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BALSTER, R. L. AND W R. PRESCOTT A9-Tetrahydrocannabinol discriminanon in rats as a model for cannabis intoxica-
tion NEUROSCI BIOBEHAYV REV 16(1) 55-62, 1992. —Studies of the discnmunative stimulus effects of A9-THC are reviewed
The results of generalization studies 1n rats tramed to discnmmate A9-THC from nondrug provide evidence for the pharmacologi-
cal specificity of the A9-THC stimulus. Only cannabinoid analogs of A9-THC substitute fully for A9-THC The ability of cannab-
moids to produce A9-THC-like disciminative stimulus effects appears to predict A3-THC- or marihuana-like effects in humans.
Of the 11 cannabinoids tested 1n rats and humans, the results with 9 are in complete concordance, and results with the remainmng
two are inconclusive. This concordance provides evidence for the vahdity of A9-THC discrimination 1n rats as an ammal model of
cannabis intoxicaion A number of natural and synthetic cannabinoids have A9-THC-like discnminative sumulus effects They
represent a 5,600-fold range of relative potencies Micromolar potency estimates and relative potencies to A9-THC for these com-
pounds are provided. Correlations between these values and potencies for cellular actions of cannabinoids can be used to establish

the neural substrates of cannabis intoxication
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CANNABIS sativa L. plant matenals are well known to produce
a distinctive intoxication in human users which is widely be-
lieved to result from the central nervous system effects of its
major active chemical constituent, A9-tetrahydrocannabinol (A9-
THC) (20). Although A9-THC produces a wide spectrum of
pharmacological actions (8), presumably it is this ability to pro-
duce subjective effects that accounts for self-administration of
various forms of the cannabis plant, such as marihuana and
hashish. Thus, in order to study various aspects of the chemustry
and neurobiology of cannabis and cannabinoid chemicals, an an-
imal model for AS-THC intoxication is needed.

Drug discnmination studies in animals have often been con-
sidered as a model for subjective drug effects in humans (1,40).
In drug discrimination research, animals faced with two possible
responses that would result 1n reinforcement delivery are trained
to detect whether they received an active drug or a vehicle (pla-
cebo) injection in order to determine which response is correct.
With appropnate control procedures, 1t can be shown that the
discnmination between drug and vehicle 1s usually based upon
the presence or absence of perceptible central nervous system
effects of the drug and not on local or other peripheral effects
that might accompany drug admmstration (1). Once trained,

subjects can be tested with other chemicals to determine if they
respond as if they had received the drug they had been trained
to detect, 1.e., whether the test compound substitutes for the
training drug. Considerable research has demonstrated the phar-
macological specificity of drug discmmination. Evidence from
substitution tests 1n animal studies of this type often predicts that
the test drug will produce subjective effects in humans similar
to those of the training drug.

The purpose of this paper 1s to expand and update previous
reviews (2,28) on the use of A9-THC discrimination in rats as
an animal model of cannabis intoxication. The validity of the
model will be demonstrated by the pharmacological specificity
of substitution tests and by the concordance between A9-THC-
hike discnminative stimulus effects and THC- or marihuana-like
effects in humans. An important goal of this review is to pro-
vide relative potency estimates for a large number of cannabi-
noids with A9-THC-like activity in this model which can be used
in correlational studies with in vitro effects A strong positive
correlation of potency for A9-THC-like discriminative stimulus
effects 1n rats with potencies for cellular actions of cannabinoids
will be extremely important in ascertaining the role of these ac-
tions 1n producing cannabis intoxication.
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TABLE 1
DRUGS THAT FAILED TO SUBSTITUTE FOR A9-THC
IN RAT DRUG DISCRIMINATION STUDIES
Maximum Dose(s) Tested

Drug Generalization* (mg/kg) Reference
BRL13776 33 32-178 4
Althesin 60 20 4
Amphetamine 0 032 ()]
Atropine 8 32 4)
Baclofen 17 32 (4)
Cimetidine 18 10 4)
Clomdine 25 0 056 (4)
Cyclazocine 17 1-10 4)
Dexamethazone 18 056 4)
Diazepam 52 032-17.8 4)
Gamma hydroxy butyrate 20 32 4
Halopendol 17 032 4)
Imipramine 10 10 4)
Ipromazid 17 32 (C))]
Ketocyclazocine 17 1-10 4)
Loperamide 36 10 4
LSD 8 01 ()]
Morphine 20 32 4)
Muscimol 36 10 4)
Oxotremornne 16 01 4)
Pargyline 18 32 4)
3-PPP 3 1-10 (13)
Pentazocine 17 10 (4)
Pentobarbital 16 10 4)
Phencychdine 33 32 4)
Phenobarbatal 36 32 4
Phenytoin 17 10-32 4)
Pilocarpine 33 32 4)
Piroxicam 27 10 4)
Psilocybin 20 10 (1
Thujone 0 10-100 (€]
Yohimbine 17 10 4)

*Maximum level of A9-THC lever responding

METHOD
Study Selection

Although A9-THC discnmnation studies have been per-
formed in a number of species, we chose rat studies for this re-
view. In all but one study (9), albino Sprague-Dawley rats were
used. Rats have been used to study the widest diversity of com-
pounds, and fairly standardized procedures have been employed
for this species, facilitating potency companson across laborato-
ries. In addition, the rat is widely used for in vitro studies of
cannabinoids. Additional criteria were also used to select studies
to ensure maximum comparabulity. In all studies to be reviewed,
a 2-lever operant drug discrimination procedure was used. Rats
were trained to discriminate njections of A9-THC from vehicle
injections Correct responding was reinforced under fixed-ratio
schedules of food presentation. The traiming dose of A9-THC
used 1n all studies reporting A9-THC-like compounds was either
3.0 or 3.2 mg/kg. The fact that a nearly 1dentical tramning dose
was used greatly facilitates potency comparisons. Injections were
administered IP erther 30 or 60 min prior to sessions in all but
two studies In these cases (23,25), the testing of a cannabinoid
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congener with a very slow onset of action required up to 4 hours
of pretreatment for its potent A9-THC-like effects to be seen.

The greatest procedural variations among the reviewed stud-
1es are the methods for conducting substitution test sessions and
the measures of lever selection used for data analysis. In some
studies (4, 46, 47), data were collected until the first fixed ratio
was completed, and results are shown as the percentage of rats
that completed the ratio on the A9-THC lever In other studies,
test sessions were of a predetermined duration with responding
either under extinction (9, 11, 32) or during reinforcement on
both levers (13, 21-25). In these studies, the data reported are
the average percentage of responses on A9-THC lever.

Data Analysis

Since a primary goal of this review was to obtain potency
estimates for a series of cannabinoids, 1t was important to stan-
dardize the method of potency estimation as much as possible.
The principal measure of potency presented 1s the EDsq, or the
dose of each drug expected to result in 50% A9-THC lever se-
lection, based upon the group data The EDyy’s were obtained
from linear regression analyses of the dose-effect curves. For
most studies (4, 21-24, 46-47), these analyses were performed
by the authors and ED,, values were reported in the publica-
tion. For other studies, we calculated ED,'s for some (32), or
all (9,25), tested compounds based upon numerical or graphical
data provided by the authors. In all cases, least squares linear
regression was performed on the linear portions of the dose-ef-
fect curves after a log,, transformation of dose. Taking into ac-
count the variations in molecular weight, potency estimates are
presented 1n both mg/kg and in nM/kg.

In addition to calculating potency estimates for each cannabi-
noid, we also calculated potency estimates relative to A9-THC.
To do this, the potency of each tested cannabinoid was calcu-
lated relative to the potency of A9-THC in that study, using ra-
tios of EDg,’s calculated as described above.

RESULTS

Twelve published studies met the selection criteria for inclu-
sion 1n this review. They were performed 1n a number of differ-
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FIG 2 Structures of cannabinoid metabolites tested for A9-THC-like
discnminative stimulus effects Only changed portions of 1somers have
been shown Abbreviations used in the text are indicated

ent laboratones in the United States and Sweden In all studies,
A9-THC admunistration produced excellent stimulus control over
lever selection which occurred at doses (2.0-3.2 mg/kg) that had
little, if any, effects on overall rates of responding. In all stud-
ies, substitution tests were conducted with various doses of A9-
THC, allowing the calculation of an EDs, potency estimate for
purposes of comparison with the potency of the tested drugs.

Pharmacological Specificity

The results of substitution tests with noncannabinoid com-
pounds are summanzed 1n Table 1. Most of these data were ob-
tained by Browne and Weissman (4). Drugs representing a wide
variety of pharmacological classes failed to substitute for the
A9-THC stimulus. In no case did any dose of these drugs result
1n greater than an average of 60% A9-THC lever selection. This
degree of drug-lever responding can result from indiscnminate
responding on the two levers. The dose of althesin which pro-
duced 60% A9-THC lever selection markedly reduced rates of
responding, suggesting that this intermediate level of A9-THC
lever selection may have been due to disruption of behavior (4).
Other drugs shown in Table 1 which produced ntermediate lev-
els of drug-lever selection accompanied by response rate sup-
pression included diazepam, loperamide and phencychdine.
Although the data 1n Table 1 provide good evidence for the
pharmacological specificity of the A9-THC stimulus, 1t should
be noted that a number of drug classes have not been evaluated
in this model These include methylxanthines, adenosine ago-
nists, site-selective serotonergic antagonists, and substituted am-
phetamine hallucinogens. In addition, only a hmited number of
drugs from each class have been tested, and in many cases only
at one dose Thus further research to provide additional evidence
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FIG 3 Structures of synthetic cannabinoids tested for A9-THC-like dis-
cnminative stimulus effects Only changed portions of 1somers have been
shown Abbreviations used in the text are indicated

concerning the pharmacological specificity of the A9-THC stim-
ulus 1n rats is clearly needed.

Substitution Tests With Cannabinoid Analogs of A9-THC

A large number of cannabinoids have been evaluated for their
ability to produce A9-THC-like discmmunative stimulus effects.
Figures 1-4 show the structures of these compounds as well as
the abbreviations used 1n this review. The benzopyran nomen-
clature will be used for all compounds. When not otherwise in-
dicated, the optical rotation of all compounds is levorotatory.

Table 2 lists the cannabinoids that fully substituted for A9-
THC. Shown are the EDsq's for each compound, 1n mg/kg and
pM/kg, as well as their potency relative to A9-THC on both a
mg/kg and micromolar basis. For the seven compounds for which
data are available from more than one reference (including A9-
THC), the simple averages of the potencies and relative poten-
cies from all tests are provided. Table 3 shows the individual
test results for these seven compounds, which generated the av-
erages presented 1n Table 2 These data demonstrate the general
consistency of the results across laboratories. The greatest vana-
tion seen is the data for 11-OH-A8-THC, where a 14-fold po-
tency difference was found by two laboratories This potency
difference between laboratories is reduced to a 5-fold difference
when potency relative to A9-THC 1n each study is calculated;
however, some caution should be exercised in using the potency
estimate tn Table 2 for this compound.

Table 2 shows that 22 different cannabinoids have been shown
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o CHCACH o to substitute for the A9-THC stimulus. They are listed in rank
Ho~n/ N NC> order molar potency relative to A9-THC. The most potent com-
7 o, pound 1s (—)11-OH-A8-DMH, which 1s 100-fold more potent

- “;fc o CsHs than A9-THC The least potent compound 1s 9-nor-A8-THC,

which 1s 56-fold less potent than the A9-THC on a nucromolar
basis. Thus the tested cannabinoids evidence about a 5,600-fold
range of relauve potencies

Table 4 lists cannabinoids that did not fully substitute for
A9-THC The maximum dose tested 1s also provided. It is pos-
sible that these compounds are incapable of producing A9-THC-
like effects and thus represent either totally inactive cannabinoids

N JOL or cannabinords with CNS actions dissimilar from those of A9-

g THC On the other hand, scarce supphes of most of these com-

4 £ pounds precluded their being tested at very high doses. Thus 1t
HC” NH o"l‘\

Levonantradol
Nantradol A enantiomers
Dextronantradol

Nantradol dlastereomers<

1s possible that higher doses could yield evidence for A9-THC-
like effects. For this reason, a potency relative to A9-THC 1s
also provided for these compounds indicating the minimum ratio
for discnminative sumulus effects. It can be seen that only can-
nabidiol and abnormal cannabidiol were tested at high enough

o JOL doses to establish a clear lack of THC-like activity.
07 “CH,
w Concordance With Human Tesnng
\_ He” N 0¥ Table S shows the relationship between A9-THC-like discrim-
Nantradol B matve sumulus effects 1in rats and manhuana or A9-THC-hke

FIG 4 Structures of synthetic cannabinoids contamning four nng moi-
eties which have been tested for A9-THC-like discnminative stimulus
effects Abbreviations used in the text are indicated

subjecuve and/or behavioral effects in humans. Of the eleven
compounds tested 1n both species there 1s clear agreement 1n
mne As first pointed out by Weissman (46), this relationship is
not only qualitative, but also 1s generally true for potency corre-
lations The only divergence among the human and rat data is
seen with the 8-hydroxylated metabolites of A9-THC. Both the
o and B 1somers were tested by Ford et al. (9) and were not
found to substtute fully for A9-THC, although scarce quantities

TABLE 2
CANNABINOIDS WITH A9-THC-LIKE DISCRIMINATIVE STIMULUS EFFECTS

ED;, Potency Relative to A9-THC
Molecular Hour

Drug Weight Preinjection mg/kg pM/kg mg/kg nM/kg References

(~)11-OH-A8-THC-1'I'DMH 386 6 15 002 004 001 001 (23)
Levonantradol 438 6 1 002 005 002 002 4)
Nantradol A 438 6 I 0 08 018 009 007 4
Nantradol 438 6 I 009 021 010 007 4)
CP-47.497 3185 1 010 031 015 015 47
S$'-3'-OH-A9-THC 3305 05 025 076 017 016 (32)
A8-THC-1'1'-DMH 370 6 15 035 094 020 017 (23)
A8-THC-1'2’-DMH 370 6 4 021 057 023 019 (25)
R/S'-3-OH-A9-THC 330 5 05 031 094 021 020 (32)
NL105 3325 05 024 072 028 027 (22)
11-OH-A9-THC 3305 0 5-1 028 084 031 030 (4,9, 24, 32, 46)
Nabilone 3726 1 029 078 035 030 (4,46)
11-OH-A8-THC 330§ 05 0 60 182 057 054 (4,9, 24)
SP-111 469 7 05 117 249 100 067 (24)
9-Normethyl ,9B-OH-HHC 3185 0 5-1 053 167 074 073 (4,9, 46, 47)
Nantradol B 438 6 1 119 271 135 097 @
A9-THC 3145 0 5-1 0 81 258 1 00 1 00 (4.9, 21- 25, 32, 45, 46)
R’3-OH-A9-THC 3305 (U] 167 505 111 106 67)
SP-106 (nabitan) 546 8 1 1 85 338 210 121 4)
NL106 3325 0S5 158 475 1 86 176 (22)
A8-THC 3145 ! 1 81 576 223 223 (4,46)
Cannabinol 3104 0 5-1 759 24 44 10 36 10 49 (4, 21, 46)
9-Normethyl-A8-THC 300 4 05 2310 76 89 53 60 56 10 (9
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TABLE 3

COMPARISONS OF POTENCY ESTIMATES FROM SUBSTITUTION
TESTS FOR A9-THC-LIKE DISCRIMINATIVE STIMULUS EFFECTS

FROM DIFFERENT STUDIES

Potency Relative
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of test compound allowed only limited testing. At the highest-
dose tested, however, the 88-OH-A9-THC 1somer resulted in
50% drug lever selection. There was a dose-related increase in
drug-lever selection at the two lower doses and an apparent ab-
sence of behavioral toxicity. Thus it is possible that the negative
rat data reflect low potency rather than a lack of A9-THC-like

Hour EDso To A9-THC efficacy. Such data emphasize the importance of testing over a
Cannabinoid Premjection (mg/kg) (mg/kg) Reference  g)) dosage range before concluding a complete absence of A9-
THC-like effects. The clinical literature concerning the two
11-OH-A8-THC 0.5 008 019 9) epimers of the 8-OH metabolite of A9-THC 1s also somewhat
005 112 096 (24) equivocal. Perez-Reyes et al (37) conclude that only the 8-
11-OH-A9-THC 1 022 025 4) OH-A9-THC compound 1s weakly THC-like, while Hollister
005 017 039 9 (15) reports both the o and B to be active. Indeed, the later study
005 0.53 0.45 24) concludes the B epimer to be two-thirds as potent as 8x-OH-A9-
005 026 017 (32) THC. Both studies involved intravenous administration using
1 021 028 (46) comparable doses. In conclusion, it 1s quite possible that the two
9-nor,9B3-OH-HHC 1 0.65 0.74 4) exceptions to the concordance between animal and human test
05 014 032 9 results shown 1n Table 5 are the result of incomplete tests rather
1 070 095 (46) than true exceptions.
1 064 094 Y Additional work using cannabinoids 1n human subjects will
Cannabinol 1 671 769 4) provide further evidence of the validity of drug discrimination
05 839 1311 2n as a model of cannabis intoxication In addition, tests in rats of
1 7 60 10 27 (46) the several compounds that have been tested in humans and for
Nabilone 1 036 041 4) which we have not found rat drug discrimination results will also
1 0.22 030 (46) provide evidence on the validity of the model. Synhexyl (17)
A8-THC 1 202 230 4 and tetrahydrocannabinovivarin (15) both appear to produce can-
1 1 60 216 (45) nabis-like effects in humans. while cannabidiol-dimethylether
A9-THC 1 088 100 4 (20), cannabichromene (20) and the major unnary metabolite
05 043 100 9 11-nor-9-carboxy-A9-THC (43) do not The psychoactivity of
05 064 100 2n two additional compounds is unclear based on the clinical litera-
05 085 1 00 (22) ture. The cannabinoid A6a,10a-THC produced conflicting evi-
05 0 66 1.00 (23) dence of cannabis-like effects in humans (14, 15, 20), and its
05 117 1 00 (24) synthetic analog A6alQOa-dimethyl-heptyl pyran 1s reported to be
05 092 1 00 (25 both active (39,41) and not active (30). The ammal drug dis-
05 1.15 1.00 (32) cnimination paradigm, which allows for the study of a wider
1 074 100 (46) dose range. would help clarify the psychoactivity of these drugs.
1 0 68 100 (47) DISCUSSION
It is clear from this review that A9-THC discrimination in
rats 1s an excellent animal model of cannabis-like ntoxication 1n
TABLE 4
CANNABINOIDS THAT FAIL TO SUBSTITUTE FULLY FOR A9-THC IN DRUG DISCRIMINATION STUDIES
Mimmum Potency
Relative to
Maximum A9-THC
Molecular Dose Tested
Drug Weight (mg/kg) (mg/kg) (nM/kg) References
Dextronantradol 438 6 32 >7 >3 (4)
(+) 11-OH A8 1'1-DMH 386 6 10 >26 >5 (23)
(+) A8-THC 314 5 10 >32 >11 (25)
CBDM 3285 10 >30 >11 (22)
9-Normethyl,9a-OH-HHC 3185 10 >31 >23 (9)
8a,11-diOH-A9-THC 346 5 12 >35 >25 9
8@3,11-diOH-A9-THC 346 5 12 >35 >25 (9)
Cannabidiol 314 5 32 >102 >47 (4, 46, 47)
8a-OH-A9-THC 3305 30 >91 >66 [C)]
83-OH-A9-THC 3305 30 >91 >66 [€)]
Abnormal cannabidiol 3145 100 >318 >232 (C))
Cannabidiol 3145 100 >318 >232 9

*Mimmum potency relative to A9-THC based upon the potency esumate for A9-THC obtaned n the cited study and the mghest dose of the

cannabinoid tested.



TABLE 5

CORRESPONDENCE BETWEEN A9-THC-LIKE DISCRIMINATIVE
STIMULUS EFFECTS IN RATS AND CANNABIS-LIKE
INTOXICATION IN HUMANS*

Cannabis-Like Intoxication in Humans”

Yes No

THC-Like 1n Rats

A9-THC (15, 20, 38, 44)

A8-THC (16,.27)

11-OH-49-THC (15, 29, 38)
Yes 11-OH-A8-THC (15)

CBN (36)

Levonantradol (28)

Nabilone (26, 31, 34)

Nabitan (19,45)
No 8a-OH-A9-THC (15) 8a-OH-A9-THC (37)

8B3-OH-A8-THC (15,37) CBD (3, 5, 15, 36)

*Shown in parentheses are the references for the published reports

humans. This conclusion 1s based primanly on data showing an
good correspondence between A9-THC-like discriminative stim-
ulus effects and marihuana-like subjective effects in human sub-
jects for a senes of A9-THC analogs. Further support for the
validity of this model is the evidence for the pharmacological
spectficity of the A9-THC stimulus 1n rats. A large number of
drugs that are psychoactive but do not produce a cannabis-like
intoxication 1n humans fail to substitute for A9-THC when tested
in generalization studies Even drugs such as LSD and phencyc-
lidine, which produce hallucinogenic effects 1n humans, are not
recognized as A9-THC-like by rats, consistent with the qualita-
tively different types of intoxication produced by these drugs and
cannabis. The data showing the pharmacological specificity of
A9-THC discimination 1s consistent with the classification of
cannabinoids as having a umique spectrum of pharmacological
effects and suggests that a unique neural substrate may exist for
their behavioral effects

Since A9-THC-like discriminative stimulus effects of test
drugs 1 rats can predict cannabis-like intoxication in humans,
this ammmal model should prove helpful in drug development
There are a number of potential therapeutic applications of can-
nabinoids, including useful analgesic, antiemetic, antiglaucoma
and anticonvulsive effects (33) For these uses, the production
of a cannabis-like intoxication would be an unwanted side ef-
fect Indeed, the marketed synthetic cannabinoid, nabtlone, pro-
duces these effects in the amimal model and in humans (34).
Drug discnmination procedures in animals should prove useful
for evaluating compounds for this side effect, with the goal of
retaining the therapeutically useful activity at doses below those
that produce A9-THC-like discniminative stimulus effects, or the
development of active compounds that are unable to substitute
for A9-THC at any dose It 15 also clear that the results of drug
discrimination studies should be useful in evaluating the A9-
THC-like abuse potential of compounds undergoing regulatory
consideration.

Perhaps of more fundamental importance to the area of drug
abuse will be the use of cannabinoid drug discrimination proce-
dures to evaluate drugs that might block or attenuate cannabis
intoxication and thus be useful in the pharmacotherapy of can-
nabis abuse. Animal models of cannabinoid self-administration
have been difficult to establish (5,48) Thus a search for drugs
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that could alter cannabinoid discrimination in animals would be
a useful strategy for developing potential treatments.

Another important use of the results of cannabinoid discrimi-
nation research will be to establish the cellular mechanisms for
cannabis intoxication A powerful approach to this question is to
use structure-activity correlations between cellular actions of a
series of cannabinoids and their potency and efficacy in drug
discrimination studies. This approach has been very useful for
establishing receptor mediation of opioid intoxication (18) and
for establishing the role of serotonergic and catecholaminergic
substrates for the subjective effects of hallucinogens and cocaine-
like stimulants, respectively (10,35). The cannabinoids that have
been studied for A9-THC-like discriminative stimulus effects
comprise about a 5,600-fold potency range AS-THC itself lies
roughly midway in this potency senes, with a number of syn-
thetic cannabinoids having been synthesized that are substan-
tially more potent than A9-THC, and the naturally occurmng
cannabinol as well as some other synthetic cannabinoids being
2-50 times less potent than A9-THC. As new cannabinoids are
synthesized that prove to be useful tools for exploring the cellu-
lar pharmacology of this class, 1t will be important to establish
their potency for discriminative stimulus effects

In carrying out potency correlation studies using drug dis-
crimnation data, it is important to bear two 1ssues 1n mind. The
first concerns the use of data for cannabinoids that fail to substi-
tute fully for A9-THC. As shown 1n Table 4, a number of these
drugs have been tested over only a hmited dose range, often be-
cause of inadequate supplies for in vivo evaluation If the high-
est dose tested failed to substitute for A9-THC, but also failed
to produce any changes in rates of responding or other evidence
of toxicity, it cannot be said with certainty that the compound is
completely devoid of A9-THC-like effects, only that its potency
must exceed the highest tested dose We have provided the min-
imal potency relationship that these compounds would have rel-
ative to A9-THC; however, 1f these numbers are used 1n a
correlational analysis, the correlation coefficient may be under-
predicted when including data for compounds that would have
been totally inactive even at higher doses. A less conservative
approach would be to consider these compounds as 1nactive and
assign them an infinite potency relative to A9-THC.

Another 1ssue to bear in mind for potency correlations using
these results concerns the treatment of data for noncannabinoids
that fail to substitute for the A9-THC stimulus, shown in Table
1 Since most of these drugs appear to be qualitatively unlike
A9-THC, they could also be assigned an infinite potency rela-
tive to A9-THC In nearly every case, that would probably be a
reasonable assumption, however, one feature of drug discrimina-
tion research suggests caution in this regard. In generalization
tests, doses above those that totally suppress lever pressing be-
havior cannot be evaluated. If drugs have multiple cellular ac-
tions, only their most potent action 1s likely to be revealed in
drug discnimunation research. This 1s unlike the situation in many
biochemical studies, such as ligand binding, where more potent
actions at one site may not interfere with less potent actions at
another site. It i1s possible that some of the drugs shown in Ta-
ble 1 will have biochemical effects at high concentrations that
are simular to those of A9-THC. Since these cellular effects may
occur at higher concentrations than other notable actions of these
drugs, when they are studied in drug discrimination procedures,
these more potent actions can mask possible A9-THC-like effects
which may be present at higher doses When tested 1n combina-
tion with antagonists for the more potent actions, these drugs
may reveal A9-THC-like effects. An example of this phenome-
non 1s mixed-acting benzomorphans, which normally show opi-
ate-hike discriminative stimulus effects, but when higher doses
are tested in combination with naltrexone, their phencychdine-
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like effects are unmasked (18,42) The cautious investigator will
be aware of this difficulty of carrying out in vitro vs. 1n vivo
potency comparisons using drug discrimination data.

Certain aspects of these results of drug discrimination studies
of cannabinoids bear upon likely cellular mechanisms for these
effects. Since A9-THC-like discriminative stimulus effects are
not produced by drugs with prominent actions at dopamine,
GABA, opioid, serotonin or phencyclidine receptors, among
others, these actions can probably be excluded as likely mecha-
msms for A9-THC discrimination On the other hand, the wide
potency range of cannabinoids is consistent with a receptor-me-
diated drug action. The precise structural requirement for activ-
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ity, including the stereoselectivity of drugs such as A9-THC and
levonandrodol, provides additional support for receptor media-
tion. Recently, a cannabinoid binding site 1n the brain has been
characterized (7,12). It will be important to compare affinities
of cannabinoids for this site with their potencies for discrimina-
tive stimulus effects to ascertain the functional role of this site
in mediating cannabis intoxication.
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