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Abstract

The aim of this study was to determine the in vitro fungicidal and growth inhibitory activity of ciclopi-
roxolamine alone (1% and 1.5%) or in association with 1% zinc pyrithione compared to 2% ketoconazole,
against Malassezia species particularly involved in the pathogenesis of seborrheic dermatitis. Experiments
were performed on Malassezia globosa IP 2387.96 and M. restricta IP 2392.96 strains. Growth inhibitory
activity of the active compounds in solution was evaluated by measuring minimal inhibitory concentrations
using a broth micro-method and their fungicidal activity by a filtration method after contact times between
solutions and yeasts ranging from 3�5 to 30 min. Concerning the determination of minimal inhibitory
concentration of ciclopiroxolamine/zinc pyrithione, it revealed the marked synergistic inhibitory effect of
the association, leading to a higher efficacy compared to ketoconazole. As to the fungicidal activity of
ciclopiroxolamine, it significantly increased with the contact time. After 15�30 min of contact between
1.5% ciclopiroxolamine and Malassezia strains, a 2-log reduction of Malassezia counts was observed. The
1.5% ciclopiroxolamine/1% zinc pyrithione association was characterized by a steady fungicidal efficacy
whereas the 2% ketoconazole solution did not express any fungicidal effect. In conclusion, this study
demonstrates the in vitro inhibitory and fungicidal efficacy of the ciclopiroxolamine/zinc pyrithione asso-
ciation against Malassezia species and underscores its potential interest in the treatment of seborrheic
dermatitis.
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Abbrevations: SD � Seborrheic dermatitis; CPO � Ciclopirox olamine; ZP � Zinc pyrithione; MIC �
Minimal Inhibitory Concentration

Introduction

Seborrheic dermatitis (SD) is a common, chronic,
superficial inflammatory skin disorder covering
areas of the scalp, face and trunk [1] and affecting
1%�3% of the population. Dandruff could be
related to this disease via a common etiology [2].
Recent studies have demonstrated that SD path-
ogenesis involves host factors [3] and lipophilic

yeasts of the genus Malassezia [4�7] in over-
abundance, among which M. restricta and M.
globosa appear to be the most frequently isolated
[2, 8�10].

The standard treatment of SD/dandruff con-
sists of antimycotic shampoos to control Mala-
ssezia development [1, 11] containing azoles and
especially ketoconazole [12, 13], hydroxypiridones
[14�17] or various agents such as zinc pyrithione
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[18, 19], tar and selenium disulphide. However,
though these treatments are able to achieve clinical
improvement, their discontinuation is often fol-
lowed by Malassezia yeasts recolonization, which
is responsible for the main part of symptoms
recurrence. With the aim at improving current
therapeutic strategies of SD, recent clinical studies
have evaluated different combinations of potent
antimycotic agents [20�22]. But prior to clinical
trials, the interest of such associations in reducing
recolonization must be explored in in vitro studies
in order to define their antifungal activity on
Malassezia cells not only in terms of growth inhi-
bition but also of fungicidal effect, due to the
specific mode of use of shampoo-based SD treat-
ments, which consists in applying high doses of
active compound during a short contact time.

Therefore, the present study was performed to
evaluate the growth inhibitory activity and the fun-
gicidal effect of the ciclopiroxolamine/zinc pyrithi-
one association (CPO/ZP) against Malassezia
globosa andM. restricta reference strains, compared
to CPO and ZP alone and to ketoconazole, the ref-
erent molecule used in the treatment of SD.

Materials and methods

Chemicals and test solutions

The hydrophilic solutions of 1% (10 g/L) and
1.5% (15 g/L) CPO (w/v), 1% (10 g/L) ZP (w/v)
and 1.5% (15 g/L) CPO/1% (10 g/L) ZP combi-
nation (w/v) have been provided by the Institut de
Recherche Pierre Fabre (France). A solution of
2% (20 g/L) ketoconazole (Sigma) prepared in
10% DMSO was used as control. Hydrophilic
neutral solutions (without active compounds) used
were tested in the same conditions.

Malassezia strains

The strains were obtained from Pasteur Institute
Fungi Collection (Paris, France) and corresponded
to the major species implicated in dandruff: Mal-
assezia globosa IP 2387.96 and Malassezia restricta
IP 2392.96. Strains were incubated during 5 days
at 30 �C on modified Dixon agar under aerobic
conditions. The minimal inhibitory concentrations
(MICs) were determined in modified Dixon broth.
For fungicidal tests, numerations were carried out

after incubation on Dixon agar during 5 days at
30 �C under aerobic conditions. The suspensions
were prepared in sterile distilled water using glass
beds for dispersion just before use, at a concen-
tration of 107 yeast cells/mL as controlled by
microscopic counts.

Methods

• The growth inhibitory activity was determined
by measuring the MICs using a broth micro-
method. Briefly, 100 ll of modified Dixon
broth were placed in each well of two 96-well
microtiter plates and 100 ll of the test solu-
tions were added to the first column of the first
plate. In order to obtain an extended range of
tested concentrations, two-fold dilutions were
carried out from one column to the next, up to
fill all the columns of the 2 microplates, except
columns 11 and 12 that were respectively used
as control of the medium sterility (without test
solution and without spores) and growth
(without test solution, with inoculum). The
microplates were inoculated using a multipoint
inoculator (Denley) to obtain a final concen-
tration of 105 cells/mL, and incubated during
5 days at 30 �C. After control of the growth in
each well of the column 12, MIC was deter-
mined as the first concentration corresponding
to no visible growth (mg/L). Assays were
performed in duplicate.

• The fungicidal activity of the hydrophilic
solutions was determined according to the
‘‘filtration’’ method adapted from the Euro-
pean Standard [23]. Briefly, 9 mL of each
solution was mixed with 1 mL of Malassezia
suspension. After 3�5, 15 and 30 min of
contact at 32 �C, the reaction was stopped by
filtering 1 mL of the mixture and the 10-fold
dilutions with sterile distilled water
(10)1�10)3) onto a 0.45 lm membrane. After
rinsing, the membrane was put on modified
Dixon agar and incubated as described above.
The innocuousness of the excipients and the
validity of the neutralization by filtration were
verified according to the Standard (preliminary
tests). The initial inoculum was determined by
filtration of 10)4 and 10)5 dilutions of the
initial suspension. Assays were performed twice
when the tested solutions had no fungicidal
effect, and four times for solutions expressing
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potent fungicidal effects. Results were
expressed as the percentage or the base-10
logarithm of the reduction in residual viable
counts compared to the initial inoculum.
Statistical analysis was performed using a
paired test for the evaluation of contact time
effect and an unpaired test for the comparison
between tested solutions.

Results

Determination of the growth inhibitory efficacy

Table 1 indicates the values of MIC (mg/L) for
CPO, ZP, ketoconazole and CPO/ZP association.
Compared to ketoconazole, ZP expressed a similar
high inhibitory activity but the most significant
result was observed for CPO/ZP association,
which proved to be more efficient than ketoco-
nazole. Indeed, the combination of the two
inhibitory compounds showed a highly synergistic
effect with a 10�100-fold decrease in the efficient
MIC compared to CPO and ZP alone and to
ketoconazole. In the assay conditions, hydrophilic
neutral solutions express no inhibitory effect.

Kinetics of fungicidal activity

The mean reduction percentage in residual viable
counts for M. globosa and M. restricta was
compared to the initial inoculum for the 1%
CPO, 1.5% CPO and 1% ZP solutions (Figures 1
and 2). Hydrophilic neutral solutions did not
show any detectable fungicidal activity. For both
strains, the 1.5% CPO solution induced higher

percentages of reduction in residual viable counts
than the 1% solution for all contact times,
including the short one. A significant time-
dependent effect (P<0.05) was observed for the
1.5% CPO solution, leading to a count reduction
of 90% and 99% after respectively 15 and 30 min
of contact for both strains tested. By contrast, the
1% ZP solution showed a poor fungicidal effi-
cacy, as it did not reduce M. globosa counts and
only slightly M. Restricta counts, even after
30 min of contact. The fungicidal activity of CPO
and ZP solutions appeared to be slightly more
efficient on the M. restricta strain than on the
M. globosa strain but without significant differ-
ence between both strains.

The same experiments were performed with the
1.5% CPO/1% ZP association and 2% ketoco-
nazole solution. The kinetics of mean reduction for
the two solutions according to the contact time are
presented on Figures 3 and 4, for M. globosa and
M. restricta strains respectively. The CPO/ZP
combination showed a potent fungicidal time-
dependent efficacy, similar to that observed with
the CPO solution alone, confirming the absence of
an antagonist effect between the two compounds.
By contrast, the 2% ketoconazole solution did not
express significant fungicidal activity (log reduc-
tion £ 0.5) even after 30 min of contact. Hence,
the difference of fungicidal efficacy between the
1.5% CPO/ZP and 2% ketoconazole solutions was
statistically significant as early as 3�5 min of
contact for M. restricta and 15 min of contact for
M. globosa (P<0.05), reaching a high significance
(P<0.01) after 30 min of contact for both strains.

Discussion

Our results confirm the real fungicidal efficacy of
hydroxypyridones [24, 25] like Ciclopirox olamine
against Malassezia yeasts, underscore the highly
potent growth inhibitory effect of zinc pirithione
and demonstrate the higher fungicidal and
fungistatic efficacy of its association with CPO
compared to ketoconazole.

The mode of action of hydroxypyridones is very
complex, targeting a variety of metabolic processes
in the fungal cell [26], inhibiting the uptake of
essential substrates and ions, thus leading to
intracellular depletion [27] associated with topi-
cal anti-inflammatory properties [28]. The main

Table 1. MICs (Minimal Inhibitory Concentrations) (mg/L) of
ciclopiroxolamine, zinc pyrithione, ketoconazole and the asso-
ciation ciclopiroxolamine/zinc pyrithione against Malassezia
globosa IP 2387.96 and Malassezia restricta IP 2392.96

MICs (mg/L)

M. globosa

IP 2387.96

M. restricta

IP 2392.96

Ciclopirox olamine 7.3 7.3

Zinc pyrithione 0.3 0.15

Ketoconazole 0.5 0.5

Ciclopirox olamine/

Zinc pyrithione (1.5/1)

0.014/0.009 0.014/0.009
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antimicrobial mechanism described is the high
affinity of CPO for trivalent metal cations [24]
acting as cofactors for enzymes such as
cytochromes involved in mitochondrial electron
transport. At the same time, catalase and peroxy-
dase activities are strongly inhibited by the drug,
leading to a lethal lack of intracellular degradation
of toxic peroxides [25]. We have recently reported
the fungicidal efficacy of ciclopirox against der-
matophytes, moulds and yeast strains on the basis
of numeration of residual viable cells and electron
microscopy observations [29]. The present study
confirms such a fungicidal efficacy, in comparison
to ketoconazole, which only acts as an inhibitory
compound [30]. Above all, it emphasizes the time-
dependent and dose-dependent effect of ciclopirox
recently demonstrated in vivo by Altmeyer and
Hoffmann [31].

Among the potent active compounds used in
SD/dandruff, zinc pyrithione is also well recog-
nized [11, 18, 19] despite the fact that its mode of
action has not yet been clearly demonstrated. In
our study, we report for the first time the highly
potent inhibitory activity of this drug against
M. globosa and M. restricta, similar to that of
ketoconazole. The real antifungal efficacy of ZP
must be considered in addition to its other prop-
erties such as the improvement of the altered
stratum corneum ultrastructure observed in dan-
druff and SD [32]. These results must be confirmed
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Figure 1. Evolution of the percentage reduction in viable
counts (mean±standard error) of Malassezia globosa IP
2387.96 according to the contact time (min) with the 1% cic-
lopiroxolamine (CPO), 1.5% CPO and 1% zinc pyrithione
solutions (no detectable logarithmic reduction). *P<0.05 in
comparison with the 3�5 min contact time.
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Figure 2. Evolution of the reduction percentage in viable
counts (mean±standard error) of Malassezia restricta IP
2392.96 according to the contact time (min) with the 1% and
1.5% ciclopiroxolamine solutions and the 1% zinc pyrithione
solution. *P<0.05 in comparison with the 3�5 min contact
time.
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Figure 3. Evolution of the log reduction in viable counts
(mean±standard error) of Malassezia globosa IP 2387.96
according to the contact time (min) with the 1.5% ciclopi-
roxolamine/1%zinc pyrithione solution and the 2%ketoconazole
solution. *P<0.05, 2% ketoconazole versus 1.5% ciclopiroxol-
amine/1% zinc pyrithione. **P<0.01, 2% ketoconazole versus
1.5% ciclopiroxolamine/1% zinc pyrithione.
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Figure 4. Evolution of the log reduction in viable counts
(mean±standard error) of Malassezia restricta IP 2392.96
according to the contact time (min) with the 1.5% ciclopi-
roxolamine/1% zinc pyrithione and 2% ketoconazole solutions.
*P<0.05, 2% ketoconazole versus 1.5% ciclopiroxolamine/
1% zinc pyrithione. **P<0.01, 2% ketoconazole versus 1.5%
ciclopiroxolamine/1% zinc pyrithione.
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on other Malassezia species according to their
prevalence in SD patients [33].

As underlined by Bulmer and Bulmer [34], few
studies experimentally comparing the antifungal
efficacy of current therapeutic shampoos have
been carried out. Furthermore, the antifungal
activity of the shampoos is generally evaluated
in vitro by determining minimal inhibitory con-
centrations [30], which only reflect the fungistatic
effect of the products. However, the conditions of
use of these products, i.e. the application of high
doses of shampoo for a short time, require specific
in vitro analyses as previously noticed by Mayser et
al. [35], and in particular the evaluation of their
fungicidal activity. Moreover, when the fungicidal
activity of the products is evaluated, the omission
in the experiments of a validated end-of-contact
step as described in the standards [23], often leads
to false conclusions on the killing effect of anti-
fungal agents [34]. Our study was performed to
better define the antifungal efficacy of some
antimycotic agents against Malassezia species,
especially in terms of fungicidal effect, taking
into account that the recurrent symptoms are
frequently due to recolonization. Therefore, we
evaluated the efficacy of CPO/ZP combination not
only at controlling the growth of Malassezia
species but also at reducing their population, using
validated methods. Furthermore, we confirmed the
compatibility of the two active compounds in this
association, which produced a fungicidal and
highly synergistic growth inhibitory effect against
Malassezia strains.

Many active compounds have been evaluated
in the past in seborrheic dermatitis treatment.
Concerning CPO-based shampoos [14], numerous
recent clinical studies have demonstrated their
efficacy in the treatment of cutaneous affections
like dandruff and scalp SD, CPO being used alone
[15�17] or combined with other active substances
[20]. Regarding the associations containing ZP
and current antimycotic drugs, their interest has
also been demonstrated in an in vivo study that
evaluated the efficacy of a shampoo combining
2% ketoconazole and 1% ZP at improving
dandruff [21].

Therefore, a therapeutic shampoo containing
1.5% CPO and 1% ZP could be a promising
candidate for the treatment of scalp SD, taking
into account the main properties of the 2 com-
pounds, i.e. the fungicidal efficacy of CPO and the

high inhibitory activity of ZP. Our results suggest
that, besides the anti-inflammatory properties of
CPO and ZP, the advantage to add a fungicidal
agent to an inhibitory compound in a shampoo
formulation would be the regular reduction in the
cutaneous Malassezia counts, leading to a lower
recolonization and finally, to a lower risk of
recurrence. This is in accordance with a recent
clinical study carried out by Pierard-Franchimont
et al. [22] demonstrating that a 4-week treatment
with a shampoo containing 0.75% piroctone ola-
mine, a hydroxypyridone compound, associated
with 2% salicylic acid and 0.5% elubiol led to a
more significant reduction in Malassezia spp.
counts than a coal tar shampoo, with a positive
impact on the post-treatment phase.

Our in vitro results underscore the potential
interest of the CPO/ZP association in the
treatment of SD of the scalp, due to its highly
synergistic effect on the growth control and the
reduction of Malassezia population. However,
further comparative double blind studies are
needed to evaluate its clinical activity [36].
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