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1 | INTRODUCTION

Androgenetic alopecia (AGA) is a common form of hair loss af-
fecting men and women worldwide with a higher frequency in
Caucasian than in Asian and African populations.! It is associated
with psychological stress including loss of self-esteem, loss of at-
tractiveness, fear of becoming bald, negative effects on social life,
and feelings of depression as well as concerns about getting older.?
It is thought that 5a-Dihydrotestosterone (DHT) is responsible for
the gradual miniaturization of genetically susceptible hair follicles
resulting in a reduction of the cellular hair matrix volume and a
decrease of the duration of the anagen growth phase.>™> Oral fi-
nasteride, topical minoxidil, low-level laser therapy (LLLT), hair
transplantation, and platelet-rich plasma therapy (PRP) are ther-
apeutic options6 among that only oral finasteride (for men) and
topical minoxidil (for both men and women) have been approved
by the FDA.”® They may show adverse effects, which force pa-
tients to stop the treatment, for example, rarely gynecomastia in
the case of finasteride’ and frequently generalized hypertrichosis
in the case of minoxidil.!° New topical treatment regimen with fin-
asteride has been developed to reduce side effects'™!? but conse-
quences of the observed decrease in plasma dihydrotestosterone
levels observed both in men and women as well as environmental
effects from rinsed of finasteride remain to be investigated. In
addition to pharmacological options, a wide range of cosmetics,
natural products and interventions claim to improve hair growth
in AGA sufferers. However, no evidence-based recommendations
for these treatment options are available. Controlled studies are
required to evidence the relevance of these treatment options®
using validated methods for the quantification of hair loss and
growth. &34

Among the ingredients with a potential for cosmetic use against
AGA are Hexyl nicotinate (NHE), which enhances cutaneous blood
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and caffeine for its inhibitory effect on phosphodies-
terase resulting in increased cAMP levels in cells'® as a proposed
mechanism of the stimulation of the proliferation of hair follicles.*’
The non-inferiority of a caffeine-based 0.2% topical liquid to mi-
noxidil 5% in the treatment of men with AGA has been demon-
strated.?® Polyphenols (Dihydroquercetin-glycoside [DHQG] and
Epigallocatechingallate-glucoside [EGCG2]) induced a stimulation of
the metabolism of human fibroblast dermal papilla cells, prolifera-
tion and anti-apoptotic effect of the outer root sheath cells, and acti-
vation of the Wnt/p-catenin pathway.?}"2% Combined with glycine as
a constituent of the hair's keratin-associated protein composition?*
and zinc, which is crucial for the incorporation of cysteine into the
keratin,?®> DHQG and EGCG2 stimulated the hair growth both in
vitro and in vivo, where a 3 months treatment with a hair lotion con-
taining 3% of polyphenols, zinc salt and glycine-complex increased
the anagen rate, reduced the telogen, and lead to improved hair den-
sity as compared to placebo lotion in an open comparison.?®

The efficacy and safety of a combination of a shampoo and a
lotion with the nano-encapsulated combination of the aforemen-

tioned ingredients was evaluated in a prospective, single-arm,

open-label study with 35 women and 10 men with androgenic alope-
cia and telogenic effluvium, demonstrating, besides good tolerance,
an increase in anagen rate, numbers of total follicular units, a total
of hairs, and median hair number per follicle unit with corresponding
decrease in hair shedding after 90 days.?®

Based on these results, a leave-on cosmetic foam product contain-
ing the active ingredients NHE, the polyphenols DHQC and EGCG?2,
zinc salt, glycine, and caffeine adapted to the concentration of the lo-

tion as described by Chajra et al.?

was developed. The hypothesis of a
positive effect on hair growth parameters in men suffering from AGA
was tested in a randomized, double-blind, vehicle-controlled 6 months
study. The primary hypothesis was that telogen rate decreases more
with verum than with vehicle foam after 6 months of twice-daily appli-
cation. The secondary endpoint was the increase in hair density for the
verum group as compared to the vehicle group. Finally, a safety profile

for the verum group was to be explored.

2 | MATERIALS AND METHODS

2.1 | Study subjects

Sixty-two men (aged from 19 to 67 years, mean 42 years) with AGA

27 mean 4) and a telogen rate

(stage 2-7, Hamilton-Norwood Scale,
above 20% were included in the study. The men were randomly as-
signed either to verum or placebo (see below, 1:1 randomization ac-
cording to a randomization list). The mean duration of hair loss was
13.6 years. Exclusion criteria included skin problems of the scalp and
other diseases, which required dermatological treatments. Also, subjects
with known intolerance against components of the test products were
excluded. Furthermore, former surgical corrections of scalp hair loss and
therapeutic measures were considered as exclusion criteria. All subjects
had not received any treatment for hair loss for at least 3 months before
the onset of the study. 66% of the subjects reported no previous treat-
ment, while 34% had previously attempted treatment: five with minoxi-
dil, four with finasteride, 12 with caffeine shampoo, and four with other
therapies. All subjects were enrolled after signing the written informed
consent. They were informed in advance by means of an information
sheet and a detailed personal consultation. The study had a positive ap-

proval from the local internal review board (No. BKF2017-13).

2.2 | Testproducts

A cosmetic foam product containing polyphenols (DHQG and
EGCG2), NHE, zinc salt, glycine, and caffeine was used as verum.
The vehicle consisted of a foam without these active ingredients
(Table 1). The subjects applied the respective foam on affected scalp
areas for a period of 6 months according to a defined application
mode and frequency: 1 g, corresponding to one pump stroke of the
container, was distributed twice daily on dry hair and scalp under
gentle massage. The subjects were advised not to wash their hair for
at least 4 h after applying the foam.
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TABLE 1 Composition of the verum foam and the vehicle foam

Verum

Alcohol denat.

Vehicle

Alcohol denat.

Aqua Aqua

Propane Propane

Butane Butane

Glycerin

Sodium Metabisulfite

Glycine

Laryx europaea wood extract

Zinc Chloride

Camellia chinensis leaf extract

Hexyl Nicotinate

Panthenol Panthenol

Caffeine

Piroctone Olamine

Zinc PCA

Menthol Menthol

Cetyl Alcohol Cetyl Alcohol

Stearyl Alcohol Stearyl
Alcohol

Sodium Cetearyl Sulfate Sodium
Cetearyl
Sulfate

Isobutane Isobutane

Citric Acid Citric Acid

Sodium Hydroxide Sodium
Hydroxide

Parfum Parfum

Denatonium Benzoate Denatonium
Benzoate

t-Butyl Alcohol

t-Butyl Alcohol

Note: INCI declaration: list of ingredients in the order of their
concentrations.

2.3 | Double-blind, vehicle-controlled test design

Each subject received one coded foam spray container monthly con-
taining 60 g of either the verum or the vehicle. Neither the study
center nor the study participants were informed about the assignment

throughout the observation period and data processing.

2.4 | Evaluation and measurements

Clinical examinations and measurements were performed at base-
line (TO), after 3 months (T3), and after 6 months (Té). Skin toler-
ance, effects on hair density, hair structure, hair loss, hair volume,
and scalp condition were clinically evaluated by a dermatologist

and rated on a scale from 1 = very poor to 10 = very good. The

(@) 1059
E iy

participants subjectively assessed skin tolerance, efficacy against
hair loss, effects on hair density, hair volume, hair structure, scalp
condition, and also cosmetic properties (effect on combing, styl-
ing, sheen, and greasiness of the hair, scalp feeling, handling, con-
sistency of the foam, distribution on the hair, penetration on hair
and scalp, economicalness of use, and smell) using the same scale
as the dermatologist.

TrichoScan (DermoScan GmbH) examinations were performed
at each visit on an area of 1 cm? at the left temporal region 5 cm
above the ear. This area was shaved by trained personal with a hair
clipper (Moser), cutting the hair to a maximal length of about 0.3 mm
above the skin surface. A template was used to allow measuring
the hair parameters before, during, and after treatment at the same
scalp area without tattooing. The hair was then dyed with black hair
color (Goldwell Topchic 2 N Black, Kao Germany GmbH). The hair
trimmer and the black color were provided as a kit. After 10 min, the
color was carefully removed and digital images were taken by means
of a digital epiluminescence microscopy system (Dermogenius ultra,
DermoScan GmbH). Standardized and reproducible conditions of
photography for distance, light, and zoom were taken with the same
device after 3 days, again after dying, at each visit. The TrichoScan
software analyses hair density (n/cm?) and the anagen/telogen ratio.
Assuming a hair growth rate of 0.3 mm per day, all hairs in the an-
agen phase would have grown to a length of about 1.2 mm within
these 3 days. The percentage of short hairs (<0.6 mm) 3 days after
shaving corresponds, therefore, to the telogen rate. Hair density was

calculated by image analysis.

2.5 | Statistics

The analyses were performed by the Software R version 3.5.2 program
version. Parameters between the two groups were compared using
the Wilcoxon Rank-Sum test. Difference in the parameters within the
group at different time points was compared using Wilcoxon's Signed-
Rank test. The significance level was set to p < 0.05. The telogen rate
and the hair density at baseline (TO) were set to 100% for clearer
graphical representations. Clinical evaluations by the dermatologist
and subjective evaluations by the participants for verum and vehicle
were compared by Wilcoxon's Signed-Rank test, with a significance
level set at 0.05.

3 | RESULTS
3.1 | Study population

Sixty-two male subjects were included. Two participants in the
verum group and one participant in the vehicle group dropped out
due to personal reasons. Both groups were comparable in terms
of age, duration (Table 2a), and severity of AGA according to the
Hamilton-Norwood scale?’ (Table 2b).
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TABLE 2 Comparison of age and AGA characteristics in the verum and vehicle groups. (a) Age and Duration of AGA. The study groups
were comparable with regard to the subjects' age and the duration of AGA. (b) Severity of AGA. The study groups were comparable with
regard to the severity of AGS according to the Hamilton-Norwood Scale?

(a)

Study subjects' age mean (standard deviation)

43.5(16.10)
41.2 (13.30)

Verum group

Vehicle group
(b)

Duration of AGA mean (standard deviation)

13.7 (10.29)
13.4 (8.79)

Hamilton-Norwood Scale?® Frequency (verum/vehicle)
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3.2 | Telogen rate

The Wilcoxon Rank-Sum Test revealed a significantly stronger decrease
in the telogen rate in the verum group as compared to the vehicle group
from TO to Té (p = 0.02). The data of the telogen rates within the obser-
vation time of 6 months are illustrated in a graph (Figure 1). In the verum
group, using the Wilcoxon's Signed-Rank test, a statistically significant
decrease of the telogen rate from TO (50.0%) to T6 (41.0%) (p = 0.003)
was detectable. The telogen rate at T3 (41.5%) was significantly de-
creased compared to TO (p = 0.0003), too. The vehicle group also showed
a significant reduction of the telogen rate from TO (45.8%) to T3 (39.2%)
(p = 0.03) but no difference from TO to Té (45.7%) (p = 0.8) (Figure 2).

3.3 | Hairdensity

The improvement in hair density within the observation time of
6 months is illustrated in exemplary TrichoScan images from 2 subjects
from the verum group at TO and Té (Figure 3). In the verum group, a sig-
nificant increase in hair density was observed from TO (171.3/cm?) to
T3(217.0/cm?) (p < 0.001) and from TO (171.3/cm?) to T6 (200.6/cm?)
(p = 0.001). The vehicle group also experienced a significant increase
in hair density from TO (179.7/cm?) to T3 (217.4/cm?) (p < 0.001) and
from TO (179.7/cm?) to T6 (202.1/cm?) (p = 0.04) (Figure 4). No statis-
tically significant difference existed between verum and vehicle with

regard to the change in hair density from TO to Té.
3.4 | Dermatologist's clinical assessment and
subject's assessment

The subjects and the dermatologist evaluated the effects of the ve-
hicle and the verum foam on a scale from 1 = very poor to 10 = very

[%] of the study subjects (verum/vehicle)

0(0/0)
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FIGURE 1 Difference in telogen rate between verum and
vehicle. The change in telogen rate determined by digital image
analysis of epiluminescence microscopical photograph (TrichoScan)
from initial (TO) to final examination after 6 months (Té) was
compared for vehicle and verum by Wilcoxon Rank-Sum test. In the
graph, the change telogen rates (%) is represented. Absolute data
and p-values are represented in the tables below)

good (Tables 3 and 4). No significant differences were found be-
tween the verum and vehicle groups for any parameter in the der-
matologists and the subjective assessment. Trends to superiority of
the verum were found for the subjects' ratings of skin tolerance as
well as the effects on hair loss and hair volume. The dermatologist
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FIGURE 2 Time course of telogen rate. n.s. p=0.003
Telogen rates determined by digital image |—| |—|
analysis of epiluminescence microscopical 120
photograph (TrichoScan) initially (TO), ° p=00003
after 3 months (T3), and after 6 months % 100 I I
(T6) were compared for vehicle and verum, %
respectively by Wilcoxon's Signed-Rank E’ g o
test. In the graph, the initial telogen rate in ©
each group at T3 and Té are given as % of ;*:: HTO
the respective initial value. Absolute data o\oo 60 - aT3
are represented in Figure 1 <
% 40 - uT6
c
S 20 -
o
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(A)

(B)

FIGURE 3 TrichoScan images. Epiluminscence microscopy
images. (A) Subject No. 28 verum group - left at TO and right at Té.
(B) Subject No. 40 verum group - left at TO and right at Té

generally assessed the effects of the verum and vehicle foam more
positively than the subjects.

3.5 | Cosmetic acceptance and safety profile
The cosmetic acceptance of (verum and vehicle) foam was rated
comparably by the subjects.

Dermatological discomfort was reported after 3 months of
treatment: itching (vehicle n = 2), redness (verum n = 4, vehicle
n = 1), dandruff (verum n = 2, vehicle n = 1), burning sensations
(verum n = 2), eczema (vehicle n = 1), and pustules (vehicle n = 2).
In seven cases (verum n = 4, vehicle n = 3), the adverse effects

Vehicle

Verum

were classified by the dermatologist as having a causal relation-
ship to the test product; in three cases, a relationship was consid-
ered probable (verum n = 2, vehicle n = 1); and in three cases, not
probable (verum n = 1, vehicle n = 2). After 6 months, one subject
from the vehicle group reported an oily scalp and two subjects
from the verum group described redness, probably caused by the
foam.

To summarize redness and burning sensations, one participant
of the vehicle group and six participants of the verum group in-
formed about a slight transient reddening and/or burning immedi-
ately after application of the foam at the visit after 3 months and/
or after 6 months. None of the test persons complained about the
application frequency of the foam. Overall, 25 participants in the
verum group and 19 in the vehicle group were willing to continue

using the foam.

4 | DISCUSSION

Both verum and vehicle foam induced a decrease in telogen rate in
men affected by AGA. This implies an increase in the anagen rate
and hence improved hair growth. However, the effect was demon-
strated for vehicle only after 3 months. Verum could improve the
telogen rate in the study panel within 6 months significantly more
than vehicle, as initially hypothesized. Therefore, it can be deduced
that the anagen rate and as a result the hair growth increased mark-
edly. This conclusion is confirmed by the increase in hair density
which was evaluated as a secondary endpoint of the study. This pa-
rameter improved significantly in both groups (Figure 2) from TO to
T3 as well as from TO to Té without significant difference between
verum and vehicle. Interestingly no significant change between T3
and Té was detectable in both groups, indicating that the efficacy
starts early and lasts during the treatment period. The slight de-
crease of the telogen rate and increase in hair density in the vehicle
group might be due to the mechanical activation and subsequent
increase of microcirculation due to the massage applied to the scalp,
which leads to a better blood perfusion of the hair bulb. The more
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FIGURE 4 Time course of hair density. Hair densities determined by digital image analysis of epiluminescence microscopical photograph
(TrichoScan) initially (TO), after 3 months (T3), and after 6 months (Té) were compared for vehicle and verum, respectively by Wilcoxon's
Signed-Rank test. In the graph, the initial hair density in each group at T3 and Té are given as % of the respective initial value. Group
comparison by Wilcoxon Rank-Sum test showed no difference between verum and vehicle. Absolute data are represented in the table below

TABLE 3 Dermatologist's clinical assessment

Group
Verum - mean  Vehicle - difference
(std) mean (std) p-value
Skin tolerance 8.2 (1.68) 8.8 (1.02) 0.219
Effect on hair 6.3 (1.44) 6.3 (1.64) 0.975
density
Effect on hair 5.9 (1.09) 5.8 (1.45) 0.546
structure
Effect on hair 6.3 (1.34) 5.9(1.16) 0.314
loss
Effect on hair 6.3(1.41) 6.0 (1.53) 0.649
volume
Effect on scalp 5.3(0.99) 5.3 (1.74) 0.454

Note: At the final examination, skin tolerance and effects on hair loss
were clinically evaluated by the dermatologist, using a 10-grade score
(10 = excellent to O = very bad). Mean score values and standard
deviations (std) are shown as well as p-values for group comparison
by Wilcoxon's Signed-Rank test which reached no significance for any
parameter.

pronounced improvement of telogen rate and hair density within the
first 3 months as compared to the last 3 months of the observa-
tion period both with verum and vehicle could be due to seasonal
variations. The study started in autumn and winter and terminated
in springtime. Even if hair loss occurs often in the summer and fall?®
and telogen hairs occur most frequently in the summer or the transi-
tion between summer and fall, 2% this factor should not be ignored.
Further studies are needed to explore the relation between hair loss
and seasonality.?®

While the increase in anagen rate and hair density indicate a

general improvement of hair growth, they do not allow conclusions

on the effect on vellus hair and areas of hair rarefaction which are
important markers of AGA. With an observation period of more than
6 months, changes in the duration of the kenogen and the process of
hair miniaturization could probably be evaluated to provide a better
insight in the effects on this disorder.3

A trend to better skin tolerance was noted in the vehicle group.
The dermatologist's clinical assessment of efficacy against hair loss
was similarly positive for vehicle and verum. The increase of dermal
blood circulation induced by NHE in the verum formulation may ac-
count for the poorer tolerance ratings and the reports of transient
reddening and burning sensations of the scalp. For the other ingre-
dients present in verum, but not in vehicle (Table 1) no irritation
potential is to be expected at their respective concentration in the
formulations. For polyphenols and caffeine anti-inflammatory ef-
fects have been described.?+:2226

Besides topical minoxidil and oral finasteride drug therapy of
AGA? autologous biotechnologies represented by PRP and Human
Follicle Stem Cells (HFSCs) as well as Low-Level Light therapy (LLLT)
and microneedling have recently been in the focus of investigation
for their potential to maintain improved hair growth instead of re-
quiring permanent therapy. Their modes of action have been inves-
tigated, 2% revealing similarities between wound healing and hair
growth stimulation. The involvement of Wnt-signaling in dermal
papilla cells, mesenchymal stem cell-derived signal molecules, and
growth factors obtained from platelets34 as well as production of
reactive oxygen species and transcription factors induced by nitric
oxide formation upon red or infrared light absorption from LLLT
by cytochrome C oxidase in follicle cells®> explain sustainable im-
provement of hair growth observed in the clinical studies.®® While
the mode of action of the polyphenols present in the cosmetic

foam studied here fits in well with the mechanisms observed with
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TABLE 4 Subjects’ assessment

Group
Verum - Vehicle - difference
mean (std) mean (std) p-value

Skin tolerance 8.4 (2.01) 9.2 (1.74) 0.088

Effect on hair loss 5.1(2.88) 3.6(2.63) 0.061

Effect on hair 5.0(2.73) 3.9 (2.76) 0.091
volume

Effect on scalp 6.2 (2.70) 5.1(2.53) 0.179

Effect on hair 5.0(2.43) 4.0 (2.75) 0.106
density

Effect on hair 5.3(2.48) 4.3(2.78) 0.157
structure

Effect on combing 8.1(1.90) 8.3(2.35) 0.495

Effect on 7.2 (1.54) 7.5(2.47) 0.152
greasiness

Scalp feeling 7.6 (2.37) 8.1(1.94) 0.478

Foam consistency 7.3 (2.60) 7.9(2.18) 0.465

Penetration on hair 8.1 (1.90) 7.8 (2.00) 0.564
and scalp

Smell 7.7 (2.42) 8.4 (1.79) 0.243

Effect on sheen 6.5(2.05) 5.8(2.35) 0.364

Effect on styling 7.6 (1.95) 7.1 (2.56) 0.657

Handling of the 8.2 (2.02) 7.5(2.44) 0.305
spray flacon

Distribution on the 8.0 (1.58) 7.9 (2.05) 0.804
hair

Economicalness 6.1(2.66) 6.8 (2.06) 0.384

Note: At the final examination, skin tolerance, effects on hair, and

scalp as well as cosmetic properties were subjectively evaluated by

the participants, using a 10-grade score (10 = excellent to O = very

bad). Mean score values and standard deviations (std) are shown as
well as p-values for group comparison by Wilcoxon's Signed-Rank test
which reached no significance for any parameter, but trends to inferior
tolerance and superior effects on hair loss and hair volume in the verum
group (p-value marked bold).

the above therapies, the contribution of NHE and caffeine is less
well understood. The effects are likely to be transient and less pro-
nounced. Potential benefits of the combined use of the various ap-
proaches require future investigation.

Additional data on seasonal variations of the effects of the foam
would be helpful to overcome the limitations set by the test sched-
ule. Additionally, the role of massage of both vehicle and verum on
scalp circulation as a stimulating effect on hair growth requires fur-
ther attention. No global pictures were taken as the main aim of the
study was the analysis of the effects on hair growth and the derma-
tologist's and subjects' evaluation of the effects on hair loss, volume,
and density provide some information on the overall effect. The re-
ports of scalp redness and burning sensations in the verum group
interfered with the double-blind design and might have induced a
bias in the dermatologist's and subjects' assessment, but not in the
objective evaluation of the anagen rate and hair density as primary
and secondary end-points.

CD 1063
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5 | CONCLUSION

The double-blind vehicle-controlled study demonstrated the ef-
ficacy of the active ingredients of a foam formulation: the study
hypothesis that the verum foam significantly reduces the telogen
rate in men with AGA compared to the vehicle foam after 6 months
of twice-daily use was confirmed. Hair density increased signifi-
cantly, too, although differences between verum and vehicle after
6 months were not significant. The foam with the active ingredients
can, therefore, be considered as suitable to counteract increased
telogen rates and decreases in hair density in AGA. The mechanisms
of action of NHE, polyphenols (DHQG and EGCG2), caffeine, zinc
salt, and glycine as far as they are known are independent of gender
so that it is likely to work also in women: Like with Minoxidil and
Finasteride a permanent application is required to maintain the im-
proved hair growth status. Further studies with larger sample size,
longer follow-up period and with other forms of hair loss are still
necessary. More research is also required in order to confirm the ef-
ficacy in women and evaluate seasonal trends, with global pictures

complementing the trichoscan analysis.
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