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Aims: This project aims to assess whether systemic treatment 
with ketamine may improve the behavioural response in an ani-
mal model of a treatment resistant condition.
Methods: Male Sprague-Dawley rats received subcutaneous 
injections of ACTH (100ug/rat/day) or vehicle during 14 days. On 
the 14th day the animals were exposed to the pre-test session of 
forced swim (FST) and after 24h they were exposed to the open-
field test (OFT) followed by the FST test session. The animals 
received an intraperitoneal injection of ketamine (15 mg/kg) or 
vehicle or imipramine (3 injections of 15 mg/kg) 1h before the 
test session.
Results: The immobility time during the pre-test was increased 
on the group treated with ACTH (F(14,37)=3,484; *p<0,05; Dunnett). 
Ketamine, but not imipramine, reduced the immobility time 
when exposed to the test session (F(2,16)=4,002; *p<0,05; Dunnett). 
The OFT showed that the drugs did not increase the locomotor 
activity.
Conclusion: The data suggest that ACTH treatment can induce a 
pro-depressive-like effect, which highlights its role as an inducer 
of a treatment-resistant condition. The results reinforce the 
potential antidepressant-like effects of ketamine in a treatment 
resistant condition, thus corroborating the literature findings. 
Further studies are necessary to investigate the mechanisms 
which ketamine induces its effects on treatment resistant rats.
Keywords: depression, antidepressants, ketamine, treatment 
resistant.
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Abstract
Despite a long history of clinical use and well-known high effi-
cacy for depression, the mechanism of action of electroconvul-
sive therapy (ECT) remains poorly understood. Accumulating 
evidence suggests that the regulatory mechanism of neuronal 
maturation could be a promising target for treating psychiatric 
disorders. In the present study, to explore the cellular mecha-
nism of ECT, we examined the effect of electroconvulsive stimu-
lation (ECS), an animal model of ECT, on the maturation status 
of granule neurons in the hippocampal dentate gyrus of adult 
mice. Single or a few times of ECS immediately reduced expres-
sion of mature neuronal markers in almost entire population 
of granule neurons and induced immature neuron-like func-
tional properties such as higher excitability. The phenotypes of 
the ECS-treated neurons resembled those of the intermediate 
developmental stage. Repeated ECS stabilized such immature-
like phenotypes without causing further phenotypic changes 
toward the younger stage. This stabilization process required 
NMDA receptor activation likely supported by an excitatory shift 
of synaptic excitation/inhibition balance in the ECS-treated neu-
rons. These results demonstrate that brief neuronal activation 

by ECS and subsequent enhancement of excitability can con-
sistently reset mature hippocampal neurons to the particular 
immature state. The global increase in neuronal excitability 
accompanying this resetting could improve perturbed neuronal 
activity in pathological conditions and thus may be relevant to 
highly effective antidepressant action of ECT.
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Abstract
Physical and psychological stress can cause not only emotional 
and cognitive disturbance, but also behavioral resilience to 
stress, depending on the duration and severity of stress. Whereas 
rodent studies have extensively examined neural mechanisms 
about how stress induces harmful behavioral consequences, 
mechanisms that underlie stress-induced behavioral resilience 
remains poorly understood. Using social defeat stress in mice, 
we previously reported that social defeat stress preferentially 
activates the dopaminergic pathway to the medial prefrontal 
cortex (mPFC), and that repetition of social defeat stress attenu-
ates this activation, leading to social avoidance. Here we show 
a role of dopamine D1 receptor in mPFC excitatory neurons for 
stress-induced behavioral resilience. Repeated social defeat 
stress reduced mRNA expression of dopamine D1 receptor in 
mPFC only in mice susceptible to social defeat stress. Knockdown 
of D1 receptor in whole neuronal populations in mPFC by viral 
delivery of artificial miRNA enabled single social defeat stress 
to induce social avoidance. Simultaneous expression of miRNA-
resistant D1 receptor mutants in mPFC neurons abolished the 
effect of D1 knockdown. These data indicate that D1 receptor 
in mPFC neurons is critical for stress-induced behavioral resil-
ience. Neuron type-specific knockdown of D1 receptor in mPFC 
revealed that excitatory neurons, but not GABAergic neurons, 
are the site of action of D1 receptor for stress-induced behav-
ioral resilience. Furthermore, morphometric analyses showed 
that single stress induces dendritic growth of apical dendrites of 
mPFC layer 2/3 pyramidal neurons and increases spine density 
on these dendrites through D1 receptor. Collectively, our find-
ings show that short-term stress induces dendritic remodeling 
of mPFC pyramidal neurons and behavioral resilience through 
dopamine D1 receptor.
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Abstract
Objective: Negative life experience such as chronic neglect 
and maltreatment in the early postnatal period can lead to 


