A°-Tetrahydrocannabinol: Effects on Mammalian

Nonmyelinated Nerve Fibers

Abstract. A?-Tetrahydrocannabinol can be applied to tissue in vitro by dissolv-
ing it in Pluronic F68 and ethanol. It causes a decrease in size of the compound
action potential of the nonmyelinated fibers of the vagus nerve of the rabbit. This
effect appears to be dose-related and chloride-dependent. Effects on other measur-
able parameters of nerve function seem to be minimal. Although the amounts
required seem to be higher than those required to produce hallucinogenic effects
in man, this effect is consistent with other work on A°-tetrahydrocannabinol and
may ultimately account for a significant portion of the pharmacological activity

of this drug.

Despite a great interest in the phar-
macological properties of marihuana
constituents there is almost no informa-
tion about the effects of these sub-
stances on elemental nervous tissue.
This lack of information is largely the
result of the difficulty in dissolving the
tetrahydrocannabinols in nontoxic aque-
ous media. We report here first, a
method of dissolving A%-tetrahydrocan-
nabinol (A°THC) in an innocuous me-
dium, and second, a well-defined effect
of ATHC on nervous conduction.

A%-Tetrahydrocannabinol is not read-
ily soluble in water, which presents a
major difficulty in studies of this com-
pound on isolated tissues. It can be
carried into solution by Tween 80 (1),
but the high concentrations of the de-
tergent required (up to 2 percent) are
themselves toxic to many preparations.
In the experiments reported here, which
examine the effect of ATHC on mam-
malian nonmyelinated nerve fibers, the
difficulty has been overcome through
the use of Pluronic F68 (2). This is a
high molecular weight surfactant com-
pound that has general applications in
bringing into solution compounds which
are otherwise insoluble in water; for
example, the present experiments sug-
gested its use (successfully) in studies
of axon fluorescence with a relatively
water-insoluble merocyanine dye (3). A
small amount of Pluronic (100 mg)
was dissolved (by gentle heating to less
than 60°C) in 0.15 or 0.2 ml of ethanol
containing 15 mg of ATHC («4). The
resulting solution could be readily dis-
solved in 100 ml of Locke solution (5)
to produce a 500 uM solution of
ATHC. This solution, which was ini-
tially clear, became increasingly cloudy
over the next few hours, as if some
colloidal suspension of A®THC were
being formed. No analytical determina-
tions of the amounts of A®THC in
solution were made. All experiments to
test solutions of ATHC were started
within half an hour of preparation.
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A desheathed cervical vagus nerve
from a rabbit, killed by injection of air
into an ear vein, was mounted either
for monophasic electrical recording in
the sucrose gap apparatus (6), or for
diphasic recording in a glass capillary
chamber (1 mm in diameter) in which
five annular platinum electrodes for
stimulation and recording were em-
bedded (7). The compound action po-
tential of the nonmyelinated fibers was
elicited every minute; the conduction
distance was 10 to 25 mm. The temper-
ature was about 20°C. Changing the
perfusion fluid from normal Locke so-
lution to one containing Pluronic F68
(100 mg/100 ml) and ethanol (0.2
ml/100 ml) produced little or no
effect on the size of the compound ac-
tion potential (or on the size of the
spike in the giant fibers of lobster and
squid used in later experiments). How-
ever, as Fig. 1 shows, changing to a
solution that also contained 500 uM
AYTHC produced a fall in the height
of the compound action potential of
15.2 = 1.6 percent (mean = standard
error, 12 experiments) by the end of
30 minutes. About half of the experi-
ments were done with monophasic
recording, and the other half with
diphasic recording. No significant dif-
ference was seen in the two groups, so

k=)

., -

Action potential size (mv)
o
T

1 L 1 —
0 50 100 150 200
Time (minutes)

Fig. 1. Effect of 500 uM A°THC, applied
to the nerve during the interval between
the arrows, on the size of the monophasic
compound action potential of the non-
myelinated fibers of the desheathed rabbit
cervical vagus nerve at 21.1°C.

the results of all experiments were
treated as a single population. In four
experiments a similar exposure to
100 uM A°THC produced an average
fall of 12.9 = 3.7 percent, and in four
experiments an exposure to 30 uM
AYTHC produced an average fall of
8.7 = 2.8 percent. In three experiments
10 uM APTHC produced a fall of 7.3 =
1.7 percent. In two experiments 3 uM
AYTHC produced just visible responses
of 0 and 2.8 percent.

The effect (Fig. 1) continued to
develop during the time of exposure
to the drug (up to 1 hour). In seven
experiments with 500 uM A°THC the
average size of the compound action
potential fell by 7.5, 13.3, and 18.6
percent of its initial value after expo-
sures to the drug of 15, 30, and 45
minutes, respectively. In experiments in
which the exposure to AYTHC was
further continued, the fall after 1 hour
(four experiments) was about twice,
and after 4 hours (one experiment)
four times, that obtained after a 30-
minute exposure. When the A"THC was
removed and the nerve was returned.
to Locke solution containing just Plu-
ronic F68 and ethanol, the height of
the compound action potential always
stopped declining. It usually remained
constant as long as it was subsequently
observed (30 to 60 minutes), although
on the rare occasions when it was fol-
lowed for 1 to 2 hours (as in Fig. 1),
some late recovery toward the pre-
AYTHC values sometimes did occur. A
similar delayed recovery from the
tetrahydrocannabinols, still incomplete
after many hours, had already been
observed in experiments in which the
guinea pig ileum was stimulated trans-
murally (8).

The reduction in size of the com-
pound action potential seemed to be
accompanied by a slowing in conduc-
tion velocity. This effect was, however,
small. In five experiments a 30-minute
exposure to 500 uM ASTHC caused the
conduction velocity to fall by 2.7 == 0.8
percent. However, since a 30-minute
exposure to normal Locke solution was
itself accompanied by a slight decrease
in conduction velocity the true effect
of AYTHC was smaller, being 1.8 = 0.9
percent. There was no marked or con-
sistent effect on the electrical threshold,
nor was there any evidence that the
sodium pump was affected, 500 uM
ATHC producing no great change in
the time constant of decay of the post-
tetanic hyperpolarization recorded with
the nerves in a Locke solution in which
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75 to 100 percent of the chloride had
been replaced by isethionate (9).

Complete replacement of the chloride
of the Locke solution by the presumably
impermeant anion isethionate led to a
marked reduction in the effect of
AYTHC. In six experiments a 30-minute
exposure to 500 uM ASTHC produced
a decrease of 17.2 = 2.5 percent in the
height of the compound action potential
when applied in normal Locke solution
containing chloride; in similar experi-
ments on paired nerves from the same
rabbits carried out in chloride-free
Locke solution the fall was only 5.8 =
1.7 percent.

These experiments demonstrated that
ASTHC directly affects nerve fibers, an
action that is particularly interesting in
the light of the reported absence of any

action on ganglia (10). It is important-

to establish which of the fundamental
properties of the nerve membrane is
altered by the ATHC to produce the
effects seen. All fibers might be affected,
the sodium conductance, for example,
being turned off earlier, or the potassi-
um conductance being turned on ear-
lier; either of these effects, by shorten-
ing the duration of the elemental spikes
in each elemental single fiber, would
reduce the size of the compound action
potential. Alternatively, some particular
AITHC-sensitive fibers may be blocked
completely. Unfortunately, experiments
done to examine these possibilities with
internal electrodes—on giant axons of
lobsters, in which the maximum rate
of rise of the spike was measured, and
of squid, in which the soditm and po-
tassium currents in voltage-clamp ex-
periments were measured—oproved neg-

ative. But because of the preliminary

nature of these experiments we cannot
say whether the apparent lack of effect
of AYTHC on marine invertebrate axons
reflects a true absence of action on these
axons.

Quantitatively similar results to those
just described were also obtained with
a water-soluble THC analog, ADL
1137 (11). In concentrations of 100 to
500 pM this drug produced a fall in
the size of the compound action po-
tential of the nonmyelinated fibers of
the rabbit vagus nerve of about the
same size as that produced by A®THC.
Furthermore, the water-soluble analog
shared with ATHC the ability to reduce
the size of the compound action poten-
tial of the myelinated fibers of this
nerve. The myelinated fibers may prove
more suitable for a voltage-clamp ex-
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amination of the action of ATHC, in
which the effects on the sodium and
potassium currents of the nerve mem-
brane can be examined, and such stud-
ies are now under way.

We have not yet determined the
minimum concentration of A’THC re-
quired to produce the kind of effect
described here when applied for 1 to
2 hours or more. Threshold effects were
obtained with half-hour exposures to
3 uM A®THC, which is equivalent to
1 mg/liter. At first sight, this seems a
good deal higher than the psychoac-
tively effective doses in humans, which
are 50 to 250 pg/kg (12). However,
the experimental conditions are quite
different, so the two values are not
really comparable.

A more relevant comparison might
be based on the amount of ATHC
actually taken up by the brain when
given intravenously in animals. Fur-
thermore, the opportunity for biotrans-
formation or metabolism of the ATHC
is probably more limited in the nerve
in vitro than in vivo. If the effects of
AYTHC depend to some extent on the
production of active metabolic products,
as has been suggested (13), it might
not be appropriate to compare the con-
centrations used in the present experi-
ments with psychoactive doses in man.
It should be noted that the proposed ac-
tive metabolite 11-OH-AYTHC showed,
in ‘a single experiment, qualitatively
similar effects on the vagal nonmyeli-
nated fibers to those just described. Fur-
thermore, the psychologically inactive
compound, cannabinol, was similarly
found to be inactive on nerve.

An effect of THC on the conduction
system was postulated by Lapa et al.
(14) on the basis of experiments in
which ‘they recorded potentials from the
sensory nucleus of the trigeminal nerve.
The present experiments provide direct
confirmation of this suggestion. And an
action of the sort described here on
the fine nonmyelinated terminals of
neurons and dendrites might explain
some of the many effects of this drug
on nervous tissue.

The question must certainly arise:
Are these results on isolated nerve at
this dosage pertinent to the known
pharmacological effects of marihuana
in man? Unfortunately, dosage per se
may not be relevant, since the rabbit
vagus nerve may resemble the human
nervous system only insofar as both
share the same basic physiological mech-
anisms of conduction. The sensitivity of

different parts of nervous systems to
drugs may vary considerably, and it
may well be that some parts of rabbit
or human nervous systems are far more
sensitive than our selected test object.
Even the minimum concentrations used
in these experiments are at least an
order of magnitude greater than those
reported in human plasma during peak
psychedelic action (I5). This means
that the significance of these results for
understanding the human response is
at the moment unclear. However, this
is the first demonstrated pharmacologi-
cal effect of marihuana constituents on
a simple nerve preparation, and it would
seem to provide at least a starting point
in working out a mode of action.
R. Byck

Department of Psychiatry and
Department of Pharmacology,
Yale University School of Medicine,
New Haven, Connecticut 06510

J. M. RITCHIE
Department of Pharmacology,
Yale University School of Medicine

References and Notes

1. H. Rosencrantz, G. R. Thomson, M. Braude,
J. Pharm. Sci. 61, 1106 (1972).

2. Pluronic F68, brought to our attention by
H. A. Sloviter, is a poly(oxyethylene)-poly-
(oxypropylene)-poly(oxyethylene) condensate of
low toxicity obtained from the BASF Cor-
poration, Wyandotte, Michigan. See their
publication F-3025 for a complete bibliography.

. H. V. Davila, B. M. Salzberg, L. B. Cohen,
Nature 241, 159 (1973). .

4, The A*THC was kindly supplied by the Center
for Studies of Narcotic and Drug Abuse,
National Institute of Mental Health, Bethesda,
Maryland.

5. The Locke solution contained (mM): NaCl
(154), KCl (5.6), CaCl, (2.2), dextrose (5),
morpholinopropane sulfonate buffer, pH 7.2
).

. C. J. Armett and J. M. Ritchie, J. Physiol.
152, 14 (1960).

. R. D. Keynes, J. M. Ritchie,
ibid. 213, 235 (1971).

. E. W. Gill, W. D. M. Paton, R. G. Pertwee,
Nature 228, 134 (1970).

. H. P. Rang and J. M. Ritchie, J. Physiol.
196, 183 (1968).

10, W. L. Dewey, L. R. Yonce, L. S. Harris,
W. M. Reavis, E. D. Griffin, V. E. Newby,
Pharmacologist 12, 259 (1970).

. The analog, ADL 1137, is a diethylamino-
butyryl acid ester of A®THC, obtained from

w

N Y

E. Rojas,

O oo

1

—_

Arthur D. Little, Inc.,, Cambridge, Massa-
chusetts.
12, H. Isbell and D. R. Jasinski, Psycho-

pharmacologia 14, 115 (1969).

13. L. Lemberger. R. Crabtree, H, Rowe, Science
177, 62 (19 =+ M. Perez-Reyes, M. Timmons,
M. Lipton, K. H. Davis, M. E, Wall, ibid.,
p.- 633,

14. A. J. Lapa, C. A. M. Sampaio, C. Timo-Iaria,
J. R. Valle, #. Pharm. Pharmacol. 20, 373
(1968).

15. M. Perez-Reyes, M. A. Lipton, M. C.
Timmons, M. E, Wall, D. R. Brine, K. H.
Davis, Clin. Pharmacol. Ther. 14, 48 (1973).

16. Partly supported by PHS grant NB 08304
and by a Burroughs Wellcome Award in
Clinical Pharmacology given to R.B. We
thank H. P. Rang and J. Rosenthal for
assistance with experiments on lobster giant
axons, and L. B. Cohen, H. B, Davila, B. M.
Salzberg, and C. Sevcik for assistance with
experiments on squid giant axons.

11 December 1972; revised 5 February 1973

85



	Cit r347_c473: 


