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Abstract: Background: Epilation is a very effective way to remove unwanted hair because of its
long-lasting effects. However, there are some disadvantages such as pain during the procedure, the
possibility of ingrown hairs and perifollicular inflammation. In the present study, we investigated
whether a protease-containing post-epilation microemulsion is effective in improving epilation
performance and alleviating the above problems. Methods: The application characteristics and
effects of the tested microemulsion were evaluated during and after three applications in 30 female
volunteers. This was conducted by measuring hair density, assessing hair strength, and evaluating
the subjective experience of the volunteers using a questionnaire. Results: The measurements
showed that after three applications, the apparent hair density in the axilla was reduced from 43.89 ±
12.44 hairs/cm2 to 16.67 ± 6.61 hairs/cm2 (p < 0.0001). In general, volunteers observed a reduced
hair regrowth rate, resulting in longer epilation intervals, and more soothed and moisturized skin.
Volunteers who previously experienced ingrown hairs or perifollicular inflammation reported the
absence or improvement of these problems. Conclusions: The protease-containing microemulsion not
only improves the performance of the epilation procedure, leading to less frequent epilation, but also
improves possible negative effects of epilation such as ingrown hairs and perifollicular inflammation.

Keywords: hair removal; epilation; microemulsion; protease; hair growth inhibition

1. Introduction

Humans have been removing unwanted hair since ancient times. Today, the practice
is more prevalent than ever in Western societies as both women and men often remove hair,
though they focus on different body parts. From an evolutionary point of view, it is done
to improve physical attractiveness to the opposite sex [1,2]. Over time, techniques have
been developed to remove hair efficiently. These are either techniques that remove hair on
the surface of the skin, such as shaving or depilatory creams, or epilatory techniques that
remove hair from the follicle. These latter techniques include hot waxing, sugaring, electric
epilators, and tweezers. Methods that destroy the hair follicle, based on laser or electrolysis,
have also been developed [3–5]. Epilation has the advantage over shaving in that its effect
lasts longer. Despite the fact that epilation is generally a more painful procedure, it still can
be performed at home, contrary to some laser or electrolysis-based procedures. Recently, it
has been shown that mechanical epilation removes most of the hair shafts, often together
with fragments of the outer and inner root sheath and hair matrix. This mechanically
induced trauma to the hair follicle triggers complex biological responses [6]. These range
from increased hair follicle keratinocyte apoptosis to differentially expressed key players of
skin inflammation. All of this affects the results of epilation, such as delayed hair regrowth,
thinning, depigmentation, and temporary discomfort. In order to minimize such discomfort,
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the industry offers a range of post-epilation or after-wax products designed to soothe and
moisturize the epilated skin. Some post-epilation treatments also seek to enhance the
anti-hair-regrowth effect of the epilation procedure, by the use of either proteases [7,8],
ricin [9], or soymilk [10].

In recent years, nano-dispersions such as nanoemulsions or microemulsions have
been increasingly used in advanced cosmetics from sun-screens to insect repellents due
to their ability to offer increased stability and the superior delivery of active ingredients
compared to traditional macroemulsions [11,12]. More specifically, microemulsions are
thermodynamically stable liquid mixtures containing oil, water, and amphiphilic molecules
that serve as the interfacial area between the two immiscible phases [13–17]. Microemul-
sions can be water-in-oil (W/O), oil-in-water (O/W), and bi-continuous, with the dispersed
phase typically ranging from approximately 10 to less than 200 nanometers in diameter.
This specific type of nano-dispersion has the advantages of spontaneous formation and
ease of manufacture, with macroscopically low viscosity [18–21].

The effectiveness of topical applications on the skin depends on the formulation’s
ability to deliver active ingredients to the intended location. There is growing interest in
the science of mechanisms that facilitate the effective transportation of active substances
into and through the skin. For an overview, refer to Mok (2023) [22]. Microemulsions that
transport active substances in nanometer-sized micelles are of particular interest in this
topic. Their suitability for the transport of active substances has been demonstrated. They
have been employed in various applications as excellent carriers for bioactive compounds,
such as peptides, collagen, or hyaluronic acid. They have the capability to shield these
molecules from environmental stresses, thereby preserving their functionality [23–25]. It
has been reported that enzymes can effectively maintain or even improve their functional-
ity when encapsulated in both surfactant-free and conventional microemulsions [26–28].
Analyzing the structural features of colloidal formations, like microemulsions, is crucial
for gaining valuable insights into the distinctive attributes of the carrier and its potential
interactions with encapsulated substances. The preferred method for this type of character-
ization is the dynamic light scattering (DLS) technique. DLS allows for a comprehensive
understanding of the size distribution and dynamic behavior of colloidal structures, provid-
ing key information essential for optimizing and evaluating their performance in various
applications [29].

In addition to the increased stability and protection of active ingredients, nanoemul-
sions and microemulsions have also been shown to be effective in targeting hair follicles for
drug delivery [30–32]. While such studies have mostly focused on targeting hair follicles
with their respective hairs intact, there is little data on delivery to hair follicles immediately
after epilation, when the hair has been removed from the follicle [7,9,33]. It can be as-
sumed that delivery is facilitated immediately after hair removal, as the follicle is “opened”,
i.e., not clocked by sebum, at least for a few minutes. This is a prerequisite for very efficient
delivery deep into the hair follicle.

The aim of the present study was to evaluate the effectiveness of a protease-containing
post-epilation microemulsion that was applied right after the epilation procedure. To
our knowledge, this is the first time that a protease-containing microemulsion has been
comprehensively evaluated by consumers not only for its ability to reduce hair regrowth
after epilation, but also for the effects of the formula on their skin.

2. Materials and Methods
2.1. Materials

Propyl alcohol was purchased from Carl Roth GmbH, Karlsruhe, Germany. Propy-
lene glycol was acquired from VMP Chemiekontor GmbH, Siegburg, Germany. Trypsin,
disodium phosphate, and sodium phosphate were acquired from Merck KGaA (Sigma-
Aldrich), Darmstadt, Germany. Caprylic/capric triglyceride (MCT) was acquired from
Henry Lamotte Oils GmbH, Bremen, Germany. Lecithin EMULMETIK 930 (95% phos-
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phatidylcholine) was acquired from Lucas Meyer, Massy, France. Both distilled and ultra-
pure water were used.

2.2. Methods
2.2.1. Sample Preparation

The samples used were the commercially available Mepilarin® Hair Inhibition System.
It consists of 2 solutions: the protease-containing part (propyl alcohol, aqua (water), propy-
lene glycol, trypsin) and the initial microemulsion part (caprylic/capric triglyceride, propyl
alcohol, lecithin, aqua (water), disodium phosphate, sodium phosphate). Both solutions
are transparent and are prepared by mixing the ingredients and gentle shaking. After
mixing the two parts, the resulting final solution is a stable w/o microemulsion, containing
about 80% MCT oil as the continuous phase; about 3.5% of water/propylene glycol as the
dispersed phase; and about 16.5% of surfactant (lecithin) and co-surfactant (propanol). The
final system is transparent and stable for at least two years, confirming its thermodynamic
stability as a microemulsion.

2.2.2. Activity of Protease Loaded Microemulsion

The activity of the trypsin in the final microemulsion was tested by following the
hydrolysis of the model substrate lysine-p-nitroaniline (LNA), as described previously [34].

2.2.3. Structural Characterization of the Microemulsions Using Dynamic Light
Scattering (DLS)

DLS measurements were conducted using a Zetasizer Nano ZS (ZEN3600) from
Malvern Instruments (Malvern, UK) equipped with a He–Ne laser, employing non-invasive
backscatter (NIBS) technology. The average droplet size of the microemulsions before and
after the addition of the protease was determined at 25 ◦C, utilizing a detection angle of 173◦.
The analyses were performed in a quartz-type dust-free cuvette. Autocorrelation functions
were obtained, and hydrodynamic diameters were derived from diffusion coefficients
through the application of the Stokes–Einstein equation. The software provided by the
manufacturer was employed for data analysis.

2.2.4. Study Subjects

Thirty study subjects were recruited according to the following inclusion criteria:
(i) female; (ii) between 20 and 50 years old; (iii) undergoes regular epilating (accepted
epilation methods: hot waxing, wax strips, electric epilator), has healthy skin, and is
classified as Fitzpatrick phototype II or III [35]. The average age of the participating
subjects was 39 ± 8.7 years. Eleven of the participating subjects reported earlier prob-
lems with ingrown hairs, and seven of the study subjects reported earlier problems with
perifollicular inflammation.

The study design and execution meet all international standards for research studies
involving human subjects and the Good Clinical Practices (ICH-GCP) and the World
Medical Association standards. It has been conducted pursuant to the Declaration of
Helsinki, Regulation (EC) No. 1223/2009 of the European Parliament and of the Council of
30 November 2009, the Product test Guidelines for the Assessment of Human Skin Compatibility
1997 of Cosmetics Europe—The Personal Care Association (former COLIPA), and the
Guidelines for the Evaluation of the Efficacy of Cosmetic Products 2008 of Cosmetics Europe—The
Personal Care Association (former COLIPA).

All participating study subjects were informed about the design and aim of this study,
and written consent was obtained.

2.2.5. Treatments

The protease-containing microemulsion is the commercially available Mepilarin® Hair
Inhibition System. It consists of 2 solutions that must be mixed directly before application
in order to activate the protease. The protease-containing part (propyl alcohol, aqua (water),
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propylene glycol, trypsin) is mixed with the emulsion part (caprylic/capric triglyceride,
propyl alcohol, lecithin, aqua (water), disodium phosphate, sodium phosphate). The
resulting microemulsion is a stable w/o microemulsion. Immediately after epilation, the
microemulsion is applied to the skin and massaged into the skin until it is absorbed.

2.2.6. Study Outline

The aim of the study was to evaluate the effectiveness of the protease-containing
microemulsion for at-home users of epilation. Thirty volunteers used the microemulsion
at home. They were instructed to epilate as usual and to adapt the frequency of epila-
tion/treatment to their personal needs. The application of Mepilarin® followed the above
description. At the same time, data from the treatment under controlled conditions also
needed to be generated. Therefore, 9 out of the 30 volunteers were selected to be addition-
ally epilated under controlled conditions in the study laboratory. These volunteers were
epilated/treated three times by study nurses at the axilla at intervals of 4 weeks. Therefore,
hot wax epilations were performed directly before Mepilarin® was applied to the epilated
skin. The epilated areas were documented by taking photographs with the Aramo SG®

ASG 200F (Aram Huvis Co., Ltd., Seognam-si, Gyeonggi-do, Republic of Korea) camera
directly before the next epilation took place.

To evaluate the performance of the microemulsion in the subjective experience of the
volunteers, questionnaires were completed by the volunteers. Some of the questions to
be answered after the first application of the microemulsion asked for a rating of product
appearance, product handling, the feel of skin, and its direct effect on the skin. Other
questions to be answered at the end of the study asked about hair growth, changes in
regrown hair, effects on subsequent epilations, epilation frequency, ingrown hairs and
perifollicular inflammation, and effects on the skin. All questions were to be answered on a
Likert scale. [36]. The whole study was conducted under dermatological supervision.

2.2.7. Hair Density Determination

The amount of hair was measured with the Aramo SG® ASG 200F camera (Aram
Huvis Co., Ltd., Seognam-si, Gyeonggi-do, Republic of Korea) by analyzing the picture
with the WIZARD ASW software. It was measured before the first epilation/treatment and
just before the next epilations/treatments after 4 weeks.

2.2.8. Statistical Analysis

The data are expressed as mean ± SD. The statistical analysis of the experimental data
was carried out by Student’s t-test. In all instances, p values less than 0.05 were considered
to be statistically significant.

3. Results
3.1. Droplet Size Determination by Dynamic Light Scattering (DLS)

Dynamic light scattering measurements were conducted to assess the size of the
dispersed aqueous droplets or reverse swollen micelles within the microemulsion, in the
absence and presence of the protease. The droplet size without the addition of the protease
was found to be at approximately 146 ± 5 nm, while with the addition of protease, the size
seemed to remain relatively unaltered at approximately 131 ± 11 nm.

3.2. Enzyme Activity in the Microemulsion

The trypsin activity was tested in the final microemulsion immediately after mixing
the two samples as described above. The activity was monitored photometrically in terms
of the absorbance increase due to the LNA substrate. It was observed that the increase in
LNA versus time was linear and almost the same as that obtained in water (Figure 1A,B).
This result confirms the stability of the enzyme in the microemulsion and its capacity to act
as a hair reducer.
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3.3. Reduction in Apparent Hair Density

A quantitative measurement of the effectiveness of the treatment can be based on the
measurement of hair density. Before the start of the first controlled epilation/treatment cy-
cle, the hair density was determined, as well as just before the following epilation/treatment
cycles. Like this, the influence of the protease-containing microemulsion on the apparent
hair density was measured. Figure 2 shows the development of the mean apparent hair
density in the axilla of the of the nine chosen subjects over the course of the study as well
as the photographic details of the typical armpit of one subject before and four weeks after
each of the first two epilation/treatment cycles. After one application, the average apparent
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hair density had already significantly decreased from 43.89 ± 12.44 hairs/cm2 to 32.22 ±
10.03 hairs/cm2 (p = 0.044). After the third application, the mean apparent hair density
decreased even more to 16.67 ± 6.61 hairs/cm2 (p < 0.0001). This represents an average
reduction of 62% in hair density over the course of the study.
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3.4. Increase in Epilation Interval Duration

To test the suitability of the protease-containing microemulsion for at-home epilators,
participants were asked to integrate the use of the microemulsion into their normal epilating
behavior and to epilate only when they would otherwise do so. Participants were asked
about their average epilation frequency before and at the end of the study. The responses
indicated a significant reduction in epilation frequency, as shown in Figure 3. This change
represents an increase in the time in between two epilations on average by two-thirds.

Cosmetics 2024, 11, x FOR PEER REVIEW 6 of 12 
 

 

3.3. Reduction in Apparent Hair Density 
A quantitative measurement of the effectiveness of the treatment can be based on the 

measurement of hair density. Before the start of the first controlled epilation/treatment 
cycle, the hair density was determined, as well as just before the following epilation/treat-
ment cycles. Like this, the influence of the protease-containing microemulsion on the ap-
parent hair density was measured. Figure 2 shows the development of the mean apparent 
hair density in the axilla of the of the nine chosen subjects over the course of the study as 
well as the photographic details of the typical armpit of one subject before and four weeks 
after each of the first two epilation/treatment cycles. After one application, the average 
apparent hair density had already significantly decreased from 43.89 ± 12.44 hairs/cm2 to 
32.22 ± 10.03 hairs/cm2 (p = 0.044). After the third application, the mean apparent hair den-
sity decreased even more to 16.67 ± 6.61 hairs/cm2 (p < 0.0001). This represents an average 
reduction of 62% in hair density over the course of the study.  

 
Figure 2. Apparent hair density at the axilla. (a) Average apparent hair density at the axilla before 
and after application of the protease-containing microemulsion after epilation. (b) Typical volunteer 
tester’s axilla details before and after epilation/treatment. T0: Before the first application; T1: before 
the second application; T2: before the third application T3: after the third application. 

3.4. Increase in Epilation Interval Duration 
To test the suitability of the protease-containing microemulsion for at-home epilators, 

participants were asked to integrate the use of the microemulsion into their normal epi-
lating behavior and to epilate only when they would otherwise do so. Participants were 
asked about their average epilation frequency before and at the end of the study. The re-
sponses indicated a significant reduction in epilation frequency, as shown in Figure 3. This 
change represents an increase in the time in between two epilations on average by two-
thirds. 

 

Figure 3. Change in the duration of epilation intervals. The average duration of the interval between
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2 epilations increased during the study from 16.31 ± 6.37 days before the study to 27.09 ± 8.61 days
at the end of the study (p < 0.0001).

3.5. Study Participants’ Subjective Experience and Rating

To evaluate the 30 volunteers’ perception of the protease-containing microemulsion,
they were asked to agree or disagree with certain statements using a Likert scale [36].
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3.5.1. Product Handling

Study participants were asked to rate the way the product had to be prepared
before use (mixing the microemulsion part with the enzyme preparation) (Figure 4).
Ninety-seven percent were satisfied with the mixing instructions (rating “good” (+) or
“very good” (++)), demonstrating that a product that needs to be prepared prior to use is
not a barrier to acceptance. When asked about how the product spreads on the skin, all
participants rated this feature positively (13 “good” and 17 “very good”). Concerning
how the product is absorbed by the skin, the rating was fast for 33.3%, medium for 53.3%,
and slow for 13.3%.
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3.5.2. Effects on the Epilation Outcome

From the study participants, 83.3% (25) found that using the microemulsion resulted
in a slower regrowth rate of the hair after epilation (rating “good” (+) or “very good” (++))
(Figure 5a). This slower regrowth rate enabled the participants to increase the time period
between the next epilation. Indeed, 83.3% (25) agreed here and were able to reduce the
epilation frequency (rating “good” (+) or “very good” (++)). The regrown hair was found
by 86.7% (26) to be softer and weaker (rating “good” (+) or “very good” (++)).
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3.5.3. Effects on the Skin Condition

The participants were asked to rate the effects on skin soothing after epilation, skin
hydration, skin firmness and elasticity, and skin smoothness (Figure 5b). In total, 70.0% (21)
rated the effect on skin soothing as “good” (+) or “very good” (++), whereas 6.7% (2) rated
it as “not present” (−). A total of 90% (27) rated the effect on skin hydration as “good”
(+) or “very good” (++). For skin firmness and elasticity, this was 73.3% (22), and for skin
smoothness, it was 86.7% (26).

3.5.4. Effects on Epilation Side Effects

Of the 11 participants that had issues with ingrown hairs, 90.9% (10) rated the effect
the microemulsion had on their issue as “good” (+) or “very good” (++) (Figure 5c). All
(seven) of the participants that had the issue of perifollicular inflammation after epilation
also rated the effect as “good” (+) or “very good” (++) regarding their issue.

4. Discussion

Hair removal methods, especially epilation techniques, are essential practices for both
aesthetic and health reasons for both men and women. These procedures are designed to
remove unwanted hair from various parts of the body to improve personal appearance,
hygiene, and overall well-being. To date, various methods of epilation have been reported,
ranging from waxing to sugaring or the use of electrical devices known as “epilators”. In
recent years, methods for permanent hair removal have been proposed, such as electrolysis
or the use of a laser beam, which are effective but can be time-consuming, are not compatible
with all hair and skin types, and can cause discomfort. Another method is enzyme-assisted
epilation, in which proteases are used after an initial epilation to suppress hair regrowth
more effectively than epilation alone [37].

A critical issue in such a process is the ability of the enzyme to reach the hair follicle.
An effective way to achieve this is through the use of an adequate carrier able to facilitate
the transfer of the enzyme through the skin barrier. The size of such carriers should be at
the nanoscale to be efficient. Following this, microemulsions could be considered as ideal
systems as they consist of tiny droplets with radii of some nanometers (generally from
10 to 200 nm) [38]. For this purpose, Mepilarin®, a post-epilation lotion, was developed
using a lecithin-based microemulsion with reverse micelles as the protease carrier. The
DLS measurements showed sizes of approximately 146 ± 5 nm and 131 ± 11 nm in the
absence and in the presence of the enzyme, respectively. This observation implies that the
protease likely resides within the polar core of the droplet without inducing swelling. It is
worth noting that lecithin, a widely recognized phospholipid, is known to form vesicles
in water. Previous research has shown that when lecithin is combined with medium-
chain triglycerides, particularly in the presence of small polyols or alcohols, it tends to
form thread-like reverse micelles [39]. Given this information and considering that the
Stoke–Einstein equation utilized by the DLS software assumes spherical droplets in the
sample, the droplet size may deviate from the one estimated using the DLS technique.

It has been previously reported that such a system has a detrimental effect on the ability
of hair follicles to regrow hair when administered to guinea pigs and mice [40]. This is also
true when the protease is delivered to the hair follicles by liposomes [8]. Seiberg et al. (1997)
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proposed that trypsin inhibits hair regrowth by inducing the apoptosis of follicular papilla
cells. This inhibition is not dependent on trypsin’s proteolytic activity [7].

In the present study, the protease-containing microemulsion was given to thirty volun-
teers to be used right after epilation. The Merilarin® formula was delivered in two vials,
one containing the microemulsion and the other containing a protease preparation that had
to be mixed just before application to activate the enzyme. Despite the fact that the product
is not ready for immediate use, the vast majority of study participants had no problem with
the mixing requirement, demonstrating the general acceptability of such a product design.
Together with the well-rated spreadability and absorption speed, the product meets the
basic consumer requirements for a cosmetic product.

The hair density of 9 of the 30 study participants was measured before and after
the three epilations/treatments in a controlled laboratory environment. These measure-
ments revealed the strong effect of the protease-containing microemulsion, as only three
applications were able to reduce the apparent hair density by an average of 62%.

The 30 subjects were asked about their perception of the improvement in epilation
efficacy after microemulsion treatment. Specifically, the questions were grouped into
categories regarding the effect on the (a) epilation result, (b) skin condition, and (c) epilation
side effects. Interestingly, it was found that more than 70% of the participants were more
satisfied overall with the use of the protease-containing microemulsion than without. In
terms of epilation results, 83.3% of the participants observed a better effect with the use
of the product. This was confirmed by the effective reduction in the mean apparent hair
density and the significant decrease in the mean epilation frequency. These results are
consistent with previous studies indicating a reduction in hair regrowth [8,34,41]. Subjects
were then asked about their perception of epilation side effects such as hair ingrowth and
perifollicular inflammation. It was observed that 10 of the 11 subjects who had previously
exhibited ingrown hairs reported improvements (rating good/very good) after application
of the enzyme-containing microemulsion. Similarly, all seven of the subjects who had
previous problems with perifollicular inflammation also reported improvements. In fact,
proteases have been reported to reduce inflammation associated with ingrown hairs by
breaking down the proteins that trigger inflammation in the skin [42]. This can reduce
the symptoms of redness and discomfort caused by ingrown hairs, while also providing a
healthier and more attractive skin appearance.

When analyzing the questionnaires, we must keep in mind that the testers were
aware of the purpose of the study; it cannot be completely ruled out that certain positive
expectations on the part of the testers may have led to a positive bias in their responses to
the questionnaire. This leads to limitations in the interpretation of the results.

5. Conclusions

Overall, the present study demonstrates the suitability of a microemulsion as a carrier
for active molecules targeted to the hair follicle. The w/o microemulsion is more effective
in penetrating the sebum present in the hair follicle than a simple macroemulsion [43,44].
In addition, for the effective delivery of the protease to the hair follicle, the microemulsion
is applied immediately after epilation, when the follicles are still wide open after hair
removal. Taken together, Mepilarin®, a protease-containing w/o microemulsion, was found
to be not only an effective enhancer of epilation, but also effective in improving skin health
and appearance.
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