
Comparative Medicine
Copyright 2016
by the American Association for Laboratory Animal Science

Vol 66, No  3
June 2016

Pages 220–224

220

The potential adverse effects of antibiotics on the nervous sys-
tem include antibiotic-induced seizures that have not been inves-
tigated intensively. With a few exceptions, the literature includes 
only case reports of antibiotic-induced seizures in predisposed 
patients.2,5,7-10,15 Fluoroquinolones are one of the antibiotic classes 
most commonly associated with seizures and are thought to pro-
voke seizures through inhibitory effects on γ-aminobutyric acid 
(GABA) transmission.5 Enrofloxacin is a fluoroquinolone antimi-
crobial drug that is rapidly bactericidal against a wide variety of 
clinically important bacterial organisms. Enrofloxacin is potent, 
well tolerated by animals, and can be administered through a 
variety of routes (orally by tablet and drinking water, subcutane-
ously, and intramuscularly).1

The GAERS (Genetic Absence Epilepsy in Rat from Strasbourg) 
strain is a genetic Wistar rat model of absence epilepsy that dis-
plays electroclinical, behavioral, and pharmacologic features of 
absence seizures and has become a ‘gold standard’ to study the 
mechanisms underlying absence epilepsy.6,12 The EEG of GAERS 
presents typical spike-and-wave discharges (SWD) of 0.3 to 1 mV 
in amplitude and 7 to 11 SWD per second in spike rate.6,12 Typical 
absence seizures originate from abnormal thalamocortical net-
works with cellular elements that include pyramidal cells and 
interneurons of different cortical layers, the thalamocortical neu-
rons of sensory thalamic nuclei and their main inhibitory input 
(GABAergic neurons of the nucleus reticularis thalami).13

Consequently and for the purpose of a pilot study, we hypothe-
sized that GAERS could be predisposed to fluoroquinolone-induced 

seizures and that oral administration of enrofloxacin would in-
crease their seizure activity. During that pilot study, some rats 
developed clonic seizures. To our knowledge, no description of 
antibiotic-induced clonic seizure in GAERS has been published, 
the aim of the present case study was to document clonic seizures 
induced by oral administration of enrofloxacin in GAERS.

Case Report

Materials and Methods
The pilot study was designed as a prospective, blinded experi-

ment. The experiments were approved by St Vincent’s Hospital 
(Melbourne) Animal Ethics Committee and conducted in accor-
dance with the Australian Code of Practice for the Care and Use 
of Animals for Scientific Purposes (2013).3

Female GAERS (Rattus norvegicus; age, 6 mo) with a clean colo-
ny pathogen status (tested for 17 different virus, 18 bacterias and 
fungi, and 13 ectoparasites and endoparasites) were obtained 
from the Royal Melbourne Hospital’s Biologic Research Facilities, 
The University of Melbourne (Parkville, Victoria, Australia), to 
take part in an 8-wk experiment investigating novel techniques to 
deliver antiepileptic drugs. The first 5 rats randomly allocated to 
the control group were also used in the present pilot study.

The GAERS were housed individually in high-top rat cages 
(RB2, Wiretainers, Melbourne, Victoria, Australia) with recycled 
paper bedding (Fibrecycle, Yatala, Queensland, Australia). The 
temperature and humidity of the room were kept at 22 °C and 
55%, respectively. The rats were maintained under a 12:12-h 
light:dark cycle with free access to food (Barastoc GR2 pellets, 
Ridley, Melbourne, Victoria, Australia) and tap water.

All 5 rats underwent surgery for the implantation of EEG re-
cording electrodes (Figure 1 A). Immediately before surgery, the 
rats were weighed and anesthetized with an intraperitoneal injec-
tion of ketamine (75 mg/kg; ketamine hydrochloride 100 mg/mL, 
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Spain), leaving only part of the dental cement exposed, and each 
rat was placed on a heating pad for recovery from anesthesia. 
Postoperative treatment included subcutaneous buprenorphine 
(0.03 mg/kg BID; Temgesic, 0.324 mg/mL buprenorphine hy-
drochloride, Reckitt Benckiser Healthcare, Hull, United King-
dom), 0.9% sodium chloride (2 mL daily), and carprofen (5 mg/
kg, daily) as needed for a maximum of 3 d.

Beginning at day 7 or 8 after surgery, rats were monitored 
for at least 60 min (30 min for recovery from anesthesia and ac-
climation, 30 min for EEG recording) daily and on at least 2 d 
each week for the following 7 wk. At day 61, regular drinking 
water was replaced with water containing enrofloxacin (42.5 mg 
in 750 mL of drinking water; Baytril, 25 mg/mL, Bayer Austra-
lia, Pymble, New South Wales, Australia), and additional EEG 
recordings were obtained on days 62 and 64 (Figure 1 A). Each 
EEG recording session began 4 to 6 h after the start of the light 
cycle. Treatment with enrofloxacin stopped on day 65. The rats 
were weighed (sensitivity, ± 1 g; model KD-200, Tanika, Kowloon, 
Hong Kong) on days 61, 62, and 64.

For each monitoring session, rats were anesthetized in an 
induction cage by using isoflurane in oxygen for 3 min to con-
nect the recording electrodes through shielded cables to the 

Ceva Animal Health, Glenorie, New South Wales, Australia) and 
xylazine (10 mg/kg; xylazine hydrochloride 20 mg/mL, Troy 
Laboratories, Glendenning, New South Wales, Australia). After 
the induction of anesthesia, each rat was placed in a stereotaxic 
apparatus (Kopf, Stoelting, Wood Dale, IL) and given isoflurane 
(0.5% to 1% in oxygen, 1 L/min; Isoflo, Abbott Australasia, Bot-
any, New South Wales, Australia) by nose-cone, subcutaneous 
carprofen (5 mg/kg; 50 mg/mL, Parnell Australia, Alexandria, 
New South Wales, Australia) for pain relief, and 0.9% sodium 
chloride (2 mL; Baxter, Old Toongabble, New South Wales, Aus-
tralia) for cardiovascular support. The EEG recording electrodes 
were implanted as follows: after aseptic preparation of the scalp, 
a single incision was made down the midline, the skull cleared of 
tissue, and the exposed bone dried with 3% hydrogen peroxide 
(Sanofi, Victoria, Queensland, Australia). Four extradural elec-
trodes, consisting of small jewelers’ screws (diameter, 3.2 mm; 
Plastics One, Roanoke VA), were implanted cranial to the interau-
ral line (2 on each side of the sagittal suture), and one screw was 
implanted caudal to the interaural line to the right of the sagit-
tal suture. The electrodes were connected to an adaptor secured 
with dental repair material (Cold-curing acrylic, Vertex, Zeist, The 
Netherlands). The skin was sutured (3-0 Monosyn, B Braun, Rubi, 

Figure 1. (A) Schematic diagram illustrating the positioning of the epidural recording screw electrodes (1 through 4) and reference electrode (R). (B) Ex-
perimental design. EEG recording (30-min session twice weekly) began on day 7 or 8 after surgery and continued for the following 7 wk. On day 61, the 
drinking water was replaced with enrofloxacin-containing water (1.7 mL of enrofloxacin 25 mg/mL in 750 mL of drinking water), and additional EEG 
recordings were performed on days 62 and 64. The enrofloxacin treatment was stopped on day 65. (C) The clonic seizure of rat 5 started on day 64 after 
308 s of EEG recording and lasted for 40 s. The intensity of the clonic seizure was classified as stage 4 (clonic seizure in a seating position).11 The EEG 
recordings presented SWD that were similar in amplitude (0.3 to 0.7 mV) and frequency (average, 7 SWD per s) to that observed during absence seizure.
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EEG acquisition system,4 which consisted of TDT processors 
(Tucker-Davis Technologies, Alachua FL) and high-impedance 
head stages driven by TDT’s programmable software. The EEG 
was sampled at 3051.76 Hz, and recording began only after the 
rats had returned to normal behavior (moving around without 
ataxia, eating, cleaning itself) and presented absence seizures. 
During the recording sessions, the rat’s behavior was observed, 
and the EEG was visualized by using a custom-designed MAT-
LAB program.4 When clonic seizures occurred, their intensity 
was classified according to the modified Racine scale.11 At the 
end of a recording session, the rats were briefly anesthetized with 
isoflurane (4% in oxygen, 2 L/min) to be disconnected from the  
shielded cable.

To evaluate the effects of the enrofloxacin treatment on the 
GAERS SWD, the median number of SWD, duration of a sin-
gle SWD, and cumulative duration of SWD during 60 min were 
compared between weeks 8 and 9 (Figure 1 B) by using the Wil-
coxon signed ranks test (IBM SPSS Statistics, version 20, IBM 
Corp, Armonk, NY USA). The significance level was set at 5%. 
The researcher performing EEG analysis was blinded regarding 
treatment and used a GAERS-specific automated SWD detection 
algorithm.4

Results
All 5 rats were declared free of clonic seizures during the first 8 

wk of EEG recordings. On day 61, the median weight of the rats 
was 189 g (range, 185 to 204 g). The median weight gains were 0 
g (range, –1 to 2 g) and –0.2 g (range, –1 to 1 g) on days 62 and 
64, respectively, when compared with day 61. Although the dura-
tion of SWD showed an increasing trend (p = 0.34), the number of 
SWD, duration of a single SWD, and cumulative duration of SWD 
during 60 min did not differ significantly (Figure 2). However, 
2 rats each manifested a single episode of clonic seizures. The 
first observed episode occurred on day 62 (24 h after the start of 
treatment) and lasted 31 s, whereas the second episode occurred 
on day 64 (72 h after the start of treatment) and lasted 40 s. Dur-
ing both episodes, the affected rats had convulsions interpreted 
as clonic seizures while they were in a sitting position. The first 
signs were trembling of the whiskers, shortly followed by spasms 
and jerking of the neck muscles and some flexion of the legs. Both 
seizures were classified as intensity stage 4 seizures.

The EEG recordings obtained during the clonic seizures pre-
sented SWD of similar amplitude (0.3 to 0.7 mV) and frequency  
(7 SWD per s) to those observed during absence seizures  
(Figure 1 C).

Discussion
The GAERS strain is a genetic rat model of absence epilepsy 

of which all rats present recurrent generalized nonconvulsive 
seizures accompanied with behavioral arrest, staring, and some-
times twitching of the vibrissae.12 Although the small number of 
rats in the present study precluded definitive determination of 
the effect of enrofloxacin on SWD activity, the administration of 
the antibiotic coincided with the appearance of clonic seizures, 
which are abnormal in this model of epilepsy.12

To our knowledge, the neurologic circuits and biochemical 
substrates of absence seizures and clonic seizures are similar. 
However, why some similar patterns of abnormal brain activity 
result in absence compared with clonic compared with tonic–

Figure 2. Box-and-whisker plots of the epileptic activity before enroflox-
acin treatment (n = 5) and afterward (posttreatment, n = 5). (A) Number 
of SWD. (B) Median duration of a single SWD. (C) Total duration of 
SWD during 60 min of recording time each week. °, ‘yellow card zone’ 
outlier (that is, distance between the outlier and the interquartile range 
box is greater than 1.5 times the interquartile range box length); *, ‘red 
card zone’ outlier (distance between the outlier and the interquartile 
range box is greater than 3 times the interquartile range box length).
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tion) during handling for connection and disconnection; con-
sequently we opted for brief general anesthesia or sedation to 
increase animal wellbeing. Rats recovered quickly from the an-
esthetic episodes, and it is unlikely that, after the 30-min accli-
mation period, isoflurane would still be present to interfere with 
epileptic activity.

Finally, no postmortem brain histologic analyses were per-
formed on the rats and, although improbable, it cannot be ex-
cluded that the appearance of the clonic seizures coincided with 
the development of an intracranial pathology unrelated to admin-
istration of enrofloxacin. Similarly, it cannot be excluded that the 
isoflurane anesthesia affected the appearance of SWD; however 
the 30-min recovery period prior to recording likely reduced iso-
flurane effects to being negligible.

Within the described experimental conditions, enrofloxacin 
did not appear to change the duration or frequency of SWD in 
GAERS rats. However, this antibiotic should be administered 
with caution because it might induce clonic seizures in GAERS, 
especially during the perioperative period, when aggravating 
factors such as disruption of the blood–brain barrier and coad-
ministration of NSAID may be present.
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rier is a risk factor for antibiotic-induced seizures (by allowing 
for increased concentration of the antibiotic in the brain) and that 
certain quinolones have synergistic inhibition with NSAID at the 
GABA receptor, the administration of enrofloxacin periopera-
tively when performing craniotomies might result in a higher in-
cidence and more severe clonic seizures than those observed in 
the present study.5,10

The 5 GAERS rats used in this pilot experiment were control 
animals in a separate study investigating novel techniques to de-
liver antiepileptic drugs. Because the recording period for the 
antiepileptic drug experiment was 8 wk, enrofloxacin couldn’t 
be administered earlier. In addition, GAERS epileptic activity is 
age-dependent; therefore, the SWD activity that occurred during 
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only with week 8 (pretreatment) data.12 Specifically, the number 
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One limitation of the current study is that the water consump-
tion was not measured. However, rats were weighed daily, and 
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quinolones.10 To our knowledge, the C7 substituent of enrofloxa-
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neurons.6,13 In contrast, kindling is a local process whereby an 
electrical stimulus typically delivered to a limbic brain structure 
evokes an electrographic after-discharge capable of spreading 
and initiating a generalized convulsive seizure.16 The kindled rat 
model of epilepsy doesn’t involve the GABAergic neurons in the 
initiation of the seizure, and this might be the reason for the dif-
ferent effects of enrofloxacin between the GAERS and kindled 
rat models. In addition, amygdala-kindled events are focal as 
compared with the primarily generalized nature of the seizures in 
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