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HILTUNEN, A.J.,T. U.C. JARBE AND K. WANGDAHL. Cannabinol and cannabidiol in combination: Temperature,
open-field activity, and vocalization. PHARMACOL BIOCHEM BEHAYV 30(3) 675-678, 1988.—Rectal temperature as
well as unconditioned activity in an open-field (O-F) arena, and palpation-induced vocalization were examined in rats
treated intraperitoneally with cannabinol (CBN, 17.5 or 56 mg/kg) and cannabidiol (CBD, 10 or 30 mg/kg), either singly or in
combination. CBN singly resulted in hypothermia which was not attenuated by the addition of CBD. CBN reduced
ambulation and rearing activities as compared to vehicle-treated rats. CBD in combination with CBN did not attenuate
these effects; the CBD doses in themselves appeared inactive. Vocalization occurred to a significantly greater extent in the
CBN singly-treated rats as compared to the controls and the CBD singly-treated rats. Thus, CBD did not counteract the
temperature and open-field effects induced by CBN. This is discussed in relation to previous results from drug discrimina-
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tion experiments.

CBN CBD Temperature Open-field

Vocalization Rats

THE interest concerning constituents of cannabis prepara-
tions (hashish, marijuana), such as A!-tetrahydrocannabinol
(A-THC), cannabidiol (CBD) and cannabinol (CBN) has fo-
cused on THC (AS-THC and A'-THC), either alone or in
combination with other cannabinoids [14, 17, 20], and infor-
mation regarding possible interactions between cannabinoids
such as CBN and CBD is very limited.

We have examined the effects of A'-THC and CBN in a
drug discrimination learning (DDL) paradigm, and found that
CBN produced THC-like stimulus effects in rats, albeit CBN
was weaker than A-THC; combinations of these substances
tended to be additive {11] (see also [2, 3, 10]). In an open-
field (O-F) test, the unconditioned effects of CBN appeared
qualitatively similar to, though weaker than those of A'-THC
[11]). Both THC and CBN produced dose-related decreases
in the colonic temperature of rats [11] and elicited vocaliza-
tions in response to touch [11].

When CBD was administered together with THC in rats
trained to discriminate between A'-THC and vehicle, the
ALTHC discriminative stimulus effects were prolonged [5].
However, when CBD (10 and 30 mg/kg) and CBN (10 and
17.5 mg/kg) were combined in the DDL procedure, the
THC-like stimulus effects of CBN were attenuated [6].

To determine if the attenuation of the THC-like dis-

criminative effects of CBN together with CBD [6] would be
accompanied by a normalization of overt behaviors, we
examined the effects of combinations of CBN and CBD on
unconditioned, ‘‘spontaneous’’ activity in an O-F procedure
as well as by measuring the rectal temperature. Palpation-
induced vocalization behavior was also assessed {4,9].

METHOD
Animals

Seventy-two experimentally naive male Sprague-Dawley
rats (ALAB AB, Sollentuna, Sweden) were used for the
rectal temperature recordings and O-F tests. The animals
were housed in groups of 4 to 6 rats in macrolone cages
under standard laboratory conditions (temperature 20-22°C;
relative humidity of about 50-60%; and 12 hr light/dark cy-
cle). Water and food pellets (type R3; Ewos AB, Sddertilje,
Sweden) were freely available in the home cages. At the time
of testing the average free-feeding weights were 402 g.

Apparatus

Temperature. Rectal temperature recordings were per-
formed with a thermocouple (Type TE3, Ellab, Copenhagen,
Denmark). The thermistor probe was inserted a constant

1Brief accounts of these data were communicated at the Third International Meeting on Drug Discrimination and State Dependency, July

2-7, Antwerp and Beerse, Belgium, 1986 [7].

2Requests for reprints should be addressed to Arto J. Hiltunen, Department of Psychology, University of Uppsala, Box 227, S-751 04

Upp_sala, Sweden.
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FIG. 1. Effects of CBN and CBD singly (section A) or in combination (section B) on rectal temperature of rats.
Y-axis, average deviations from the score recorded at the fifth measurement (time point zero). X-axis, elapsed time
during the recording period (—60 to 0 min referring to recordings prior to drug administrations and +40 to +160 min
referring to recording intervals after drug administration). Injections (IP) were given immediately after the fifth
measurement as indicated by an arrow at time point zero; the reference (zero) is also indicated by the dotted line.
Variability measures are omitted for the sake of clarity in data presentation. S+S=suspension plus suspension, i.e.,
two vehicle injections of 4 ml/kg (5% of propylene glycol, tween-80 each, and 90% isotonic saline, respectively);
S+10.0=suspension plus 10 mg/kg CBD; S+30.0=suspension plus 30 mg/kg CBD; 17.5+S=CBN 17.5 mg/kg plus
suspension; 56.0+S=CBN 56 mg/kg plus suspension; 17.5+10.0=CBN 17.5 mg/kg plus CBD 10 mg/kg;
17.5+30.0=CBN 17.5 mg/kg plus CBD 30 mg/kg; 56.0+10.0=CBN 56 mg/kg plus CBD 10 mg/kg; 56.0+30.0=CBN

56 mg/kg plus CBD 30 mg/kg.

depth of 6 cm into the rectum [16] for a total of 90 sec. The
room temperature ranged between 20.4 to 23.5°C, the aver-
age being 21.9°C on the experimental days.

Open-field. The O-F arena was a wooden box (60x60x 50
cm) with an open top and the floor divided into 16 squares
(15x15 cm). A circle was marked in the center of the field.
The squared floor was covered with an acrylate plate (60x 60
cm). Ilumination was provided by the normal room lighting
(69 lux at the floor level of the O-F box according to meas-
urements by Spectra Photometer, model 301).

Procedure

Temperature, open-field and vocalization. On the day of
examination, the rats were placed in individual macrolone
cages. Each experimental day two randomly selected drug
conditions were compared, two rats in each condition, i.e., 4
rats per test day. The rectal temperature was recorded in-
termittently at 15 min intervals for 60 min, i.e., 5 recordings
were collected before injection; subsequently three record-
ings generally were performed viz. 40, 80 and 160 min after
administration. Thirty min after the intraperitoneal (IP) ad-
ministration, the presence/absence of vocalization was as-
sessed according to a palpation procedure described else-
where [9]. Immediately afterwards the animal was placed
in the center of the O-F arena where the rat was allowed to
explore the field during 5 min. Records were kept on the
following behaviors: Ambulation=the number of squares
crossed with all four feet; Rearing =the number of times the
animal stood on its hind feet; Defecation=the number of
fecal boli deposited; Urination=the number of urination
spots deposited; Latency =time in sec before leaving the cen-
ter circle with all four feet; and Grooming =the number of
cleaning bouts, including washing of the face with front paws

and trimming of the fur. The acrylate plate was rinsed with
water between trials to minimize odors from previously
tested animals. Immediately after the O-F testing, the pres-
ence or absence of vocalization behavior was again noted;
thereafter, the postinjection temperatures were recorded.

Data Analysis

Analyses of variance (ANOVA) were performed on the
temperature recordings (two-way, split-plot design) and the
O-F data (one-way, completely randomized design) followed
by post hoc (Tukey’s HSD, p=<0.05) statistical procedures
[8,15]. Presence/absence of vocalization was evaluated with
the Fischer exact probability test [19].

Drugs

Freshly prepared suspensions of CBN and CBD con-
tained propylene glycol (5%, v/v), tween-80 (5%, v/v) and
physiological (0.9%) saline (90%, v/v), and all administra-
tions were IP in the volume of 4 ml/kg. The cannabinoids
were first dissolved in propylene glycol, after which the
solution was mixed with tween-80 by ultrasonification, and
finally saline was slowly added while shaking the mixture
[12]. Crystalline (—)-CBD and CBN (purity GLC =98%)
were used. The compounds (CBD, UNC 393, and CBN,
UNC 479) were obtained through the courtesy of Drs. O.
Braenden and E. Lumsden (U.N. Narcotics Lab., Geneva,
Switzerland), Makor Chemicals, Jerusalem, Israel (CBN), or
were prepared (CBN and CBD) by Dr. R. Mechoulam (De-
partment of Natural Products, Hebrew University of
Jerusalem, Israel). No THC was detected (by GL.C) in any of
these samples of CBD and CBN (Ewa Johansson, personal
communication, Dept. of Pharmacognosy, University of
Uppsala, Sweden).



COMBINATIONS OF CBN AND CBD

RESULTS
Temperature Effects

Figure 1 shows the mean effects of IP administrations of
CBN and CBD ceither separately (together with vehicle) or in
combination on rectal temperature. The groups consisted of
eight rats which were administered vehicle (4 ml/kg), CBN
(17.5 and 56 mg/kg), or CBD (10 and 30 mg/kg) singly (Fig.
1A), or in combination (Fig. 1B).

ANOVA indicated a significant Groups x Time interac-
tion, F(56,441)=6.55, p<0.01. Subsequent analyses suggested
that a difference between means of the groups being equal to
or exceeding 0.75°C be declared significant. No differences
between groups occurred during the preinjection intervals
(—60 to 0 min), but with increasing CBN doses a reduction in
temperature was noted yielding significantly lower tempera-
ture in the high dose CBN groups (56 mg/kg of CBN singly
and together with 10 or 30 mg/kg of CBD) as compared to all
the other groups at 80 and 160 min after administrations. No
further decrease in rectal temperature was recorded in the
high dose CBN groups at 220 min after administrations (data
not shown in the figure). In the low dose CBN (17.5 mg/kg)
group no significant (p>0.05) differences occurred as com-
pared to the controls.

Open-Field Activity

Figure 2 shows the results of administering CBN (17.5
and 30 mg/kg) singly as well as in combination with CBD (10
and 30 mg/kg) on ambulatory (Fig. 2A) and rearing (Fig. 2B)
activities 30 min after injections, during the 5 min observa-
tion period. For both the ambulation, F(8,63)=3.20, p<0.01,
and rearing, F(8,63)=10.79, p<0.01, measures, as well as for
defecation, F(8,63)=3.52, p<0.01, ANOVA indicated signif-
icant overall effects.

For the ambulation activity, Tukey’s HSD revealed that
the group treated with 56 mg/kg of CBN together with 30
mg/kg of CBD ambulated less than either of the control or
the CBD 30 mg/kg singly groups, or the group treated with
CBN (17.5 mg/kg) together with CBD (30 mg/kg). The critical
HSD value with respect to ambulation is 47.8. Other com-
parisons were not significant (p>0.05).

For rearing, Tukey’s HSD revealed that any differences
between groups exceeding 15.7 (critical HSD value) were
significant. The high dose of CBN (56 mg/kg) lowered rearing
and this reduction appeared enhanced when CBD (10 and 30
mg/kg) was administered simultaneously; results from tests
with 17.5 mg/kg of CBN were not significant. Details of the
pair-wise comparisons are indicated in the legend of Fig. 2.

For defecation, pair-wise comparisons indicated that the
controls as well as the CBN (17.5 mg/kg) singly group dif-
fered significantly from the groups treated with 17.5 mg/kg of
CBN together with CBD (10 and 30 mg/kg), the means being
1.50, 1.50, 0.13, and 0.13 boli, respectively. Other compari-
sons were not significant (»p>0.05).

No significant differences (p>0.05) were observed with
regard to the remaining O-F parameters (latency, grooming
and urination).

Vocalization

As no attempts were made to quantify this behavior, only
the presence/absence was utilized for statistical evaluation.
The Fischer exact probability test [19] suggested no statisti-
cally reliable differences between the groups at the first
registration (p>0.05). Subsequent to O-F testing, the rats
treated with CBN singly (17.5 and 56 mg/kg) differed (p =0.04
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FIG. 2. Effects of CBN and CBD singly or in combination on ambu-
lation and rearing activities of rats subjected to an open-field (O-F)
test. Y-axis, total (mean) counts of ambulation (section A) and rear-
ing (section B) activities noted during 5 min observation period.
Vertical lines indicate 1 S.E.M. X-axis, the different treatment
groups examined (abbreviations as in Fig. 1). Recordings were ini-
tiated 30 min after the IP administrations, Significant differences
(p=<0.05, Tukey’s HSD) were obtained between the following
groups: 9#1,3,7 (A); 1+4,5,6,8,9; 2+4,5,6,8,9; 3+5,9; 7#9 (B).

in all comparisons) from the controls and from the CBD singly-
(10 and 30 mg/kg) treated rats. Vocalization was completely
absent in the control rats as well as in the CBD-treated rats
during both registrations. The animals treated with CBN and
CBD in combination did not differ significantly (p>0.05) in
vocalization behavior from the other groups.

DISCUSSION

In the present study combinations of two naturally
occurring cannabinoids, CBN and CBD, were investigated in
an O-F situation as well as by recording vocalization behav-
ior and by measuring the rectal temperature of rats. The
major impetus for the present efforts was the finding that the
AL-THC-like discriminative stimulus effects of CBN were
attenuated by CBD [6].

Assuming competition for the same binding site(s), a
normalization by CBD of the CBN-induced vocalization,
O-F and temperature effects would have been in concert
with the DDL experiment and possibly supported competi-
tive antagonism. Apparently this was not the case since CBD
did not counteract the CBN-induced alterations of behavior.
With regard to the high dose combination (30 mg/kg of CBD
and 56 mg/kg of CBN) the ambulation and rearing behaviors
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seemed to be more disturbed as compared to the group
treated with 56 mg/kg of CBN singly. Also the temperature
measurements disclosed a tendency towards a lowering of
the temperature in the high dose combination as compared to
CBN (56 mg/kg) singly, indicating lack of antagonism.

With the lower dose of CBN (17.5 mg/kg) very marginal
changes were observed when the drug was given singly and
when tested in combination with CBD (10 and 30 mg/kg).
Using still a lower dose of CBN (10 mg/kg), evaluated singly
and in combination with CBD (the above doses), examining
the presently employed parameters no tendencies at all were
detected; in high doses (100 mg/kg) CBD singly depresses
O-F activity and decreases rectal temperature (personal ob-
servations). Hence, the CBN and CBD doses presently used
for the interaction studies are not too limited. Doses higher
than those used here are, apart from toxicological consid-
erations, of limited interest for understanding the phar-
macology of hashish/marijuana intoxication.

An ancillary finding was the difference in defecation
among the groups, rats treated with CBD evincing lower
scores. Rats (N=16) treated with 100 mg/kg of CBD also
evince reduced defecation (mean 0.25) as compared to con-
trols (mean 1.13) (unpublished). This would seem consistent
with demonstrations of a blockade by CBD of (1) A-THC-
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induced increase in defecation [13], and (2) suppression of
diarrhea in morphine abstinent rats [1], possibly pointing
towards a reduced intestinal motility by CBD.

In conclusion, unlike the DDL situation [6], a tendency
towards augmentation rather than attenuation by CBD of
behavioral effects induced by CBN occurred in the present
study. One way of reconciling the present results with those
of the DDL procedure [6] is to propose that CBD might
have masked the presumably weak THC-like discriminative
stimulus properties of CBN in much the same way as a
strong stimulus might mask the effects of a less intense or
significant sensory stimulus in experimental psychology re-
search {18].
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