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Correspondence should be addressed to Sara Aspengren, sara.aspengren@cellectricon.com

Received 10 October 2011; Accepted 13 November 2011

Academic Editors: Y. Gachet, C. C. Uphoff, and Y. Zhang

Copyright © 2012 Sara Aspengren et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Hydroquinone is used as a skin-lightening agent, it is also present in different chemical products and cigarette smoke. It
is believed to inhibit melanin production in melanocytes by inhibiting the key enzyme tyrosinase. In the present study, we
show that hydroquinone had severe effects on microtubules and actin filaments in cultured Xenopus laevis melanophores as
studied by immunohistochemistry. It affected the intracellular transport of melanosomes, induced bundling of microtubules and
disassembly of actin filaments at 10 and 50 μM, and at 100 μM proper adhesion to the substrate was lost. Effects occurred at lower
concentrations than what previously has been stated to be cytotoxic, and the results show that tyrosinase is not the only cellular
target. The cytoskeleton is of utmost importance for the function of all cells and across species. Our data has therefore to be
considered in the discussions about the use of hydroquinone for bleaching of skin.

1. Introduction

Hydroquinone (HQ) is a synthetically produced and natu-
rally occurring chemical that is used for example in cosmetics
as a skin-lightening agent, as a reagent in photographic devel-
opers, and in rubber manufacture [1]. It is also present in
significant levels in cigarette smoke [2]. Genomic and prot-
eomic analyses have shown that HQ treatment induces
changes in proteins that are involved in for instance oxidative
stress, focal adhesion, cellular signalling, and cytoskeleton
reconstruction [1–3].

As a skin-lightening agent, HQ is believed to act by in-
hibition of the enzyme tyrosinase, thereby reducing the
conversion of dihydroxybenzoic acid (DOPA) to melanin
[4, 5]. Administration of HQ induces reduced pigmentation
in mammals [6] and has been suggested to have a selective
melanotoxic action. Using melanocytes and nonmelanotic
cells, it has been demonstrated that sensitivity to the cyto-
toxic effects of HQ is associated with the presence of tyrosin-
ase activity [7], and cytotoxicity is increased when cells are

exposed to UVA radiation [8]. Uncontrolled use of HQ-
containing bleaching products has resulted in an epidemic of
postinflammatory hyperpigmentation (exogenous ochrono-
sis) in South Africa [9, 10]. Due to the toxicological side
effects the use of HQ in cosmetics has been banned in the
European Union [11], but it is still allowed in many coun-
tries.

In order to gain further insight in potential mecha-
nism(s) of action and cellular effects of HQ, we have used
immortalized melanophores from the African clawed frog,
Xenopus laevis. Melanophores derive from the neural crest
and are cells specialized for rapid and synchronous intracel-
lular transport of pigmented organelles, melanosomes [12].
Melanophores from lower vertebrates provide an excellent
model not only to study pigmentation per se, but also more
generally for studies of organelle transport. Movements of
the black melanosomes can be easily visualized with light
microscopy and the direction of transport can be regulated.
We have recently established that these cells can be valuable
for toxicological studies [13, 14].
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The cellular organizations of actin filaments and micro-
tubules are severely affected even at concentrations lower
than what has previously been stated to be cytotoxic. Our
results therefore show that tyrosinase is not the only cellular
target for HQ even if pigmented cells were more sensitive to
HQ than nonpigmented cells. Due to the cellular importance
of the cytoskeleton, for example, in cell division, intracellular
transport, movement of sperms, and skeletal function, the
use of HQ especially as a depigmentating compound should
be carefully reviewed.

2. Experimental Procedures

2.1. Materials. Melatonin, α-MSH, and phenylthiocarbam-
ide were from Sigma (St. Louis, MO, USA). HQ was from
Fluka (Buchs, Switzerland). Stock solutions of melatonin and
α-MSH were stored at−20◦C and diluted to the experimental
concentrations in fresh medium just before use. Fresh stock
solution of HQ was made just before each experiment. The
α-tubulin antibody was from Sigma, the rhodamin marked
phalloidin and the Alexa Fluor 594-conjugated secondary
antibodies were from Molecular Probes (Eugene, OR, USA).

2.2. Cell Culture. Xenopus laevis fibroblasts and melano-
phores were generously provided by Michael Lerner, Arena
Pharmaceuticals. The fibroblasts were cultured in 0.7-x Lei-
bovitz L-15 medium at 27◦C. The medium was diluted with
sterile water and supplemented with 20% fetal bovine serum,
2 mM L-glutamine, 100 IU/ml penicillin, and 100 μg/ml
streptomycin. Medium that had been conditioned by fibrob-
lasts for 3 to 4 days was then used in the melanophore
culture. For depigmentation, melanophores were cultured
in phenylthiocarbamide diluted in conditioned medium
(900 μM) for at least six weeks. Cell culture reagents were
obtained from Life Technologies (Renfrewshire, Scotland)
and cell culture plastics were from Sarstedt (Nümbrecht,
Germany).

2.3. Light Microscopy. Pigment cells were sparsely seeded in
6-well culture plates and were allowed to rest for 3 days.
Half of the cells were equilibrated with light and serum-free
medium for 2 h before observation and photography. After
incubation with HQ for 24 h, the cells were photographed
again. Thereafter the cells were incubated with melatonin in
order to induce melanosome aggregation and after 90 min
they were photographed once more. The remaining cells
were induced to aggregate with melatonin and serum-free
medium in the dark for 2 h before observation and pho-
tography using a Nikon light microscope. After incubation
with HQ together with melatonin for 24 h, the cells were
photographed for a second time. Thereafter, the cells were
incubated with α-MSH in order to induce melanosome
dispersion, and after 90 min they were photographed again.

2.4. Immunocytochemistry. Cells were seeded on coverslips
and cultured for 2 days. In order to fully induce aggrega-
tion, pigmented melanophores were exposed to melatonin
(10 nM) in serum-free medium and dark for 2 hours. Cells

were then incubated with HQ at three different concentra-
tions (10 μM, 50 μM, and 100 μM) for 24 h. Control cells
were incubated with serum free medium.

For immunostaining of microtubules, melanophores
were fixed in −20◦C methanol for 6 min and then washed
three times with PBS before incubation with the α-tubulin
primary antibody for 50 min at room temperature. The
cells were washed three times with PBS and incubated in
darkness with the secondary antibody for 40 min. Thereafter,
the cells were washed with PBS again and briefly rinsed in
water before they were allowed to dry in air. Controls were
performed in the absence of primary antibodies.

For immunostaining of actin filaments, the cells were
rinsed in PBS, fixed in 3.7% formaldehyde solution for 10
minutes, washed twice with PBS, and incubated in 0.1%
TRITON X-100 for 5 min. The cells were incubated with 1%
BSA for 20 min to avoid unspecific staining. The cells were
then stained with rhodamin phalloidin for 20 min, washed
in PBS, and allowed to dry in air.

All coverslips were mounted in DABCO mixed with glyc-
erol and examined in a Nikon fluorescence microscope.

3. Results

3.1. HQ Inhibits the Dispersed State and Induces Aggregation of
Melanosomes. The effect of HQ on cytoskeleton-dependent
transport of melanosomes was first studied on cells that
had been dispersed by equilibration in serum-free medium
and light(Figure 1(a)). After 24 h of incubation, control
cells and cells treated with the lowest dose (10 μM) of HQ
were still dispersed (Figure 1(b)). Melanophores incubated
with the higher doses (50 μM and 100 μM) of HQ changed
morphology dramatically and became smaller and more
dendritic. The melanosomes were assembled either in the cell
centre or in the slender dendrites. In addition, in cultures
treated with 100 μM HQ, cell adhesion was affected and
substantial amounts of cells were detached during the 24 h
incubation.

Addition of melatonin to dispersed control cells induced
aggregation. Most cells aggregated the melanosomes to a
central pigment mass, but in some cells the melanosomes
aggregated towards a central part of the cell leaving an inner
melanosome-free spot (Figure 1(c)). Aggregation was also
induced by melatonin in cells treated with 10 μM HQ, but the
amount of cells with a melanosome-free central part seemed
to increase. In cells treated with the higher doses of HQ,
melatonin did not induce any further aggregation.

3.2. HQ Inhibits Dispersion of Melanosomes. Next, cells were
incubated with melatonin in serum-free medium for 2 h in
order to induce aggregation (Figure 2(a)). HQ was added
and cells were further incubated for 24 h. Control cells and
cells treated with 10 or 50 μM HQ were still aggregated, but
in plates incubated with 100 μM HQ, the central pigment
mass was loosened and cells were frequently detaching from
the plastic (Figure 2(b)). Large amounts of extracellular
melanosomes were observed in the culture medium (not
shown). After incubation with α-MSH, control cells and
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Figure 1: Micrographs showing melanosome distributions before and after treatment with HQ. (a) Cells have been equilibrated in light for
2 h to stimulate dispersion. (b) shows cells that have been incubated with HQ for 24 h. Control cells were incubated in serum-free medium.
In (c), all cells have been incubated with melatonin for 90 min to induce aggregation.

cells treated with 10 μM HQ had dispersed melanosomes
(Figure 2(c)). In cells treated with 50 μM HQ dispersion was
somewhat inhibited, and the pigment was not distributed all
the way out in the dendritic arms. At 100 μM HQ, dispersion
was almost completely inhibited. Melanosomes were mainly
clumped together in the cell center, and aggregates could also
be found in the dendritic arms.

3.3. HQ Affects Cytoskeletal Morphology. The light mi-
croscopy results indicate that HQ has an impact on the
melanophore cytoskeleton, and we used antibodies directed
against tubulin and rhodamin-labelled phalloidin to study
the effects of HQ on melanophore microtubules and actin

filaments. It has been previously implied that sensitivity to
the cytotoxic effects of HQ is associated with the presence
of tyrosinase activity [7], and in order to investigate whether
pigment-containing cells are more sensitive we also imaged
the cytoskeleton in fibroblasts and depigmented melano-
phores. Depigmented melanophores have no active pigment
production, and fibroblasts lack the ability to produce mela-
nin. The black melanosomes quench some fluorescence, and
therefore the pigmented melanophores were preaggregated
with melatonin before incubation with drugs and immunos-
taining. Due to their reduced adhesion to the substrate,
effects on the cytoskeleton could not be studied in cells
treated with 100 μM HQ. They detached from the cover slips
during the staining procedure.
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Figure 2: Micrographs showing melanosome distributions before and after treatment with HQ. In (a) cells have been preaggregated with
melatonin in darkness for 2 h. (b) shows cells that have been incubated with HQ together with melatonin for 24 h. Control cells were
incubated in serum-free medium with melatonin. In (c), all cells have been incubated with α-MSH for 90 min to induce dispersion.

In untreated melanophores, pigmented as well as depig-
mented microtubules radiate from the cell centre to the
periphery in a complicated network (Figures 3(a) and 3(d)).
After incubation with 10 μM HQ, the microtubules were
mostly unaffected, but in some cells microtubules were
bundled in the central parts of the cell but remained indi-
vidual in the periphery (Figures 3(b) and 3(e)). The cellular
organization of microtubules was severely affected in pig-
mented melanophores treated with 50 μM HQ (Figure 3(c)).
The microtubules appeared to be bundled and were thicker
than in control cells. The microtubules in depigmented
melanophores were much less affected and no bundles
were observed (Figure 3(f)). Microtubules in fibroblasts also
radiate from the cell centre to the periphery, and HQ did not

affect the α-tubulin distribution in any of the concentrations
tested (Figures 3(g)–3(i)).

The cellular organization of actin filaments is less struc-
tured then microtubules, but in melanophores a diffuse net-
work and microspikes could be observed in untreated cells
(Figures 4(a) and 4(d)). In cells treated with 10 μM HQ, there
was an increase in the amount of stress fibers spanning the
cytoplasm (Figures 4(b) and 4(e)). The actin network was
completely disrupted in pigmented melanophores treated
with 50 μM HQ (Figure 4(c)), but in depigmented cells
stress fibers were intact (Figure 4(f)). Again, fibroblasts
withstood the HQ treatment much better than pigmented
melanophores, although there was an increase in stress fibers
compared to control cells (Figures 4(g)–4(i)).
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Figure 3: Distribution of microtubules in cultured melanophores and fibroblasts, revealed by immunoreactivity. Scale bar = 50 μm. (a–c):
pigmented melanophores with aggregated pigment. (d–f): depigmented melanophores. (g–i): fibroblasts.

4. Discussion

HQ was found to affect transport and intracellular localiza-
tion of melanosomes in melanophores, functions that are
highly dependent on the organization of microtubules and
actin filaments. HQ induced reorganization of microtubules
into thin bundles, while all actin filaments and stress fibres
disassembled. We have previously found that the toxic sub-
stance acrylamide can induce microtubule bundles, and the
same effect is seen when using the actin-depolymerizing drug
latrunculin, showing interdependence between microtubules
and actin filaments [13]. However, microtubule bundles
induced by acrylamide and latrunculin were thicker than
those seen after incubation with HQ.

The effects of HQ were concentration-dependent. At the
lowest concentration, 10 μM HQ, some microtubule-bun-
dling was seen and compared to control cells more melano-
phores had a central melanosome-free spot after melatonin-
induced aggregation, indicating that the ability to change

color is affected. At 50 μM HQ dispersion could be induced
by addition of α-MSH in spite of the lack of actin filaments,
showing that melanosomes can be transported along the
reorganized microtubules. This effect differs from what
is previously known from removal of actin-filaments by
latrunculin, which induces aggregation of melanosomes in
Xenopus [13, 15], and a marked bundling of microtubules
[13]. No dispersion can be induced by α-MSH in latrunculin-
treated cells, even if microtubules are present. These data
underlines that the cellular organization of microtubules and
actin filaments are highly dependent on each other, and our
data suggests that the ability to transport melanosomes along
microtubule bundles might depend on how microtubules
are organized within the bundles. The mechanism for this
is unclear, but one cannot exclude the possibility that steric
hindrance of binding of the microtubule motor kinesin may
be involved. The cytoskeleton in fibroblasts and depigmented
melanophores was much less affected, indicating that the
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Figure 4: Distribution of actin filaments in cultured melanophores and fibroblasts, revealed by immunoreactivity. Scale bar = 50 μm. (a–c):
pigmented melanophores with aggregated pigment. (d–f): depigmented melanophores. (g–i): fibroblasts.

pigment is making cells more sensitive to the cytoskeletal
toxicity of HQ.

The effects of 100 μM HQ was severe. The cells’ ability
to attach to the surface was markedly affected, making it
impossible to determine any morphological effects on micro-
tubules and actin filaments because of the detachment of the
cells both before and during the immunostaining procedure.
Adhesion is well known to be actin dependent [16], and its
decrease implies an interaction of HQ with actin or actin-
binding proteins, which has been shown in other cells as
well [1–3]. In cells with preaggregated pigment, addition
of 100 μM HQ induced a loosening of the central pigment
mass, similar to what can be seen when microtubules are
depolymerised [13, 15]. However, since we were unable to
perform immunocytochemistry on cells incubated with
100 μM HQ, no clear conclusions can be drawn about the
reason for this.

Few studies have addressed the effects of HQ on micro-
tubules, but HQ has been found to be a weak inhibitor
of microtubule assembly in vitro [17]. The proportion of
cells in S phase is furthermore significantly increased after
treatment with moderate doses of HQ, possibly due to effects
on the microtubule distribution [18]. Rearrangement of
filamentous actin in cells treated with nonlethal doses of
HQ has been reported. In retinal epithelium cells nonlethal
oxidative injury with HQ induced blebbing and formation
of actin aggregates mediated by phosporylation of Hsp27
[19, 20]. Even if HQ has dramatic effects on microtubule
organization and induces a loss of actin filaments in the
present study, we cannot completely exclude that HQ exerts
a direct effect on the molecular motors responsible for
aggregation and dispersion. To our knowledge, functional
studies of the effects on HQ on dynein, kinesin, and myosin
have not been performed. However, HQ is known to react
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with sulfhydryl-groups [21, 22], and the function of the
motors is inhibited by sulfhydryl reactive agents [23].

Large amounts of released melanosomes were found in
the culture medium of cells incubated in 100 μM HQ (data
not shown), an effect which could be caused by either a
stimulation of the release of melanosomes, or a rupture of
the cell membrane increasing melanosome leakage. Previous
studies on cultured mouse melanomas and melanophores
in goldfish skin using HQ concentrations ranging from 10
to 400 μM have shown vacuolisation of the cytoplasm and
clumping of granules [24, 25]. Chavin [24] also reported a
release of melanin aggregates as a result of cell lysis induced
by HQ. In mammalian and amphibian skin, melanosomes
are released and taken up by surrounding skin cells to darken
the skin [26–31]. One mechanism for bleaching of the skin
could be if melanosome transfer to surrounding skin cells is
affected by HQ.

HQ has been the standard chemical for treatment of hy-
perpigmentation for more than 50 years [32]. Subchronic
treatment with HQ for several weeks results in reduction in
melanin content and degeneration of melanocytes [33]. In
the present study, cells have been incubated with HQ for
24 h, and we have not observed a decrease in melanophore
pigmentation.

The oxidation products of HQ are quinones and reactive
oxygen species (ROS), which lead to an oxidative damage
of membrane lipids and proteins, including tyrosinase [11].
Glutathione (GSH) is known to quench ROS and protect
cells from toxic compounds [34], and when synthesis of GSH
is inhibited, the inhibitory effects of HQ on tyrosinase activ-
ity, and melanin content are potentiated [35]. It has been
previously shown that oxidative stress activates cytotoxic
mechanisms that cause cytoskeletal alterations [36], thereby
possibly affecting intracellular melanosome transport. Here
we have shown that tyrosinase is not the sole cellular target
for HQ. However, by comparing the effects of HQ on
pigmented and depigmented melanophores and fibroblasts
we found that nonpigmented cells are for some reason less
sensitive to HQ. In pigmented melanophores, it affects the
intracellular organization of actin filaments and micro-
tubules dramatically and thereby affects the cell’s ability
not only to transport melanosomes but also probably other
important cellular cytoskeletal dependent processes. Due to
the importance of the cytoskeleton in all cells and across
species, our data has to be considered in the discussions
about the use of HQ for depigmentation.
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