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ABSTRACT

A cannabinoid antagonist, SR 141716A, dose dependently pre-
cipitated a behavioral withdrawal syndrome in rats continuousty
infused i.p. for only 4 days with relatively low-dose regimens of
A®-tetrahydrocannabinol. The following dose regimens, ex-
pressed as mg/kg/24 br, were used for days 1 through 4
high—12.5, 25, 50 and 100; medium—2.5, 5, 10 and 20; and
fow—0.5, 1, 2 and 4. The major withdrawal signs of the syn-
drome were scratching, rubbing face with paws, licking, wet-
dog shakes, arched back and ptosis (at least 50% closure of
eyelids). At the highest dose regimen, other signs noted in
fewer subjects were biting, tongue rolling, retropulsion, head

shakes, extended limbs or high stepping. ataxia, myoclonic
spasms and front paw treading. During abrupt withdrawal (A°®-
tetrahydrocannabinol was discontinued and véhicle substi-
tuted) abstinence signs were also noted; however, except dur-
ing a 48-hr observation period, withdrawal was not sufficiently
robust to achieve statistical significance. The results of this
study provide evidence that a modest course of A®-tetrahydro-
cannabinol can produce physical dependence. Hence, the risk
and incidence of marijuana dependence in humans may be
greater than previously projected.

Recent comprehensive surveys indicate that marijuana is
still the most commonly used illicit substance in the United
States. Acute and chronic use of cannabis, the generic name
of preparations obtained from the plant Cannabis sative, can
have profound adverse effects on the health of the user.
Evidence for the prevalence of cannabis abuse comes from
the Epidemiological Catchment Area study that involved in-
terviews with 20,000 people (Robins and Regier, 1991),
According to the criteria established by the American Psy-
chiatric Association (DSM-111-R), cannabis use and/or de-
pendence was diagnosed in 4.4% of the sample. Data suggest
that 17 to 33% of the daily users satisfy DSM-111-R criteria.
The major complaints of dependent cannabis users who seek
treatment are loss of control, cognitive and motivational im-
pairments and depression. Significantly, groups at high risk
of experiencing adverse effects from chronic exposure include
adelescents, women of child-bearing age and people with
preexisting diseases. Much of the skepticism regarding de-
pendence on cannabinoids is probably related to the fact that
only a mild abrupt withdrawal syndrome has been observed
in humans in contemporary Western societies {Jones and
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Benowitz, 1976; Jones et al., 1981, Compton et al., 1990).
Although physical dependence is no longer obligatory for the
diagnosis of dependence, it nevertheless provides additional
strong evidence for the existence of such a state and assists in
unraveling underlying neural and biochemical mechanisms.
Indeed, insights regarding these mechanisms could help re-
solve the question of cannabis as a gateway drug to abuse of
even more dangerous illegal drugs. Additienally, develop-
ment of an animal model of dependence weuld be beneficial
in designing a rational treatment for cannabis dependence.
Although some investigators were unable to demonstrate
physical dependence on cannabis {Leite and Carlini, 1974;
Harris et al., 1974), others reported success (Dewey, 1986;
Pertwee, 1991; Jones et al. (1976); Kaymakcalan et al. (1977).
The relevance of many of these findings has been questioned
because of the robust dose regimens used. Recently, Rinaldi-
Carmona et al. (1994) reported that SR 141716A bound se-
lectively and with high affinity to the central cannabinoid
receptor and was a potent antagonist of cannabinoids. Sub-
sequently, SR 141716A was found to block the effects of a
potent psychoactive constituent of marijuana, THC on hypo-
activity, hypothermia and antinociception in mice (Compton
et al., in press). SR 141716A also antagonized the discrimi-
native stimulus properties of THC in rats and monkeys
(Wiley et el., 1995}, and the cardiovascular effects in rats
(Varga et al., 1995). An antagonist should precipitate with-

ABBREVIATIONS: SR141716A, N-(piperidin-1-yl}-5-{4-chlorophenyl}-1-(2,4-dichlorophenyl}-4-methyi-1H-pyrazole-3-carboxamide - HCI; THC,

AP-tetrahydrocannabinol; veh, vehicle; 5-HT, serotonin.
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drawal in a physically dependent subject. It should compress,
intensify and evoke a clear-cut withdrawal syndrome. Using
a continuous infusion model, we showed that relatively low-
dose regimens of THC, produced physical dependence. With-
drawal characterized by intense behavioral activation fol-
lowed SR 141716A challenge in these preliminary studies
(Aceto et al., 1995a; Aceto et al., 1995b). Another preliminary
investigation also demonstrated that SR 141716A precipi-
tated withdrawal in rats on an intermittent dose regimen of
THC (Tsou et al., 1995).

The availability of a cannabinoid antagonist has allowed us
to systematically study some important aspects of depen-
dency on cannabinoids. Our purpose was to compare the
physical dependence syndromes observed after abrupt with-
drawal (discontinuation of the agonist, THC and subsequent
infusion of vehicle) and withdrawal precipitated by the an-
tagonist, SR 141716A after chronic exposure to different dose
regimens of THC. Another important objective was the dose-
effect responsivity of SR 141716A.

Methods

All animals received care according to “Guide for the Care and Use
of Laboratory Animals,” DHHS Publication, Revised, 1985. The fa-
cilities are certified by the American Association for the Accredi-
tation of Laboratory Care. These studies were approved by the
Institutional Animal Care and Use Committee at Virginia Common-
wealth University.

Continuous-infusion studies in rats

Adult male Sprague-Dawley rats were purchased from Harlan
Sprague Dawley, Inc., Indianapolis, IN). On arrival, the rats were
examined by a licensed veterinarian and placed in quarantine. They
weighed 250 to 280 g when assigned to a study. Once selected they
were housed individually in stainless steel cages. The vivarium was
temperature and humidity controlled with alternating light-dark
cycles (lights on at 06:00 hr and off at 24:00 hr).

The method described by Teiger (1974) was used with modifica-
tions indicated below. The rats were allowed to acclimate to their
new surroundings for at least 3 days before i.p. cannulae were
implanted. They were anesthetized with pentobarbital (45 mg/kg/
i.p.). The lateral side of the lower left abdomen and back of the neck
was shaved and the exposed skin cleansed with Pavidone-lodine

TABLE 1
Synopsis of THC dose-response, rat-infusion experiments
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solution (Redi-Product, Prichard, WV). Each rat was fitted with a
cannula (PE90 tubing, Clay Adams, Parsippany, NdJ). The cannula
passed s.c. from the nape of the neck to the lateral side of the lower
abdomen. The peritoneal end of the cannula was enclosed in silastic
tubing to prevent foreign body reaction. It was introduced into the
peritoneal cavity through a stab-wound entry site. The cannula was
secured with sutures at both sites. Each rat was fitted with a harness
3 or 4 days after surgery. The harness consisted of a flat stainless
steel plate fitted with a shoulder collar and a flexible spring coil. A
small piece of Velcro was fastened to the harness. Another narrow
strip of Velcro girdled the chest and secured the harness. A spring
coil enclosed the cannula that was then attached to a flow-through
swivel (Instech Lab., Horsham, PA). The swivel allowed the rat to
move about in the cage and eat and drink normally. An infusion
pump (Harvard Apparatus, S. Natick, MA, model-975) delivered the
selected dose regimen in a volume of 8 ml every 24 hr. After weighing
each subject daily, fresh solutions were prepared.

Experimental procedures in rats

THC dose-response. Two experiments were conducted, the sec-
ond to confirm the results of the first and to extend the dose range.
A condensed version is presented in table 1. In both experiments, the
rats were randomly allocated to one of six treatment regimens or
groups and were also assigned to a numbered cage on a rack to
prevent bias. The challenge dose of SR 141716A was 10 mg/kg i.p.
This dose was based on studies reported by Rinaldi-Carmona et al.
(1994) and on other studies conducted in this laboratory.

The rats were scored 1 hr before challenge with either SR 141716A
or its vehicle. Then, all infusions of THC were stopped and appro-
priate challenges given by i.p. injection. Scoring of the signs desig-
nated scratching; head shakes; facial tremors; rubbing face with
paws; biting; chewing; tongue rolling; licking; ear twitch; forepaw
treading; backward locomotion or retropulsion; wet-dog shakes; body
jerks or myoclonic spasms; immobility or lying still; arched back; and
ptosis (at least 50% closure of eyelids) followed. The signs wet-dog
shakes and rubbing were quantified. All other signs were scored as
either present or absent. The same trained observer was used
throughout these studies. The data were then grouped by treatment
regimen and analyzed statistically as indicated below.

THC infusion-SR 141718A dose-response. The same procedure
outlined above was followed except that a THC dose regimen of 2.5,
5, 10 and 20 mg/kg/day from days 1 through 4, respectively, was
selected. This dose regimen was chosen because it produced a robust
withdrawal and did not alter body weight during the prechallenge

Dose (mg/kg/24 hr, i.p.)

. . No. of
Treatment Day Chatlenge® (mg/kg i.p.) Subjects
1 2 3 4

High THC 125 25 50 100 SR 141716A° 4¢9
High THC 125 25 50 100 Vehicle® 5¢
Med THC 25 5 10 20 SR 141716A° 9’
Med THC 2.5 5 10 20 Vehicle® 9
Low THC 0.5 1 2 4 SR 141716A° 59
Low THC 0.5 1 2 4 Vehicie® 4°
Vehicle® 8 mi/24 hr SR 141716A° 9
Vehicle® 8 mi/24 hr Vehicle® 9f

* All infusions were stopped just before challenge with SR 141716A or vehicle.
® SR 141716A challenge dose was 10 mg/kg.
¢ Number of subjects in the first experiment.

9 Although five rats were infused with THC, one rat was removed from the study because some SR 141716A solution was observed at the site of the injection after

its administration.

® Vehicle for THC and SR 141716A was emulphor-ethanol-sterile saline (1:1:18).

! Combined number of subjects from experiments 1 and 2.
© Number of subjects in the second experiment.
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infusion period. Doses of SR 141716A were 1, 3, 10 and 30 mg/kg. The
number of subjects per treatment regimen was five.

Statistical analysis

In the THC dose-response study, the quantified data from the
behavioral withdrawal signs of wet-dog shakes and facial rubbing
and daily body weight measurements were collated by treatment
regimens (see Table 1). In the THC-SR 141716A dose-response ex-
periment, data were assembled similarly by treatment regimen.

Statistical analysis of the quantified data in rats was performed by
repeated measures analysis of variance using the Bonferonni/Dunn
(comparison to vehicle) or the Scheffe (comparison among all groups)
for post hoc analysis. The scored data were analyzed using the
nonparametric Kruskal-Wallis one-way analysis of variance. Post
hoc comparisons were made using the Mann-Whitney U test. In all
cases, significance was set at P = .05. The StatView statistical
package (Brainpower, Inc., Agoura Hills, CA) was used for these
analyses.

Chemical supplies

The cannabinoid antagonist, SR 141716A, was synthesized at
Pfizer Central Research as the free base. THC and naloxone-HCl
were obtained from the National Institute on Drug Abuse. Morphine
sulfate was purchased from Mallinckrodt, Inc,, St. Louis, MO. THC
and SR 141716A were dissolved in 1:1:18 (emulphor-ethanol-sterile
saline). Emulphor (EL-620), a polyoxyethylated vegetable oil, GAF
Corp., Linden, NJ, sterile saline (USP), Baxter Healthcare Corp.,
Deerfield, IL, and other supplies were obtained commercially.

Results

Many overt behavioral signs were observed during these
studies. Some occurred spontaneously in all rats as part of
their normal behavioral repertoire. Other behavioral signs
were noted exclusively in THC-infused rats. Some behavioral
signs were seen occasionally in SR 141716A-treated controls
and vehicle controls and in rats receiving the high dose
regimen of THC (see table 2).

A list of signs that were observed in rats treated with
vehicle or with the high dose regimen of THC and challenged

TABLE 2

Behavioral withdrawal signs observed in rats chronically treated
with either vehicle or the high dose regimen of THC and
challenged with either vehicle or SR 141716A

Signs Veh-Veh Veh-SR High THC- High THC-SR
Scratching +++ +++ +++
Licking + +++
Biting + +
Ptosis + +++ ++++
Tongue rolling +
Arched back + + + +++
Wet-dog shakes +++  +++++ +4++ ++++
Rubbing ++++ ++++ ++ +4+++
Ear-twitch +
Chewing +
Walking backward +
Head shakes ++
High stepping ++
Ataxia +
Myoclonic spasms +
Front paw treading +

The rats chronically treated with vehicle and chalienged with either vehicle or
SR 141716A (Veh-Veh and Veh-SR, respectively) each contained five animals,
whereas the groups chronically administered the high dose regimen of THC and
challenged with either vehicle or SR 141716A (high-vehicle and high-SR, respec-
tively) contained four animals. A + simply indicates that an animal exhibited a
particular sign during the observation period. It does not reflect the intensity or
frequency of occurrence during the observation period.
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with either vehicle or SR 141716A was prepared (table 2).
Signs that occurred in at least 75% of the subjects were
designated major. These signs constituted the core of the
withdrawal syndrome. They were scratching, rubbing face
with paws, licking, wet-dog shakes, arched back and eyelid
ptosis. As shown in table 2, other signs were observed in only
one-quarter to one-half of the subjects and for that reason are
designated minor signs. It should be noted that many rats
receiving the other treatment regimens also displayed wet-
dog shakes, facial rubbing and scratching. Nevertheless, ta-
ble 2 does not reflect the frequency of withdrawal signs; it
simply indicates whether or not any one sign was observed in
a rat during the observation period. A comparison of the data
in table 2 for the signs wet-dog shakes and facial rubbing
with quantified data for these signs in figure 2 clearly illus-
trates this point.

The THC dose-response data expressed as the averages of
the total number of behavioral signs observed for each group
before and after challenge with SR 141716A are illustrated in
figure 1. Application of the Kruskal-Wallis one-way analysis
of variance test revealed no significant differences among the
groups before challenge with SR 141716A (H = 8.569, x*
.05(7) = 14.07). The low and medium THC-treated groups
and the vehicle group given SR 141716A-vehicle show essen-
tially equivalent responses. The mean for the high-dose THC
group receiving SR-vehicle is elevated most likely because
some THC-associated behavioral signs were already present
at challenge. This probably reflects some behavior generated
by the increased background activity associated with the
filling of the syringes and injection of the rats rather than
behavior associated with abrupt withdrawal. Importantly,
these are not statistically significant differences. After SR
141716A challenge, a significant difference among treatment
groups was obtained (H = 28.103, x* 0.05(7) = 14.07). For the
THC groups receiving SR 141716A, a dose-response relation-
ship is evident. Post hoc determinations revealed that the
medium- and high-dose THC treatment groups given SR
141716A were significantly different (P < .05) from their
corresponding veh-treated groups. Some activation was ob-
served in the veh-SR 141716A controls.

Due to their protean characteristics, it was not possible to
evaluate each behavioral sign. However, the signs wet-dog
shakes and facial rubbing were selected for quantitative eval-
uation because of their distinguishing traits. The incidence of
the signs wet-dog shakes and facial rubbing increased mark-
edly only in the THC-infused animals receiving the medium-
and high-dose regimens approximately 10 min after SR
141716A precipitated withdrawal. This activation subsided
somewhat within the hour. A gauge of the intensity of the
precipitated behavioral activation for the sign wet-dog
shakes is depicted in figure 2. Repeated measures analysis of
variance of the sign wet-dog shakes indicated that treatment
produced a highly significant sign effect (F = 3.622, P <
.003), a sign effect over time (F = 15.202, P < .0001) and a
significant interaction between treatment and time (F =
6.341, P < .0001). Post hoc comparisons of the treatment
regimens showed significant differences (P < .05) only for the
medium and high A®°-THC regimens challenged with SR
141716A when compared to their respective controls at the 1
hr after challenge. The medium and high treatment regimens
were not significantly (P < .05) different from one another.
This probably reflects an upper limit of responsiveness due to
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Fig. 1. The incidence of withdrawal signs in rats be-
fore and after challenge with SR 141716A (10 mg/kg).
Rats were infused with either vehicle, low, medium or
high dose THC regimens for 4 days. During a 1-hr
period before SR 141716A challenge, the presence or
absence of each withdrawal sign was noted for each
animal so that the total number of signs could be
recorded for each animal. The animals were then chal-
lenged with either a vehicle or SR 141716A injection
(as indicated on the x-axis) and then monitored for 1
additional hr. The designation of veh and SR in the
x-axis of the “before challenge” panel indicates which
groups subsequently received these challenges. The
results are presented as means + S.E.M.

-4——- V¢h ——» «4—— SR ——»

Veh + Veh

Veh + SR

Low THC + Veh
Low THC + SR

Med THC + Veh
Med THC + SR

Fig. 2. The number of SR 141716A-pre-
cCipitated rubbing and wet-dog skakes in
rats infused with either vehicle, low, me-
dium or high THC treatment regimens.
The animals were observed for 1-hr peri-
ods before and after challenge with either
vehicle or SR 141716A (10 mg/kg), and on
the 6 days after challenge. The data are
presented as means * S.E.M.
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the numerous other expressed and competing behaviors.
None of the THC-infused rats challenged with vehicle dem-
onstrated significant withdrawal-like behavior. The inci-
dence of rubbing was analyzed by analysis of variance (re-
peated measures). The wet-dog shakes observed during the
24 to 144 hr post-SR 141716A intervals suggest some abrupt
withdrawal activity. However, significance (P < .05) was
established only for the high THC groups challenged with
either SR 141716A or vehicle when compared with the veh +
veh controls at the 48-hr observation period.

Similar observations were also made for the sign facial
rubbing (fig. 2). Repeated measures analysis of variance
showed that treatment produced a significant effect (F =
4.194, P < .0012). The effect over time was significant (F =
17.951, P < .0001), and there was a significant interaction
between treatment and time (F = 6.394, P < .001). Post hoc
comparisons also indicated that the medium THC and high
THC groups challenged with SR 141716A significantly (P <
.05) increased the number of facial rubbings during precipi-
tated withdrawal. The only other significant elevations oc-
curred at the 48- and 72-hr observation periods for the high
THC + veh and high THC + SR 141716A groups, respec-
tively, compared with the veh + veh controls.

Body weight was closely monitored (fig. 3). Statistical eval-
uation using repeated measures analysis of variance re-
vealed highly significant treatment effects (F = 4.364, P <
.0009) and day effects (F = 177.5, P < .0001). A significant

3004
Veh + Veh

Veh + SR
2804 Low THC + Veh
Low THC + SR
Med THC + Veh
Med THC + SR
260+ High THC + Veh

High + SR

Body weights (gm)

240 4

<4— Infusion —P»-fl—— Withdrawal —»

220

0 1 2 3 4 5 6 7 8 9 10

DAY

Fig. 3. Body weights of rats during the 4-day infusion with either
vehicie, low, medium or high THC dose regimens.and after challenge

with either vehicle or SR 141716A (10 mg/kg). The resuits are presented
as the means of body weights in grams.

treatment day interaction was also obtained (F = 6.104, P <
.0001). Inspection of the data show significant body weight
loss with the groups receiving the high dose regimen during
the infusion of THC. Recovery after challenge was gradual.
Although the body weights in the medium dose regimens
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appear to be dropping, especially after day 4, significance
was not established when compared with vehicle control.
There was no significant loss of body weight observed after
SR 141716A or vehicle challenges.

Regarding the SR 141716A dose-response study, repeated
measures analysis of variance of the sign wet-dog shakes
indicated no significant difference among the treatment
groups (F = 1.390, P < .2534). However, there was a signif-
icant effect over time (F = 17.21, P < .0001). In addition, a
significant interaction between treatment and time was
found (F = 4.070, P < .0001). The results are illustrated in
figure 4. The only indication of a dose response was in the
time interval designated precipitated withdrawal or immedi-
ately after challenge with different doses of SR 141716A. The
10 and 30 mg/kg doses of SR 141716A were significantly
different (P < .002) from the veh + veh and THC + veh
groups, whereas the 1 and 3 mg/kg dose groups did not
achieve statistical significance. Although there were sporadic
increases in wet-dog shakes during abrupt withdrawal in the
period 24 to 144 hr after SR 141716A or vehicle challenge of
THC-infused rats, post hoc testing revealed no significant
differences when compared to controls.

Similar results were found for the sign facial rubbing.
Repeated measures analysis of variance revealed only a sta-
tistical trend for a sign difference among different treatments
(F = 2.023, P = .0958). There was a significant effect over
time (F = 21.458, P < .0001) as well as a significant inter-
action between treatment and time (F = 4.287, P < .0001).
Regarding post hoc comparisons, the same observations in-
dicated above for wet-dog shakes apply. The numbers of
facial rubs in the groups challenged with 3, 10 and 30 mg/kg
SR 141716A were significantly different from the veh + veh
and THC + veh groups during the 1 hr after challenge. The
incidence of rubbing during the 24- to 144-hr period were not
significantly different for any group.

Discussion

Cannabinoid abstinence syndromes have been described by
a number of investigators in animals and humans. Using
rhesus monkeys that received gradually increasing doses of
THC (up to 1.6 mg/kg/day for 36 days), Kaymakcalan (1972)
recorded the behavioral signs designated aggressiveness, hy-
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perirritability, tremors, yawning, photophobia, hallucinatory
behavior and anorexia. This syndrome appeared 12 hr after
THC was discontinued and lasted for 5 days. Many of the
overt behaviors noted above have been observed by others
studying THC in monkeys (Kaymakcalan and Deneau, 1972;
Stadnicki et al., 1974; Fredericks and Benowitz, 1980).
Beardsley and coworkers (1986) were able to demonstrate
marked response-time disruption of food-maintained operant
behavior in rhesus monkeys. THC was given continuously at
the rate of 0.05 mg/kg/hr i.v. for 10 days. The dose regimen
was within the range of human intake by heavy abusers.
Overt behavioral signs observed but not quantified included
aggressiveness, bruxism and hyperactivity.

An abrupt withdrawal syndrome in rats has been described
by Kaymakcalan et al. (1977). It included many behaviors
that we noted in this study; however, the sign rubbing was
not mentioned and wet-dog shakes were seen rarely. Other
investigators found that challenge with the biogenic amine
reuptake inhibitors fluoxetine, clomipramine and imipra-
mine also elicited a similar syndrome (Verberne et al., 1980;
Taylor and Fennessy, 1982). These investigators rarely ob-
served wet-dog shakes. It should be noted that the amine or
reuptake inhibitions were given 24 hr after abrupt with-
drawal of THC. Thus, strictly speaking, the syndrome was
not precipitated. In any case, these studies provided evidence
that serotonergic mechanisms might be involved because
each of the amine reuptake inhibitors induced changes that
correlated with their ability to block the reuptake of 5-HT. It
was suggested that THC decreased 5-HT release leading to
neuroadaptations in the form of increased sensitivity of
postsynaptic 5-HT receptors.

Despite the evidence cited above, numerous investigators
have been unable to obtain similar findings on termination of
chronic cannabinoid exposure. It is well known that canna-
binoids produce a behavioral syndrome in dogs that is highly
specific for this class of compounds (Walton et al., 1937).
Using this model, McMillan et al. (1971) examined the con-
sequences of chronic exposure of A>-THC to dogs. They found
that administration of active doses of A°>-THC on a daily basis
produced tolerance to this effect and that increasing the dose
to very high levels did not overcome this tolerance. However,
the administration of increasingly large doses of A°-THC to

—{J— Veh+ Veh
—f— Veh+ SR30
—~—0O— THC + Veh
@— THC+SRI Fig. 4. The dose-responsiveness of SR
—&A— THC + SR3 141716A-precipitated rubbing and wet-
dog skakes in rats infused with either
—&— THC+SRI0  yehicle or the medium THC treatment
--¢- THC+SR30 'egimens. The animals were observed

for 1-hr periods before and after chal-
lenge, and on the 6 days after challenge.
The animals were challenged with either
vehicle or 1, 3 or 10 mg/kg of SR
141716A. The data are presented as
means plus S.E.M.
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dogs over an 11-day period did not produce withdrawal symp-
toms during abstinence. These same researchers also treated
pigeons with daily intramuscular injections of very high
doses of A°-THC (up to 180 mg/kg) and failed to detect with-
drawal signs when the drug exposure was terminated (Mc-
Millan et al., 1971). Failure to characterize cannabinoid de-
pendence in rodents was also reported (Leite and Carlini,
1974).

As for marijuana dependence in humans, the first indica-
tions arose from uncontrolled clinical observations after ces-
sation of chronic drug intake (Fraser, 1949; Soueif, 1967).
However, Jones and Benowitz (1976) studied the effects of
THC in human volunteers. Using increasing doses up to 210
mg/day, in divided oral doses, these investigators demon-
strated behavioral and physiological signs associated with
abrupt withdrawal. They included changes in mood, appetite
and increased body weight. Restlessness, hyperactivity,
tremulousness, nausea, abdominal distress, perspiration,
chills, fever, salivation, hemoconcentration, rebound waking
EEG changes and intraocular pressure increases were also
noted. The relevance of both uncontrolled and controlled
clinical studies to human usage of marijuana has been ques-
tioned because of the relatively low incidence of withdrawal
symptoms in the marijjuana using population studies (Jones
et al., 1981).

That a selective cannabinoid antagonist is capable of pre-
cipitating withdrawal provides key evidence for cannabinoid
dependence. It should be stressed that the dose regimens
used by the investigators cited above varied widely. Further-
more, the doses and/or length of exposure to THC were much
greater than those used in our study. However, in our labo-
ratory precipitated withdrawal was demonstrated after only
4 days of infusion of THC. Our results suggest that the
prevalence of physical dependence on cannabis may be more
widespread than estimated. The behavioral sequelae also
provide evidence for activation of multiple neural substrates
and cannabinoid receptors.

The development of an animal model not only offers strong
support for marijuana dependence, but provides the first
opportunity to fully explore cannabinoid dependence on a
systematic basis. It will be important to determine whether a
withdrawal syndrome can be precipitated in other species,
and optimal treatment regimens for producing dependence.
Equally important, the identification of agents that can ame-
liorate SR 141716A-precipitated withdrawal may provide
leads for the development of treatment strategies for those
experiencing difficulty in terminating the use of marijuana.

References

Aceto, M., Scatgs, S., Lowg, J. aAND MaArTIN, B.: Cannabinoid precipitated
withdrawal by the selective cannabinoid receptor antagonist, SR 141716A.
Eur. J. Pharmacol. 282: R1-R2, 1995a.

Aceto, M. D., MARTIN, B. R,, ScaTtes, S. M. AND Lowe, J.: Cannabinoid precip-
itated withdrawal: induction by the antagonist SR 141716A. FASEB J 9:
A403, 1995b.

BEARDSLEY, P. M., BALSTER, R. L. AND Harris, L. S.: Dependence on tetrahydro-
cannabinol in rhesus monkeys. J. Pharmacol. Exp. Ther. 239: 311-319,
1986.

ComproN, D. R., Acero, M. D., Lowg, J. AND MARTIN, B. R.: In vivo character-

Cannabinoid Dependence 1295

ization of a specific cannabinoid receptor antagonist (SR 141716A): inhibi-
tion of A®-tetrahydrocannabinol-induced responses and apparent agonist
activity. J. Pharmacol. Exp. Ther. 277: 568-594.

ComproN, D. R, DEwey, W. L. AND MARTIN, B. R.: Cannabis dependence and
tolerance production. In Addiction Potential of Abused Drugs and Drug
Classes, pp 129-147, The Hayworth Press, Inc., Binghampton, NY, 1990.

Dewey, W. L.: Cannabinoid pharmacology. Pharmacol. Rev. 38: 151-178, 1986.

FRaSeR, J. D.: Withdrawal symptoms in cannabis-indica addicts. Lancet 1:
T47-748, 1949.

FRrEDERICKS, A. B. aND BeNowrrz, N. L.: An abstinence syndrome following
chronic administration of A%-tetrahydrocannabinol in rhesus monkeys. Psy-
chopharmacology 71: 201-202, 1980.

Harris, R. T., WaTers, W. H. AND McLENDON, D.: Evaluation of reinforcing
capability of AP-tetrahydrocannabinol. Psychopharmacology 37: 23-29,
1974.

JoNES, R. T. aNnp BENowiTz, N.: The 30-day trip—Clinical studies of cannabis
tolerance and dependence. In Pharmacology of Marihuana, pp 627-642,
Raven Press, New York, 1976.

Jones, R. T., Bexowitz, N. anp BacuMan, J.: Clinical studies of cannabis
tolerance and dependence. Ann. N.Y. Acad. Sci. 282: 221-239, 1976.

Jongs, R. T., BENowrtz, N. L. anp HERNING, R. L.; Clinical relevance of cannabis
tolerance and dependence. J. Clin. Pharmacol. 21: 1435-1528S, 1981.

Kaymakcaran, K., AvHaN, 1. H. aND TuLUNAY, F. C.: Naloxone-induced or post-
withdrawal abstinence signs in A®-tetrahydrocannabinol-tolerant rats. Psy-
chopharmogy, 58: 243-249, 1977.

KayMakcaLaN, S.: Physiological and psychological dependence on THC in rhe-
sus monkeys. In Cannabis and its Derivatives, pp 142-149, Oxford Univer-
sity Press, London, 1972.

KayMAKCALAN, S. AND DENEAU, G. A.: Some pharmacologic properties of syn-
thetic AS-tetrahydrocannabinol. Acta Med. Turc. Suppl. 1: 5, 1972.

LEertg, J. R. aND CaARLING, E. A.: Failure to obtain “cannabis directed behavior”
and abstinence behavior in ratschronically treated with cannabis sativa
extracts. Psychopharmacology, 36: 133-145, 1974.

McMiLLan, D. E., DEwgy, W. L. AND Harris, L. S.: Characteristics of tetrahy-
drocannabinol tolerance. Ann. N.Y. Acad. Sci. 191; 83-99, 1971.

PertweE, R. G.: Tolerance to and dependence on psychotropic cannabinoids. In
The Biological Bases of Drug Tolerance and Dependence. pp 231-263, Aca-
demic Press, New York, 1991.

RINALDI-CARMONA, M., BarTR, F., HEAULME, M., Suire, D., CALANDRA, B., Congy,
C., MARTINEZ, S., MARUANT, J., NELIAT, G., CAPUT, D., FERRARA, P., SOUBRIE, P.,
BRELIERE, J. C. AND LE FUR, G.: SR 141716A, a potent and selective antago-
nist of the brain cannabinoid receptor. FEBS Lett. 350: 240-244, 1994.

Rosins, L. N. anp ReGIeR, D. A.: Psychiatric Disorders in America. Free Press,
MacMillan, New York, 1991.

Souktr, M. L.: Hashish consumption in Egypt, with special reference to psycho-
social aspects. Bull. Narc. 19: 1-12, 1967.

StapNicki, S. W., ScHAEPPI, U., ROSENKRANTZ, U. AND BRrRauUDE, M. C.: Crude
marihuana extract: EEG and behavioral effects of chronic oral administra-
tion in rhesus monkeys. Psychopharmacology 37: 225-233, 1974.

TavLor, D. A. AND FENNEssy, M. R.: Time-course of the effects of chronic
A®.tetrahydrocannabinol on behavior, body temperature, brain amines and
withdrawal-like behaviour in the rat. J. Pharm. Pharmacol. 34: 240-245,
1982.

TeIGER, D. G.: Induction of physical dependence on morphine, codeine, and
meperidine in the rat by continuous infusion. J. Pharmacol. Exp. Ther. 190:
408415, 1974.

Tsou, K., PATRICK, S. AND WALKER, J. M.: Physical withdrawal in rats tolerant
to A®-tetrahydrocannabinol precipated by a cannabinoid receptor antago-
nist. Eur. J. Pharmacol. 280: R13-R15, 1995.

VarGa, K., LAkE, K., MARTIN, B. AND KuNos, G.: Novel antagonist implicates the
CB1 cannabinoid receptor in the hypotensive action of anandamide. Eur.
J. Pharmacol. 278: 279-283, 1995.

VERBERNE, A. J. M., TavLor, D. A. AND FEnNEssy, M. R.: Withdrawal-like
behaviour induced by inhibitors of biogenic amine reuptake in rats treated
chronically with A®-tetrahydrocannabinol. Psychopharmacology 68: 261-
267, 1980.

WaLToN, R. P., MarTIN, L. F. aND KELLER, J. H.: The relative activity of various
purified products obtained from American grown hashish. J. Pharmacol.
Exp. Ther. 62: 239-251, 1937.

WILEY, J., BARRETT, R., LowE, J., BALSTER, R. AND MARTIN, B.: Discriminative
stimulus effects of CP 55,940 and structurally dissimilar cannabinoids in
rats. Neuropharmacology 34: 669-676, 1995.

Send reprint requests to: Dr. Mario D. Aceto, Department Pharmacology
and Toxicology, Virginia Commonwealth University, MCV Box 980613, Rich-
mond, VA 23298-0613.



http://jpet.aspetjournals.org/



