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Abstract
Autism is a disorder of unknown etiology. There are few FDA approved
medications for treating autism. Co-occurring autism and epilepsy is common,
and glutamate antagonists improve some symptoms of autism. Ceftriaxone, a
beta-lactam antibiotic, increases the expression of the glutamate transporter 1
which decreases extracellular glutamate levels. It is hypothesized that modulating
astrocyte glutamate transporter expression by ceftriaxone or ce¿ xime might
improve some symptoms of autism. This case report of a child with autism and
epilepsy suggests a decrease in seizures after taking ce¿ xime
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Intr oduction
Autism is a complex disorder marked by impairment of verbal communications,
social relationship problems, repetitive behaviors, and restrictive interests. Its
etiology is unclearly understood and there is debate about its pathogenesis. There
are no effective therapies for autism. Novel therapeutic interventions for treating
autism are therefore a priority. Autism is additionally highly comorbid with epilepsy
(OR=22.2; 95% CI=16.8-29.3) (1), but treatment refractory epilepsy in autism
occurs in up to 33.9% of individuals (2). Complicating this, outcomes of surgical
and vagus nerve stimulator (VNS) implantation in patients with both autism and
epilepsy are less effective than in other treatment refractory epilepsy patients (2).
Glutamate is a crucial neurotransmitter in the brain. It is released from cells into the
extracellular Àuid and then removed by glutamate transporters. This transportation
regulates excitatory synaptic transmissions. While the level of glutamine is
decreased, glutamate level is increased in autism and tryptophan in autism (3).
The excitatory amino acid transporter of EAAT2 (or GLT1) is one of the main
glutamate transporters in brain. About 90% of glutamate transporters in brain are
of the EAAT2 type (4). Excitatory amino acid transporters keep the extracellular
glutamate level lower than the neurotoxic level, and GLT-1 is the major determinant
of glutamate level in extracellular Àuid. The decreased expression and function
of astrocyte glutamate transporters enhances the levels of extracellular glutamate
in epilepsy and Tuberous Sclerosis Complex (5). Tuberous Sclerosis Complex is
usually co-morbid with epilepsy and autism. Astrocyte glutamate transporters are
de¿ cient in animal models of epilepsy in Tuberous Sclerosis Complex (6). This
abnormality is also reported in human and animal models of epilepsy. In addition,
targeting astrocytic mechanisms has been introduced as a novel treatment approach
for epilepsy and TSC (6).

Iran J Child Neurol. 2015 Winter Vol 9 No 1

99

Beta-Lactam Antibiotics as A Possible Novel Ther apy for Managing Epilepsy and Autism

The beta-lactam antibiotics ce¿ xime and ceftriaxone are
third-generation cephalosporins. Ceftriaxone increases
GLT1/EAAT2 expression (7). Ce¿ xime and ceftriaxone
are beta lactam antibiotics, and the latter improves the
expression of glutamate transporter (GLT-1). Glutamate
neurotoxicity may contribute as a pathological
mechanism for autism (8). There is an abnormal GABA to
glutamate ratio (8) suggesting an imbalance of inhibitory
and excitatory systems in the neurobiology of autism
(9). Glutamate synthesis inhibition attenuates neurotoxic
activity in Rett’s syndrome (10). It is suggested that
attenuation of the hyperglutaminergic state in autism
may improve symptoms (11). Equally, up regulation of
the GABAergic system is proposed to have utility (11,
12). These transporters play an important role in vitro
and in vivo for preventing of glutamate neurotoxicity.
Ceftriaxone decreases extracellular glutamate levels by
the enhancement of astrocyte glutamate transporters
expression (6). In addition, ceftriaxone has low toxicity.
A recently published study showed that ceftriaxone is
neuroprotective during the acute phase of ischemia (13).
Antagonism of glutamate receptors has been suggested
as a potential mechanism for the treatment of autism.
However, regulating glutamate transporter expression
and activity has an advantage of minimizing the
pathological impact of glutamate overload while
maintaining a physiological role of glutamate. It is
unclear whether the extracellular glutamate transporter
level is decreased in the disorder.
Case presentation
The index patient is a 9 year old boy with autism
spectrum disorder diagnosed according to Diagnostic
and Statistical Manual of Mental Disorders (DSM-IV).
He suffered from generalized tonic-clonic epilepsy from
age 4. He had taken multiple different medications such
as phenobarbital, sodium valporate, and carbamazepine
with suf¿ cient dosages and durations without favorable
control of his epilepsy. According to his parents’ reports,
the patient took ce¿ xime 200mg/day to control diarrhea
about 2 years ago. The seizure episodes were dramatically
decreased 3 days after starting the medication while the
there was no change in his anti-epileptic medication
regime. The seizure episodes were controlled for
about 5 months, after which the number of seizure
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episodes again increased. His highly educated parents
administered ce¿ xime 200mg/day to control seizure
again. They reported that seizure attacks were controlled
markedly after taking ce¿ xime for three days. The
patient was not febrile while the medication trials were
administered. Both parents reported that they repeated
this trial for several times to control the seizure episodes
in the recent years. The epilepsy was controlled in all
of the trials after taking ce¿ xime for 3 to 5 days. Then,
they discontinued ce¿ xime after 7 days. They reported
that there was a marked decreased in the number of
seizure attacks as well as aggressive behaviors. Physical
examination did not show any remarkable ¿ nding
such as fever, headache, or photophobia. Brain MRI
did not illustrate any abnormal ¿ nding. No remarkable
¿ nding was found on laboratory examinations. This is a
retrospective case report, and caution needs to be used
in interpreting case reports. His parents provided their
consent for publication of this report.

Discussion
NeuroinÀammation is proposed to contribute to the
neurobiology of both autism and epilepsy (14-17).
Recently, anti-inÀammatory and immunosuppressive
drugs have showed promising therapeutic effects in
autism (18) and epilepsy. For example, some antibiotics
including doxycycline, minocycline or tetracycline
protect against seizures in experimental seizure models
in rats and mice (19). However, Clavulanic acid, which
inhibits bacterial b –lactamases did not affect convulsions
in acute seizure tests in mice (20).
In several trials, ce¿ xime was administered without any
co-administered medication. Therefore, drug interaction
was not a likely explanation for this association. A few
days of seizure control cannot be attributed to a short
course of ce¿ xime but the patient experienced several
consequent episodes of seizure before administering
ce¿ xime. After administering ce¿ xime, these seizure
episodes stopped. Whenever ce¿ xime was not
administered, seizure episodes happened again.
Seizures induce brain inÀammation and increases
interleukin (IL)-1β, potentially disrupting the blood
brain barrier (21). Some antibiotics such as minocycline
may decrease the epileptic seizure through antiinÀammatory effects (22), and this effect is a further
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possible explanation for the effect of ce¿ xime on
epilepsy.
In view of the limited treatment approaches for autism,
the proposed role of glutamate in pathophysiology
of autism (9), the promising ef¿ cacy of glutamate
receptors antagonism for the treatment of autism (23),
the role of excitatory amino acid transporters in keeping
extracellular glutamate level below neurotoxic levels
and the increased expression of the glutamate transporter
(GLT-1) by ceftriaxone (7), it seems to be reasonable
to hypothesize that modulating astrocyte glutamate
transporter expression by ceftriaxone or ce¿ xime
might be at least partially effective for treating autism
and epilepsy. Overexpression of vesicular glutamate
transporter levels in Drosophila causes excess glutamate
release which leads to excitotoxicity. As the level of
glutamate is increased in autism, it is proposed as a
viable target for treating autism. Therefore, targeting
glutamate by beta lactam antibiotics might be effective
for treating both autism and seizures. Well controlled
clinical trials are needed to examine the effects of beta
lactam antibiotics on animal models of autism plus
epilepsy. Cefepime, a fourth-generation cephalosporin
antibiotic, is associated with seizure risk in some reports
(24). Future studies should use more objective measures
such as EEG monitoring and blood drug concentration
assessment. Consequently, this case report should be
considered as preliminary and hypothesis generating.

Sano¿ Synthelabo, Servier, Solvay and Wyeth, and
served as a consultant to Astra Zeneca, Bristol Myers
Squibb, Eli Lilly, Glaxo SmithKline, Janssen Cilag,
Lundbeck Merck and Servier. AG reports no conÀicts
of interest.

Acknowledgment

5. Zeng, LH, Ouyang Y, Gazit V, Cirrito JR, Jansen LA, Ess
KC, et al. Abnormal glutamate homeostasis and impaired
synaptic plasticity and learning in a mouse model of

We con¿ rm that we have read the Journal’s position on
issues involved in ethical publication and af¿ rm that this
report is consistent with those guidelines.
ConÀict of interest
A.G. reports no conÀict of interest. MB has received
Grant/Research Support from the NIH, Cooperative
Research Centre, Simons Autism Foundation, Cancer
Council of Victoria, Stanley Medical Research
Foundation, MBF, NHMRC, Beyond Blue, Rotary
Health, Geelong Medical Research Foundation, Bristol
Myers Squibb, Eli Lilly, Glaxo SmithKline, Meat and
Livestock Board, Organon, Novartis, Mayne Pharma,
Servier and Woolworths, has been a speaker for
Astra Zeneca, Bristol Myers Squibb, Eli Lilly, Glaxo
SmithKline, Janssen Cilag, Lundbeck, Merck, P¿ zer,

Iran J Child Neurol. 2015 Winter Vol 9 No 1

Author contribution
A.G.: examining the patient as interviewing the patient
and the parents, writing the ¿ rst draft of the manuscript.
M.B. Revising the manuscript, literature review.

References
1. Selassie AW, Wilson DA, Martz GU, Smith GG, Wagner
JL, Wannamaker BB. Epilepsy beyond seizure: a
population-based study of comorbidities. Epilepsy Res
2014;108(2): 305-315.
2. Sansa G, Carlson C, Doyle W, Weiner HL, Bluvstein,
Barr W, et al. Medically refractory epilepsy in autism.
Epilepsia 2011; 52(6): 1071-1075.
3. Ghanizadeh A. Increased glutamate and homocysteine
and decreased glutamine levels in autism: a review and
strategies for future studies of amino acids in autism. Dis
Markers; 2013;35(5): 281-286.
4. Yamada T, Kawahara K, Kosugi T, Tanaka M.Nitric oxide
produced during sublethal ischemia is crucial for the
preconditioning-induced down-regulation of glutamate
transporter GLT-1 in neuron/astrocyte co-cultures.
Neurochem Res 2006:31(1): 49-56.

tuberous sclerosis complex. Neurobiol Dis 2007; 28(2):
184-196.
6. Zeng LH, Bero AW, Zhang B, Holtzman D. M. , Wong M.
Modulation of astrocyte glutamate transporters decreases
seizures in a mouse model of Tuberous Sclerosis Complex.
Neurobiol Dis 2010; 37(3): 764-771.
7. Nizzardo M, Nardini M, Ronchi D, Salani S, Donadoni
C, Fortunato F, et al. Beta-lactam antibiotic offers
neuroprotection in a spinal muscular atrophy model by
multiple mechanisms. Experimental Neurology 2011;
229: 214–225.
8. Harada M, Taki MM, Nose A, Kubo H, Mori K, Nishitani
H and T. Matsuda. Non-Invasive Evaluation of the
101

Beta-Lactam Antibiotics as A Possible Novel Ther apy for Managing Epilepsy and Autism

GABAergic/Glutamatergic System in Autistic Patients

protective against partial seizures in vivo. Epilepsy Behav

Observed by MEGA-Editing Proton MR Spectroscopy

2012;24(3): 314-318.

Using a Clinical 3 Tesla Instrument. J Autism Dev Disord
2010 Apr;41(4):447-54. doi: 10.1007/s10803-010-10650.
9. Polleux, F. and J. M. Lauder. Toward a developmental
neurobiology of autism. Ment Retard Dev Disabil Res
Rev 2004;10(4): 303-317.
10. Maezawa I, Jin LW. Rett syndrome microglia damage
dendrites and synapses by the elevated release of
glutamate. J Neurosci 2010;30(15): 5346-5356.
11. Ghanizadeh A. Targeting neurotensin as a potential novel
approach for the treatment of autism. J NeuroinÀammation
2010;7(1): 58.
12. Ghanizadeh A. Transplantation of GABAergic cell line as
a novel hypothesized treatment for autism. Epilepsy &
Behavior 2010;19(4): 664.
13. Kim SY, Jones TA. The effects of ceftriaxone on skill
learning and motor functional outcome after ischemic
cortical damage in rats. Restor Neurol Neurosci
2013;31(1):87-97. doi: 10.3233/RNN-2012-120245.

20. Librizzi L, Noe F, Vezzani A, Curtis M, Ravizza T.
Seizure-induced

brain-borne

inÀammation

sustains

seizure recurrence and blood-brain barrier damage. Ann
Neurol 2012;72(1): 82-90.
21. Gasior MK, Nieoczym SD, Wlaz P. Clavulanic acid does
not affect convulsions in acute seizure tests in mice. J
Neural Transm 2012;119(1): 1-6.
22. Beheshti Nasr SM, Moghimi A, M. Mohammad-Zadeh
M, Shamsizadeh A and Noorbakhsh SM. The effect of
minocycline on seizures induced by amygdala kindling in
rats. Seizure 2013;22(8): 670-674.
23. Erickson CA, Posey DJ, Stigler KA, Mullett J, Katschke
AR,McDougle CJ. A retrospective study of memantine in
children and adolescents with pervasive developmental
disorders. Psychopharmacology (Berl) 2007;191(1):
141-147.
24. Thabet F, Al Maghrabi M, Al Barraq A, Tabarki B.
Cefepime-induced nonconvulsive status epilepticus: case
report and review. Neurocrit Care 2009;10(3): 347-351.

14. Ghanizadeh A.Could fever and neuroinÀammation play
a role in the neurobiology of autism? A subject worthy of
more research. Int J Hyperthermia 2011;27(7): 737-738.
15. Ghanizadeh A. May lovastatin target both autism and
epilepsy? A novel hypothesized treatment. Epilepsy
Behav 2011;20(2): 422.
16. Ghanizadeh A. Hydrogen as a novel hypothesized
emerging treatment for oxidative stress in autism. Eur
Rev Med Pharmacol Sci 2012;16(9): 1313-1314.
17. Ghanizadeh A. Physical exercise and intermittent
administration of lactulose may improve autism
symptoms through hydrogen production. Med Gas Res
2012;2(1): 19.
18. Asadabadi M, Mohammadi MR, Ghanizadeh A,
Modabbernia A, Ashra¿ MR, Hassanzadeh E, et al.
Celecoxib as adjunctive treatment to risperidone in
children with autistic disorder: a randomized, doubleblind, placebo-controlled trial. Psychopharmacology
(Berl) 2013 Jan;225(1):51-9. doi: 10.1007/s00213-0122796-8. Epub 2012 Jul 11.
19. Wang DD, Englot DJ, Garcia PA, Lawton MT, Young
WL. Minocycline- and tetracycline-class antibiotics are

102

Iran J Child Neurol. 2015 Winter Vol 9 No 1

