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A well known effect of lesions of frontal
granular cortex and of all limbic structures in-

cluding the hippocampus is the impairment of

the classical delayed spatial alternation problem
(Pribram et al. 1952, 1962, 1966; Mishkin and
Pribram 1935; Mishkin 1964; McEnaney and
Butter 1969}, Not every alternation performance,
however, shows a deerement from frontal cortex
or medial forebrain lesions. Orhitofrontal and
amygdala lesions impair go/no-go alternation to
i preater extent than they impair classical alter-
nation (Pribram er al. 1966) while monkeys with
dorsolateral frontal lesions arc able to learn
go/no-go alternation (Mishkin and Pribram
1953}, In addition. several recent experiments
clearly establish that go/no-go alternation 1s
tearned more readily by animals with hippo-
campal lesions than by their controls: this
finding has been reported for rats {Means et ol
1970). cats (Brown ef of 1969) and monkeys
(Mahut 1971). In two other experiments with
hippocampally damaged monkeys, delaved spa-
tial alternation was impaired while delayed
go/no-go alternation was neither impaired nor
facilitated (Brown and Chino 1971 Bush e gl
in preparation).

There is a paradox in the fact that the two
delaved aiternation probiems should be so
differently affected by frontohmbic tesions, and
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our present concern s with one of the limbic
structures invelved—the hippocampus. The cur-
rent accounts of hippocampal function cannet
readily accommodate the facts of drastic im-
pairment of spatial alternation and the enhance-
ment or at least absence of impairment of go/no-
go alternation. The inent of the present experi-
ment is to investigate the paradox by a com-
parative analysis of hippocampal clectrical ac-
tivity during the learning of delaved go/no-go
and spatial alternation tasks. This analysis in-
volves three major guestions: (1) [Do systematic
frequency changes in hippocampal clectrical
activity occur during the learning of the wwo
allernation problems? (2) Are there differences or
commonalities at cerlain spectfic frequencies
between the two problems? (3) Are there differ-
ences at specific frequencies between trial cate-
gories on go/no-go alternation {i.e. hetween go
and no-go tnals), and are there differences
between correct and incorrect responses on the
two problems?

At a basic level. this experiment deals with
another issue. A rhythmical slow activity (theta)
15 observable n the electrical activity of the
hippocampus of subprimate mammals during
orienting and attention (Grastyan 1959 Radulo-
vacki and Adey 1965), some stages of learning
(Adey er al 1960. Elazar and Adey 1987) and
skeletal movement (Black er ol 1970 Vandcer-
wolf 1971). Theta rhyvthm is not evident in the
raw EEG recorded from the primate hippocam-
pus. and the earlier conclusion of Green (1960}
wus that *In the monkey. .. the theta rhythm [is]
virtually impossible 1o see, excepting under
conditions hikely to produce extreme emotionat
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reactions” (p. 1382). While spectral analyses of
limbic activity in the monkey have now cstabl-
1shed that rhythmical slow activity 1s present and
that coherence functions derived from auto-
spectra are related to orienting and to learning
(Rerkhout et of. 1969, Campeau et «f 1971). the
occurrence of primate hippocampal theta rhythm
and 1ts relation to hbehavior need to be investi-
gated in more detail.

METHOD

Subjects

Three experimentally sophisticated Rhesus
monkeys were chronmically implanted with bi-
polar clectrodes (0.01 in. diam. nichrome wire.
0.5 mm up exposure, and 1.0 mm separation
between exposed tips). 5 in cach hippocampus
and two control clectrodes in inferotemporal
cortex. The hippocampal clectrodes were im-
planted stercotaxically using coordinates derved
from Olszewsk: (1952). Since the hippocampus
reacts to clectrode penctration with local seizure
activity. the clectrical activity of cach electrode
was monttored during implantation to assure
further accurate placement. The criterion for
final up location was agreement between stereo-
taxic coordinates and the appearance of seizure
activily,

From preliminary examination of EECG re-
cords, two hippocampal clectrodes showing the
clearest presence of rhythmical slow activity and
one of the inferotemporal placements were
selected for each monkey. The stercotaxic co-
ordinates for the hippocampal electrodes re-
corded from in each anmimal were as fotlows:

Monkey No. 327: Right. AP 0, L 100. H
—20.and Left. AP --0.L 1100, H - 2.4,

Monkey No. 328: Left. AP i 62. L 1160 H
— 54, and Left AP +10.0. 1. 120 H 6.5

Monkey No. 329 Right. AP -09. L 10.0. H
—20.and Lelt. AP 5L L 120011 0.0

Histological verification of these placements
1s not available since additional experiments are
being conducted with the animals.

Apparatus

The behavioral testing was done in the Dis-
crimination Apparatus for Discrete Trial Ana-
lysis (DADTA. Pribram 1969). an automated.
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compuler-controlled discrimination learming de-
vice, DADTA essenually consists of a small en-
closurc which has on one wall 4 4 x4 array of
iluminable plexiglas pancls which are also
response keys; o the center under the bottom
row is 4 food cup to which banana pellets (Noyes.
190 mg) arc dispensed. Stimuli are displayed on
the panels from the rear by miniature projectors.
Stimulus presentation. registration of responses.
delivery of reinforcement, and the recording und
timing of responses are all programmed by a
PD-8 computer.

Procedure

Alternation tasks. All of the animals had
extensive  pre-operative  experience o the
DADTA ona variety of discrimination problems
including delaved response tasks. Post-opera-
tively. they were tramned on three problems in the
following order: delayed go/mo-go discrimina-
tion: delayed go/no-go alternation: and delaved
spatial alternation.

Delaved gosno-go discrimination was in-
cluded both as pre-training for the more difficult
go/no-go alternation task and because animaly
with hippocampal lesions show a deficit on
successive discrimination ([saacson er af 1966)
The data of this problem are not reported here,

The delayed gosmo-go alternation problem
required the monkey to alternate go and no-go
{(inhibiting the panel press response for 5 sec) to
the same stimulus dispiay. On this task (and on
delaved spatial alternation as well} cach trial
hegan with the illumination in red of the two
center pancls on the hottom row. These were
“initiate” panels. and pressing either one of them
brought on the task stimuli (numeral 28} in the
two center panels of the second row from the top.
The monkey had to press cither of these panels
within 3 sce on trial 1. refrain from pressing for
5 sec on trial 2. and so on. A banana pellet was
delivered to the food cup immediately following
correct go responses and at the end of the § sec
inhibit period on correct no-go trials. The delay
interval was 7 sec.

Go and no-go errors resufted in a time out
period of 10 se¢ during which the housce light was
turned off. A correction procedure was used with
crrors resulting in the re-presentation of the trial
until a correct response was made.

Eleciroenceph. elin, Sevrophivsicl 1972, 33 507577
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Fifty correct trials a day were given. With the
use of the correction procedure, a very large
number of trals was typically required during
the early stages of learning since the monkceys
tended to make repeated perseverative errors.
Learning was continued to a criterion of 507,
cotrect over 3 days of a criterion block. Errors
were calculated on the basis of initial errors ; that
15. consecutive perscverations of the same crror
were not counted.

On the delayed spatial alternation task the
monkey had to alternate presses of left and right
panels: the two center panels in the sccond row
from the top. As above. each trnal commenced
with the illumination of the imtiate panels. and
pressing either one of them produced numeral
4s in the stimulus panels. The delay interval and
¢rror time out periods were the same as on the
previous problem. and a correction procedure
was again used. Errors or faitlure to make a
choice within 5 sec resulted in the dark time out
and repetition of the same trial.

EEG recording and analysis. All testing was
done with the monkeys restrained in a prnimate
chair. The electrical activity from the three
ciectrodes was continuously recorded on magne-
tic tape throughout the monkeys” performance
on every third day except near criterion when
daily EEG recordings were taken. Synchroniza-
tion pulses marked the occurrence of stimulus
onset and the monkey’s response. The three
channels of analog data were digitized at a
sampling rate of 200 samples per sec on a PDP-§
computer, and frequency analyses were then
performed for each trial by means of the Fast
Fourter Transform.

Two time periods were examined: the 1.28
sec immediately following stimuius presentation
and a matching 1.28 sec “control” period be-
ginning half way through the 5 sec duration of
each trial. The Fast Fourner Transforms were
averaged over individual tnals in the following
categonies of response: go/no-go alternation @ go
correct, no-go correct, go INcorrect, no-go in-
correct; spatial alternation: left-right correct,
left-right incorrect. These day averages were then
averaged over blocks of 3 days selected from
three peints in the course of learming: (1)
criterion performance; (2) at the point of change
from chance to above-chance levels of perfor-
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mance (i.e., between 65 and 80 correct); and
(3) at a chance level, when the animal’s perfor-
mance contained as many initial errors as correct
respanscs. Finally, averaged power spectra were
compuled over amimals. For individual animals,
the averaged power spectra of cach of the three
blocks are based on 150 spectral plots, and the
averages over animals thus represent 450 ob-
servations.

RESULTS

A sample of the EEG record from the two
hippocampal electrodes and the inferotemporal
lead during a correct no-go trial is shown in
Fig. I. Activity in the theta range does not appear
clearly in this segment. nor in others we have
examined. and the hippocampal activity during
the carly part of the trial cannot be differentiated
from that later in the trial {as it can from the
spectral analyses as discussed below). The power
spectrum analyses presented in Fig. 2, 3 and 4,
however, establish that the principal frequency
components of hippocampal electrical activity
in the monkey he in the range of 2-8 ¢fsec. These
spectral plots are all cut off at approximately 14
c/sec since there was little hippocampal activity
al frequencies beyond this point and no syste-
matic differences associated with learning.

Rows A4 and B of Fig. 2 show the power spec-
trum plots of the two hippocampal electrodes
averaged over the three animals for the eriterion
block and Blocks 2 and 3. ach individual figure
contains the spectral density plots of correct trial
categorics on both problems. Note that on the
spatial alternation problem left and nght re-
sponses werc collapsed since spatial locus did not
make a difference. Considering the data of the
go/no-go alternation problem first, there s a
very pronounced difference at criterion between
g0 and no-go tnials within a 3-5 ¢/sec bandwidth.
with the no-go (nals showing more activity at
these frequencies. During Block 2. when learning
had moved above chance. the differences between
£0 and no-go trials are still evident but consider-
ably reduced in magnitude. while at the chance
level of performance of Block 3 {when the mon-
keys were making as many initial ¢rrors as cor-
rect responses) there was no difference between
go and no-go trials.

Electroenceph. ofm. Newrophvsiol 12, 331 567-377
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Fig. 1. Hippacampal and inferotemporal cortex electrical activity during delaved go/no-go alternation {meakey No, 327
criterion duy 3. trial no 4 no-go correct) Bottom channel is event recorder. Calibration: 1 my/mo.

Comparing the power spectra on the go/no-go
alternation and spatial problems, the hippo-
campal activity shown dt criterion on the spatial
alternation task 1s like that cbserved on no-go
trials of the go/no-go problem. Between 3 and
5 ¢fsec, the spectral density plot for left I'igﬁt
cotrect trials parallels very closely the plot for
ne-go correct trials and is quite clearly dilferent
irom the go tnals. During Block 2, theta rhythm
on left—right correct tnals does not differ from
go tridl activity on one hippocampal electrode
{row A)and shows the same reduced difference as
that seen between go and no-go trials on the
other hippocampal placement (row B). Block 3
shows no differences in theta rhythm between
the two problems.

The changes that appear in the course of
learning in theta rhythm {ie. between 3 and 3
¢/sec) Involve an increase on no-go trials from
Block 3 to Block 2 to criterion and a parallel
decrease on go trials. On the spatial alternation
preblem. the trend is for theta to increase over
blocks. reaching a maximum at criterion; this is
seen on the first hippocampal electrode (row A4)
but not on the second (row B). All three animals

show the progressive inerease in theta on the first
¢lectrode but only one does on the second lead.

The spectral plots of an individual monkey
are shown in row A of Fig. 3. The differences
between tral categories on the go/no-go problem
and the between-problem differences are con-
sistent over eleetrodes and over animals, with
the exception of one monkey that failed to show
the go/no-go difference and the failure of the
second hippocampal lead to show the elevation
of theta rhythm on left-right correct trials at
criterion in one monkey. The consistency of the
findings extends to the daily averages of in-
dividual monkeys which make up cach block. and
there are no exceptions to the block averages to
be found on any day.

Theta rhythm on incorrect trials of the go/no-
g0 problem is concordant with the nature of the
animal’s response. There 1s a close similarity of
activity in the 3-5 ¢fsec range on go correet and
no-go incorrect trials at eriterion and a clear
difference between the power spectra on these
trials. when the monkey made a go response. and
the spectra of no-go correct and left- right correct
and incorrect trials. Rhythmical slow activity an

Fleciroenceph, clin, Nearophysiol 1972, 330 567 577
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triats of the go/np-go prohlem and left right correct trials of the spatial alternation task. Arrows on abscissa indicate the theta

bandwidth within which rebable effects are found.

left-right alternation crrors at ¢riterion is inter-
mediate between no-go correct and left-right
correct and the go correct and no-go incorrect
categorics. These results are shown in row B of
Fig. 3. A spectral plot is not shown for go in-
correct errors during the criterion block since
incorrect responses of this type were not made at
this final stage of learning,

During Block 2, the power spectrum of no-go
incorrect trials is, as at criterion, more like the
spectrum of go correct trials. Go incorrect trials
closcly resemble no-go correct in the proportion
of theta rhythm. There is no difference in 3-5
¢/sec activity between correct and incorrect
spatial alternation trals. and theta on both
categories appears to be more like electrical
activity on go correct trials at this stage of learn-

ing, Consistent with the findings on correct re-
sponses presented above, there are no systematic
differences in theta on incorrect trials in Block 3.

The spectral plots of electrical activity from
inferotemporal cortex {row A of Fig. 4} differ
from the power spectra of the hippocampal elee-
trodes in a much higher proportion of fast
activity which is not shown in the figures. The
activity recorded from inferotemporal cortex
further differs from hippocampal activity in the
absence of the delayed alternation effects. In no
case was any inferotemporal difference observed
between trial catcgories. problems. or stages of
learning.

Power spectra recorded during the control
period—the 1,28 sec starting from the middle of
each trial-—de not show any consistent differ-

Flectroenceph. clin. Neurophysiol 1972, 33: 567-577
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Fig. 3. Averaged spectral density plots for the hippocampal glectrodes during the go/no-go and spatial alternation problems.
A Monkey No. 329 at criterion. Block 2 and Block 3. Each individual figure shows spectral plots of go correct and ne-go
correct trials of go/no-go problem and lefi—right correct trials on spatial alternation. B, Correct and incorrect trials on vach of

the 1wo problems.

ences. These spectral plots are in row Bof Fig. 4.
It appears. then. that theta comes into play and
differentiates between the responses called for on
the different types of trials during the process of
response selection immediately [ollowing sti-
mulus onset.

We may note, finally. that despitc the spectral
peaks which appear beiwcen 1 and 2 cfsec on
some leads, there are no systematic differences.
and the only effects to be observed are found
between 3 and 5 ¢/scc,

DISCUSSION
The appearance and diffcrentiation of hippo-

campal theta rhythm over the course of learning
1s, from the present data. ne less characteristic of

the monkey than it is of subprimate species.
Power spectrum analysis is required to see
primate thecta activity and the course of its
changes during learning. but it is clearly a
dominant feature of the electrical activity of the
monkey hippocampus and is systematically
related to the learning of alternation problems.

These findings are consistent with those of
Adey et al. (1960) and Elazar and Adey (1967) in
showing the relation of trains of theta rhythm to
learning. The difference in theta between correct
and incorrect responses within a trial category
(i.e.. go or no-go) close to and at criterion re-
presents a considerabile similarity with the Adey
et al. and Elazar and Adey studies. Changes in
spectral peaks over learning were not observed
in the present experiment. nor did we find com-

Flectroenceph. clin, Newrophysiol . 1972, 33 567-577
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Fig. 4. Averaged spectral density plots from the three blocks of the two alternation prablems. A @ Inferotemparat ctecrrade.

A Hippocumpal clectrode

parable frequency shifts between periods or
“epochs™ during the time course of individual
learning trials. These differences may be due to
the more complex clectrical activity of the mon-
key as compared Lo the cat and other subprimate
species or to procedural differences between the
cxperiments. For exampie. trials requiring the
monkey to make a response {go or left right
alternation) were exccuted very rapidly and the
sampling period for the recordings of the hippo-
campul FEG was shorter than that of the Adey
et @l and Elazar and Adcy studies. Further,
several episodes were recorded in those studies
{f.e.. pre-stimulos, stimulus, approach and post-
stimulus), while in this experiment samples were
taken for computer analysis following stimulus
onsct and 2.5 sec later. Yt another distinetion
concerns the difference between a brightness
discrimination and alternation problems which

activity recorded during the 1.28 sec control period beginning 2.5 sec thraugh each trial,

reflect the effects of frontolimbic damage.

The Fourier transforms of hippocampal EEG
that we report are similar in general form to the
intensity spectra of Berkhout er ol {1969) re-
corded from a monkey during delaved visual
matching. They found a high proportion of
activity in the hippocampal power spectra to lic
in the low ltequency range. although in the theta
bandwidth they did not find autospectral differ-
ences related to learning. In the latter case. per-
haps the inconsistency between Berkhout et al.
and the present experiment may hie in differences
in the degree of hippocampal participation in the
tasks represented in the two studies,

The electrical activity of the hippocampus
during the learning of the two alternation
problems suggests a solution to the paradox of
the leston deficit on spatial alternation and the
absence of a deficit on go/no-go alternation. To

Electroenceph. cfin. Newrophyvsiof 1972, 43 567-377
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be noted first is the fuct that the monkeys lcarned
the three problems in a standard order: gofno-go
discrimination, go/no-go alternation and spatial
alternation. This sequence may he seen to con-
stitute the development of an increasingly
differentiated and complex hicrarchy of re-
sponses, in the development of which a eritical
feature 1s involved in the learning of go/no-go
problems, cspecially the alternation problem.
The most difficult aspect of go/ne-go problems
for the monkey appears to be learning to pro-
gram the no-go part—to inhibit the panel press
response. During the early trials of the go/no-go
alternation problem, the monkeys perseverated
for very large numbers of trials in making go
responses, frequently ceasing to respond at all
since the same trials continued to be presented
until a correet {no-go) response was made. While
such quitting was rewarded once, it typically
took the monkeys some time to make the go
response required next. [t should be emphasized
that ne-go is not the passive withholding of a
response ; observation of the monkeys” behavior
clearly revealed an active process—reaching out,
almost pressing the panel and then with-
drawing—which continued throughout the no-
g0 period.

The gofno-go alternation problem may be
soluble by animals with hippocampal lesions
because the carly learning of this task follows the
course above. Although the hippocampally
damaged animal lacks anticipatory control of
the no-go response, his natural tendency to quit
following repeated no-go errors provides dis-
tinetive experience 1n learning to inhibit re-
spunses, which helps to differentiate no-go from
go trials.

In the learning of the delaved spatial alter-
nation problem, the alternation of left and right
responses must, as a result of the data obtained in
the current studies, be viewed as a differentiation
of no-go response selection—that ts, what the
monkey has to leam 18 not to go to the place he
went before, not 1o perseverate this response to a
single panel.

The contribution of the presemt clectro-
physiological data to this interpretation stems
from the close similarity of theta on left right
alternation to theta activity on the no-go trials
of the go/no-go problem. Go responses appear

L, P CROWNE ¢f gl

to involve increasingly less activity in the fre-
quency range of 3 5 ¢/sec us learning progresses
the suggestion is that they become relatively
automatic at advanced stages of learning and do
not reguire active hippocampal control. No-go
trials {and left nght alternation), however, de-
mund a high degree ol modulation or control,
which becomes increasingly evident n the
greater proportion of theta as criernion s
approached. In this connection, the recent sug-
gestion of Vanderwolf {1971) that =, the hippo-
campal formation takes part in the programming
of an intended act but... no actual behavior
occurs until the program s activated by the
diencephulic trigger™ {p. 95-96) 1s relevant
Presumubly, as responses (the go response)
become relatively automatic, they become in-
creasingly independent of the programming con-
trol that inhibttory responses demand, and this s
seen in the decreased amount of rhythmical slow
activity. Vanderwolf's proposal and the present
interpretation suggest that theta rhythm sigm-
fies an active state of the hippocampus, In con-
trast to the views of Douglas {1967} and Grastydn
{Grastydn et al 1959),

Among the strongest bits of evidence in this
experiment that the hippocampus participates
in the anticipatory control or programming of
intended acts 1s the increased thetg activity im-
mediately following stimulus presentation on
no-go trials, an increase which drops out later
in the trial. The immediate appearance of theta
on no-go trials. whether or not the monkey's
choice turns out to be correct or incorrect.
strongly suggests that a fast time calculation of
an ntention to intubit the panet press response
18 made at the very beginning of the trial (Pribram
1971). This caleulation has to be property
learned; the difference between go and no-go
trials and the anticipatory control of the no-go
response docs not show up until he has had
caperience with the task.

The results of the current cxperiment. there-
forc. support the assignment ol an “intention”
rather than an “inhibition™ “memory™ or “atten-
tion” function to the luppocampus. Response
inhibition, an cxplanation so long favored n the
hiterature, has heen ruled out by the experimental
finding of intact go/no-go alternation perfor-
mance after hippocampectomy. Bot what of the

Fiectroenceph. clin. Neurophysiol, 1972, 31 567 377
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other two possibilities? With regard to memory,
Talland (1965, 1968) has argued persuasively
that the memory defect seen in men as Korsa-
koff's syndrome or following bilateral medial
temporal lobe removals (amygdala and hippo-
campus) is due to an inefficient orgamzing
process, a defect in programming—a suggestion
also made by Miller et al. {1960). The results of the
current study would accord with this proposal.

In the light of some recently completed
rescarch, the effects of hippocampectomy on
attentional processes can also be explained in
terms of the current resuits. In one study the
effects of limbic lesions were shown to affect
primarily the length of the period of chance per-
formance i1n learning a discrimination or in
making discrimination reversals (Pribram et af.
1969). In a subsequent study (Spevack and
Pribram, in preparation), with the use of signal
detection techniques, this effect was shown Lo be
due to a change in the response bias influencing
performance. Response bias can be concelved
as a program influencing observing (attentional)
as well as instrumental responses, a conception
supported by another series of studies ol the
effect of limbic lesions using an eye camera
technique (Bagshaw er al. 1970, 1972).

In the context of these results, the data of the
current experiment suggest that hippocampal
theta reflects a response asing process which
cstablishes the sct point organizing observing
and instrumental responding. This suggestion
is consonant with the finding that theta rhythm
shifts oceur as a function of extinction (Gray
1970). Thus response bias influencing memory
and attention, not response inhibition or selec-
tion per se. is the process in which the hippo-
campus appears to be involved.

SUMMARY

l. Electrical activity from hippocampus and
inferotemporal cortex was recorded from mon-
keys {Macaca mulatta) during the learning of two
delayed alternation problems: go/ne-go alter-
nation and classical spatial altcrnation,

2. Power spectrum analysis clearly revealed
3-5 ¢fsec theta rhythm in the electrical activity
of the primate hippocampus and the appearance
of systematic differentiation in this theta band-
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width over the course of learning. Farly in
learning there were no differences between the
trial categories of the go/no-go problem (ie.
go correct, no-go correct. go incorrect, no-go
incorrect} or between problems. As criterion was
approached. however, theta rhythm became in-
creasingly more praminent on no-go as against
go trials. Theta on left-right alternation more
closely resembled no-go trial activity, On go
trials, theta activity tended to diminish as learn-
ing advanced.

3. Theta rhythm on incorrect trials of the
go/no-go problem was consistent with the nature
of the animal's response. 3-3 cfsce activity was
similar on go correet and no-go incorrect trials
near and at criterion, and theta on these trial
categories was clearly different from no-go
carrect, go incorrect, and left-right correct and
incorrect tnal electnical activity,

4. These effects all took place in the period
immediately following stimulus onset. Hippo-
campal electrical activity recorded later in each
trial did not show any systematic differences
between trial categories or problems.

5. The EEG from inferotemporal cortex
differed from hippocampal activity in the greater
proportion of fast activity and in the absence of
any of the effects observed in the hippocampal
leads.

6. The prominent occurrence of theta on
ne-go trials and the close similarity of the hippo-
campal power spectra on no-go and left right
alternation trials suggests that these responscs
demand & high degree of modulation or control
by an active hippocampus. From the appearance
of the theta effects carly in cach trial, 1t appears
that the hippocampus 1s involved in the an-
ticipatory programming of intended acts, and
the suggestion 1s that a fast time calculation of
4n intention to inhibit a response is made at the
beginning of the tnal. The data of this study
suggest that hippocampal theta reflects response
bias. conccived 4s a program arganizing oh-
serving and instrumental responding.

RESUME

ACTIVITE FLECTRIQUE HIPPOCAMPIQUE YU SINGE
AU COURS DI PROBLEMES 1Y ALTERNANCE RETARDEE

l. L'activité électngue de 'hippocampe et du

Electroenceph, clin. Newrophysiol, 1972, 33: 367 577
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cortex inféro-temporal a ét¢ enrcgistrée chez
des singes {Macuca mulaita) au cours de 'ap-
prentissage de deux problémes d'alternance
retardée, alternance aller/ne pas aller, et alter-
nance spatiale classigue.

2. L’analyse de spectre de puissance montre
clairement un rythme théta de 3 a 3 ¢/sec dans
['activité électrique de I'hippocampe du primate
et Papparition d’une différenciation systéma-
tique dans cette bande théta tout au long de
Papprentissage. A la phase précoce de 'appren-
tissage, il 0’y a pas de différence entre les catégo-
ries séquentietles du probléme allerine pas aller
{c'est-a-dire aller correct, ne pas aller correct,
aller incorrect, ne pas aller incorrect} ou entre
les divers problémes. Au fur et & mesure que 'on
se rapproche du critére d’apprentissage, cepen-
dant, le rythme théta devient progressivement
prédominant dans les séquences ne pas aller
comparées aux séguences aller. Dans Valter-
nance droite-gauche, te rythme théta ressemble
davantage 4 l'activité observée au cours des
essals ne pas aller. Au cours des essais aller,
Pactivité théta tend a diminuer au fur et & mesure
que I'apprentissage avance.

3. Lors d’essais incorrects du probléme aller/
ne pas aller, le rythme théta correspond i la
nature de la réponse de 'animal. Une activité de
34 5 ¢fsec est similaire dans les essais aller cor-
rects et ne pas aller incorrects lorsquon se
rapproche ou que I'on atteint le critére d'appren-
tissage, et au cours de ces catégories d'essais, le
rythme théta est nettement différent de Pactivité
électrique lors des séquences ne pas aller correct,
aller incorrect, et droit-gauche correct et in-
correct.

4. Ces effets surviennent tous dans la période
immeédiatement consécutive an début du siimu-
lus. Llactivité électrique hippocampigue en-
registrée plus tard dans chaque séquence ne
montre aucune différence systématique entre les
catégories de séquences ou de problémes.

S. L'EEG du cortex inféro-temporal différe de
I'activité hippocampique du fait d'une pro-
portion plus élevée d'activité rapide et de I"ab-
sence de tous les effets observés au niveau des
chaines hippocampiques.

6. La survenue prévalente de théta duns les
séquences ne pas aller et la simitarité trés proche
des spectres de puissance hippocampique dans

1. P CROWNE ¢f g,

les alternances ne pas aller et droite-gauche
suggere que les réponses demandent un degré
¢levé de modulation ou de controle par un
hippocampe actif. Le fait que les effets théta
apparaissent preécocément dans chague sé-
quence montre que hippocampe est implhqué
dans la progrummation anticipatoire des actes
projetés, et on peul supposer gue §il existe une
intention d'inhiber unc réponsc, le caleul rapide
en est furt au début de lu séquence. Les données
de cette étude sugpérent que le théta hippocam-
pique relléte la tendance de la réponse. congue
comme un programme organisant le mode d'ob-
servation ¢t de réponsc instrumentale.
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