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ABSTRACT

Broom, ALaN S., WiLLiaM L. DEwEY, Louis S. Harris and Kerre K. Brosius: 9-
nor-9B-Hydroxyhexahydrocannabinol, a cannabinoid with potent antinociceptive
activity: Comparisons with morphine. J. Pharmacol. Exp. Ther. 200: 263-270,
1977.

The effects of (+)3-nor-98-hydroxyhexahydrocannabinol (8-HHC) on tail-flick test
activity and the accumulation of newly synthesized dopamine and norepinephrine
were studied in the male albino mouse. The same parameters were also studied in
naloxone-pretreated and morphine-tolerant mice. 8-HHC was about equipotent with
.morphine in the mouse tail-flick (ED50 = 7.12 mg/kg). The cannabinoid also produced
dose-dependent increases in the accumulation of newly synthesized DA and NE.
Pretreatment with 2 mg/kg of naloxone antagonized both the tail-flick activity and
blocked the increases in catecholamine synthesis produced by g8-HHC. Cross-tolerance
between 8-HHC and morphine did not exist in regard to either tail-flick activity or
Increased catecholamine synthesis. These studies suggest that B-HHC may share
Some properties with the narcotic analgesics but that significant differences exist.
Furthermore, these studies offer further evidence for the involvement of catechol-
amine containing neurons in the central mediation of the tail-flick response.

Th?m is a disagreement in the literature re-
{arding the analgesic properties of A*-tetrahy-

i

">annabinol (A®THC) and other cannabi-
ds. In the rat, A%-THC is active in both the
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hot-plate and tail-flick tests (Buxbaum, 1972;
Gallager et al., 1972). However, Buxbaum
(1972) reported that there appeared to be a
qualitative difference between the behavioral
responses of A*THC- or morphine-treated rats
to painful stimuli. A%-THC and some other can-
nabinoids have been reported to have activity
in both the mouse hot-plate and mouse abdomi-
nal constriction tests, but in general appear to
be less potent than morphine (Bicher and
Mechoulam, 1968; Dewey et al., 1970a, 1972;
Buxbaum, 1972; Chesher et al., 1973; Sofia et
al., 1973; Wilson and May, 1975). However, it
appears that AS-THC is significantly less active
than morphine in the mouse tail-flick test
(Buxbaum, 1972; Dewey et al., 1970a, 1972).
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These discrepancies between the results re-
ported on the effect of A>THC in the tail-flick
test have been attributed to strain differences
of animals, methods of testing and other meth-
odological differences. Our contention that A®-
THC is significantly less potent than morphine
is supported by the observation that (+)-9-nor-
98-hydroxyhexahydrocannabinol (8-HHC) -a
synthetic analog of A®-THC (fig. 1) has been
found to be about equal to morphine in antino-
ciceptive potency in the mouse tail-flick test.
The a-isomer (a-HHC) of this compound (fig. 1)
is inactive in the mouse tail-flick test (Martin et
al., 1976).

Narcotic analgesics increase the synthesis of
brain catecholamines in the rat and mouse
(Clouet and Ratner, 1970; Smith et al., 1972).
We have shown previously that a correlation
exists between the antinociceptive activity as
measured in the mouse tail-flick test and in-
creased brain catecholamine synthesis pro-
duced by narcotic analgesics (Bloom et al.,
1976a). The present experiments were per-
formed to further test the hypothesis that cate-
cholamine-containing neurons in the brain are
involved in the central mediation of the mouse
tail-flick response and possibly antinociception
in other species. The good correlation between
activity of drugs in the tail-flick test and antin-

ociception in other-species including man sup-_

port the pos<ible generalization of this hypothe-
sis (Archer et al., 1964).

In the present study, the effects of a- and g-
HHC in the mouse tail-flick test were compared.
with their effects on endogenous levels and syn-
thesis rates of brain dopamine and norepineph-

rine. In addition, the effects of 8-HHC on these -

systems were also examined in naloxone-pre-
treated and morphine-tolerant mice in order te
determine whether similarities exist between

OH

C5HII

9-00r-9a-0H-HHC  OH H
9-nor-98-04-HHC H OoH

Fia. 1. Structure of A’-tetrahydrocannabinol and
the 9-nor-9-hydroxyhexahydrocannabinols.
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the mechanisms of action of 8-HHC and t,
narcotic analgesic. The possibility of similay;
ties between behaviorally active cannabinoeiqg
and morphine has been suggested in the repor
of Hine et al. (1975).

Methods

Male random bred albino mice (ICR strain, Dyt
lin Farms, 20-30 g) were used in all studies. The
were housed six per cage and kept in a temperatyr
controlled room with the lights on from 7:00 A.M ¢
7:00 P.M. daily. All animal experiments were pe;
formed between 1:00 P.M. and 4:00 P.M. to contr¢
for diurnal variations in pain sensitivity and catc
cholamine synthesis.

All injections were given subcutaneously in a vo
ume of 0.1 ml/kg b.wt. 8-HHC, «-HHC and A®-TH;
were administered using a emulphor-ethanol-salin
vehicle (Cradock et al., 1973). Morphine sulfate an
naloxone were dissolved in saline. Morphine tole
ance was produced by the subcutaneous implant;
tion of a pellet containing 75 mg of morphine alke
loid as described by Way et al. (1969).

The antinociceptive effect of the cannabinoids an
morphine was assessed using the tail-flick method (
D’Amour and Smith (1941) as modified by Dewey «
al. (1970b). Antinociceptive potencies were calc
lated as the percentage of maximum possible effe(
(% MPE) (Harris and Pierson, 1964) using a I(
second cut-off time and a control reaction time of 2 t
4 seconds. ED50 values and 95% confidence limit
were determined by the method of Litchfield an
Wilcoxon (1949).

In the biochemical studies mice were sacrificed b
rapid decapitation 30 minutes after the subcut:
neous injection of 50 uCi of *H-tyrosine (30-50 C
mmol, New England Nuclear Corporation, Bostor
Mass.). The brains were removed, weighed and h
mogenized in 3 ml of cold 0.4 N perchloric acid afte
the cerebellum was dissected away. The homoge
nate was centrifuged at 10,000 x g for 10 minute
and the supernatant was decanted and saved. Th
pellet was rehomogenized in an additional 3 ml «
perchoric acid and centrifuged. The supernatant
were then combined and frozen until assayed.

Chemical methods. Endogenous brain tyrosin
was measured in a 0.5-m] aliquot of the brain tissu
homogenate supernatant by the fluormetric metho
of Waalkes and Udenfriend (1957). *H-tyrosine waz
determined by separation from another 0.5-ml al
quot of the supernatant on Dowex 50 W (H™) io
exchange columns using a slight modification of th
technique of Weiner and Rabadjija (1968) and coun
ing a portion of the column eluate by liquid scintill:
tion spectrophotometry.

Catecholamines were separated from another
ml of the brain homogenate supernatant by absor
tion onto Woelm alumina at pH 8.4 to 8.6 and ek
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tion from it with 5 ml of 0.2 N acetic acid after three
successive distilled water washes. Endogenous lev-
els of dopamine and norepinephrine were measured
in a 1-ml aliquot of the alumina eluate by a slight
modification of the fluorometric method of Shellen-
berger and Gordon (1971). *H-dopamine and *H-nor-
epinephrine were separated from 3 ml of the alu-
mina eluate using Dowex 50 W (Na*) ion exchange
columns. *H-norepinephrine and *H-dopamine were
eluted from the columns with 1 and 2 N HCI, respec-
tively, and measured by liquid scintillation spectro-
photometry.

Dopamine (DA) and norepinephrine (NE) synthe-
sis rates were estimated by the use of an accumula-
tion index which was derived from the work of Zig-
mond and Wurtman (1970) and takes into account
the specific activity of *H-tyrosine at the time of
sacrifice. They reported that the accumnulation of *H-
catecholamines is dependent on the actual synthesis
rates of the catecholamines, the specific activity of
the tyrosine precursor and the utilization of the
catecholamines, and that it approximates the syn-
thesis of the catecholamines. Because this method
requires only a single determination, does not
change the steady state and can reflect rapid
changes in rates of catecholamine synthesis (Sedvall
et al., 1968), it is an appropriate technique for as-
sessing the effects of pharmacological agents on
brain catecholamines.

The accumulation of newly synthesized NE and
DA was calculated using the following equation:

Accumulation of newly synthesized DA or
NE = dpm *H DA or NE/g brain weight
dpm ‘H-tyrosine/ug endogenous tyrosine

The values obtained from the equation are then
multiplied by a constant that accounts for the differ-
ence in molecular weight between tyrosine and do-
Pamine or norepinephrine and the loss of one trit-
um atom in the conversion of 3,5-*H-tyrosine to
catecholamine. The accumulation of newly synthe-
sized dopamine or norepinephrine is then expressed
in terms of micrograms of the amine per gram of wet
brain weight. All biochemical data were analyzed by
analysis of variance and Dunnett’s modification of
the ¢ test (Winer, 1972).

Results

Activity of 8-HHC and morphine SO, in the
Mouse tail-flick test. 3-HHC was equipotent
to morphine in the mouse tail-flick test 30
minutes after their subcuteneous administra-
tion (fig. 2). The slope functions of the two
dose-response curves also did not differ. The
ED50 for B-HHC was 7.12 mg/kg, and for mor-
Phine 5.28 mg/kg. a-HHC and A®-THC were
much less active than 8-HHC in the mouse
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FiG. 2. Tail-flick activity of morphine (l—W) and
B-HHC (O---0). Each point consists of the data
from six mice. ED50 values are shown with their
95% confidence limits.
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TABLE 1
Tail-flick activity of A>-THC and «-HHC
Tail-Flick
Dose Activit "M
mglkg
20 16 9
30 5
50 14
100 17 18
150 63
200 58 25
400 62

7 Six animals were tested at each dose. Testing
was performed 30 minutes after subcutaneous drug
injection.

tail-flick test (table 1). Furthermore, even
very high doses of A>-THC (400 mg/kg) pro-
duced only a 62% effect, which was no greater
than the effect produced by 150 mg/kg of the
drug. The dose-response curve for A*-THC
asymptotes unlike those obtained for mor-
phine and g-HHC.

Effect of B-HHC, a-HHC, and A*-THC on
the accumulation of newly synthesized DA
and NE. 8-HHC produced dose related in-
creases in the accumulation of newly synthe-
sized dopamine (f = 6.18; P < .01) and
norepinephrine (f = 2.62; P < .05) (fig. 3).
Treatment with 20 mg/kg of B-HHC produced
a 117% increase in the accumulation of newly
synthesized dopamine (P < .005) and a 68%
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F1G. 3. Effects of 8-HHC, a-HHC and A*-THC on the accumulation of newly synthesized dopamine and
norepinephrine. Drugs and *H-tyrosine were injected s.c. 30 minutes before sacrifice. All values shown are

the mean =+ the standard error of the m.can. There were six animals in each group. The

-HHC dose-

response lines were determined by linear regression analysis. *P < .05 when compared to vehicle-injected

controls.

increase in the accumulation of newly synthe-
sized norepinephrine (P < .05). Significant in-
creases were also observed after treatment
with 10 mg/kg of -HHC. A 20 mg/kg dose of
either a-HHC or A®-THC produced only small
increases in the accumulation of newly syn-
thesized dopamine and norepinephrine that
did not reach statistical significance.
Analysis of variance indicated that treat-
ment with the cannabinoids used in this study
did not produce significant changes in endoge-
nous levels of dopamine or norepinephrine
when compared to vehicle controls (1.378 =
0.076 pg/g and 0.520 = 0.018 wg/g, respec-

tively). Similarly the drug treatments did not
significantly alter the precursor pool. The en-
dogenous brain tyrosine level in the vehicle
control group was 17.09 = 1.64 ug/g and the
specific activity of *H-tyrosine in the brain was
10445 *= 1350 dpm/ug of endogenous tyrosine.

Effect of naloxone on the antinociception
and increased accumulation of newly synthe-
sized DA and NE produced by g8-HHC. Mice
were injected subcutaneously with 2 mg/kg of
naloxone or saline 10 minutes before the injec-
tion of each four doses between 3 and 30 mg/kg
of B-HHC. The animals were tested on the
tail-flick apparatus or sacrificed 30 minutes
after the second injection. Naloxone produced
a significant shift (P < .05) in the dose-re-
sponse curve for B-HHC in the tail-flick test
(fig. 4). Naloxone also significantly (P < .05)
antagonized the effects of 8-HHC on the accu-
mulation of newly synthesized dopamine and
norepinephrine (fig. 4).

Effects of B-HHC in morphine pellet-im-
planted animals. Mice were implanted with
either a 75-mg morphine pellet or an inert
placebo pellet in an attempt to determine
whether there was cross-tolerance between
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F1G. 4, Effects of naloxone (2 mg/kg) on the tail-

ick activity and increased catecho%amine synthesis
Produced by 8-HHC. Mice were injected with nalox-
one 10 minutes before the injection of B-HHC. There
¥ere 12 mice in each group in the biochemical stud-
les. Vehicle control values were 0.996 = 0.102 pg/g
of DA and 0.340 + 0.052 ug/g of NE for the 3-HHC
0n}iy groups (@——®), and 0.936 = 0.095 ug/g of DA
and 0.312 x 0.045 ug/g of NE for the naloxone plus
B-HHC group (M---M). The values shown are the
Mean + the standard error of the mean.

Morphine and 8-HHC in eithertail-flick activ-
1ty or increased accumulation of newly synthe-
Sized catecholamine. At 72 hours after pellet
!mplantation, the ED50 for morphine in the
tail-flick test was 5 times greater in mice im-
Planted with morphine pellets than in placebo-
mplanted controls (P < .05) (table 2). How-
ever, the ED50 for 8-HHC was less in mor-
Phine pellet-implanted animals than in those
mplanted with placebo pellets, although this
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difference was not statistically significant.

The effects of morphine in 8-HHC on the
accumulation of newly synthesized dopamine
and norepinephrine in pellet-implanted mice
are shown in table 3. The accumulation of
newly synthesized dopamine was increased
88% 30 minutes after the injection of 20 mg/kg
of morphine in placebo pellet-implanted mice
when compared to vehicle injected placebo pel-
let controls. Similarly the accumulation of
newly synthesized norepinephrine was in-
creased 77%. The effects of the morphine injec-
tion on catecholamine synthesis in animals
implanted with morphine pellets did not differ
significantly from those injected with vehicle.
B-HHC produced significant increases in the
accumulation of newly synthesized dopamine
(70%) and norepinephrine (66%) in placebo
pellet-implanted mice. The effects of 20 mg/kg
of B-HHC on catecholamine synthesis were
slightly greater in the morphine pellet-im-
planted mice than in the placebo-implanted
groups. As mentioned above, 8-HHC also had
more effect in increasing tail-flick latency in
morphine pellet mice than in placebo pellet-
implanted animals.

Discussion

The results of these studies confirm that
(%)-9-nor-98-hydroxyhexahydrocannabinol .
possesses morphine-like potency in-the mouse -
tail-flick test.” Like morphine (Smith et al.,
1972) and other narcotic analgesics (Bloom et
al., 1976a), B-HHC also increases the accumu-
lation of newly synthesized dopamine and nor-
epinephrine formed from *H-tyrosine. -When.-
the 9-hydroxyl group was changed from the g8
or equatorial position to-the «-or axial pesi-—
tion, both the tail-flick activity and the in:
creased accumulation “of newly synthesized
catecholamines were Jost. FurtheFmore, stud-

TABLE 2
Tail-flick activity of morphine and B-HHC in
placebo- and morphine pellet-implanted mice®
ED50 and 95% Confidence Limits
Placebo pellet Morphine pellet
mglkg

17.28 (9.21-32.44)°
3.83 (1.18-12.61)

3.40 (1.20-9.64)"
7.20 (1.98-20.62)

Morphine
B-HHC

¢ Mice were implanted with pellets containing 75 mg of
morphine or the inert binder 72 hours before testing. Six
mice were used at each dose,

® Significantly different from each other (P < .05).
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TABLE 3

Effects of B-HHC and morphine on the accumulation of newly synthesized dopamine and norepinephrine
morphine- and placebo pellet-implanted mice”

YH-NE/Specific Activity Tyrosi

Treatment 3H-DA/Specific Activity Tyrosine
uglg £ SEM uglg * S.EM.
Saline 1.226 = 0.166 0.319 = 0.060
Placebo pellet and saline 1.316 = 0.147 0.310 = 0.037
Placebo pellet and morphine (20 2.307 = 0.209" ¢ 0.566 + 0.047% ¢
mg/kg)
Morphine pellet and morphine 1.425 = 0.215° 0.382 = 0.081°¢
(20 mg/kg)
Placebo pellet and HHC (20 mg/ 2.192 = 0.562° 0.530 + 0.062°
kg)
Moihine pellet and HHC (20 2.282 = 0.342° 0.618 = 0.125°
mg/kg)

9 Six mice in each group.

¢ Significantly different from saline injected controls (P < .05).

¢ Significantly different from each other (P < .05).

ies performed in our-laboratories with the
small amount of the (=)-isomerof 3-HHC that
was available suggest that this isomer is re-
sponsible for the-antinociceptive activity as it
is about twice as active as the racemic mixture
(Aceto et al., 1975). These results have been
confirmed by Wilson et al., (1976).

The results of the present study are in
agreement with-our previous reports (Dewey
et al., 1970a, 1972) on the relative inactivity of
A*-THC in the mouse tail-flick test. We ob-
served minimal antinociceptive activity (16%
MPE) 30-minutes after the subcutaneous injec-
tion of 20 mg/kg-of A®-THC. Higher doses of A®-
THC (150-400 mg/kg) were more active in the
tail-flick test (about 60% MPE for all doses),
but there was a rather flat dose-response rela-
tionship. B-HHC was approximately 10 times
as active ag A>-THC in the mouse tail-flick test
and also produced a qualitatively different
dose-response curve.

Gross observation of mice treated with §-
HHC suggested that it produced-a greater de-
crease in sponcaneous motor activity than the
same dose of either morphine or A®-THC. g-
HHC-treated mice also appeared to have in-
creased rear leg extension activity. However,
it is not likely that the tail-flick activity of -
HHC is merely the result of a decreasein the
spinal reflex measured since the compound is
as active as morphine in the p-phenylqui-
none abdominal constriction test (Aceto et al.,
1975). Furthermiore it is unlikely that the tail-
flick activity is due to a general increase in the
sensory thresholds for all modalities since an-
esthetic doses of pentobarbital are inactive in

this procedure (unpublished data). On t
other hand, it is possible that the antinocice
tice activity of B-HHC in the mouse tail-fl:
test may be due at least in part to supraspir
effects of this drug as is probably the case wi
morphine (Dewey et al., 1969).

B-HHC is significantly more active than .
THC in increasing the activity of catech
amine-containing neurons as determined
measuring the accumulation of newly syntt
sized dopamine and norepinephrine. In t
present study 20 mg/kg of A>-THC produc
increases in the accumulation of newly sy
thesized dopamine and norepinephrine th
were not statistically significant and we
about equal to those-observed after only 3 i
kg of 8-HHC. A*-THC and other cannabis de
vitives incréase the accumulation of new
synthesized catecholamines in rat (Maitre
al., 1970, 1972) and in mouse (Bloom ef q
1976b). However, this increase was of a less
magnitude than those produced by 8-HHC

“the mouse. The greater effect of 8-HHC th:

A-THC on brain catecholamine-containi
neurons may serve at least in part-to expla
the antinociceptive activity. of this compour
in the mouse tail-flick test if these neurons a
involved in the central mediation of this r
sponse as we have hypothesized (Bloom et a:
1976a).

Naloxone antagonizes the activity of the na
cotic analgesics (Blumberg et al., 1966) ar
blocks their effects on catecholamine synthes
(Smith et al., 1972). In the present study, it w:
observed that naloxone significantly antag
nized the tail-flick activity of 8-HHC, and si
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nificantly blocked the increased accumulation
of newly synthesized dopamine and norepi-
nephrine produced by 8-HHC. However, it ap-
pears that there is a decrease in the naloxone

effect at the highest dose of B-HHC tested. Na- -

loxone also antagonizes the analgesic activity
of 11-OH-AS-THC in the hot-plate test (Wilson
and May, 1975). These data suggest that the
narcotic analgesics and certain cannabinoid
compounds may have some common sites of
mechanism of action which are blocked by na-
loxone. These data also support the hypothesis
that catecholamines are involved in the central
mediation of the tail-flick response.

Smith et al. (1972) reported that tolerance
could be produced to the effects of morphine on
brain catecholamines and that cross-tolerance
was present to levorphanol. There does not ap-
pear to be cross-tolerance between morphine
and B-HHC. Mice implanted with morphine
pellets were rendered tolerant to both the an-
tinociception and increased catecholamine syn-
thesis produced by morphine. The potency of 8-
HHC was not decreased in morphine pellet-
implanted animals and may have been slightly
increased. This finding suggests that there are
some differences in the mechanisms of antinoci-
ceptive action of the narcotic analgesics and S-
HHC. Tolerance also develops to the increased
catecholamine synthesis produced by A®-THC
(Maitre et al., 1972). However it is not yet
known if tolerance develops to any of the biolog-
ical effects of B-HHC. The above data suggest
that there are both similarities and differences
in B-HHC and morphine and their sites of ac-
tion. Naloxone antagonizes some of the effects
of both, but there does not appear to be cross-
tolerance between these compournds. Hine et al.
(1975) reported that A°-THC attenuated the na-
loxone-precipitated abstinence syndrome in
morphine pellet-implanted rats. This finding
suggests the possibility that there are common
sites of action for both the narcotic analgesics
and the behaviorally active cannabinoids in the
rat. Alternatively the cannabinoids may inter-
act directly with naloxone. Conversely, Aceto et
al. (1975) reported that 8-HHC did not suppress
abstinence in morphine-dependent monkeys.
This fact is in agreement with our data demon-
strating that cross-tolerance is not present be-
tween these compounds in the mouse.

It has been proposed that many of the biologi-
cal effects of A“THC are actually due to its
primary metabolite, 11-OH-AY-THC (Christen-
senet al., 1971; Ben-Zvi et al., 1970). While this

B-HHC ANTINOCICEPTION AND CA SYNTHESIS
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may be true, the present data suggest that-11-
hydroxylation is not necessary for the tail-flick
activity and catecholamine effects of the canna-
binoids since it is unlikely that g-HHC can be
11-hydroxylated.-Wilson and May (1975) also
reported that other cannabinoids that cannot be
1i-hydroxylated possess - analgesic activity.
However, they found that the 11-hydroxy me-
tabolites of A®- and A®-THC are more potent
than the parent compounds and may be respon-
gible for their analgesic activity. It is apparent-
though, that 11-hydroxylation is not necessary
for many of the actions of the cannabinoids
(Wilson and May, 1974).

In summary, these studies with g-HHC indi-
cate that this compound may be a strong anal-
gesic in man with a potency similar to that-of
morphine. This compound appears to share
some characteristics with the narcotics such as
antagonism by naloxone but is sufficiently dif-
ferent as not to exhibit cross-tolerance or cross-
dependence. It is not known as of now whether
this compound can produce primary physical
dependence, but studies on this point are in
progress. The studies reported here do indicate
that  9-nor-98-hydroxyhexahydrocannabinol
may be a prototype of a useful class of strong
analgesics. Furthermore; the data presented in
this paper offer further evidence fo7 the hypoth-
esis that activation of catecholamine-contain-
ing neurons is involved in the central media-
produced by analgesics.
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