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Brain functions in place recognition and memory relative to environment
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Human clinicopathological studies suggest that the hippocampal system is related to the
formation of episodic memory of space, time, objects, etc. One example of hippocampal contribu-
tion to memory might be cognitive mapping. Several line of gxperiments with rats may support
this hypothesis. Hippocampectomy impaired the performance of rats in place navigation para-
digms. Activity of some rat hippocampal neurons responded to change in location. In monkey,
lesion studies have indicated hippocampal relations to spatial recognition and memory. However,
there have been no recording studies of the monkey hippocampal system in any situation in
which the animal could change its location or orientation, This is probably why there have been
no reports of place cells in the monkey hippocampus. We were challenged to record neuronal
activity in the hippocampus while the monkey actively changed its location and/or orientation.
The challenge was met by a specially developed movable device that the monkey could conirol by
lever pressing.

In our experimental system, a monkey sat in a cab with its head restrained painlessly in a
stereotaxic apparatus. The cab was on a turntable which rode, in turn, on a system of orthogonal
rails and could move in a 2.5:X2.5 m space in the experimental room. The front, left and right
walls of the cab were half-mirrored, and rear wall was a steel plate equipped with two speakers,
two lights, two fans, and a heater. When the room light was turned on and the cab lights were off,
room envirenment such as experimental set up, desk, blackboard, etc. could be seen from inside
the cab through the half-mirrors. The lower half of the front panel was equipped with 5 indicator
lights, and corresponding 5 bars to contrel the cab. The upper half of the front panel was
equipped with a double half-mirrored shutter to control the presentation of various objects
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including food.

A total of 174 neurons were recorded from the hippocampal formation and surrounding
parahippocampal gyrus or awake monkeys while the monkey actively controlled the cab to
change its location within the 2525 m space. Of these 174 neurons, activity of 146 (84%)
changed in response to direction related stimuli, or location of the cab containing the subject, or
spatial movement or presentation of objects (food or nonfood) as a consequence of movement. Of
146 responding neurons, 41 responded to0 a particular stimulus presented from a specific direction.
Responses of these neurons could be described in terms of egocentric of allocentric coordinates, or
combinations of these coordinates. Responses of egocentric neurons depended on the presenta-
tion of a stimulus in a certain locus and orientation relative to the animal. Responses of an
allocentric neuron depended the locus of stimulus in the experimental room regardless of the
animal’s orientation or location. Increase or decrease of spontaneous activity of 77 neurons
depended on the animal’s specific location within the 2.5 2.5 m field {place related neurons). Of
these 77 neurons, 21 exhibited both place related and direction selective responses. In half of
these place and direction related neurons, the directional and the place related responses were not
independent of each other. Directional responses oceurred only in the place field where there was
place related activity, The directional responses of some neurens disappeared when the monkey
was rotated to a different orientation. Eighty five neurons responded in one or more phase {s) of
a task that involved cue signals, moving by holding the bar, or reward presentation by opening
shutter., Of these 85 neurons, 32 were also place related and activity changes of 11 were direction
dependent. Task related activity of the 32 place related neurons had also functional
relations to the place in the field, Task related activity was observed only when the animal was
located within the place field of that neuron. This functional relations was confirmed in that the
task related activity was markedly decreased by eliminating visual information from outside of
the cab through which the monkey could identify its location. The results presented here indicate
that neurons in the hippocampal formation and the parahippocampal gyrus respond to direction,
to specific stimuli, to place, to task related behavior, and /or to complex combinations of those
stimuli. The results further indicate thal some single neurons in the hippocample formation can
associatively encode multi-factors such as object, direction, and space,
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