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氏  名：劉 冬雨 
本  文： 
An inhibitory neurotransmitter, gamma-aminobutyric acid (GABA), is synthesized from 

glutamate by two iso-enzymes, glutamate decarboxylase (GAD) 1 (67 KDa) and GAD2 (65 KDa) 
in mammalians. GAD2 is localized primarily in the inhibitory synapse, and therefore, plays an 
important role in synaptic inhibition depending on the excitation of the inhibitory neurons. Gad2 
knock-out mice or rats are viable but suffer from spontaneous convulsive seizures. On the other 
hand, GAD1 is primarily localized in the cytoplasm of the GABAergic inhibitory neurons. Gad1 
knock-out rats have recently been created utilizing CRISPR/Cas9 mediated gene-editing and 
found to show schizophrenia-like symptoms. It has not been demonstrated yet whether these 
Gad1 rats show any other neurological symptoms, such as seizures. 
In this study, I examined that Gad1 knockout homozygous (Gad1-/-) rats show a train of the 

spike-wave discharges (SWDs) in EEG, whose primary source is the cortico-thalamic loop, as 
early as in their infancy, although the control group (Gad1 heterozygous (Gad1+/-) rats and even 
wild-type (Gad1+/+) rats) develop similar SWDs after their adulthood. Then the SWDs in the 
three genotypes after 2 months old were compared and found that Gad1-/- rats exhibited severe 
SWDs in lengths and occurrence frequency, but there was not much difference between Gad1+/- 
and even Gad1+/+ rats.  
The SWDs are typically observed in human patients during absence seizure, characterized by a 

brief loss of consciousness. Human patients would not respond to acoustic disturbances such as 
calls during the absence seizure. Therefore, I tested whether these rats respond to acoustic 
stimulations when they were showing SWDs, while I live-monitored their EEG and behavior. 
The result showed that most SWDs could be interrupted by the stimulations, while it was more 
resistance to interruption in Gad1-/- rats. However, the rats, irrespective of genotypes, could give 
responses to the sensory cues during the SWDs which was pas facile to interrupt. 
In the progress of clarifying if the SWD is the phenotype of absence epilepsy or not in rats, two 

famous anti-epileptic drugs, ethosuximide (ETX) and valproate (VPA) were tested. ETX could 
suppress the SWDs in both Gad1-/- and Gad1+/+ rats by blocking the T-type Ca2+ channel. VPA 
is a GABA trans-aminase inhibitor, which suppressed the SWDs in Gad1+/+ rats, but showed 
opposite effects in Gad1-/- rats.  
Last, to examine the effects of valproate and the change of GABA level in the thalamocortical 
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system of Gad1-/- rats, GABA immunostaining was performed, which showed that GABA 
intensity was significantly decreased in Gad1-/- GABAergic neuronal somata but not in axons, 
and significantly increased by valproate.  
To sum up, GAD1-generated GABA seems to have an inhibitory function on SWDs, but it 

remains to be clarified in future studies whether these SWDs correspond to a true epileptic 
activity confused with regular brain rhythms, due to modest numbers of SWDs were resistant to 
the interruption. Furthermore, a hypothesis is proposed with the remarkable change in GABA 
levels in Gad1-/- rats with and without valproate administration, that GAD1 should be involved 
in extrasynaptic GABA production in RTN neurons to prevent SWD generation.






