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Objective: We aimed to investigate picosecond laser effects regarding rat tattoo removals.
We systematically detected the metabolic pathways considering tattoo pigment particles in
rat models.

Materials and Methods: We employed fluorescein to mark the tattoo dye and utilized
a pattern needle to prepare tattoo on rat so as to establish the tattoo removal effects of
picosecond laser methods employing animal models. We applied a picosecond laser to
process the tattoo and observed the effects along with metabolic pathways for tattoo removal
via pathology and imaging approaches.

Results: Based on the results of characterization, pathology and fluorescence, we discovered
that the picosecond laser could effectively remove the pigment particles on rat skin, part of
which would be metabolized out of the body through the circulatory system. After picose-
cond laser treatment, the fluorescence intensity of the rat skin engraved part was gradually
weakened. At 8 h after the treatment, the metabolic organs had weak fluorescence, and there
was no fluorescence in the metabolic organs at 12 h and 24 h after the treatment.
Conclusion: The picosecond laser had perfect tattoo removal effects, which could be
utilized as a reference for clinical tattoo removal.
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Introduction

Tattoo is a conventional custom, which remains popular in many areas all over the
world. However, for various reasons, tattoos would lead to side effects and com-
plications. Infection is a common complication of tattoos. Although most tattoos
utilize aseptic techniques, infections may occur due to improper preparation of the
tattoo site, incomplete disinfection of equipment, contamination of dyes or pro-
ducts, or improper care after the tattoo or careless personal hygiene. Tumors might
also be induced by implantation of undesirable dyes. How to securely and effec-
tively remove tattoos has become an increasing demand among the tattoo popula-
tion. Currently, many hospitals lack unified operating specifications and standards
for tattoo removal technologies. People applied electrocautery, freezing, peeling
grinding and skin grafting to remove tattoos, though the effect was not very
satisfactory. With the emergence of laser technology, in the 1960s, Laub et al
employed ruby laser to treat human tattoos,' which gradually initiated the usage
of various laser techniques to treat tattoos. Q-switched laser treatment of tattoos has
gradually become the gold standard.” Although the selective thermal effect of
Q-switched laser has good advantages in breaking pigments and reducing skin
damage, there are still unsolved issues, such as long treatment intervals, multiple
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treatments, residual tattoo pigments and contours, and
scars after treatment.’ Q-switched Nd-YAG 1064 nm
laser was based upon the theory of selective photothermal
effect, and only melanin and black pigment were its target,
while it was unable to remove professional tattoo dyes,
such as red and green.*

Picosecond laser was gradually being applied by clin-
ical staff to remove tattoos.’ Nevertheless, due to the lack
of relevant theoretical and data support, the removal effect
was not good in real application processes. Skin discolora-
tion and other phenomena frequently occur, which made
patients suffer.® Clinical issues such as how the dye was
metabolized, whether it would cause secondary damage to
the human body, etc., remained unknown.”'* The current
study utilized rat tattoo model to observe the effect of
picosecond laser on tattoo removal.

Materials and Methods

SD Rat Models

One hundred SD male rats’ weighing 160~190 g were
purchased from Jinan Pengyue Experimental Animal
Breeding Co., Ltd. [SCXK (LU)20140007]. We bred SD
rats from Wistar rats with albino coat, which were widely
employed in pharmacology, toxicology, efficacy and GLP
experiments. Breeding and experiments were carried out in
the barrier environment facility of Yantai Langdi
Biotechnology Co., Ltd. [SYXK (LU)20170028]. Ethics
Committee at Shanghai Skin Disease Hospital, Tongji
University School of Medicine approved the investigations
(approval no. Idswanimall). Guidelines for the ethical
review of laboratory animal welfare'> were followed for
the welfare and treatment of the laboratory animals.

Preparation of Rat Tattoo Model

After the SD rats were adaptively reared for 1 w, we depi-
lated them on the back with a depilatory agent. The area was
3x3 cm?. After being wiped and disinfected with alcohol, we
pierced tattoo dye marked with CY-5 leveraging 0.5 mm
pattern needle until it was bare. The engraved area is
1x1 cm?, and the depth is 0.5 mm. Our team fed tattooed
SD rats normally in the dark. After 15 d, the inflammatory
reaction disappeared and the pigment was stabilized. We
performed the first tattoo removal with picosecond laser,
and the second tattoo removal was performed on the 30
d after tattoo. The treatment was delivered with a 1064-nm
neodymium-doped yttrium aluminum garnet (Nd: YAG)
picosecond laser (PicoWay, Syneron Candela) with the

zoom 1064-nm handpiece, spot size 3 mm, and fluence 2.8
~4.0 J/em?. The experiments were done with chloral hydrate
and Cy-5 labeled tattoo dye.

Characterization Observation

During the experiments, we observed inflammatory reac-
tion, scab, pigment, and blistering. We also detected red-
ness and color fading of the tattoo site after picosecond
laser treatment. The effects of picosecond laser on the
pigment removal from the surface were detected.

In vivo Fluorescence Observation
Oh,05h, 1 h 2h, 4h, 8h, 12 h, 24 h after the first
picosecond laser, we randomly selected 3 SD rats from
each group at each slot, which were put into the animal
in vivo fluorescence imaging system utilizing 650 nm laser
excitation with 670nm reception. We detected the distribu-
tion and disappearance of fluorescence in rats at different
time points and determined the path of dye metabolism.

Fluorescence Detections of Metabolic
Organs

At the same time points to in vivo fluorescence observations,
3 SD rats were randomly sacrificed and their liver, kidney,
intestine, skin, etc., were taken out. Afterwards, we placed the
harvested organs in the in vivo fluorescence imaging system
using 650nm laser excitation with 670nm reception. We
detected the fluorescence intensity in each organ at different
time points so as to further judge the dye metabolism path.

Histological Detections

After the tattoo pigment was stabilized after picosecond
laser treatments, we randomly sacrificed 3 SD rats from
each group at each time point. The skin tissue from the
tattoo was obtained, part of which was fixed with 10%
neutral formalin solution. We performed conventional
dehydration, paraffin embedding, sectioning, and HE
staining to observe the changes in the tissue structure as
well as pigment dyes at the tattoo under an optical micro-
scope. The sampling times were: 15 d after the tattoo, 0 h;
12 h; 15 d after the first picosecond laser treatment and 15
d after the second picosecond laser treatment.

Laser Confocal Microscopic Detection

At the above time points, we extracted the skin tissues
with tattoos. The tissues were frozen and sectioned under
a laser confocal microscope. We detected the changes of
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the fluorescence that carried by the dye in the tissue such
as dispersion and disappearance. The technical parameters
that included were excitation wavelength — 650 nm, emis-
sion wavelength — 670 nm, laser intensity 9%, 650
V. Sampling time points were: 15 d after tattooing; 0 h,
4 h, 8 h, 12 h, 24 h, 15 d after the first picosecond laser
treatment; and the corresponding time points after

the second picosecond laser treatment.

Statistical Analysis

SPSS 26.0 statistical software SPSS version 26.0 for
Windows (SPSS, Inc., Chicago, IL, USA) was utilized to
analyze the data and compare differences between groups.
The measurement data were expressed as mean + standard
deviation (SD), and the count data were expressed in per-
centage. The area of dye and pigment fading after irradiation
with different energy-level lasers were tested through
R. After adjusting P values, a pairwise comparison was
made. P < 0.05 was regarded as statistically significant.

Results
Modeling Results

Within 3 d after the engraving, redness and swelling at the
engraved skin were obvious. On days 5 and 7, the
engraved area showed scabs. On the 10 d, the scabs fell
off, and the tattoo dye stabilized. On the 15 d, the dye
color at the engraved site was deep with no more changes
(Figure 1A). The pathological section of skin tissue
demonstrated that at the position of the middle layer of
dermis (Figure 1B), many dye particles aggregated and
there were no changes on days 11 and 15. According to
the HE staining results and our previous work,’ the dye
could be determined and the carved part was stabilized.
Therefore, the tattoo model was established successfully.

General Observation Results

According to the general observations and our previous
work,” the dye state of the rat skin became stable after 15
d from the dye was engraved. During the subsequent feeding
process, the depth of dye on the rat skin was gradually
reduced. After about 48 h, it was stabilized. The area of
the tattoo was reduced, and the dye appeared scattered with
no more flakes. The front became lighter, with about 1/2 of
those before treatment. The dye was constantly reduced at
a later stage, but the reduction was smaller. After the second
picosecond laser, the state of the rat tattoo dye was similar to
that of the first time. About 15 d after the treatment, the rat
tattoo basically disappeared. The skin condition at the
engraving is shown in Figure 2. The tattoo area was counted
as 100%, and the color depth was counted as 100%
15 d after engraving. After treatment, the dye fade was
calculated, and the status of tattoos at each time point was
provided. 15 d after the first picosecond laser treatment,
about 40% tattoos remained. 15 d after the second picose-
cond laser treatment, about 2% remained.

In vivo Fluorescence Imaging Results

Through the observation of in vivo fluorescence imaging
at different time points, fluorescence was mainly concen-
trated in the engraved parts 0 h after the picosecond laser
treatment. The fluorescence gradually became stronger in
the organs and tail at 0.5 h ~ 4 h after the treatment. The
rats were anesthetized at 2 h. Results suggested that dif-
ferent intensities of fluorescence appeared in the intestine,
kidney, bladder and other locations (Figure 3A and B).
Fluorescence was also found in the rat urines between
2 h ~ 4 h. At 8 h, there was almost no fluorescence in
the rat indicating that it was metabolized, or the

Figure | Tattoo dyeing diagram (A) and pathological section (B) on the I5 d.
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Figure 2 General observation results. (A) 10 d after the first engraving. (B) 15 d after the first picosecond laser. (C) |5 d after the second picosecond laser.

B

Cc

Figure 3 (A) Fluorescence imaging results at 2 h (Normal rat on the right, tattooed rat on the left). (B) Fluorescence imaging results after 2 h anatomy. (C) Fluorescence
imaging results at 12 h (Normal rat on the right, tattooed rat on the left).
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fluorescence was quenched. No fluorescence was detected
in the rat at 12 h and 24 h (Figure 3C).

Observation Results of Fluorescence
Intensity of Metabolic Organs

In order to eliminate the interference of the rat’s own tissue
fluorescence, the rats were anesthetized and sacrificed after
the detection of each in vivo fluorescence imaging time point.
The metabolic organs were removed, and all metabolic
organs were tested in the in vivo fluorescence imaging sys-
tem. At 0 h, there was no fluorescence in the metabolic
organs. At 0.5 h, fluorescence was found in the intestines,
liver, and other organs. At 2 h, fluorescence was found in the
liver, intestines, kidneys, bladder and other organs, and
the fluorescence intensity was strong (Figure 4A). At 4 h,
the fluorescence intensity of the liver, intestine, kidney, blad-
der, etc., was weaker than that of the samples collected at
2 h (Figure 4B). In the urine samples collected between the
two time points, weaker fluorescence was found. At 8 h, the
metabolic organs had weak fluorescence (Figure 5). There
was no fluorescence in the metabolic organs at 12 h and
24 h (Figure 4C).

Histological Experiment Results

From the results of the skin tissue slices after two picose-
cond laser treatments, the picosecond laser caused a large
number of “cavities” in the deep layer of the skin. They
were mainly concentrated between the epidermis and the
dermis, and some were located in the dermis. From
the Masson staining pictures at each time point, the dye
in the skin tissue was in a state of aggregation and clusters
15 d after the tattoo. It was discovered that the dye parti-
cles were broken into tiny particles by laser 0 h and

12 h after the first picosecond laser treatment, and the
particle numbers gradually decreased over time. By 15
d after laser treatment, the residual amount of dye particles
was about 1/2 of that before the treatment, and the dye
disappeared during the process. In the tissue section, we
found that there were macrophages and other cells near the
laser channel. From 0 h to 15 d after the second picose-
cond laser treatment, the dye particles continued to meta-
bolize and disappear, and finally, there was almost no
particulate dye in the tissue (Figure 5).

Laser Confocal Fluorescence Results

Laser confocal observation of the fluorescence intensity
of skin tissue at the tattoo site revealed that before laser
picosecond laser treatment, the fluorescence emitted by
the CYS5 labeled dye after excitation was concentrated on
the skin tissue, and the intensity was high (Figure 6A).
The average fluorescence per unit area was 28,965. After
the first picosecond laser treatment, the fluorescence in
the tissue section at 0 h was dispersed, and the intensity
was slightly weaker than that before the treatment. At
4 h, the fluorescence dispersion state was obvious, and
the fluorescence intensity was significantly weakened.
The areas were about 80% of that before the treatment
and the average fluorescence intensity per unit area is
21,560 (Figure 6B). Data at 8 h, 12 h, 24 h illustrated
that the fluorescence intensity was further weakened, and
the fluorescence area gradually shrank. The data on the
15 d after treatment verified that the fluorescence was
scattered throughout the tissue. In the fluorescent area,
the overall fluorescence intensity was about 43% (aver-
age fluorescence intensity per unit area was 12,432) of
that before the treatment (Figure 6C). On the 15 d after

Figure 4 Observation of fluorescence intensity of metabolic organ (A) 2 h. (B) 4 h. (C) 12 h.
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Figure 5 Masson staining results. (A) 15 d after the tattoo. (B) 12 h after the first picosecond laser treatment. (C) |5 d after the first picosecond laser treatment. (D) |5

d after the second picosecond laser treatment.

the second picosecond laser treatment, the average fluor-
escence intensity per unit area was only 126 (Figure 6D).

Discussions
Picosecond laser has great advantages in treating benign
pigment diseases. Since the pulse width of the picosecond

A B Cc D

laser is about 10 ~ 100 times shorter than that of the
traditional short pulse (nanosecond) laser, the high peak
wave of this ultrashort pulse laser can produce a strong
photomechanical effect on the body instead of traditional
nanosecond laser. Because of its photothermal effect,
picosecond laser is more effective in the treatments of

Figure 6 Laser confocal fluorescence observation results. (A) Before picosecond laser treatment. (B) 4 h after the first picosecond laser treatment. (C) 15 d after the first

picosecond laser treatment. (D) |5 d after the second picosecond laser treatment.
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tattoos as well as other diseases than traditional short-
pulse lasers.

As the picosecond laser is a relatively new technology,
most of the existing related researches are limited to the
clinical observation of laser on pigmented diseases, scars,
photoaging and other diseases.'® In one study, the control
group utilized red tattoo particles. After the shock wave
effect of the short pulse Q-switched laser, relatively small
black particles were formed. In terms of safety, after
PicoWay picosecond laser treatment, it is easier to find
complete cell membranes and organelles under the elec-
tron microscope. The transmission of the shock wave
effect is only for the pigment, and there is not much heat
energy to destroy the surrounding tissues. Therefore, it is
not applicable in clinical practice.'” Under the premise of
achieving the same therapeutic effects, the energy of pico-
second laser treatment is only 1/3 or even 1/4 of that in
Q-switched laser. When the treatment energy is reduced,
the comfort of the treatment process is improved, and the
safety of the overall treatment is improved as a result.'®
Compared with the traditional short-pulse nanosecond
laser, the ultra-pulse picosecond laser has better absorption
of pigments, which greatly reduces the damage to sur-
rounding tissues that is caused by non-specific photother-
mal effects and has less inflammation as well as lower
incidence of staining.'®-*°

Because the size of tattoo particles is between 40 ~ 300
nm in the body, the TRT of most tattoo pigments is in the
picosecond range. When the pulse width is compressed,
the photomechanical effect of picoseconds makes it depen-
dent on selective spectral absorption. For instance, the
pulse width of 532 nm picoseconds matches the particle
size of yellow tattoo pigments, so the removal rate for
refractory yellow tattoos is also compared.® In terms of
safety, picosecond lasers produce less tissue damage and
have better removal effects compared to nanosecond

lasers.?!

A single-blind separation random experiment
showed that the 1064/532 nm picosecond laser has
a removal rate of more than 75% on tattoo pigments, and
its effectiveness is stronger than the 1064/532 nm short
pulse Q-switched laser.”

From the current study, we concluded that the dye
particles were broken into tiny particles by the picosecond
laser at the engraved area, which were directly metabo-
lized out of the body through macrophage phagocytosis or
other pathways. We discovered that the tattoo dye labeled
with CY-5 could stably exist in the skin marking area of
rats like ordinary dyes. After picosecond laser treatments,

the tattoo dye was broken into tiny particles at the marking
position, possibly passing through the tissue part. It
entered the circulatory system, which was metabolized
out of the body. Two picosecond laser treatments could
effectively remove all dyes from the engraved parts, indi-
cating that the picosecond laser had a good effect towards
tattoo removal.

In humans, histological evidence indicates that all tat-
too particles are found in macrophages, fibroblasts and
mast cells around three months post-insertion. While in
our investigations, we found that rat skin might process
tattoo ink insertion faster than human skin.’ Although
present research conducted explorations on the effect of
picosecond laser on tattoo removal and the metabolic path-
ways of tattoo dyes, it needs in-depth investigations on the
removal mechanism and removal pathways. Subsequent
work in the area would be carried out for clinical applica-
tions in the mechanism to provide further supports.

Conclusions

In this study, CY5 fluorescein was employed to label the
tattoo dye, and the labeled dye was engraved on the rat
skin to realize real-time tracking in rats. The established
rat tattoo model was processed by picosecond laser, and
fluorescein was excited by the in vivo fluorescence sys-
tem and laser confocal system. The results demonstrated
that after picosecond laser treatment, the fluorescence
intensity of the rat skin engraved part was gradually
weakened. After two treatments, no fluorescence was
detected in the engraved part. At the same time, it was
found that after each laser treatment, different metabolic
organs will have different intensities of fluorescence at
different time points. Some dyes may be directly meta-
bolized out of the body through the skin. Combined with
characterization observation results and histological
observation results, it was further confirmed that picose-
cond laser could remove tattoos effectively.
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