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Abstract Tattooing is an ancient art and is still widely dependent\#ect on protein expression. A possible connec-
practiced all over the world. Since the biocompatibility oftion of the irXuence of the tattoo ink with clinicaVects is
tattoo dyes has not been well researched, we studied tHiscussed.
toxicity of a commercial tattoo ink, commonly used in tat-
too lab and esthetic centers, on huri#noblasts. To test Keywords HumanWroblasts - In vitro testing -
cell viability, MTT assays were carried out and scanning attoo pigment - Tattoo toxicity
electron microscopy to visualize changes in the cell surface
after the dye exposure was performed. A possiblaence
of the pigment on the expression of procollagértype |  Introduction
protein was visualized by western blotting analysis. The
results showed a reduction in cell viability, and electrorattoo and permanent make-up are widely used by all age
microscopy demonstrated an unmati cell surface com- groups, both sexes, and in manyetient occupations and
pletely covered by pigment particles. Western blotting anakocioeconomic groups. The procedure used in making a
ysis demonstrated a clear interference of the pigment on tigtoo or permanent make-up consists of puncturing the
expression of procollagenl type | protein. These data dermis and depositing an amount of ink depending on the
demonstrated that the commiail tattoo dye has a time- characteristics of the needlegtimk, the skin and the depth

of penetration. After the procedure, a wound healing pro-
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in humans 35]. Some risks are bacterial and viral infections
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Red tattoo pigments are known to include organic com-
ponent and less frequently mercury [2, 21] and can produce
many hypersensitive reactions. They are the most common
cause of delayed reactions which, in some situations, can
occur from weeks to many years after tattooing. The most
common reactions are lichenoid and granulomatous reac-
tions [28], while nodular and pseudolymphomatous pat-
terns are less frequently seen [6].

Tattoo dye reactions are well described in scientific liter-
ature but all the data are based on the histological descrip-
tion of the dermal reactions which occur after the tattooing
process [6, 17, 28, 30]. Few data have been reported
describing the composition of tattoo dyes [36] but, up to
now, no studies have been done on in vitro testing on cell
lines or the biocompatibility of tattoo dyes and their com-
ponents. In vitro testing of tattoo pigments could be the first
step in investigating the toxicity, and the mutagenic and
carcinogenic potentiality which could be connected to some
components of the dyes.

To understand the effects of tattoo dyes, we tested two
commercial tattoo dyes, Strong black and Biolip 27, on a
primary culture of human fibroblasts, testing cell viability
by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide assay (MTT assay). Cell viability data showed that
“Biolip 27 was more cytotoxic compare to “strong black”
dye. The subsequent experiments were concentrated on
analyzing in more detail the toxic effect of Biolip 27 inves-
tigating cell morphology by high-resolution scanning elec-
tron microscopy and the possible interference of the red
pigment in the production of procollagen a1 type I protein,
precursor of the protein collagen type I, one of the main
proteins produced by fibroblasts. Collagen type I is the
most abundant protein of the extracellular matrix with a
structural function [21]. In vitro cultured fibroblasts pro-
duce procollagen alpha 1 type I in a great amount [38, 43]
and toxic effects to fibroblasts are related with modifica-
tions in the synthesis of this protein [31, 37].

Materials and methods
Culture of human fibroblasts

Human fibroblasts (HGFs) were obtained from fragments
of healthy marginal gingival tissue during the surgical
extraction of impacted third molars. Signed informed con-
sent was obtained from the donors according to a protocol
approved by the University of Bologna. The gingival tissue
fragments were immediately placed in Dulbecco’s
Modified Eagle’s Medium (DMEM)/F12 (Euroclone Life
Sciences Division, Milano, Italy) for at least 1 h, rinsed
three times in phosphate buffer saline solution (PBS),
minced into small tissue pieces and cultured in DMEM/F12,
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containing 10% fetal bovine serum (FBS), 1x penicillin and
streptomycin, 1x fungizone. The cells obtained were sub-
sequently detached from the Petri dish and cultured in T25
flasks with the same cell medium, at 37°C in a humidified
atmosphere of 5% (v/v) CO,. Cultured HGFs of passage
4-8 were used for these studies.

Strong black and Biolip 27 exposure

Human fibroblasts were exposed to different dilutions (1/500,
1/103, 1/10%, 1/10°, 1/ 106) of a commercial black tattoo dye,
Strong black, and red tattoo dye, Biolip 27 (Biotek, Milano,
Italy) for different periods of time which are subsequently
described. Each dilution was made by DMEM medium
supplemented with 2% FBS, 1x penicillin and streptomy-
cin and 1x fungizone. During the treatment, the cell
medium was changed every 2 days.

Controls consisted of HGFs exposed to the same DMEM
medium without the dye and supplemented as previously
described. For all experiments, the control cells were
exposed for the same periods of time.

MTT assays

First an MTT assay was carried out to evaluate cell viability
after exposure to the different dilutions of Strong black dye
for 72 h. The HGFs were seeded into 96-well plates at a
density of 1.5 x 10* cells/well and, after 24 h, they were
exposed to the following dilutions: 1/500, 1/10°, 1/10%, 1/10°,
1/10° prepared in cell medium as previously described.
After 72 h, the medium was substituted by a fresh medium
containing 0.5 mg/ml of MTT (Fluka, Sigma-Aldrich
Laborchemikalien GmbH, Seelze, Germany) and incubated
for 5h at 37°C. MTT salt was dissolved with a solution of
0.1 N HCI in isopropanol and then the absorbance was
measured at 570 nm with a Model 680, Bio-Rad microplate
reader (Bio-Rad Life Science Research Group, Hercules,
CA, USA).

Second MTT assay was performed with the same differ-
ent dilutions of the strong black dye as described above, for
2 weeks. After the treatment, the medium was substituted
by a fresh one and the MTT assay was carried out as
described above.

To evaluate cell viability after exposure to different
dilutions of the dye Biolip 27, an MTT assay was per-
formed for 72 h following the protocol described above.
The HGFs were seeded into 96-well plates at a density of
1.5 x 10* cells/well and, after 24 h, they were exposed to
the following dilutions of Biolip 27: 1/500, 1/10%, 1/10%,
1/10°, 1/10° prepared in cell medium as previously
described. After the exposure, the medium was substituted
by a fresh one and the MTT assay was carried out
described above.
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A last MTT assay was carried out to test the 1/10° dilu-
tion of Biolip 27 on HGF viability. The cells were seeded
into 96-well plates at a density of 1.5 x 10* cells/well and,
after 24 h, they were exposed to Biolip 27 diluted 1/10° in
cell medium for 72, 96 h, 1 and 2 weeks. After the treat-
ment, the medium was substituted by a fresh medium and
the MTT assay was carried out as previously described.

In all the MTT assays, the viability of the treated cells
was compared to the viability of the cells of controls which
was found to be 100%.

Each experiment was carried out in triplicate and inde-
pendently repeated at least three times. Statistical differ-
ences were assessed by one-way ANOVA (P < 0.05) and
Dunnett’s multiple comparison test (P < 0.05). Statistical
analysis was performed with GRAPH PAD PRISM 5.0
software (San Diego, CA, USA).

Cell morphology analysis with field emission in lens
scanning electron microscope (FEISEM)

For FEISEM analysis, the HGFs were seeded on silica
wafers placed in the bottom of each well of a 6-well culture
plate, at a density of 3 x 103 cells/well. For each treatment,
two silica wafers were prepared and the entire experiment
was performed three times. After 24 h of growth, the cells
were exposed to Biolip 27 diluted 1/10%, using the same
modalities as previously described, for 72, 96 h, 1 and
2 weeks. At the end of the treatment, the cells were post-
fixed in a solution of 2% glutaraldehyde (Fluka, Sigma-
Aldrich Laborchemikalien GmbH, Seelze, Germany) in
0.1 M phosphate buffer for 1 h at 4°C. After washing in the
same buffer, the samples were immersed in a solution of
1% OsO, in PBS for 30 min at room temperature; subse-
quently, they were dehydrated in an ethanol series (70, 90,
100%), critical point-dried (CPD 030, Balzers, Lichten-
stein) and platinum metal-coated (MED 010 Balzers,
Liechtenstein). A sample observation was carried out by
FEISEM (JSM 890, Jeol LTD, Tokyo, Japan), at 7-kV
accelerating voltage and 1 x 107! A probe current.

Protein extraction and western blot analysis

Human fibroblasts (cultured at a density of 1 x 10° cells/
T25 flask) incubated with Biolip 27 diluted 1/10° for the
same periods of time as previously described were trypsini-
zed after the treatment and centrifuged at 1,250 rpm for
10 min at 4°C. The pellets were lysed with a RIPA modi-
fied lysis buffer (50 mmol/L; Tris—HCI pH 7.,4; 1% NP-40;
150 mmol/L NaCl; 2 mmol/L EDTA; 0.1% SDS; 1 mmol/L
EGTA; 1 mmol/L PMSF; 0.15% SME) containing a prote-
ase inhibitor cocktail (Sigma-Aldrich, Saint Louis, Mis-
souri, USA) and then centrifuged at 14,000 rpm for 10 min

at 4°C. A protein assay as described by Bradford [S] was
carried out to quantify the amount of proteins obtained in
each sample. For each sample, 20 pg of total protein was
separated on 8% SDS polyacrylamide gel electrophoresis
(SDS-PAGE) and then electrophoretically transferred into a
nitrocellulose membrane using a wet blotting apparatus
(Mini Tank Electroblotting System, Owl, Portsmouth, UK).
The membranes were saturated in 5% dry milk (Bebilac,
Cesena, Italy) in Tris buffer solution/0.1% Tween 20
(blocking reagent) for 2 h at room temperature (RT) and
then incubated with anti-procollagen a1 type I antibody
(Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) or
anti-f tubulin antibody (Sigma-Aldrich, Saint Louis, MO,
USA) diluted 1:10,000 in blocking reagent for 1 h at 37°C
followed by horseradish peroxidase-conjugated anti-goat
IgG antibody (Santa Cruz Biotechnology, Inc., Santa Cruz,
CA, USA) specific for anti-procollagen antibody and horse-
radish peroxidase-conjugated anti-mouse IgG antibody
(Sigma-Aldrich, Saint Louis, MO, USA) specific for anti-f3
tubulin antibody. Both antibodies were diluted 1:80,000 in
blocking reagent for 1 h at 37°C. Bands were visualized
with the chemiluminescence detection system (ECL plus,
Amersham Biosciences, Little Chalfont Buckinghamshire,
UK). Images were obtained by Image Station 2000R
(Kodak, NY, USA).

Immunofluorescence for procollagen o1 type I

Human fibroblasts were grown in a monolayer on cover
glasses (at the density of 3 x 10° cells/cover glass) and
treated with Biolip 27 diluted 1/10° for the same periods of
time as previously described. Two cover glasses were pre-
pared for each treatment, and the entire experiment was
performed three times. The samples were washed three
times in PBS and fixed with 4% formalin/0.1% Triton
%100 in PBS for 20 min at 4°C. After a brief rinsing, the
samples were blocked in 1% dry milk in PBS (Bebilac,
Cesena, Italy) for 30 min at room temperature and then
incubated with anti-procollagen a1 type I antibody (Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, USA) diluted
to 1:400 in blocking reagent at 37°C for 1 h. After three
washes in PBS for 10 min each, the samples were incu-
bated with CY3-conjugated anti-goat IgG antibody
(Sigma, Saint Louis, MO, USA) diluted to 1:2,000 in
blocking reagent at 37°C for 1 h. Finally, the slides were
washed three times in PBS and then mounted in VECTA-
SHIELD® mounting medium with 4',6-diamidino-2-phe-
nylindole (DAPI) (Vector Laboratories, Burlingame, CA,
USA). The slides were observed under a fluorescence
microscope (Nikon Eclipse E800, Tokyo, Japan) assem-
bled with the Nikon dual band fluorescence filter FITC-
TRITC.
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Results
MTT assays

Different MTT assays testing two tattoo color dyes, Strong
black and Biolip 27, were performed to check cell viability
after tattoo exposure. Figure la showed HGF’s viability
after different dilutions of strong black dye, starting from
1/500 to 1/10°, for 72 h. HGF viability was expressed as a
percentage relative to the HGFs not exposed to the dye. In
all the treated samples an high cell viability was detectable
compared to control. Results were similar after 2 weeks of
exposure (Fig. 1b), demonstrating that the tattoo dye Strong
black had no toxic effects on human fibroblasts.

Similar MTT assays were performed to test HGF viabil-
ity after exposure with Biolip 27. Different dilutions of the
red pigment starting from 1/500 to 1/10° were tested for
72 h. Results showed a reduction of cell viability to 47%
corresponding to the lowest dilution (1/500) of the red dye
(Fig. 2a), while the viability slowly increased until 78%
with the highest dilution tested (1/10°). These data clearly
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Fig.1 a MTT assay showing human fibroblast viability after treat-
ment with different Strong black dilutions for 72 h. b MTT assay show-
ing the cell viability after treatment with different Strong black
dilutions for 2 weeks. In both assays, cell viability is expressed as the
ratio (%) of optical density values of treated cells to control cells. In
both MTT assays, high values of cell viability were detectable after the
treatment. The MTT data were statistically analyzed by one-way
ANOVA followed by the Dunnett’s test
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demonstrated a dose-dependent toxic effect of the red dye
which is reduced with the highest dilution examined.

The cell viability corresponding to the dilution of Biolip
27 1/10° was 58%, and this dose was chosen for the next
experiments to test if prolonged exposures of the red tattoo
ink with HGFs would have effects on cell viability and pro-
tein expression.

The second MTT assay showed a reduced cell viability
in samples exposed for 72 h which was comparable to pre-
vious data, while the viability slowly decreased with the
increase of time exposure (Fig. 2b), demonstrating a time-
dependent toxic effect of the red pigment on the fibroblasts.

These data demonstrated that only Biolip 27 had toxic
effects on human fibroblasts.

Cell morphology analysis by FEISEM

Control cells, analyzed by FEISEM, showed an elongated
and smooth surface (Fig. 3a) or a modified surface with fine
and short filaments (Fig. 3b). Cells appeared to be intercon-
nected by numerous thin filaments and appeared to anchor
the cells to the silica wafers (Fig. 3a). Control cells after
2 weeks of treatment showed a similar morphology
(Fig. 3b).
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Fig. 2 a MTT assay showing human fibroblast viability after treat-
ment with different Biolip 27 dilutions for 72 h. b MTT assay showing
the cell viability after 1/10* Biolip 27 treatment for 72, 96 h, 1 and
2 weeks. In both assays, cell viability is expressed as the ratio (%) of
optical density values of treated cells to control cells. The MTT data
were statistically analyzed by one-way ANOVA followed by the
Dunnett’s test. Asterisk indicates statistically significant differences
between the groups (P < 0.05 vs. the control)
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Fig. 3 FEISEM analysis show-
ing fibroblast cell morphology
after Biolip 27 treatment. a Con-
trol cells after 72 h of exposure.
The classical fibroblast elon-
gated shape with smooth surface
(filled triangles) or covered by a
thin filament (asterisks) is ob-
served. (bar 10 pm; magnifica-
tion x500). b Control cells after
2 weeks of treatment. The cell
morphology is the same as
described in Fig. 3a (bar 10 pm;
magnification x500). ¢ HGFs
after 72 h of Biolip 27 exposure.
The cell surface is predomi-
nantly covered by particles of
the dye (asterisks) (bar 10 pum;
magnification x500). d HGFs
after 96 h of Biolip 27 exposure.
The particles of the tattoo dye
are still observed on the cell sur-
face. No modification of cell
morphology due to the tattoo ink
treatment is detectable (bar

10 pwm; magnification x500).
HGFs after 1 week of treatment
(e) and 2 weeks of treatment (f).
The cells still showed their
classical fibroblastic shape with
the surface covered with round
and bright particles of the ink.

e (bar 10 pm; magnification
x500); f (bar 10 pm;
magnification: x500)

After 72 h of Biolip 27 treatment, the cells still showed
an elongated surface, but they were mostly covered by
small and bright particles corresponding to the red dye
(Fig. 3c). The particles remained firmly attached to the cell
surface and remained there even after 96 h of treatment
(Fig. 3d) and 1 (Fig. 3e) or 2 weeks (Fig. 3f). During the
exposure, the cells never lost their classical fibroblastic
morphology (Fig. 3f). The silica backgrounds were free
from pigment particles, demonstrating specific adhesion of
the dye to the cell structure (Fig. 3e, f).

Western blot analysis for procollagen o1 type I protein

In an effort to verify the possibility of Biolip 27 interfering
with procollagen o1 type I protein, a precursor of collagen

type I protein, one of the main proteins produced by
human fibroblasts, a western blotting analysis was carried
out.

Figure 4 showed the presence of a faint band corre-
sponding to the protein in the samples treated for 72 and
96 h, while the signal was almost absent in the samples
treated for 1 and 2 weeks. All the controls showed a strong
and well-detectable band as compared to treated samples.

Immunofluorescence for procollagen o1 type I protein
To visualize the procollagen ol type I protein inside the
cells, and to show a possible interference of the tattoo dye

with the presence and localization of the same protein,
immunolabeling for procollagen ol type I detectable by
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Fig. 4 Western blotting analysis showing procollagen o1 type I pro-
tein after Biolip 27 treatment. ¢72 control cells after 72 h, ¢96 control
cells after 96 h, cIw control cells after 1 week, c2w control cells after
2 weeks, tr 72 HGFs exposed to Biolip for 72 h, tr 96 cells exposed
for 96 h, triw cells exposed for 1 week, tr2w cells exposed for
2 weeks. 8 tubulin represents the loading control

fluorescence microscopy was carried out. Figure 5a, b, cor-
responding to control samples exposed for 72h and
2 weeks of treatment, shows a peculiar staining pattern of
the protein mainly localized around the nucleus and appear-
ing as small clusters. After 72 h of Biolip 27 exposure, the
fluorescence signal was strongly decreased as compared to
the control samples while big clusters of fluorescence sig-
nal were detectable in the cells but far from the nucleus,
and they corresponded to the particles of Biolip 27 attached
to the cell surface (Fig. 5c). HGFs treated for 96 h, 1 and
2 weeks showed no signal corresponding to the protein
around the nucleus (Fig. 5d—f), while clusters of tattoo dye
still covered the cell surface (Fig 5f).

Discussion

In recent times, decorative tattoo and permanent make-up
have become enormously popular. Many skin disorders,
such as eczematous dermal reaction [4], lichenoid and gran-
ulomatous reactions [36], cutaneous lymphoma [6, 44],
have been reported but the majority of them are based on
histological evaluation after the tattooing process [7, 16,
29, 40]. Few data are available about the toxicity and bio-
compatibility of tattoo inks, their pigments and other com-
ponents on human cells. A first report of the potential
toxicity of tattoo inks came from the study of Baumler and
co-workers [1] in which they reported that the degradation
of red pigment PR22 resulted in the formation of 2-methyl-
S-nitroaniline, a known carcinogen. These data have
recently been confirmed by other studies on the degradation
of tattoo inks followed by the formation of a number of
different toxic products with carcinogenic potential [7, 10,
40]. However, these authors just described the generation
of tattoo degradation products without testing any of them
on human cell lines to demonstrate potential toxicity.

In an effort to understand the toxicological proprieties of
tattoo inks, in this study, we proposed an in vitro procedure
to test tattoo dyes on human cells. This in vitro procedure
was designed to predict the toxicity of tattoo inks. For this
reason, we tested two commercial tattoo inks, Strong black
and Biolip 27, on human fibroblasts for different periods of
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time ranging from 72 h to 2 weeks. The composition of the
commercial inks and the amounts of the single components
were not provided by the manufacturer.

Using MTT assay, we initially tested different dilutions
of the tattoo dyes starting from 1/500 to 1/10° to verify a
dose-response relationship between cell viability and the
tattoo pigment. The data obtained from MTT assays on the
black strong ink showed high levels of cell viability, dem-
onstrating a no toxic effects on human cells.

In contrast, MTT results suggest a dose-dependent toxic
effect of Biolip 27 on HGF viability showing values rang-
ing from 47% corresponding to the highest concentration
(1/500), to 79% corresponding to the highest dilution (1/
10%). For this reason, we decided to study into more detail
the toxic effect of Biolip 27 on human cells.

From Biolip 27 MTT data, the dilution of 1/10° showing
a cell viability of 58%, was chosen to be tested in the fol-
lowing experiments. Although Biolip 27 is a ready-to-use
solution, we decided to test the dilution of 1/103 to simulate
a modified amount of dye which reaches the cells of the
dermis. Due to inflammation and lymphatic transportation,
the amount and location of pigments can change in the skin
and these processes should be finished after a couple of
weeks [41]. The aim was to study the possibility that Biolip
27 was able to induce toxic effects on human cells when
they are exposed to the pigment for prolonged periods of
time ranging from 72 h to 2 weeks. This range of time was
chosen because the tattooing procedure induces trauma on
the skin, and the recovery and complete regeneration of the
epidermis requires approximately 2 weeks [16].

To test cell viability after prolonged exposure to 1/10°
Biolip 27, a second MTT assay was carried out at 72, 96 h,
1 and 2 weeks and the results showed a time-dependent
toxic effect of the red pigment on fibroblasts.

To investigate the localization of the ink particles in con-
tact with the cells and to also investigate the possible mor-
phological changes in the cell surface after dye exposure, a
high-resolution scanning electron microscopic analysis was
performed. The particles of the ink appeared as small crys-
tals adhered to the cell surface. They did not show a spe-
cific localization on the cell surface but were scattered on
the cell body or just clustered in some areas. The silica sup-
port was free of pigment particles demonstrating adhesion
of the ink to the cell surface and not only a simple deposi-
tion on it. Although the MTT results demonstrated a
remarkable reduction in HGF viability, the cells did not
show any deep morphological changes after the dye treat-
ment. The classic fibroblastic and elongated shape of the
cells was preserved even after 2 weeks of dye exposure.

Many histological reports have described the localiza-
tion of dye particles in the dermis, between collagen bun-
dles of connective tissue or adhering to fibroblast cell
bodies [12, 16, 26]. The uptake and storage of ink particles
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Fig. 5 Immunocytochemical
localization of procollagen o1
type I protein in HGFs treated
with Biolip 27 for different peri-
ods of time. CY3-conjugated
anti-mouse IgG antibody was
used to detect the localization of
the protein. All samples were
counterstained with DAPI. a
Control samples after 72 h of
exposure. b Control samples af-
ter 2 weeks of exposure. Both a
and b showed the protein local-
ized in small areas around the
cell nucleus (asterisks) (x600).
¢ HGFs after 72 h of exposure.
The specific localization of the
protein around the cell nucleus
disappeared, while small fluo-
rescence clusters corresponding
to particles of Biolip 27 are eas-
ily detectable adhering to the cell
body (open triangles) (x600). In
samples treated for 96 h (d) 1
week (e) and 2 weeks (f), a spe-
cific protein pattern is still not
observed while fluorescence par-
ticles of the red ink are still
clearly visible on the border of
the cell surface (open triangles).
g Control image of HGF treated
with Biolip 27 for 2 weeks and
observed by light microscopy.
The particles of the dye are
clearly detectable around the cell
body (x600). h The same area of
the sample observed by fluores-
cence microscopy. The red
fluorescent signal corresponds to
the dye particles observed in
Fig. 5g (x600)

induce fibroblasts to move with difficulty and to be fixed in
connective tissue [12]. No data exist regarding the effects of
these ink particles on fibroblast activity.

To investigate whether Biolip 27 particles can influence
fibroblast protein expression, a western blotting analysis for
the detection of the procollagen o1 type I protein was car-
ried out. Our results showed a reduction of the protein after

just 72 h of Biolip exposure and the effect increased after 1
and 2 weeks, suggesting a time-dependent effect of the ink
on the synthesis of procollagen ol type I protein. These
results are confirmed by immunofluorescence experiments
in which the protein surrounded the nucleus in untreated
samples, while this specific localization disappeared in the
treated samples even after 72 h of exposure. The specific
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