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ABSTRACT

Flouroquinolones are one of the most commonly used antibacterial antibiotics for the treatment
of various infections throughout several mechanisms. The CNS side effects, however, which is
the molecular target organ is still not exactly known under therapeutic and higher dose exposure.
Therefore, the objective of this study was to explore the neuronal biochemical effects of
ciprofloxacin at different doses. Five groups of Sprague Dawley rats (150-170 g) were
employed; one received 20 mg/kg/24 hours for 14 days and the others were received a single oral
dose of either 50,100,200 or 300 mg/kg and decapitated post 24 hours. At the therapeutic dose
level, ciprofloxacin was significantly lowered whole brain total protein, glutamate, GABA,
glycine and alanine and increased aspartate, taurine, histidine and serine. At the same dose level,
brain serotonin, AChE, Na', K'-ATP-ase, plasma total protein and glucose were decreased.
Reduced-GSH was decreased and oxidized-GSH was increased in the studied brain areas.
Noradrenaline and dopamine were decreased only in cerebral cortex and increased in the
hippocampus. At the higher tested doses, there was a vigorous similar pattern effect on the
concentration of the whole-brain amino acids, and the higher potent effect was attained at 200
and 300 mg/kg dosing groups.
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INTRODUCTION

In the current practices of anti-infective therapy, ciprofloxacin (Ciprofloxacin) is a very popular
fluoroquinolone having a broad-spectrum of activity and diverse therapeutic prospects. In recent
years, over 20 million outpatient prescriptions were written for ciprofloxacin. In USA,
ciprofloxacin is the 35th most commonly used drug, and the 5™ most commonly prescribed
antibiotics [1].The available clinical evidence suggests the potential enhanced efficacy of this
drug for the treatment of various communities acquired and nosocomial infections, e.g. urinary,
biliary, respiratory, skin and neuronal pathogens [2].The pharmacological effects, however,
results from inhibition of the enzymes topoisomerase 11(DNA-gyrase) and topoisomerase 1V,
which are required for bacterial DNA replication, transcription, repair, strand supercooling
repair, and recombination [3].As compared to other quinolones, the pharmacokinetic profile of
ciprofloxacin demonstrates equivalent or greater bioavailability, higher plasma concentrations,
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and increased tissue penetration. According to Khan et al.[4], the absolute bioavailability of
ciprofloxacin is approximately 70% with no substantial loss by first-pass metabolism.
Furthermore, several investigators have postulated the abundant distribution of ciprofloxacin at
different levels in the body organs, including, kidney, liver, skeletal muscle, pancreas, testes,
cartilage, adipose tissue [5]. Moreover, at steady-state, there was a differential distribution for
ciprofloxacin in brain tissue and cerebro-spinal fluid as reported by Nau et al.[6].

Consequent to the broad-spectrum, quinolones are associated with a variety of adverse events.
There are several reports of biochemical, clinical and epidemiologic studies, which indicated that
treatments with quinolones, including ciprofloxacin may cause serious liver failure [7] increased
intracranial pressure [8], peripheral [9] and central neuropathy[10] .In addition, there has been a
particular concern about convulsions that produced after exposure to different types of
quinolones including, ciprofloxacin [11] .The mechanisms of toxicity, however, have been
attributed to different causes, including, interactions with GABA-receptor [12], glycine-receptor
and N- methyl-D-aspartate receptors [13].Another explanation has been attributed to the toxic
effects of on the antioxidant's activity [14] and quinolone structural similarities to kynurenic acid
and other compounds which are endogenous ligands of the glutamate receptor [15].

As previously outlined, there is a good evidence that quinolones exhibits unusual modes of toxic
action in the CNS, thus, it appears questionable that what extent did the pharmacological effects
of quinolones at distinctive dosages on the concentrations of different brain neurotransmitters
like monoamines, excitatory and inhibitory amino acids in regard to the possibility of oxidative
stress in the whole brain and selected brain areas of male albino rat. The hippocampus and
cerebral cortex areas were therefore selected in order to obtain a more-reliable ranking with
respect to the different chemical structures and to get more insight into the possible excitatory
potency of a broad range of fluoroquinolones.

MATERIALS AND METHODS
Animals

Male Sprague-Dawley rats (150-170 g) were obtained from the animal house of King Fahd
Research center at King Abdulaziz University. Animals were maintained at atmospheric
temperature (25+£3°C) as well as normal daylight and dark. They were fed on a standard diet and
water ad libitum. All animal procedures were approved by our Institute of Ethical Committee.

Drug

Ciprofloxacin: manufactured by Bayer's health care pharmaceuticals as ciprofloxacin
hydrochloride. It is a faintly yellowish to light yellow crystalline substance of molecular

Weight 385.8 and C17H18FN303<HCI*H20 empirical formula.
Animal Grouping and tested doses

After two weeks of acclimatization to the laboratory environment, the animals of nearly similar
weights were selected and divided into control and treated groups. The first was daily orally
administered the therapeutic dose value (20 mg/kg) of ciprofloxacin as calculated according to
FAD (Guidance for Industry and Reviewers) [16], divided into two subgroups and used to throw
light the prolonged exposure effect to the therapeutic dose on the whole brain amino acids, and
cerebral cortex and hippocampus brain catecholamine, AChE, reduced and oxidized glutathione
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and Na'-K*-ATPase activities. For both treated and control subgroups, plasma was collected and
used to elucidate total protein and glucose concentration changes. On the other hand, the animals
of the 2nd, 3rd, 4th and 5th groups were administered either with 50, 100, 200 or 300 mg/kg of
ciprofloxacin as a single dose, decapitated after 24 hours and used to elucidate brain free amino
acids changes after exposure to acute single doses of ciprofloxacin. At all experimental groups,
the control animals were administered 2 ml distilled water and processed in the same manner and
circumstances conducted in treated groups. For all animals, the drug or distilled water was
executed by the gastric intubation technique via the mouth, and the animals were fasted for 12 h
before sampling. All animal procedures were approved by our Institute of Ethical Committee.

Tissue Sample preparation

At the end of the experimental periods (3 and 14 days), the animals of the 1% group were divided
into two equal subgroups, the 1% was used only for the determination of whole-brain amino
acids, and the brains of the second subgroup was dissected, cerebral cortex and hippocampus
were removed carefully, each was divided equally, one was used for monoamine determination
and the second for oxidized and reduced , glutathione, Na'-K*-ATPase and AChE activities in
the cerebral cortex and hippocampus. For each experimental group six animals were sacrificed
by decapitation, brains were quickly excised over ice-cold glass slides and quickly homogenized
on 1/10 weight/volume 75% aqueous HPLC grade methanol. The homogenate was spun at 4000
rpm and used for amino acids determination by HPLC using the precolumn PTC derivatization
technique as described by Heinrikson and Meredith [17]. In the same experimental group, whole
blood was collected into a dry clean tube and centrifuged at 4000 rpm for 10 min. The collected
plasma were used for determination of total protein content according to the method of Gornal et
al. [18] and the plasma glucose level as described by Trinder [19].For the 3rd, 4th, 5th and 6th
animal treated groups after scarification, brain was dissected in the same way and was,
homogenized, centrifuged and was immediately used for the determination of whole brain free
amino acids.

For dopamine, norepinephrine, serotonin, glutathione, AChE and Na+,K+-ATP-ase
determination in cerebral cortex and hippocampus after prolonged exposure to the therapeutic
dose level at the appropriate time periods, six animals were selected at the appropriate
experimental time periods, brains were excised, cerebral cortex and hippocampus tissue samples
were separated, weighed and homogenized in 20 mmol-phosphate buffer (PH 7.6), the
homogenate was divided equally, one was used for monoamines determination according to the
method of Pagel et al.[20] and reduced-GSH and oxidized-GSH as described by Jayatilleke and
Shaw [21] by HPLC.The homogenate of the other half was used for determination of both AChE
[22] and Na",K*ATP-ase [23] .activities

Statistical Analysis

Data were presented as Mean=SE and analyzed statistically by a student's t-test using SPSS
program version 16.

RESULTS
General Toxic observations

At the higher tested doses, the animals displayed a noticeable neurotoxicological change as
excitation, convulsions, and disturbances of the locomotors activity.
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Effect on the Brain-Free amino acids

Data presented in Figs. (1-3) showed durational time effect of ciprofloxacin at the therapeutic
dose level on the whole brain amino acid concentration. The data showed a significant decrease
of glutamate, GABA, glycine and alanine and increased aspartate, taurine, histidine and serine
concentrations. Moreover, the acute treatment with ciprofloxacin at different dose levels,
successively, induced the previously mentioned pattern effect (Table 1). At the higher tested
dose level, respectively; glutamate, GABA, glycine and alanine were decreased by -25.09%, -
19.04%, -53.13%, and-31.51% and aspartate, taurine, histidine and serine were increased by
36.62%, 42.70%, 109.80% and 31.70%, respectively.

Tablel: Amino acids concentration (umole/g fresh tissue) in the whole brain of male albino
rat after treatments with different doses of ciprofloxacin.

Amino acid dose (mg/kg)
Control 50 100 200 300

Glutamate | 9.14+0.56 8.96+0.46 |  8.72+0.30 | 7.10+0.38%%* | 7.0240.58***
Aspartate | 3.50+0.15 | 3.98+0.12%%% | 4.17+0.19%%* | 451+0.19%%* | 4.54+0 14%%
Taurine | 5.68+0.24 5.80+0.37 | 6.32+0.38%* | 7.12+0.33%%* | 7.8140.27%%*
GABA | 2.410.16 228+021|  2.19+0.23 | 1.98+0.23%* |  1.97+0.18%*
Glycine | 1.1740.06 1224014 |  1.13+0.03| 0.99+0.09%* | 0.56+0.02%%*
Alanine | 0.57+0.02 |  0.51+0.02%* | 0.50£0.03%** | 0.46+0.03*%* | 0.42+0.03%**
Serine | 1.26+0.06 133+0.09 | 1.51+0.13%* | 1.52+0.10%%* |  1.56+0.16%*
Histidine | 0.13+0.02 | 0.18+0.02%%* | 0.21+0.01%%* | 0.21+0.02%%* | 0,22:0.01%**

Each value is mean +S.E.M. of six animals

* P=2 0.05 significant;**P< 0.01 highly significant;***< 0.01 more highly significant

Effect on Total Protein, Glucose, Glutathione and Enzymes Bioassay

At the lower tested dose level, sera total protein (Fig.4) and glucose (Fig. 5) contents were
decreased significantly by -26.9% (p<0.001) and -16.11(P<0.05), respectively. Also, the
administered dose level investigated a significant decreased effect on the activities of AChE
(Fig.6) and Na',K'-ATPase (Fig.7) as well as reduced-GSH (Fig.8) contents in both cerebral
cortex and hippocampus. On the other hand, there was a significant increased effect in the
concentration of oxidized-GSH in both areas, at the end of the tested period; it was increased by
20.655 and 16.306 in cerebral cortex and hippocampus.
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Figure 1. Glutamate, aspartate and taurine Figure 2. GABA, glycine and alanine
concentrations in the whole brain of male concentrations in the whole brain of male
albino rat after daily administration of albino rat after daily administration of
ciprofloxacin at the dose level 20 mg/kg. ciprofloxacin at the dose level 20 mg/kg.

Each bar represents the mean and veridical Each bar represents the mean and veridical
lines above denote the S.E. of six animals*** lines above denote the S.E. of six animals***

P<0.001, **P<0.01,*P<0.05. P<0.001, **P<0.01,*P<0.05.
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Figure 5. Serum glucose concentration of Figure 6. Effect of ciprofloxacin at the dose
male albino rat after daily administration of level 20 mg/kg in AChE activity in brain
ciprofloxacin at the dose level 20 mg/kg. cortex and hippocampus of albino rat. Each
Each bar represents the mean and veridical  bar represents the mean and veridical lines
lines above denote the S.E. of six animals*** above denote the S.E. of six animals***
P<0.001, **P<0.01,*P<0.05. P<0.001, **P<0.01,*P<0.05.
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Figure 8. Effect of ciprofloxacin at different
doses in oxidized and reduced glutathione in
brain cortex and hippocampus of albino rat.
Each bar represents the mean and veridical
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Figure 9. Effect of ciprofloxacin at different
doses in the concentration of serotonin in brain
cortex and hippocampus of albino rat. Each bar

represents the mean and veridical lines above
denote the S.E. of six animals*** P<0.001,
**P<0.01,*P<0.05.

Figure 10. Effect of ciprofloxacin at different doses in
the concentration of adrenaline and dopamine of the
whole brain cortex and hippocampus of albino rat.
Each bar represents the mean and veridical lines
above denote the S.E. of six animals*** P<0.001,
**P<0.01,*P<0.05.
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Effect on Monoamines

In rats that treated with ciprofloxacin, there was a general decreased effect in the concentration
of serotonin in the cerebral cortex and hippocampus (Fig.9). On the other hand, as regarded to
dopamine and noradrenaline contents in the studied brain areas (Fig.10), the data recorded
showed highly versatile output according to the type of brain area and duration of exposure. The
finding that, after seven doses most of the data recorded being insignificantly affected but after
fourteen days, while dopamine and noradrenaline were significantly decreased in the cortex, they
were increased in the hippocampus

DISCUSSION

The wide-spread use of ciprofloxacin in medicinal treatments increases the risk of its exposure.
There are many concerns that exposure to ciprofloxacin causing serious failures including
irreversible peripheral neuropathy [24] and epileptogenic activity [25]. In recent years extensive
in vivo and in vitro experiments have been performed in an attempt to explain the neurotoxic and
neurotransmitters molecular target effect of quinolones observed under therapeutic and acute
exposure. In the instant study 4% of cases, of the treated rats being hyper excitable and suffering
from diarrhea, and the single dose level 300 mg/kg induced 16 % mortality rate of rats. These
findings were quite similar to the observations previously presented by some other investigators
[11].and may be explained by the suggestion that ciprofloxacin at the higher tested doses may
have intracellular vigorous disturbances and mortality toxic effect As reported by Nagai et
al.[26], the lethal toxic single doses of T-3762, "a quinolone"” was between 260 and 391 mg/kg
for rat when administered intravenously. According to the same author in survived animals, there
was a decrease in locomotors activity, irregular respiration, staggering gait, tonic convulsion and
the animals were dying within about 90 minutes after dosing. The present study also showed a
hyper excitability which was done along with the significant decrease in AChE activity, which
plays an important role in neurotransmission and Na+,K+- ATPase which regulates sodium and
potassium ions across the plasma membrane. The decreased effect of both enzymes had been
hypothesized to be involved in various neurological disorders that lead to behavioral
abnormalities. In addition, several lines of evidence indicated that, excitation of CNS tissue by
pharmacological agents like quinolones can be induced by many physiological factors like
neuronal voltage-dependent activation and inactivation of Na+ channels [27] and Ca++ channel
[28]. Furthermore, according to Ahmed and Simmons [29], quinolones affect neuromuscular
transmission both pre-synaptically and post-synaptically and at the presynaptic level, there is a
reduction of acetylcholine release due to blockade of voltage dependent sodium channels. The
recorded data, however, agree well with the present findings. At the lower tested dose level, the
consecutive doses of 20 mg/ kg for 14 days decreased AChE activity by -33.99 % to -35.96 in
cerebral cortex and hippocampus, respectively. By this inactivation, the animals are shifted to
hyperpolarized potential by quinolones.

The present study has also revealed reduction in norepinephrine, dopamine and serotonin in the
frontal cortex. In the hippocampus, there were an elevation in norepinepherine and dopamine and
reduction of serotonin levels after exposure to ciprofloxacin at the therapeutic dose level. The
data recorded may be a supplement to the studies of Agbaht et al. [25] and validated the seizure
induction through the assumption about the pharmacological treatments that affect monoamine
levels in the brain. Several lines of evidence indicate that quinolones are strong inhibitors for
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MAO [30] and lowered brain monoamines concentration [31] in a dose-dependent manner.
These effects may be attributed to the effect of the tested compound on chromaffin cells that may
be decreased after ciprofloxacin treatment. Furthermore, quinolones can elicit vigorous
autonomic and neuro-endocrine response due to an indirect action on the hypothalamic-pitutary
axis as reported recently by Jeong et al.[32].

A second group of neurotransmitters that can be also interfered with ciprofloxacin mental
disorders is the free amino acid neurotransmitters. The overall pattern effect of GABA, glycine
and alanine concentration which is the major inhibitory amino acids was a general reduced
effect. These findings are in accordance with Arafa et al.[33] that ciprofloxacin administration
induced decreased brain GABA and glycine concentration. Blockage of GABA-Eric
neurotransmission and antagonistic inhibition of GABA receptors are thought to be responsible
[34]. In addition, GABA reduction can be mediated through GABA synthesis mediated
inhibition and increased activity of glutamate decarboxylase as reported by De Sarro and De
Sarro [12].

One of the concerns regarding glycine and alanine has been their dual role in the central nervous
system (CNS). In the present study, both are significantly decreased. According to Chen et al.
[35] glycine can exert its effect on both synaptic (NMDARS) and extrasynaptic receptors
(GlyRs) via distinct binding sites. The results of Dimpfel et al. [36] have pointed to an
involvement of the glycine site of the central NMDA receptor in the development of side effects
by different quinolones. On the other hand, according to Wolfson and Hooper [37], elevations in
alanine aminotransferase, and aspartate aminotransferase are most commonly reported after
quinolones exposure. The degradation of glycine and alanine may be explained on the reverse of
the synthetic pathways and or involves oxidative deamination of glycine by glycine
dehydrogenase and alanine aminotransferase (ALT). According to Pidathala et al. [38] both
enzymes are highly affected with quinolones.

Taurine concentration in brain tissue was recorded to increase in all treatments under
investigation. Although there has been long standing controversy as whether taurine function as a
neurotransmitter, or a neuromodulator, its effects on nervous tissue are well established. Taurine
increase may have antioxidant effect. In this regard, it may react with the toxic agents like
ciprofloxacin via the amino group to detoxify them; secondly, it may also exert a direct
protective effect in preventing the ionic and water shifts that result in cellular damage.

Following ciprofloxacin administration, there was a vigorous increase in histidine concentration.
Histidine and its precursor histamine have been reported to induce a number of typical
pharmacological responses at several peripheral sites. It is also colonized with a number of
substances like glutamate decarboxylase (GAD), GABA, and GABA-transaminases and
immune-stimulators. Dalhoff and Shalit [39], have reported fluoroquinolones affect in-vivo
cellular and humoral immunity by attenuating cytokine responses. However, increased brain
histidine content encountered during our experiments might be attributed to the previously
mentioned reasons.

The release of the excitatory amino acid aspartate and decrease of glutamate as recorded in the
present study may be explained through the glucose homeostasis abnormalities associated with
ciprofloxacin intoxication [40]. Electrophysiological experiments using hippocampal slices have
demonstrated that when glucose concentration was reduced, stimulation of the Schaffer
collaterals gave an aspartate-mediated NMDA response [41] and indicated a functional role of
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aspartate released from excitatory nerve endings. During hypoglycemia, the excitatory and
inhibitory nerve terminals released aspartate which activates NMDA receptors on synaptic and
extrasynaptic sites. Moreover, as reported by Takahashi et al.[42],glutamate transporters in
neurons and glia cells play may play a crucial role in controlling the extracellular glutamate
concentration in the brain. During hypoxia or ischaemia, glutamate transporters can run
backwards, releasing glutamate into the extracellular space, triggering the death of neurons and
thus causing mental and physical handicap. In this concern the histopathological results which
are recorded in our previous studied [31] showed highly swollen and hypercellularity of the
examined neuronal cells comes in agreement with that recorded for aspartate and glutamate. On
the other hand, as reported by many investigators, glutamate is adequate supply for other
compounds, including amino acids, ornithine and proline, which have been affected by
quinolones[43] Moreover, reduced serum total protein content encountered during the present
study may give another interpretation of the change which seen in the studied amino acids.
Theoretically, if protein synthesis is blocked, protein breakdown should occur and free amino
acids throughout the body should arise. Furthermore, if the natural synthetic mechanisms are
unimpaired, great increase or alteration in the concentration of the free amino acids were
attained. Indeed, we could conclude the decrease in total protein content with ciprofloxacin
administration as a result of blockage of protein synthesis due to interference with DNA and
RNA replication and this will definitely be mirrored on the level of brain free amino acids.

CONCLUSION

Quinolones medications have been implicated to produce serious neurotoxic adverse effects. The
present study has demonstrated that ciprofloxacin at different doses alters whole brain and
selected brain regions, excitatory and inhibitory amino acids, brain monoamines, serum total
protein, serum glucose level, reduced and oxidized glutathione, AChE, and Na+, K+-ATPase,
activities.
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