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The present study aimed to investigate the possibility of involved oxidative stress due to the oral 
administration of either ciprofloxacin or levofloxacin (under therapeutic level) in the three brain regions, 
cerebral cortex, hippocampus and striatum of male albino rats weighing (100 ± 20 g). The ciprofloxacin 
and levofloxacin administered groups exhibited significant elevation in lipid peroxidation (LPO), nitric 
oxide (NO) contents and superoxide dismutase (SOD) enzyme activity in cortex, hippocampus and 
striatum. The redox status (reduced glutathione/oxidized glutathione) and glutathione peroxidase (GPx) 
and Na

+
, K

+
, -adenosine triphosphatase (Na

+
, K

+
, -ATPase) enzymes activity were significantly reduced 

in a dose dependant manner in the three brain regions. Generally, the data suggest the contribution 
between these antibiotics and oxidative stress in brain regions which through light on the need of 
studies for design and development of new quinolone derivatives with broader

 
antibacterial activity and 

better pharmaco-kinetics avoiding central nervous system (CNS) side
 
effects. 
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INTRODUCTION 
 
Fluoroquinolone antimicrobial agents are widely used for 
the treatment of various infections, because of their broad 
spectrum of antimicrobial activity (Owens and Ambrose, 
2005), especially against Gram-negative bacteria, 
prescribed for respiratory and urinary tract infections 
(Oliphant and Green, 2002; Ball, 2003). They are 
generally regarded as safe drugs associated with mild 
gastrointestinal and central nervous system (CNS) 
symptoms (Bertino and Fish, 2000; Sprandel and 
Rodvold, 2003). They have been widely used in clinical 
practice for their excellent activities. They have been 
proposed as alternative in the treatment of CNS 
infections, because they can spread into the CNS 
(Hasbun and Quagliarello, 1998; Kim et al., 2009). In fact 
several clinical observations indicated the possible 
incidence of   undesirable   adverse   reactions   following 
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quinolone use. Among the various adverse effects are 
those on CNS, including headache, confusion, 
hallucination, anxiety, nervousness, nightmares and 
convulsive seizures (Carrie, 2004; Saito et al., 2008).  

Ciprofloxacin is a synthetic antibacterial agent 
belonging to the second generation of the family of 
fluoroquinolones, it well absorbed orally and it induced its 
antibacterial action mainly by inhibiting DNA gyrase, a 
type II topoisomerase, and topoisomerase IV enzymes 
necessary to separate bacterial DNA, thereby inhibiting 
cell division (Akasaka et al., 1998; Liu and Wang, 1999).  

Levofloxacin is a synthetic chemotherapeutic antibiotic 
of the fluoroquinolone drug class (Kawahara, 1998; 
Nelson et al., 2007). It is used for the treatment of 
infections of the respiratory and urinary tract, skin and 
soft tissues. Like other fluoroquinolones, it exerts 
antibacterial effect not exclusively in the blood but 
particularly in the inflamed tissue (Ungerstedt, 1991; 
Müller,   2000)   and   is used   to treat   severe   or life- 
threatening bacterial infections or bacterial infections  that  



 
 
 
 
have failed to respond to other antibiotic classes (Liu and 
Mulholland, 2005; MacDougall et al., 2005). 

Oxidative stress occurs because of an alteration in the 
equilibrium of the production of reactive oxygen species 
(ROS) and antioxidative processes in favor of the 
production of ROS. ROS include nonorganic molecules, 
such as the superoxide radical anion (O

-2
), hydrogen 

peroxide (H2O2) and hydroxyl radicals (HO
-
), as well as 

organic molecules, such as alkoxyl and peroxyl radicals. 
In order to avoid damage caused by ROS, like lipid 
peroxidation (LPO), protein modification and DNA strand 
breaks, mechanisms exist which remove ROS or prevent 
the generation of ROS (Sies, 1991; Halliwell, 1992). For 
example, the removal of superoxide and H2O2 prevents 
the generation of hydroxyl radicals, which formed by the 
iron-catalyzed Fenton reaction or by the Haber-Weiss-
reaction (Winterbourn, 1995; Wardman and Candeias, 
1996) and are the most reactive species within the ROS 
family.  

Cell damages caused by free radicals appear to be 
major contributor to aging, cancer, cardiovascular 
disease, immune system decline, brain and liver 
dysfunction. All free radicals are highly reactive and 
highly damaging to biological system (Moein et al., 2007).  

Oxidative stress generated by ROS appears connected 
with the loss of neurons during the progression of 
neurodegenerative diseases, that is, Parkinson's disease, 
Alzheimer's disease and amyotrophic lateral sclerosis 
(ALS) (Cadet and Brannock, 1998; Sun and Chen, 1998). 
These facts underline the importance of an effective 
antioxidant system for brain function during a long human 
life. Increase in oxidative stress was postulated to play an 
important role in the pathogenesis of a number of 
neurodegenerative diseases (Shelat et al., 2008). 

Recently, a number of antibiotics, including 
ciprofloxacin, have been demonstrated to stimulate the 
production of ROS in bacterial cells (Becerra and Albesa, 
2002; Albesa et al., 2004). Reactive oxygen species are 
reactive by-products formed by the partial reduction of 
molecular oxygen (Pomposiello and Demple, 2000). 
Redox cycling of various chemical substances, including 
some antibiotics, affects the ROS produced by cells 
during the oxidation process (Butler and Hoey, 1993). 
Fluoroquinolones are known to induce the formation of 
singlet oxygen (

1
O2) and superoxide anion (O2

-
), which 

are responsible for the phototoxic effect of the 
fluoroquinolones (Umezawa et al., 1997). In addition, the 
two prominent side effects of aminoglycoside antibiotics, 
ototoxicity and nephrotoxicity, are also believed to involve 
ROS (Brummett and Fox, 1989; Mingeot-Leclercq and 
Tulkens, 1999). A number of diverse cellular processes 
that lead to cell death are also mediated through ROS 
(Cabiscol et al., 2000).  

The present study was designed to determine the 
possibility of oxidative stress due to the oral 
administration of either ciprofloxacin or levofloxacin 
(under therapeutic level) in brain  regions  of  male  albino  
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rats, that is, through the determination of some of the 
antioxidant system parameters, lipid peroxidation (LPO), 
reduced glutathione (GSH), oxidized glutathione (GSSG), 
nitric oxide (NO) (nitrite/nitrate) in addition to superoxide 
dismutase (SOD), glutathione peroxidase (GPx) and 
sodium-potassium-adenosine triphosphatase (Na

+
, K

+
, -

ATPase) enzyme activities and total protein in the three 
brain regions cerebral cortex, hippocampus and striatum. 
 
 

MATRIALS AND METHODS 
 

Experimental animals 
 
This study was carried out on adult male albino rats, with average 
weight of range 100 ± 20 gm. They were obtained from the 
Egyptian Institution of Serum and Vaccine (Helwan). The 
experimental animals were allowed to acclimate under the 
laboratory conditions two weeks before the beginning of the 
experiments. The animals were kept under controlled temperature 
of 21°C and 12 h light/12 h dark cycle throughout the course of the 
experiment. A commercial pelleted diet and fresh vegetables were 
used before the experiment. The food debris, feces and urine were 
removed daily to prevent food and water contamination. 
 
 
Drugs  

 
The drugs used in the present work, were ciprofloxacin and 
levofloxacin, and they are as follows:  
 
1. Ciprofloxacin (Cipro), manufactured by Bayer healthcare 
pharmaceuticals, ciprofloxacin hydrochloride. Tablets are synthetic 
broad spectrum antimicrobial agents for oral administration. 
Ciprofloxacin hydrochloride, United Stated Pharmacopoeia (USP), 
a fluoroquinolone, is the monohydrochloride monohydrate salt of 1-
cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-quinoline 
carboxylic acid. It is a faintly yellowish to light yellow crystalline 
substance. The molecular weight is 385.8 and the empirical formula 
is C17H18FN3O3•HCl•H2O. 
2. Levofloxacin, manufactured by Hoechst Marion Roussel 
Germany, The empirical formula is C18H20FN3O4 • ½ H2O and the 
molecular weight is 370.38. Levofloxacin is a light yellowish-white to 
yellow-white crystal or crystalline powder.                                                    
        
The antibiotic drugs were administered by gastric intubation 
technique and the administered doses were calculated equivalent 
to the human therapeutic dose according to the Food and Drug 
Administration (FDA) (Guidance for Industry and Reviewers, 2002).  
 
 

Experimental design 
 

The rats were divided into three main groups, each contain eight 
rats. The rats of the first group were administered 2 ml of distilled 
water daily (control), whereas those of the second group were 
administered daily 80 mg/kg body weight ciprofloxacin dissolved in 
2 ml of water (Cipro-treated rats). The rats of the third group were 
daily administered 40 mg/kg body weight levofloxacin dissolved in 2 
ml water (Levo-treated rats).  

At the end of the experimental periods 3, 7 and 14 days animals 
were sacrificed after 12 h from the last dose by rapid decapitation 
and brain areas, the cerebral cortex, hippocampus and striatum 
were separated from each whole brain. Each brain area was 
divided into two halves the first half served for the enzymes activity  
assays and total protein. Superoxide dismutase (SOD) was 
determined according to Minami and Yoshikawa (1979) method. 
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Table 1. Effect of oral administration of ciprofloxacin (80mg/kg)  and levofloxacin (40mg/kg) on some oxidative stress 
parameters in the cortex of male albino rats. 
 

Parameter Treated group 
Time period (days) 

3  7  14  

 

MDA(nmol/g tissue) 

Control 

Ciprofloxacin 

levofloxacin 

106.57 ± 3.13 

150.15 ± 3.70
* 

147.34 ± 3.02
*
 

107.60 ± 2.96 

144.67 ± 2.33
* 

134.32±4.11
*a

 

108.60 ±2.36 

138.33 ± 4.04
*a 

150.25 ± 4.49
*b

 

 

 

(GSH/GSSG) 
(nmol/g)  

Control 

Ciprofloxacin 

levofloxacin 

4.40 ± 0.41 

3.47 ± 0.34
* 

3.21 ± 0.29
*
 

4.45 ± 0.29 

3.13 ± 0.15
* 

2.80± 0.24
*a

 

4.27 ± 0.33 

2.81 ± 0.29
*ab 

2.38 ± 0.15
*ab

 

 

 

   NO (mg/g tissue) 

Control 

Ciprofloxacin 

levofloxacin 

0.83 ± 0.08 

2.07 ± 0.04
* 

1.42 ± 0.07
*
 

0.83 ± 0.06 

1.45 ± 0.19
*a 

1.56± 0.24
*
 

0.83 ± 0.08 

1.50 ± 0.23
*a 

1.40 ± 0.11
*b

 

 

    

 SOD (U/mg protein) 

Control 

Ciprofloxacin 

levofloxacin 

0.72 ± 0.06 

0.78 ± 0.06 

0.84 ± 0.12
*
 

0.72 ± 0.06 

1.11 ± 0.10
*a 

1.28±0.11
*a

 

0.725 ± 0.06 

1.22 ± 0.10
*ab 

1.32 ± 0.10
*a

 

 

GPx (mmol of GSH 
oxidized/min/mg 
protein 

Control 

Ciprofloxacin 

levofloxacin 

1.32 ± 0.10 

1.25 ± 0.12 

1.16 ± 0.06
*
 

1.34 ± 0.07 

0.99 ± 0.07
*a 

0.89 ± 0.03
*a

 

1. 34 ± 0.06 

0.91 ± 0.04
*ab 

0.75 ± 0.08
*ab

 

 

 

Na
+
, K

+
, -ATPase 

(µmol Pi/mg protein) 

Control 

Ciprofloxacin 

levofloxacin 

6.29 ± 0.32 

5.91 ± 0.33
* 

6.01 ± 0.48 

6.25 ± 0.25 

5.62 ± 0.35
* 

5.07 ± 0.34
*a

 

6.21 ± 0.34 

4.56  ± 0.34
*ab 

4.39  ±  0.22
*ab

 
 

Data are expressed as Mean ± SE. Number of animals in each group is 8. P > 0.05 non-significant, *P < 0.05 significant, the symbol 
represent statistical significance; (a) significant as compared to 3 days treatment, (b) Significant as compared to 7days.  

 

 
 
According to modified procedure of Rotruck et al. (1973) glutathione 
peroxidase (GPx) activity was determined. The measurement of 
(Na

+
, K

+
- ATPase) activity was determined according to the method 

described (Atkinson et al., 1971; Tsakiris, 2001). The method of 
Lowry et al. (1951) was used in the estimation of protein content of 
tissue homogenates. 

The second half of each brain area was homogenized in 75% 
high performance liquid chromatography (HPLC) methanol (1/10 
weight/volume) using a homogenizer surrounded with an ice jacket 
and the homogenates were used for the determination of the brain 
areas contents of malondialdehyde (MDA) as index for lipid 
peroxidation (LPO), glutathione reduced (GSH), glutathione 
oxidized (GSSG) and nitric oxide (NO) as (NO2/NO3) were 
determined by HPLC (Karalas et al., 2002; Jayatilleke and Shaw, 
1993; Papadoyannis et al., 1999), respectively. The assays used 
Agilent thermostated 1200 series HPLC system from Agilent 
Technologies (USA) with Agilent chemstation chromatography data 
system software. 
 

 
Statistical analysis 

 
The data were expressed as means ± standard error of the mean 
(SEM). All variables were tested for normal distribution using t test 
(P < 0.05) and one way analysis of variance (ANOVA). Statistical 
analysis was evaluated according to Duncan's test to clarify the 
experimental periods’ groups. Statistical Processor System Support 

"SPSS” for Windows software, Release 17.0 (SPSS, Chicago, IL) 
was used. 

 
 
RESULTS 

 
The present study showed the effect of oral 
administration of 80 mg/kg body weight of ciprofloxacin 
and 40 mg/kg body weight of levofloxacin in the cortex, 
hippocampus and striatum of male albino rats at different 
three time periods. 

The data represented that LPO level increased 
significantly throughout the experimental periods of 3, 7 
and 14 days after the oral administration of ciprofloxacin 
and levofloxacin in the cortex, hippocampus and striatum 
tissues as compared to the control values.   

The recorded data in Tables 1 and 2 revealed 
significant decrease in the redox status (GSH/GSSG) in 
the cortex and the hippocampus of male albino rats for 
both treatment after the 3

rd
 , 7

th
 and 14

th
 days, 

respectively, as compared to the control values. On the 
other hand, in the striatum the data showed significant (P  
< 0.05) decrease in the  ratio  after  the  administration  of 
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Table 2. Effect of oral administration of ciprofloxacin (80 mg/kg) and levofloxacin (40 mg/kg) on some oxidative stress 
parameters in the hippocampus of male albino rats. 
 

    

     parameters 

 

  Treated groups 

Time period (days) 

3  7 14 

 

MDA(nmol/g tissue) 

Control 

Ciprofloxacin 

levofloxacin 

93.58 ± 1.99 

146.91 ± 2.56* 

141.01 ± 3.20* 

96.08 ± 1.82 

155.43 ±2.07* 

153.49±3.85*
a
 

94.71 ± 1.87 

157.09 ± 3.42*
a
 

152.20 ±3.36* 

     

 

(GSH/GSSG) (�mol/g)  

Control 

Ciprofloxacin 

levofloxacin 

4.14 ± 0.33 

3.67 ± 0.29* 

3.44 ± 0.33* 

4.17 ± 0.38 

3.37 ± 0.30* 

3.05± 0.26* 

4.09± 0.38 

3.10 ± 0.33*
a
 

2.85± 0.27*
a
 

     

 

NO (mg/g tissue) 

Control 

Ciprofloxacin 

levofloxacin 

0.44 ± 0.02 

0.72 ± 0.06* 

1.28 ± 0.09* 

0.46 ± 0.03 

0.84 ± 0.09*
a
 

1.31±0.08* 

0.44 ± 0.02 

1.27 ± 0.07*
ab

 

1.25 ± 0.09* 

     

 

`SOD (U/mg protein) 

Control 

Ciprofloxacin 

levofloxacin 

1.67 ± 0.14 

1.65  ± 0.08 

1.67 ± 0.16 

1.67 ± 0.13 

1.82 ± 0.09*
a
 

1.67 ±0.13 

1.63± 0.13 

1.73 ± 0.11 

1.83 ± 0.13*
ab

 

     

GPx (mmol of GSH 
oxidized/min/mg protein 

Control 

Ciprofloxacin 

levofloxacin 

1.36 ± 0.11 

1. 25 ± 0.09* 

1.20 ± 0.12* 

1.34 ± 0.11 

1.12 ± 0.10*
a
 

1.09±0.06*
a
 

1.34 ± 0.09 

1.05 ± 0.05*
a
 

0.87 ± 0.05*
ab

 

     

 

Na
+
, K

+
, -ATPase) (µmol 

Pi/mg protein ) 

Control 

Ciprofloxacin 

levofloxacin 

8.12 ± 0.56 

7.84 ± 0.46 

7.26 ± 0.72* 

8.09± 0.42 

7.75 ± 0.47 

6.99±0.58* 

7.95 ± 0.46 

6.68 ± 0.27*
ab

 

6.69 ± 0.47*
a
 

 

Data expressed as M ± SE. Number of animals in each group is 8. P > 0.05 non-significant, *P < 0.05 significant. The symbol 
represents statistical significance; (a) significant as compared to 3 days treatment, (b) significant as compared to 7days.  

 
 
 
ciprofloxacin only  after 14 days  of  treatment, while 
levofloxacin administration caused a significant decrease 
in (GSH/GSSG) from the 3rd day till the 14th days.   

As regard to the effect of ciprofloxacin and levofloxacin 
on NO contents of male albino rats, the data showed 
significant increase from the 3rd day till the end of the 
experimental period in three brain areas after 
ciprofloxacin and levofloxacin administration as 
compared to the corresponding control levels. 

The general pattern about the data of SOD enzyme 
activity in the cortex, hippocampus and striatum tissues 
of male albino rats affected by ciprofloxacin and 
levofloxacin administration are given in Tables 1 to 3. The 
data showed significant increase (P < 0.05) in SOD 
activity in the cortical and striatal tissues from the 3rd

 
day 

achieving the maximum activity in the 14th day of 
ciprofloxacin treatment as compared to the control 
enzyme activity. Levofloxacin administration behaved like 
ciprofloxacin administration by the significant increase in 
the SOD activity level from the 3rd day till the 14th

 
day as 

compared to the corresponding control enzyme activities. 
In the hippocampus tissue, the data showed significant 

increase in SOD activity after the 7
 
and 14th days of 

ciprofloxacin administration as compared to the control. 
In the same trend, levofloxacin administration exhibited 
significant increase at 0.05 levels in SOD activity from 
the7th duration value to the 14th

 
day’s groups as 

compared to control value.  
Regarding to GPx enzyme activity, the data in Table 1 

showed significant decrease (P < 0.05) in GPx activity in 
the cortical tissue from the 7th

 
day achieving the 

minimum activity in the 14th
 

day of ciprofloxacin 
treatment as compared to the control values. 
Levofloxacin administration behaved like ciprofloxacin 
administration by the significant decrease in the GPx 
activity from the 3rd day till the 14th day as compared to 
the corresponding control. In the hippocampus tissue, the 
data showed significant decrease in the GPx activity in 
the 3rd, 7th and 14th days of both treatments as compared 
to the corresponding control enzyme activity values.  

On the other hand, the data in Table 3 showed 
significant decrease (P < 0.05) in GPx activity in the 
striatum only after the 14th day of ciprofloxacin 
administration and after 7 and  14th 

 
days  of  levofloxacin 
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Table 3. Effect of oral administration of ciprofloxacin (80 mg/kg) and levofloxacin (40 mg/kg) on some oxidative stress 
parameters in the striatum of male albino rats. 
 

    

     parameter 

 

  Treated group 

Time period (days) 

3  7 14 

 

MDA (nmol/g tissue) 

Control 

Ciprofloxacin 

levofloxacin 

128.11 ± 1.67 

227.19 ± 4.24
* 

243.04 ± 2.81
*
 

127.43 ± 1.70 

213.32 ± 5.14
*a 

214.73 ± 5.99
*a

 

128.11 ±1.15 

236.36 ± 5.76
*b 

218.19 ± 4.39
*a 

     

 

(GSH/GSSG) (nmol/ g) 

Control 

Ciprofloxacin 

levofloxacin 

2.41 ± 0.19 

2.31 ± 0.15 

2.28 ± 0.04
* 

2.27 ± 0.25 

2.27 ± 0.18 

2.15 ± 0.08
*
 

2.40 ± 0.19 

2.15 ± 0.15
* 

1.96 ± 0.08
*ab

 

     

 

NO (mg/g tissue) 

Control 

Ciprofloxacin 

levofloxacin 

0.81 ± 0.06 

1.16 ± 0.12
* 

1.12 ± 0.09
*
 

0.78 ± 0.07 

0.95 ± 0.07
*a 

1.35 ± 0.13
*a

 

0.82 ± 0.07 

1.08 ± 0.07
*b 

1.15 ± 0.08
*b

 

     

 

SOD (U/mg protein) 

Control 

Ciprofloxacin 

levofloxacin 

1.30 ± 0.07 

1.52 ± 0.08
* 

1.56 ± 0.11
*
 

1.28 ± 0.06 

1.70 ± 0.10
*a 

1.69 ± 0.09
*a

 

1.28 ± 0.05 

1.66 ± 0.07
*a 

1.84 ± 0.15
*ab

 

     

GPx (mmol of GSH 
oxidized/min/mg protein 

Control 

Ciprofloxacin 

levofloxacin 

2.41 ± 0.14 

2.29 ± 0.22 

2.28 ± 0.10 

2.32 ± 0.13 

2.24 ± 0.10 

2.13 ± 0.24
*
 

2.42 ± 0.13 

2.14 ± 0.17
* 

2.06 ± 0.16
*a

 

     

 

Na
+
, K

+
, -ATPase) (µmol 

Pi/mg protein ) 

Control 

Ciprofloxacin 

levofloxacin 

6.91 ± 0.43 

6.64 ± 0.61 

6.90 ± 0.60 

6.89 ± 0.24 

6.38 ± 0.61
* 

6.80 ± 0.37
 

6.81 ± 0.41 

6.35 ± 0.50 

6.45 ± 0.27 

 

Data expressed as M ± SE. Number of animals in each group is 8. P >  0.05 non-significant, *P  <  0.05 significant, the symbol represent 
statistical significance; (a) significant as compared to 3 days treatment, (b) significant as compared to 7days.  

 
 
 
administration compared to the control   values. Table   1 
showed that the ATPase enzyme activity decreased in 
the cortical tissue with significant decrease (P < 0.05) 
from the 3rd day achieving the minimum activity in the 
14

th
 day of ciprofloxacin treatment as compared to the 

control. Levofloxacin administration showed significant 
decrease in the ATPase activity in the 7

th
 and 14

th
 days 

as compared to the corresponding control values. 
In the hippocampus tissue, the data showed significant 

decrease in the ATPase activity only after the 14
th
 day of 

ciprofloxacin administration as compared to the control 
enzyme activity. On the other hand, levofloxacin 
administration exhibited significant decrease at 0.05 
levels in ATPase activity from the 3rd duration value to 
the 14th one as compared to the corresponding control 
values.  

However, the striatum data showed no significant effect 
in the ATPase activity throughout the experimental 
duration period, in which the administration of either 
ciprofloxacin or levofloxacin was compared to the control 
enzyme activities except only the significant  decrease  at 

the 7th day of ciprofloxacin administration as compared 
to the corresponding control value. 
 
 

DISCUSSION 
 

Fluoroquinolones are among the most widely prescribed 
antibiotics, especially for respiratory and urinary tract 
infections. They are generally regarded as safe drugs 
associated with mild gastrointestinal and CNS symptoms 
(Jose et al., 2007; Becnel et al., 2009).  

Ciprofloxacin remains amongst the safest of all 
antibiotics with remarkably few reports of serious 
reactions over a period of 15 years of use and more than 
340 million prescriptions (Ball et al., 1999; Segev et al., 
1999). Ciprofloxacin-associated seizures occur most 
commonly in patients with special risk factors that may 
cause accumulation of drug (high doses of the drug, old 
age, renal insufficiency, drug interactions) or that may 
decrease the threshold of epileptogenic activity (Agbaht 
et al., 2009). Levofloxacin is the l(-) isomer of the 
fluoroquinolone ofloxacin. Ofloxacin is a  racemic  mixture  



 
 
 
 
of two optical isomers, d(+) and l(-) ofloxacin, which exist 
in a ratio of approximately 1:1. Of the four two isomers, 
only the l(-) form, levofloxacin, exhibits antibacterial 
activity. 
  Quinolones are known to induce cell death through the 
introduction of double-stranded DNA breaks following 
arrest of topoisomerase function (Drlica et al., 2008). The 
bactericidal action of quinolones promote the generation 
of lethal hydroxyl radicals in both Gram-negative and 
Gram-positive bacteria, despite the stark differences in 
their primary drug- target interactions (Kohanski et al., 
2007). Studies suggested that antibiotic induced hydroxyl 
radical formation is the end product of a common 
mechanism, in which alterations in central metabolism 
related to NADH, nicotinamide adenine dinucleotide 
(NADH) consumption (increased TCA cycle and 
respiratory activity) are crucial to superoxide-mediated 
iron-sulphur cluster destabilization and stimulation of the 
Fenton reaction (Kohanski et al., 2010). 

Brain has several characteristics that make it 
susceptible to free radical mediated injury. Brain lipid are 
highly enriched in polyunsaturated fatty acids, 
additionally, brain is critically dependent on aerobic 
metabolism and the mitochondrial respiratory activity is 
higher than that in many other tissues, increasing the risk 
of free radical "leak" from the mitochondria. The brain 
processes large amounts of O2 in relatively small mass, 
and has a high content of substrates available for 
oxidation in conjunction with low antioxidant activities, 
making it extremely susceptible to oxidative damage 
(Bergamini et al., 2004). In addition, certain regions of 
central nervous system (CNS), such as the hippocampus, 
may be particularly sensitive to oxidative stress, because 
of their low endogenous levels of vitamin E, an important 
biochemical antioxidant, relatively to other brain regions 
(Henderson et al., 1999; Gottlieb et al., 2006). Such a 
depressed defense system may be adequate under 
normal circumstances. However, under pro-oxidative 
conditions, like seizures, these low antioxidant defenses 
can predispose the brain to oxidative stress. 

The present study aims to throw light on the possibility 
of involved oxidative stress effect of either ciprofloxacin 
or levofloxacin, under therapeutic level, in three brain 
regions of male albino rat. The study extended to the 
three brain areas as the cortex, and hippocampus areas 
appeared to be important in the expression of early 
convulsive seizures (Kelly et al., 1999; Ang et al., 2006) 
in addition to the important functional association 
between cortical regions and the hippocampus in seizure 
propagation (Cavalheiro et al., 1991; Kelly et al., 2002). 
The cortex and hippocampus suggested playing a role in 
inducing convulsions by quinolones (Motomura et al., 
1991) and there are direct anatomical connections 
between the hippocampus and the striatum (Voorn et al., 
2004). In addition, there are connections between 
striatum and hippocampus via the entorhinal and 
prefrontal cortex (Hyman et al.,  1990;  Christakou  et  al., 

Rawi et al.          1893 
 
 
 
 2004). 

Lipid peroxidation in a tissue is an index of irreversible 
biological damage of the cell membrane phospholipid, 
which in turn leads to inhibition of most of the sulphydryl 
and some nonsulphydryl enzymes. There is a close 
relationship that exists between inhibition of ATPase 
enzyme activities and elevation of LPO (Sawas and 
Gilbert, 1984; Hayashi, 2009). Our study recorded that 
LPO marker (MDA) levels in the cortex, hippocampus 
and striatum of adult male rats were increased 
significantly following administration of either 
ciprofloxacin or levofloxacin. This was done along with 
the significant decrease in ATPase enzyme activity in a 
dose dependent manner in cortex and hippocampus after 
either ciprofloxacin or levofloxacin administration and in 
striatum only after ciprofloxacin administration. The redox 
status (GSH/GSSG) and GPX enzyme activity reduced 
significantly, while SOD enzyme activity and NO level 
increased significantly in cortex, hippocampus and 
striatum after either ciprofloxacin or levofloxacin 
administration.  

The increased MDA and NO levels and SOD enzyme 
activity in addition to the reduced level of glutathione 
demonstrated in this study in brain areas of either 
ciprofloxacine or levofloxacin treated animals  along the 
lines of that recorded in different brain areas of the rat 
model of seizure induction (Munhoz et al., 2005; 
Rajasekaran, 2005; Gupta et al., 2009). The possible 
oxidative stress inducing effect of a fluoroquinolone 
antibiotic, ciprofloxacin was investigated in rats 
measuring glutathione redox status. Ciprofloxacin 
induced dose-dependent alterations in the glutathione 
redox status in liver and brain tissues (Gürbay and 
Hincal, 2004). Also, it has been shown that seizures 
cause an increase in the production of nitrite, a potent 
free radical known to be cytotoxic to neurons and glial 
cells (Freitas et al., 2005) which predicted in the brain 
areas results of this study supporting the oxidative stress 
inducing effects of these antibiotics (Gürbay et al., 2007; 
Li et al.; 2010) which may be concomitant with the 
previously discussed seizure associated effect of 
ciprofloxacin and levofloxacin (Darwish, 2008; Bellon et 
al., 2009) and may add to reaffirming the hypothesis of 
LPO produced during seizure activity postulated for the 
fluoroquinolones. This may be explained via the 
previously mentioned mechanism of its bactericidal 
activity since ROS have a role in the antibacterial action 
of fluoroquinolones. As such, the effect of GSH/GSSG 
confirmed by the glutathione-mediated protection is 
specific to fluoroquinolones (Goswami et al., 2006). Cao 
et al. (2007) discussed the protective role of the 
glutathione content through the interpretation between 
the dopaminergic neuron injury and neuronal oxidative 
stress. Ciprofloxacin antimicrobial activity is based on the 
inhibition of bacterial DNA gyrase. However, this drug 
has also been found to affect mammalian topoisomerase 
II,   especially  its   mitochondrial   isoform.  This   impairs  
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mitochondrial DNA (mtDNA) handling and eventually 
results in a gradual decrease in mtDNA content in 
ciprofloxacin-treated cells (Castora et al., 1983; Lawrence 
et al., 1993). As mtDNA encodes 13 proteins, all engaged  
in oxidative phosphorylation, it is obvious that aberrant 
expression of mitochondrial genes and/or partial 
depletion of mtDNA may affect mitochondrial energy 
metabolism. In fact, disturbance of mitochondrial 
respiration and ATP synthesis has been postulated to 
explain the cytotoxic effect of ciprofloxacin which is in a 
concentration-dependent manner (Koziel et al., 2006). 
When ciprofloxacin is applied, concentrations that are 
insufficient for induction of apoptosis may stop cell 
proliferation by inhibition of mitosis. Chromosomal 
instability of such cells may, at least potentially, increase 
a risk of cancer development (Koziel et al., 2010). 

The structural similarities of the fluoroquinolones to 
kynurenic acid and other similar compounds, which are 
endogenous ligands of the glutamate receptor, might 
suggest an interaction of quinolones with ligand-gated 
glutamate receptors as well (Schmuck et al .,1998) which 
may explain the excitatory effects on quinolones 
subjected groups. It has been shown that 
fluoroquinolones decrease blocking effects of Mg

2+
 and 

MK-801 binding to the N-methyl-D-aspartate (NMDA) 
type of glutamate receptors. Magnesium chelating 
properties of fluoroquinolones have been postulated as 
mechanisms of fluoroquinolone-induced atrophy, and the 
excitatory potency of fluoroquinolones might also be 
based on activation of the (NMDA) receptor by abolishing 
the Mg

2+ 
block in the ion channel. This would prolong the 

opening time of the channel, thus increasing intracellular 
Ca

2+
 concentration in the neurons (Sen et al., 2007). The 

contribution of the release of excitatory amino acids may 
also be responsible for the large calcium-dependent 
increase in extra cellular potassium seen after 
experimental brain injury. Increased extra cellular 
potassium further increases neuronal excitability and may 
contribute to epileptogenesis (Nilson et al., 1994). The 
decrease in hippocampal ATPase activity throughout the 
experimental periods, post the antibiotics administration 
in line with the assumption of Machado et al. (2011) 
about the reduction of glutamate uptake and Na

+
, K

+
-

ATPase activity in rat hippocampus may be mediated via 
oxidative stress.  

Another explanation for the fluoroquinolones under 
investigation related oxidative stress effects via disorders 
of glucose homeostasis which have been reported in 
association with fluoroquinolone therapy (Tomita et al., 
2007; Garber et al., 2009). Glucose homeostasis is 
significantly greater with gatifloxacin and levofloxacin, but 
not ciprofloxacin (Aspinall et al., 2009). Maeda et al. 
(1996) concluded that quinolone antibiotics may cause 
hypoglycaemia by increasing insulin release via blockade 
of K

+
-ATP channels. Severe hypoglycaemia may cause 

neurological disturbances (Lawrence et al., 2006). During 
hypoglycemia,  the    excitatory   and     inhibitory     nerve  

 
 
 
 
terminals contacting these neurons are enriched with 
aspartate, which may be released to activate NMDA 
receptors on synaptic and extrasynaptic sites. This would 
cause an excitotoxic insult, leading to neuronal death 
(Wieloch, 1985). The difference in the glucose 
homeostasis effect between levofloxacin and 
ciprofloxacine may through light as a cause for the 
significant effects between the recorded antioxidants 
results in levofloxacin treated groups over that of 
ciprofloxacin treated ones (Vallurupalli et al., 2008). The 
other expected cause may be related to the suggestion 
that levofloxacin crosses the blood-brain and/or blood-
cerebrospinal fluid barriers more easily than 
ciprofloxacine does (Akahane et al., 1993, 1996). 

Glucose metabolism via the pentose cycle plays a 
crucial role in providing nicotinamide adenine 
dinucleotide phosphate (NADPH) and, hence, 
maintaining the normal ratio of GSH to GSSG and a 
normal (GSH/GSSG) in cells. When the intracellular 
concentration of GSH decreases and that of GSSG 
increases, the cellular demand for NADPH increases 
markedly. This necessitates an increase in glucose 
metabolism via the pentose cycle. A deficiency of 
intracellular NADPH may exacerbate an imbalance 
between the production and scavenging of free radicals. 
When rates of free radical production are greater than the 
scavenging rates, oxidative damage likely occurs in cells 
and tissues (Sies, 1999). 

Studies have shown that changes in the intracellular 
milieu of the cells, such as alterations in the redox 
environment, are important regulators of the progression 
to apoptosis (Pervaiz and Clement, 2002). Glutathione 
(GSH) depletion is an early hallmark in the progression of 
cell death in response to a variety of apoptotic stimuli in 
numerous cell types (Franco et al., 2007; Circu and Aw, 
2008). 

Glutathione content has been shown to regulate the 
activation of ionic conductances during apoptosis. 
Alterations in the intracellular ionic homeostasis of the 
cell have been clearly linked to the progression of 
apoptosis (Franco et al., 2006). Recent reports show that 
during apoptosis, cell shrinkage or apoptotic volume 
decrease, associated with the impairment in the Na

+
, K

+
-

ATPase activity (Yin et al., 2007), and activation of K
+
 

and Cl
-
 conductances are also regulated by alterations in 

GSH homeostasis (Shimizu et al., 2004; Franco et al., 
2007). A wide variety of ion channels and transporters 
have been shown to be regulated by ROS (Kourie, 1998). 
In the nervous system, GSH is necessary for the defense 
against oxidative stress and the progression of distinct 
pathologies including those of Parkinson’s disease (PD) 
and Alzheimer’s disease (AD). Alterations in intracellular 
GSH homeostasis have been observed in different 
experimental models of neurodegenerative diseases and 
a direct link between a reduction in GSH content and 
apoptosis in neuronal cells associated with 
neurodegeneration (Dringen and  Hirrlinger,  2003;  Diaz- 



 
 
 
 
Hernandez et al., 2005). 

Ciprofloxacin induced dose-dependent alterations in 
GSH/GSSG in the investigated brain areas in line with 
the report of Gürbay and Hincal (2004), and also the 
ciprofloxacin concentration-dependent induction of DNA 
damage in astrocytes (Gürbay et al., 2006). 
 
 

Conclusion  
 

Conclusively, a contribution between fluoroquinolones 
antibiotics and oxidative stress is not surprising. A tactic 
to enhance antibiotic efficacy by parallel treatments that 
compromise the oxidative effect must need intense 
investigation which may be by the use of antioxidants in 
line with the antibiotic treatments, as well as tactic 
through studies for design and development of new 
quinolone derivatives with broader

 
antibacterial activity 

and better pharmaco-kinetics avoiding CNS side
 
effects. 
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