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Autism or more widely autism spectrum disorder (ASD),
including Asperger syndrome and others, is the most common neurological disorder in children with social communication deficits and uncontrolled repetitive behaviour,
usually congenital and a possible cause of lifelong social
disability. Although the aetiology of ASD is heterogeneous,
including hereditary (Rett, fragile X, oxytocin receptor
polymorphism), toxic (valproate) or idiopathic [1], recent
studies have indicated that the excitatory/inhibitory (E/I)
imbalance in the brain neural network exists as a common
background [2]. Excitatory and inhibitory neurons constitute the neural network circuit in the brain, with the former charrying and summing the received and commanding
information through the action potentials and synaptic release of excitatory neurotransmitters and the latter modifying the information by suppressing the activity of the
excitatory neurons through the release of the inhibitory
neurotransmitters. The accumulated evidence has indicated a reduction in GABAergic signalling in patients with ASD
[3]. Comparison of EEG coherence between ASD patients
and controls also showed a significant difference in mutual
connectivity in the brain, suggesting an E/I imbalance of in
the neural network [4].

The neural network is, in a sense, automatically completed during the perinatal period even without input from the
external world. Neurons in the developing brain appear to
ensure mutual connectivity through spontaneous network
activity [5], such as the connectivity of circuits with a tester. How can inhibitory neurons be involved in this automatic network formation? Curiously, inhibitory neurons
which are, naturally, inhibitory in the matured brain neural
network behave like excitatory neurons in the premature
developing brain and thought to be the main generator
of spontaneous neural network activity [6-8]. Although it
seems quite paradoxical, the mechanism of this opposite
action is quite simple. Most inhibitory neurons in the brain
are GABAergic and act on GABAA receptors causing an inhibitory postsynaptic potential when the intracellular Clconcentration of the target neuron is sufficiently low. The
intracellular Cl- concentration is controlled by NKCC1 (NaK-Cl cotransporter 1, which imports Cl- from extracellular to
intracellular) and KCC2 (K-Cl cotransporter, which exports
Cl- from intracellular to extracellular). In the matured brain,
the intracellular Cl- concentration is kept low by the relative dominance of KCC2. However, in the immature brain
KCC2 activity is relatively weak, allowing the intracellular
Cl- concentration remains sufficiently high to induce an excitatory GABA response [9,10]. This mechanism is thought
to ensure the incorporation of GABAergic neurons into the
neural network during development. Completion of the development of a well-functioning neural network for post-
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natal life appeares to require a gradual shift of the intracellular Cl- concentration from high to low at a well-controlled
timing, and failure of this process is thought to cause an
E/I imbalance in the neural network of ADS. Therefore, any
factor that affects these transporters is a potential cause of
ASD; conversely, it is also a possible candidate for the develpment of a therapeutic tool or target for ASD.

Tyzio et al. [11] reported quite interesting phenomenon
wherein, the immature rat brain neurons temporary shift
their intracellular Cl- concentration from high to low, at
around the time of delivery, through the effect of oxytocin,
presumably to protect the neural network from unnecessary hyperactivity by increasing the inhibitory efficiency of
GABAergic neurons. This effect of oxytocin may partly explain the significantly higher incidence of ASD in infants delivered by caesarean section. It has also been suggested that
oxytocin regulates the gradual shift of GABAergic neurons
from excitatory to inhibitory in the early postnatal life [12],
which may explain the therapeutic effect of the intranasal
application of oxytocin [13,14]. Based on these findings,
Ben-Ari et al.[15,16] trialed the use of bumetanide, instead
of oxytocin, because it is orally applicable and decreases
the intracellular Cl- concentration by suppressing NKCC1,
which yielded significantly positive results.
The use of valproate during pregnancy has been shown
to significantly increase the incidence of ASD in children.
Valproate has been shown to block the oxytocin-dependent
shift in the intracellular Cl- concentration [17]. Interestingly, it has been shown that the effect of valproate on NKCC1
is gender dependent [18,19], which together with the oxytocin effect, may help explain the male dominance among
ASD patients.
Metabolic factors have also been thought to cause ASD by
deteriorating the E/I balance in the brain. Beaudet [20]
discussed preventable autism and emphasized the possible therapeutic value of the amino acid ornithine in some
form of ASD. In addition, a recent report [21] showed that
the transplantation of the gut microbiota of late onset ASD
patients into germ-free mice has caused the development
of ASD-like symptom in the mice; moreover, the GABA agonists 5-aminovaleric acid (5AV) and taurine improved
ASD-related behavioral changes of BTBR mice, indicating

their possible beneficial therapeutic effects.
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To prevent ASD, early diagnosis and intervention, as
well as avoidance of risk factors (caesarean section, valproate, etc.) and pre-treatment (carnitine, oxytocin, etc.) of
high risks are esssential because the plasticity of the neural circuit of the developing brain is known to have a critical period. Therefore, on-going treatments, which have at
least significant beneficial effects, need to be initiated early
to obtain a complete cure of ASD. Recent advances in EEG
connectivity analysis make this a promising method for the
early detection of potential ASD candidates among infants
as young as three months [22].
BIBLIOGRAPHY
1.

Waye MMY and Cheng HY. “Genetics and epigenetics of au-

2.

Nelson SB and Valakh V. “Excitatory/Inhibitory Balance and

3.
4.
5.

tism: A Review”. Psychiatry and Clinical Neurosciences 72.4
(2017): 228-244.

Circuit Homeostasis in Autism Spectrum Disorders”. Neuron
87.4 (2015): 684-698.

Cellot G and Cherubini E. “GABAergic signaling as therapeutic

target for autism spectrum disorders”. Frontiers in Pediatrics
2 (2014): 70.

Murias M., et al. “Resting state cortical connectivity reflected
in EEG coherence in individuals with autism”. Biological Psychiatry 62.3 (2007): 270-273.

Luhmann HJ., et al. “Spontaneous Neuronal Activity in Developing Neocortical Networks: From Single Cells to Large-Scale
Interactions”. Frontiers in Neural Circuits 10 (2016): 40.

6.

Ben-Ari Y., et al. “Giant synaptic potentials in immature rat

7.

Cherubini E., et al. “GABA: an excitatory transmitter in early

8.

CA3 hippocampal neurons”. Journal of Physiology 416 (1989):
303-325.

postnatal life”. Trends in Neurosciences 14.12 (1991): 515519.

Ito S. “GABA and glycine in the developing brain”. Journal of

Physiological Sciences 66.5 (2016): 375-379.

Citation: Susumu ITO. “Modification of the Intracellular Cl- Concentration as a Putative Tool for the Prevention and/or Treatment of
Autism”. EC Neurolog ECO.02 (2019): 03-05.

Modification of the Intracellular Cl- Concentration as a Putative Tool for the Prevention and/or Treatment of Autism
05

Rivera C., et al. “The K/Cl- co-transporter KCC2 renders

21. Sharon G., et al. “Human Gut Microbiota from Autism Spec-

10. Kaila K., et al. “Cation-chloride cotransporters in neuronal

22. Bosl WJ., et al. “EEG Analytics for Early Detection of Autism

9.

GABA hyperpolarizing during neuronal maturation”. Nature
397.6716 (1999): 251-255.

development, plasticity and disease”. Nature Reviews Neuroscience 15.10 (2014): 637-654.

11. Tyzio R., et al. “Maternal oxytocin triggers a transient inhibi-

trum Disorder Promote Behavioral Symptoms in Mice”. Cell
177.6 (2019): 1600-1618.

Spectrum Disorder: A data-driven approach”. Scientific Reports 8.1 (2018): 6828.

tory switch in GABA signaling in the fetal brain during delivery”. Science 314.5806 (2006): 1788-9211.

12. Leonzino M., et al. “The timing of the excitatory-to-inhibitory
GABA switch is regulated by the oxytocin receptor via KCC2”.

©All rights reserved by Susumu ITO.

Cell Reports 15.1 (2016): 96-103.

13. Yamasue H., et al. “Effect of intranasal oxytocin on social core
symptom of autism spectrum disorder: a randomised, double-blind, controlled trial”. Molecular Psychiatry (2018).

14. Young IJ and Barrett CE. “Can oxytocin treat autism?” Science
347.6224 (2015): 825-826.

15. Lemonnier E., et al. “A randomised controlled trial of bumeta-

nide in the treatment of autism in children”. Translational
Psychiatry 2 (2012): e202.

16. Ben-Ari Y. “NKCC1 chloride importer antagonists attenuate
many neurological and psychiatric disorders”. Trends in Neurosciences 40.9 (2017): 536-554.

17. Tyzio R., et al. “Oxytocin mediated GABA inhibition during
delivery attenuates autism pathogenesis in rodent offspring”.
Science 343.6171 (2014): 675-679.

18. Jakutiene E., et al. “Sodium valproate stimulates potassium
and chloride urinary excretion in rats: gender differences”.
BMC Pharmacology 7 (2007): 9.

19. Juknevičienė M., et al. “Valproic Acid Inhibits NA-K-2CL
Cotransporter RNA Expression in Male But Not in Fe-

male Rat Thymocytes”. Dose Response 17.2 (2019):
1559325819852444.

20. Beaudet AL. “Preventable forms of autism?” Science 338.6105
(2012): 342-343.

Citation: Susumu ITO. “Modification of the Intracellular Cl- Concentration as a Putative Tool for the Prevention and/or Treatment of
Autism”. EC Neurolog ECO.02 (2019): 03-05.

