Acta Physiol Scand 1993, 149, 105-115

Effect of ethanol on hippocampal neurons depends
on their behavioural specialization
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Acute effect of ethanol on hippocampal neurons was studied during food acquisition
behaviour in seven rabbits. The rabbits were taught to acquire food from a feeder by
pressing a pedal on the same side of the cage. The behaviourally specialized units (L
units related to newly Jearned behaviour and M units related to behaviour formed before
learning, e.g. certain movements) were comparable with the ‘place’ (projectional
pyramidal and granular cells) and “displace’ (non-pyramidal interneurons) units of the
current classification. The same direction of ethanol effects was found as for the limbic
cortex; the number of certain kinds of L units decreased and that of M units increased
but there was no significant change in the relative number of L and M units as a whole.
The background frequency of L units decreased, but the frequency within activations
increased. The results confirm our earlier findings on the most marked depressive effect
of ethanol on L units and show that it is the behavioural specialization, not the
morphological unit type, which is a major determinant of the ethanol influence.
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In our studies on the behaviour of rabbits we
observed qualitative differences in the acute
effects of ethanol on the activity of neural units
in the cortical part of the limbic system (area
29d; Alexandrov et al. 1990b) and in the motor
cortex (Alexandrov ez al. 1991). In the limbic,
but not in the motor cortex, the number of active
units decreased after ethanol admipistration.
The pattern of behavioural specialization of the
units also changed (Alexandrov ez a/. 1990a, b).
The relation between the number of L units
activated in a constant relation to newly learned
phases of behaviour, and M units activated in
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relation to ‘old’ phases of behaviour formed
before learning the task, e.g. to certain movements,
was reversed. In the motor cortex there was a
change only in the number of behaviourally
related units in the upper and lower cortical
layers.

The task of the present study was to investigate
the influence of ethanol on the activity of the
neural units in the hippocampus, a structure
which is particularly sensitive to ethanol (Klemm
et al. 1976, Grupp & Perlanski 1979). The com-
parison of the effects of ethanol on units in this
structure with our earlier findings is especially
interesting because of the specific morpho-
functional relations in the hippocampus. In the
hippocampus the neurons which have different
discharge characteristics (complex or simple
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spike), usually belong to different morphological
types; i.e. projection pyramidal and granular
cells or non-pyramidal interneurons (short axon
cells, Golgi type II) (Ranck 1973, O’Keefe 1979,
Fox & Ranck 1975, Sinclair ez al. 1982). It is
usually believed that ethanol has a more marked
depressive effect on the activity of interneurons
and associative structures than on the large
projection neurons and structures (for reviews,
see Klemm 1979, Zornetzer et al. 1982). There-
fore, acute influence of ethanol should be more
prominent on the non-pyramidal interneurons of
the hippocampus (simple spike units). Our earlier
data, however, indicate that the decisive factor
in the influence of ethanol on neural units is the
type of behavioural specialization of the units,
their morphological type being only one out of a
set of characteristics determining the behavioural
specialization (Alexandrov er al. 1990 b). We
therefore propose that the influence of ethanol
on hippocampal neurons is not simply deter-
mined by their morphology, but is related to
their behavioural specialization.

In the present study we first determine the
relation of the hippocampal units to different
phases in the behaviour of a freely moving rabbit
performing a food-acquisition task. Secondly,
we relate the recorded units to the current
classifications of the hippocampal units. Thirdly,
we compare the influence of ethanol on units
with different discharge types (morphological
type) and behavioural specialization. Finally, we
compare hippocampal data with those obtained
earlier on the effects of ethanol on the limbic and
motor cortex in the same experimental situation.

MATERIALS AND METHODS

Subjects. The experimental animals were seven male
adult rabbits (Orictolagus cuniculus; weight 2-3 kg).

Experimental procedure. Freely moving animals were
taught to acquire food by pressing one of two pedals
in the experimental cage (described in detail in
Alexandrov et al. 1990a). Pressing the pedal .activated
an automatic feeder on the same side of the cage. Each
rabbit repeatedly carried out the food-acquisition task
with a constant series of acts (behavioural cycle:
pressing the pedal, turning to the feeder and taking
food from the feeder), at both sides of the cage (front
and rear walls in relation to the video camera; see
recording techniques), in the control and in the
ethanol experiment.

In the ethanol experiments ethanol was injected
intraperitoneally (129, v/v ethanol in isotonic solu-

tion) using a dose of 1 g kg™ and thereafter 0.3-0.5 g
kg™! ethanol was added every 1.5-2 h until the end of
the experiment. This procedure produced an average
blood ethanol level of 0.9 g1 in 15-20 min, which
decreased to a level of approximately to 0.4 g 1! in
40-60 min, this was maintained throughout the
experiment. Blood ethanol level (sampled from the
marginal vein of the rabbit’s ear) was determined by
gas chromatography (see Alexandrov ez a/. 1990b). In
the control experiment the same amount of isotonic
solution was used.

Recording techniques. Electrophysiological and be-
havioural recording techniques, analysis of unit
activity, the criteria for activation of a unit and also
the classification of the behavioural specialization of
units have been described in detail elsewhere
(Alexandrov et al. 1990a, b).

Unit activity was recorded in the control and
ethanol experiments from the area CAl of the cornu
ammonis and dentate gyrus (Dg), including CA4. The
coordinates of recording were (P4, L4) (according to
McBride & Klemm 1968). The total number of units
during each microelectrode penetration was recorded
with 2 micromanipulator with a scale showing the
vertical location of the recording tip.

Unit activity, EMG and actographic marks of the
behaviour (see Alexandrov et al. 1990a) were tape-
recorded. In addition, the exact moment of the
animal’s movement from the pedal to the feeder, or
vice versa, was recorded by a photocell, fixed to the
head of the animal, which responded to photodiodes
located in the middle of the front and rear walls of the
cage between the pedal and the feeder. Hippocampal
ripples (see, e.g. Kanamori 1986) were recorded
(bandwidth 0.5-10 kHz) during resting before unit
recording of behaviour. The incidence of ripples was
counted in 2 s intervals. The rabbit’s behaviour and
unit activity (audio-channel) was video-recorded
simultaneously; light indicators denoted pedal pres-
sing and head lowering, and counters recorded
cumnulative number of spikes and time.

Behavioural and neural analysis. Both the duration
of each behavioural cycle and the number of mistakes
(for definition, see Alexandrov et al. 1991) performed
during both control and ethanol experiments were
determined and compared (z- and y* tests, respect-
ively).

The units were first divided into two groups: non-
involved (not activated) and involved (activated in
constant relation to a certain phase of the repeated
behavioural cycle) in the food-acquisition behaviour.
The latter group was further divided into two groups
with different behavioural specialization (M and L
units; cf. Alexandrov et al. 1990a, b; see also Results).
The statistical significance of differences between
number of units belonging to different groups and
between number of units belonging to the same
groups in both control and ethanol experiments was
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estimated by y® and Fisher’s exact tests (significance
limit P < 0.05).

Morphological analysis. After the experiments the
rabbits were sacrificed with an overdose of Nembutal,
the brains were fixed in 109, formalin and dehydrated
by increasing concentrations of ethanol. Serial frontal
slices were cut (thickness 10-20 #m) and every 10th
section was stained by the Nissl method. In the
contralateral site (symmetrical to the site of the
recording) neural structure was analysed by light
microscope; also the thickness of CAl and Dg
corresponding to the position of the microelectrode
track was determined. The location of the units in
CAl or Dg was determined on the basis of micro-
manipulator readings and this analysis.

RESULTS

Pattern of behavioural specialization of
hippocampal neurons in the control experiments

Unit recordings were obtained from six rabbits
during food-acquisition performance in both
control and ethanol experiments; for one rabbit
only the number of active units was counted
during microelectrode penetrations in both
experiments.

In control experiments 379, of all units (z =
160) recorded during the food-acquisition task
were involved units (Table 1). The rest of the
units had no constant relation to any phase of the
behaviour (non-involved units). The majority of
the recorded units had complex spikes in their
discharge.

Table 1. Change of proportion of units in control
(C) and ethanol (E) situations

Non-
involved
L units M units  units
Experimental
situation C E C E C E
Z (total %) 21 17 16 24 63 39
Subgroups ‘pedal’ ‘slow’
4 1* —_ - 39 28*
CAl (total %) 18 21 17 26 65 53
Subgroups ‘slow’
_— — - 39 25
Dg (total %) 24 13 14 22 62 65
Subgroups ‘place’
14 1* —_ - - =

*P < 0.01; **P < 0.001.
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L units were activated in relation to phases of
behaviour formed during the learning of the
food-acquisition task in the experimental cage:
the approach to the feeder, seizure of the food
from the feeder, approach to the pedal, and
pressing the pedal. The majority (739,) of these
units was activated during only one behavioural
cycle, either at the front or the rear wall. The
remainder (279,) were activated during both
behavioural cycles. L units could be activated
during the rabbit’s approach to one or both
feeders, and also during approach to and/or
pressing of one or both pedals.

The activation of L units during food seizure
was not due to the seizure itself but was caused
by specific conditions of learned behaviour
(Alexandrov et al. 1990a) (see Fig. 1). L units
were also classified as ‘place’ units (Fig. 2; cf.
O’Keefe, 1976), i.e. units which were only
activated when the rabbit was located in a certain
place within a varying behavioural context. When
only effective food-acquisition behaviour was
considered, the activity of the ‘place’ unit in Fig.
2 did not differ greatly from that of the unit
shown in Fig. 1. However, activation appeared
in the ‘place’ unit during both exploratory
behaviour (Fig. 2c—) and additional testing
(Fig. 2f), indicating marked differences between
the two units.

M units were activated in relation to different
movements of the body and/or head in varying
behavioural contexts. The majority (819,) of M
units were activated during all large spatial
movements. In the food-acquisition behaviour
they were activated during both the cycles with
movements between pedal and feeder, and in
some cases during the seizure of food. More than
half of M units (549%) had marked rhythmical
bursting activity related to large spatial move-
ments an seizure of food. The average frequency
of the bursts during large spatial movements was
7.340.7 57! (mean=+ SD). The rest of M units
was activated with other types of movement.

There was a significant difference in the
relative number of complex spike units among
L and M units (85 and 199, respectively,
P < 0.001), the remainder of both groups being
simple spike cells.
~ Among the non-involved units more than half
(619%) were units with slow (< 1s™) back-
ground frequency (determined as the mean
frequency of those discharged during the be-
haviour cycles, not including the periods of



v

108 Yu. I. Alexandrov et al.

@)

1 _ T—

Fig. 1. Complex spike L unit activated only during food seizure at rear feeder (ethanol
experiments). Numbers on the left: 1, record of animal’s displacements along the walls; fast
deflection during behavioural cycle in the record shows the instant of crossing midline of wall. 2,
EMG of m. masseter (low-amplitude bursts — taking food and grinding; high-amplitude bursts
— regular chewing). 3, 4, Record of pressing pedal (deflection upwards) and lowering head into
feeder (deflection downwards) at front (3) and rear (4) walls. 5, Unit recording. 6, Rasters of unit
activity during consecutive behavioural cycles. (a) Behavioural cycle at front wall, (b) at rear wall,
(c) lowering head when checking empty feeders (from beginning of record) and seizure of food
from experimenter’s hand (oblique arrow). Note no activation occurred during these acts, or
during the forced lowering of animal’s head into rear feeder (not shown in figure). Vertical arrow,
instant of lowering head into feeder. In the raster arrow shows the corresponding instant.

Calibration, 1s.

activation). The rest of the units had a higher
discharge frequency. Similarly, as for L units,
the group of slow background frequency units
consisted mainly of complex spike units (839),
this relative number differing significantly from
the corresponding number in the group of M
units (P < 0.001).

Out of 160 units 152 were localized in CAl

(102 units) and in Dg (50 units). For the relative
amount of different units, see Table 1.

Influence of ethanol on unit activity with
different behavioural specialization

In the ethanol experiments activity of 153
hippocampal units was analysed and 151 units



Ethanol and hippocampal units in behaviour
T~ - V N

anide o~ b s rou R X | I'P '“+
T v e el L

Fig. 2. Complex spike L unit activated at rear feeder in different behavioural acts (control
experiment). 1-6, See Fig. 1. (a) Behavioural cycle at front wall; note no activation. (b)
Behavioural cycle at rear wall; activation occurs during the end of approach to feeder and during
food seizure. (c) Sitting near and checking front wall feeder; no activation. (d) Sitting near and
checking rear wall feeder; activation occurs. (¢) Approaching rear feeder without lowering head;
activation occurs. (f) Forced pushing (oblique arrow) and keeping animal close to rear feeder and
lowering its head into feeder. Notice continuous activation during this defensive behaviour. Black
vertical arrow — crossing midline of the wall during approaching feeder (rasters constructed from
this instant). White arrow — going away from feeder. Calibration, 1 s.
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Fig. 3. Distribution of units with different background frequency. (a, b) L units, control (» = 33)
and ethanol (n = 26) experiments, respectively. (c, d) M units, control (z = 26) and ethanol

(n = 36) experiments, respectively.

were located in CA1l (75) and Dg (76). For the
relative amount of different units, see Table 1.

Ethanol had no effect on the number of L
units as a whole. However, the number of L
units activated with the pedal pressing decreased
in the ethanol experiments (Table 1). Also the
relative number of ‘slow’ non-involved units in
the ethanol experiment showed a decrease from
control (Table 1).

Injection of ethanol had the opposite effect on
the number of CA1l and Dg units, whose activity
could be detected during microelectrode pen-
etration (m.p.). In CAl the average number of
units decreased from 6.7 +3.4 m.p.”! (control)
to 49+1.8m.p.”" (ethanol), ie. by 279%
(P < 0.02). However, in Dg the number of units
increased by 289, (from 5.04+2.1m.p.”! in
control to 6.4+2.1 m.p.” in ethanol; P 0.02).

The decrease in the number of active units in
CAl was apparently due to the decrease in the
number of slow, non-involved units: from 399,
in the control experiments to 259, in the ethanol
experiments (P < 0.05). We examined this pro-
position using the statistical method we employed

earlier (prediction of the number of observed
units with the hypothesis that the absolute
number of units of the given group remained
constant; see Alexandrov et a/. 1990b). There
was a significant difference between the predicted
and experimental value of the slow, non-involved
units (P < 0.005) indicating a -decrease in the
absolute number of these units. There was also
a decrease in the absolute number of non-
involved units as a whole (P < 0.001). In the
control experiments the relative number of non-
involved units was significantly larger than that
of involved units (P < 0.001). In the ethanol
experiments there was no significant difference.

In Dg the relation between involved and non-
involved units did not change: in both control
and ethanol experiments the relative number of
non-involved units was larger than that of
involved units (P < 0.05). However, the number
of place units of the L group decreased in the
ethanol experiments (Table 1). Also the com-
parison of the predicted and observed values
(significant difference, P < 0.01) indicated that
the absolute number of place units decreased. In
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Fig. 4. Distribution of units with different frequency of activation. L units: (a) control (n = 33)
and (b) ethanol (n = 25) experiments, respectively. M units: (c) control (» = 26) and (d) ethanol

(n = 36) experiments, respectively.

contrast, the absolute number of M units
increased (P < 0.05) explaining the increase in
the number of active units in Dg.

Frequency parameters of the discharges of units
with different behavioural specialization and
effect of ethanol

Figures 3 and 4 show the distribution of the
number of L and M units classified on the basis
of frequency of background activity and fre-
quency of activation during related behavioural
phase. Similarly, as Ranck (1973), we counted
complex spike as a single potendal.

The background frequency (Fig. 3) was
significantly higher for M than for L units. In
the control experiments 859, of L units had a
background frequency < 5s™* and 859, of M
units had a frequency > 5s™! (P < 0.001).
Injection of ethanol led to a significant increase
in the number of L units which had no
background activity (from 24 to 549, P < 0.05)
and, consequently, to a relative decrease of units
with a higher background frequency.

The firing frequency within activations (Fig.
4) was higher for M units: significantly more L
than M neurons had a frequency of activation
< 20571 (58 vs 8%, P < 0.001) and significantly
more M than L had frequency of activations
>40s™ (58 vs 21%, P0.01). Injection of
ethanol led to a decrease in the number of L
units with frequency of activation < 15 s™ (from
30 to 89%) and to an increase in the number of
units with frequency of activation > 15s7!
(P < 0.05). '

The activation/background (a/b) ratio was
higher for L than for M units. In the control
experiments only 159, of L units had a ratio
< 5; however, there were 739, M units with
this ratio (P < 0.001). The number of units with
an a/b ratio > 20 was higher for the L group
(499%) than for the M group (15%) (P < 0.01).
In the ethanol experiments this difference
became even more marked. The number of L
units with an a/b ratio < 20 decreased from 51
to 23%, and the number of units with an a/b
ratio > 20 increased (P < 0.05). For M units
there was no significant change in either
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background activation or a/b ratio frequency
with ethanol.

Hippocampal ripples in the control experiment
and after injection of ethanol

In the control experiments hippocampal ripples
(burst duration 50-130 ms) always appeared
when the electrode reached the hippocampus.
The ripples were most marked in the depth
corresponding to the pyramidal cell layer of
CAl, they were observed when the animal was
resting and disappeared with a change to active
behaviour. The within-burst frequency of waves
differed significantly between CAl and Dg,
being 133.14+11.6s™* and 89.7+12.257%, re-
spectively (P < 0.001).

After ethanol injection a marked decrease was
observed in the incidence of ripples, this
amounted to 489, in CAl [from 2.3+1.6 2s)™*
to 1.2+1.2(2s)™*; P < 0.001] and 549 in Dg
[from 2.6+1.7(2s)? to 1.2+1.5(2s)7%;
P < 0.001].

Morphological control
Histological analysis of the hippocampal struc-

tures contralateral to the recorded site did not
reveal any neuronal damage.

DISCUSSION

Comparison of the types of behavioural

specialization of recorded units with the current

classification of hippocampal units

The present results show that the neurons in the
hippocampus can be divided into L and M
groups of behaviourally specialized units. Such a
division resembles the earlier classification of
hippocampal units into ‘place’ units, having a
discharge dependent upon the animal’s location,
and “displace’, ‘movement’ units, whose activity
is related to motor behaviour regardless of the
animal’s position (O’Keefe 1976, O’Keefe &
Dostrovsky 1971). The latter group is called also
“theta cells’, as these units, having simple spikes,
fire rhythmically with the hippocampal theta
rhythm (Ranck 1973).

According to the criteria — such as relation to
large spatial movements, firing frequency, type

of spike —the majority of units which we
classified as M units, had similar characteristics
to theta units (Ranck 1973, Sinclair ez al. 1982).

It was shown that 70-909, of complex spike
units with low background frequency belong to
‘place’ cells (cf. Ranck 1973, O’Keefe 1979,
Foster et al. 1989). Their relative number was
much lower in our study. In our paper a unit was
classified as a place unit if activity appeared in
the same place with different behaviours. Ac-
cording to O’Keefe (1979) the part of the
environment in which the place units have
activations ‘ does not appear to be determined by
such factors as the animals’s attitude towards
that place or the specific behaviour of the animal
in that place’ (p. 438). However, both our earlier
and present data indicate that the activations of
‘place’ units correspond to space related to the
results of behaviour, i.e. space which is divided
into fields in relation to the behavioural acts
which the animal performed in relation to the
goal object in the given environment (Alexandrov
1989, p. 75). Such an interpretation is in keeping
with the results and conclusions of Breese et al.
(1989) and Wiener er al. (1989). However,
Speakman & O’Keefe (1990) found that place
fields changed after altering the reward place in
only 2 out of 19 cells. Such a finding may be due
to differences in the experimental designs, but,
on the other hand, a constant relation between
the firing of the unit and a given place could
reflect the behavioural experience of the animal;
together with the formation of new place fields,
the old ones could persist.

If we accept the concept of behavioural
dependence, all L units may be considered as
‘place’ units, which are active in a given place or
places, because this place was related to some
behavioural results. Thus the difference between
the L units (classified as ‘place’ units in our
study) and the other L units is that the latter
belong to systems involved in food-acquisition
behaviour, however, the ‘place’ units also belong
to other acts performed within the environment
of the experiment. Thus, the majority of M units
are comparable with simple spike displace units
or theta units, and L units with complex spike
place units.

Thompson & Best (1989) showed that the
place units fire in a ‘field free’ environment with
a rate of 0.13+1.6 spikes s™. Furthermore,
approximately 909, of units with complex spikes
are place units (O’Keefe, 1976). Therefore, it is
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possible that many slow, complex spike, non-
involved units were place units having place
fields in some other environments. Some of these
slow, non-involved units could also be L units
related to some ‘other behaviours’, not analysed
in the present study.

Effect of ethanol on the pattern of behavioural
specialization and frequency parameters of the
discharge

In the present study there were no differences in
the relative number of L and M units between
control and ethanol experiments. We found,
however, a significant decrease in the number of
L units related to pedal pressing, the latest phase
of the learning process. Also the number of slow,
non-involved units decreased. Consequently,
ethanol selectively suppresses activity of the
hippocampal L units, which belong to acts
formed during the latest stages of individual
development, but not M units which belong to
systems formed in earlier phases of development.
The number of M units may even increase. The
effect of ethanol on frequency parameters of
discharges was selective also: true of L units, but
not of M units. The increase in the number of M
units (‘theta’ units) with ethanol may be related
to the finding that small doses of ethanol increase
the markedness of the theta rhythm of the
hippocampus of rat (Grupp & Perlanski, 1979)
as well as of rabbit (Whishaw, 1976). If the theta
rhythm of the EEG is related with the activation
of limbic structures (cf. Westphal ez al. 1990),
then the increase in the number of M units may
at least partly explain such changes in the EEG
after injection of ethanol.

In contrast to earlier views about the more
prominent depressive action of ethanol on
interneurons (see Introduction for references),
the results. indicate that ethanol has a more
prominent depressive action in the hippocampus
on projectional pyramidal and granular neurons
(L units) than on the short-axon non-pyramidal
interneurons (M units). Thus the results support
the proposition (Alexandrov er al. 1990b) that
the behavioural specialization, and not the
morphological type of a unit, is the main
determinant of the influence of ethanol.

As to the effect of ethanol on the frequency
parameters of the discharge of neurons there is
variability in different brain areas, including the
hippocampus (Klemm 1979, Grupp & Perlanski
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1979, Zornetzer et al. 1982); e.g. an increase or
decrease of frequency of activity of given units or
a different influence on closely spaced units. It
was not clear ‘how these cells differ in ways
other than their sensitivity to ethanol’ (Zornetzer
et al. 1982, p. 107). On the basis of the present
results we can explain such variability by the
following factors:

(1) The effect on the frequency parameters
depends on the behavioural specialization of the
units.

(2) When recording multiple unit activity
(MUA) we may have, after ethanol, involvement
of new units (M units) in subserving of behaviour;
therefore, variable amplitudes of MUA may be
obtained (Klemm ez al. 1976).

(3) Because the sensitivity of the different
phases of the activity of the given unit may be
different (cf. influence of ethanol on background
and activation; see also Alexandrov ez al. 1991),
the influence of ethanol on the same unit may
vary in different experimental conditions.

We suggested earlier that background activity
may be at least partly explained by an inter-
relation between the given unit and units which
belong to other systems (Alexandrov et al.
1990 b), its decrease indicating a decrease of the
intersystemic relations. The present results
support this position, as ethanol (1) depressed
irregularly appearing activity of slow, non-
involved units which were probably L units
related to other environments and behaviours;
(2) depressed, in Dg, such L units which are
presumably involved in subserving not only
food-acquisition behaviour, but also other acts,
manifesting by their activity ‘relations’ between
different behaviours, and (3) depressed ripples
which presumably reflect the functioning of
interneuronal relations, mediated through the
Schaffer collaterals and associational fibres of
hilar cells (Buzsaki, 1986).

Thus the injection of ethanol leads to a
decrease in a number of certain L units which
are active in behaviour, but not to a decrease of
their activation if they maintain their relation to
phases of behaviour. On the contrary, the
markedness of their activation may even increase.
Furthermore, the process of coordination of
systems (intersystemic relations) attaining such
behaviour is depressed.

When comparing the present results with
those obtained by us for the limbic cortex, we
conclude that in both the hippocampus and
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limbic cortex ethanol selectively depresses the
activity of L units, especially ‘place’ units and
‘pedal’ units.

The depression of the activity of L units
probably leads to a general decrease in the
number of active units both in the limbic cortex
and CAl of the hippocampus. An increase in the
number of M units, relative in the limbic cortex,
appeared in Dg as an absolute increase which led
to an increase in the general number of active
neurons.

However, the influence of ethanol on the
pattern of specialization of units is smaller in the
hippocampus, in contrast to the limbic cortex, in
which we observed no significant change in the
relative size of groups of L and M units after
injection of ethanol. On the other hand, the
direction of ethanol influence on frequency
parameters of the discharges were similar in both
structures, but more pronounced in the hippo-
campus. In the limbic cortex we found (un-
published data) no differences in the activation
frequency of L and M groups of units after
ethanol. In other respects the direction of ethanol
influence on frequency parameters was similar in
both structures.

In the motor cortex we also observed, after
ethanol, a decrease of background frequency and
an increase in the a/b ratio but no change in the
pattern of specialization of units, similar as in the
limbic structures. Therefore, the pattern of
behavioural specialization seems to be a more
sensitive indicator of differences in the sensitivity
of units of different brain areas to acute influence
of ethanol than the frequency parameters of the
discharges.

The present study was supported by The Finnish
Foundation For Alcohol Studies.
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