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ABSTRACT

Background/Aim: Dandruff is a common scalp problem associated with flaky and inflamed skin. In this study, we in-
vestigated the efficacy of a shampoo containing piroctone olamine and climbazole and the combination of this shampoo
with a scalp tonic containing piroctone olamine and licochalcone A, derived from Glycyrrhiza inflata root extract, to
reduce dandruff. Study Design/Methods: After conditioning, 102 subjects (& 56 and 46 Q) with moderate to very
strong dandruff affection underwent a randomized half head study for 4 weeks. The volunteers’ heads were washed
regularly either with a placebo or the anti-dandruff shampoo, followed by the anti-dandruff tonic application or no
treatment. In a 2-week post-treatment phase, subjects only applied placebo shampoo. Every two weeks, trained experts
assessed dandruff affection based on a scale of 1 to 6. At study start and after every 2 weeks, cytokine concentrations
and anti-fungal activity of test products were determined in scalp wash-ups by enzyme-linked immunosorbant assays or
a Malassezia colony-forming assay, respectively. Results: Results of expert grading and anti-fungal activity revealed a
significant reduction in dandruff affection and Malassezia colony-forming units after treatment with the anti-dandruff
shampoo or its combination with the tonic. Dandruff affection even remained reduced in the post-treatment phase when
levels of Malassezia colony-forming units had returned to baseline. Cytokine analyses proved a significant decrease in
pro-inflammatory dandruff markers after treatment with both anti-dandruff products. For the shampoo/tonic combina-
tion, a superior reduction of one scalp inflammatory marker was determined even after the post-treatment phase. Con-
clusion: Both the rinse-off shampoo as well as its combination with the leave-on tonic excellently alleviated dandruff
and its associated micro-inflammation. Both treatments showed anti-fungal activity. The superior benefit, exerted by the
combination, is primarily based on the known anti-inflammatory effect of licochalcone A and the improved scalp sub-
stantivity of the leave-on application.
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1. Introduction subsequent inflammation [5]. Dandruff symptoms are
believed to be the result of a disturbed barrier function,
which leads to (micro)-inflammation, and thus interferes
with normal cell proliferation and differentiation [6].

The most widely utilized treatment options are anti-
dandruff shampoos [7]. The suspected role of Malassezia
species in the formation of dandruff has led to the
incorporation of anti-mycotics in these special shampoos.
Most of these anti-fungals inhibit the growth of Malassezia
species. Actives include azoles, hydroxypyridones, coal tar,
salicylic acid, sulfur, selenium sulfide, and zinc pyri-
thione [1].

In this context, it is conceivable that symptoms might

Dandruff represents a common scalp disorder affecting
half of the world’s population regardless of gender or
ethnicity [1]. In contrast to normal healthy scalp, dandruff
is characterized by patches of loosely adherent flakes and
often accompanied by pruritus [1,2]. Patients suffering
from dandruff are frequently diagnosed with seborrhoeic
dermatitis [3]. Since dandruff is a chronic relapsing con-
dition, this disorder has a considerable impact on in-
dividual quality of life [4].

The etiology of dandruff is dependent on the following
factors: sebum secreted by sebaceous glands, metabo-
lization of sebum by Malassezia species leading to the

production of irritating unsaturated free fatty acids, and
the individual susceptibility to these free fatty acids and
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be reduced even more effectively in case a topical leave-
on formulation is applied after shampooing.

To effectively treat dandruff in the long term, an ideal
leave-on formulation for the application after shampooing
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needs to 1) exert anti-fungal actions, 2) decrease micro-
inflammation to help restore normal cell proliferation,
and 3) reduce pruritus.

Taking these prerequisites into account, we created a
leave-on tonic containing: 1) the soluble piroctone ola-
mine, which belongs to the class of hydroxypyridone
anti-mycotics, 2) the flavonoid licochalcone A to control
focal (micro)-inflammatory processes, and 3) the local
anesthetic polidocanol, which is well known to alleviate
itch [8,9]. Licochalcone A represents a component iso-
lated from the root of the licorice species Glycyrrhiza
inflata. Regarding human skin, licochalcone A has been
associated with anti-inflammatory effects in vitro [10,11]
and in vivo [11,12]. A recent study, performed in our
laboratory, demonstrated the significant improvement of
scalp condition after application of a leave-on tonic con-
taining urea, lactate, polidocanol, and licochalcone A in
the treatment of the dry, itchy, and subclinically inflamed
scalp. The tonic increased skin hydration, decreased
pruritus, normalized lipid changes, and reduced levels of
pro-inflammatory markers [13].

Here, we determined the effects of the application of a
picroctone olamine-, climbazole-, and polidocanol-contain-
ing shampoo followed by a treatment with the new leave-
on tonic in subjects with moderate to severe dandruff.
Results showed that the combination treatment with the
antifungal shampoo and the new leave-on tonic reduced
dandruff-associated scalp flaking and micro-inflammation
even more effectively and over an extended period of
time than shampooing alone.

2. Materials and Methods
2.1. Test Products

Three different formulations (2 shampoos and 1 tonic)
were utilized in the course of this in vivo study. The
verum shampoo (Eucerin®-DermoCapillaire Anti-Dan-
druff Gel Shampoo) contained piroctone olamine, clim-
bazole and polidocanol as active ingredients (INCI: aqua,
sodium laureth sulfate, cocamidopropyl betaine, laureth-9,
piroctone olamine, climbazole, undecylenamido propyl
betaine, polyquaternium-10, glycerin, sodium chloride,
citric acid, PEG-40 hydrogenated castor oil, PEG-200
hydrogenated glyceryl palmate, sodium benzoate, sodium
salicylate, parfum). The placebo shampoo was of similar
composition as the verum shampoo, but did not comprise
any actives. This shampoo was also used for standar-
dization purposes during the conditioning phase prior to
the study start and during the post-treatment phase. The
topical aqueous leave-on tonic (Eucerin®-DermoCapil-
laire Anti-Dandruff Intensive Scalp Treatment) contained
piroctone olamine, licochalcone A, derived from Gly-
cyrrhiza inflata root extract, and polidocanol as active
ingredients (INCI: aqua, alcohol denat. laureth-9, piroc-
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tone olamine, Glycyrrhiza inflata root extract, PEG-40
hydrogenated castor oil, hydroxyethylcellulose, citric
acid).

2.2. Determination of Shampoo and Tonic
Effects in Vivo

One hundred thirty-eight volunteers, known from earlier
studies to normally suffer from dandruff, were recruited
to participate in this study. After completion of a 14-day
conditioning phase, 102 volunteers (56 male and 46
female, 21 - 65 years) displayed sufficient dandruff
affection to be enrolled in the study (showing at least
“moderate” dandruff). The aim of this study was to
determine the amount of dandruff present on the scalp
after application of the placebo shampoo, the anti-dandruff
test shampoo alone, or the anti-dandruff test shampoo in
combination with the leave-on anti-dandruff tonic. Trained
experts performed visual assessment of the dandruff
affection of the scalp surface based on the following
assessment scale: 1 = no dandruff; 2 = single dandruff
visible; 3 = slight dandruff affection; 4 = moderate
dandruff affection; 5 = strong dandruff affection; 6 =
very strong dandruff affection.

In this in vivo study, the recommendations of the
current version of the Declaration of Helsinki and the
guideline of the International Conference on Harmonization
Good Clinical Practice (ICH GCP) were observed as
applicable to a non-drug study. All volunteers provided
written, informed consent. The study was conducted in a
randomized, investigator-blinded, split head design and
carried out under dermatological supervision. The split
head design followed an incomplete block design.

To standardize scalp condition prior to the study start,
all volunteers took part in a 14-day conditioning phase.
In the course of the 4-week treatment phase, test for-
mulations were applied by experienced hair dressers 3
times a week at the Institute Schrader test studio for
applied hair cosmetics (Holzminden, Germany) according
to written instructions. Test sites were the right and the
left sides of the head. Approximately 0.5 cm of the
middle head area was not treated to avoid cross-con-
tamination of test formulations. Consequently, in this
middle head area no measurements were performed or
samples were taken.

Trained experts washed the volunteers’ half heads with
placebo or verum shampoo according to a randomization
scheme. After 1 min application time, the two halves
were separately and thoroughly rinsed with water. This
procedure was followed by the randomized application of
the leave-on tonic or no treatment. For the application of
the tonic (if required), the hair was lifted at several
positions with the help of a comb, and the tonic was
directly spread on the scalp utilizing a syringe (2 to 5 ml).
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After that, the scalp was massaged, and the hair was
dried with a hair dryer. Seventy-two hours prior to mea-
surements, no tonic was applied. Assessment of dandruff
affection (expert grading) was performed at 2-week in-
tervals at baseline (ty) and after 2 (t,) and 4 (t4) weeks of
treatment.

After having completed 4 weeks of treatment, vo-
lunteers entered the post-treatment phase. During this
period, volunteers washed their hair 3 times a week at
home using the placebo shampoo without any actives.
After 2 weeks (ts), the individual dandruff affection on
both halves of the head was evaluated by the trained
experts again.

2.3. Determination of Scalp Cytokine Levels

At study start (ty), 37 out of 102 volunteers (25 male, 12
female; 23 - 65 years) showed strong or very strong
dandruff affection on one or both of their scalp sides.
These volunteers were selected for additional cytokine
analyses.

For the investigation of interleukin 1¢ (IL-1a), inter-
leukin 1 receptor antagonist (IL-1ra), and interleukin 8
(IL-8) levels, two aqueous standardized scalp wash-up
samples were taken from volunteers’ half scalp sides at t,
ty, t4 and tg.

The scalp wash-up samples were processed as pre-
viously described [13]. Briefly, the hair of each volunteer
was parted in the test area and secured. The scalp was
gently and repeatedly rubbed with a standard cotton bud
moistened with a rinse-off buffer. Shortened cotton buds
were placed into shortened pipette tips and the remaining
liquid in the buds collected by centrifugation. Corres-
ponding wash-up samples were combined. For analysis,
samples obtained from the same test sites of the same
volunteer at the same point in time were pooled as well.

Total protein content was analyzed using the Pierce®
BCA Protein Assay Kit (Thermo Scientific, Rochester,
NY, USA) according to the manufacturer’s instructions.
For the determination of IL-1a and IL-1ra levels, com-
mercially available sandwich ELISAs (enzyme-linked
immunosorbent assay; Quantikine® Human Immunoassay;
R&D Systems, Wiesbaden, Germany) were utilized ac-
cording to the manufacturer’s protocol. Results were nor-
malized to the individual total protein content of the
respective sample. For analysis of IL-8 levels, the ELISA
(enzyme-linked immunosorbent assay) Opt EIA™ Human
IL-8 (BD Bioscience, Heidelberg, Germany) was used.
The coating buffer was slightly modified and consisted
of 4.5 g NaHCO; and 1.78 g Na,CO; (both obtained from
Merck, Darmstadt, Germany) ad 0.5 1 demineralized H,O.
All other steps and procedures were carried out as re-
commended by the manufacturer.

Copyright © 2013 SciRes.

2.4. Determination of Anti-Fungal Activity of
Test Products

To analyze anti-fungal activity of the test products, one
standardized scalp wash-up was collected from every
half scalp side of each volunteer at to, t,, t4, and tq.

In brief, samples were obtained using a sterile swab
system (Copan Diagnostics Inc., Murrieta, CA, USA)
filled with 3 ml rinse-off buffer (12.49 g/l Na,HPO,, 0.63
g/l KH,PO,, 1 g/l Triton X-100; all obtained from Sigma,
Steinheim, Germany). For sampling, the hair was parted
with the help of a tail comb. Immediately, the swab tip,
which was moistened with rinse-off buffer, was run 10
times across the scalp covering an area of approx. 2 - 4
cm. After sample collection, each swab was placed in the
corresponding container and samples were vortexed. This
procedure was repeated twice.

Using a spiral plater (Meintrup DWS Laborgerite
GmbH, Lahden-Holte, Germany), 100 ul of sample-con-
taining solution were transferred to agar plates made of
10 g/l pepton (Thermo Scientific), 6 g/l glucose, 5 g/l ox
bile, 0.1 g/l yeast extract, 1 ml glycerol, 0.5 g/l glycerol
monostearat, 0.5 g/l Tween 60, 12 g/l agar (all obtained
from Merck), 10 ml 3.5% cow’s milk (local supermarket),
as well as 2.5 mg/l gentamicin, 100 mg/l chloramphe-
nicol, 400 mg/I cycloheximide (all obtained from Sigma).

Plates were then incubated at 32°C for 14 days. Plates
displaying a CFU/ml lower than 100 colonies at study
start were excluded from further analyses.

2.5. Statistical Analysis

A significance level of 0.05 (alpha) was chosen for sta-
tistical analysis, based on two-sided hypothesis testing.
For analysis, SAS software package for Windows V9.2.
and SigmaPlot 11.0 (Systat Software, Inc., Chicago, IL,
USA) were used.

Due to the incomplete block design the data were
assumed to be independent according to the products for
the statistical analysis. This approach is conservative, so
the statistical results can be regarded as valid. The data of
the expert grading and Malassezia colony formation were
analyzed by Wilcoxon’s rank test. The cytokine data
were checked for normal distribution by means of Sha-
piro-Wilk test. Due to the fact that the hypothesis of
normality was rejected for the interleukin data, the Blom-
transformed ranks of the original data were used for
analyses. In order to suitably model intra-individual
changes, treatment comparisons were performed by in-
corporating baseline values. The initial situation at base-
line ty was evaluated by analysis of variance, using
“treatment” as explanatory variable. The treatment effects
were evaluated by analysis of (co)variance. The treated
vs. placebo control comparison was performed by analysis
of covariance with “treatment” and “t,” as explanatory
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variables, where “treatment” was the classification variable
and “ty” the covariate. The comparison with baseline was
performed by repeated measure analysis of variance with
“point in time” as classification variable. If applicable,
post hoc pairwise comparisons were performed.

3. Results

3.1. Determination of Shampoo and Tonic
Effects in Vivo

Volunteers showing moderate to very strong dandruff af-
fection participated in this in vivo study, which was
performed to determine the efficacy of placebo shampoo,
verum shampoo alone or verum shampoo in combination
with tonic treatment to treat dandruff. Each volunteer
tested two different formulations on split head with a
randomization following the incomplete block design, so
that each formulation or the combination of verum
shampoo and tonic was applied to 48 - 51 heads. Figure
1 illustrates, that on average the scalps at baseline (t)
showed strong dandruff affection in all groups. At base-
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line, all dandruff scores were comparable (placebo vs.
verum shampoo: ty: p = 0.8137, placebo shampoo vs.
verum shampoo and tonic: ty: p = 0.2888, verum sham-
poo vs. verum shampoo and tonic: ty: p = 0.3872).

All formulations reduced dandruff affection during the
anti-dandruff treatment. However, after 4 weeks of treat-
ment, expert grading regarding the amount of dandruff
on scalp revealed that volunteers treated with the verum
shampoo showed a significantly lower dandruff score
than volunteers who had applied the placebo shampoo (t,:
p = 0.0033). In comparison to placebo, volunteers treated
with the verum shampoo in combination with the tonic
displayed a significant decrease in the dandruff score
already starting after 2 weeks of treatment (t,: p = 0.0200,
ty: p < 0.0001). After completion of the post-treatment
phase, this significant reduction shown for both anti-
dandruff treatments in comparison to placebo was main-
tained (verum shampoo: ts: p = 0.0119, verum shampoo
and tonic: tg: p = 0.0004). However, treatment with the
verum shampoo alone did not reduce dandruff affection
on scalp as effectively as the treatment combination.
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Figure 1. Decrease in the amount of dandruff after treatment with placebo, verum, or verum shampoo in combination with
tonic as determined by expert grading. Results are shown as mean for each treatment group (n = 48 - 51). Significant differ-
ences with respect to placebo shampoo are marked with an asterisk (* for p < 0.05) and with respect to baseline t, with a hash

(* for p < 0.05).
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The dandruff score was significantly decreased com-
pared to baseline (t;) starting after 2 weeks of treatment
with the verum shampoo and the verum shampoo in
combination with the tonic (t; - ts: p < 0.0001). At these
points in time, the placebo shampoo yielded a significant
reduction in dandruff affection compared to baseline (t)
as well (t; - t: p < 0.0091).

The moderate to strong dandruff affection was de-
creased to slight dandruff affection after the 4-week
treatment with the verum shampoo or the verum shampoo/
tonic combination with the combination reaching almost
single dandruff affection (grade 2). Application of placebo
shampoo only induced a limited dandruff-reducing effect
leading to a moderate dandruff score (grade 4).

The study results showed that test formulations were
well tolerated by the study participants. Three volunteers
dropped out of the study out of personal reasons and one
volunteer discontinued the study due to incompatibility
problems during the first 2 weeks after treatment with the
combination of verum shampoo and tonic. These volun-
teers were not included into the study analysis.

3.2. Determination of Scalp Cytokine Levels

To determine effects of the test formulations on IL-1ra/
IL-1a ratios and IL-8 levels, scalp wash-ups were taken
from 37 volunteers with strong and very strong dandruff
scores at ty, tp, t4, and ts. Due to the incomplete block
design, samples were taken from 19 half head sites
treated with the verum shampoo, 20 half heads, which
received the placebo shampoo, and 17 half heads, which
were treated with the verum shampoo in combination
with the tonic. At baseline, all values were comparable
(placebo vs. verum shampoo: to: p = 0.7429, placebo
shampoo vs. verum shampoo and tonic: p = 0.7642, verum
shampoo vs. verum shampoo and tonic: p = 0.5416).

As shown in Figure 2(a), a significant reduction of the
cytokine ratio IL-1ra/IL-la was achieved after 4 and 6
weeks of treatment with the verum shampoo as well as
with the combination of verum shampoo and tonic in
comparison to baseline (verum shampoo: t;: p = 0.0001,
te: p = 0.0003; verum shampoo and tonic: t;: p = 0.0001,
te: p < 0.0001). Compared to placebo shampoo, the
IL-1ra/IL-1a ratio was significantly decreased after ap-
plication of the verum shampoo at points in time t, (p =
0.0275), t4 (p = 0.0010), and ts (p = 0.0001). Regarding
the treatment with verum shampoo and tonic, the IL-1ra/
IL-1a ratio was significantly reduced compared to pla-
cebo after 4 and 6 weeks (t4: p =0.0157, ts: p = 0.0002).

The decrease in pro-inflammatory IL-8 levels after
treatment with the test formulations is illustrated in Figure
2(b). The fact that data were significantly different at
baseline (placebo vs. verum shampoo: ty: p = 0.0147,
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placebo shampoo vs. verum shampoo and tonic: p =
0.4006, verum shampoo vs. verum shampoo and tonic: p
= 0.0020) was taken into account by analysis of co-
variance with covariate t;

A significant reduction of IL-8 levels compared to
baseline was found after treatment with the verum shampoo,
as well as the combination of verum shampoo and tonic
at all points in time (verum shampoo: t,: p = 0.0049, t4: p
<0.0001, ts: p = 0.0400; verum shampoo and tonic: t,,t,
and ts: p < 0.0001). Also, compared to placebo shampoo
a significant decrease in IL-8 levels was determined after
a 2- and 4-week treatment with the verum shampoo (t,
and t;: p < 0.0001). After the post-treatment phase tg,
however, this reduction was no longer significant (ts: p =
0.0707). The application of the combination of verum
shampoo and tonic resulted in a significant reduction in
IL-8 levels at all points in time, even after completion of
the post-treatment phase (t;: p < 0.0001, t;: p = 0.0026, t4:
p =0.0048).

3.3. Determination of Anti-Fungal Activity

For the detection of anti-fungal activity of different test
products, a Malassezia colony-forming assay using scalp
wash-ups was carried out. Due to the incomplete block
design and a poor colony formation (CFU/ml < 100) in a
few plates at study start, scalp samples obtained from 23
half head sites treated with placebo shampoo, 21 half
heads treated with verum shampoo, and 24 half heads
treated with the combination of verum shampoo and
tonic were analyzed. Reductions in sample numbers
during the study are due to a few drop outs of volunteers
at specific points in time.

Starting at comparable baseline levels (placebo vs.
verum shampoo: p = 0.8786; placebo shampoo vs. verum
shampoo and tonic: p = 0.9153; verum shampoo vs.
verum shampoo and tonic: p = 0.9275), after 4 weeks of
treatment Malassezia colony formation was significantly
reduced at scalp sides treated with verum shampoo com-
pared to sides treated with placebo (ts: p = 0.0016;
Figure 3). In case the verum shampoo was used in com-
bination with the tonic, formation of Malassezia colonies
was significantly decreased at the treated sides not only
after 4 but already after 2 weeks (t,: p = 0.0151, t;: p =
0.0001).

Even though treatment with the verum shampoo/tonic
combination in comparison to verum shampoo alone
showed a reduced number of colonies after 4 weeks, this
difference was not significant. After completion of the
post-treatment phase, anti-fungal activity, which had
been present during the treatment phase, could no longer
be detected in any test group.
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Figure 2. Levels of pro-inflammatory markers in volunteers with strong or very strong dandruff affection after treatment
with placebo, verum, or verum shampoo in combination with tonic. (a) IL-1ra/IL-1a levels; (b) IL-8 levels. Results are shown
as mean in % relative to baseline t; (n = 20 (placebo shampoo), 19 (verum shampoo), 17 (verum shampoo and tonic)). Sig-
nificant differences with respect to placebo shampoo are marked with an asterisk (* for p < 0.05) and with respect to baseline
to with a hash (* for p <0.05).
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Figure 3. Anti-fungal activity of placebo, verum or verum shampoo in combination with tonic as detected in the Malassezia
colony-forming assay. Results are shown as mean in % relative to placebo treatment (n = 19 - 24). Significant differences with
respect to placebo shampoo are marked with an asterisk (* for p < 0.05) and with respect to baseline t, with a hash (# for p <

0.05).

4. Discussion

The aim of an anti-dandruff treatment is to restore scalp
health [14]. One requirement of an effective treatment is
the removal of loosely attached scales from the scalp and
subsequent growth inhibition of Malassezia species.
However, with respect to anti-dandruff shampoos it is
difficult to deliver actives directly to the human scalp due
to the high hair density. Also, since the average resident
time for shampoo on the scalp is only 30 s [15] and the
application of a shampoo is always followed by a rinsing
step, it is challenging to achieve a sufficient substantivity
of actives. The amount of actives that remain on the scalp
surface after rinsing is assumed to be crucial for long-
term anti-dandruff effects [16]. A leave-on formulation
increases the retention time of active ingredients com-
pared to shampooing alone leading to an enhanced ef-
ficacy.

Therefore, a combination of shampooing and subse-
quent application of a leave-on tonic might provide an
extra effective treatment option.

Several studies investigated the efficacy of anti-dandruff
shampoos containing piroctone olamine or climbazole
alone or in combination with other actives [17-19]. A

Copyright © 2013 SciRes.

shampoo comprising of 0.5% piroctone olamine and
0.45% climbazole showed an anti-fungal effectiveness
comparable to shampoos containing particulate zinc py-
rithione. After 4 weeks treatment, a sustained reduction of
flaking and scalp itching was documented for this sham-
poo, as well as hair conditioning advantages [20]. Based
on these results, we chose a shampoo containing piroc-
tone olamine and climbazole for our in vivo study and
also incorporated piroctone olamine into the tonic.
Standard dandruff formulations containing anti-my-
cotics only indirectly improve a disturbed stratum cor-
neum (SC). A further treatment with actives, which res-
tore SC condition, might optimize scalp health more
effectively [14]. Also, a SC barrier dysfunction triggers
the secretion of pro-inflammatory cytokines causing
cutaneous (micro)-inflammation. To combat this inflam-
mation, we added the potent anti-inflammatory active
licochalcone A to the tonic. Licochalcone A, derived
from Glycyrrhiza inflata root extract, has been shown to
exert anti-inflammatory effects in vitro and in vivo [10-
12]. As shown in our laboratory, application of a leave-
on tonic containing urea, lactate, polidocanol, and lico-
chalcone A significantly improved scalp condition of dry,
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itchy, and subclinically inflamed scalp [13]. Since itch-
induced scratching additionally exacerbates an impaired
SC barrier function, the local anesthetic polidocanol [9]
was incorporated into the tonic. A topical formulation
containing the non-ionic surfactant polidocanol in com-
bination with the humectant urea has already been suc-
cessfully applied to relief pruritus [8].

In this study, we test the hypothesis that treatment with
an anti-dandruff shampoo containing the actives piroctone
olamine/climbazole and polidocanol in combination with
a leave-on tonic containing the actives 1) piroctone
olamine, 2) licochalcone A, and 3) polidocanol exerts
beneficial effects in subjects suffering from moderate to
severe dandruff.

To address our hypothesis, we performed an in vivo
split head design study and investigated the effect of
scalp treatment with an anti-dandruff shampoo alone or
the anti-dandruff shampoo combined with the anti-
dandruff tonic against a placebo shampoo. After 4 weeks,
expert grading confirmed that dandruff scores in volun-
teers treated with verum shampoo were significantly
reduced compared to volunteers who had applied the
placebo shampoo alone. This significant decrease in the
amount of dandruff was demonstrated for the group who
had applied the verum shampoo in combination with the
tonic already after 2 weeks of treatment. After com-
pletion of the post-treatment phase, the significant dan-
druff reduction was better maintained by the rinse-off/
leave-on combination compared to verum shampoo. This
fact suggests a more sustainable effect exerted by the
combination.

Next, we investigated if these results were supported
by a corresponding anti-fungal activity of test products.
Using a Malassezia colony-forming assay for the inves-
tigation of scalp wash-ups, we showed that a 4-week
treatment with verum compared to placebo shampoo
yielded a highly reduced number of Malassezia colonies.
In case the verum shampoo was used in combination
with the tonic, formation of yeast colonies was signifi-
cantly decreased at treated sites not only after 4, but
already after 2 weeks. These data correspond well with
the results obtained from expert grading demonstrating a
more rapid and better dandruff reduction exerted by the
combination treatment. During the post-treatment phase,
application of anti-fungal actives ceased. At ts, Malas-
sezia colony forming units had returned to baseline or
even exceeded baseline level. An anti-fungal activity,
shown during treatment with the verum shampoo as well
as the verum shampoo/tonic combination, could not be
demonstrated any longer. These results were consistent
with a slightly increasing dandruff score determined after
the completion of the post-treatment phase indicating that
the re-growth of Malassezia is correlated with dandruff
formation.

Copyright © 2013 SciRes.

Dandruff symptoms are determined by assessment of
scalp skin condition. To study underlying inflammatory-
related processes in more detail, we focused on the
determination of well-known inflammatory markers. An
increased IL-1ra/IL-1a ratio is a widely recognized marker
of skin inflammations of different origins [21], and high
levels of IL-8 have been linked to active inflammatory
processes [22]. In the dandruff scalp, the IL-1ra/IL-1a
ratio was significantly elevated, and IL-8 levels were
found to be significantly augmented [6] as well. In-
creased IL-8 levels have been associated with dandruff
and other inflammatory scalp diseases, such as sebor-
rhoeic dermatitis and psoriasis [23]. The IL-1ra/IL-la
ratio and the inflammatory marker IL-8 can be used as
indicators for the determination of dandruff severity
[6,24].

To gain a deeper understanding of molecular events
underlying the symptoms of dandruff, we investigated
alterations in the IL-1ra/IL-la ratio and in IL-8 levels
after treatment with the test formulations. Our results
showed a significant reduction of the IL-1ra/IL-1a ratio
and also a significant decrease in IL-8 levels compared to
placebo after 4 weeks of treatment with the verum
shampoo and the verum shampoo/tonic combination.
Although the amount of dandruff increased slightly and
the Malassezia colony formation significantly again in
the post-treatment phase in treated sites, the important
skin inflammatory marker IL-1ra/IL-1a still maintained
at significantly reduced levels. This result indicates a
sustained anti-inflammatory effect of both anti-dandruff
treatments. In contrast to the verum shampoo/tonic com-
bination (containing licochalcone A as potent anti-inflam-
matory active), the verum shampoo alone diminished
only one of the analyzed pro-inflammatory dandruff
markers implicating a stronger and more sustainable
effect of the combination on scalp inflammation.

In summary, the combined treatment with a shampoo
containing piroctone olamine and climbazole and a new
leave-on tonic containing piroctone olamine and lico-
chalcone A reduced dandruff-associated scalp flaking
and Malassezia growth more rapidly and effectively than
shampooing alone. On the molecular level, significantly
decreased levels of pro-inflammatory markers were de-
termined during treatments with verum shampoo alone or
verum shampoo/tonic combination. After the post-treat-
ment phase, the verum shampoo/tonic combination group
maintained this significant decrease better than the verum
shampoo alone suggesting a superior effect for the com-
bination in the reduction of scalp inflammation.
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