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PRODUCT REVIEW

Receptor modulation in brain slices

E.W. Karbon and S.J. Enna

Brain tissue preparations provide a window on the regulation of neuroreceptor function that cell-free
preparations cannot offer. The view reveals complex neuromodulator interactions.

MAaNY neurotransmitters influence neuro-
nal function by directly affecting either of
two important signal transduction
mechanisms. Of these mechanisms, the
most well-characterized, is the receptor-
coupled adenylate cyclase system'. Stimu-
lation of the cyclase enzyme enhances the
conversion of adenosine triphosphate
(ATP) to cyclic adenosine monophos-
phate (cAMP), while inhibition decreases
cAMP production. The cyclic nucleotide
then acts as a “second messenger” by stim-
ulating a protein kinase that phosphory-
lates selected proteins.

The other important receptor-coupled
effector system is phosphatidylinositol
turnover’. In response to receptor activa-
tion, phospholipase C degrades phospha-
tidylinositol 4,5-bisphosphate, a phospho-
lipid, to dual second messengers. One
messenger, inositol triphosphate, liber-
ates calcium ions from internal stores; the
other, diacylglycerol, stimulates protein
kinase C that, like the cAMP-dependent
enzyme, phosphorylates multiple protein
substrates.

The ability of neurotransmitters to in-
fluence these processes has routinely been
examined in brain slices, intact tissue prep-
arations that closely approximate in vivo
conditions. These slices are maintained in
an aerated, physiological buffer and are
pre-labelled with a substrate precursor
such as "H-adenine, which is converted to
*H-ATP, or 'H-inositol, which is incorpo-
rated into phospholipid pools. Enzyme
activity in response to receptor activation
can then be assessed by measuring the
levels of radiolabelled product that have
accumulated’.

Mixed reception
Given the importance of identifying the
events which follow receptor activation,
the brain slice preparation is a valuable
tool. Recent studies have shown that,
although the direct stimulation of second
messenger formation by neurotransmit-
ters is often sufficient to account for the
biochemical effects they provoke, many
neurotransmitter receptors are also sub-
ject to the regulatory influences of com-
pounds acting at distinct receptor sites.
Such compounds are called “neuromodu-
lators” since they indirectly modify the
biochemical response resulting from acti-
vation of another receptor.

For example, brain slices exposed to
noradrenaline, which stimulates both «-
and B-adrenergic receptors, show a grea-

greater accumulation of cyclic AMP than
those treated with isoprenaline, a selec-
tive P-adrenergic agonist*® (Table 1).
These results suggest that w«-adrenergic
receptors, like the B-adrenergic compo-
nents, may be directly coupled to adeny-
late cyclase. But w«-agonists such as 6-
fluoronoradrenaline (6-FNA) do not of
themselves stimulate cAMP accumulation
(Table 1).

Table 1 Neuromodulator effects on cAMP accumulation

cAMP accumulation
{% conversion)

Basal Isoprenaline,
No addition 0.06 0.38
6-FNA (10 uM) 0.07 0.77
Baclofen {50 uM) 0.1 1.14
PDBu (10 uM) 0.06 1.20
Noradrenaline (100 uM) 0.80 —

The influence of various agents on cAMP accumu-
lation in rat brain cerebral cortical slices. Results are
expressed as per cent conversion, which represents the
percentage of total tritium present as *H-cyclic AMP.
6-FNA, 6-fluoronoradrenaline; baclofen, f-p-chloro-
phenyl y-aminobutyric acid; PDBu, phorbol 12, 13-
dibutyrate. (Adapted from refs 3,7,9.)

When, however, rat brain slices are ex-
posed to both 6-FNA and isoprenaline,
the cAMP response equals that obtained
when noradrenaline alone is used. These
findings can be taken as evidence that o-
adrenergic receptors are indirectly cou-
pled to the adenylate cyclase system and
that noradrenaline, through interaction
with these sites, can function as a neuro-
modulator.

Similar results have recently emerged
from studies using the agonist B-p-
chlorophenyl y-aminobutyric acid (bac-
lofen). Baclofen specifically recognizes a
y-aminobutyric acid (GABA) receptor
subtype which is referred to as the
GABA, site’. Like 6-FNA, baclofen aug-
ments cAMP accumulation markedly in
brain slices following exposure to a num-
ber of B-adrenergic receptor stimulants,
while being ineffective alone in this
regard’ (Table 1). The augmenting re-
sponse elicited by both GABA, and o-
adrenergic agonists is independent of
phosphodiesterase activity and totally de-
pendent upon the presence of extracellu-
lar calcium, suggesting a common
mechanism of action™*.

The ability to augment cyclic AMP for-
mation is not limited to endogenous subst-
ances, for it can be elicited by phorbol
esters, compounds that mimic the action
of diacylglycerol and activate protein

kinase C*" (Table 1). This finding is intri-
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guing in that it suggests that activation of
phospholipase C and the subsequent
generation of diacylglycerol may be the
mechanism responsible for the augmenta-
tion observed in response to GABA, and
«a-adrenergic receptor activation. Such a
mechanism would point to a positive in-
teraction between two major signalling
pathways'.

A cut above

Brain slice preparations have been invalu-
able in elucidating a role for a-adrenergic
and GABA, receptors, because the au-
gmentation phenomenon is not observed
in cell-free preparations. The reason for
this absence is not obvious, but may be
related to the fact that direct receptor-
mediated stimulation of adenylate cyclase
is also difficuit to detect in membrane pre-
parations. Alternatively, a requirement
for some soluble factor may preclude the
detection of any augmentation in isolated
plasma membranes.

Since the augmentation response is a
functional measure of receptor activity,
this system can be used to screen for
potential «-adrenergic and GABA, re-
ceptor agonists and antagonists, which
cannot be identified with receptor binding
analysis. Brain slice preparations can also
disclose the biochemical consequences of
agents like phorbol esters that act at intra-
cellular sites. And while the physiological
relevance of receptor-mediated cAMP au-
gmentation is still unknown, brain slice
studies have hinted that the pharmacolo-
gical manipulation of neuromodulator re-
ceptors might hold considerable therapeu-
tic potential. O
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