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Abstract: Permanent makeup (PMU) is a popular application for the correction of face and body
imperfections. It can be applied over the facial area to correct the shape and color of eyebrows, to the
eyelids to create permanent eyeliner shapes, and the lips to create permanent lipliner and lip shading
features. Furthermore, its “medical” use on the scalp and men'’s facial hair area to camouflage hair
follicles and to cover hairless areas makes it popular for hair transplants. No matter how useful these
procedures are, there are always mistakes and the factor of bad application which raises the number
of patients who want to “remove” it or “correct” it on their face or body. In order to find a non-laser
solution for PMU removal, we investigated the decolorization capacity of common plants and plant
origin extracts on mouse models. Two methods were used for PMU decolorization. The first one
included the use of traditional tattooing with needles combined with plant origin extracts applied
over the tattooed area. The second one included the use of electroporation technology application
with the combination of plant origin materials to remove the PMU colorants over the tattooed area.
In both cases, the permanent makeup colorants for eyebrows, eyeliners, and lipliners were applied
in vivo.

Keywords: permanent makeup; PMU; PMU removal; electroporation; SKH-1 hairless mice; plant
origin materials

1. Introduction

Tattooing dates back to neolithic years. It has existed in every historical period
of human existence and uniquely “marks” the archaeological findings of today. Today,
decorative tattoos are a way of expressing everyday art with the characteristics of the
previous decades, particularly resulting in the rising popularity of tattoos, especially in
the younger population. Young people in many countries obtain their first tattoo during
their teenage years and within a decade may have more than three tattoos on their bodies,
including permanent makeup [1-3].

Permanent makeup (PMU), in the beginning of its appearance in the tattoo market,
was used for facial characteristic correction, such as for the reshaping of eyebrows, eyelids,
and lips [4-6]. As the years passed, it developed into more “medical” uses such as hair
follicle pigmentation and areola reconstruction after mastectomy. In many countries,
breast reconstruction after mastectomy includes the permanent makeup procedure as part
of the healing process on the body and soul of the patient. On the other hand, scalp
micropigmentation over the head is a promising procedure for the scalp hairs in order to
create artificial hair follicles. This kind of application uses specific colorants that are used
in the decorative tattoo industry [7]. All kinds of tattoo application are targeted on the
upper and lower dermis where the ink is placed with a commonly used method by needles
and specific tattoo machines. The tattoo specialist’s abilities and experience play the most
important role in every kind of application. Colorants also have an important role as far as
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the quality of ingredients is concerned. Tattoo inks and PMU colorants of low quality and
uncertain origin may contribute to bad applications [8-10].

At the same time, tattoo and PMU colorants come from a wide spectrum of color
industry use, with untrustworthy substances and no obligative legislative framework for
the manufacturers to list all the ingredients on the ink bottles [11]. This can lead to side
effects which, in the case of PMU, can cause a bad result in the application over the facial
area, with unpleasant color differences or skin irritation, leaving tattoo removal to be the
only solution [12,13].

Because of its numerous applications on the facial area, PMU may have negative
effects on the psychology of the person with PMU on their face who wants PMU removal
to change it according to the trends of the time [14]. The permanence of the application
makes the removal procedure only possible with laser treatments, which is one of the most
famous ways of tattoo removal [15,16].

Over the past years, caustic substances for PMU removal have been used on the
facial area, with unpleasant side effects on the individual’s skin and psychology. The
most dangerous of the side effects over the facial area is the risk of scarification. Products
based on caustic substances that have been used to remove the unwanted PMU application
can create scars over the area. Facial skin is very sensitive and cannot easily return to its
previous condition [17,18]. The technique used for PMU removal in the case of caustic
products is the same as the PMU application. The materials for removing the PMU are
placed in the upper or lower dermis in the same way as the colorants [19]. Because of the
increasing rise in the side effects from PMU application and caustic product use over the
last few years, there are, in the market, products which promise the total or partial removal
of tattoos and PMU applications. They are applied onto the skin as a cream or by injecting
the removal liquid in the same way as a tattoo procedure [20].

These substances are mostly formed from alkaline solutions with an unknown content
of acidic ingredients. Also, a small amount of unknown plant-based materials can be found
in these products. The last issue with regard to such products is their basic characteristics,
as they are sold in the market as natural plant-based products, without all of the chemical
names and contents reported on the bottles [21,22].

Until now, the non-laser methods that have been used for PMU removal are based
on the traditional way of tattooing, with the use of various numbers of needles on PMU
application machines. No other non-laser method can be used over the facial area. In this
study, we compared the traditional way, using a PMU machine, with the electroporation
technology that can be used for the penetration of various substances into the skin.

2. Materials and Methods
2.1. In Vitro Study of Plant-Based Materials

Firstly, we tested the decolorization ability of many plant-based materials. These
materials were obtained from various parts of plants. The plant parts were leaves, flowers,
petals, roots, fruits, and seeds. At the end of the decolorization test, we concluded with
utilizing the decolorization ability of Pelargonium zonale leaves and the polyphenol oxidase
from Agaricus. Pelargonium zonale is a species of Pelargonium, the widely cultivated plant
Pelargonium x hortorum, often called “geranium”, “horseshoe geranium”, “zonal geranium”, or
“zonal pelargonium”.

Agaricus is a genus of mushroom-forming fungi containing both edible and poisonous
species. In our study, we tested polyphenol oxidase from the mushroom Agaricus bisporus,
which can be found in the dominant cultivated mushrooms of the West.

All the results were compared with a commercial product for the control which exists
in the market as a PMU remover and can be used with a PMU machine (K.K. Remover
-Kinga Kowalczyk, Szczecin, Poland).
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2.2. PMU Colorants

In our study, we used three PMU colorants purchased from the local PMU market
suppliers. These colorants were used for the eyebrow area (code name: sunset), the eyelid
area (code name: 810), and the lips (code name: lush pink). All the PMU colorants had
organic and inorganic ingredients according to their Color Index number (C.L), as can be
seen in Table 1.

Table 1. Colorants used in the study with the C.I. number as referenced on the product bottles.

Colorants Sunset 810 Lush Pink
CI21095 gggggé CI21095
CI77891 CI77491 CI77891
Ingredients CI56110 CI77288 CI56110
C.L CI77491 CI77499 CI77491
CI12466 CI77492 CI12466
Cl77266 CI77266 Cl77266

2.3. In Vivo Test

The PMU colorants were tattooed on the back of 30 SKH-1 hairless mice with the same
procedure as is performed on the facial area. The device used for the permanent makeup
application was a digital PMU machine (Nouveau Contour, Weert, The Netherlands). The
mice were separated in groups of 10 to check the different plant-based materials and the
commercial product for control.

We observed the effects on the areas of mice skin with PMU and application of removal
procedure (treated area) (Figure 1a). On the other hand, we used the other half of the backs
of the mice for PMU application and no removal procedure (untreated area) (Figure 1b).

(a)

Figure 1. SKH-1 hairless mouse with PMU application: (a) treated area with the use of discoloration

agents the first week of the study and (b) treated area with PMU and discoloration agents 73 days
after, with a weekly discoloration process.

The discoloration agents were two different kinds of plant-based extracts formulated
in our laboratory and a commercial PMU remover product available in the PMU market.
The plant-based materials were solutions of Pelargonium zonale leaves in distilled water
(pH 7.0) and polyphenol oxidase from Agaricus in a phosphate buffer (pH 7.0). For each
removal, we used 0.3 mL from each solution and 0.5 mL of the control PMU removal
product. There were 8 removal repetitions, one per week, in a period of time of 73 days.
The first seven days of the study, no discoloration procedure was tested in order to leave
the PMU application to “heal” properly. Also, the last discoloration process was seven days
before the end of the study and the animal sacrifice. At the end of the study, all mice were
sacrificed with cervical dislocation. All skin biopsies were checked with the treated and
untreated area, as well as the area of the skin which had no PMU on it (natural skin color).
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2.4. Devices
2.4.1. PMU Machine

A digital PMU machine (Nouveau Contour, Weert, The Netherlands) was tested for
the application of the colorants. The same PMU machine was tested with the plant extracts
to remove PMU from the mice skin. The PMU was applied to SKH-1 mice which were
tattooed with PMU colorants for eyebrows, eyelids, and lips. The PMU machine was
regulated with a speed of 6000 rpm and a 5-shader needle used in the same way as the
PMU procedure. There were 5 repetitions of each decolorization material on the tattooed
area over the mice skin. All the mice were anesthetized during the removal procedure.

2.4.2. Electroporation Device

Electroporation is an approach, which promotes drug penetration with high voltage
and short duration pulses. Due to the electrical pulses, the structure of the lipid bilayers
changes, aqueous pores are formed, which allow macromolecules to enter the skin [23,24].
Different electrodes can be used to deliver pulses: needle, plate, needle-free microelec-
trode array, and multi-electrode array electrodes. The drug delivery can be controlled by
amplitude, duration, and the number of pulses [25,26].

During electroporation treatment, cellular membrane permeability can be accelerated
so cellular uptake can be increased. This function has high relevance in medical treatments
because it can be used on the skin surface to accelerate both transdermal and topical drug
administration [27,28].

The electroporation procedure decreases the resistance of the stratum corneum, the
electrical field reaches the deeper layer of the skin, and drugs can penetrate more effec-
tively [29]. Dermal electroporation can be applied alone or in combination with other
penetration methods (e.g., with a specialized drug delivery system) because their combined
effect could further improve the drug penetration [30,31].

Furthermore, non-invasive dermal electroporation is also preferred in the cosmetic
industry as a part of mesotherapy [32-34]. This treatment may decrease the unpleasant
sign of stretch marks and wrinkles and can help regain skin firmness.

The active ingredients are rubbed in with a circular motion by using a special treating
handpiece, thereby the person who is experiencing this procedure can feel comfortable
due to its relaxing effect. Electroporation is frequently applied in combination with other
techniques to increase penetration because the combination of different formulations could
be favorable, both during clinical or cosmetic treatments [35]. The electroporation method
could be an appropriate alternative in PMU removal without the painful method of a
tattoo procedure. In this research, we set the goal of investigating the penetration enhancer
properties of electroporation by using plant origin materials with the following aims:

e  Comparison of the traditional non-laser PMU removal method with the use of a PMU
machine, combined with the electroporation method with the use of an electropora-
tion device.

e Investigation of the effect of non-invasive dermal electroporation on mouse skin
by measuring the decolorization ability of plant origin materials with the use of
both methods.

e  Development of a new decolorization method by using each device ability with a
combination of plant origin materials.

The electroporation device that was tested was e-Nanoporation with (electroporation
transdermal meso-chip (ETM) technology (ResultMed, Nicosia, Cyprus). This device
combines electroporation technology with the exfoliation action with microdermabrasion
technology. Microdermabration offers greater skin penetration because of cell removal on
the skin surface. With this device, the penetration depth and the absorption of the active
ingredients are drastically improved compared to conventional mesotherapy methods.

The ETM technology makes use of the activation of aquaporins of the cells and creates
a lot of microchannels in the tissues that investigate the transdermal penetration of active
ingredients up to the dermis.
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To overcome the formidable barrier of the stratum corneum, the head of the device
combines nano microneedles with electroporation for chemical enhancers to promote the
skin permeation. The nano microneedle array can be effective due to its advantage of
providing a high-performance means of delivering various substances through the skin
barrier without causing marked skin damage. The nano-needles promote the opening
of the water channels that run through the biological membranes in the skin. In is point
electroporation increases the rate of absorption and transfers the active ingredients to the
dermis, exactly to the depth that the PMU colorants are placed.

Electroporation application offers a high-voltage electric pulse for a short period
(millisecond order) and results in the enhanced penetration of high molecular compounds
(molecular weight of several hundreds to kilodaltons) through the skin.

The mutual synergic action of nano microneedling and electroporation helps achieve a
longer duration of pore opening for higher drug penetration in the present study, combining
the advantages of microneedling and electroporation.

2.4.3. Skin Color Catch Device

All the PMU applications were measured before and after the decolorating process
with a Skin Color Catch device (Delfin, Kuopio, Finland). Skin Color Catch is a non-invasive
device which measures red, green, blue (RGB) color space coordinates and calculates
automatically the degree that classifies the skin tone, the erythema index, and the melanin
index. With traditional colorimeters, erythema measurement is often affected by melanin
and vice versa. The Skin Color Catch device can measure skin tone, erythema, and melanin
separately from each other.

The reliability of these measurements is due to LED technology which can measure
multiple skin color values simultaneously with a single measurement. The white LEDs of
the device corresponding to daylight are arranged in a circle inside the measurement probe.
Once the device is placed on the skin to perform the measurement, the LEDs illuminate
the skin. The light reflecting from the skin is detected with a sensitive RGB sensor and the
measurement values are displayed in the device’s software 1.1.1.1594 Delfin Modular Core
(DMC). This software gives detailed results over the RGB and L*a*b (L* indicates lightness,
a* is the red/green coordinate, and b* is the yellow /blue coordinate) color space which
is useful for detecting small differences in color. This device is a standard observation
tool which can give an averaging of the results of skin color changing experiments under
laboratory conditions.

There were also photographic samples from the tattooed area with the professional
photographic machine, Canon EOS700D, to have an accurate archive of all the PMU
applications on the mice of the study. At the end of the study, skin biopsies were taken to
examine the remaining colorants in the mice skin.

2.5. Statistical Analysis

Data are expressed as mean =+ standard error of the mean (SEM). Unpaired t-test,
with unequal variances, was used to compare decolorization differences between all the
colorants of treated and untreated area of the skin with PMU application and skin color
without colorants. p < 0.05 was considered significant.

3. Results and Discussion
3.1. Skin Biopsies

Our results from skin biopsies verifying the existence of PMU colorants in both
areas of mice backs (treated with discoloration agents and untreated without using any
discoloration procedure). This observation is obvious in both Figure 2a,b which is a biopsy
from skin with the lush pink colorant. In the treated area (Figure 2a), the discoloration
process with Pelargonium zonale was used with the PMU machine. In Figure 2a, we can see
skin tissue with common characteristics as in Figure 2b, which is an untreated area without
any discoloration process on the skin. There is no inflammation while the thickness of the
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skin is the same in both cases which shows no side effects from the whole process. The
good condition of the skin in the treated and untreated areas (Figure 2a,b) reveals that the
discoloration process and plant-based materials do not damage the skin. The amount of
PMU colorants cannot be measured as it can be seen in both figures.

(b)
Figure 2. Skin biopsies from treated area (a) with Pelargonium zonale (Pe) and untreated area (b) from
the colorant lush pink, 73 days after PMU application. In (a), there have been 8 discoloration

procedures for PMU removal while (b) has not been treated with discoloration procedure. PMU
colorants can be observed in both figures (10 x hematoxylin/eosin).

In Figure 3, we can see skin tissue for the same colorant lush pink and the use of elec-
troporation with Pelargonium zonale as the discoloration process. We can also observe here
that there is no inflammation, while the thickness of the skin is the same as in Figure 2a,b.
The skin image from the electroporation procedure reveals that the discoloration process
and plant-based materials do not damage the skin. PMU colorants also in this case cannot
be measured.

Figure 3. Skin biopsies from treated area with Pelargonium zonale (Pe) and electroporation device from
the colorant lush pink, 73 days after PMU application. In this figure, there have been 8 discoloration
procedures for PMU removal with electroporation device. PMU colorants can be observed in both
figures (10X, hematoxylin/eosin).

3.2. Skin Color Catch Results

In order to identify the percentage of discoloration procedure on the mice skin, we
used the Skin Color Catch analyzer. We made measurements on skin without colorants,
(natural skin color), on the treated area with PMU colorants, and on the untreated area. All
measurements are saved on the DMC data collection software with a USB receiver.

We chose to compare the RGB distance from natural skin color of the mice with the
RGB distance from the treated and untreated area for all three colors from every mouse
back. We also compared the results from the use of plant-based materials and the device of
electroporation and PMU machine. The results showed a good decolorization ability for
each colorant with both plant-based materials and both devices.
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In Table 2, we can see that colorant 810 had a good RGB distance between the Pelargo-
nium zonale (Pe) decolorization process from the 7th day to the 73rd day of the study. The
color was reduced from 47.14 to 16.61 on the last day of the study, when the untreated area
was 46.19. These findings show a good decolorization ability for Pe. The same results are
obvious for polyphenol oxidase (PPO) for the same colorant on the last day of the study.
The market control (PMU Control) seems not to work very well with this colorant as it be-
came stronger as a color with a distance of 75.10. Electroporation had a good discoloration
ability for both plant-based materials with the color intensity being reduced from 26.67 to
19.01 for Pe and from 48.06 to 11.26 for PPO on the last day of the study.

Table 2. RGB distance for colorant 810 treated with discoloration process with Pelargonium zonale (Pe),
polyphenol oxidase from Agaricus (PPO), control for PMU removal (PMU Control), and combination
with electroporation for Pe and PPO.

Colorant Pe PPO PMU Untreated Electroporation Electroporation
810 Control Area +Pe +PPO
7th day 47.14 42.76 30.88 43.62 29.67 48.06
73rd day 16.61 16.02 75.10 46.19 19.01 11.26

In Table 3, a good decolorization ability is observed for Pe and PPO of 23.10 and 9.56
in contrast with the untreated area of 48.88. The electroporation procedure did not achieve
discoloration as the color had a stronger density at the end of the study. The market control
did not make a big difference with the untreated area until the 73rd day of the study. For
the colorant sunset, the use of PPO had the best decolorization result.

Table 3. RGB distance for colorant sunset treated with discoloration process with Pelargonium zonale
(Pe), polyphenol oxidase from Agaricus (PPO), and control for PMU removal (PMU Control).

Colorant Pe PPO PMU Untreated  Electroporation Electroporation
Sunset Control Area +Pe +PPO
7th day 54.95 44.57 26.67 55.79 45.20 51.85

73rd day 23.10 9.57 48.03 48.88 79.92 90.10

In Table 4, we can see the RGB distance for the colorant lush pink. We observed a
good decolorization ability with all the agents with the use of the PMU machine. The
electroporation procedure did not make a big difference. The distance of 1.44 for Pe and
8.92 for PPO is not a good discoloration. The difference for Pe was 20.19 for PPO 24.50 and
for the market control (PMU control) 35.44. These results showed that this colorant, which
is used for the lip area, can be removed easily with the use of the PMU machine, in contrast
to the others that can be used on the eyebrow and eyelid area.

Table 4. RGB distance for colorant lush pink treated with Pelargonium zonale (Pe), polyphenol oxidase
from Agaricus (PPO), and control for PMU removal (PMU Control).

Colorant Pe PPO PMU Untreated  Electroporation Electroporation
Lush Pink Control Area +Pe +PPO
7th day 57.88 36.51 55.28 28.78 19.53 28.36
73rd day 20.19 24.50 35.44 25.05 18.10 19.44

In Figures 4 and 5, we can see the RGB distance for all the colorants together. All the
colors show a good decolorization degree in comparison with the decolorization agent.
PMU color lush pink shows the better results.
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Use of PMU Machine for PMU Removal
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Figure 4. In this figure, we can see the color degradation with the use of PMU machine from the 7th
day (before) which is the first removal application until the end of the study, the 73rd day (after).

Use of Electroporation for PMU Removal
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Figure 5. In this figure, we can see the color degradation with the use of electroporation device
from the 7th day (before) which is the first removal application until the end of the study, the 73rd
day (after).

4. Discussion

The RGB results for each one of these colorants showed a considerable distance from
the untreated skin and the skin of the mice without colorants when they were treated with
PMU machine and electroporation device. The use of the electroporation device did not
have good discoloration results with all the PMU colorants that were tattooed on the mice
skin. The plant-based materials showed a good decolorization ability, especially the “lush
pink” color when it was treated with the Pelargonium zonale extract and the PMU machine
as a method for removal. An explanation about this result could be the fact that colors
used for the lip area show different duration of PMU applications in human skin. These
results should be taken into account for future studies in order to check their decolorization
characteristics on human skin. As we noticed from the skin biopsies, PMU colorants exist
in the skin tissue in an unknown amount. The procedure of PMU removal is the same with
PMU tattooing and causes no side effects on the tissue when the application is performed
by PMU professionals.

The use of more plants and various combinations of chemical substances could be
investigated in the future, and could lead to a higher amount of skin decolorization from
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PMU colorants. Another interesting field of decolorization is on tattoo ink applications.
The lifetime applications of tattoo ink will be a challenge for this kind of removal, as the
laser is the only way of removing the ink until now. Also, laser tattoo removal has plenty
of side effects on the skin, with scarification being the most serious of all.

5. Conclusions

In conclusion, our results suggest that certain plant origin materials as Pelargonium
zonale leaves, which is a very common plant in Greece, and polyphenol oxidase enzyme
from Agaricus, which is a common white mushroom, have decolorization abilities. This
can be seen from the results above, that show that the penetration of these plant-based
materials through use of a PMU machine and electroporation device into the skin, can
enhance decolorization capacity. The PMU colorants that were tested in this study can be
placed on the eyebrow, eyelid, and lip area. It can also be used for the medical application
of PMU such as nipple areola reconstruction and scalp micropigmentation. This study’s
protocols investigated only SKH-1 hairless mice and the ability of plant-based materials to
penetrate the skin with a PMU machine and electroporation without having side effects.
As the skin biopsies showed, there was no obvious skin irritation with the use of these
discoloration agents they might be a first step for PMU removal. The electroporation
technology was examined for the first time in the field of PMU removal. Safety studies
for this new aspect should be made. There are also many plants which may lead to
decolorization that need to be explored in vivo. These findings may simply reflect an
alternative way of PMU removal, no matter what type of PMU techniques are used.
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