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Using electrophoretic application to rat central neurones in vivo, and bath application to frog spinal cord in vitro,
2-methyl-3,3-diphenyl-3-propanolamine was found to be a selective antagonist of N-methyl-DL-asparate, but not of quis-
qualate or kainate. In this respect the (—) isomer proved to be about three times more potent than the (+) in both
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preparations.
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SEVERAL arylcyclohexylamines, e.g., phencyclidine
(PCP), and some dioxolanes, benz(f)isoquinolines, and ben-
zomorphans of the sigma opiate type have common be-
havioural and neurochemical properties. In particular they
all produce a form of cataleptic anaesthesia, have
psychomimetic properties in man, cannot be easily separated
in drug discrimination studies and bind at a common site in
CNS tissue, namely the PCP/sigma opiate receptor site ([4,
5, 6, 8, 12] and see [1, 2, 7]). Since these substances also
selectively antagonise the glutamate/aspartate analogue,
N-methyl-aspartate (NMA) [1, 2, 7], we have proposed that
block of central synapses utilizing NMA receptors may
underlie some of the behavioural properties common to
these groups of compounds [7]. The recent report by Tang,
Cangelosi, Code and Franklin [9] demonstrating that 2-MDP,
in particular the (—) isomer, has anaesthetic and behavioural
properties common to PCP, gave us the opportunity to test
the above hypothesis further by investigating whether this
substance was also a selective NMA antagonist. We have,
therefore, tested the effects of (+) and (=) 2-MDP on re-
sponses of rat neurones in vivo, and frog neurones in vitro,
to the administration of NMA, quisqualate and kainate, the
three ligands used for characterising central glutamate/aspar-
tate receptors [11].

METHOD

The methods used for electrophoretic experiments have
been described in detail elsewhere [1]. Briefly, rats were
anaesthetised with sodium pentobarbitone (50 mg/kg IP and
supplemented IV as necessary) and either the lumbar spinal
cord or the medulla exposed. Extracellular recordings were
made with seven barrel micropipettes from unidentified
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single units. The centre barrel containing 3.6 M NaCl was
used for recording extracellular action potentials of singie
neurones, the firing rate of which was displayed on a chart
recorder. Five of the six outer barrels contained a combina-
tion of the following drugs: N-methyl-DL-aspartate Na
(NMA, 200 mM, pH 8.1), quisqualate Na (5 mM in 200 mM
NacCl, pH 7.7), kainate Na (5 mM in 200 mM NacCl, pH 8.2),
the (+) and (—) isomers of 2-methyl-3,3-diphenyl-
3-propanolamine HCL (2-MDP, 25 mM in 175 mM NaCl, pH
4.5), (=) ketamine HCI (25 mM in 175 mM NaCl, pH 4.5).
The remaining outer barrel contained 200 mM NaCl and was
used for current balancing. Once a cell was isolated, approx-
imately equal and submaximal responses were obtained from
the agonists before administration of (+)2-MDP, (—)2-MDP
or ketamine. Results are given as mean change in respon-
se*one standard deviation.

The frog cord preparation was adapted from that of Cur-
tis, Phillis and Watkins [3]. Briefly, the spinal cord was re-
moved from a decapitated frog, hemisected, and stored
overnight in frog Ringer at 4°C. Each half was put in a
Perspex chamber and perfused with frog Ringer at 10-12°C
containing 0.1 uM tetrodotoxin to abolish any synaptic ac-
tivity. Amino acid agonists were added to the perfusate and
the subsequent depolarisation of motoneurones was re-
corded from a ventral root. In each experiment a dose-
response curve was obtained for one or more of the agonists,
and then repeated in the presence of varying concentrations
of (+) or (=) 2-MDP or ketamine.

RESULTS

No differences were noted between results from medul-
lary or spinal cord cells and therefore the results from the
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FIG. 1. The effect of the electrophoretic ejection of (—)2-MDP
(10 nA) and (+)2-MDP (20 nA) upon the responses of a rat spinal
neurone to NMA (58 nA), kainate (50 nA) and quisqualate (90 nA).
(—)2-MDP reduced the NMA response by 86% and recovery was
observed 60 minutes later. (+)2-MDP reduced the NMA response
by 52% and recovery is shown 40 minutes later. Ordinate scale:
firing rate in spikes/sec. Abscissa scale: time. Calibration bar=1
minute.

two sites have been pooled. Electrophoretic (—)2-MDP
(mean ejection current=11.4 nA, range=5-60 nA) selec-
tively reduced responses to NMA in all 30 cells tested
(mean=67+20%), whereas responses to both quisqualate and
kainate tended to increase (18+30%, N=30 and 7+13%,
N=13 respectively) (see Fig. 1). At high ejection currents
(—)2-MDP caused some reduction of action potential ampli-
tude. Recovery of the NMA effect was slow, lasting up to 60
minutes, however recovery to at least 80% of control was
observed in 20 of the cells, and the remaining 10 all re-
covered to within 509% of control. (+)2-MDP (mean ejection
current=24.7 nA, range=6-50 nA) also selectively reduced
NMA actions in 11 neurones tested (mean=68+30%), and in
a further 6 cells spike height was reduced so as to become
uncountable before any reduction in the response was ob-
served. Responses to quisqualate and kainate were more var-
jable, either changing little or sometimes showing dramatic
increases (39+68%, N=10 and 24+41%, N =4 respectively).

With 9 cells it was possible to compare directly the effects
of (—)2-MDP and ketamine on the same cell and by a com-
parison of ejection currents (—)2-MDP proved to be 1.5-3
times more potent an NMA antagonist than ketamine. In 5 of
these (+)2-MDP was also compared and in these cases
(—)2-MDP proved to be 2.5-4 times more potent than
(+)2-MDP. An example of this difference in potency of the
two isomers is shown in Fig. 1. On this spinal neurone the
(-) isomer was 3-4 times more effective as an NMA
antagonist. Note also the increase in quisqualate but not
kainate responses during the ejection of the two isomers.

With 4 cells (—)2-MDP was administered IV and a dose of
4-8 mg/kg selectively reduced the NMA response by 67+8%.
Recovery on these occasions was very slow and only
reached 60% of control at best.

On the frog spinal cord in vitro both isomers of 2-MDP
(3.16-100 uM) reduced the response to NMA, shifting the
dose-response curve to the right (see Fig. 2). (—)2-MDP
proved to be 3 times more potent than (+)2-MDP in this
respect, the pA2 values being 5.15=0.04 and 4.64x0.05 re-
spectively. This compares with a pA2 value for ketamine of
5.68+0.06, suggesting that ketamine is about 3 times more
potent as an NMA antagonist than (—)2-MDP in this prep-
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FIG. 2. Dose-response curve for motoneuronal depolarisation to the
agonist NMDA alone (W), and in the presence of 31.6 uM (+)2-MDP
(#).31.6 uM (—)2-MDP (@), and 10 uM ketamine (V). Points shown
are mean=standard error.

aration. The dose-response curves to quisqualate and kain-
ate showed no significant changes in the presence of up to
100 uM (+) or (—) 2-MDP.

DISCUSSION

We have demonstrated in both the rat in vivo, and the
frog in vitro, that 2-MDP selectively antagonises responses
of neurones to NMA, but not those to quisqualate and kain-
ate. In both preparations the (—) isomer of 2-MDP proved to
be about 3 times more potent than the (+) isomer. The fact
that in the experiments of Tang er al. [9], (+) 2-MDP was
devoid of PCP-like activity may be explained by the adverse
behavioural side effects which prevented the testing of
higher doses. Inhibition of binding of H*-dexoxadrol, an-
other PCP-like dissociative anaesthetic, to rat brain mem-
branes is displaced by 2-MDP, the (—) isomer being about
five times more potent than the (+) isomer (V. Sethy, per-
sonal communication). The cause of the apparent difference
in potency of (—)2-MDP relative to ketamine between our
two preparations may be partly a consequence of species
differences and/or the different methods of administration of
the agonists and antagonists.

These results extend the observed correlation between
PCP-like behavioural effects and NMA antagonism to an-
other distinct class of drugs. it is not yet clear how NMA
antagonism is brought about, nor what the neuronal sub-
strate might be for the behavioural effects of 2-MDP. Recent
results, however, have shown that other NMA antagonists,
e.g., ketamine, cyclazocine and aminophosphonovalerate,
have profound effects on cortical synaptic transmission [10],
a potential site for some of the behavioural effects common
to dissociative anaesthetics and sigma opiates.
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