Brain Research, 359 (1991) 309-314 309
©) 1991 Elsevier Science Publishers B.V. All rights reserved. 0006-8993/91/$03.50
1DONIS 000689939117020A

BRES 17020

Cannabinoid-induced antinociception is mediated by a spinal
a,-noradrenergic mechanism

Aron H. Lichtman and Billy R. Martin (b)

Departmenit of Pharmacology and Toxicology, Medical College of Virginia, Box 613 MCV Station, Virginia Commonwealth Universiry,
Richmond, VA 23298 (U.S.A.)

(Accepted 14 May 1991)
Key words: A°-Tetrahydrocannabinol; Yohimbine: Methysergide; Antinociception; Catalepsy; Hypothermia

The present study examined whether descending noradrenergic and serotonergic systems mediate the antinociceptive effect of the proto-
typical cannabinoid. delta-9-tetrahydrocannabinol (4°-THC). Rats were administered vehicle or A4°-THC (10 mg/kg. i.v.) and subsequently
given an intrathecal (i.t.) injection of either the a,-noradrenergic antagonist. yohimbine, or the non-specific serotonin (5-HT) antagonist,
methysergide, through chronically implanted spinal catheters. Whereas yohimbine significantly reversed the cannabinoid-induced elevation of
tail-flick latencies. methysergide had no effect. To examine whether yohimbine was indeed blocking the antinociceptive effects of 4 “THC
through a spinal mechanism, it was administered i.t. at cither the lumbar or the upper thoracic level of the spinal cord. Antinociception was
significantly reduced when yohimbine was administered in the lumbar region; however, administration in the upper thoracic region failed to
have an effect. In addition, the effect of i.t. administered yohimbine and methysergide was assessed on two other indices sensitive to can-
nabinoids, hypothermia and ring immobility. As previously reported. i.v. administration of 4 °-THC led to_hypothermia as well as immobility
in the ring test which were not blocked by i.t. administration of either monoamine antagonist. To the contrary. methysergide potentiated the
hypothermic effect of 4°-THC. These findings indicate that cannabinoids activate descending noradrenergic neurons resulting in antinocicep-

tion via the stimulation of spinal a,-adrenoceptors.
INTRODUCTION

1t has been widely reported that 4°-THC and canna-
binoid analogs produce antinociception in mice and rats
as assessed by the tail-flick response to radiant heat’="
- Although there has been much investigation on the
structure activity relationship™ " as well as the receptor
mechanisms of the cannabinoids®?"?"_ relatively little is
known about the neurochemistry mediating its antinoci-
ceptive effects. Opiate receptors do not appear to be in-
volved because opiate antagonists fail to reverse canna-
binoid-induced antinociception'®?'**7*®. On the other
hand. several studies examining the pharmacology un-
derlying cannabinoid-induced antinociception have im-
plicated monoaminergic systems. Specifically, intracere-
broventricular (i.c.v.) injections of either the 5-HT
neurotoxin, 5,7-dihydroxytryptamine®' or the dopamin-
ergic neurotoxin 6-hydroxydopamine (6-OHDA)'’ atten-
uated cannabinoid-induced antinociception. Alterna-
tively, noradrenergic depletion may also account for the
blockade because neither study pretreated the animals
with a noradrenergic uptake inhibitor to prevent a con-
comitant destruction of noradrenergic cell bodies. Fur-
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ther complicating the issue is that 5-HT depletion with
p-chlorophenylalanine (PCPA) failed to prevent canna-
binoid-induced antinociception™'.

Recently, spinal transection was found to significantly
attenuate, but not completely block. the antinociceptive
effects of i.v. administered 4°-THC as well CP-55.940, a
more potent cannabinoid analog. suggesting both su-
praspinal and spinal components™. The circuitry for the
tail-flick reflex is located in the lower Jumbar and sacral
segments of the spinal cord". suggesting that 4°-THC’s
supraspinal action is mediated through the activation of
descending neurochemical systems. Although numerous
descending mechanisms have been implicated in anti-
nociception, spinal noradrenergic and serotonergic sys-
tems seem to play the most pervasive role. Specifically,
i.t. injections of 5-HT and noradrenergic antagonists
have been shown to block the antinociceptive effect pro-
duced by either microinjection of noncannabinoid drugs®

22,37 . . - 12.17
or electric stimulation!12"!

at supraspinal sites. In
the present study, 5-HT and noradrenergic antagonists
were administered directly to the spinal cord of rats. in
order to determine whether descending monoaminergic

systems also mediate cannabinoid-induced antinocicep-
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tion. In addition to antinociception, the cannabinoids
have been shown to have a variety of other pharmaco-
logical effects, including hypothermia and catalepsy '
14.25.31.32 B : . N

. Because monoaminergic systems have been
implicated in the pharmacology underlying both of these

. . - 2 .
cannabinoid effects’'~* subjects were also assessed for

catalepsy and hypothermia.

MATERIALS AND METHODS

Subjects

Male Spraguc-Dawley rats (Dominion Labs. Dublin VA). with
a mean body weight of approximately 350 g served as subjects.
Each rat was individuaily housed. and Prolab 3000 Animal Chow
and tap water were continuously available. All experiments were
conducted during the light portion of a 14:10 h light/dark cycle.

Surgery

Subjects were anesthetized with pentobarbital (50 mg/kg, i.p.)
and supplemented with halothane as needed. After induction of
anesthesia. each rat was implanted with an i.t. catheter (PE-10.
approximately 0.75 mm diameter) through an incision in the at-
lanto-occipital membrane’. The tips of the cathethers were placed
either just rostral to the lumbar enlargement (extending 8.5 cm in
length) or at the upper thoracic region (extending 3.5 cm in length).
Immediately prior to surgery. each catheter was flushed with ster-
ile saline. and the external end was heat sealed. Approximately
10% of the subjects exhibited signs of motor dystunction and were
eliminated from the study. All subjects were given one week to re-
cover prior to evaluation.

Drug preparation and administration

A%-THC was provided by the National Institute on Drug Abuse.
Yohimbine was obtained from RBI (Natick. MA) and methyser-
gide was obtained from Sandoz (East Hanover. NJ). For i.v. ad-
ministration, A4°-THC was dissolved in a 1:1 mixture of ethanol and
emulphor (Rhone-Poulenc Surfactants and Specialties, Princeton.
NJ) and then added to isotonic saline to yield a final vehicle of 1:1:8
(ethanol/femulphor/saline). Each subject was placed in a restraining
chamber. and the tail was emerged in 37 °C water to dilate the
veins for the i.v. injection. Injections were administered via the tail
vein in a volume of 0.5 ml/kg. For i.t. injections, yohimbine (10.
30, or 100 ug) was dissolved in 10 ul of vehicle consisting of 50%
DMSO and 50% isotonic saline followed by a 10 ul saline flush to
clear the catheter. In the experiment comparing the effect of i.t.
yohimbine (30 #g) administered to either the upper thoracic or the
lumbar region of the spinal cord. the drug was administered in 1 ul
of 100% DMSO followed by a 4 or 6 ul saline flush. respectively.
Methysergide (5. 20. or 50 ug) was dissolved in 10 ul of saline and
administered i.t. followed by a 10 ul saline flush. All i.t. injections
were administered over a onc-min period and a cap approximately
2 cm long made from PE 30 tubing was then fitted over the ex-
posed catheter to prevent leakage.

Antinociceptive test

The tail-flick response to radiant heat®® was used to assess an-
tinociception. An automatic 10 s cut-off was used to prevent tissue
damage.

8

Body temperature

Core temperature to the nearest 0.1 °C was recorded by insert-
ing a rectal probe., connected to telethermometer (Yellow Spring
Industries Inc., Yellow Springs, Ohio) to a depth of 4.5 cm.

Ring immobility
A ring test procedure that has been used for mice>! was modi-
fied to assess catalepsy of rats>*. Each subject was placed on a ring

(13 cm diameter) which was elevated 38 cm from a table top. A
CCD camera (Panasonic, BLV-200) was focused on the rat for &
5-min recording session. A black background provided a sharp con-
trast to the albino rat. The videotape was transmitted to a Macin-
tosh 11 microcomputer via a Scion Image-Capture 2 board at the
speed of 30 frames/s in 256 shades of gray. The captured image was
divided into 36.000 individual picture elements (pixels) which wer:
then assigned values of either 0 {(white) or 256 (black). An image
was assessed approximatety one frame per s. Each pixel from any
given image was subtracted from the corresponding pixel from the
previous frame and recorded by the computer to determine whethe:
the animal was immobile. This objective measure of ring immobii-
ity has been demonstrated to have a 0.95 reliability coefficient wiik:
trained human observers™.

Procedure

One week after catheter implantation. each rat was weighed anc
bascline body tempratures and tail-flick latencies were assesscd
Subjects were then injected i.v. with either 4*-THC or its vehicl
Ten min after the i.v. injection. subjects reccived an i.t. injectics
of either yohimbine. methysergide. or their respective vehicles. The
rectal probe was inserted to assess body temperature at 15. 30 an.
60 min for the vohimbine-treated animals and at 15 and 60 min fc
the methysergide-treated animals. Tail-flick latencies were assessc:
at 15 min and immobility in the ring test was then assessed for .
S-min period. Initially, animals receiving yohimbine or DMS(
treatment were not cvaluated for ring immobility: therefore, ar
additional study was conducted to assess whether yohimbine (%
ug. i.t.) would block A”-THC-induced ring immobility. Each grou;
was composed of 68 rats.

Statistical analysis
Tail-flick response latencies were transformed to the percen
maximum effect (%MPE) by the following equation '*:

test latency—control latency

%MPE = 100x -
cut-off-time—control latency

Rectal temperature was expressed as the difference betwee
post- and pre-injection values calculated from each amimal. Statis
tical analysis of the data was performed using either the Student
ttest or an ANOVA with the Newman-Keuls test for multipl
comparisons. when appropriate. Differences were considered sig
nificant at the P < 0.05 level.

RESULTS

The %MPE of subjects given an i.v. injection of e
ther A°-THC or vehicle prior to i.t. administration ¢
yohimbine or DMSO is depicted in Fig. 1. ANOVA re
vealed a significant effect of drug treatment. Fs,y = 7.
P < 0.05. Specifically. i.v. administration of A°-THC I
to significantly longer tail-flick latencies than the tw
groups injected with i.v. emulphor/ethanol/saline veh
cle. Newman-Keuls, P < 0.05. Moreover, i.t. admini
tration of yohimbine (30 or 100 ug) reversed this ant
nociception, Newman-Keuls, P < 0.05. the 4*TH
group administered 10 ug of i.t. yohimbine only differ
from the emulphor/ethanol/saline vehicle group whi
received 100 ug of yohimbine i.t.. Newman~Keuls. P
0.05. No other differences reached statistical significanc

Shown in Fig. 2 is the effect of i.t. yohimbine (30 «
or DMSO administered to either the lumbar or the u
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Fig. 1. Effect of i.t. administered yohimbine on cannabinoid-in-
duced antinociception. Subjects were administered i.v. vehicle (0)
or 10 mg/kg of A°-THC () 5 min prior to the i.t. injection of
DMSO or yohimbine (10, 30, or 100 xg). The animals were tested
at 15 min after the i.v. injection. The results are presented as means
= S.E.M. of MPE (n = 6 per group). *Significantly different
trom group receiving i.v. 4°-THC and i.t. vehicle.

per thoracic levels of the spinal cord on A°-THC-induced
antinociception. Rats administered yohimbine via the
lumbar catheters exhibited significantly less antinocicep-
tion than the animals administered with DMSO, ti3 =
24, P < 0.05. In contrast. yohimbine administered in
he upper thoracic region failed to decrease the %MPE
-elative to the control animals, ¢,, < 1.

The antinociceptive effect of i.v. administered A°-
THC or vehicle prior to i.t. administration of methyser-
zide or saline is shown in Fig. 3. There was a significant
:ffect of drug treatment Fs,, = 7.1, P < 0.05: each
‘roup administered 4°-THC had significantly longer la-
cncies than the two groups given i.v. emulphor/ethanol/
aline vehicle. Newman-Keuls. P < 0.05. Although it
‘Ppears that methysergide produced some antagonism.
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8. 2. Effect of yohimbine administered i.t. at either the upper
“oracic or lumbar segments of the spinal cord on cannabinoid-in-
‘uced antinociception. All subjects received an i.t. injection of ei-
et DMSO (D) or 30 ug of yohimbine (®) 5 min after A°-THC (10
‘w/kg. i.v.) administration. They were then evaluated for the tail-
“k response 15 min after 4°-THC administration. The results are
‘etented as means = S.E.M. of %MPE (n = 7 per group). *Sig-
siantly different from the respective i.t. DMSO group.
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it failed to have any significant effects at any of the doses
tested.

The effect of i.t. yohimbine on A°-THC-induced hy-
pothermia and immobility in the ring test is presented in
the top panel of Table 1. ANOVA revealed a significant
interaction between drug treatment and time on body
temperature, Fy,sz = 4.8, P < 0.05. Each A°-THC-
treated group had significantly Jower rectal temperatures
than either of the two emulphor/ethanol/saline vehicle
groups at each time point, Newman-Keuls, P < 0.05.
In addition, the body temperatures of A°-THC-treated
animals continued to decline over time. Yohimbine ad-
ministered i.t. had no impact on this hypothermia at all
doses tested. Administration of A4°-THC also led to a
dramatic increase in immobility, F; , = 164, P < 0.05,
which was not influenced by i.t. yohimbine administra-
tion.

In the bottom panel of Table I, the effect of i.t. meth-
ysergide on A4°-THC-induced hypothermia and immobil-
ity is shown. Once again, there was a significant inter-
action between drug treatment and time on body
temperature, Fs 3, = 8.6, P < 0.05. Animals treated with
A4°-THC exhibited lower body temperatures than the two
emulphor/ethanol/saline vehicle groups at each time
point, Newman-Keuls, P < 0.05, and this hypothermia
increased over time. Methysergide not only failed to
block the hypothermic effect of A°~THC but further re-
duced body temperature at 60 min. Specifically, the 4°-
THC-treated animals administered 20 or 50 ug of meth-
ysergide were more hypothermic than the A°-THC-
treated animals that received i.t. saline. Newman—Keuls,
P < 0.05. The body temperatures of subjects adminis-
tered 5 ug of methysergide did not differ from any of
the other 4°-THC-treated groups. Finally. there was a

PERCENT MPE
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Fig. 3. Effect of i.t. administered methysergide on cannabinoid-in-
duced antinociception. Subjects were administered i.v. vehicle ()
or 10 mg/kg of 4°-THC (@) 5 min prior to the i.t. injection of sa-
line or methysergide (5, 20. or 50 xg). The animals were tested at
15 min after the i.v. injection. The results are presented as means
* S.E.M. of %4MPE (n = 6 per group). *Significantly different
from the group receiving i.v. 4°-THC and i.t. vehicle.
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TABLE |

The effect of I.T. administered yohimbine and methysergide on A°-THC-induced hypothermia and catalepsy

LV. drug I.T drug Temprature change ( °C) Percent of iir};;r
Comee - immobile
15 min 30 min 60 min

Yohimbine (ug)
Vehicle 0 0.5 05 08 + 0.4 08 =03 16 = 4
* 30 2=
* 100 0.3 +0.1 0.3 = 0.2% 0.9 = 0.3*
4°-THC - 0 0.9 + 0.2% -1.3 + 0.2* ~1.8 = 0.2* 68 = 6*
* 10 .7 + 0.3* -1.3 = 0.4* ~1.5 = 0.4*
“ 30 0.6 = 0.1* -1.4 = 0.1* -1.6 = 0.3* 70 = 5%
“ 100 -1.1 £ 0.2* -1.9 = 0.2* 2.4 = 0.3

Methysergide (ug)
Vehicle 0 1.0 = 0.2 0.8 =03 8 =35
o 50 0.2 = 0.4* 0.2 =02 11 =3
A°-THC 0 1.3 = 0.3* 2.1 =02 79 & 7%
“ 5 -1.6 = 0.1* 2.7 £ 0.4* T7H = |2
" 20 -1.6 £ 0.2* 3.4 =04 65 = (y*
“ 50 -1.6 £ 0.1* -3.5 = 0.3* 73 = 6T

* Significantly different than the respective vehicle-vehicle control group (P < 0.05).

significant effect of drug treatment on the ring test. F. 5,
= 20.5, P < 0.05. Each 4°-THC-treated group was sig-
nificantly more immobile than the animals administered
i.v. vehicle, Newman-Keuls, P < 0.05. Methysergide
administered i.t. failed to have any impact on this im-
mobility.

DISCUSSION

The primary goal of the present study was to ascer-
tain whether spinal noradrenergic and 5-HT systems me-
diate cannabinoid-induced antinociception. Yohimbine
reversed the antinociception when administered in the
lumbar region of the spinal cord at similar doses to those
which have been demonstrated to block antinociception
produced by either miroinjection of noncannabinoid
compounds***?7 as well as electric stimulation''?!" at
specific brain sites or the direct administration of a,-ag-
onists to the spinal cord®. In contract, yohimbine ad-
ministered to the upper thoracic level of the spinal cord
failed to attenuate the antinociceptive effect of 4°-THC,
suggesting that a,-adrenoceptors in the lower spinal cord
mediate cannabinoid-induced antinociception. These
data taken together with the general concensus that no-
radrenergic projections to the spinal cord originate su-
praspinally™ is consistent with a previous report that in-
dicated an important supraspinal component of
cannabinoid-induced antinociception™*. It is unlikely that
a,-receptors play a significant role because the a,-antag-
onist, phenoxybenzamine, failed to block cannabinoid-
induced antinociception®'. The lack of a methysergide
effect suggests that spinal 5-HT receptors are not in-

volved. It is important to note that the dose range ¢n.
ployed has been previously shown to completely b .
5-HT-induced analgesia at the spinal level*'; thus. dosc.
greater than 50 ug were not evaluated. When these .

- sults are considered along with the observation that 5-t{]

depletion with PCPA had no impact on cannabinoid-in.
duced antinociception™, it would appear unlikely th.:
5-HT plays an important role in this phenomenon.

The second goal of this investigation was to examinc
whether spinal 5-HT and noradrenergic systems are in-
volved in other cannabinoid effects. Both methysergidc
and yohimbine failed to reverse cannabinoid-induced hy-
pothermia. In fact, i.t. administered methysergide led 1o
a further decline in body temperature 60 min after 3"
THC administration. Pretreatment with PCPA has also
been reported to potentiate the hypothermic activity of
cannabis resin in rats™®. In light of the fact that i.t. 5-HT
administration leads to a robust increase in body tem-
perature®, it is possible that cannabinoids induce hypo-
thermia by inhibiting spinal 5-HT transmission. In addi-
tion, supraspinal catacholaminergic systems mayv pluy :
role since 6-OHDA pretreatment has been shown
block the hypothermic action of A”-THC''**. Both meth
ysergide and yohimbine failed to affect immobility in the
ring test, suggesting that spinal «,-noradrenergic sn
5-HT receptors do not mediate the cataleptic effect
i.v. administered A°-THC. However, these data do nu:
preclude the possibility of supraspinal involvement v
norepinephrine and 5-HT in cannabinoid-induced cut:
lepsy.

The neural substrates subserving cannabinoid-induced -
antinociception are yet to be determined. The receat lo-



calization of putative cannabinoid receptors through au-

toradiography'” provides a powerful tool to investigate

hrain structures that may mediate cannabinoid-induced
hehavior. Of consequence., the periaqueductal gray
{PAG). a region strongly implicated in the centrifugal
modulation of spinal nociceptive transmission'®*’. also
contains cannabinoid binding sites'”. Furthermore. anti-
nociception produced by microinjection of morphine '® or
clutamate™ to the PAG is also attenuated by i.t. admin-
wration of noradrenergic antagonists. Other brain re-
cions that have been characterized as possessing high-af-

finity cannabinoid binding sites'” and have also been-

implicated in endogenous pain inhibitory mechanisms
are the dorsal hippocampus™®, substantia nigra®>®™",
and caudate—putamen areas’ . Alternatively, 4°-THC
may be acting at areas containing relatively few canna-
binoid binding sites, but which play important roles in
antinociception, such as the lateral reticular nucleus, one
of the regions where descending noradrenergic fibers are
believed to originate'*.

REFERENCES

Barbaro, N.M., Hammond. D.L. and Fields, H.L.. Effects of
intrathecally administered methysergide and yohimbine on mi-
crostimulation-produced antinociception in the rat. Brain Re-
search, 343 (1985) 223-229.

Baumeister, A.A., Hawkins, M.F., Anticich, T.G.. Moore. L.L.
and Higgins. T.D., Bilateral intranigral microinjection of mor-
phine and opioid peptides produces antinociception in rats,
Brain Research, 411 (1987) 183-186.

Baumeister. A.A.. Anticich. T.G.. Hawkins. M.F.. Liter. J.C.,
Thibodeaux. H.F. and Guillory. E.C.. Evidence that the sub-
slanua nigra is a component of the endogenous pain suppres-
sion svstem in the rat. Brain Research, 447 (1988) 116-121.
Brodie. M.S. and Proudfit. H.K.. Antinociception induced by
local injections of carbachol into the nucleus raphe magnus in
rats: alteration by intrathecal injection of monoaminergic antag-
onists. Brain Research. 371 (1986) 70-79.

- D"Amour. F.E. and Smith. D.L.. A method for determining the
loss of pain sensation, J. Pharmacol. Exp. Ther., 72 (1941) 74—
74.

Devane, WA Drsarz. F.A.. Johnson. M.R.. Melvin. L.S. and
Howlett. A.C.. Determination and characterization of a can-
nabinoid receptor in rat brain. Mol. Pharmacol., 34 (1988) 606—
613,

Dewey, W.L., Cannabinoid Pharmacology. Pharmacol. Rev., 38
(1986) 151-178.

Dewey, W.L., Harris. L.S.. Howes, J.F. and Nuite, J.A., The
ctfect of various ncurohumoral modulators on the activity of
morphine and the narcotic antagonists in the tail-flick and phen-
Viquinone test, J. Pharmacol. Exp. Ther., 175 (1970) 435-442.
Duggal, K.N. and Barasi. S.. Electric stimulation of the sub-
Stantia nigra does not increase tail-flick latency in the rat. Exp.
Neurol., 87 (1985) 300-308.

Ferri. S.. Cavicchini, P., Speroni. E. and Murari, G.. Possible
mediation of catecholaminergic pathways in the antinociceptive
effect of an extract of Cannabis sativa L. Psvchopharmacology,
89 (1986) 244-247.

Ferri. S.. Costa. G., Murari. G.. Panico, A.M.. Rapisarda. E..
Speroni. E. and Arrigo-Reina. R., Investigations on behavioral
cffects of an extract of Cannabis sativa L. in the rat. Psycho-

ra

o

1.

n

s

313

nabinoid-induced antinociception is mediated, in part,
through the activation of a descending spinal noradren-
ergic mechanism. Although cannabinoids do not act at
opiate sites, the effects of both drugs may be mediated
through a common descending noradrenergic mecha-
nism. This noradrenergic system has also been impli-
cated in mediating antinociception produced by other
pharmacological***’, electrophysiological’'**”. and en-
vironmental” manipulations. Finally, the fact that i.t.
yohimbine administration had no impact on either the
cataleptic or hypothermic effects of 4°-THC indicates
that this noradrenergic system is relatively specific to an-
tinociception.

Acknowledgements. The authors thank Dr David R. Compton
for his constructive comments on an earlier version of this manu-
script. This research was supported by NIDA Grants DA-03672
and DA-07027.

pharmacology, 875 (1981) 144-147.

12 Gebhart. G.F. and Ossipov. M.H., Characterization of inhibi-
tion of the spinal nociceptive tail-flick response in the rat from
the medullary lateral reticular nucleus. J. Neurosci., 6 (1986)
701-713.

13 Gough. A.L. and Olley. J.E., 4°-Tetrahydrocannabinol and ex-
trapyramidal system. Psychopharmacology, 54 (1977) 87-99.

14 Gough. A.L. and Olley. J.E., Catalepsy induced by intrastri-
atal injections of 4°-THC and 11-4°-THC in the rat. Neuro-
pharmacology, 17 (1978) 137-144.

15 Grossman. M.L.. Basbaum, A.I. and Fields. H.L., Afferent
and efferent connections of the rat tail flick reflex (a model used
to analyze pain control mechanisms). J. Comp. Neurol., 206
(1982) 9-16.

16 Hammond, D.L.. Control systems for descending nociceptive
afferent processing: the descending inhibitory pathways. In T.L.
Yaksh (Ed.), Spinal Afferent Processing Plenum Press, NY.
1986, pp. 363-379.

17 Hammond. D.L. and Yaksh, T.L.. Antagonism of stimulation-
produced antinociception by intrathecal administration of meth-
ysergide or phentolamine. Brain Research, 298 (1984) 329-337.

18 Harns. L.S. and Pierson. A.K.. Some narcotic antagonists in
the benzomorphan senies, J. Pharmacol. Exp. Ther.. 143 (1964)
141-168.

19 Herkenham, M., Lynn, A.B., Little. M.D.. Johnson, M.R_,
Melvin, L.S., DeCosta, B.R. and Rice, K.C.. Cannabinoid re-
ceptor localization in brain, Proc. Natl. Acad. Sci. U.S.A., 87
(1990) 1932-1936.

20 Howlett, A.C.. Johnson, M.R., Melvin, L.S. and Milne, G.M..
Nonclassical cannabinoid analgetics inhibit adenylate cyclase.
development of a cannabinoid receptor model. Mol. Pharma-
col., 33 (1988) 297-302.

21 Jacob. 1.J., Ramabadran. K. and Campos-Medeiros. M., A
pharmacological analysis of levonantradol antinociception in
mice, J. Clin. Pharmacol., 21 (1981) 3275-333S.

22 Jensen. T.S. and Yaksh, T.L., Spinal monoamine and opiate
systems partly mediate the antinociceptive effects produced by
glutamate at brainstem sites, Brain Research, 321 (1984) 329-
337.

23 Lichtman, A.H. and Fansclow, M.S., Opioid and nonopioid
conditional analgesia. The role of spinal opioid, noradrenergic,




314

30

3

—

and serotonergic systems. Behav. Neurosci., in press.
Lichtman. A.H. and Martin, B.R.. Spinal and supraspinal can-
nabinoid-induced antinociception. J. Pharmacol. Exp. Ther., in
press.

Little. P.J.. Compton. D.R.. Johnson, M.R., Melvin, L.S. and
Martin, B.R.. Pharmacology and stereoselectivity of structurally
novel cannabinoids in mice. J. Pharmacol. Exp. Ther., 247
(1988) 1046-1051.

Lopachin, R.M. and Rudy. T.A., The thermorcgulatory effects
of noradrenaline. serotonin and carbachol injected into the rat
subarachnoid space. J. Physiol., 333 (1982) 511-529.

Martin. B.R., Structural requirements for cannabinoid-induced
antinociceptive activity in mice., Life Sci., 36 (1985) 1523-1530.
Martin. B.R.. Cellular effects of cannabinoids, Pharmacol. Rev.,
38 (1986) 45-74.

Matsuda. L.A.. Lolait. S.J.. Brownstein, M.J.. Young. A.C.
and Bonner. T.1., Structure of a cannabinoid receptor and tunc-
tional expression of the cloned ¢cDNA. Narure, 346 (1990) 561—
364.

Nakamura. K.. Kuntzman. A. and Conney, A.H.. Decrease in
morphine’s analgesic action and increase in its cataleptic action
by 6-hydroxydopamine injected bilaterally into caudate and
putament areas: partial restoration by L-DOPA plus decarbox-
ylase inhibition. Neuropharmacology, 12 (1973) 1153-1160.
Pertwee. R.G.. The ring test: a quantitative method for assess-
ing the ‘cataleptic” effect of cannabis in mice. Br. J. Pharma-
col., 46 (1972) 753-763.

Pertwee, R.G., Effects of cannabinoids on thermoregulation: a
brief review. In D.G. Harvey (ed.). Marihuana ‘84", IRL Press,

33

34

35

4

—

Oxford. 1985. pp. 263-277.

Prado. W.A. and Roberts, M.H.T.. An assessment of
nociceptive and aversive effects of stimulating identifi
the rat brain, Brain Research, 340 (1985) 219-228.
Prescott, W.R., The Structure—activity relation.slzip of can
binoid discriminative stimulus and its interaction wjy, catafon
in rats, doctoral disscrtation, 1990,

Razdan. R.K., Structure—activity rclationships in cannabing,,:.
Pharmacol. Rev., 38 (1986) 75-149, ’
Singh. P.P. and Das. P.K.. Role of catecholamines in (h,
thermic activity of cannabis in albino rats. Psychophurm,,
50 (1976) 199-204.

Yaksh, T.L.. Direct evidence that spinal serotonin and ...
adrenaline terminals mediate the spinal antinociceptive oy, .
of morphine in the periaqueductal gray. Brain Resayy. i
(1979) 180-185. ’
Yaksh. T.L.. The antinociceptive effects of intratheca]), e
istered levonantradol and desacetyllevonantrado] in the i ‘
Clin. Pharmacol., 21 (1981) 3345-3408.

Yaksh. T.L.. Pharmacology of spinal adrenergic svsiem
modulate spinal nociceptive processing. Pharmacol. g,
Behav., 22 (1985) 845-838.

Yaksh. T.L. and Rudy. T.A.. Chronic catheterizarion o
spinal subarachnoid space. Physiol. Behav.. 17 (197a,
1036.

Yaksh. T.L.. and Wilson. P.R.. Spinal serotonin terming - .
mediates antinociception. J. Pharmacol. Exp. Ther. 20w (o~
446453,

tht Biin
d s

diufy s

h\:»,

oo

Wit



