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A microiontophoretic study of the actions of pu-, - and
k-opiate receptor agonists in the rat brain

P.B. Bradley & Anne Brookes

Department of Pharmacology, University of Birmingham, The Medical School, Birmingham B15 2TJ

1 The actions of p-, 6- and k-opiate receptor agonists have been compared on the activity of single
neurones in the brain stem, caudate nucleus and hippocampus of the rat, using the technique of
microiontophoresis.

2 Inthe brain stem and caudate nucleus the predominant effect of all the opiate agonists tested was
depression of neuronal activity which was antagonized by naloxone. The selectivity of naloxone as an
opiate receptor antagonist was indicated by its lack of effect on y-aminobutyric acid (GABA)-
induced responses.

3 In the hippocampus both u- and d-agonists mainly caused an increase in neuronal firing rates,
though some neurones were depressed. In contrast, all the k-agonists, including the proposed
endogenous ligand for the k-receptor, dynorphin, caused depression of neuronal activity. All of
these effects were antagonized by naloxone.

4 There was a clear distinction in the areas within the hippocampus in which the pu- and -agonists
produced different effects. Neurones in the pyramidal cell layer were always excited by these drugs,
whereas neurones in the granule cell layer of the dentate gyrus were always depressed by the same

drug.

Introduction

The first indication that opiate receptors in the centr-
al nervous system are not a homogenous population
came from the results of experiments on the chronic
spinal dog (Martin et al., 1976) and was closely
followed and supported by receptor binding studies
(Lord et al., 1976). These findings generated consid-
erable interest and many workers in this field have
since produced a considerable volume of evidence to
support the concept. Both behavioural (Woods etal.,
1978; Frenk et al., 1978; Tyers, 1980; Iwamoto,
1981) and biochemical (Lord et al., 1977; Chang et
al., 1979; Goodman et al., 1980; Kosterlitz & Pater-
son, 1980) approaches have been extensively used
but little comparative work has been carried out at
the single neurone level.

The endogenous ligands for the opiate receptor,
leucine and methionine enkephalin, are thought to be
neurotransmitters in the CNS (Elde et al., 1976;
Costa et al., 1978; Hughes, 1979), and their actions
onsingle neurones in the brain, together with those of
a number of opiate drugs and other opioid peptides
are now well documented (Nicoll et al., 1977; Brad-
ley et al., 1978; Zieglgénsberger et al., 1978). How-
ever, in none of these studies was the possibility
considered that opiate agonists, known to have selec-

tive actions on p-, 8- or k-receptors, might have
differential effects on neurones in different regions of
the brain. The present investigation represents an
attempt to examine this possibility. In addition to
their actions being compared on the same neurone,
the different classes of opioid agonists were tested on
single neurones in three different regions of the rat
brain. These were the brain stem, caudate nucleus
and hippocampus and were chosen on the basis of
knowledge of the neuroanatomy, electrophysiology
(Nicoll et al., 1977; Zieglginsberger etal., 1978) and
the distribution of opiate receptors in these regions
(Atweh & Kuhar, 1977a, b).

Preliminary reports of some of these results have
been published (Bradley & Brookes, 1981, Brookes
& Bradley, 1984).

Methods

Male Sprague-Dawley rats, weighing 180-330g,
were anaesthetized with urethane (1.8 gkg™!) by the
intraperitoneal route. For recording in the brain stem
the animals were partially cerebellectomised and the
floor of the fourth ventricle exposed. Electrode
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penetrations were made in the brain stem between
P5.7 and 8.2 (The Stereotaxic Atlas of Kénig and
Klippel (1963) is referred to throughout). For re-
cording in the caudate nucleus, holes were drilled
bilaterally in the skull, 1-4 mm rostral to bregma and
1-4 mm lateral to the midline. The electrodes were
passed through the cortex to reach the caudate nuc-
leus. Recordings were made at a depth of 3—7 mm at
A8.2t09.9. A similar procedure was used for record-
ing in the hippocampus. Holes were drilled bilaterally
in the skull 2—5 mm caudal to bregma and 1-4 mm
lateral to the midline. Recordings were made in the
dorsal hippocampus at a depth of 2}-5Smm and
between A2.4 and 4.6. At the end of the experiment
the animals were killed and the brain removed and
fixed for histological examination.

Conventional five- and seven-barrelled microelec-
trodes were used. The recording barrel contained 4 M
saline and one of the remaining barrels always con-
tained a solution of the dye Pontamine Sky Blue. This
barrel was used for current balancing and for ejection
of the dye so that the position of the neurones which
had been studied could be determined histologically.
The other barrels of the electrode were filled with a
selection of the following drugs: # agonists: morphine
hydrochloride, 25 mM, pH 4.5 (MacFarlane Smith);
normorphine base, 30 mM, pH 4.5 (Wellcome); FK
33,824 (D-Ala?-MePhe*-Met-O-ol enkephalin),
15mM, pH 4.3 (gift from Dr Rémer, Sandoz); &
agonists: leucine enkephalin, 15 mM, pH 4.3 (Pen-
ninsula; Sigma); BW 180C (D-Ala?, D-Leu’ en-
kephalin), 15 mM, pH 5.0 (Wellcome); x agonists:
ethylketocyclazocine methane sulphonate, 100 mMm,
pH 4.3 (Sterling Winthrop; gift from Dr McCarthy,
Reckitt & Colman); MR 2034[(-)-a-(1R, SR, 9R)-
S, 9-dimethyl-2-(L-tetrahydrofurfuryl-2’ -hydro-6,

7-benzomorphan)], 15mM, pH 4.0 (gift from Dr
Merz, Boehringer-Ingelheim); bremazocine hyd-
rochloride, 40mM pH 5.0 (gift from Dr Romer,
Sandoz); dynorphin (1-13), 875uM, pH 4.7 (gift
from Dr Goldstein).

Other drugs: monosodium glutamate, 500 mM, pHS8
(Koch light); y-aminobutyric acid (GABA), 250 mM,
pH 4.7 (Koch Light); naloxone hydrochloride,
20 mM, pH 5.3 (Endo).

Where possible more than one type of opiate agon-
ist applied to the same neurone and, on some occa-
sions, a non-opiate agonist, eg. GABA, was applied
as a ‘control’ agonist for comparison. The antagonism
of a response by naloxone was used as the criterion
for classifying the response as opiate or non-opiate
(see Gayton et al., 1978). All neurones studied in the
brain stem and hippocampus were spontaneously
active. However, in the caudate nucleus few spon-
taneously active neurones were encountered so a
constant low level of glutamate ions was ejected (0-9
nA) to excite the cells artificially. Retaining currents
of 15 to 30 nA were used between drug applications
to prevent leakage which might affect the spontane-
ous activity of the neurone being recorded.

Results
The brain stem

The predominant effect on the firing rate of single
neurones in the brain stem, following microion-
tophoretic application of u-, - and k-agonists, was
depression (Figure 1). The p-agonist morphine was
the only drug to cause any significant proportion of
excitatory responses in the brain stem. It was tested

Table 1 Responses of single neurones in the brain stem to microiontophoretic application of p-, 6- and k-agonists

and their antagonism by naloxone

Response
Drug v A
u-agonists
Morphine 63(53) 30(25)
Normorphine 88(63) 4(3)
FK 33,824 93(100) 2(2)
J-agonists
Leucine enkephalin 88(97) 2(2)
BW 180C 91(206) 0o(1)
K-agonists
Ethylketocyclazocine 89(80) 0(0)
Bremazocine 89(68) 0(0)
MR 2034 85(38) 2(1)

Antagonism

0 v A
7(6) 100(22) 14(7)
8(6) 100(11) 0(0)
5(5) 100 (9) 0(0)
10(11) 86(12) —
9(20) 100(10) —
11(10) 91(10) —
11 (8) 91(10) —
13 (6) 94(17) —

The figures are percentages, except those in parentheses which represent the actual numbers of neurones.

¥ =depression; 4 = excitation; 0—no effect.
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Figure 1 Examples of the effects of different classes of opioid agonist on the firing rates of single neurones in the
brain stem. The firing rate is plotted against time in each case. The three traces represent three different neurones.
Normorph = normorphine; Leu = leucine enkephalin; EK = ethylketocyclazocine; Nalox = naloxone.

on 84 neurones of which 53 were depressed, 25
excited and 6 unaffected. Naloxone antagonized all
the depressant responses on which it was tested
(22/22) but only blocked one (out of 7) excitatory
response. Normorphine was tested on 72 neurones,
of which it depressed 63 and excited 3, having no
effect on 6. Again, naloxone antagonized all depres-
sions tested (11/11). FK 33,824 was applied to 107

neurones, depressed 100, excited 2 and had no effect
on 5. Naloxone antagonized 9/9 depressant re-
sponses.

The S-agonist, leucine enkephalin, was applied to
110 neurones, of which 97 were depressed, 2 excited
and 11 unaffected. Twelve out of 14 depressant
responses to leucine enkephalin were antagonised by
naloxone. However, the depression of neuronal fir-
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ing produced by leucine enkephalin was of much
shorter duration than the responses produced by
other opioid agonists (Figure 1). BW 180C was ap-
plied to 227 neurones, depressed 206, excited one
and had no effect on 20. Naloxone antagonized all
the BW 180C-induced depressions on which it was
tested (10/10).

The k-agonist, ethylketocyclazocine, was applied
to 90 neurones, of which 80 were depressed (Figure
1) and 10 unaffected. No excitations were observed
with this drug; naloxone antagonized 10/11 depres-
sions. Bremazocine was tested on 76 neurones, de-
pressing 68 and leaving 8 unaffected. Again no exci-
tations were found and naloxone antagonized 10/11
depressant responses. Finally, MR 2034 was applied
to 45 neurones, depressed 38, excited one and had no
effect on six. Naloxone antagonised 17/18 depres-
sions.

The effects of the three classes of opioid agonists
on single neurones in the brain stem are summarised
in Table 1. With the exception of morphine, itis clear
that the p-, - and k-opiate receptor agonists all
produced qualitatively similar effects. Another possi-
ble exception is leucine enkephalin, which produced
responses of shorter duration than those of the other
agonists but this is thought to be due to the rapid
enzymatic degradation of this peptide in the tissues
(Hambrook et al., 1976). y-Aminobutyric acid
(GABA) depressed all the neurones to which it was
applied (20) but naloxone was never effective in
antagonizing these responses (0/7), indicating that, in
the brain stem, naloxone is a selective opiate an-

tagonist (Figure 2). Histological examination of the
dye spots in brain slices showed that the neurones
studied were located mainly in three brainstem nuc-
lei, the nucleus reticularis lateralis, the nucleus re-
ticularis ventralis and nucleus reticularis gigantocel-
lularis.

The caudate nucleus

As in the brain stem, all the p-, 5- and k-agonists
tested in the caudate nucleus caused depression of
the activity of single neurones (Figure 3). In this
region no excitatory response to morphine was ob-
served. Thus, morphine was applied to 46 neurones
and depressed 39, having no effect on 7. Naloxone
antagonized 9/9 depressant responses. Normorphine
was applied to 22 neurones, depressing 20 with 2
unaffected, and again naloxone was effective in an-
tagonizing all depressions on which it was tested
(9/9).

Leucine enkephalin was applied to 51 neurones
and depressed the activity of all of them, naloxone
antagonising 8/8 of these responses. The responses to
leucine enkephalin were of shorter duration than
those to other opioid agonists, as was seen in the
brain stem. BW 180C was tested on 51 neurones, of
which it depressed 47 (Figure 3), leaving three unaf-
fected; naloxone antagonized 14/14 of these depres-
sions.

Ethylketocyclazocine was tested on 49 neurones in
the caudate and depressed 47, leaving two unaf-
fected, while naloxone antagonized 11/11 depressant
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Figure 2 Depression of the firing rate of a brain stem neurone induced by bremazocine is antagonized by naloxone,
whereas the depression induced by y-aminobutyric acid (GABA) is unaffected. Brem = bremazocine.

Nalox = naloxone.



OPIATE AGONISTS AND SINGLE NEURONES 767

Nalox 5 nA
C————

Morph 40 nA
s ]

Morph 40 nA Morph 40 nA
] [}

60
- W
w
172}
()]
x
/ 7 / —— .
04 r v T 7/ v ~ - - v v 4 /- v — .
min
Nalox 30 nA
a
BW 60 nA BW 60 nA BW 60 nA
D 1] o
- 50
12}
w
1’4
o
X
%
0 / L S —
/ min
Nalox 70 nA
—
Brem 20 nA Brem 20 nA Brem 20 nA
60 o a o
w
o 40
1%
L 20 ‘
= \%L“
RCG)
min

Figure 3 Examples of the effects of different classes of opioid agonists on the firing rates of single neurones in the
caudate nucleus. Morph = morphine; BW = BW 180C; Brem = bremazocine; Nalox = naloxone.

responses. Bremazocine depressed the activity of all
the neurones to which it was applied (37) and nalox-
one antagonized 17/23 responses (Figure 3). Similar-
ly, MR 2034 depressed 49 out of 55 neurones to
which it was applied, one neurone being excited and 5
unaffected. Naloxone antagonized 14 out of 21 of
these depressions. Thus, in the case of bremazocine
and MR 2034, a slightly smaller proportion of the
responses was antagonized by naloxone than was
observed with the other opioids.

Table 2 summarises the effects of the p-, 6- and
k-opiate receptor agonists on glutamate-activated

neurones in the caudate nucleus. As found with
neurones in the brain stem, the predominant effect of
all three classes of opiate agonists was depression of
cell firing rates. y-Aminobutyric acid was applied to
14 neurones and caused depression of activity in all
cases, but naloxone failed to block any of the GABA-
induced depressant responses on which it was tested
(8), thus suggesting that here, as in the brain stem, it
is a selective opiate antagonist. Histological examina-
tion of the brain slices showed that the electrode
penetrations were all in the head of the caudate
nucleus.
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Table 2 Responses of single neurones in the caudate nucleus to microiontophoretic application of pu-, 6- and

x-agonists and their antagonism by naloxone

Response

Drug 32 A
p-agonists

Morphine 85(39) 0(0)
Normorphine 91(20) 0(0)
FK 33,824 100(29) 0(0)
J-agonists

Leucine enkephalin 100(51) 0(0)
BW 180C 94(47) 0(0)
K-agonists

Ethylketocyclazocine 96(47) 0(0)
Bremazocine 100(37) 0(0)
MR 2034 89(49) 2(1)

Antagonism
0
15(7) 100 (9) —
9(2) 100 (9) —
0(0) 100(12) —
0(0) 100 (8) —
6(3) 100(14) —
4(2) 100(11) —
0(0) 67(17) —
9(5) 74(14) —

The figures are percentages, except those in parentheses which represent the actual numbers of neurones.

¥ =depression; 4 = excitation; 0 = no effect.

The hippocampus

In contrast to the effects observed with the opioid
agonists in the brain stem and caudate nucleus, dif-
ferent effects were found with iontophoretic applica-
tion to hippocampal neurones. Thus, the p- and
J-agonists mainly caused excitation of neurones in
the hippocampus but the k-agonists were exclusively
depressant (Figure 4).

Thus, the p-agonist morphine, applied to 36 hip-
pocampal neurones, excited 26, depressed 9, leaving
one neurone unaffected. Naloxone antagonized

10/11 of the excitations and 1/1 depression. Normor-
phine, applied to 33 neurones, excited 25 and depre-
ssed 8, with none unaffected. Naloxone antagonized
8/8 excitations and 1/1 depression. FK 33,824 was
tested on 104 neurones of which it excited 81 and
depressed 23. Naloxone antagonized 18/18 excitat-
ory responses and 1/1 depressions (Figure 4).
Leucine enkephalin was tested on 64 hippocampal
neurones, of which 45 were excited, 15 depressed
and 4 unaffected. Naloxone antagonized 6/6 of the
excitations and 2/2 depressions. BW 180C, applied
to 59 neurones, excited 46, depressed 11, with two

Table 3 Responses of single neurones in the hippocampus to microiontophoretic application of p-, - and

k-agonists and their antagonism by naloxone

Response

Drug v A
u-agonists

Morphine 25 (9) 72(26)
Normorphine 24 (8) 76(25)
FK 33,824 22(23) 78(81)
oJ-agonists

Leucine enkephalin 23(15) 71(45)
BW 180C 19(11) 78(46)
K-agonists

Ethylketocyclazocine 90(38) 10(4)
Bremazocine 85(29) 3(1)
MR 2034 100(37) 0(0)
Dynorphin (1-13) 81(39) 8(4)

Antagonism
0 v 4
3(1) 100(1) 91(10)
0(0) 100(1) 100 (8)
0(0) 100(1) 100(18)
6(4) 100(2) 100 (6)
3(2) 100(2) 100 (7)
0(0) 100(8) _
12(4) 100(7) _
0(0) 100(7) —_
11(5) 67(4) 100 (1)

The figures are percentages, except those in parentheses which represent the actual numbers of neurones.

¥ =depression; 4 = excitation; 0 = no effect.
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Figure 4 Examples of the effects of different classes of opioid agonists on the firing rates of single neurones in the
hippocampus. FK = FK 33,824; BW = BW 180C; EK = ethylketocyclazocine; Nalox =naloxone.

unaffected; naloxone antagonized 7/7 excitations
and 2/2 depressions (Figure 4).
Ethylketocyclazocine was applied to 42 hippo-
campal neurones. It depressed the activity of 38 and
excited 4, no neurones being unaffected. Naloxone
blocked all the depressant responses (8/8) on which it
was tested (Figure 4). Bremazocine, tested on 34

neurones, depressed 29, excited one and had no
effect on four. Naloxone antagonized the depressions
(7/7). MR 2034 was applied to 37 neurones and
depressed the activity of all. No neurones were ex-
cited or unaffected by this drug. Again, naloxone
antagonized the depressions (7/7).

During this study, a small quantity of dynorphin
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(1-13) became available and was tested on neurones
in the hippocampus. Dynorphin was applied ion-
tophoretically to 48 neurones in the hippocampus
and depressed the activity of 39, it excited 4, with 5
neurones unaffected. Naloxone antagonized 4/6 of
these depressions and 1/1 excitation.

The effects of the u-, - and k-opiate agonists on
single neurones in the hippocampus are summarised
in Table 3. The predominant effect of the pu- and
J-agonists was excitation of neuronal activity as has
been previously observed, although a significant
proportion of the neurones was depressed by these
agonists. On the other hand, the k-agonists exclusive-
ly depressed the firing rates of spontaneously active
hippocampal neurones. Naloxone was found to an-
tagonize both the excitatory and depressant re-
sponses. y-Aminobutyric acid was applied to 18 hip-
pocampal neurones, all of which were depressed, but
naloxone did not affect these responses (0/4), thus
indicating its selectivitity as an opiate antagonist in
the hippocampus as well as in the brain stem and
caudate nucleus.

Histological examination of the brain showed that
the recordings in the hippocampus had been from
neurones in two cell layers, the pyramidal cell layer
and the granule cell layer of the dentate gyrus. Since
these two regions of the hippocampus contain rela-
tively large neurones, it is likely that, because of the
type of electrode used, the recordings were from
either pyramidal cells or from dentate gyrus granule
cells. Furthermore, it was possible to distinguish
anatomically between the excitant and depressant
responses of the p- and §-agonists. Thus, when ex-
citatory responses to pu- and S-agonists were re-
corded, the neurones were found to be localised to
the pyramidal cell layer, whereas the depressant re-
sponses were found with neurones in the granule cell
layer of the denate gyrus of the hippocampus. How-
ever, depressant responses to the application of the
K-agonists occurred with neurones recorded in both
the pyramidal cell layer and the granule cell layer.

Discussion

The effects of microiontophoretic application of the
p-, 8- and k-opiate agonists on the activity of single
neurones in the brain stem were similar to those
described previously from this laboratory (Bradley &
Dray, 1974; Bradley & Bramwell, 1977) and by
others (Nicoll et al., 1977). This was predominantly
depression of neuronal firing which was readily re-
versed by microiontophoretically applied naloxone.
The exception to this was morphine which, as in
previous studies, produced a significant proportion of
excitatory neuronal responses, but these were resis-
tant to antagonism by naloxone and are probably not

mediated by opiate receptors (Bradley & Bramwell,
1977). In fact, there is now evidence to suggest that
excitatory neuronal responses produced by morphine
may be mediated by a cholinergic mechanism (Hew-
son, 1984). The depressant responses of brain stem
neurones to the different opiate agonists were all
similar in form with the exception of those produced
by the opioid peptide, leucine enkephalin, which
were of shorter duration than those produced by
opiate drugs. This may have been due to the more
rapid enzymatic degradation of the endogenous pep-
tide in the tissues (Hambrook et al., 1976) as the
stable peptide, BW 180C had a longer duration of
action, comparable to that of morphine and ofher
opiate drugs, the actions of which are presumably
terminated by diffusion away from the receptor site.
The inability of naloxone, when ejected microion-
tophoretically in amounts sufficient to antagonize
opiate-induced depressions, to affect the responses
to GABA, suggests that in the brain stem naloxone
can act as a selective opiate antagonist.

Similarly, in the caudate nucleus all the opiate
agonists studied here produced similar effects which
were predominantly depression of neuronal activity,
and the responses were similar to those reported
previously for morphine (Gayton & Bradley, 1976).
Once again, naloxone was an effective antagonist of
opiate-induced responses but failed to antagonize the
effects of GABA, although it must be noted that in
this region naloxone was less effective against two of
the k-agonists (bremazocine and MR 2034).

It was in the hippocampus that striking differences
in the effects of the different classes of opioid agonists
on neuronal firing were observed. In contrast to their
effects in the brain stem and caudate nucleus, the
main effect of u- and 3-agonists in the hippocampus
was to cause an increase in neuronal firing, i.e. excita-
tion, although a significant proportion of neurones in
the hippocampus was depressed by the p- and 6-
agonists. These effects were consistent with the re-
sults of other studies with some of these agonists
(Nicoll et al., 1977). However, in the present experi-
ments the k-agonists consistently depressed neuronal
firing in the hippocampus and all the substances
which were tested, and which on the basis of other
criteria have been classed as k-agonists, produced
this effect, including dynorphin. Both the excitation
and depression of neuronal firing produced by the
three classes of opiate agonists in the hippocampus
were antagonized by naloxone. This is in contrast to
the results obtained by Henriksen et al., (1982) and
by Walker et al., (1982). Depression of neuronal
activity by GABA was not affected, providing evi-
dence for the selectivity of naloxone as an opiate
antagonist in this region. Histological examination of
the brain sections showed that the different responses
to the p- and d-agonists could be attributed to differ-



ent anatomical locations within the hippocampus.
Thus, the neurones which were excited by the u- and
S-agonists were localised to the pyramidal cell layer,
whilst those which were depressed were in the
granule cell layer of the dentate gyrus. Neurones
depressed by the x-agonists, however, were found in
both regions. Thus, the differential effects produced
by the different classes of opiate agonists were only
manifested in the pyramidal cell layer. It seems likely
that both the depressant and excitatory responses
may be mediated by opiate receptors as both re-
sponses were blocked by naloxone (c. the effects of
morphine in the brain stem). However, it is quite
possible that the different effects were brought about
by different types of opiate receptors, although in this
study it was not possible to differentiate between the
sub-types of opiate receptor by their differing sen-
sitivity to naloxone, since at the concentration of
naloxone used, responses to u-, 8- and k-agonists
were all readily antagonized (except perhaps for
some effects of bremazocine and MR 2034 in the
caudate).

The ability of dynorphin (1-13) to depress
neuronal activity in the hippocampus confirms the
capacity of this endogenous peptide to act like other
k-agonists and supports the proposed role for dynor-
phin as the endogenous ligand at the k receptor
(Chavkin et al., 1982). The other k-agonists tested in
this study were all benzomorphan derivatives and,
therefore, until dynorphin became available, it was
not known whether the effects observed were simply
peculiar to the benzomorphan structure rather thana
property of the k-agonists as a whole. The fact that
dynorphin (1-13) produced the same effect as the
other k-agonists suggests that the consistent depres-
sion of neuronal activity in the pyramidal cell layer of
the hippocampus is indeed common to k-agonists
generally and may be mediated by the x-sub-type of
opiate receptor, whilst excitation in the hippocampus
is probably mediated by p- and é-receptors.

It is generally believed that the principal role of

References

ATWEH, S.F. & KUHAR, M.J. (1977a). Autoradiographic
localisation of opiate receptors in rat brain. I Spinal cord
and lower medulla. Brain Res., 124, 53-67.

ATWEH, S.F. & KUHAR, M.J. (1977b). Autoradiographic
localisation of opiate receptors in rat brain. III The
telencephalon. Brain Res., 134, 393-405.

BRADLEY, P.B. & BRAMWELL, G.J. (1977). Stereospecific
actions of morphine on single neurones in the brainstem
of the rat. Neuropharmac., 16, 519-526.

BRADLEY, P.B. & BROOKES, ANNE (1981). A comparative
study of the actions of opioids on single neurones in
different brain regions. Br. J. Pharmac., 74, 285P.

BRADLEY, P.B. & DRAY, A. (1974). Morphine and neurot-

OPIATE AGONISTS AND SINGLE NEURONES 771

endogenous opioid peptides in the mammalian nerv-
ous system is an inhibitory one (North, 1979). Thus,
inhibitory actions of opiates in various regions of the
central nervous system have been regarded as their
main effect and various mechanisms have been post-
ulated to account for the excitatory actions of opioids
on hippocampal neurones. Some of the mechanisms
proposed are (a) disinhibition due to a primary in-
hibitory effect resulting in excitation (Zieglgins-
berger etal., 1979), (b) presynaptic facilitation (Haas
& Ryall, 1980) and (c) non-specific actions (Fry et
al., 1979). It has also been suggested that the inhibit-
ory effects of opioids in this region are the result of
direct activation of opiate receptors (Tielen et al.,
1981). However, no consideration has as yet been
given to the possibility that different responses might
be mediated by different opiate receptors. This con-
clusion is the most appropriate one to explain the
present findings. Thus, it seems likely that excitatory
effects of opiates in the pyramidal cell layer are
mediated by p- and/or §-receptors, whereas the de-
pressant effects are mediated by k-receptors. How-
ever, this does not imply that the receptors mediating
the different responses are necessarily located on the
same neurone. Therefore, the two responses may be
produced at different sites in the pyramidal cell layer.
This possibility warrants further investigation.

Given that the different types of opiate receptor
agonist produce different effects on neuronal activi-
ty, the physiological consequences of such processes
need to be considered. Excitatory effects on the EEG
of rats after intraventricular injection of a number of
opioids have been well documented (Frenk et al.,
1978; Henriksen et al., 1978) and recently it has been
shown that x-receptor agonists are far less potent at
producing seizure-like activity in the EEG than p-
and J-agonists (Snead & Bearden, 1982).
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