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The objective of the present work is to study the possible role of neurotransmitters in the central nervous 
system (CNS) side effects due to the administration of ciprofloxacin (80 mg/kg body weight) and gatifloxacin 
(32 mg/kg body weight) in male albino rats for 3, 7 and 14 days.The frontal cortex of ciprofloxacin and 
gatifloxacin treated groups revealed decrease of glutamate, γ-aminobutyric acid (GABA), dopamine and 
serotonin levels and elevation of aspartate, asparagine, glycine, serine and norepinepherine levels and 
acetylecholinestrase (AChE) activities in a time related effect. In the hippocampus area, the results varied in 
each antibiotic where in ciprofloxacin treated groups, there is an elevation of asparagine, GABA, glycine, 
serine, taurine, norepinepherine and dopamine levels and a reduction of glutamate, aspartate and serotonin 
levels and AChE activities in a time related effect. In gatifloxacin treated groups, there is an elevation of 
glutamate, aspartate, asparagine, GABA, glycine, taurine and norepinepherine and reduction in the levels of 
dopamine and serotonin and the AChE activities. The histopathological examinations showed sever 
congestion with perivascular oedema in the blood vessels and capillaries of cerebral cortex as well as of the 
hippocampus. Overall, the data suggest that there is a shift in the balance between neurotransmitters 
towards increased production of excitatory potency in groups subjected to ciprofloxacin or gatifloxacin 
administration. 
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INTRODUCTION 

 
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 central nervous  
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system (CNS) symptoms (Jose et al., 2007; Becnel et al., 
2009). Recent events have brought new attention to 
quinolone safety. Four quinolones have been withdrawn 
from the US market: temafloxacin, as a result of hemolysis, 
renal failure and hypoglycemia; trovafloxacin, as a result of 
hepatotoxicity; grepafloxacin, as a result of torsades de 
pointes; and sparfloxacin as a result of phototoxicity and 
torsades de pointes (Frothingham, 2005).  

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 or that may decrease the 
threshold of epileptogenic activity (Kushner et al., 2001; 
Kisa et al., 2005). On the other hand, ciprofloxacin 
induced seizures in healthy patients (Darwish, 2008).  

Gatifloxacin is one of the newer broad spectrum 
fluoroquinolones available and was approved by the US 
food and drug administration in December 1999. Ever 
since its release in the market, there have been 
numerous reports implicating gatifloxacin as a cause of 
dysglycemia. This prompted Bristol-Meyer Squibb Co. to 
list diabetes mellitus as a contraindication to gatifloxacin 
use in the US product labeling and Health Canada to 
issue an advisory against the use of gatifloxacin in 
patients with diabetes (Jose et al., 2007). Gatifloxacin 
showed to be equivalent to ciprofloxacin for the treatment 
of acute uncomplicated lower urinary tract infections 
(Naber et al., 2004).  

In recent years, extensive in vivo and in vitro 
experiments have been performed in an attempt to 
explain the CNS side effects of quinolones sometimes 
observed under therapeutic conditions. These effects 
include like dizziness, restlessness, tremor, insomnia, 
hallucinations, convulsions, anxiety and depression. 
However, the molecular target or receptor for such effects 
is still not exactly known. Extensive toxicological and 
biochemical experiments have been performed to explain 
the CNS effects observed under therapeutic conditions 
(Akahane et al., 1993; De Sarro et al., 1999; De Sarro 
and De Sarro 2001; Arafa et al., 2004). According to 
Freitas et al. (2004) and Cavalheiro et al. (2006), seizure 
activity of quinis associated with a wide range of local 
biochemical changes, affecting various neurotransmitters 
(monoamines, amino acids).  

Since status epilepticus is a life-threatening neurologic 
emergency which leads to neuronal degeneration of 
vulnerable brain regions, we decided to estimate the 
effect of antibiotics under investigation ciprofloxacin and 
gatifloxacin in concern with their previously investigated 
epileptogenic potential in the hippocampal and frontal 
cortical areas because the development of spontaneous 
seizures is characterized by paroxysmal activity initially 
localized in the hippocampal formation and spreading of 
paroxysmal activity from hippocampal to cortical 
recordings was demonstrated (Cavalheiro et al., 1991).  

The frontal 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 
(Kelly et al., 2002). Also, the frontal cortex and 
hippocampus suggested playing a role in inducing 
convulsions by quinolones (Motomura et al., 1991).  

The present study aims to throw light on the effect of 
either ciprofloxacin or gatifloxacin administration under 
therapeutic level in male albino rat on the concentrations 

 
 
 
 

 

of amino acid and monoamine neurotransmitters and 
acetylecholinesterase activities in the frontal cortex and 
hippocampus brain areas. The study aims to ascertain 
the effect of the two antibiotics administration for one, 
three, seven and fourteen days. Also the study extended 
to include the histopathological effect of the two 
antibiotics under investigation during the tested durations 
on cortical and hippocampal brain areas. 
 

 
MATERIALS AND METHODS 
 
Experimental animals 
 
This study was carried out on one hundred eight adult male albino 
rats (Rattus norvegicus) with average body weight ranged 100g ± 
20 g obtained from the Egyptian Institution of Serum and Vaccine 
(Helwan). The experiment conducted in the Department of 
Physiology in National Organization for Drug Control and Research 
(NODCAR). The male albino rats were housed in iron mesh cages 
with seven rats each. Clean sawdust was used to keep the animals 
dry and clean throughout the experimental periods. 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 
experiment. A commercial pelleted diet was used during the 
experiment and allowed with water ad libitum. 

 

Drug 
 
Ciprofloxacin (Cipro) (C17H18FN3O3•HCl•H2O), manufactured by 
Bayer healthcare pharmaceuticals, ciprofloxacin hydrochloride 

tablets and Gatifloxacin (TEQUIN) (C19H22FN3O4•1.5 H2O), 
manufactured by Bristol-Myers Squibb Company, The antibiotics 
were administered by gastric intubation technique daily for fourteen 
days. The administered doses calculated equivalent to the human 
therapeutic dose according to the Guidance for Industry and 
Reviewers (2002). 
 
 
Experimental design 
 
Animals were divided into three groups using random selection. The 
first group (n= 12 rats) were administered 2 ml of distilled water 
daily. The second group (n=48 rats) were administered 80 mg/100 g 
body weight ciprofloxacin dissolved in 2 ml water (cipro-treated 
rats). The gatifloxacin-treated rat groups (n=48 rats) were 
administered 32 mg/ 100 g body weight gatifloxacin dissolved in 2 
ml water. At the end of the experimental periods 3, 7 and 14 days, 
twelve animals sacrificed after 12 h from the last dose 
administration by rapid decapitation. The brains were dissected out 
quickly weighed and cleaned. Four brains from each treated group 
served for the histopathological examination according to Banchroft 
et al. (1996) and the rest eight brains for the biochemical analysis. 
There is a single control group representing the control of the study.  

The frontal cortex and hippocampus brain areas were separated 
and divided into two halves the first half served for 
acetylcholinesterase activity assay according to the modified of 
Ellman et al. (1961) method as described by Gorun et al. (1978) 
and the second half 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 contents of amino 
acids using the precolumn PTC derivatization technique according 
to method of Heinrikson and Meredith (1984) and monoamines 
neurotransmitters according to method described by Pagel et al. 
(2000). 
 

 

RESULTS 

 

Data presented in Table 1 recorded the effect of 
ciprofloxacin or gatifloxacin on amino acid neurotransmitters 
in the frontal cortex and hippocampus of male albino rats. 
The data showed a significant decrease of glutamic acid 
concentration in the frontal cortex as a result of treatment 
with ciprofloxacin and gatifloxacin throughout the 
experimental periods as compared to control. In 
hippocampus, the ciprofloxacin treated groups showed a 

significant decrease after the 7
th

 and 14
th

 days of the 

experimental periods as compared with the control. On the 
contrary, gatifloxacin treated groups exhibited a significant 

increase at 0.05 levels in the 3
rd

 and 14
th

 day’s groups as 

compared to control one.  
As regard to frontal cortex aspartic acid concentration, 

ciprofloxacin treatment produced a significant increase 
(P<0.05) throughout the experimental durations and the 
maximum effect achieved after 14 days while, gatifloxacin 
treated groups exhibited significant decrease (P<0.05) 

from the 3
rd

 day of administration throughout the 
experimental durations as compared to the control value. 
In the hippocampus tissue data showed significant 

decrease of aspartate level at the 3
rd

 and 7
th

 day in 

ciprofloxacin administered groups, but after the 14
th

 day 
of drug administration, aspartate level was elevated 
restoring to some extent its control value. Gatifloxacin 
administered groups, on the other hand, exhibited 

significant increase at 0.05 levels from the 3
rd

 to the 14
th

 
day groups as compared to control one.  

Asparagine level increased significantly in ciprofloxacin 

and gatifloxacin administed groups till the last 14
th

 day as 
compared to the control value in the frontal cortex and 
hippocampus.  
γ-aminobutyric acid (GABA) concentration decreased in 

the frontal cortex but increased in hippocampus 
significantly (P<0.05) as compared to the control level 

from the 3
rd

 day of either ciprofloxacin or gatifloxacin 

administered groups till the 14
th

 day post- administration.  
Glycine concentration in the frontal cortex increased 

significantly (P<0.05) as compared to the control level 

from the 3
rd

 day of ciprofloxacin (Cip) administration till 
the end of the experimental periods, but it was increased 

significantly (P<0.05) only at the 14
th

 day as compared to 
the control level post gatifloxacin (Gati) administration. In 

the ciprofloxacin groups but only to the 7
th

 day in 
gatifloxacin ones.  

Taurine level decreased significantly (P<0.05) post- 

 
 

  
 
 

 

ciprofloxacin administration for 7 doses and the continuity 
of the drug administration till the 14 days reflected 
insignificant increase in taurine level as compared to that 
of the control group in the frontal cortex but gatifloxacin 
administration showed only significant decrease at the 
last dose administered. In hippocampus, the data showed 

significant increase at the 3
rd

 and 14
th

 experimental 

periods post-ciprofloxacin administration in the taurine 
levels as compared to the control value. Gatifloxacin 
administration showed significant increase in the taurine 
level (P<0.05) in all treated groups as compared to 
control level.  

The data in Table 2 recorded the effect of ciprofloxacin 
or gatifloxacin on monoamine neurotransmitters in the 
frontal cortex and hippocampus of male albino rats.  

Norepinepherine level was significantly decreased 

(P<0.05) after the 3
rd

 dose of ciprofloxacin or gatifloxacin 

treatments as compared to the control level till the 14
th

 
day administered groups in the frontal cortex. In contrast 
to that of the frontal cortex, norepinepherine 
concentration in hippocampus exhibited a significant 

increase in from the 3
rd

 till the 14
th

 day’s ciprofloxacin or 
gatifloxacin administered groups as compared to the 
control concentration.  

Dopamine contents showed significant decreases 

(P<0.05) in the frontal cortex at the 7
th

 and 14
th

 days of 
either ciprofloxacin or gatifloxacin administration as 
compared to the control value. In the hippocampus, the 
data showed significant increase in dopamine level after 

the 3
rd

 day till the 14
th

 day of ciprofloxacin administration 
but gatifloxacin administration exhibited a significant 

decrease only at the 7
th

 dose administered.  
As regard to the frontal cortex serotonin level, 

ciprofloxacin administration showed significant decrease 

(P<0.05) in its level after the 3
rd

 and 7
th

 doses as 
compared to the control one and increased significantly 

after the 14
th

 day of experimental duration. Gatifloxacin 
administration showed significant decrease in the 

serotonin level from the 3
rd

 till the 14
th

 day administered 
group as compared to the control value.  

In the hippocampus, serotonin concentration showed 

significant decrease from the 7
th

 till 14
th

 day’s 
ciprofloxacin administered groups as compared to the 
control concentration. In the same trend, gatifloxacin 
administration exhibited significant decrease at 0.05 level 

in serotonin level from the 3
rd

 duration value to the 14
th

 
day’s groups as compared to control one.  
Acetylcholinesterase activity recorded in the frontal 

hippocampus the data showed significant increase from 

the 3
rd

 day in ciprofloxacin and gatifloxacin administered 

groups as compared to control level till the 14
th

 day in 
cortex showed dose response significant increase 

(P<0.05) in AchE activity from the 3
rd

 ciprofloxacin or 
gatifloxacin dose administered achieving the maximum 

activity in the 14
th

 doses of both treatments as compared 



 
 
 

 
Table 1. Effect of ciprofloxacin or gatifloxacin administration on amino acid neurotransmitters contents in rat frontal cortex and 
hippocampus.  

 
   Frontal cortex   Hippocampus  

 

Item Group   Experimental duration (days)   
 

  3 7 14 3 7 14 
 

 C 9.02±0.25 9.02±0.62 9.02±0.62 9.84±0.75 9.83±0.75 9.83±0.75 
 

Glutamic acid Cip 6.44±0.19* 6.64±0.31* 8.35±0.66*
ab

 9.86±0.620 8.65±0.15*
a
 8.22±0.63*

ab
 

 

 Gati 6.33±0.15* 5.25±0.10
*a

 6.09±0.25*
b
 10.80±0.59

*
 10.26±0.48 12.30±0.22*

ab
 

 

 C 2.18±0.10 2.18±0.10 2.18±0.10 1.93±0.13 1.93±0.13 1.93±0.13 
 

Aspartic acid Cip 3.15±0.23* 2.89±0.15
*a

 3.55±0.31*
ab

 1.76±0.09* 1.23±0.07*
a
 1.97±0.04

ab
 

 

 Gati 1.86±0.08* 2.43±0.11
*a

 2.89±0.16*
ab

 1.81±0.13* 2.10± 0.11*
a
 2.13±0.05

*a
 

 

 C 0.43±0.03 0.43±0.03 0.43±0.03 0.18±0.01 0.18±0.01 0.18±0.01 
 

Asparagine Cip 0.52±0.04* 0.51±0.04
*
 0.76±0.06*

ab
 0.25±0.01* 0.29±0.02

*a
 0.21±0.01*

ab
 

 

 Gati 0.42± 0.02 0.53±0.03
*a

 0.55±0.04*
a
 0.29±0.02* 0.21±0.01*

a
 0.33±0.01*

ab
 

 

 C 0.47±0.04 0.47±0.04 0.47±0.04 0.23±0.02 0.23±0.02 0.23±0.02 
 

Serine Cip 0.49±0.04 0.45± 0.04
a
 0.55±0.04*

ab
 0.21±0.02 0.20±0.01

*
 0.32± 0.01*

ab
 

 

 Gati 0.38±0.02* 0.56±0.03
*a

 0.74±0.04*
ab

 0.20±0.01* 0.21±0.02
*
 0.21± 0.01

*
 

 

 Cip 2.47±0.11 2.47±0.11 2.47±0.11 1.92±0.17 1.92±0.17 1.92±0.17 
 

GABA Gati 1.58±0.10* 1.51±0.04* 1.70±0.15*
ab

 2.79±0.24* 2.87±0.16
*
 2.52±0.08*

ab
 

 

  1.26±0.01* 1.38±0.06*
a
 1.45±0.04*

a
 2.94±0.15* 3.02±0.25

*
 3.02±0.09* 

 

 C 1.71±0.15 1.71±0.15 1.71±0.15 0.99±0.06 0.99±0.06 0.99±0.06 
 

Glycine Cip 2.31±0.15* 2.13±0.08*
a
 2.34±0.24*

b
 1.32±0.05* 1.12±0.01

*a
 1.70±0.14*

ab
 

 

       
 

 Gati 1.64±0.02 1.76±0.08 1.88±0.11*
a
 1.33±0.01* 1.11±0.06

*a
 1.05±0.04

a
 

 

 C 2.00±0.12 2.00±0.12 2.00±0.12 3.36±0.27 3.36±0.27 3.36±0.27 
 

Taurine Cip 1.98±0.14 1.78±0.07*
a
 2.12±0.19

ab
 3.59±0.22* 3.27±0.15

a
 4.01±0.20*

ab
 

 

 Gati 1.95±0.02 1.99±0.05 1.58±0.06
*ab

 4.04±0.07
*
 4.17±0.15

*
 3.84±0.20

*b
 

  
The results are presented as means ± standard deviation, n = 8 rats. *, significant change from the corresponding control value, 

a
, significant 

change from the 3 days of treatment group, 
b
, significant change from the 7days of treatment group at 0.05 level.C, control. 

 
 

Table 2. Effect of ciprofloxacin or gatifloxacine administration on monoamine neurotransmitters contents and acetylcholinesterase 
enzyme activity in rat frontal cortex and hippocampus.  

 
  Frontal cortex   Hippocampus  

Item Group Experimental durations (days)    

 (n=8) 3 7 14 3 7 14 

 C 1.06±0.01 1.06±0.01 1.06±0.01 0.56±0.13 0.56±0.13 0.56±0.13 

Norepinepherine Cip 0.84±0.07* 0.92±0.08
*a

 0.85±0.01*
ab

 0.73±0.06* 0.982±0.09*
a
 0.99±0.09*

a
 

 Gati 0.72±0.04* 0.72±0.06* 0.86±0.05*
ab

 0.90±0.07* 0.77±0.05*
a
 0.70±0.06*

a
 

 C 3.36±0.23 3.36±0.23 3.36±0.23 0.66±0.11 0.66±0.11 0.66±0.11 

Dopamine Cip 3.25±0.14 2.43±0.04*
a
 1.71±0.09*

ab
 1.60±0.14* 1.65±0.13* 0.92±0.04*

ab
 

 Gati 2.75±0.12* 2.74±0.23* 3.00±0.15
*ab

 0.65±0.03 0.53±0.02
*a

 0.61±0.04 

 C 85.40±7.71 85.40±7.71 85.40±7.71 244.80±18.36 244.80±18.36 244.80±18.36 

Serotonin Cip 31.80±3.58* 54.90±5.62*
a
 93.50±13.38*

ab
 234.00±10.00 161.60±16.71*

a
 223.70 ± 21.02*

b
 

 Gati 58.00±2.62* 49.60±4.21*
a
 78.30±5.47

*ab
 222.60±17.04* 208.50±5.40* 200.10±15.64*

a
 



 
        

Table 2. Contd.         
         

 C 13.27±0.81 13.27±0.81 13.27±0.81 17.52±0.62 17.52±0.62  17.52±0.62 

AChE Cip 17.75±1.46* 23.39±1.07*
a
 32.30±2.30*

a
b 14.43±0.79* 13.48±0.85* 12.57±1.07*

a
 

 Gati 16.02±2.23* 19.99±2.29*
a
 21.11±1.90*

a
 15.45±0.92* 14.70±0.71* 12.90±0.94*

ab
 

 
The results are presented as means ± standard deviation, n = 8 rats. *, significant change from the corresponding control value, 

a
,
,
 significant 

change from the 3 days of treatment group, 
b
, significant change from the 7days of treatment group at 0.05 level. C, control.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Normal histology of cerebral cortex (CC) and 
covering meninges (m) (H and E x-40).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Three days cip showing vacuolation in the brain 
cerebral matix (arrow) associated with congestion of the 
blood vessels (v) and perivascular oedema (O). (H and E x-
160). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Normal rat histology of hippocampus (hc). (H and 
E x-40). 

 
 

 

to the control enzyme activity. On the contrary, in the 
hippocampus, the data showed significant decrease in 

AchE activity from the 3
rd

 till the 14
th

 days of ciprofloxacin 
or gatifloxacin administration.  

The hispopathological examination the response of 
cortex and hippocampus cells to ciprofloxacin and 

 
 

 

gatifloxacin administration at different durations is clearly 
investigated. The consequence damage to the cortical 
area of ciprofloxacin administered animals showed from 

the 3
rd

 dose are vacuolation associated with congestion 
and perivascular oedema in the blood vessels and the 
meninges showed vascular congestion. Congestion with 
perivascular oedema in the blood vessels and capillaries 
of cerebral cortex achieved its severe stage at the final 

14
th

 day of ciprofloxacin administration. Also the cerebral 
matrix showed diffuse gliosis. Hippocampus of 

ciprofloxacin-administered animals showed from the 3
rd

 
dose congestion in the blood vessels attained the severe 
congestion with perivascular oedema in the blood vessels 
and capillaries of the hippocampus at the last examined 
duration of drug administration (Figures 1 to 8).  

Gatifloxacin from the 3
rd

 dose revealed moderate 
changes in the cerebral cortex in the form of neuronal 
degeneration, diffuse gliosis, and congestions with 
perivascular oedema in the blood vessels and capillaries 
with focal gliois at the end of the experiment. 
Hippocampus of gatifloxacin administered animals 
showed congestion in the blood vessels and capillaries, 
degeneration in the some hippocampal neurons after 

the3
rd

 dose. The hippocampus showed vacuolation in the 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Three days cip showing congestion of blood vessels 
and capillaries (arrow) with perivascular oedema in the 
hippocampus. (H and E x-40).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5. Seven days cip showing vacuolation of cerebral 
matrix (v), diffuse gliosis (arrow). (H and E x-40).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7. Fourteen days cip showing congestion of blood 
vessels with perivascular oedema in the hippocampus. (H and 
E x-40).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Fourteen days cip showing the magnification of 
figure (12) to identify the congestion and perivascular oedema 
of blood vessels in the hippocampus (arrow). (H and E x-160). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6. Fourteen days cip showing sever congestion of 
cerebral blood vessels with perivascular oedema. (H and E 
x-40). 

 
 

 

tissue matrix with degeneration in the neuronal cells and 
congestion in the blood vessels and capillaries at the last 
dose group of gatifloxacin-administered rat (Figures 9 to 
15). 
 

 

DISCUSSION 

 

In the present study the response of cortex and 

hippocampus areas to ciprofloxacin and gatifloxacin at 

different durations are clearly investigated through the 

determined amino acids and monoamines neuro-

transmitters and the recorded activities of the 

acetylcholinesterase enzyme. The excitatory potencies of 

ciprofloxacin and gatifloxacin recorded throw the elevation 



   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 9. Three days gati showing diffuse gliosis in the cerebral 
matrix (C). (H and E x-64).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 10. Three days gati showing congestion with perivascular 
oedema in the hippocampus blood vessels and capillaries (arrow). 
(H and E x-64).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11. Three days gati showing degeneration of some 
neuronal cells in the hippocampus (arrow). (H and E x- 160). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 12. Seven days  gati  showing  vacuolation  in  the  
hippocampus tissue  matrix  (hc) with  degeneration in  the 
neuronal cells (arrow). (H and E x- 160).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 13. Fourteen days gati showing congestion of blood 
vessels and capillaries of the cerebral cortex with perivascular 
oedema (V) and diffuse gliosis (arrow). (H and E x- 64).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 14. Fourteen days gati showing focal gliois (n) in the 
cerebral cortex. (H and E x- 64). 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 15. Fourteen days gati showing congestion in the blood 
vessels (V) in hippocampus. (H and E x- 160). 

 
 

 

of aspartate and asparagine levels and the increase of 
the activities of AChE in spite of decrease of glutamate 
and monoamines levels in the cortical area as a result of 
either ciprofloxacin or gatifloxacin administrations in a 
time related effect. In addition, there was decrease of 
GABA and alanine levels in a manner as the 
aforementioned effect.  

The excitatory potencies of the antibiotics under 
investigation varied as regard to the hippocampus area 
where ciprofloxacin in the hippocampus area recorded 
elevation of asparagines, GABA, glycine, taurine, 
norepinepherine and dopamine levels but decrease of 
glutamate and serotonin levels in a time related effect. In 
addition there are decreases of AChE activities and 
aspartate, glutamate levels in a dose related effect. But in 
case of gatifloxacin treated groups in the hippocampus 
area shows elevation of aspartate, glutamate,  
asparagines, GABA, glycine, taurine and 
Norepinepherine. Also there are decreases in the 
activities of AChE and the levels of dopamine and 
serotonin.  
The previous findings, which recorded herein in brain 

cortical areas from groups subjected to the antibiotics, 
are in line with alterations in extrahippocampal regions in 
epileptic rat models as previous experimental findings 
have also demonstrated that the cortex damaged with 
diffuse gliosis in different animal models of acute limbic 
seizures. This alterations support the hyperexcitability 
with GABAergic inhibition, which could play a crucial role 
in seizure generation and expression in epileptic rat 
models (Silva et al., 2002).  

The alterations in the hippocampus area evidence 
provided links early seizures with the later development 
of epilepsy and selective hippocampal neuronal loss (Koh 
et al., 1999). Also kindled seizures are associated with a 
selective degeneration of cortical and hippocampal areas 

 
 
 
 

 

(Szyndler et al., 2006) which supported by the elevation 
of GABA levels in hippocampus tissues of both antibiotics 
treated groups which in line with that recorded in kianic 
acid induced seizure rat animal model (Bruhn et al., 
1992) and the assumption of Gale (1992) about the 
increase of GABAergic transmission can induce 
excitatory effects.  

The anexiogenic effects due to ciprofloxacin and 
gatifloxacin may be supported through the recorded 
changes in the concentrations of frontal cortex amino 
acids. There were decreases in GABA and glutamate 
levels with a concomitant increase in aspartate, 
asparagine, glycine, serine and alanine contents which 
similar to those recorded in the frontal cortex of epileptic 
rat models (Craig and Hartman, 1973; Li et al., 2000; 
Szyndler et al., 2006).  

The regional differences in GABA level and 
acetylcholinesterase activity between decrease of GABA 
level and increase of AChE activity in the cortical area 
and increase of GABA level and decrease of AChE 
activity in the hippocampal area in both antibiotics treated 
groups in a dose related effect which mimics that 
predicted in rat epileptic models (Appleyard et al., 1986) 
and support the proconvulsant effect of the quinolones 
previously discussed (Smolders et al., 2002)  

Experimental manipulations suggest that in vivo 
administration of cholinergic agonists or inhibitors of 
AChE increases the concentration of acetylcholine. 
Biochemical studies have proposed a role for AChE in 
brain mechanisms responsible by development to status 
epilepticus through decrease in the AChE activity in the 
hippocampus (Freitas et al., 2006)  

It is evident from the present study that ciprofloxacin 
and gatifloxacin administered groups recorded significant 
decrease in the cortical main inhibitory amino acid GABA 
levels throughout the experimental periods in a dose 
related effect. GABA the principal inhibitory 
neurotransmitter in the cerebral cortex maintains the 
inhibitory tone that counterbalances neuronal excitation. 
When this balance is perturbed, seizures may ensue. 
GABA is formed within GABAergic axon terminals and 
released into the synapse, where it acts at one of two 
types of receptor: GABAA, which controls chloride entry 
into the cell, and GABAB, which increases potassium 
conductance, decreases calcium entry, and inhibits the 
presynaptic release of other transmitters. GABAA-
receptor binding influences the early portion of the GABA-
mediated inhibitory postsynaptic potential, whereas 
GABAB binding influences the late portion. GABA is 
rapidly removed by uptake into both glia and presynaptic 
nerve terminals and then catabolized by GABA 
transaminase. Experimental and clinical study evidence 
indicates that GABA has an important role in the 
mechanism of epilepsy as abnormalities of GABAergic 
function have been observed in genetic and 



 
 
 

 

acquired animal models of epilepsy, reductions of GABA-
mediated inhibition, activity of glutamate decarboxylase, 
binding to GABAA and benzodiazepine sites. GABA 
antagonists produce seizures and drugs that inhibit 
GABA synthesis cause seizures (Treiman, 2001).  

Reduction in inhibitory control due to loss of GABAergic 
interneurons, and a decrease in GABA levels and 
GABAA receptor sensitivity leads to cortex 
hyperexcitability as GABAergic neurotransmission and 
epilepsy has long been recognized. Inhibition of GABAA 
receptors triggers acute seizures (Prince, 1978; Olsen 
and Avoli, 1997; Armijo et al., 2002).  

The role of γ-aminobutyric acid (GABA) in anxiety is 
well documented (Davis et al., 1994) Some studies 
indicate that fluoroquinolones function as GABA receptor 
antagonists, (Unseld et al., 1990) and the epileptogenic 
action of quinolones has been proposed to be related to 
the GABA-like structure of ring substitutes. Quinolones 
have an inhibitory effect on the receptor binding of 
GABAA, and may thus exert an inhibitory CNS stimulant 
action (Akahane et al., 1994; Imanishi et al., 1995). 
Benzodiazepine agonists have been reported to 
attenuate the central stimulating effects of ciprofloxacin 
and pefloxacin (Unseld et al., 1990) Likewise, they 
potentiate chemically-induced convulsions, which could 
be antagonised by benzodiazepines. (Enginar and 
Eroğlu, 1991) The adenosine or GABAA receptor has 
therefore been proposed as a possible target for 
ciprofloxacin (Dodd et al., 1988).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 elevated 
hippocampual glutamate level in the gatifloxacin 
subjected groups.  

The decreased glutamate level in the cortical area of 
either ciprofloxacin or gatifloxacin treated groups and the 
ciprofloxacin treated group hippocampus area, may be 
explained as fluoroquinolones did not bind to the 
glutamate or glycine-binding site of the N-methyl-D-
aspartate (NMDA) receptor. It has been shown that 
fluoroquinolones decrease blocking effects of Mg2+ and 
MK-801 binding to the NMDA receptor. 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 Mg2+ block in the ion channel. This 
would prolong the opening time of the channel, thus 
increasing intracellular Ca2+ concentration in the neurons 
(Sen et al., 2007).  

The decrease of glutamate and increase of aspartate 
may be explained through the glucose homeostasis 
abnormalities (dysglycemia) associated with the use of 

 
 

  
 
 

 

gatifloxacin (Onyenwenyi et al., 2008) as aspartate 
seems to selectively activate the NMDA type of 
Glutamate receptors (Curras and Dingledine, 1992). 
Electrophysiological experiments using hippocampal 
slices have demonstrated that when glucose 
concentration was reduced, stimulation of the Schaffer 
collaterals gave an Aspartic-mediated NMDA response 
(Fleck et al., 1993), indicating a functional role of Asp  
released from excitatory nerve endings. 
Immunocytochemistry has detected NMDA receptors in 
target neuronal cell bodies and dendritic spines contacted 
by the type of nerve endings shown here to be enriched 
with Asp during hypoglycemia (Takumi et al., 1999). In 
hippocampal neurons, a larger number of quanta 
transmitters are signaled through NMDA receptors than 
through alpha amino 3-hydroxy 5-methyl 4-
isoxazoleproprionic acid receptors, and during repetitive 
neuronal firing some of the released transmitter can spill 
over from the synaptic cleft to activate extrasynaptic 
NMDA receptors (Kullmann et al., 1996). Thus, leakage 
of aspartate not only from excitatory but also from 
inhibitory synapses during conditions of high neuronal 
activity, in which the release of aspartate is, enhanced 
(Szerb, 1988), may reach NMDA receptors at nearby 
sites and cause an enhanced NMDA receptor response 
during these conditions. Thus, aspartate could play an 
important role in physiologic and pathologic types of 
NMDA receptor-mediated transmission. Could such an 
aspartate-induced NMDA receptor response be involved 
in hypoglycemic neuronal death? Neurons susceptible to 
hypoglycemia comprise dentate granule cells, pyramidal 
cells in CA1 of hippocampus, and striatal neurons (Auer 
et al., 1984).  

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). In line with this is the recent 
demonstration in hippocampal neurons that excitotoxicity 
was not only caused by activation of NMDA receptors at 
the postsynaptic density but also by activation of NMDA 
receptors at extrasynaptic sites (Sattler et al., 2000).  

The elevated level of glycine in cortical and 
hippocampus areas of rats subjected to ciprofloxacin or 
gatifloxacin may be declared the effect of the inhibitory 
neurotransmitter glycine on slow destructive processes in 
brain cortex slices under anoxic conditions as glycine, the 
simplest of the amino acids, is an essential component of 
important biological molecules, a key substance in many 
metabolic reactions, the major inhibitory neurotransmitter 
in the spinal cord and brain stem, and an anti-
inflammatory, cytoprotective (Gundersen et al., 2005; 
Tonshin et al., 2007). In hippocampus area the experi-
mental model of epilepsy during kianic acid induced 



 
 
 

 

epilepsy the results indicated that the levels of glutamate, 
aspartate, glycine and GABA were statistically increased 
in rat's hippocampus (Liu and Cheng, 1995) which is in 
line with our hippocampal results in ciprofloxacin or 
gatifloxacin treated groups supporting body of studies  
about proconvulsant and anxiogenic effects of 
ciprofloxacin and gatifloxacin (Quigley and Lederman, 
2004; Bharai et al., 2008) and epileptogenic potential 
(Koussa et al., 2007) which extended to that long term 
administration of gatifloxacin for 14 days was found to 
indicate movement impairing effect in mice (Bharai et al., 
2008).  

Metabolic actions of taurine include: bile acid 
conjugation, detoxification, membrane stabilization, 
osmoregulation, and modulation of cellular calcium levels. 
Clinically, taurine has been used with varying degrees of 
success in the treatment of a wide variety of conditions, 
including: cardiovascular diseases, hypercholesterolemia, 
epilepsy and other seizure disorders, macular 
degeneration, Alzheimer's disease (Birdsall, 1998). 
 

About the taurine detected levels which increased and 
these may be related to the extracellular increased levels 
of excitatory amino acids which led to neuronal, glial and 
endothelial impairment through the NMDA receptors 

activation and the increase of the intracellular Ca
2+

 
concentration which is a signal for taurine release, which 

in turn blocks NMDA-evoked Ca
2+

 entry. This increase in 
the extracellular taurine level serves a neuromodulator 

that protects against cell damage from the Ca
2+

 influx 

which followed by Cl
-
 influx resulting in cell swelling and 

eventually cell death (Yang et al., 1997). Hence taurine, a 
volume regulating amino acid, increased inducing cell 
swelling as predicted through the level of taurine 
measured or the histopathological examination and this is 
in agreement with Stover et al. (1997). The increased 
taurine levels in the hippocampus may involve processes 
for membrane stabilization, thus favoring recovery after 
neuronal hyperactivity. In the hippocampus of epileptic 
patients found increases in taurine, glutamate, aspartate 
during seizures (Wilson et al., 1996) also it was reported 
that the intraperitoneal injection of taurine blocked the 
convulsive seizure in rat cortex (Batuev et al., 1997).  

Thus the herein recorded increase in taurine levels 
could be explained as involvement in the modulation of 
spontaneous recurrent seizure activity (Baran, 2006).  

It has been suggested that the biogenic amines such as 
Norepinepherine, dopamine and serotonin play important 
role in the manifestation and inhibition of convulsions 
since several animal models of convulsion may be 
significantly affected by modifying the levels or 
availabilities of these amines in the brain.  

The effect of brain amines on convulsion has been 
demonstrated to differ depending on the method of 
seizure induction. However, there are virtually no detailed 

 
 
 
 

 

studies investigating the relationship between the type of 
stimulation used for convulsion induction and the effects 
on brain amines. The main reason is due to the 
differences of neurons participated in the response to the 
given stimuli to elicit the convulsions. For example the 
electrical stimulation none selectively stimulates almost 
all kinds of neurons with different neurotransmitters while 
the chemical stimulation can distinguish the specialized 
receptor to make an excitation in the brain so 
monoamines in the hippocampal seizure discharge are 
very much dependant on the type of stimulation 
employed (Nishi et al., 1981; Meldrum, 1991). It was 
found in the kindling model of epilepsy, for instance, 
Norepinepherine and serotonin depletion have been 
shown to facilitate development of seizures in rats 
(Corcoran and Mason, 1980; Cavalheiro et al., 1981; 
Bortolotto and Cavalheiro, 1986), and increased 
Norepinepherine concentration in hippocampus of rats 
subjected to kindling has been demonstrated by 
microdialysis (Kokaia et al., 1989). The levels of biogenic 
amines such as dopamine, serotonin and nor-adrenaline 
in the forebrain region seizures induced by Maximal 
Electro shock (MES) method in rats (Balamurugan et al., 
2009). Bidziński et al. (1998) concluded that there is a 
functional interaction between brain serotonin and GABA 
systems, both at behavioral and biochemical levels, that 
is involved in the motor activity habituation process due to 
the effect of serotonin depletion in GABAA receptor 
down-regulation.  

Monoamines levels recorded in the tested antibiotics 
shows reduction in norepinepherine, dopamine and 
serotonin in the frontal cortex in the ciprofloxacin and 
gatifloxacin treated groups. But in hippocampus there are 
elevations in Norepinepherine and dopamine and 
reduction of serotonin levels in ciprofloxacin subjected 
groups. On the other hand there is elevation of 
norepinepherine and reduction of dopamine levels in the 
gatifloxacin treated groups. These data may be validated 
the seizure induction through the assumption about the 
pharmacological treatments that lowering monoamine 
levels in the brain generally increase the susceptibility to 
seizures, while treatments that increase monoamines 
decrease the susceptibility (Kiyofumi and Akitane, 1977). 
The data recorded about monoamines in the tested 
antibiotics may be a supplement data to the previously 
mentioned seizure inducing activity of quinolones (Ooie et 
al., 1997; Moorthy et al., 2008; Agbaht et al., 2009).  

Overall, these data suggest that there is a shift in the 
balance between neurotransmitters towards increased 
production of excitatory amino acids, and this may be 
triggering seizure in rat model (Szyndler et al., 2008). The 
excitatory potency reported effect of quinolones 
evaluated through the elevation of aspartic acid, 
asparagine and norepinepherine in addition to the 
reduction of the GABA level and in the frontal cortex and 



 
 

 

reduction of the GABA level and in the frontal cortex and 
elevation of Norepinepherine contents in hippocampus 
tissue in groups subjected to ciprofloxacin. Also the 
recorded AChE enzyme activity reduced in hippocampus 
gatifloxacin administration excitatory potency recorded 
through elevation of frontal cortex Norepinepherine and 
glutamic acid and Norepinepherine levels in hippocampus 
tissues. Also the recorded AChE enzyme activity reduced 
in hippocampus.  

Therefore, the design and development of new 
quinolone derivatives with broader antibacterial activity 
and better pharmaco-kinetics avoiding CNS side effects 
are attractive therapeutic goals. In addition, although 
further studies are needed to investigate the mechanism 
that causes the CNS side effects of quinolones, 
physicians should consider the possible epileptogenic 
activity of these compounds when treating patients with 
predisposing epileptic factors or when the penetration of 
quinolones into the brain via a damaged blood-brain 
barrier is enhanced. Thus dosing modifications and 
awareness of possible central nervous system adverse 
effects are warranted. 
 

 
REFERENCES 
 
Agbaht K, Bitik B, Piskinpasa S, Bayraktar M, Topeli A (2009). 

Ciprofloxacin-associated seizures in a patient with underlying 
thyrotoxicosis: Case report and literature review. Int. J. Clin. 
Pharmacol. Ther., 47(5): 303-310. PMID: 19473592 

Akahane K, Kato M, Takayama S (1993). Involvement of Inhibitory and 
Excitatory Neurotransmitters in Levofloxacin- and Ciprofloxacin-
Induced Convulsions in Mice. Antimicrob. Agents Chemother., 37(9): 
1764-1770. PMID: 7902066 PMC188067.  

Akahane K, Tsutomi Y, Kimura Y, Kitano, Y (1994). Levofloxacin, an 
optical isomer of ofloxacin, has attenuated epileptogenic activity in 
mice and inhibitory potency in GABA receptor binding. 
Chemotherapy, 40: 412-417. PMID: 7842825  

Ang CW, Carlson GC, Coulter DA (2006). Massive and specific 
dysregulation of direct cortical input to the hippocampus in temporal 
lope epilepsy. J. Neurosci., 26(46): 11850-11856. PMID: 17108158 
PMCID: PMC2175390 Free PMC Article  

Appleyard ME, Green AR, Smith AD (1986). Acetylcholinesterase 
activity in regions of the rat brain following a convulsion. J. 
Neurochem., 46: 1789- 1793. PMID: 3701331  

Armijo JA, Valdizan EM, De Las Cuevas I, Cuadrado A (2002). 
Advances in the physiopathology of epileptogenesis: Molecular 
aspects. Rev Neurol., 34(5): 409-429. PMID: 12040510  

Auer RN, Wieloch T, Olsson Y, Siesjö BK (1984). The distribution of 
hypoglycemic brain damage. Acta Neuropathol. (Berl), 64: 177–191. 
PMID: 6496035  

Balamurugan G, Muralidharan P, Selvarajan S (2009). Anti Epileptic 
Activity of Poly Herbal Extract from Indian Medicinal Plants. J. Sci. 
Res., 1(1): 153-159. DOI: 10.3329/jsr.v1i1.1057  

Ball P, Mandell L, Niki Y, Tillotson G (1999). Comparative tolerability of 
the newer fluoroquinolone antibacterials. Drug Safety, 21: 407–421. 
PMID: 10554054  

Banchroft JD, Stevens A, Turner DR (1996). Theory and practice of 
histological techniques. Fourth Ed. Churchil Livingstone, New York, 
London, San Francisco, Tokyo. Pub. Date: January 1996; ISBN-13: 
9780443047602-Publisher: Elsevier Health Sciences, ISBN:  
044304760X 

Baran H (2006). Alterations of taurine in the brain of chronic kainic acid 

 
 

  
 

 
epilepsy model. Amino Acids, 31: 303–307. PMID: 16622602  
Batuev AS, Bragina TA, Aleksandrov AS, Riabinskaia, EA (1997). 

Audiogenic epilepsy: a morphofunctional analysis. Zh-Vyssh-Nerv-
Deiat-Im-I-P-Pavlova, 47(2): 431-438. PMID: 9173746  

Becnel Boyd L, Maynard MJ, Morgan-Linnell SK, Horton LB, Sucgang 
R, Hamill RJ, Jimenez JR, Versalovic J, Steffen D, Zechiedrich L 
(2009). Relationships among ciprofloxacin, gatifloxacin, levofloxacin, 
and norfloxacin MICs for fluoroquinolone-resistant Escherichia coli 
clinical isolates. Antimicrob. Agents Chemother, 53(1): 229-234. 
PMID: 18838594  

Bharai N, Gupta S, Khurana S, Mediratta PK, Sharma KK (2008). 
Anxiogenic and proconvulsant effect of gatifloxacin in mice. Eur. J. 
Pharmacol., 580(1-2): 130-134. PMID: 18022617  

Bidziński A, Siemiatkowski M, Członkowska A, Tonderska A, Płaźnik A 
(1998). The effect of serotonin depletion on motor activity habituation, 
and [3H] muscimol binding in the rat hippocampus. Eur. J. 
Pharmacol., 353(1): 5-12. PMID: 9721034  

Birdsall TC (1998). Therapeutic applications of taurine. Altern. Med. 
Rev., 3(2): 128-136. PMID: 9577248  

Bortolotto ZA, Cavalheiro EA (1986). Effect of DSP4 on hippocampal 
kindling in rats. Pharmacol. Biochem. Behav., 24: 777-779. PMID: 
3703913 

Bruhn T, Cobo M, Berg M, Diemer NH (1992). Limbic seizure-induced 
changes in extracellular amino acid levels in the hippocampal 
formation: a microdialysis study of freely moving rats. Acta Neurol. 
Scand., 86(5): 455 – 461. PMID: 1362314  

Cavalheiro EA, Elisabetsky E, Campos CJR (1981). Effect of brain 
serotonin level on induced hippocampal paroxysmal activity in rats. 
Pharmacol. Biochem. Behav., 15: 363-366. PMID: 6457305  

Cavalheiro EA, Fernandes MJ, Turski L, Naffah-Mazzacoratti MG 
(2006). Spontaneous recurrent seizures in rats: Amino acid and 
monoamine determination in the hippocampus. Epilepsia, 35(1): 1-
11. PMID: 8112229 

Cavalheiro EA, Leite JP, Bortolotto ZA, Turski WA, Ikonomidou C, 
Turski L (1991). Long-term effects of pilocarpine in rats: structural 
damage of the brain triggers kindling and spontaneously recurrent 
seizures. Epilepsia, 32: 778-782. PMID: 1743148  

Corcoran ME, Mason ST (1980). Role of forebrain catecholamines in 
amygdaloid kindling. Brain Res., 190: 473-484. PMID: 7370800  

Craig CR, Hartman ER (1973). Concentration of amino acids in brain of 
cobalt Epileptic rat. Epilepsia (Amest), 14: 409-414. PMID: 4521097 

Curras MC, Dingledine R (1992). Selectivity of amino acid transmitters  
acting at N-methyl-D-aspartate and amino-3-hydroxy-5-methyl-4-
isoxazolepropionate receptors. Mol. Pharmacol., 41: 520–526. PMID: 
1372086  

Darwish T (2008). Ciprofloxacin-induced seizures in a healthy patient. 
N. Z. Med J., 121(1277): 104-105. PMID: 18677343  

Davis M, Rainnie D, Cassell M (1994). Neurotransmission in the rat 
amygdala related to fear and anxiety. Trends Neurosci., 17: 208-214. 
PMID: 7520203  

De Sarro A, De sarro G (2001). Adverse reactions to fluoroquinolones. 
An overview on mechanistic aspects. Current Med. Chem., 8(4): 371-
384. PMID: 11172695 

De Sarro A, Cecchetti V, Fravolini V, Naccari F, Tabarrini O, De sarro  
G (1999). Effects of novel 6-desfluoroquinolones and classic 
quinolones on pentylenetetrazole-induced seizures in mice. 
Antimicrob. Agents and Chemother., 43 (7): 1729–1736. PMID: 
10390231 PMCID: PMC89352.  

Dodd PR, Davies LP, Watson WE (1988). Neurochemical studies on 
quinolone antibiotics: effects on glutamate, GABA and adenosine 
systems in mammalian CNS. Pharmacol. Toxicol., 64: 404-11. PMID: 
2771865 

Ellman GL, Courtney KD, Andres V, Featherstone RM (1961): A new 
and rapid colorimetric determination of cholinesterase activity. 
Biochem. Pharmcol., 7: 88-95. PMID: 13726518  

Enginar N Eroğlu L (1991). The effect of ofloxacin and ciprofloxacin on 
pentylenetetrazol-induced convulsions in mice. Pharmacol. Biochem. 
Behav., 39:587-589. PMID: 1784588 

Fleck MW, Henze DA, Barrionuevo G, Palmer AM (1993). Aspartate and 



 
 
 
 
Liu J, Cheng, J (1995). Changes of amino acids release in rat's 
glutamate mediate excitatory synaptic transmission in area CA1 of the 

hippocampus. J. Neurosci., 13: 3944–3955. PMID: 7690067  
Freitas RM, Sousa FC, Viana GS, Fonteles, MM (2006). 

Acetylcholinesterase activities in hippocampus, frontal cortex and 
striatum of Wistar rats after pilocarpine-induced status epilepticus. 
Neurosci Lett., 399(1-2): 76-78. PMID: 16481111  

Freitas RM, Vasconcelos SMM, Souza FCF, Viana GSB, Fonteles MMF  
(2004). Monoamine levels after Pilocarpine-induced status epilepticus 
in hippocampus and frontal cortex of wistar rats. Neurosci. Lett., 
370(2-3): 196-200. PMID: 15488322  

Frothingham R (2005). Glucose homeostasis abnormalities associated 
with the use of gatifloxacin. CID, 41: 1269-1276. PMID: 16206101  

Gale K (1992). GABA and epilepsy: basic concepts from preclinical 
research. Epilepsia, 33(5): 3–12. PMID: 1330509  

Gorun V, Proinov I, Baltescu V, Balaban G, Barzu O (1978). Modified 
Ellman procedure for assay of cholinesterase in crude enzymatic 
preparation. Anal. Biochem., 86: 324-326. PMID: 655393 

 
Guidance for Industry and Reviewers (2002). Estimating the safe 

starting dose in clinical trials for therapeutics in adult healthy  
volunteers. Food and Drug Administration. 
http://www.fda.gov/cder/guidance/3814dft.pdf  

Gundersen RY, Vaagenes P, Breivik T, Fonnum F, Opstad PK (2005). 
Glycine-an important neurotransmitter and cytoprotective agent. Acta. 
Anaesthesiol. Scand., 49(8): 1108-1116. PMID: 16095452  

Heinrikson RL, Meredith SC (1984). Amino acid analysis by RP-HPLC: 
precolumn Derivatization with phenylisothiocyanate. Anal. Biochem., 
136: 65-74. PMID: 6711815  

Imanishi T, Akahane K, Akaike N (1995). Attenuated inhibition by 
levofloxacin, l-isomer of ofloxacin, on GABA response in the 
dissociated rat hippocampal neurons. Neurosci. Lett., 193: 81-84. 
PMID: 7478164 

 
Jose J, Jimmy B, Saravu K (2007). Dysglycemia associated with the 

use of fluoroquinolones-focus on gatifloxacin. J. Clin. Diagnostic  
Res., 3:185-187. 
http://www.jcdr.net/articles/PDF/83/0075formatted2.pdf  

Kelly ME, Batty RA, McIntyre DC (1999). Cortical spreading depression 
reversibly disrupts convulsive motor seizure expression in amygdale 
kindled rats. Neuroscience, 91: 305-313. PMID: 10336080  

Kelly ME, Staines WA, McIntyre DC (2002). Secondary generalization of 
hippocampal kindled seizures in rats: examination of the periform 
cortex. Brain Res., 957(1): 152-161. PMID: 12443991  

Kisa C, Yildirim SG, Aydemir C, Cebeci S, Goka E. (2005). Prolonged 
electroconvulsive therapy seizure in a patient taking ciprofloxacin. J. 
ECT., 21(1): 43-44. PMID: 15791178  

Kiyofumi KMD, Akitane MMD (1977). Brain Monoamines in Seizure 
Mechanism (Review). Folia Psychiatr. Neurol. Jpn, 31(3): 483-489. 
PMID: 338448  

Koh S, Storey TW, Santos TC, Mian AY, Cole AJ (1999). Early-life 
seizures in rats increase susceptibility to seizure induced brain injury 
in adulthood. Neurology, 53: 915-921. PMID: 10496246 

Kokaia M, Kalen P, Bengzoon J, Lindval O (1989). Norepinepherine and 
5-hydroxytryptamine release in the hippocampus during seizures 
induced by hippocampal kindling stimulation: an in vivo microdialysis 
study. Neuroscience, 32: 647-56. PMID: 2481243  

Koussa S, Hage Chahine S, Zoghbi A, Yazbeck P (2007). Status 
epilepticus and gatifloxacin. Rev. Neurol. (Paris), 163(1): 99-101. 
PMID: 17304180  

Kullmann DM, Erdemli G, Asztely F (1996). LTP of AMPA and NMDA 
receptor-mediated signals: evidence for presynaptic expression and 
extrasynaptic glutamate spill-over. Neuron, 17: 461–474. PMID: 
8816709  

Kushner JM, Peckman HJ, Snyder CR (2001). Seizures associated with 
fluoroquinolones. Ann. Pharmacother., 35(10): 1194-1198. PMID: 
11675843  

Li Z, Yamamoto Y, Morimoto T, Ono J, Okadam S, Yamatodani A 
(2000): The effect of pentylenetetrazole-kindling on the extracellular 
glutamate and taurine levels in the frontal cortex of rats. Neurosci. 
Lett., 282: 117–119. PMID: 10713410 

 

 
 

 
hippocampus during kainic  acid induced epilepsy and acupuncture. 

Chen-Tzu-Yen-Chiu. 20(3): 50-54.  
Meldrum BS (1991), Neurochemical substrates of ictal behavior. In: 

Smith D, Treiman D, Trimble M, eds. Neurobehavioral problems in 
epilepsy. New York: Raven Press,: 35-45. (Advances in neurology; 
vol 55). ISBN: 0881677140 DDC: 616.853 LCC: RC321  

Moorthy N, Raghavendra N, Venkatarathnamma PN (2008): 
Levofloxacin-induced acute psychosis. Indian J. Psychiatry, 50(1): 
57-58. PMID: 19771310 PMCID: PMC2745871.  

Motomura M, Kataoka Y, Takeo G, Shibayama K, Ohishi K, Nakamura 
T, Niwa M, Tsujihata M, Nagataki S (1991). Hippocampus and frontal 
cortex are the potential mediatory sites for convulsions induced by 
new quinolones and non-steroidal anti-inflammatory drugs. Int. J. 
Clin. Pharmacol. Ther. Toxicol., 29(6): 223-227. PMID: 1651287 

 
Naber KG, Allin DM, Clarysse L, Haworth DA, James IG, Raini C, 

Schneider H, Wall A, Weitz P, Hopkins G, Ankel-Fuchs D (2004). 
Gatifloxacin 400 mg as a single shot or 200 mg once daily for 3 days 
is as effective as ciprofloxacin 250 mg twice daily for the treatment of 
patients with uncomplicated urinary tract infections. Int. J. Antimicrob. 
Agents, 23(6): 596-605. PMID: 15194131  

Nishi H, Watanabi S, Ueki S (1981). Effects of monoamines injected 
into the hippocampus on hippocampal seizure discharges in the 
rabbit. J. Pharm. Dyn., 4: 7-14. PMID: 7277194  

Olsen RW, Avoli M (1997). GABA and epileptogenesis. Epilepsia, 
38:399–407. PMID: 9118844  

Onyenwenyi AJ, Winterstein AG, Hatton RC (2008). An evaluation of 
the effects of gatifloxacin on glucose homeostasis. Pharm. World 
Sci., 30(5): 544-549. PMID: 18297409.  

Ooie T, Terasaki T, Suzuki H, Sugiyama Y (1997). Quantitative brain 
microdialysis study on the mechanism of quinolones distribution in 
the central nervous system. Drug Metab. Dispos., 25(7): 784–789. 
PMID: 9224772  

Pagel P, Blome J, Wolf HU (2000). High-performance liquid chromato-
graphic separation and measurement of various biogenic compounds  

possibly involved in the pathomechanism of Parkinson’s disease. J. 
Chromatography B., 746: 297–304. PMID: 11076082  

Prince DA (1978). Neurophysiology of epilepsy. Annu. Rev. Neurosci., 
1: 395-415. PMID: 386906  

Quigley CA, Lederman JR (2004). Possible gatifloxacin-induced 
seizure. Ann. Pharmacother., 38(2): 235-237. PMID: 14742757  

Sattler R, Xiong Z, Lu WY, MacDonald JF, Tymianski M (2000). Distinct 
roles of synaptic and extrasynaptic NMDA receptors in excitotoxicity. 
J. Neurosci., 20: 22–33. PMID: 10627577  

Schmuck G, Schürmann A, Schlüter G (1998). Determination of the 
excitatory potencies of fluoroquinolones in the central nervous 
system by an in vitro model. Antimicrob Agents Chemother., 42: 
1831-6. PMID: 9661029- PMCID: PMC105691  

Segev S, Yaniv I, Haverstock D, Reinhart H (1999). Safety of long-term 
therapy with ciprofloxacin: data analysis of controlled clinical trials 
and review. Clinical Infectious Diseases 28: 299–308. PMID: 
10064248.  

Sen S, Jaiswal AK, Yanpallewar S, Acharya SB (2007): Anxiogenic 
potential of ciprofloxacin and norfloxacin in rats. Singapore Med. J., 
48(11): 1028-1032. PMID: 17975693  

Silva AV, Sanabria ERG, Cavalheiro EA, Spreafico R (2002). 
Alterations of the neocortical GABAergic system in the pilocarpine 
model of temporal lobe epilepsy: Neuronal damage and 
immunocytochemical changes in chronic epileptic rats. Brain Res. 
Bull., 58(15): 417-421. PMID: 12183020  

Smolders I, Gousseau C, Marchand S, Couet W, Ebinger G, Michotte Y 
(2002). Convulsant and Subconvulsant Doses of Norfloxacin in the 
Presence and Absence of Biphenylacetic Acid Alter Extracellular 
Hippocampal Glutamate but Not Gamma-Aminobutyric Acid Levels in 
Conscious Rats. Antimicrob. Agents Chemother., 46(2): 471–477. 
PMID: 11796360-PMCID: PMC127025.  
Stover  JF,  Pleines  UE,  Morganti-Kossmann  MC,  Kossmann  T, 

Lowitzsch K, Kempski OS (1997). Neurotransmitters in cerebrospinal 
fluid reflect pathological activity. Eur. J. Clin. Invest., 27(12): 1038-1043. 



 
 
 

 
PMID: 9466133  
Szerb JC (1988). Changes in the relative amounts of aspartate and 
glutamate released and retained in hippocampal slices during  

stimulation. J. Neurochem., 50: 219–224. PMID: 2891785 
Szyndler  J, Maciejak P, Turzyńska D, Sobolewska A, Lehner  M,  

Taracha E, Walkowiak J, Skórzewska A, Wisłowska-Stanek A, 
Hamed A, Bidziński A, Płaźnik A (2008). Changes in the 
concentration of amino acids in the hippocampus of 
pentylenetetrazole-kindled rats. Neurosci. Lett., 439(3): 245-249. 
PMID: 18534751  

Szyndler J, Piechal A, Blecharz-Klin K, Skórzewska A, Maciejak P, 
Walkowiak J, Turzyñska D, Bidziñski A, Ptaznik A, Widy-Tyszkiewicz 
E, (2006). Effect of kindled seizures on rat behavior in water Morris 
maze test and amino acid concentrations in brain structures. 
Pharmacol. Rep., 58:75-82. PMID: 16531633.  

Takumi Y, Ramirez-Leon V, Laake P, Rinvik E, Ottersen OP (1999). 
Different modes of expression of AMPA and NMDA receptors in 

hippocampal synapses. Nat. Neurosci., 2: 618–624. PMID: 10409387 
Tonshin  A, Lobysheva  N, Yaguzhinsky  L, Bezgina  E, Moshkov  D, 

Nartsissov Y. (2007). Effect of the inhibitory neurotransmitter glycine on 
slow destructive processes in brain cortex slices under anoxic 

conditions. Biochemistry (Mosc.), 72(5): 509-517. PMID: 17573705  
Treiman DM (2001). GABAergic mechanisms in epilepsy. Epilepsia, 42: 

8-12. PMID: 11520315 

 
 

  
 
 

 
Unseld E, Ziegler G, Gemerhardt A, Janssen U, Koltz U (1990). 

Possible interaction of fluoroquinolones with the benzodiazepine-
GABAAreceptor complex. Br. J. Clin. Pharmacol., 30: 63-70. PMID: 
2167717-PMCID: PMC1368276  

Wieloch T (1985). Hypoglycemia-induced neuronal damage prevented 
by an N-methyl-D-aspartate antagonist. Science, 230: 681–683. 
PMID: 2996146  

Wilson CL, Maidment NT, Shomer MH, Behnke EJ, Ackerson L, Fried I, 
Engel J (1996). Comparison of seizure related amino acid release in 
human epileptic hippocampus versus a chronic, kainate rat model of 
hippocampal epilepsy. Epilepsy Res., 26(1): 245-254. PMID: 
8985704  

Yang S, Baek S, Choi I, Lee C (1997). Effects of taurine on glutamate-
induced neurotoxicity and interleukin-6mRNA expression in 
astrocytes. Korean J. Boil. Sci., 1: 467-473. ISSN: 1226-5071 
http://img.kisti.re.kr/originalView/originalView.jsp?url=/soc_img/societ 
y//zsk/E1BSAF/1997/v1n3/E1BSAF_1997_v1n3_467.pdf 


