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The Antinociceptive Effects of Intrathecally
Administered Levonantradol and
Desacetyllevonantradol in the Rat

TONY L. YAKSH, Ph.D. Rochester, Minn

Abstract: Levonantradol and its desacetylated metabolite (desacetyllevonantradol)
produced a dose-dependent increase in the hot plate and tail flick response latencies
following intrathecal administration in a dose range from 4 to 40 ug. No difference in
potency between the two drugs was observed, as defined by the EDs; values obtained
in either test. The duration of the effect of either drug was also dose dependent,
ranging from 30 to 120 minutes. No effect on placing, stepping or righting reflexes or
the ability of the rats to negotiate a 60° inclined plane was observed at these doses. At
the highest doses, however, an exaggerated myoclonic response to abrupt muscie
stretch was observed. None of those effects was antagonized by naloxone (2 mg/kg)
administered intraperitoneally before or after jevonantradoi.

ELTA-9-tetrahydrocannabinol (THC)

has been shown to possess antinocicep-
tive properties in man and in animal pain
models.”™ Levonantradol, a cannabinoid
analog, also has been shown to exert this
antinociceptive action. These effects have
been reported to be independent of an opi-
ate system by virtue of the inability to
block their actions by naloxone®™® or to
show displacement of opioid ligands in
binding assays.” The clear effect of this
family of drugs on perception has been as-
sociated with the change in the perceived
painthreshold. Recent data have, however,
lent credence to the possibility that these
agents may, in addition, serve to modu-
late nociceptive spinal processing. A possi-
ble spinal site of action is suggested by the
observation that the systemic administra-
tion of cannabinoids will antagonize spinal
reflex activity such as the tail flick.? In ad-
dition, Gilbert® has reported that nantradol
inhibits the skin twitch reflex in the spinal
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dog. Since these effects occur at doses
which do not produce significant changes
in motor behavior, the possibility is offered
that the antinociception may be mediated
by an action on some specific facet of noci-
ceptive sensory transmission at the level of
the spinal cord.

A direct test of this question is to examine
the local effects in the spinal cord of these
agents on the behavior of the intact and
unanesthetized animal. The present experi-
ments were to investigate the effects of in-
trathecally administered levonantradol
and its deacetylated metabolite, desacetyl-
levonantradol, on the nociceptive threshold
of the rat as measured by both a spinal
reflex (tail flick) and a more complex behav-
ioral task (hot plate).

Methods

Animal Preparation. Rats (male, Sprague-
Dawley; 300 to 350 Gm) were implanted
with a polyethylene catheter (PE-10; 4.5
mm o0.d.). The catheter was inserted through
the cisternal membrane. 7.5 to 8.0 cm to the
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iumbar enlargement. Details of this proce-
dure are given elsewhere.’”

Intrathecal Injection Procedures and
Drrugs. Intrathecal injections of drugs or
vehicle were made in a volume of 15 ul over
& period of 10 to 15 seconds. Each injection
was followed by an injection of 10 nl saline
to flush the contents of the catheter. Levo-
nantradol and desacetyllevonantradol hy-
drochloride were dissolved in spectral-
grade dimethyl sulfoxide (DMSO, Sigma)
and brought to volume with saline, such
that the final concentration was 20%
DMSO. This solution was used for all con-
tro] or vehicle injections.

Behavioral Testing. The nociceptive
thresholds were ascertained by the tail flick
and hot plate (52.5°C) response. The meas-
ured response was a movement of the tail
from the heat source (a focused projection
bulb) for the tail flick, or by a licking of the
hindpaws, jumping, or a rapid up-and-
down motion of the hindpaw, for the hot
plate. Tests were terminated if the animal
failed to respond by 6 or 60 seconds on the
ail flick and hot plate tests, respectively

cutoff times). Animals were tested twice in

#ach procedure 24 hours before drug or vehi-
“i# injection. Motor capacity was assessed
U¥ examining hindpaw placing and step-
Fing reflexes and the ability of the animal
‘U negotiate a 60° inclined wire mesh
surface.

Data Analysis. Parallel control (vehicle)
and drug groups were always run on the
*ame day. Animals were pretested (base-
-fieland assigned to each group so that the
Mean group response latencies were
matched. Data are presented as either the
T€Sponse latency in seconds (mean + S.E.)
“T asthe maximum per cent effect (MPE) as
wliows:

MpEg - Predrug — postdrug effect
cutoff time — predrug effect

x 100

-AStatisticaI comparisons were carried out
USIng a t-test for repeated measures, Differ-
€nceg reaching a P < 0.05 level of probabil-

ity were considered as statistically signifi-
cant. EDs, values with 95 per cent con-
fidence intervals were determined as de-
scribed by Goldstein® using doses which fell
by inspection on or near the linear portion
of the dose-response curve.

Results

Intrathecal injections of the DMSOQ/sa-
line vehicle had no measurable effect on the
hot plate and tail flick latencies over the
time course of these experiments (Fig. 1).
Levonantradol and desacetyllevonantra-
dol, however, produced a significant, time-
dependent elevation in the hot plate and
tail flick response latencies. The duration of
this effect was dose dependent, lasting from
30 to 120 minutes. There was no detectable
difference between the drugsinsofar as rate
of onset or the overall duration was con-
cerned (Fig. 1). The magnitude of the in-
crease in the tail flick and hot plate re-
sponse latencies was dose dependent for
both levonantradol and desacetyllevonan-
tradol over a dose range of 4 to 40 pg. The
dose-response curves shown in Fig. 2 for
the two drugs did not statistically deviate
from parallelism on either the hot plate or
tail flick tests. Comparison of the EDs; for
the two drugs revealed no difference on
either test (Table I).

Todetermine if the effects were altered by
intraperitoneal administration of naloxone
(2 mg-kg), animals were injected either 10
minutes before the intrathecal injection of
levonantradol (40 ug) or vehicle, or 15 min-
utes after the intrathecal levonantradol (40
ug). As shown in Fig. 3, at no time was a
detectable difference observed in the anti-
nociceptive effects of intrathecal nantradol
as measured by the hot plate response la-
tency with either paradigm. Similar results
were observed with respect to the tail flick
test but are not presented here.

The intrathecal injection of low doses of
either levonantradol or desacetylievonan-
tradol had no detectable effects on the be-
havior of the animal, aside from increasing
its hot plate and tail flick response latency.
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Fig 1. Hot plate (top) and tail flick thottom, response latencies (seconds; vs.
time (minutes) after intrathecal injection of vehicle (Ciixyord ugoior40 ug
(® levonantradol (lefti or desacetyllevonantradol (righti. Each time-re-
sponse curve represents the mean = S.E. of four to eight animals.
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Fig 2. Log dose-response curves forintrathecal levonantradol fo; and des-
acetyllevonantradoli\jon the hot plate tleft)and tail flick (rights test. Each
pointpresents the mean + S.E. of a maximum per cent effect { MPE) foreight
to 15 animals.
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TABLEI

ED;. Values for Intrathecal Levonantradol and
Desacetyllevonantradol on the Hot Plate
and Tail Flick Tests

ED. (ug = S E}
Drug N Hot plate Tail flick
Levonantradol 46 18+ 4 8x3
Desacetyllevonantradol 47 19+5 63

HOT PLATE LATENCY (sec)
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Fig. 3. Effectsof naloxone (xj(2mg kgip.)orsalineio)(Iml kg ip.jonthe
antinociceptive effects of intrathecal levonantradol (40 ng) injected at the
time indicated dy the vertical dashed line. Each time-response curve pre-
sents the mean = S.E. of five animals.

TABLE II

Per Cent of Rats as a Function of Dose of

Intrathecal Levonantradol Showing Loss

of Motor Function and/or Displaying the
“Bouncing Rat” Syndrome

Per cent of group

Levonantradol Motor Bouncing
dose (ug)* N disability rat
0 22 0 0
4 12 0 0
10 15 0 5
20 12 0 58
40 18 0 100

* All injections in 15 u1/20% DMSQO-saline.
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As shown in Table II, however, at doses of
20 and 40 ug of either drug, there was an
increasing incidence of an exaggerated myo-
clonusin response to abrupt muscle stretch.
Thus, allowing the animal to fall on all four
paws from a height of a few centimeters
resulted in a springing behavior which we
refer to as the “bouncing rat syndrome.” At
no dose was the ability of the animal to
negotiate the 60° wire mesh impaired. Sim-
ilarly, no effect on placing, stepping, or
righting reflexes was observed. There ap-
peared to be some evidence of an enhanced
sensitivity to light stroking of the fur as
indicated by the animals’ squeaking be-
havior, but this was difficult to quantify.

Atthe 40-ug dose, catalepsy was observed
after a 30- to 40-minute latency in all ani-
mals, suggesting the likelihood of a sys-
temic or supraspinal effect resulting from
diffusion.

None of the above effects was altered by
the intraperitoneal administration of nal-
oxone (2 mg/kg) either before or after the
intrathecal injection of levonantradol.

Discussion

The present results indicate that the in-
trathecal injection of levonantradol or its
desacetylated metabolite, desacetyllevonan-
tradol, produced a dose-dependent eleva-
tion in the hot plate and tail flick response
latencies. We believe the action of these
drugs on spinal function reflect an antino-
ciceptive effect, as the effects occurred at
doses which -did not significantly impair
the animals’ motor ability to make the
response.

The similar magnitude and time course of
the activity of the two agents does not per-
mit us to exclude the possibility that all of
the pharmacologic activity resides in the
deacetylated metabolite. The parallelism of
the dose-response curves on each test and
the comparability of the slopes between
tests is consistent with (but does not prove)
the belief that the two drugs are working at
similar sites and that the neural substrate

affected by the two drugs in the spinal cord
relevant to the two different tests is the
same.

The pharmacology and physiology of the
mechanisms whereby levonantradol pro-
duces its spinal effect are not known. The
failure of extensive efforts to antagonize
the behavioral effects of levonantradoil
with naloxone, argues against an opiate
sensitive link, and is in agreement with re.
sults published by other laboratories (see
introduction). Whether these cannabinoidg
act directly upon some links in the spina]
nociceptive pathway or exert an influence
via other modulatory systems such as those
involving monoamines or GABA remain a
subject for further investigation.

The “bouncing rat syndrome,” reflecting
an intensified monoclonic response to mus-
cle stretch, has been observed following
systemic administration. The present ob-
servations appear to suggest that the exag-
gerated reflex is due to an effect on spinai
function. Whether this interaction is due to
an action on the afferent portion of the
gamma motor loop or on the repetitive dis-
charge properties on the motor neuron is
not presently known.
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Discussion of the Paper

Dr. Lassner: Is the effect segmental, that
15 limited to the caudal segments of the spi-
tial cord?

Dr.Yaksh: Yes. We also test the animal’s
Tt8ponse to pinching of the paw. The
animal will move the foot voluntarily,
showing no motor disability, but as with
Morphine there is no vocalization.

Dr. Nahas: What you call the “bouncing
"f‘t" phenomenon has been observed in
thronic intoxication of rodents given high
doses of THC. It is called a “popcorn effect”,
and is aggociated with toxicity to the cen-
tral nervoyg system.

Dr. Yaksh: Yes, I believe that toxicity is
f’resent, but also that the motor effect is in
*1¢ 8pinal cord.

Dr. Nahas: Have you noticed develop-
Ment of tolerance to the analgesic effect?
erfr' Yaksh: We have not investigated tol-

fce development following direct in-

trathecal administration. Since we have
seen analgesia using the intrathecal ad-
ministration of morphine in cats and pri-
mates, our next plan was to proceed to
study the intrathecal effects of levonan-
tradol in the primate on shock titration. In
preliminary experiments in the cat, in-
trathecallevonantradol blocks skin twitch,
very much in line with what has been re-
ported in the dog (Gilbert, this monograph).

Dr. Braude: Could you elaborate on your
choice of DMSO as a solvent?

Dr. Yaksh: Histological studies in cats
that have received acute DMSO injections
show no gross evidence of toxicity. Behav-
iorally, we have not detected an effect.

Dr. Dewey: Have you administered levo-
nantradol into the ventricle of the brain,
and how does it compare with morphine
potency when administered intrathecally?
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Dr. Yaksh: We have not administered le-
vonantradol intracerebrally. Intrathecally,
levonantradol and morphine have about
the same potency, in contrast to the differ-
ence observed systemically. The difference
may reflect enhanced lipid permeability for
levonantradol.

Dr. Aisner: DMSO in addition to being a
solvent, will carry many solutes across cel]
membranes. Do you have any information
that you are not measuring a systemic ef-

fectratherthan a localized effect becayge of
the solvent effect of the DMS(Q?

Dr. Yaksh: You can definitely smel]
DMSO on their breath. However, doses of 40
g given in the femoral vein of an unaneg.
thetized rat do not block the tail flick. In
fact, if you did have a systemic effect, you
wouldn'’t expect to see a segmental analge.
sia. I should mention, however, that cata-
lepsy is seen after about sixty minutes. [ am
almost certain that that is a supraspina]
effect, due to diffusion of the drug.
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