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Abstract
Extinction of conditioned fear refers to the decrease in con-
ditioned responding to a fear-eliciting stimulus, due to the 
repeated presentation of that stimulus without any adverse out-
come. This new memory of extinction (‘safety’) co-exists with 
the original fear memory (‘danger’) in adult rats. This is sup-
ported by the renewal effect, where rats exhibit extinguished 
fear when tested in a context other than where they received 
extinction. In adult rats, extinction involves communication 
between the amygdala, ventral hippocampus (vHPC) and infral-
imbic cortex (IL). Interestingly, juvenile rats do not show renewal 
of fear, possibly due to IL and/or vHPC immaturity. We temporar-
ily created a ‘juvenile’ brain in the adult rat during extinction, by 
simultaneously inactivating the IL and vHPC by infusing musci-
mol, a GABAA agonist, or saline. Cannulas were implanted in the 
IL and the vHPC either ipsilaterally, contralaterally or bilaterally. 
We observed that rats treated with saline or ipsilateral infusion 
of muscimol displayed renewal of extinguished fear, while those 
receiving contralateral or bilateral infusions of muscimol failed 
to display renewal. This suggests that extinction may ‘erase’ the 
learned fear memory when the IL-amygdala-vHPC circuitry is 
disrupted. It also supports the idea that in juvenile rats, extinc-
tion erases the learned fear due to immature connections 
between those brain regions. We then injected the retrograde 
tracers, fluorogold and cholera toxin-subunit-B, into the IL and 
vHPC of juvenile, preadolescent and adult rats, to delineate how 
amygdala projection neurons are involved in extinction at dif-
ferent developmental stages. Rats underwent fear conditioning, 
extinction, and were then perfused. Amygdala sections were 
stained for tracers and c-Fos (indicates neuronal activation). We 
identified triple-labelled neurons in the BLA, indicative of acti-
vated principal neurons that simultaneously project to both the 
IL and vHPC, at all ages during extinction. Further immunostain-
ing analyses are underway to assess age-associated differences 
in the amygdala.
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Abstract
Background: Enhanced performance monitoring in patients 
with obsessive-compulsive disorder (OCD), typically measured 
by error-related negativity (ERN), provides evidence for the 
fronto-striatal model of OCD. Here, we examined whether per-
formance monitoring in OCD patients is modulated by individu-
ally tailored symptom provocation.
Methods: A modified version of the flanker task with individu-
ally tailored OCD-relevant pictures or neutral control stimuli was 
performed by 20 OCD patients and 20 healthy control subjects 
while electroencephalogram signals were recorded. Provocation 

with highly symptom-relevant pictures was achieved by indi-
vidual selection of stimuli from a validated set comprising a 
variety of OCD themes. Response-locked ERN was defined as the 
mean amplitude from 0 to 80 msec after the response. When 
main effects or interactions by repeated measures analysis of 
variance (ANOVA) were significant, Bonferroni corrected p-val-
ues were reported for post-hoc comparisons.
Results: During both trials with OCD-relevant pictures and 
neutral pictures, OCD patients (–4.68 ± 5.83) showed larger 
ERN amplitude than control subjects (– 0.90 ± 3.39) (p  =  0.017). 
Whereas OCD patients exhibited enhanced ERN amplitude in 
the OCD-relevant condition (– 3.26 ± 3.84) compared with the 
neutral condition (– 0.33 ± 3.57) (p  =  0.049), control subjects 
showed no variation between conditions. OCD patients also 
exhibited larger correct response negativity amplitude than 
control subjects in both OCD-relevant (p  =  0.003) and neutral 
conditions (p = 0.004).
Conclusions: These results support the theory that OCD involves 
overactive performance monitoring and indicate that OCD 
symptom provocation modulates performance monitoring in 
patients with OCD, thus implying a putative link between OCD 
symptom-related anxiety and fronto-striatal network forms 
part of the neural basis of OCD.
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Abstract
The dorsolateral bed nucleus of the stria terminalis (dlBNST) is 
a limbic structure involved in negative affective states such as 
anxiety, fear and aversion. However, the mechanisms how the 
dlBNST mediates negative emotions are still poorly understood. 
The BNST projects to various brain regions including the central 
amygdala (CeA), ventral tegmental area (VTA), lateral hypothal-
amus (LH), and parabrachial nucleus (PB). Recent studies have 
demonstrated that the BNST neurons projecting to these brain 
regions play important roles in mediating emotional behaviors. 
The dlBNST neurons can be classified into three types based 
on differences in responses to hyperpolarizing or depolarizing 
current injections. In our observation, approximately 38%, 51%, 
and 11% of dlBNST neurons are typeI, typeII, and typeIII neu-
rons, respectively. In addition, we previously reported that cor-
ticotropin-releasing factor (CRF) induces neuronal excitation in 
typeII neurons and enhances inhibitory input into typeIII neu-
rons, suggesting that each type of dlBNST neurons has different 
functions. However, it remains unclear whether the proportion 
of neuronal types (type I-III) is same or different between the 
neuronal groups projecting to the distinct brain regions. Thus, 
in this study, we investigate the relationship between neu-
ronal types and projecting brain regions. We injected retrograde 
tracers into the CeA and VTA, and then conducted whole-cell 
patch-clamp recordings in the brain slices including the dlBNST. 
The results revealed that approximately 10%, 60%, and 30% of 
CeA-projecting dlBNST neurons were typeI, typeII, and typeIII 
neurons, respectively, and approximately 0%, 60%, and 30% of 
VTA-projecting dlBNST neurons were typeI, typeII, and typeIII 
neurons, respectively. Most of the neurons projecting to these 
brain regions were typeII or typeIII neurons. Especially, a large 


