
INTRODUCTION
Lome floxa cin, 1- ethyl-6,8- difluoro-1,4- dihydro- 7-(3- methyl

-1- piperazinyl)-4 -oxo -3 -quinolinecarboxylic acid (Fig. 1) 
is a bac te ri cidal an ti bi otic that re sem bles the fluoro qui -
nolone class. Like other fluoro qui nolones, lome floxa cin
acts by in hib it ing DNA to poi somerases, of which DNA
gy rase and to poi somerase IV are par ticu larly im por tant
[10,17]. Fluoro qui nolones have ex cel lent an ti bac te rial
prop er ties and are more and more largely pre scribed for
va ri ety of gram- positive and gram- negative in fec tions.
How ever, the use of these drugs in the treat ment of vari -
ous in fec tions is ac com pa nied with se ri ous ad verse
side- effects, like pho to tox ic ity [10,11,15]. Pho to tox ic ity
is pos tu lated to oc cur as a re sult of fluoro qui nolones pho -

to de gra da tion and the mole cules abil ity to gen er ate re ac tive
oxy gen spe cies such as singlet oxy gen, su per ox ide an ion
or hy droxyl radi cal. It has been proved that halo ge na tion
(chlo rine, fluo rine) of po si tion 8 in con cert with fluori na -
tion of po si tion 6 (the so- called double- halogenated
qui nolones) dem on strates sig nifi cant pho to to toxic po ten -
tial [13]. There fore, lome floxa cin and spar floxa cin have
been re ported to have rela tively high pho to toxic po ten tial
as com pared with other fluoro qui nolones like ci pro flo-
xa cin or nor floxa cin [10,18].  UV- induced de fluori na tion
at the 8- position gen er ates highly re ac tive aro matic car -
bene in ter me di ates which in the pres ence of wa ter and
oxy gen are con verted to re ac tive quinone- imine and hy -
dro gen per ox ide with sub se quent for ma tion of hy droxyl
radi cals via Fen ton re ac tion [1,18]. These oxi da tive radi -
cals may at tack cel lu lar lipid mem branes, ini ti at ing
in flam ma tory pro cesses, and cause mi to chon dria or DNA
dam age [10,13,18]. The study con ducted by Mar rot et al.
[9] on hu man skin cells: nor mal hu man fi bro blasts, kera -
tino cytes and Cau ca sian mela no cytes, con firmed the
abil ity of lome floxa cin to in duce DNA dam age such as
strand breaks and py rimid ine dimers. The ac ti va tion  of
the p53 path way was also dem on strated. An an other study 
showed that fluoro qui nolones, in clud ing lome floxa cin,
ab sorb UV ra dia tion that reaches the hu man lens epithe -
lial cells [19]. Pho to toxic dam age leads to a loss of
trans par ency of the hu man lens. Thus, fluoro qui nolones
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Fig. 1. The chemical structure of lomefloxacin



taken sys tem ati cally or in jected in travitre ally are po ten -
tially pho to toxic to the eye and may con trib ute to early
cata rac to gene sis. They may be also pho to toxic to other
mela nin con tain ing tis sues, e.g. skin, caus ing al lergy or
toxic der ma ti tis [10,11]. The ex act mecha nism un der ly ing 
the pho to toxic ef fect has not been clari fied up to now.

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. Hu man mela no cytes de velop from the neu ral
crest, later be com ing dis trib uted in the epi der mis, hair
bulbs of the skin, the uveal tract, the reti nal pig ment epi -
the lium, the in ner ear, and the lep to men in ges, which are
col lec tively re garded as mela no cyte or gans [12,14].

Ex ces sive pro duc tion of re ac tive oxy gen spe cies
(ROS) have been re ported in wide va ri ety of clini cal dis -
or ders. ROS are highly re ac tive mole cules. The bal ance
be tween pro duc tion and neu trali za tion of ROS is main -
tained by con cert ac tion of en zy matic and non en zy matic
de fense sys tem. ROS lev els can in crease dra mati cally,
which may cause dam age to cell struc tures and re act with
vari ous bio chemi cal re ac tions. When un bal anced, it may
lead to oxi da tion of poly un satu rated fatty ac ids in lip ids,
amino ac ids in pro teins and dam age to DNA. Cells have
their own set of an ti oxi dant de fense mecha nisms to re -
duce ROS for ma tion and to over come the limit of
dam ag ing ef fects. Su per ox ide dis mu tase (SOD), cata lase
(CAT) and glu tathione per oxi dase (GPx) are the main an -
ti oxi dant en zymes which pro tect cells against high lev els
of re ac tive oxy gen spe cies [2,5,8].

The aim of this work was to examine the effect of
fluoroquinolone antibiotic lomefloxacin on antioxidant
enzymes activity in cultured human normal melanocytes
(HEMa-LP).

MATERIALS AND METHODS
Chemi cals: Lome floxa cin hy dro chlo ride was pur chased

from Sigma- Aldrich Inc.(USA). 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 (HMGS-2) were ob tained from
Cas cade Bi ol ogics (UK). 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 (HEMa- LP
– hu man epi der mal mela no cytes, adult - light pig mented,
Cas cade Bi ol ogics) 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 supplemented 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.

Su per ox ide dis mu tase (SOD) as say: Su per ox ide dis -
mu tase ac tiv ity was meas ured us ing as say kit (Cay man,
MI, USA) ac cord ing to manu fac tur er’s in struc tion. This

kit util izes a te tra zolium salt for the de tec tion of su per ox -
ide radi cals gen er ated by xan thine oxi dase and hy poxan-
thine. One unit of SOD was de fined as the amount of en -
zyme needed to pro duce 50% dis mu ta tion of su per ox ide
radi cal. SOD ac tiv ity was ex pressed as a per cent age of
con trol.

Cata lase (CAT) as say: Cata lase ac tiv ity was meas -
ured us ing as say kit (Cay man, MI, USA) ac cord ing to
manu fac tur er’s in struc tion. This kit util izes the per oxi da -
tic func tion of CAT for de ter mi na tion of en zyme ac tiv ity.
The method is based on the re ac tion of the en zyme with
metha nol in the pres ence of an op ti mal con cen tra tion of
H2O2. The for mal de hyde pro duced is meas ured col or -
imet ri cally with 4- amino- 3- hydrazino- 5- mercapto-1,2,4-
 triazole (Pur pald) as the chro mo gen. One unit of CAT was 
de fined as the amount of en zyme that causes the for ma -
tion of 1.0 nmol of for mal de hyde per minute at 25°C.
CAT ac tiv ity was ex pressed as a per cent age of con trol.

Glu tathione per oxi dase (GPx) as say: Glu tathione
per oxi dase ac tiv ity was meas ured us ing as say kit (Cay -
man, MI, USA) ac cord ing to manu fac tur er’s in struc tion.
The meas ure ment of GPx ac tiv ity is based on the prin ci ple 
of a cou pled re ac tion with glu tathione re duc tase (GR).
The oxi dized glu tathione (GSSG) formed af ter re duc tion
of hy dro per ox ide by GPx is re cy cled to its re duced state
by GR in the pres ence of NADPH. The oxi da tion of
NADPH is ac com pa nied by a de crease in ab sor bance at
340 nm. One unit of GPx was de fined as the amount of en -
zyme that cata lyzes the oxi da tion of 1 nmol of NADPH
per minute at 25oC. GPx ac tiv ity was ex pressed as a per -
cent age of con trol.

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 Students
t-test using GraphPad Prism 5.04 Software.

RESULTS
To un der stand the mecha nism un der ly ing the ef fect of

lome floxa cin on re ac tive oxy gen spe cies me tabo lism, the
ac tivi ties of the an ti oxi da tive en zymes were ana lyzed.
Hu man mela no cytes HEMa- LP were ex posed for 24 h to
lome floxa cin in non cy to toxic con cen tra tion 0.075 mM
and in con cen tra tion 0.75 mM that pro duces the loss in
cell vi abil ity by 50% (EC50) (un pub lished data from our
labo ra tory). The first en zyme meas ured was the SOD,
which cata lyzes the for ma tion of hy dro gen per ox ide from
su per ox ide an ion. Lome floxa cin en hanced SOD ac tiv ity
(Fig. 2). The treat ment of cells with 0.075 mM and 0.75mM
of lome floxa cin, in creased the SOD ac tiv ity by 21% and
48%, re spec tively, as com pared with con trols (100%).
CAT and GPx work in con cert to cata lyze the break down
of hy dro gen per ox ide, pro duced by SOD, to wa ter. The
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in tra cel lu lar CAT ac tiv ity was sig nifi cantly in creased by
25% for cells treated with lome floxa cin at EC50 con cen -
tra tion (0.75 mM) and by 58% for cells ex posed to
lome floxa cin in con cen tra tion 0.075 mM (Fig.3). In con -
trast to SOD and CAT, the in tra cel lu lar GPx ac tiv ity was
de creased by 15% for cells treated with lome floxa cin at
EC50 con cen tra tion (0.75 mM) and in creased by 12% for
the an ti bi otic in non cy to toxic con cen tra tion (0.075mM)
in com pari son to con trol cells (Fig. 4).

DISCUSSION
Fluoro qui nolones ex hibit vary ing abili ties to cause

pho to tox ic ity, the ex ag ger ated sun burn or se vere burn that 
oc cur on skin ex posed to ul tra vio let light (mainly UVA).
Pho to tox ic ity is mostly in flu enced by fluori na tion of the
8- position in fluoro qui nolone mole cule, as evi denced by
lome floxa cin or spar floxa cin which pos sess such a sub -
stitu ent and a rela tively high pho to toxic po ten tial. In
con trast, a methoxy group at this po si tion con fers pho to -
sta bil ity and a cor re spond ingly re duced pho to car cino-
genic po ten tial, as seen with the 8- methoxy fluoro qui -
nolones gati floxa cin or moxi floxa cin [18].

Oxy gen radi cals and other re ac tive spe cies are gen er -
ated in bio logi cal sys tems ei ther as by- products of oxy gen 
re duc tion or by xe no bi otic ca tabo lism. These ROS such as 
su per ox ide an ion, hy droxyl radi cal and per oxy radi cals
are un sta ble and can at tack bio mo le cules (lip ids, pro teins,
nu cleic ac ids), what may be the rea son of dif fer ent hu man
dis or ders. Mela nin is known to be a scav en ger of free
radi cals and it has been sug gested that it pos sesses su per -
ox ide dis mu tase ac tiv ity [3]. Moreo ver, this bio poly mer
acts as a bio chemi cal dust bin, mop ping up po ten tially
toxic agents [6]. Such prop er ties may be im por tant for
pro tect ing the pig ment cells as well as sur round ing tis sues 
from the natu ral tox ins, xe no bi ot ics and re ac tive oxy gen
spe cies (in clud ing free radi cals) [16].

The ex tent of oxi da tive stress was as sessed by meas ur ing
ac tivi ties of cel lu lar an ti oxi dant en zymes: SOD, CAT and
GPx. It has been ob served that lome floxa cin causes sig -
nifi cant changes in the ac tivi ties of these en zymes in
mela no cytes. SOD and CAT are the most im por tant en -
zymes against the toxic ef fects of oxy gen me tabo lism.
The pre sented in crease in SOD ac tiv ity af ter ex po sure of
mela no cytes to lome floxa cin (Fig. 2) might be the main
rea son for in creased H2O2 for ma tion. The en zyme re spon -
si ble for de grad ing this high cy to toxic ROS is cata lase.
Treat ment of cells with lome floxa cin in con cen tra tion
0.075 mM caused higher in crease in CAT ac tiv ity as com -
pared with the drug con cen tra tion 0.75 mM (Fig. 3). At
the same time lome floxa cin at higher con cen tra tion
(EC50) de creased GPx ac tiv ity, whereas the use of the tested
an ti bi otic in 10- fold di luted con cen tra tion (0.075 mM) in -
creased GPx ac tiv ity (Fig. 4). So, it may be as sumed that
the dem on strated al tera tions in cel lu lar CAT and GPx ac -
tivi ties are re spon si ble for lome floxa cin pho to tox ic ity,
be cause these an ti oxi dant en zymes can not ef fi ciently
elimi nate re dun dant H2O2. The study con ducted by Li et al.
[7] on rab bit chon dro cytes con firmed the abil ity of one of
the fluoro qui nolones – ofloxa cin to gen er ate re ac tive oxy -
gen spe cies. It was ob served that this drug in duced
a concentration- dependent in crease of in tra cel lu lar re ac tive
oxy gen spe cies pro duc tion and lipid per oxi da tion, which
may be an early me dia tor of ofloxa cin cy to tox ic ity. At the
same time, the ac tiv ity of an ti oxi dant en zymes, such as
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Fig 2. Superoxide dismutase (SOD) activity in HEMa-LP cells after 
24-h incubation with  0.075 mM or 0.75 mM of lomefloxacin.
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. Catalase (CAT) activity in HEMa-LP cells after 24-h
incubation with 0.075 mM or 0.75 mM of lomefloxacin. 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. 4. Glutathione peroxidase (GPx) activity in HEMa-LP cells
after 24-h incubation with 0.075 mM or 0.75 mM of lomefloxacin. 
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.



SOD, CAT and GPx, de creased. Fur ther more, ofloxa cin
in duced DNA dam age which may be a rea son for over pro -
duc tion of ROS. Cells have a com pre hen sive ar ray of
an ti oxi dant de fense mecha nisms to re duce free radi cal
for ma tion or limit their dam ag ing ef fects. These mecha -
nisms are not suf fi cient when the bal ance shifts to the side
of free radi cals gen era tion [4,5], what was ob served in our 
study. The ob tained re sults in di cate that the ana lyzed
fluoro qui nolone an ti bi otic is re spon si ble for gen era tion of 
re ac tive oxy gen spe cies, mainly su per ox ide an ion and hy -
dro gen per ox ide, what may be the rea son of the re duc tion
of an ti oxi dant status of cells.

CONCLUSION
The dem on strated modu la tion of an ti oxi dant de fense

sys tem in mela no cytes by lome floxa cin in vi tro may ex -
plain a po ten tial role of mela no cytes and ROS in the
mecha nisms of fluoro qui nolones pho to to toxic ef fects in
vivo dur ing high- dose and/or long- term ther apy.
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