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Rat thalamic neurons encode complex combinations of facing and

movement directions and the trajectory route during

translocation with sensory conflict
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Previous studies have reported that some thalamic neurons encode the animal’s
directional heading, and these are referred to as head direction cells. Head direction
(HD) cells, which are neurons that fire when the animal is facing a particular direction
relative to a fixed location or landmark in the environment, are believed to represent
the animal’s perceived directional heading in its environment.

The HD signal is dependent upon multiple sensory modalities, including ideothetic
(vestibular, visual, and proprioceptive) inputs. The present study investigated effects
of sensory mismatch among ideothetic cues on anterodorsal (AD) and laterodorsal
(LD) thalamic neurons.
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The rats were operated to implant cranioplastic caps for the semichronic
recordings. After recovery from the surgery, the rats were trained in a
translocation task in which the rats ran on a treadmill stage that moved in a
figure-8-shaped pathway. In the sensory-mismatch condition, although the rat
ran forward on the treadmill, the mobile stage was translocated backward in
terms of the rats’ direction; the proprioceptive inputs and/or motor efferent
copy during locomotion (locomotion-related inputs) did not match the visual
(optic flow)/vestibular inputs. After training, a tritrode (a 4-cores-Quarts-
Platinum/Multifiber electrode) was stereotaxically inserted into the AD and LD
while the rats performed the translocation task. The single neuronal activities
were isolated by a cluster cutting analysis.

The direction at which a given neuron fired maximally was defined as the
neuron’s preferred firing direction. The direction-related neurons were defined in each
route in each translocation task as follows: 1) the maximal firing rate at its preferred
firing direction (maxPFR) should be greater than both the maximal firing rate at the
opposite direction (maxOPFR) and the average firing rate during the linear movement
to the north and south in each route; 2) the maxPFR should be greater than 2 times the
average firing rate in the whole pathway in each route; and 3) the selectivity index (SI)
for the preferred firing direction should be greater than 1.0. The SI was defined by the
following formula:

SI = (maxPFR — maxOPFR)/Mean firing rate during whole translocation across
the translocation conditions
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Of the 222 neurons, 60 neurons showed direction-related responses. Of these 60,
19 (19/60, 31.6%) neurons showed facing direction-dependent responses regardless of
movement direction. Twenty neurons (20/60, 33.3%) displayed facing and movement
direction-dependent responses; activity of 10 and the remaining 10 neurons increased
during forward and backward movement, respectively. Twenty one neurons (21/60,
35%) showed movement direction-related responses regardless of facing direction.
Furthermore, the activity of some direction-related neurons increased only in a specific
trajectory.
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These results showed that the activity of these neurons reflects complex
combinations of facing direction (landmarks), movement direction (optic
flow/vestibular information), and motor/proprioceptive information and the past
history of movements. These results indicate that the responses of direction-related
neurons in the thalamus are more complex than those that have been supposed from
the results of previous studies, and further suggest that the HD system can identify
facing and movement directions separately when multiple sensory information
contradicts. Because the AD and LD nuclei serve as an important interactive for the
limbic spatial learning system, the functions of the AD and LD nuclei might reflect
those in other limbic areas.
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