
1. Introduction
The fluoroquinolone antibiotics, metabolized by liver, are

structurally related to nalidixic acid and posses potent anti-
microbial activity against a wide range of bacteria (gram (-)
and (+), and mycoplasma) [16, 29]. Enrofloxacin (ENR) and
danofloxacin (DAN) have developed exclusively for veteri-
nary use [4]. 

It is stated that fluoroquinolones produce reactive oxygen
species (ROS) (singlet oxygen ; 1O, superoxide radical ; O2

-,
hydroxyl radical ; -OH and hydrogen peroxide ; H2O2) in
phagocytic cells [6, 13, 19, 21], also, side effects of these
drugs such as  phototoxicity [3, 30, 31] and cartilage damage
[35] may related to producing of ROS. 

Acute peritonitis, either bacterial or non-bacterial, is a
common source of sepsis the main cause of multiple organ
failure [18, 42]. The pathogenesis of septic shock has focused
on phagocytic cells (neutrophils and Kupffer cell) mediators
such as ROS [5, 18, 27]. In sepsis and endotoxic shock, ROS
cause hepatocelluler damage being initiated by induced acti-
vation of neutrophils and Kupffer cells. These metabolites
may also become toxic to tissues by initiating lipid peroxida-
tion. Cells are protected from ROS damage by a chemical
and superoxide dismutase (SOD), glutathione peroxidase
(GPX) and catalase enzymes called antioxidant enzymes [27,
28]. SOD catalyzes the dismutation of two superoxide radi-
cals to O2 and H2O2 [33]. GPX detoxifies H2O2 to H2O and
O2, and converts lipid hydroperoxides to nontoxic alcohols
[9, 40]. The liver has been selected because it is one of the tis-
sues showing high rate of ROS, which has an effect on hepa-
tic SOD and GPX activities in peritonitis, and liver metabo-
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SUMMARY

In this study, effects of fluoroquinolone antibiotics were investigated on
hepatic superoxide dismutase and glutathione peroxidase activities in heal-
thy and experimentally induced peritonitis mice. One hundred thirty two
mice randomly divided into six groups. Group 1 served as control, group 2
was injected enrofloxacin, group 3 was injected danofloxacin, group 4 was
injected E. coli, and group 5 and group 6 were injected enrofloxacin and
danofloxacin, respectively, after the injection E. coli. Hepatic superoxide
dismutase and glutathione peroxidase activities were measured by spectro-
photometer.  

As results, enrofloxacin caused a decrease glutathione peroxidase activi-
ty at 24, 48 and 72 hours, and danofloxacin caused an increase superoxide
dismutase activity at 24 and 48 hours after the injection. Danofloxacin and
E. coli caused a decrease glutathione peroxidase activity during all experi-
mental period after the injection. 
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RÉSUMÉ

Effet des fluoroquinolones antibactériennes sur les activités superoxyde
dismutase et glutathion peroxydase hépatique chez la souris témoin ou
atteinte de péritonite expérimentale. Par E. YAZAR et B. TRAS.

Les effets des fluoroquinolones ont été étudiés sur les activités hépatiques :
superoxide dismutase, glutathion péroxydase, chez des souris saines et chez
des souris porteuses de péritonite expérimentale.

Cent trente deux souris ont été réparties, de façon aléatoire, en six
groupes.

Le groupe 1 est le groupe témoin.
Les autres groupes reçoivent différentes injections :
— groupe 2 : enrofloxacine
— groupe 3 : danofloxacine
— groupe 4 : E. coli
— groupe 5 : E. coli + enrofloxacine
— groupe 6 : E. coli + danofloxacine.
Les enzymes hépatiques ont été dosées par spectrophotométrie.
L’enrofloxacine entraîne une diminution de la glutathion péroxydase à

24, 48 et 72 heures.
La danofloxacine provoque une augmentation de la superoxyde dismuta-

se à 24 et 48 heures après l’injection.
L’injection de danofloxacine et E. coli entraîne une diminution de la glu-

tathion péroxydase pendant toute la durée de l’expérimentation.

MOTS-CLÉS : enrofloxacine - danofloxacine - E. coli -
superoxyde dismutase - glutathion peroxydase. 
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lizes these antibiotics, and ENR and DAN achieve the high
concentrations in liver more than plasma concentrations. 

Although it is reported that fluoroquinolone antibiotics
produce ROS, however, there are no found any data about
directly effect of ENR and DAN on hepatic SOD and GPX
activities. The aim of this study is to investigate the effects of
fluoroquinolone antibiotics on hepatic SOD and GPX activi-
ties in healthy and experimentally induced peritonitis mice. 

2. Materials and methods
One hundred thirty two Balb/C (approximately 3 months,

different sex, 23-32 gram) mice were used as materials
(Selcuk University, Experimental Medicine, Research and
Application Center, Konya). Mice were fed on the standard
pellet diet and tap water ad libitum all experimental period.
The animals were randomly divided into six groups. Group 1
consisted of six mice. Groups 2, 3 and 4 consisted of thirty
mice. Groups 5 and 6 consisted of eighteen mice. Thus, each
sampling time consisted of six mouse. Group 1 was served as
control. Group 2 was injected ENR (Baytril 10 % inj. Bayer,
Istanbul) at recommended doses (10 mg/kg body wt, SC,
twice daily) [1]. Group 3 was injected DAN (Advocin inj,
Pfizer, Istanbul) at experimental doses (10 mg/kg body wt,
SC, twice daily). Group 4 was injected E. coli K99 (1x109

cfu/mice, intraperitoneally), which was obtained from
department of microbiology, Faculty of Veterinary Medicine,
University of Selcuk. Since developing peritonitis, suitable
E. coli K99 number was determined as 1x109 cfu/mice.
Group 5 was injected ENR at recommended doses after the
injection E. coli K99 (1x109 cfu/mice, intraperitoneally).
Group 6 was injected DAN at experimental doses after the
injection E. coli K99 (1x109 cfu/mice, intraperitoneally). In
groups 5 and 6, first ENR and DAN administration was
began at 24 hours after the injection E. coli K99 because of
developing the peritonitis, and these groups were monitored
only at 48, 72 and 96 hours.  

Each sampling time, six mice were killed at 24, 48, 72, 96
and 120 hours after the injection of ENR, DAN and E. coli
K99, respectively, and killed at 48, 72 and 96 hours after the
injection of E. coli K99+ENR and E. coli K99+DAN, respec-
tively. Whole livers were removed and washed with 
cold saline solution. Three hundred milligrams of livers
(lobus sinister) were homogenized (1000 rpm, 1 minute) with
1500 µl of cold homogenate solution (0.25 M sucrose (Sigma)
+ 10 mM Tris (Sigma) + 1 mM EDTA (Pharmacia Biotech),
pH 7.4) into ice [8, 38]. The homogenates were centrifuged
(10.000 rpm, 15 minute, +4 °C). The supernatants were care-
fully removed and saved for analysis (-20 °C). Hepatic SOD
(Randox-Ransod SD 125) and GPX (Randox-Ransel RS 505)
activities and total protein (Sigma 541-2) level were assayed
in supernatants by using commercially available kits at spec-
trophotometer (Schimadzu UV 2100). Determination of SOD
was based on the generation of superoxide radical produced
by xanthine and xanthine oxidase, which react with 2-(4-iodo-
phenyl)-3-(4-nitrophenol)-5-phenyltetrazolium choride to
form a red formazan dye. GPX estimation was based on the
following principle : GPX catalyses the oxidation of gluta-
thione by cumen hydroperoxide. In the presence of gluta-

thione reductase and NADPH the oxidised glutathione is
immediately converted to the reduced form with a concomi-
nant oxidation of NADPH to NADP+. The decrease in absor-
bance at 340 nm was measured. Hepatic SOD and GPX acti-
vities were expressed as U mg-1 tissue protein. 

All values are expressed as mean ± SE. The results were
analyzed by Tukey HSD multiple range test (SPSS for win-
dows, release 6.0). In all cases, probability of error of less
than 0.05 was selected as the criterion for statistical signifi-
cance from the control values. 

3. Results
Hepatic SOD activity was given in Table I, and hepatic

GPX activity was given in Table II, respectively. 

Hepatic SOD activity increased significantly (p < 0.05) at 24
and 48 hours in group 3, and decreased significantly (p < 0.05)
at 48 hours in group 6 when compared to the control group. 

Hepatic GPX activity decreased significantly (p < 0.05) all
sampling time in groups 3, 4 and 6, and decreased signifi-
cantly (p < 0.05) at 24, 48 and 72 hours in group 2, decreased
significantly (p < 0.05) at 72 and 96 hours in group 5 when
compared to the control group.

4. Discussion and conclusions 
Recent studies suggested that some antibiotics could effect

SOD and GPX activities and ROS production. It was reported
that gentamicin decreased cardiac SOD and GPX activities
and renal GPX activity in guinea pigs [14, 25], tetracycline
decreased hepatic SOD activity in rats [39], cephaloridine
produced ROS in kidney [41], roxithromycin [20], chloram-
phenicol [26] and tetracyclines [22] inhibited ROS production
in phagocytic cells, bleomycin, a antineoplastic agent, produ-
ced ROS in lung and caused pulmonary fibrosis [10].

In our knowledge, nothing has been published that any data
concerning the effect of fluoroquinolone antibiotics on hepa-
tic SOD and GPX activities. However, it was reported that
fluoroquinolones could enhance ROS production in phago-
cytic cells [13, 24] such as enoxacin, norfloxacin, fleroxacin,
levofloxacin, ofloxacin and enrofloxacin [6, 12, 19, 21].

In this study, SOD activity increased (p < 0.05) at 48 and 72
hours after the injection DAN and decreased significantly (p <
0.05) at 48 hours after the injection E. coli K99 + DAN. ENR
and DAN may enhance the production of ROS in phagocytic
cells or liver cells, and these antibiotics accumulate and meta-
bolized by liver [5, 37]. Present study, DAN caused   statisti-
cally (p < 0.05) changes SOD and GPX activities, but ENR
caused statistically (p < 0.05) change only GPX activity. It is
may be due to high dose of DAN. DAN is used (1.25 mg/kg
body wt) half doses of ENR (2.5 mg/kg body wt) in veterinary
medicine. Experimental dose of DAN may cause ROS pro-
duction, it is stated that superoxide radicals may directly inac-
tivate GPX activity [7, 32, 36], and SOD activity is may indu-
ced by produced ROS [7, 11, 15]. In addition to this, FRIDO-
VICH [7] reported that prior induction of ROS could cause an
increase intracellular SOD activity. Hence first induction of
ROS may cause changes in SOD activity and then SOD acti-
vity may return to the normal level. 
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Control 24 hour 48 hour 72 hour 96 hour 120 hour

ENR 6.712±0.50 8.233±2.10 6.518±1.30 5.785±0.89 6.947±1.80 6.550±1.00

DAN 6.712±0.50 35.45±4.00 56.82±10.0 3.630±0.55 6.410±0.67 6.460±0.67

p < 0.05 p < 0.05

E. coli K99 6.712±0.50 5.490±0.37 6.140±0.48 6.630±-0.79 6.558±0.68 5.603±0.77

E. coli 6.712±0.50 P 5.218±0.46 7.133±0.33 6.002±0.40 —
K99+ENR

E. coli 6.712±0.50 P 4.997±0.32 6.108±0.38 6.565±0.34 —
K99+DAN p < 0.05

Activated phagocytic cells are involved in antibacterial
defense but also produce tissue injury associated with pro-
duction of ROS [2,20]. PERALTA et al [27] reported that
activated phagocytic cells produce ROS and cause hepatic
injury in gram (-) bacteremia. ROS toxic to liver by initiating
lipid peroxidation. The inhibition of lipid peroxidation
improved survival rates in bacteremia. SOD enzyme is
widely distributed in various tissues, but it can be found espe-
cially in the liver [34]. 

TAKAHASHI et al [34] reported that from three to nine
days after injection with S. typhimurium LT-2, SOD activity
was decreased to about 50 % of that in the control mice. But
authors found, in mice given S. typhimurium SL-1181, SOD
activity remained at the same level as in the control mice, and
in mice infected with P. aeruginosa ATCC 27853, SOD acti-
vity increased 3 days after injection. KIM et al [17] reported
that hepatic SOD activity increased on two days in infected
guinea pigs after the injection L. interrogans, and this was
followed by a 20 % decrease (from 3 to 14 days) resulting in
levels comparable to healthy guinea pigs. On the other hand,
PERALTA et al [27] reported that SOD and GPX activities
decreased early in endotoxemic mice livers, and KONUKO-
GLU et al [18] reported that GPX activity decreased and
SOD activity increased in peritoneal tissue in E. coli induced
peritonitis rats. In this study, SOD activity was not affected 
(p > 0.05) while GPX activity decreased (p < 0.05) all expe-

rimental period after the injection DAN. Also GPX activity
was found statistically different (p < 0.05) in DAN injected
group from E. coli K99+ENR and E. coli K99+DAN injected
groups at 48 and 96 hours. It is may be due to differences of
bacteria and laboratory animals. It is reported that the capa-
city of SOD induction to ROS is different from species to
species [42].

Interestingly, in this study, DAN caused an increase SOD
activity in healthy mice at 24 and 48 hours but this effect was
not found in peritonitis mice. This controversially result may
be due to the peritonitis change the pharmacokinetic, particu-
larly metabolism of DAN, and differences of sampling time
between these groups. In E. coli K99+DAN injected group,
48 hours passed before first sampling time. In this period,
some changes could occur in SOD and GPX activities. 

In conclusion, it was observed that DAN effected both
SOD and GPX activities, and ENR and E. coli K99 effected
only GPX activity. It is may be related to either DAN and
ENR may directly effect SOD and GPX activities in healthy
mice or DAN and ENR may produce ROS, and so ENR and
DAN may indirectly effect SOD and GPX activities. For this
reason, further investigations are required, particularly
malondialdehyde, indicator of lipid peroxidation [23], level
must be measured and pharmacokinetics of ENR and DAN
were determined in peritonitis mice.
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p < 0.05 ; significantly different from control group, P ; 24 hours were waited for developing the peritonitis.

TABLE I. — Effects of enrofloxacin (ENR), danofloxacin (DAN), E. coli K99, E. coli K99+ enrofloxacin (ENR) and E. coli K99+ danofloxacin
(DAN) on hepatic superoxide dismutase (U/mg protein) activity (Mean ± SE).

p < 0.05 ; significantly different from control group, P ; 24 hours were waited for developing the peritonitis.

TABLE II. — Effects of enrofloxacin (ENR), danofloxacin (DAN), E. coli K99, E. coli K99+ enrofloxacin (ENR) and E. coli K99+ danofloxacin (DAN)
on hepatic glutathione peroxidase (U/mg protein) activity (Mean ± SE).

Control 24 hour 48 hour 72 hour 96 hour 120 hour

ENR 1.550±0.150 0.427±0.100 0.440±0.120 0.742±0.180 1.863±0.290 1.490±0.120
p < 0.05 p < 0.05 p < 0.05

DAN 1.550±0.150 0.636±0.130 0.240±0.037 0.720±0.087 0.265±0.043 0.760±0.060
p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05

E. coli K99 1.550±0.150 0.920±0.097 1.075±0.089 0.828±0.07 1.030±0.065 1.076±0.74
p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05

E. coli 1.550±0.150 P 1.293±0.090 0.772±0.130 0.767±0.130 —
K99+ENR p < 0.05 p < 0.05

E. coli 1.550±0.150 P 0.537±0.110 0.718±0.120 0.720±0.093 —
K99+DAN p < 0.05 p < 0.05 p < 0.05
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