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The habenula acts as the switchboard in fear response and aggression

Hitoshi Okamoto MD, PhD (RIKEN Brain Science Inst.,
hitoshi@brain.riken.jp)

The habenula (Hb) is an evolutionarily conserved diencephalic structure that acts as a relay nucleus
connecting the limbic forebrain with the brain stem monoaminergic systems. In mammals, the Hb is
subdivided into medial and lateral regions (MHb and LHb, respectively). We recently discovered
that the dorsal and ventral Hb (dHb and vHDb) of zebrafish correspond respectively to the MHb and
LHb of mammals. In mammals, the LHb is activated by receiving the unpredictable aversive stimuli,
and represses the activity of dopaminergic and serotonergic neurons. We established the in
transgenic zebrafish in which the neural transmission from the vHb is specifically inhibited. The
active avoidance learning was specifically impaired, demonstrating the essential role of the vHb in
the aversive learning.

The functions of the MHb in mammals have long remained ambiguous. Recently, we
demonstrated in zebrafish that the lateral subnuclei of the dorsal habenula (dHbL) are
asymmetrically connected with the dorsal and intermediate parts of the interpeduncular nucleus
(d/ilPN). This pathway further projects to the region containing the equivalents of the dorsal raphe,
the periaqueductal gray, and the dorsal tegmental nuclei. Specific silencing of the dHbL-d/iIPN
pathway rendered animals extraordinarily prone to freeze in response to conditioned fear stimuli,
while the control fish showed only flight behaviors, implicating this pathway in
experience-dependent reevaluation of danger during the fear conditioning trials.

We wondered whether the same capacity of this pathway is utilized in case of fighting between two
males which have become territorial after isolation, because constant reevaluation of the opponent’s
strength is necessary during fight until the dominant winner and subordinate loser is ultimately
determined. In wild-type zebrafish, it is reported that previous winning experience remarkably
increases the probability of winning a subsequent contest. However, this experience-dependent
behavior was not found in dHbL-silenced fish. Most of the dHbL-silenced winners of the first
interaction lost the second interaction against a naive dHbL-silenced fish, suggesting the role of the

dHbL-d/ilPN pathway in accumulation of confidence upon victory in fight.
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