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The response of neocortical cells to various drugs applied into their environment by
microelectrophoresis has been widely studied in recent years (Krnjevic & Phillis, 1963a;
Crawford & Curtis, 1964). Here an attempt has been made to study the chemical sensitivity
of individual palaeocortical cells to acetylcholine, 5-hydroxytryptamine and the catechol
amines, noradrenaline and dopamine (3,4-dihydroxyphenylethylamine). There is some
evidence that acetylcholine could be a neurotransmitter in the pyriform cortex though it
is, of course, incomplete. Choline acetylase (Feldberg & Vogt, 1948; Hebb & Silver, 1956)
and cholinesterase (Burgen & Chipman, 1951) are known to be present in this region.
Further, MacLean & Delgado (1953) have shown that when acetylcholine is applied locally
to the pyriform area of unanaesthetized cats it produces changes in affective behaviour,
similar in type to those produced by local electrical stimulation.
The pyriform cortex contains relatively large amounts of 5-hydroxytryptamine and

moderate amounts of noradrenaline compared with the neocortex, as well as some of the
enzyme systems necessary for their synthesis and destruction (Amin, Crawford & Gaddum,
1954; Vogt, 1954; Bogdanski, Weissbach & Udenfriend, 1957; Paasonen, MacLean &
Giarman, 1957; Kuntzmann, Shore, Bogdanski & Brodie, 1961). Such evidence provides
some grounds for the postulate that these substances are central neurotransmitters. This
idea is strengthened by recent histochemical investigations which have shown a general
correlation between the content of 5-hydroxytryptamine and noradrenaline and their
presence in fine nerve terminals of the hypothalamus, brain stem and spinal cord (Carlsson,
Falck, Hillarp & Torp, 1962; Dahlstrom & Fuxe, 1964; Carlsson, Falck, Fuxe & Hillarp,
1964).
In this paper it is shown that acetylcholine excites single cells in the pyriform cortex and

that these cholinoceptive cells have a fairly uniform distribution in depth. Their sensitivity
to various cholinomimetic and cholinolytic substances has been determined. In contrast,
5-hydroxytryptamine, noradrenaline and dopamine have fairly strong depressant actions
on the firing of single cells. A preliminary report of some of these findings has been given
(Randic & Straughan, 1965).
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METHODS

Twenty adult cats of 1.6 to 2.6 kg weight were used. They were mostly anaesthetized with Dial Compound
(Ciba), containing diallylbarbituric acid (0.1 g/ml.) and urethane (0.4 g/ml.), injected intraperitoneally
(0.7 ml./kg). In a few experiments a mixture of chloralose (50 mg/kg; Hopkin & Williams) and urethane
(500 mg/kg; Hopkin & Williams) was given intravenously. The temperature of the preparation was main-
tained at 37 ±10 C by means of an automatically controlled heating pad under its abdomen (Krnjevi6 &
Mitchell, 1961).

The procedure for exposing the pyriform cortex was based on that described by Fox, McKinley & Magoun
(1944). The zygoma, mandibular ramus and coronoid process with associated muscles, and the contents
of the left orbit were removed. The anterolateral area of the pyriform cortex (corresponding to the stereo-
taxic co-ordinates F +9 to F + 16 (Jasper & Ajmone-Marsan, 1960), was exposed by chipping away the
overlying portions of the petrous temporal and the sphenoid bone. The exposure of the more medial parts
of the pyriform cortex was improved by removal of the lateral portion of the hard palate and by retraction
of the mandible.

After opening the dura mater the cortex was covered with 3% agar (Difco Laboratories) in Ringer-Locke
solution at 38° C. This procedure prevented drying of the cortex and substantially reduced pulsations so
that units could be held for longer periods (sometimes up to 15 min).

When afferent volleys were required, the ipselateral olfactory bulb was exposed in the floor of the frontal
sinus and paired stainless steel stimulating electrodes were inserted. The lateral olfactory tract was also
exposed and stimulated through paired platinum electrodes placed on its surface.

The construction and filling of the five-barrelled glass micropipettes used have been described by Krnjevid
& Phillis (1963a). The technique and theory of iontophoresis in its present application has been elaborated
in detail in a recent review by Curtis (1964). Routinely, one of the outer barrels of the micropipette contained
1 M-sodium L-glutamate (pH 8.5), from which the active anion could be expelled by passing inward currents
(tip negative). It was necessary to fill another outer barrel with 2.7 M-sodium chloride as a control for the
usual exciting effect of inward (tip negative) current or the depressing effect of outward (tip positive) current
(Curtis & Koizumi, 1961; Krnjevic & Phillis, 1963a). The remaining outer barrels were filled with aqueous
solutions of the various salt complexes to be tested. These solutions were kept at an acid pH (4.5 to 5.5)
to improve their stability. The lysergic acid derivatives, the catechol amines and the adrenergic blocking
agents were prepared just before use, and the electrode tips were filled by centrifugation. The other drugs
were placed in their respective barrels 48 hr before each experiment, and the tips were allowed to fill by
diffusion. After filling, all micropipettes were kept in the dark at 40 C.

Extracellular spike potentials from single units were recorded through the central barrel of the micro-
pipette. This barrel was filled with 2.7 M-sodium chloride (a.c. resistance 4.5 to 9 mQ) and was connected
to the grid of a cathode-follower valve by a short chlorided-silver wire. After suitable amplification the
spike responses were displayed on an oscilloscope face with Z-axis modulation (Pokrovsky, 1960) to improve
their intensity. When required, photographic records were taken with the beam stationary and the film
moving at 5 mm/sec. In all experiments the amplified spike responses were fed into a ratemeter (Ekco i
522 C) with a variable discriminator, allowing the selection of large spikes from small spikes and noise.
The constant voltage output pulses from the discriminator were monitored on the second beam of the oscillo-
scope, and were integrated electrically with a time constant of 0.2 or 1 sec. To provide a continuous record of
cell firing the output of the ratemeter was led through a d.c. preamplifier and displayed on a pen writer with
a curvilinear write-out.

The drugs used, with their usual concentrations, are arranged in their order of use, and were as follows:
sodium L-glutamate, 1.0 M (B.D.H.); y-aminobutyric acid, 0.2 and 1.0 M (Cal Biochem.); acetylcholine
chloride, 1.0 M (B.D.H.); acetyl-,B-methylcholine chloride, 1.0 M (Koch-Light Laboratories); carbachol
chloride, 1.0 M (B.D.H.); (±)-muscarine iodide, 0.4 M (Geigy*); nicotine hydrogen tartrate, 0.2 M (B.D.H.)
atropine sulphate, 0.2 M (B.D.H.); dihydro-f-erythroidine hydrobromide, 0.3 M (Merck*); 5-hydroxytrypt-
amine creatinine sulphate, 0.05 M (May & Baker); 5-hydroxytryptamine bimaleinate, 0.2 M (Koch-Light);
lysergide (D-lysergic acid diethylamide hydrogen tartrate), 0.07 M; methysergide hydrogen maleate (UML
491), 0.03 M; 2-bromo-D-lysergic acid diethylamide hydrogen tartrate (BOL 148), 0.05 M (Sandoz*); 3,4-
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dihydroxyphenylethylamine (dopamine), 0.5 M; (-)-noradrenaline bitartrate, 0.5 M; dibenamine hydro-
chloride, 0.1 M (Koch-Light); phentolamine methane sulphonate, 0.1 M (Ciba*); and dichloroisoprenaline
hydrochloride, 0.25 M (Lilly). The firms indicated with an asterisk supplied their drugs as free gifts, and their
generosity is gratefully acknowledged.

RESULTS
Generalfeatures

Units were chosen for study either because they were discharging spontaneously (about
10% of those studied) or because they could be excited by L-glutamate ejected into their
vicinity by iontophoresis. Even with our relatively wide-tipped microelectrodes (external
diameter 5 to 10 u) we have regularly recorded extracellular spikes of the order of 300 to
600 ,.V in amplitude. It was usually possible to select for recording either single units
(Figs. 1 and 14) or contrasting large and small units (Figs. 9 and 11).

Amino acid sensitivity
L-Glutamate, expelled as an anion with currents ranging from 4 to 50 nA, proved to be

a potent excitant of all the pyriform cortical cells tested, as shown in Figs. 1, 9, 11 and 14.
Characteristically the latency of onset was short (about 200 msec) and firing stopped within
400 msec of the end of the L-glutamate application. y-Aminobutyric acid (5 to 20 nA) was
a very potent inhibitor of all unit firing, whether it was spontaneous or had been evoked by
L-glutamate. The time course of this inhibitory action was rapid (in both onset and recovery)
and comparable with the excitatory action of L-glutamate. Thus, the actions of L-glutamate
and y-aminobutyric acid did not differ from those described for neocortical cells by
Krnjevic & Phillis (1963a) or from those described elsewhere in the brain and spinal cord.

Excitation by acetylcholine
Acetylcholine was expelled from the micropipette as a cation (tip of the pipette positive)

with currents ranging from 40 to 150 nA, for periods up to 2 min. Of the 286 units tested
with this substance in fourteen cats, 77 units (26.9%) were excited. The proportion of
cholinoceptive units found in a single cat, however, varied greatly between animals. In
one animal nine out of the eleven units tested were excited by acetylcholine while in another
only one out of thirteen units was excited. In some cells acetylcholine produced sufficient
depolarization to fire directly (as Fig. 1), while in other cells the depolarization was in-
sufficient to fire the cell directly but was readily revealed by the increase in firing when small
doses of L-glutamate were superimposed (as shown for carbachol in Fig. 3).
Our usual experience was that the response to acetylcholine was increased if a second

application was made within a few minutes of the first. Thereafter acetylcholine-firing
remained reasonably constant with successive periods of ejection. This is in general
agreement with the findings of Krnjevic & Phillis (1963b) for neocortical cells, and is in
contrast to the fall in acetylcholine sensitivity with successive applications seen with
thalamic cells by Andersen & Curtis (1964a). Another interesting feature was that many
cells which had been completely quiescent initially would continue to discharge spon-
taneously at a slow rate after excitation by acetylcholine, but not after excitation by
L-glutamate.
A typical excitatory response to acetylcholine is illustrated in Fig. 1. When acetylcholine

was applied with a current of 150 nA there was a latent period of 28 sec before regular
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Acetylcholine

0.4 mV

5 sec

Glutamate

Fig. 1. Oscilloscope record of extracellular spike potentials from a single unit at 0.9 mm depth. The top
and bottom records are continuous. The horizontal bars below the record indicate the duration of
iontophoretic application of acetylcholine (top record, 150 nA) and L-glutamate (bottom record,
40 nA). Note the long delay before the cell fired with acetylcholine and the slow recovery, compared
with the rapid action of L-glutamate. Calibrations, 0.4 mV and 5 sec.

firing occurred. On stopping the current, the firing gradually declined over the next minute.
This is quite different from the almost immediate onset of firing in the same unit when
L-glutamate was applied with a current of 40 nA, and the cessation within 300 msec of
stopping the expelling current. The long latency in the onset of acetylcholine-excitation
and the slow recovery were very generally observed, and are similar to the behaviour
described for neocortical neurones by Krnjevic & Phillis (1963b) and for hippocampal
neurones by Biscoe & Straughan (1965).

Depth distribution of acetylcholine-sensitive cells
rhe depth of every cell tested was recorded by means of a helical potentiometer attached

to the micromanipulator. The most probable source of error in these estimates of depth
was the difficulty of ensuring that the microelectrode was moving exactly perpendicular to
the surface of the cortex, particularly as the contours of the pyriform cortex change very
sharply in this region. The general effect of this was that cells would be recorded at an
apparently greater depth than that at which they actually lay.

In Fig. 2 the graph shows the superimposed histograms of the depth distribution of
the ninety-one cholinoceptive cells found in ten preparations and of all the cells excited
by L-glutamate and found at random in the same experiments. To make the histograms
dimensionally comparable the depth distributions of the 375 cells excited by L-glutamate
were recalculated on a sample size of 91 and the total was used in a x2 test, with the
L-glutamate-excited cells as the expected distribution. The differences were not significant
(x2-1.46, n=9, P>0.99). Thus it would seem that there is no selective depth distribution
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Fig. 2. Superimposed histograms of the depth distribution of 91 cholinoceptive cells found in the pyriform
cortex of ten cats (continuous line, crosshatched area); and of the 375 cells found at random in the same
experiments (broken line, unshaded area). To make the histograms dimensionally comparable the dis-
tribution of these 375 cells excited by L-glutamate was recalculated on a sample size of 91. The dis-
tributions were not significantly different. X2 = 1.46, n = 9, P >0.99.

of cholinoceptive cells, as has been noted in the neocortex by Krnjevic & Phillis (1963b)
and in the hippocampus by Biscoe & Straughan (1965). One feature of the distribution of
cholinoceptive cells is apparent from this histogram and that is the predominance of cells
below 0.4 mm of depth. This agrees with the localization of larger cells below 0.4 mm of
depth in frozen sections of the pyriform cortex. Presumably the relatively coarse tips of our
microelectrodes (5 to 10 ,t) tend to select these larger cells at the expense of smaller ones.

Depression by acetylcholine
Thirteen out of the 286 units (4.5%) tested were depressed by acetylcholine. The depres-

sion was seen either as a reduction in the rate of spontaneous firing or as a reduction in the
firing induced by superimposed brief applications of L-glutamate. This proportion of
acetylcholine-depressed units is similar to that noted for the neocortex by Randic, Siminoff
& Straughan (1964). These units were not investigated further.

Cholinomimetic agents
Carbachol. This drug excited twenty-three out of the thirty-six units tested in four cats.

As with acetylcholine, the depolarization was either sufficient to fire the unit directly or could
be revealed by the increase in firing when L-glutamate was superimposed. The latter
procedure is illustrated in Fig. 3. In this cell L-glutamate (40 nA) applied at regular intervals
gave reproducible firing but without maximal depolarization. A background current
delivering carbachol (80 nA) was now applied, and after about 45 sec there was an obvious
facilitation of the firing induced by L-glutamate. This carbachol-excitation persisted for
about 1 min after stopping the current.
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Carbachol 30 sec

Glutamate

Fig. 3. Ratemeter record. Quiescent unit at 0.2 mm depth excited by the regular application of L-glutamate
(40 nA) for 5 sec in every 15 sec. First application of L-glutamate is shown by the arrow; subsequent
applications are not arrowed. The horizontal bar below the record indicates the duration of application
ofcarbachol (80 nA). Note the delayed onset of facilitation and slow recovery after stopping the delivery
of carbachol. The scale shows the number of spikes counted per second by the ratemeter with a time
constant of 1 sec.

Twelve units were held long enough to compare the excitation produced by carbachol
with that produced by equal currents releasing acetylcholine. The results were somewhat
inconclusive, since carbachol was more potent than acetylcholine in seven cells and less
potent in four others. Further, the duration of excitation by carbachol after termination
of the current exceeded the values for acetylcholine by 10 to 60 sec, when both were applied
for an equal period of 1 min. Similar findings were reported for ventrobasal thalamic
neurones by Andersen & Curtis (1964b) and for neocortical neurones by Krnjevic (1965).

Acetyl-fl-methylcholine. This excited fifteen out of twenty-three units tested in four
cats. In four of these units, the relative potency of acetyl-fl-methylcholine against acetyl-
choline was determined, and on two units the former drug was more potent while on two
others they were equipotent. The number of units tested with acetylcholine and acetyl-f3-
methylcholine is too small to allow any definite conclusion regarding their relative potencies
in the palaeocortex. In eleven cells the excitation produced by carbachol was compared
with that produced by equal amounts of acetyl-f-methylcholine. In the majority of these
(nine cells) carbachol appeared to be slightly more potent than acetyl-fl-methylcholine.

Nicotine. This was tested on twenty-four units in five preparations. In nine units after
a long latency of 20 to 40 sec there was a small increase in the firing rate of the same negative
spike which was fired by L-glutamate or by acetyl-f-methylcholine. The cells continued to
fire for a time after stopping the expelling of nicotine before their regaining a normal level
of excitability.

(+)-Muscarine. This drug has not been studied in great detail. In one preparation,
five units were tested, and two of these were excited by both muscarine and acetylcholine.
In each case muscarine was the more potent excitant. Muscarine did not excite the three
units which were not excited by acetylcholine.

Cholinolytic agents
Atropine was expelled as a cation from an 0.2 M solution of atropine sulphate with

currents ranging between 40 and 100 nA for periods of 30 to 90 sec. Nine cholinoceptive
units were tested with atropine in five preparations; in eight of these atropine selectively
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blocked the excitatory response to acetylcholine (Fig. 4). The specificity of this block was
demonstrated by the failure of atropine to diminish the firing produced by the applications
of L-glutamate. Complete recovery of normal excitation by acetylcholine took anything
from 3 to 20 min. On several occasions we observed only a partial recovery, because of
deterioration in, or loss of, the unit. A complete loss of the response to acetylcholine and
L-glutamate with atropine was only seen in one unit, which had received a comparatively
large amount of atropine (110 nA for 8 min).

This nonspecific depressant effect of atropine has been observed more frequently in
neocortical (Krnjevic & Phillis, 1963a), thalamic (Andersen & Curtis, 1964b) and spinal
Renshaw cells (Curtis & Phillis, 1960) and is presumably due to a local anaesthetic type of
action of atropine upon the spike mechanism of these cells (Curtis & Phillis, 1960; Krnjevic
& Phillis, 1963a,c). However, this local anaesthetic action of atropine, as measured by the
reduction in spike amplitude and reduced excitation by L-glutamate, was of short duration
and small extent. Thus, soon after turning off the current expelling atropine the excitatory
response of cells to L-glutamate was fully recovered when excitation by acetylcholine was
still selectively depressed.

Seven of the cholinoceptive units blocked by atropine were also tested with dihydro-3-
erythroidine. In one unit dihydro-/3-erythroidine (130 nA) had no effect until it had been
applied for 7 min, when complete block of the excitation produced by acetylcholine
occurred. The response to acetylcholine recovered fully within 2 min of turning off the
expelling current. In three units dihydro-g-erythroidine (60 to 110 nA applied for 1.5 to
3 min) caused a partial reduction of the response to acetylcholine (30 to 50%). In the
remaining three units, dihydro-g-erythroidine-delivering currents of 60, 80 and 120 nA
were passed for 1.5, 2 and 7 min respectively, without any effect. One of these dihydro-f-
erythroidine-insensitive cells is shown in Fig. 4. In this cell dihydro-/-erythroidine (80 nA)

Glut Ach DHE Glut Ach

30
Lo

A 'A fi

Glut Ach Atr Ach Glut Ach Ach Glut Ach 30 sec
4.5 min 7.5 min

Fig. 4. Ratemeter record. Quiescent unit at 0.8 mm depth excited by a 10 sec application of L-glUtamate
(20 nA, Glut) when indicated by the arrows. The unit was also excited by acetylcholine (100 nA, Ach)
applied for a period of 45 sec when indicated by the horizontal bars below the records. In the top
record dihydro-p-erythroidine (80 nA, DHE) was applied for 2 min between the filled triangles; this
did not block the excitant action of acetylcholine. The record was continued (lower line) when atropine
(80 nA, Atr) applied for 1 min only between the triangles blocked the excitant action of a subsequent
application of acetylcholine but not that of L-glutamate; on the right is shown the partial recovery of
the excitation by acetylcholine at 4.5 min after, and the complete recovery at 7.5 min after stopping
the delivery of atropine. The scale shows the number of spikes counted per second by the ratemeter.
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applied for 2 min did not block excitation by acetylcholine, though the same amount of
atropine applied for 1 min completely abolished the excitant action of acetylcholine, leaving
the response to L-glutamate unaffected. Full recovery of the acetylcholine-effect occurred
7.5 min after turning off the current expelling atropine.

In all, thirteen cholinoceptive cells were tested with dihydro-fl-erythroidine in seven
preparations. In most of these cells a direct excitant effect of the drug was noted similar
to that described for medullary (Salmoiraghi & Steiner, 1963) and ventrobasal thalamic
neurones (Andersen & Curtis, 1964b). This direct excitant action of dihydro-fl-erythroidine
is illustrated in Fig. 5; here, after 1 min of dihydro-f-erythroidine (100 nA) the addition
of L-glutamate (40 nA) was sufficient to trigger maintained firing.

100

0,;0 ~~~~~~~~~~~~~a.

tA A 30 sec
I1Dihydro-,p-erythroidine

Glutamate

Fig. 5. Ratemeter record. Quiescent unit at 0.4mm depth excited by the regular application of L-glutamate
(40 nA) for 5 sec. The arrow shows the first application; subsequent applications are not arrowed.
Dihydro-perythroidine (100 nA) was applied for I min 40 sec, between the filled triangles. After 1 min
this increased the excitability of the unit sufficiently for the next application of L-glutamate to trigger
maintained firing. When the delivery of dihydro-,B-erythroidine was turned off the unit recovered its
normal excitability. The scale shows the number of spikes per second.

U~~~~~~

0D~~~~~

Ach DHE Ach Ach 30 sec

Glut Glut Glut

Fig. 6. Ratemeter record from a unit at 1.7 mm depth. The horizontal bars below the record indicate when
acetylcholine (100 nA, Ach) was applied for 45 sec. Note the delay before the unit fired (about18asec),
and also that firing continued for about 1 min after stopping the expelling current. The unit was also
excited by L-glutamate (40 nA, Glut, for 10 sec) at times indicated by the arrow. Between the filled
triangles dihydro-3-erythroidine (100 nA, DHE) was applied for1 min. The subsequent application of
L-glutanate caused normal firing, but the excitant action of acetylcholine was completely oie
In the last section of the record, tanen 3.5 min after stopping the delivery of dihydro-p-erythroidine,
partial recovery of excitation by acetylcholine has occurred. Full recovery cannot be shown as the cell
was lost.
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Seven units were held long enough for their acetylcholine-response to be tested after
atropine; the results have been discussed above. Of the remaining six units tested, in two
the acetylcholine-excitation was completely blocked by dihydro-/3-erythroidine (100 nA
applied for 1 to 1.5 min), in two others it was partially blocked (80 to 100 nA applied for a
period of 1.5 to 3 min), while in the last two units acetylcholine-induced excitation was
unaffected (90 to 110 nA for 1.5 to 5 min). The selective blocking action of dihydro-fl-
erythroidine on one cholinoceptive unit is illustrated in Fig. 6. Here, dihydro-ft-erythroidine
(100 nA) applied for 1 min caused a complete block of the excitatory response to acetyl-
choline though the excitability of the cell to L-glutamate remained unimpaired. Owing to
movement of the microelectrode and consequent loss of the cell, only partial recovery of
the acetylcholine-response was observed, occurring 3.5 min after stopping the dihydro-fl-
erythroidine-releasing current. Normally, full recovery of acetylcholine-sensitivity after
dihydro-f-erythroidine took about 5 to 6 min.

5-Hydroxytryptamine
In all, 116 units were studied in ten preparations. The 5-hydroxytryptamine was applied

as a cation with currents between 20 and 90 nA for periods of 30 to 90 sec. and the rate of
spontaneous or L-glutamate-induced firing was depressed in sixty-four of these units.
Though the frequency of firing was reduced, the size of the extracellular spike potential
was unaffected; thus a local anaesthetic type of action on the postsynaptic membrane
seems unlikely. Maximal depression was usually seen within 10 to 30 sec, though the
latency varied considerably with different units. After stopping the current expelling
5-hydroxytryptamine, full recovery of the firing rate did not usually occur for about 2 mi.
The unit illustrated in Fig. 7 was excited by L-glutamate (6 nA) applied for 5-sec periods;

a continuous application of 5-hydroxytryptamine (40 nA for 2 min) caused a gradual
30

5-Hydroxytryptamine 30 sec
Glutamate

Fig. 7. Ratemeter record from unit at 0.5 mm depth. Excitability tested by the regular applications of
L-glutamate (6 nA) for 5 sec. The first application is indicated by the arrow; subsequent applications
are not arrowed. Background application of 5-hydroxtryptamine (40 nA), applied continuously for 2.2
min, is indicated by the horizontal bar. Unit excitability was depressed by 5-hydroxytryptamine and
took 5.0 min to recover. The scale shows the number of spikes per second.

depression of its excitability. On turning off the current expelling 5-hydroxytryptamine,
the normal firing rate was not regained for about 5 min. An even more persistent
depression produced by 5-hydroxytryptamine is shown in Fig. 8 where full recovery of the
firing rate was not achieved for 5 min. This figure also shows that, when a larger amount of
L-glutamate was applied (double arrow sign) during the recovery phase, it was able to
excite the unit above the control frequency rate. This means that the persistent depression
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30 >

0I

I NA It 30 sec
Glut

I ~ ~¶5HT I1
Glut

Fig. 8. Ratemeter record from cell at 2.3 mm depth. This cell was quiescent, so L-glutamate (20 nA, Glut)
was applied for 5 sec in every 15 sec, to give regular bursts of firing. The first application was at the
first arrow; subsequent applications are not arrowed unless stated below. In the upper record a back-
ground current of noradrenaline (40 nA, NA) was applied for 2 min (indicated by the horizontal bar),
causing a gradual depression of L-glutamate-induced firing. Doubling the time for which L-glutamate
was applied (two close arrows) did not fire the cell at control levels. The control level of firing was not
recovered for 2 min. In the bottom record 5-hydroxytryptamine (40 nA, 5 HT) was applied to the same
cell for 2 min from another barrel of the micropipette (indicated by the horizontal bar). Within 15 sec
firing was completely abolished (L-glutamate deliveries at arrows) and even doubling the time for which
L-glutamate was applied (two close arrows) did not fire the cell. Cell excitability slowly recovered within
5 min of stopping the delivery of 5-hydroxytryptamine. Doubling the amount of L-glutamate applied
during this recovery phase (two close arrows) caused an increase in the frequency of firing although
the normal firing from 5 sec of L-glutamate had not recovered. The scale shows the number of spikes
per second.

obtained with 5-hydroxytryptamine in this unit cannot be attributed to over-depolarization.
However, in some units the time course of the depressant action of 5-hydroxytryptamine
was much more rapid, as shown in Fig. 9, and this effect is much more comparable with
that seen in the feline neocortex (Krnjevi6 & Phillis, 1963d).

5-Hydroxytryptamine is also able to block firing in cells which have been synaptically
activated by stimulation of the lateral olfactory tract. This is illustrated in Fig. 10; when
5-hydroxytryptamine (60 nA) was applied for 20 sec, synaptic activation of the unit was
gradually blocked (b, c) ; full recovery took place immediately on stopping the ionto-
phoretic current (d). When this unit was excited with L-glutamate (not illustrated) the
same amount of 5-hydroxytryptamine produced a similar block.
When possible, 5-hydroxytryptamine-depressed cells were tested with other potential

neurotransmitter substances. No particular correlation, positive or negative, was noted
between 5-hydroxytryptamine-sensitivity and the response to acetylcholine, noradrenaline
or dopamine. For example, out of eleven cells depressed by 5-hydroxytryptamine which
were tested with noradrenaline, six were depressed. This is only just greater than the
proportion of cells found to be depressed by noradrenaline on random testing. A record
from one of these cells is shown in Fig. 8. Though 5-hydroxytryptamine (as creatinine
sulphate) has a lower transport number than noradrenaline (Krnjevic, Laverty & Sharman,
1963) it can be seen that 5-hydroxytryptamine produced a more potent and longer-lasting
depression than noradrenaline.
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(a ) S-Hyd roxy-
tryptamine

(b) Dopamine

(c) Na-

97

0.2 mV

Fig. 9. Oscilloscope record of extracellular spikes from two units, one large and one small, at 0.5 mm
depth. The units were firing continuously with a background application of L-glutamate (8 nA).
(a) 5-Hydroxytryptamine (60 nA) was applied for 18 sec when indicated by the white line beneath the
record. The firing rate of the larger unit is depressed before the smaller unit, and the spike sizes are
unaltered. (b) Dopamine (60 nA) was applied for 16 sec when indicated by the white line beneath
record. Both large and small units are fairly rapidly depressed. (c) A control current of 100 nA
was passed through the barrel containing sodium chloride when indicated by the white line, and there
is some current depression of the large unit but the small unit is comparatively unaffected.
Calibrations, 0.2 mV and 1 sec.

(a) (b) (c) (d)

10.5 mV

5-Hydroxytryptamine
50 msec

Fig. 10. In (a), a unit was evoked with an average latency of 17 msec (range 12.5 to 22.5 msec) by stimula-
tion of the lateral olfactory tract with 13-V and 0.l-msec duration pulses. In (b), stimulation continued
with 5-hydroxytryptamine (60 nA) applied to the unit over 10 sec from an adjacent barrel of the micro-
pipette (during white line). In (c), application of 5-hydroxytryptamine continued for a further 10 sec.
The synaptically evoked unit response is now blocked. In (d), immediately on stopping the current
expelling 5-hydroxytryptamine, the synaptically evoked unit fires again. Each record consists of
superimposed frames of responses to ten successive stimuli at I per sec. The spikes are retouched.
Calibrations, 0 5 mV and 50 msec.
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Occasional cells in the hippocampal cortex are excited by small deliveries of 5-hydroxy-
tryptamine (Biscoe & Straughan, 1965), while large doses are needed to produce excitation
in the neocortex (Krnjevi6 & Phillis, 1963a,d). In the pyriform cortex, however, whether
small or large deliveries (up to 240 nA) of 5-hydroxytryptamine were used, no definite
excitation was seen in any of the 116 cells tested.

Lysergic acid derivatives
Several lysergic acid derivatives antagonize the peripheral effects of 5-hydroxytryptamine

(Gaddum, 1953; Gaddum & Hameed, 1954; Woolley, 1958). Though several studies
have shown that lysergide does not antagonize the effects of 5-hydroxytryptamine in many
areas of the brain, Olds (1958) showed that 5-hydroxytryptamine and lysergide had
antagonistic actions on self-stimulation responses in the rat prepyriform cortex. Also,
Vogt, Gunn & Sawyer (1957) showed that lysergide given intraventricularly increased the
electrical activity of the cat amygdala and could briefly antagonize the depressant effect of
5-hydroxytryptamine in that area.
More recently it has been shown that lysergide can antagonize the effect of 5-hydroxy-

tryptamine on the transcallosal response (Bond & Guth, 1964). Thus it seemed of interest
to see if lysergide or its congeners (bromolysergic acid diethylamide and methysergide)
could antagonize the depression produced by the iontophoretic application of 5-hydroxy-
tryptamine in the pyriform cortex. But, even though these three substances were applied
for several minutes with large iontophoretic currents, the depressant effect of 5-hydroxy-
tryptamine on the frequency of cell firing did not appear to be impaired. Lysergide had a
mild progressive depressant action of its own, but bromolysergic acid diethylamide and
methysergide had a more profound depressant effect so that full recovery of cell excitability
could take up to 7 min. Because of these long-lasting depressant effects it was difficult to
demonstrate the additional depression induced by 5-hydroxytryptamine.
One of the 5-hydroxytryptamine-depressed cells tested with lysergide is shown in Fig. 11.

At (a), 5-hydroxytryptamine (40 nA) caused a very marked depression of cell firing com-
pared with the minor depressant effect of sodium ions (50 nA) at (b). When lysergide was
applied at (c) the rate of cell firing was depressed. The immediate fall was probably due to
anodal depression. The smaller progressive fall in firing rate which followed this is probably
a direct effect of the lysergide. When the lysergide had been applied for 2.5 min at (d),
the application of 5-hydroxytryptamine still produced a characteristic depression.
The action of these lysergic acid derivatives is generally similar to that observed in the

lateral geniculate nucleus (Curtis & Davis, 1962) and in the neocortex (Kmjevic & Phillis,
1963d).

Catechol amines
Noradrenaline was tested on 117 cells in twelve cats with currents from 20 to 120 nA

for periods of 60 to 90 sec. In forty-eight of these cells, noradrenaline had a depressant
effect, seen as a reduction in the rate of spontaneous or L-glutamate-induced firing. Full
recovery usually occurred within 30 sec. No change in spike amplitude was observed during
this depression. A typical unit depressed by noradrenaline is shown in Fig. 12. This cell
was quiescent, but was easily excited by L-glutamate (20 nA). An outward current passed
through the control barrel had little effect on cell firing, but a slightly smaller current of
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(a) 5-Hydroxy-
tryptamine

(b) Nap

(c) Lysergide

(d) S-Hydroxy-
tryptamine

0.5 mV

0.2 mV

Fig. 11. Oscilloscope record of extracellular spike responses from a unit at 0.45 mm depth. Background
application of L-glutamate (16 nA) was continued throughout to give steady firing. In (a), when
5-hydroxytryptamine (40 nA) was applied for 30 sec (indicated by the white bar below the record),
unit firing was completely depressed in 10 sec. Full recovery occurred 8 sec after stopping the expelling
current of 5-hydroxytryptamine. Note the spike size was not reduced by 5-hydroxytryptamine and
there was no evidence ofexcitation. In (b), a very slight current depression occurred when a tip-positive
current of 50 nA was applied through the barrel containing sodium chloride. In (c), lysergide (100 nA)
was applied at the arrow. The immediate depression of cell firing observed is probably mostly
" anodal depression," but there is some slow progressive depression due to lysergide. In (4), after
2.5 min of lysergide, 5-hydroxytryptamine (40 nA) was superimposed, when indicated by the white bar
below the record. The characteristic depression ofcell firing still occurred. When delivery oflysergide
was stopped (at the arrow) there was an immediate postanodal increase in cell firing. Note that
amplifier gain was reduced between (b) and (c).

30 >
u

e* uqa.Q
,v

0 I-
I-

%0 0

Na+ NA 120 NA 24 30 sec
Glut

Fig. 12. Ratemeter record from a unit at 0.8 mm depth. The unit was quiescent so L-glutamate (20 nA,
Glut) was applied for 5 sec in every 15 sec to give a regular level of firing. The first application is
indicated by the arrow, but subsequent applications are not arrowed. Tip-positive current of 140 nA
was passed through the control barrel containing sodium chloride for 1.5 min (indicated by the black
bar) and had little effect on unit excitability. Noradrenaline (120 nA, NA 120) was applied for
1.5 min, and caused a rapidly developing powerful depression, which persisted for 45 sec after stopping
the expelling current. Even noradrenaline, 24 nA (NA 24), caused significant depression. The
scale shows the number of spikes per second.
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120 nA passed through the barrel containing noradrenaline rapidly caused depression.
This unit regained its control level of firing within 30 sec of stopping the expelling current
of noradrenaline.

Several cells excited by L-glutamate and presynaptically by stimulation of the ipselateral
olfactory bulb were tested with noradrenaline. Noradrenaline caused a similar depression
of excitability in each instance. There is thus no evidence for a presynaptic blocking action
for noradrenaline.

In an effort to determine if specific catechol amine receptors are involved in this depres-
sion of palaeocortical neurones by noradrenaline, we have investigated the action of
various a- and fl-receptor blocking agents. Dibenamine, phenoxybenzamine and phentol-
amine (a-receptor blocking agents) as well as dichloroisoprenaline (a fl-receptor blocking
agent), applied iontophoretically for several minutes, consistently failed to modify the
depressant effect of noradrenaline. This is shown in Fig. 13, where, after the application
of dibenamine (110 nA) for 5 min, the depression caused by noradrenaline (120 nA)
remained unaffected.

1 NA A NA NA A Ach
Glut Dibenamine Off 30 sec

Fig. 13. Ratemeter record from a unit at 0.3 mm depth. The unit was quiescent so L-glutamate (40 nA,
Glut) was applied for 5 sec in every 15 sec to give regular bursts of firing. The first application is
shown by the arrow; subsequent applications are not arrowed. A background application of nor-
adrenaline (120 nA, NA) for 1.5 min (indicated by the black bar) depressed cell firing in a characteristic
fashion. Between the filled triangles a background current of dibenamine (110 nA) was applied for
5.5 min, but when noradrenaline was superimposed the depression of cell firing still occurred. The
application of acetylcholine (120 nA, Ach) for 1.5 min to this cell (extreme right of the record) had no
effect. The scale shows the number of spikes per second.

As with 5-hydroxytryptamine, we were unable to obtain any evidence of neuronal
excitation, despite the delivery of noradrenaline by currents of the order of 150 nA. On
several occasions, however, there was an increase in the amount of synaptic noise-suggest-
ing excitation of distant units-but we were unable to isolate any definite cell thus excited.

Fifty-three cells in seven cats were tested with dopamine (20 to 120 nA). In twenty-
seven cells the rate of firing, whether spontaneous or induced by L-glutamate, was depressed.
As with 5-hydroxytryptamine and noradrenaline there was no evidence of a presynaptic
action, or of a local anaesthetic or depolarizing type of blockade. A typical response to
dopamine is illustrated in Fig. 9. Here, two characteristic features of the action of dopamine
are apparent. Firstly, it is slightly more potent as a depressant than 5-hydroxytryptamine,
and secondly the depressant effect develops and recovers more quickly than that due to
5-hydroxytryptamine. The apparently greater depressant potency of dopamine could be
due to the fact that equal currents pass relatively more dopamine than 5-hydroxytryptamine.
In this connexion it is interesting to note that Krnjevic et al. (1963) observed that 5-hydroxy-
tryptamine had a lower transport number than either noradrenaline or adrenaline.
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In three cats, seventeen cells depressed by dopamine were also tested with noradrenaline
but only three of them were depressed. In each instance dopamine was more potent than
noradrenaline. Since roughly half the cells tested at random with noradrenaline were
depressed, these figures would suggest that the cells in the pyriform cortex have receptors
more selective for dopamine than for noradrenaline. These results are generally similar to
those noted for the neocortex (Kmjevid & Phillis, 1963d).

Inhibition ofpalaeocortical neurones
We have tried to evoke units synaptically by single and repetitive volleys in the lateral

olfactory tract, since it is known that the fibres of this tract terminate mainly in the super-
ficial layers of the pyriform area (Clark, 1947). However, it usually proved very difficult
to evoke unit responses in this way, probably because of the strong inhibitory effect of this
form of stimulation. This point is illustrated in Fig. 14, where a unit at a depth of 1.5 mm

1.5V 2V 3V

SV 8V

0.4 mV

0.3 sec
Fig. 14. Record of extracellular spike potentials (negativity upwards) from a single unit, 1.5 mm deep, in

the pyriform cortex. Each frame consists of five superimposed traces taken at a frequency of 1 per sec.
The effect of increasing the intensity of lateral olfactory tract stimuli (100 psec pulse duration) is shown
with intervening control records. Note that, since this unit was quiescent, L-glutamate (24 nA) was
applied continuously to produce steady firing. There is good inhibition of cell firing at 3 V, becoming
complete at 5 V.

was firing continuously with a background application of L-glutamate (24 nA). Stimulation
of the lateral olfactory tract with 1.5-V pulses of 0.1 msec duration had no definite in-
hibitory effect but, when the intensity of stimulation was increased to 5 V, complete
inhibition of cell firing occurred, which persisted for 400 msec after the stimulus. A similar
inhibitory period was observed on stimulation of the ipselateral olfactory bulb, though it
was often preceded by either a single spike or a burst of spikes.

DISCUSSION

From the results presented in this paper it is apparent that many palaeocortical cells can
be excited by acetylcholine. The actual proportion of acetylcholine-sensitive cells (27%)
of the total tested is similar to that reported for neocortical cells by Krnjevic & Phillis
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(1963b) and Randi6 et al. (1964). However, palaeocortical cholinoceptive cells are fairly
uniformly distributed throughout all layers, and not concentrated in the deeper layers as
in the neocortex. This uniform depth distribution of acetylcholine-sensitive cells in the
pyriform cortex is in good agreement with the even distribution of acetylcholinesterase in
this region (Krnjevi6 & Silver, 1965).

Cholinoceptive cells in the pyriform cortex are excited relatively effectively by muscarine
and several choline esters. This excitation can be blocked specifically by atropine. How-
ever, some palaeocortical cells are weakly excited by nicotine, and in half the cells examined
dihydro-fi-erythroidine caused a partial or complete selective block of acetylcholine-
excitation. Now, acetylcholine receptors can be classified into " muscarinic " or " nicotinic "
types by the excitatory actions of muscarine and nicotine (Dale, 1914). Also, muscarinic
receptors are blocked fairly selectively by atropine, and nicotinic receptors by nicotine,
tubocurarine and dihydro-p-erythroidine. Thus, the results suggest that the receptors on
the cholinoceptive cells in the pyriform cortex have mixed muscarinic and nicotinic
properties, a pattern which is seen in other limbic cortical cells-cingulate gyrus (Krnjevic,
1965) and hippocampal cortex (Biscoe & Straughan, 1965). However, in the feline neocortex
the cholinoceptive cells have predominantly muscarinic receptors (Krnjevi6 & Phillis,
1963c), though in the monkey neocortex there were a few cells in which the excitation by
acetylcholine was slightly antagonized by dihydro-f-erythroidine. Cholinoceptive cells
with mixed muscarinic and nicotinic receptors also occur in other parts of the brain, for
example the ventrobasal complex of the thalamus (Curtis & Andersen, 1962; Andersen
& Curtis, 1964b), lateral geniculate nucleus (Curtis & Davis, 1963), brain stem (Bradley,
*Dhawan & Wolstencroft, 1964) and cerebellum (Crawford, Curtis, Voorhoeve & Wilson,
1963; McCance & Phillis, 1964). In the Renshaw cell system, Curtis & Ryall's (1964)
results suggest that the same cell possesses two different types of receptor but each receptor
type mediates a different response.
The functional significance of these mixed acetylcholine receptors on palaeocortical

cholinoceptive cells is uncertain at present. On the basis of histochemical studies of acetyl-
and pseudocholinesterase distribution in the rat forebrain and brain stem, Shute & Lewis
(1963) proposed the existence of two types of cholinergic neurone. It is possible, though as
yet still entirely speculative, that a cell receiving two types of cholinergic fibre might have
receptors of mixed sensitivity, or even two different types of acetylcholine receptor.

Apart from the presence of cholinesterase and choline acetylase in the pyriform cortex,
discussed previously, the evidence for the presence of cholinergic fibres in the pyriform
cortex is still uncertain. However, MacLean, Horwitz & Robinson (1952) have observed
that atropine given intravenously to rabbits prevented the development of olfactory-
induced rhythmically recurring potentials in the pyriform cortex. These potentials had been
described earlier by Adrian (1942, 1950). Future work must be directed towards seeing if
the units evoked by olfactory stimulation are cholinoceptive and if atropine will selectively
antagonize their synaptic activation and direct excitation by acetylcholine.
Our interest in the actions of 5-hydroxytryptamine on palaeocortical cells stems from the

fact that, as mentioned previously, 5-hydroxytryptamine and several enzymes involved
in its metabolism are concentrated in this region; and from the self-stimulation studies in
the prepyriform region of rats, which have shown that lysergide has strong inhibitory
effects which can be antagonized by prior administration of 5-hydroxytryptamine (Olds,
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1958). This suggested a possible transmitter function for 5-hydroxytryptamine in this
region, since lysergide is known to be a powerful antagonist of 5-hydroxytryptamine in the
periphery (Gaddum, 1953; Gaddum & Hameed, 1954). Further, lysergide has remarkable
psychotropic effects (Hofman, 1959), and stimulation of the pyriform cortex, electrically
or chemically, or surgical lesions there, produce very marked changes in the affective
behaviour of experimental animals (MacLean et al., 1952; Schreiner & Kling, 1953;
MacLean & Delgado, 1953; Green, Clemente & de Groot, 1957). Thus, elucidation of the
actions of 5-hydroxytryptamine and lysergide in this region could have far-reaching
implications.

The present studies show that 5-hydroxytryptamine has a relatively strong depressant
action on the cells in the pyriform cortex, whether they are firing spontaneously, as a
result of afferent nervous stimulation, or as a result of L-glutamate. This suggests that
5-hydroxytryptamine acts directly on the postsynaptic membrane and not presynaptically
as in the lateral geniculate nucleus (Curtis & Davis, 1962). These results are in keeping
with the general observations that, in the neocortex and archicortex, the effect of 5-hydroxy-
tryptamine is predominantly one of depression (Krnjevic & Phillis, 1963a,d; Biscoe &
Straughan, 1965). The predominant action of 5-hydroxytryptamine is also depressant in
the cerebellum (Phillis, 1965), hypothalamus (Bloom, Oliver & Salmoiraghi, 1963), olfactory
bulb (Baumgarten, Bloom, Oliver & Salmoiraghi, 1963) and ventrobasal thalamus (Andersen
& Curtis, 1964b). By contrast, nearly half of the cells tested in the train stem are excited
by 5-hydroxytryptamine (Bradley & Wolstencroft, 1965).

One curious feature of the pyriform cortex is the absence of any excitation by 5-hydroxy-
tryptamine, compared with the occasional excitation seen in the neocortex, archicortex and
hypothalamus. Andersen & Curtis (1964b) attributed the absence of excitation by
5-hydroxytryptamine in the thalamus to the small currents they used. This cannot be the
explanation for the present observations since large currents up to 240 nA were used for
several minutes.

Though 5-hydroxytryptamine has been stated to have no effect on motoneurones, inter-
neurones or Renshaw cells in the spinal cord (Curtis, Phillis & Watkins, 1961; Curtis,
1962), it may be that the use of pentobarbitone in these experiments caused insensitivity to
tryptamine (Marley & Vane, 1963). It will be of interest to determine the extent to which
anaesthetics modify the response of palaeocortical neurones not only to 5-hydroxytrypt-
amine but to other potential neurotransmitters.
As in the neocortex (Krnjevic & Phillis, 1963d), depression was the only effect obtained

with noradrenaline and dopamine in the pyriform cortex. Since both drugs reduced
excitation of cells produced by L-glutamate, the depression appears to be postsynaptic.
Other central neurones differ considerably in their responses to these substances. Thus
the predominant action of noradrenaline is depression in the hypothalamus, the olfactory
bulb and the caudate nucleus, but definite excitation was also noted (Bloom et al., 1963;
Baumgarten et al., 1963; Bloom, Costa, Oliver & Salmoiraghi, 1964). However, in the
brain stem it has been found that the majority of the units tested are excited by nor-
adrenaline (Bradley & Wolstencroft, 1962, 1965). Though dopamine is a depressant in the
lateral geniculate nucleus (Curtis & Davis, 1962), excitatory and depressant effects have
been noted in the caudate nucleus (Bloom et al., 1964).
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It has been shown that in the olfactory bulb the inhibition of mitral cells produced by
lateral olfactory tract stimulation (Green, Mancia & Baumgarten, 1962; Phillips, Powell
& Shepherd, 1963) may be noradrenergic in nature, since it is significantly reduced by
applications of peripheral adrenergic blocking agents or after chronic depletion of nor-
adrenaline with a-methylmetatyrosine (Salmoiraghi, Bloom, Oliver & Costa, 1964; Bloom,
Costa & Salmoiraghi, 1964). Thus, though it is possible that the depressant actions of
noradrenaline, dopamine and 5-hydroxytryptamine in the pyriform cortex could be non-
specific (Krnjevic & Phillis, 1963d), these substances might act as inhibitory transmitters
or be chemically related to the inhibitory transmitter. Our failure to antagonize the effects
of 5-hydroxytryptamine or noradrenaline by their specific blocking agents does not entirely
rule out the possibility that specific receptors are involved, for in the rabbit olfactory bulb
a specific blockade of noradrenaline-depression sometimes required large currents and
prolonged application (up to 15 min) of the dibenamine or phentolamine (Bloom et al.,
1964). It is possible that because of the difficulty in holding units for this length of time
such an antagonism was overlooked. However, it is worth noting that attempts to block
the action of noradrenaline in the brain stem (Bradley & Wolstencroft, 1965) and of
5-hydroxytryptamine in the neocortex (Krnjevic & Phillis, 1963d) with specific peripheral
blocking agents have so far been unsuccessful.

SUMMARY

1. The chemical sensitivity of cells in the cat pyriform cortex was studied using the
microelectrophoretic method.

2. All the cells tested were strongly excited by L-glutamate, while y-aminobutyric acid
was a potent depressant of cell firing. These amino acids produced their effect within
several hundred msec of starting the expelling current, and recovery was equally rapid
when the current was stopped.

3. Acetylcholine excited 27% of the cells tested. These cholinoceptive cells appeared to
be uniformly distributed in depth. Several other cholinomimetic substances: acetyl-f3-
methylcholine, carbachol and muscarine were potent excitants, while nicotine was a weak
excitant of these cells. Atropine produced a selective block of acetylcholine-excitation in
nearly every cell tested, while dihydro-fl-erythroidine was less potent and caused partial
or complete block of acetylcholine-excitation in only half the cells tested. Several cells
depressed by acetylcholine were noted.

4. 5-Hydroxytryptamine depressed 55% of cells tested. The depression appeared to be
postsynaptic and was usually maximal within 10 to 30 sec of starting the expelling current.
Recovery of the normal firing rate after it had been depressed by 5-hydroxytryptamine
often took several minutes. No cells excited by 5-hydroxytryptamine were seen.

5. The depressant effect of 5-hydroxytryptamine did not appear to be blocked by
lysergide, bromolysergic acid diethylamide or methysergide. These lysergic acid derivatives
depressed cell firing and their effect persisted longer than that of 5-hydroxytryptamine.

6. Noradrenaline depressed 41% and dopamine depressed 51% of the cells to which they
were applied. Dopamine was more potent than noradrenaline. The depression appeared
to be postsynaptic, and its time course though prolonged was shorter than that seen with
5-hydroxytryptamine. Noradrenaline-induced depression could not be antagonized by the
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prior iontophoretic release of several adrenergic blocking agents. No excitation was seen
with noradrenaline or dopamine.

7. The most likely explanation for our failure to modify the effects of 5-hydroxytrypt-
amine and noradrenaline with their respective blocking agents is that specific receptors
for 5-hydroxytryptamine and noradrenaline, similar to those in the periphery, are not
present in pyriform cortical neurones.

The authors wish to thank Miss C. 0. Hebb and Dr K. Krnjevid for their helpful comments on this paper.
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