
INTRODUCTION
Non ster oi dal anti- inflammatory drugs are com monly

used in the treat ment of pain and in flam ma tory con di -
tions. How ever, their use is re stricted by the high
in ci dence of ad verse ef fects, par ticu larly in the gas tro in -
tes ti nal tract and kid neys. Gas tro in tes ti nal dam age
in cludes mul ti ple small le sions, gas tric and duo de nal ul -
cers, per fo rated ul cers, and se vere bleed ing of the up per
gas tro in tes ti nal tract [1]. It is also rec og nized that non ster -
oi dal anti- inflammatory drugs in duce pho to sen si tiv ity,
de fined as ex ag ger ated or ab nor mal cu ta ne ous re ac tions
to light [9]. This ad verse re ac tion seems to be re ported
more com monly with topi cal for mu la tions, which may be
be cause of the higher con cen tra tions of drug in the skin.
Among the dif fer ent topi cal for mu la tions of non ster oi dal
anti- inflammatory drugs, ke to pro fen has of ten been as so -
ci ated with pho to sen si tiv ity re ac tions [1, 9].

Ke to pro fen has been widely used for the treat ment of
in flam ma tory dis eases and mus cu lo skele tal in jury. A lot
of cases of the pho to sen si tiv ity at trib uted to ke to pro fen,
such as ery thema, edema and pig men ta tion, were re ported 
[4, 9]. The pho to sen si tiv ity is clas si fied into pho to tox ic ity 
and pho toal lergy [1]. The mecha nism of the pho to sen si -
tiv ity by ke to pro fen has not been ob vi ously re vealed.

Mela nin is syn the sized in the mela no somes in mela no -
cytes, which pro duce mela nin by a pro cess that in volves
the trans for ma tion of ty ro sine into 3,4- dihydroxypheny-
lalanine (L-DOPA) by the en zyme ty rosi nase and the sub -
se quent trans for ma tions of L-DOPA into mela nin  [14].
Two types of mela nin are syn the sized within mela no -
somes: eu me la nin and pheo me la nin. Eu me la nin is a dark
brown- black in solu ble poly mer, whereas pheo me la nin is
a light red- yellow sulphur- containing poly mer [6, 8]. The
quan tity of mela nin in vari ous or gans has been shown to
vary with age, eg. age- related re duc tion of mela nin in the
hair, epi der mis, reti nal pig mented epithe lial cells, and cer -
tain ar eas of the cen tral nerv ous sys tem [19]. 

Previously, we have documented that ketoprofen
forms stable complexes with model synthetic melanin [3]. 
The aim of this work was to examine the effect of
ketoprofen on viability and melanization process in
cultured human epidermal melanocytes (HEMn-DP).

MATERIALS AND METHODS
Chemi cals. L-3,4- dihydroxyphenylalanine (L-DOPA)

and syn thetic mela nin were pur chased from Sigma-
 Aldrich Inc.(USA). Ke to pro fen was ob tained in the form
of so lu tion – Ke to nal (0.1 g/2ml) from San doz GmbH
(Po land). Peni cil lin was ac quired from Polfa Tar chomin
(Po land). Growth me dium M-254, gen ta mi cin, am pho -
tericin B and hu man mela no cyte growth supplement-2
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(HMGS-2) were ob tained from Cas cade Bi ol ogics (UK).
Tryp sin/EDTA was ob tained from Cy to gen (Po land). Cell 
Pro lif era tion Rea gent WST-1 was pur chased from Roche
GmbH (Ger many). The re main ing chemi cals were pro -
duced by POCH S.A.( Po land).

Cell cul ture. The nor mal hu man mela no cytes (HEMn-
 DP, hu man epi der mal mela no cytes, neo na tal – dark pig -
mented, Cas cade Bi ol ogics, USA) were grown ac cord ing
to the manu fac tur er’s in struc tion. The cells were cul tured
in M-254 me dium sup ple mented with HMGS-2, peni cil -
lin (100 U/ml), gen ta mi cin (10 μg/ml) and am pho tericin
B (0.25 μg/ml) at 37oC in 5% CO2. All ex peri ments were
per formed us ing cells in the pas sages 5-7.

Cell vi abil ity as say: The vi abil ity of mela no cytes was
evalu ated by the WST-1 (4-[3-(4- iodophenyl)-2-(4- nitro-
phenyl)-2H -5 -tetrazolio]-1,3- benzene di sul fo nate) col or -
imet ric as say. WST-1 is a water- soluble te tra zolium salt,
the rate of WST-1 cleav age by mi to chon drial de hy dro ge -
nases cor re lates with the number of vi able cells. In brief,
5000 cells per well were placed in a 96- well mi cro plate in
a sup ple mented M-254 growth me dium and in cu bated at
37oC and 5% CO2 for 48 h. Then the me dium was re -
moved and cells were treated with ke to pro fen so lu tions in
a con cen tra tion range from 0.001 to 10 mM. Af ter 21-h in -
cu ba tion, 10 μl of WST-1 were added to 100 μl of cul ture
me dium in each well, and the in cu ba tion was con tin ued
for three hours. The ab sor bance of the sam ples was meas -
ured at 440 nm with a ref er ence wave lenght of 650 nm,
against the con trols (the same cells but not treated with ke -
to pro fen) us ing a mi cro plate reader UVM 340 (Bio ge net,
Po land). The con trols were nor mal ized to 100% for each
as say and treat ments were ex pressed as the per cent age of
the con trols.

Meas ure ment of mela nin con tent. The mela no cytes
were seeded in a 35 mm dish at a den sity of 1x105 cells per 
dish. Ke to pro fen treat ment in con cen tra tion range from
0.01 mM to 1 mM, be gan 48h af ter seed ing. Af ter 24h of
in cu ba tion, the cells were de tached with tryp sin/EDTA.
Cell pel lets were placed into Ep pen dorf tubes, dis solved
in 100 μl of 1 M NaOH at 80oC for one hour, and then cen -
tri fuged for 20 min at 16000xg. The su per natants were
placed into a 96- well mi cro plate, and ab sor bance was
meas ured us ing mi cro plate reader at 405 nm – a wave -
length at which mela nin ab sorbs light [15]. A s tan dard
syn thetic mela nin curve (0 to 400 μg/ml) was per formed
in trip li cate for each ex peri ment. Mela nin con tent in ke to -
pro fen treated cells was ex pressed in pg/cell and also as
the per cent age of the con trols (un treated mela no cytes).

Ty rosi nase ac tiv ity as say. Ty rosi nase ac tiv ity in HEMn- 
DP cells was de ter mined by meas ur ing the rate of oxi da -
tion of L-DOPA to do pachrome ac cord ing to the method
de scribed by Kim et al. [11] and Busca et al. [2], with
a s light modi fi ca tion. The cells were cul tured at a d en -

sity of 1x105 cells in a 35 mm dish for 48 h. Af ter 24-h in -
cu ba tion with ke to pro fen (con cen tra tion range from 0.01
mM to 1 mM) cells were lysed and clari fied by cen trifu ga -
tion at 10000xg for 5 min. A ty rosi nase sub strate L-DOPA
(2 mg/ml) was pre pared in the same ly sis phos phate
buffer. Por tions of 100 μl of each lysate were put in a 96-
 well plate, and the en zy matic as say was ini ti ated by the
ad di tion of 40 μl of L-DOPA so lu tion at 37oC. Ab sor -
bance of do pachrome was meas ured every 10 min for at
least 1.5 h at 475 nm us ing a mi cro plate reader. Ty rosi -
nase ac tiv ity was ex pressed in μmol/min/ml and
μmol/min/mg pro tein and also as the per cent age of con -
trols. 

Statistical analysis. In all experiments, mean values of
at least three separate experiments performed in triplicate
± standard deviations (S.D.) were calculated. The results
were analyzed statistically with the Student’s t-test using
GraphPad Prism 5.04 Software (USA).

RESULTS 
The ef fect of ke to pro fen on mela no cytes vi abil ity is

pre sented in Fig. 1. It has been dem on strated that at a rela -
tive low drug con cen tra tion (0.001 mM or 0.01 mM) the
loss in cell vi abil ity is not ob served. Treat ment of mela no -
cytes with ke to pro fen in con cen tra tion from 0.1 mM to 10 mM
for 24 h has led to the loss of cell vi abil ity by 22% to 98%,
re spec tively. The value of EC50 (the con cen tra tion of
a drug that pro duces  loss in cell vi abil ity by 50%) is about 
~ 1 mM. 

The ef fec tive ness of melani za tion pro cess was es ti -

mated by meas ur ing the mela nin con tent and cel lu lar
ty rosi nase ac tiv ity in mela no cytes treated with ke to pro fen 
in con cen tra tions EC50 as well as 10- fold and 100- fold
lower, for 24 h. Af ter per form ing a cali bra tion curve, the mela -
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Fig. 1. The effect of  ketoprofen on viability of melanocytes. Cells
were treated with various  ketoprofen concentrations (0.001–10
mM) and examined by WST-1 assay. Data are expressed as % of
the controls. Mean values ± SD from three independent
experiments performed in triplicate are presented. 
* p< 0.05 vs. the control samples, ** p< 0.005 vs. the control samples



nin con tent per cell was de ter mined as 53.8 to 59.9 pg/cell
for mela no cytes treated with drug and 60.7±1.7 pg/cell for 
the con trol sam ple (Tab. 1). The ob tained re sults, re cal cu -
lated for cul ture (1x105 cells), were fi nally ex pressed as
a per cent age of the con trols (Fig. 2). Ke to pro fen in con -
cen tra tion 0.01 mM had no ef fect on mela nin con tent.
Treat ment of cells with drug at con cen tra tion 0.1 and
1 mM for 24 h re duced mela nin pro duc tion in a con -
centration- dependent man ner, by about 8% and 11%,
re spec tively.

Ta ble 1. The ef fect of ke to pro fen on mela nin con tent in mela no cytes
Ketoprofen concentration

(mM)
Melanin content ± SD

(pg/cell)
Control 60.74 ± 1.66
0.01 59.92 ± 1.28
0.1  56.28 ± 1.79
1.0  53.79 ± 1.64

Tyrosinase activity in HEMn-DP cells treated with
ketoprofen also decreased in a manner correlating well
with the inhibitory effect on melanin production (Tab. 2,
Fig. 3). After 24-h incubation with ketoprofen, tyrosinase
activity was suppressed to 85% at 0.1 mM and to 80% at 1
mM compared with control. Ketoprofen in concentration
0.01 mM had slight effect on the cellular tyrosinase
activity.

Ta ble 2. The ef fect of ke to pro fen on ty rosi nase ac tiv ity (the rate
of oxi da tion of L-DOPA to do pachrome) in mela no cytes

Ketoprofen
concentration

(mM)

Tyrosinase activity ± SD

(μmol/min/ml) (μmol/min/mg protein)

Control 1.3649 ± 0.0369 2.4201 ± 0.0654
0.01 1.5544 ± 0.0306 2.1954 ± 0.0432
0.1 1.2773 ± 0.0204 2.0602 ± 0.0328
1.0 1.4487 ± 0.0300 1.9446 ± 0.0402

DISCUSSION
When ex posed to sun light, the ketoprofen- applied skin

ex hib its ec zema tous der ma ti tis [4, 9], and this pho to con -
tact der ma ti tis is char ac ter ized by a pro lon ga tion of
pho to sen si tiv ity at the ap plied sites. The ac tion spec trum
is ul tra vio let A light, simi lar to other pho toal ler gic drugs
[20]. There are many ref er ences pub lished on this ad verse
ef fect af ter ap pli ca tion of topi cal ke to pro fen gel [1] or
con tain ing ke to pro fen strips [18]. Moreo ver, some cases
of pho to der ma ti tis caused by sys temic ke to pro fen were
de scribed [5]. In hu mans, re peated daily pas sive topi cal
ad mini stra tion of a ke to pro fen gel for 3 days achieved de -
tect able ke to pro fen in the syno vial fluid of the knee.
Ke to pro fen has also been meas ured in ve nous blood flow
from the ap pli ca tion sites fol low ing cathodic ion to phore -
sis in hu mans [16].

Many drugs are known to be mark edly ac cu mu lated
and re tained for a con sid er able time by pig mented tis sues
and the re ten tion of these com pounds is pro por tional to
de gree of mela nin pig men ta tion. The abil ity of melanins
to bind dif fer ent drugs is proba bly of the great est bio logi cal
im por tance. Mela nin bind ing may lead to the ac cu mu la -
tion of drug in vivo in melanin- rich tis sues (e.g. skin),
which may pro long the ac tion of the drug and in flu ence its 
pho to toxic ad verse ef fects. Drug–mela nin bind ing is
a phe nome non that has been ob served with struc tur ally
and phar ma co logi cally un re lated drugs fol low ing ad mini -
stra tion [13]. Pre vi ously, we have docu mented that keto-
pro fen forms sta ble com plexes with syn thetic DOPA-
 melanin char ac ter ized by the as so cia tion con stants
K1~105 M-1 and K2~104 M-1 [3]. 

Hu man mela no cytes func tion as a piv otal pro tec tive
bar rier against ul tra vio let ra dia tion and oxi da tive stress by 
gen er at ing the radical- scavenging pig ment mela nin [10].
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Fig. 2. The effect of ketoprofen on melanin content in melano-
cytes. Cells were cultured with 0.01, 0.1 or 1 mM of ketoprofen for
24 h and melanin content was measured as described in Materials
and Methods. Results are expressed as percentages of the
controls. Data are mean  ± SD of at least three independent
experiments performed in triplicate. 
* p<0.05 vs. the control samples

Fig. 3. The effect of ketoprofen on tyrosinase activity in
melanocytes. Cells were cultured with 0.01, 0.1 or 1 mM of
ketoprofen for 24 h and tyrosinase activity was measured as
described in Materials and Methods. Results are expressed as
percentages of the controls. Data are mean  ± SD of at least three
independent experiments performed in triplicate.
* p<0.05 vs. the control samples



By in hib it ing or sig nifi cantly re strict ing drug ac cess to
cell re cep tors, melanins pro tect or gan ism against un de sir -
able drugs side ef fects. How ever, long- term ex po sure and
slow re lease of drugs or its me la bo lites from bonds may in -
crease the level of nox ious sub stances stored on mela nin,
what may cause de gen era tion in the melanin- containing
cells (es pe cially in the eye, ear, skin and brain) and sur -
round ing tis sues [7, 12, 13]. 

The aim of the pres ent study was to in ves ti gate the ef -
fect of ke to pro fen on mela nin for ma tion (closely re lated
to pig men ta tion) in HEMn- DP mela no cytes.

Mela no gene sis takes place in the mela no somes. These
cy to plas mic or gan elles are pro duced by spe cial ized cells
– mela no cytes - which are lo cated on the ba sal lam ina and
proj ect their den drites into the epi der mis. The mela no -
cytes use their den drites to main tain an in ti mate con tact
with sur round ing kera tino cytes and to trans fer the mela -
no somes to them. The mela nin pro duc tion may con tinue
even af ter the trans fer of mela no somes to kera tino cytes
[8, 14]. Whether this has any meta bolic con se quences for
the host ing cells is not known. Pig ment pro duc tion (mela -
no gene sis) in volves a chain of en zy matic and non- enzymatic
re ac tions lead ing to the for ma tion of phe nolic and in do lic
in ter me di ates that are char ac ter ized by their abil ity to po -
lym er ize [8]. The key en zyme is ty rosi nase to ini ti ate the
ac tive pig men ta tion ma chin ery. Ty rosi nase is a gly co pro -
tein lo cated in the mem brane of the mela no some, a mini-
fac tor ial vesi cle in side the mela no cyte. Ty rosi nase ca taly ses
the first two steps of mela nin pro duc tion: the hy droxy la tion
of L- tyrosine to L- dihydroxyphenylalanine (L-DOPA)
and the sub se quent oxi da tion of this o- diphenol to the cor -
re spond ing qui none, L- dopaquinone [6]. 

In this study we have used the cul ture of nor mal hu man
epi der mal mela no cytes as an in vi tro ex peri men tal model
sys tem. Since ty rosi nase is a ma jor regu la tor of mela nin
syn the sis, we have ex am ined a di rect ef fect of ke to pro fen
on the ac tiv ity of this en zyme. Ke to pro fen in con cen tra -
tion 0.1 mM and 1 mM de creased the ty rosi nase ac tiv ity
in mela no cytes by 15% and 20%, re spec tively. An analy -
sis of mela nin for ma tion in cells cul tured in the pres ence
or ab sence of a drug showed that ke to pro fen in con cen tra -
tions 0.1 mM and 1 mM sup pressed the mela nin con tent to 
92% and 89%, re spec tively. It has also been stated that ke -
to pro fen in con cen tra tion 0.001 mM does not sig nifi-
cantly af fect the vi abil ity of mela no cytes as well as mela -
nin syn the sis and ty rosi nase ac tiv ity. Higher drug
con cen tra tions (from 0.01 mM to 10 mM) have led to the
loss of cell vi abil ity in a concentration- dependent man ner. 
The value of EC50 was de ter mined to be ~ 1 mM.   

The therapeu tic ke to pro fen con cen tra tion in se rum is
de scribed as 1 to 20 μg/ml, i.e. 0.005 to 0.1 mM [17]. The
con cen tra tions found in this study to have an in hibi tory ef -
fect on mela no genesis are simi lar or about 10- fold higher
than the con cen tra tion nor mally ob served in vivo af ter

sys temic drug ad mini stra tion. Pre vi ously, we have dem -
on strated that ke to pro fen un der goes a spe cific in ter ac tion
with mela nin, what may lead to the ac cu mu la tion of this
drug in melanin- reach tis sues. Slow re lease of ke to pro fen
from bonds may bild up high and long- lasting level of this
drug and cause the pro longed ex po sure of mela nin con -
tain ing cells and sur round ing tis sues to the tox ic ity of the
tested non ster oi dal anti- inflammatory drug [3].

The dem on strated in hibi tory ef fect of ke to pro fen on
melani za tion pro cess in mela no cytes in vi tro may ex plain
the po ten tial mecha nism for the un de sir able side ef fects of 
this drug in vivo, as a re sult of drug ac cu mu la tion in pig -
mented tis sues. In ad di tion, we have dem on strated, that
the in hibi tory ef fect of ke to pro fen on mela no gene sis is
proba bly due to its di rect in hi bi tion of ty rosi nase ac tiv ity.

CONCLUSION
The dem on strated ef fect of ke to pro fen on melani za tion 

pro cess in mela no cytes in vi tro may ex plain the po ten tial
role of mela nin bio poly mer in the mecha nisms of pho to -
toxic ef fect of this drug in vivo as a re sult of its
ac cu mu la tion in mela nin – rich tis sues. 
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