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Harman [3, 131, norharman [3, 8], and -carboline-3-carboxylic acid (6] interact with high affinity with
benzodiazepine (BD) receptors in the cytoplasmic membranes of the brain, displacing labeled BD from their
specific binding sites. These 8-carbolines are regarded as possible endogenous ligands of benzodiazepine re-
ceptors [3, 5, 12, 13]. However, unlike BD, which potentiate pre- and postsynaptic inhibition in synapses of the
spinal cord [7, 9], B~carbolines facilitate spinal reflexes and have an excitatory (convulsant) effect in heha-
vioral experiments on animals [4, 10, 111, The excitatory effects of the 3-carbolines may also be the result of
their multisynaptic action [4].

Benzodiazepine tranquilizers potentiate effects of GABA on primary afferents in nerve tissue culturc [6]
and in the isolated spinal cord of amphibians [9] and rats. The investigation described below showed that har-
man has a similar effect, and it analyzed the GABA-potentiating action of harman,

EXPERIMENTAL METHOD

Experiments were carried out on the isolated perfused spinal cord of young rats aged 9-15 days. Full
details of the method were described previously [1].

The effect of harman (hydrochloride, 1 x 107 to 1x 10 ¢ M) on evoked mono- and polysynaptic ventral
root potentials and on the dorsal root potential evoked by stimulation of the dorsal root of the neighboring seg-
ment (DR-DRP) were investigated. All evoked potentials were excited hy stimulation of dorsal root L3 by
square pulses of current (0.3 msec, 0.1 Hz, 2-8 thresholds) and recorded in ventral roots L3 (monosynaptic)
and L4 (polysynaptic) or in dorsal root L4 (DR-DRP).

The characteristic action of harman alone (1% 10°® to 1« 107" M) and its effect, with an exposure of 15
min, on GABA (1x 107 to 1x 10™* M)-induced primary afferent depolarization or hyperpolarization of moto-
neurons were studied by recording electrotonic potentials of the dorsal or ventral roots (1.3). Synaptic trans-
mission in the spinal cord was blocked by perfusing it with a solution deficient in Ca" ions (0.2 mM) and con-
taining an excess (10 mM) of Mg ions [1, 2].

Dependence of the GABA-potentiating action of harman (1< 10° M) on the concentration of chloride ions
in the solution used to perfuse the spinal cord was studied. The initial chloride concentration (124 mM) was
increased to 165 mM by the addition of 41 mM choline chloride to the solution or it was reduced to 83 mM by
replacing sodium chloride by the equivalent amount of sodium sulfate (pH of the solutions 7.4-7.6).

In a separate series of experiments the effect of harman (1< 107 to 1 10" M) on the action potential
was studied in a fine bundle of rat sciatic nerve fibers,

Each version of the experiments was carried out on 4-6 preparations of the spinal cord. The results
were subjected to statistical analysis in the usual way.
EXPERIMENTAL RESULTS

During perfusion of the isolated spinal cord with solution containing harman (1x 107 % to 1x 107 an in-
crease in the amplitude and duration of the dorsal root potential (DR-DRP) due to electrical stimulation of the
dorsal root of the neighboring segment was observed (Fig. 1C). A similar change in DR-DRP likewise was ob~
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Fig, 1. Effect of harman on evoked potentials of ventral and dorsal
roots of isolated rat spinal cord. A-C) potentials evoked in ventral
root L3, ventral root L4, and dorsal root L4 respectively by elec~
trical stimulation of dorsal root L3: 1) before perfusion, 2) after
perfusion of spinal cord for 15 min with solution containing har-
man (1x 107 M), 3) 15 min after rinsing; D-F) electrotonic po-
tentials arising in dorsal and ventral root respectively during
perfusion of spinal cord with GABA (1xX 107 M) solution: 1) before
exposure to harman, 2) after preliminary exposure to harman

(1x 107° M); E, G) changes in polarization of dorsal and ventral
roots respectively under the influence of harman during perfusion
of spinal cord: 1) with ordinary salt solution, 2} with solution con-
taining an excess of Mg~ ions and a deficiency of Ca™ ions.
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Fig. 2. Effect of harman on action potential
in bundle of rat seciatic nerve fibers: 1) be-
fore, 2, 3) 10 and 20 min respectively after
action of harman in concentration of 1X

107* M.

served under the influence of BD and was interpreted as the result of potentiation of presynaptic inhibition of
GABA-ergic nature of primary spinal cord afferents [7]. In fact, the primary afferent depolarization due to
GABA (1% 107* M) was significantly strengthened if the spinal cord was perfused beforehand for 15 min with a
solution containing 1x 1075 M harman (Fig. 1D).

However, harman also potentiated orthodromically induced mono- and polysynaptic ventral root potentials
(Fig. 1A, B), which could not be connected with the GABA-potentiating effect of harman, for this substance po-
tentiates GABA-induced hyperpolarization of motoneurons (Fig. 1F). Potentiation of the ventral root potentials
and, to some extent the potentiation of DR-DRP may evidently be the result of an action of harman that is inde-
pendent of its effect on GABA-ergic systems of neurons. This view is confirmed by the fact that harman has a
true depolarizing effect on primary afferents and motoneurons (Fig. 1E, G). This action is due to the direct ef-
fect of harman on afferent terminals and motoneurons, for its persists when interneuron function is blocked
by perfusion of the spinal cord with asolution containing an excess of MgHandadeficiency of Catt (Fig. 1).

The ability of harman to potentiate evoked potentials in the ventral and dorsal roots is analogous to the
effect of tetraethylammonium and 4~aminopyridine, which facilitate conduction in synapses of the rat spinal
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Fig. 3. Dependence of GABA~potentiating action on concentrations
of harman and chlorides in medium, A) Dependence of GABA-po-
tentiating (1) and depolarizing (2) effects of harman during re-
cording of electrotonic dorsal root potentials, Abscissa, harman
concentration (in M); ordinate, effect (in percent of maximal),
Broken line shows interpolation of initial segment of curve 1 with
Hill's index = 1, To obtain curve 1 GABA was used in a concen~
tration of 1x 107 M. B) Responses of primary afferents induced
by GABA (1x 10"* M) in absence (unshaded columns) and presence
(shaded columns) of harman (1x 10°¢ M) in medium with different
chloride ion concentrations.

cord [2] as a result of depression of potassium conductance of the membranes of nerve cells and increased
excitability of the latter [14]. Experiments on an isolated bundle of fibers from the rat sciatic nerve showed
that the descending phase of the action potential is lengthened and its amplitude somewhat increased in the
presence of harman in concentrations above 1x 107 M (Fig. 2). It can be tentatively suggested that this effect
was due to the action of harman on the permeahility of nerve fiber membranes for K’ ions, and the same ef-
fect of harman on primary afferent terminals lies at the basis of its characteristic depolarizing action on these
structures,

The characteristic depolarizing effect of harman on primary afferents was exhibited at concentrations
over 1x 107 M., It developed parallel to the decrease in the GABA~potentiating action of harman (Fig. 3A) and,
judging from the ratio between the effective concentrations, it was the cause of the reduction in the GABA-
potentiating effect when the harman concentration was increased.

The GABA-potentiating effect of harman depended essentially on the concentration of chloride ions in the
medium: in chloride concentrations of 165, 124, and 83 mM the increase in the depolarizing effect of GABA un-
der the influence of harman (1 X 10°® M) was 100, 46, and 29% respectively (Fig. 2B). This is evidence that the
GABA-~potentiating effect of harman, like the analogous effect of chlordiazepoxide, is due to the influence of
GABA on chloride ionophores coupled with GABA receptors in the membranes of primary afferent terminals,

Like BD [6, 91, harman thus has a GABA-potentiating effect due to its primary action on chloride iono-
phores coupled with GABA receptors. If the concentrations of harman are high enough this effect is neutralized
by the increased excitability of the neuron membranes, evidently as a result of inhibition of the potassium con~-
ductance of nerve cell membranes by harman,
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