax against a
blank of buffer of the pH used. The partition coefficients were calculated
from three determinations each.

3.5. Release studies

The nail lacquer was directly prepared on the top of the ATR-crystal by
spreading a defined amount of liquid formulation on the surface of the
ZnSe crystal. The acceptor media, water and a dodecanol collodion mem-
brane, respectively, were located at the surface of the lacquer formulation.
The preparation of the dodecanol collodion membranes was described by
Bendas et al. (1992) and Neubert et al. (1993).

3.6. Determination of water solubility

Solubilities of the drugs were measured in water and in buffer at 25 �C as
a function of the equilibrium time at 5 h and 24 h. Ten milligrams of com-
pound were weighed into screwed cap tubes and 5 ml of the above phos-
phate buffer were added. The tubes were placed in a shaking water bath at
25 �C. The tubes were centrifuged 5 h and 24 h later at 3000 g for 5 min
and a suitable volume of supernatant was withdrawn, diluted with water or
the buffer, respectively, and the absorbances were recorded at lmax of the
appropriate compound against a suitable phosphate buffer blank. The con-
centrations of the compounds were calculated from the Beer’s law equa-
tion. The solubilities were calculated in mg/ml from an average of three
experiments with each drug.
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Fig. 3: FTIR-ATR spectra of nail lacquers: (a) Nagel Batrafen1 and (b)
Loceryl1 nail lacquer. The drug IR bands evaluated for release are
marked with arrows.
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