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BALSTER, R. L. AND W R. PRESCOTT A9-Tetrahydrocannabmol dtscrlmmatton in rats as a model for cannabis mto:twa- 
tion NEUROSCI BIOBEHAV REV 16(1) 55-62, 1992.--Studies of the discnnunauve stimulus effects of A9-THC are reviewed 
The results of generahzation stuthes in rats trained to dmcnmmate A9-THC from nondrug provide evidence for the pharmacologi- 
cal specificity of the A9-THC stimulus. Only cannabmold analogs of A9-THC substitute fully for A9-THC The ability of cannab- 
inmds to produce A9-THC-Iike discriminative stimulus effects appears to predict A9-THC- or manhuana-hke effects m humans. 
Of the 11 cannabmoids tested in rats and humans, the results with 9 are in complete concordance, and results w~th the remmnmg 
two are inconclusive. This concordance provides e~,ldence for the validity of A9-THC dlscnmmanon ,n rats as an animal model of 
cannabis intoxication A number of natural and synthetic cannablnoldS have A9-THC-hke discriminative stimulus effects They 
represent a 5,600-fold range of relative potencies Mlcromolar potency estimates and relative potencies to A9-THC for these com- 
pounds are provided. Correlanons between these values and potencies for cellular actions of cannabmolds can be used to estabhsh 
the neural substrates of cannabis lntoxicanon 
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CANNABIS sattva L. plant materials are well known to produce 
a distinctive intoxication in human users which is widely be- 
heved 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 abihty to pro- 
duce subJectwe effects that accounts for self-adrmnlstration of 
various forms of the cannabis plant, such as marihuana and 
hashish. Thus, in order to study various aspects of the chemistry 
and neuroblology of cannabis and cannablnold chemicals, an an- 
imal model for A9-THC intoxication is needed. 

Drug d~scnmmatlon studies m animals have often been con- 
sldered as a model for subjective drug effects in humans (1,40). 
In drug discrimination research, animals faced with two possible 
responses that would result in 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. 
W~th appropriate control procedures, it can be shown that the 
discrimination between drug and vehicle is 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 administration (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, i.e., whether the test compound substitutes for the 
training drug. Considerable research has demonstrated the phar- 
macological specificity of drug discrimination. Evidence from 
substitution tests m animal studies of this type often predicts that 
the test drug will produce subjective effects in humans stmdar 
to those of the training drug. 

The purpose of this paper is 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- 
like dlscnnunatlve 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-Iike activity in this model which can be used 
in correlational studies with in vitro effects A strong positive 
correlation of potency for A9-THC-Iike discriminative stimulus 
effects in rats with potencies for cellular actions of cannabmoids 
will be extremely important in ascertmnmg the role of these ac- 
tions in producing cannabis intoxication. 

tPreparatlon of this review was supported by National Institute on Drug Abuse Grants DA-03672, DA-00490 and DA-01442 and the Common- 
wealth of Virginia Center for Drug Abuse Research 
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3Present address: Department of Chenustry, United States Military Academy, West Point, NY 10996. 
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TABLE 1 
DRUGS THAT FAILED TO SUBSTITUTE FOR A9-THC 

IN RAT DRUG DISCRIMINATION STUDIES 

Maximum Dose(s) Tested 
Drug Generahzatlon* (mg/kg) Reference 

BRLI3776 33 3 2-17 8 (4) 
Althesm 60 20 (4) 
Amphetamine 0 0 32 (4) 
Atropine 8 3 2 (4) 
Baclofen 17 3 2 (4) 
Clmendme 18 10 (4) 
Clomdme 25 0 056 (4) 
Cyclazocme 17 1-10 (4) 
Dexamethazone 18 0 56 (4) 
Dmzepam 52 0 32-17.8 (4) 
Gamma hydroxy butyrate 20 32 (4) 
Halopendol 17 0 32 (4) 
lmipramme 10 10 (4) 
Ipromazid 17 32 (41 
Ketocyclazocme 17 1-10 (4) 
Loperamlde 36 10 (41 
LSD 8 0 I (4) 
Morphine 20 3 2 (4) 
Musclmol 36 1 0 (4) 
Oxotremonne 16 0 1 (4) 
Pargyhne 18 32 (4) 
3-PPP 3 1-10 (13) 
Pentazocme 17 10 (4) 
Pentobarbital 16 10 (4) 
Phencychdme 33 3 2 (4) 
Phenobarbital 36 32 (4) 
Phenytom 17 10-32 (4) 
Pdocarpme 33 3 2 (41 
Plroxicam 27 10 (4) 
Psdocybm 20 1 0 (11 ) 
Thujone 0 10-100 (4) 
Yohimbme 17 10 (4) 

*Maximum level of A9-THC lever responding 

METHOD 

Stud)' Selection 

Although A9-THC discnmmatlon studies have been per- 
formed in a number of species, we chose rat studms for this re- 
view. In all but one study (9), albino Sprague-Dawley rats were 
used. Rats have been used to study the widest &versity of com- 
pounds, and fairly standardized procedures have been employed 
for this species, facilitating potency comparison across laborato- 
nes. In addmon, the rat is widely used for m vitro studies of 
cannabmo~ds. Addmonal cnteria were also used to select studies 
to ensure maximum comparability. In all studies to be reviewed, 
a 2-1ever operant drug discrimination procedure was used. Rats 
were trained to &scnminate rejections of A9-THC from vehicle 
injections Correct responding was reinforced under fixed-ratio 
schedules of food presentation. The traanmg dose of A9-THC 
used m all studms reporting A9-THC-hke compounds was either 
3.0 or 3.2 mg/kg. The fact that a nearly identical trammg dose 
was used greatly facilitates potency comparisons. Injections were 
administered IP either 30 or 60 mm pnor to sessions in all but 
two studies In these cases (23,25), the testing of a cannabmoid 

CH3 CH3 

H CsHH H CsHtt 
Ag.THC Aa-THC 

ell3 ~c3~CH3 OH ~. 
H C,Ht, H3C'~ OH~)H ~ C ~ H t .  

Cannabinol Cannabidiol 

FIG 1 Structures of naturally occumng cannabmotds tested for A9- 
THC-hke discriminative stimulus effects Abbreviations used in the text 
are indicated 

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- 
ms 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 unttl 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 studms, 
test sessions were of a predetermined duration wtth 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 Analysts 

Since a primary goal of this review was to obtain potency 
estimates for a senes of cannabmmds, tt was important to stan- 
dardize the method of potency estimation as much as possible. 
The principal measure of potency presented is the EDso, or the 
dose of each drug expected to result in 50% A9-THC lever se- 
lection, based upon the group data The EDso'S were obtained 
from linear regression analyses of the dose-effect curves. For 
most stu&es (4, 21-24, 46--47), these analyses were performed 
by the authors and EDso values were reported m the publica- 
tion. For other studies, we calculated EDso'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 hnear 
regression was performed on the lmear portions of the dose-ef- 
fect curves after a logto transformation of dose. Taking into ac- 
count the variations in molecular weight, potency estimates are 
presented m both mg/kg and in p,M/kg. 

In addition to calculating potency estimates for each cannabi- 
nold, we also calculated potency estimates relative to A9-THC. 
To do th~s, the potency of each tested cannabmoid was calcu- 
lated relative to the potency of A9-THC in that study, using ra- 
tios of EDso'S calculated as described above. 

RESULTS 

Twelve published studies met the selection criteria for inclu- 
sion m this revmw. They were performed m a number of &ffer- 
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ent laboratones in the Untted States and Sweden In all studies, 
A9-THC administration produced excellent stzmulus 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 EDso potency estimate for 
purposes of comparison with the potency of the tested drugs. 

Pharmacological Speczfici~' 

The results of substitut:on tests with noncannabmold com- 
pounds are summarized m Table I. Most of these data were ob- 
tained by Browne and Welssman (4). Drugs representing a wsde 
variety of pharmacological classes failed to substitute for the 
A9-THC stimulus. In no case did any dose of these drugs result 
in greater than an average of 60% A9-THC lever selection. This 
degree of drug-lever responding can result from in&scnminate 
responding on the two levers. The dose of ahhesm which pro- 
duced 60% A9-THC lever selection markedly reduced rates of 
responding, suggesting that this intermediate level of A9-THC 
lever select:on may have been due to disruption of behav:or (4). 
Other drugs shown m Table l which produced intermediate lev- 
els of drug-lever selection accompanied by response rate sup- 
pression included dmzepam, loperamide and phencychdine.  
Although the data in Table l prov:de good evidence for the 
pharmacological specificity of the A9-THC stimulus, It should 
be noted that a number of drug classes have not been evaluated 
in this model These include methylxanthines, adenosine ago- 
nists, s:te-selectwe serotonergic antagonists, and substituted am- 
phetamine hallucinogens. In addmon, 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 ad&tional evidence 

FIG 3 Structures of synthetic cannablnoldS tested for A9-THC-hke dls- 
cnmmatwe stimulus effects Only changed portions of isomers have been 
shown Abbrevlauons used m the text are lndscated 

concerning the pharmacological spec:ficlty of the A9-THC st:m- 
ulus in rats is clearly needed. 

Subsntunon Tests With Cannabmoid Analogs of A9-THC 

A large number of cannabxnolds have been evaluated for their 
abdlty to produce A9-THC-hke dlscnmmative stimulus effects. 
Figures 1-4 show the structures of these compounds as well as 
the abbreviations used in 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 cannabznotds that fully substituted for A9- 
THC. Shown are the EDso'S for each compound, in mg/kg and 
~M/kg, as well as their potency relatwe 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 prov:ded. Table 3 shows the lndwidual 
test results for these seven compounds, which generated the av- 
erages presented in Table 2 These data demonstrate the general 
cons:stency of the results across laboratories. The greatest varia- 
tion seen is the data for l l-OH-A8-THC, where a 14-fold po- 
tency difference was found by two laboratories Th:s potency 
difference between laboratories is reduced to a 5-fold difference 
when potency relative to A9-THC m each study is calculated; 
however, some caution should be exerc:sed in using the potency 
estimate m Table 2 for this compound. 

Table 2 shows that 22 different cannabmolds have been shown 
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FIG 4 Structures of synthetic cannabmolds containing four nng mol- 
enes which have been tested for A9-THC-hke discnmmauve sumulus 
effects Abbrevmnons used m the text are md~cated 

to substi tute for the A9-THC st tmulus .  They  are hs ted in rank 
order molar  potency relative to A9-THC.  The  mos t  potent  com-  
pound is ( - ) l l - O H - A 8 - D M H ,  which  is 100-fold more  potent  
than A9-THC The least potent  compound  is 9 -nor -A8-THC,  
which is 56-fold less potent than the A9-THC on a nuc romola r  
basis.  Thus  the tested cannabmolds  ewdence  about a 5 ,600-fold  
range o f  relative potencies  

Table 4 hs ts  cannabmoids  that did not fully subst i tute  for 
A9-THC The  m a x i m u m  dose tested ts also provtded.  It is pos- 
sible that these c o m p o u n d s  are incapable o f  producing  A9-THC- 
hke effects and thus represent  et ther totally inactive cannabmo~ds 
or cannabmotds  with CNS actions d i s s lmdar  f rom those o f  A9- 
T H C  On the other  hand,  scarce supphes  o f  mos t  o f  these com-  
pounds  precluded their being tested at very high doses .  Th u s  it 
is possthle  that h igher  doses  could yield evidence for A9-THC-  
hke effects .  For th~s reason,  a potency relattve to A9 -THC Is 
also provided for these c o m p o u n d s  m & c a t m g  the m i n i m u m  ratto 
for d~scnmmat lve  s t imulus  effects .  It can be seen that only can-  
nabldlol and abnormal  cannabl&ol  were tested at high enough  
doses  to establ ish a clear lack o f  THC-l ike  activity. 

Concordance Wtth Human Testing 

Table 5 shows  the relat ionship between A 9 - T H C - h k e  & s c n m -  
ma twe  s t imulus  effects  m rats and mar ihuana  or A9 -THC-h k e  
subjecuve  and/or behavioral  effects  m humans .  Of  the eleven 
c o m p o u n d s  tested m both s p e o e s  there ~s clear ag reement  m 
nine As  first pointed out  by W e l s s m a n  (46), thin re lauonshlp  is 
not only quahta t tve ,  but also is general ly  true for potency corre- 
l auons  The  only dwergence  among  the h u m a n  and rat data is 
seen wlth the 8-hydroxyla ted  metaboh tes  o f  A9-THC.  Both the 
a and 13 isomers  were tested by Ford et al. (9) and were not 
found to subsu tu te  fully for A9-THC,  a l though scarce quanut~es 

T A B L E  2 
CANNABINOIDS WITH A9-THC-LIKE DISCRIMINATIVE STIMULUS EFFECTS 

EDso Potency Relanve to A9-THC 
Molecular Hour 

Drug Wetght Premjectton mg/kg ).tM/kg mg/kg p,M/kg References 

( - ) I1 -OH-A8-THC-I ' I 'DMH 386 6 1 5 0 02 0 04 0 01 0 01 (23) 
Levonantradol 438 6 1 0 02 0 05 0 02 0 02 (4) 
Nantradol A 438 6 I 0 08 0 18 0 09 0 07 (4) 
Nantradol 438 6 I 0 09 0 21 0 10 0 07 (4) 
CP-47,497 318 5 I 0 10 0 31 0 15 0 15 (47) 
S'-3'-OH-A9-THC 330 5 0 5 0 25 0 76 0 17 0 16 (32) 
A8-THC-I 'I ' -DMH 370 6 1 5 0 35 0 94 0 20 0 17 (23) 
A8-THC-I'2'-DMH 370 6 4 0 21 0 57 0 23 0 19 (25) 
R/S'-3-OH-A9-THC 330 5 0 5 0 31 0 94 0 21 0 20 (32) 
NLI05 332 5 0 5 0 24 0 72 0 28 0 27 (22} 
11-OH-A9-THC 330 5 0 5-1 0 28 0 84 0 31 0 30 (4, 9, 24, 32, 46) 
Nabdone 372 6 I 0 29 0 78 0 35 0 30 (4,46} 
11-OH-A8-THC 330 5 0 5 0 60 1 82 0 57 0 54 (4, 9, 24) 
SP-111 469 7 0 5 I 17 2 49 I 00 0 67 (24) 
9-Normethyl,9[3-OH-HHC 318 5 0 5-1 0 53 1 67 0 74 0 73 (4, 9, 46, 47) 
Nantradol B 438 6 I I 19 2 71 1 35 0 97 (4) 
A9-THC 314 5 0 5-1 0 81 2 58 I 00 1 00 (4, 9, 21- 25. 32, 45, 46) 
R'3-OH-A9-THC 330 5 0 5 1 67 5 05 1 11 1 06 (67) 
SP-106 (nabttan) 546 8 1 1 85 3 38 2 10 1 21 (4) 
NL106 332 5 0 5 1 58 4 75 1 86 1 76 (22) 
A8-THC 314 5 1 1 81 5 76 2 23 2 23 (4,46) 
Cannabmol 310 4 0 5-1 7 59 24 44 10 36 10 49 (4, 21, 46) 
9-NorTnethyl-A8-THC 300 4 0 5 23 10 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 Relauve 
Hour EDso To A9-THC 

Cannabmmd Prem.lecuon (mg/kg) (mg/kg) Reference 

11-OH-A8-THC 0.5 
0 05 

11-OH-A9-THC 1 
0 05 
0 05 
0 05 
1 

9-nor,913-OH-HHC I 
O5 
l 
l 

Cannabmol 1 
0 5  

Nabdone 

A8-THC 

A9-THC 
0 5  
0 5  
05  
05  
05  
05  
0 5  
1 
1 

0 08 0 19 (9) 
1 12 0 96 (24) 
0 22 0 25 (4) 
0 17 0 39 (9) 
0.53 0.45 (24) 
0 26 0 17 (32) 
0 21 0 28 (46) 
0.65 0.74 (4) 
0 14 0 32 (9) 
0 70 0 95 (46) 
0 64 0 94 (47) 
6 77 7 69 (4) 
8 39 13 I1 (21) 
7 60 10 27 (46) 
0 36 0 41 (4) 
0.22 0 30 (46) 
2 02 2 30 (4) 
I 60  2 16 (45) 
0 88 1 00 (4) 
0 43 1 00 (9) 
0 64 1 00 (21) 
0 85 1 00 (22) 
0 66 1.00 (23) 
I 17 1 O0 (24) 
0 92 1 00 (25) 
1.15 1.00 (32) 
0 74 1 00 (46) 
0 68 1 00 (47) 

of  test compound allowed only limited testing. At the highest- 
dose tested, however,  the 813-OH-A9-THC isomer 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 negauve 
rat data reflect low potency rather than a lack of  A9-THC-IIke 
efficacy. Such data emphasize the importance of  testmg over a 
full dosage range before concluding a complete absence of  A9- 
THC-hke effects.  The chntcal literature concerning the two 
eptmers of  the 8-OH metabohte of  A9-THC is also somewhat  
equivocal.  Perez-Reyes et al (37) conclude that only the 813- 
OH-A9-THC compound is weakly THC-like,  while Hollister 
(15) reports both the ct and 13 to be active. Indeed, the later study 
concludes the 13 eplmer to be two-thirds as potent as 8et-OH-A9- 
THC. Both studies mvolved intravenous administration using 
comparable doses.  In conclusion,  it is quite possible that the two 
excepttons to the concordance between animal and human test 
results shown in Table 5 are the result o f  incomplete tests rather 
than true exceptions.  

Additional work using cannabmolds m human subjects will 
provide further evidence of  the vahdlty of  drug dlscnminat lon 
as a model o f  cannabis intoxication In addition, tests m rats o f  
the several compounds  that have been tested in humans and for 
which we have not found rat drug d l scnmmatmn results will also 
provide evidence on the validity of  the model.  Synhexyl (17) 
and tetrahydrocannabinovlvann (15) both appear to produce can- 
nabis-like effects m humans,  whde  cannabldlol-dlmethylether 
(20), cannabichromene (20) and the major unnary metabolite 
l l -nor -9-carboxy-A9-THC (43) do not The psychoactlvlty of  
two additional compounds is unclear based on the chmcal htera- 
ture. The cannablnold A6a,10a-THC produced conflicting evi- 
dence of  cannabis-like effects in humans (14, 15, 20). and its 
synthetic analog A6al0a-dimethyl-heptyl  pyran is reported to be 
both active (39,41) and not active (30). The animal drug dis- 
crimination paradigm, which allows for the study of  a wider 
dose range, would help clarify the psychoactxvlty of  these drugs. 

DISCUSSION 
It is clear from this review that A9-THC discrimlnatmn tn 

rats is an excellent animal model of  cannabis-like intoxication in 

TABLE 4 
CANNABINOIDS THAT FAIL TO SUBSTITUTE FULLY FOR A9-THC IN DRUG DISCRIMINATION STUDIES 

Drug 

Mlmmum Potency 
Relative to 

Maximum A9-THC 
Molecular Dose Tested 

Weight (mg/kg) (mg/kg) (p.M/kg) References 

Dextronantradol 438 6 3" 2 >7 >3 (4) 
( + )  II-OH A8 I 'I-DMH 386 6 10 >26 >5 (23) 
( + ) A8-THC 314 5 10 >32 > 11 (25) 
CBDM 328 5 10 >30 > 11 (22) 
9-Normethyl ,%t -OH-HHC 318 5 10 >31 >23 (9) 
8ct, 11 -thOH-A9-THC 346 5 12 >35 > 25 (9) 
813,11-thOH-A9-THC 346 5 12 >35 >25 (9) 
Cannabldlol 314 5 32 > 102 >47 (4, 46, 47) 
8ct-OH-A9-THC 330 5 30 >91 >66 (9) 
8[3-OH-A9-THC 330 5 30 >91 >66 (9) 
Abnormal cannabtdml 314 5 100 >318 >232 (9) 
Cannabldlol 314 5 100 >318 >232 (9) 

*Minimum potency relanve to A9-THC based upon the potency estimate for A9-THC obtained m the rated study and the highest dose of the 
cannabmmd tested. 
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TABLE 5 

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

INTOXICATION IN HUMANS* 

Cannabts-L~ke Intoxication in H u m a n s  '~ 

Yes No 

THC-L~ke m Rats 

A9-THC (15, 20, 38, 44) 
A8-THC (16.27) 
I I-OH-A9-THC (15, 29, 38) 

Yes 1 I-OH-A8-THC (15) 
CBN (36) 
Levonantradol (28) 
Nabflone (26, 31. 34) 
Nabltan (19,45) 

No 8et-OH-A9-THC (15) 
813-OH-A8-THC (15,37) 

8ct-OH-A9-THC (37) 
CBD (3, 5, 15, 36) 

*Shown m parentheses are the references for the published reports 

humans. This conclusion is based primarily on data showing an 
good correspondence between A9-THC-Iike discriminative stim- 
ulus effects and marihuana-like subjective effects in human sub- 
jects for a series of A9-THC analogs. Further support for the 
validity of this model is the evidence for the pharmacological 
specificity of the A9-THC stimulus in rats. A large number of 
drugs that are psychoactive but do not produce a cannabis-like 
intoxication m humans fail to substitute for A9-THC when tested 
m generalization studies Even drugs such as LSD and phencyc- 
hdine, which produce hallucinogenic effects in humans, are not 
recognized as A9-THC-Iike by rats, consistent with the quahta- 
twely different types of intoxication produced by these drugs and 
cannabis. The data showing the pharmacological specificity of 
A9-THC &scnmlnatlon is consistent with the classification of 
cannabmolds as having a unique 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 in rats can predict cannabis-like intoxication in humans, 
this animal model should prove helpful in drug development 
There are a number of potential therapeutic applications of can- 
nablnolds, including useful analgesic, antlemetlc, antlglaucoma 
and antlconvulslve effects (33) For these uses, the production 
of a cannabis-like intoxication would be an unwanted side ef- 
fect Indeed, the marketed synthetic cannablnold, nabllone, pro- 
duces these effects in the ammal model and in humans (34). 
Drug dlscnmlnatlon 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-hke discriminative stimulus effects, or the 
development of active compounds that are unable to substitute 
for A9-THC at any dose It is also clear that the results of drug 
discrimination studies should be useful m evaluating the A9- 
THC-like abuse potentml of compounds undergoing regulatory 
consideration. 

Perhaps of more fundamental importance to the area of drug 
abuse will be the use of cannablnoid drug discrimination proce- 
dures to evaluate drugs that might block or attenuate cannabis 
intoxication and thus be useful in the pharmacotherapy of can- 
nabls abuse. Ammal models of cannabinold self-administration 
have been difficult to estabhsh (5,48) Thus a search for drugs 

that could alter cannabmold discrimination in animals would be 
a useful strategy for developing potential treatments. 

Another important use of the results of cannabmold discnms- 
nation research will be to estabhsh 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 cannabmolds and their potency and efficacy in drug 
discrimination stu&es. This approach has been very useful for 
establishing receptor mediation of oploid intoxication (18) and 
for establishing the role of serotonerglc and catecholammergic 
substrates for the subjective effects of hallucinogens and cocaine- 
like stimulants, respectively (10,35). The cannabinolds that have 
been studied for A9-THC-like discriminative stimulus effects 
comprise about a 5,600-fold potency range A9-THC Itself lies 
roughly midway in this potency series, with a number of syn- 
thetic cannabinolds having been synthesized that are substan- 
tially more potent than A9-THC, and the naturally occumng 
cannabmol as well as some other synthetic cannabinoids being 
2-50 times less potent than A9-THC. As new cannabmolds are 
synthesized that prove to be useful tools for exploring the cellu- 
lar pharmacology of this class, It will be important to establish 
their potency for discriminative stimulus effects 

In carrying out potency correlation studies using drug dis- 
cnmlnation data, it is important to bear two issues In mind. The 
first concerns the use of data for cannabmoids that fail to substi- 
tute fully for A9-THC. As shown in Table 4, a number of these 
drugs have been tested over only a limited 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, if these numbers are used in a 
correlational analysis, the correlation coefficient may be under- 
predicted when including data for compounds that would have 
been totally mactlve even at higher doses. A less conservative 
approach would be to consider these compounds as inactive and 
assign them an lnfimte potency relative to A9-THC. 

Another issue to bear in mind for potency correlations using 
these results concerns the treatment of data for noncannabinoids 
that fad 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 is likely to be revealed in 
drug &scnmlnatlon research. This is 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 Is possible that some of the drugs shown in Ta- 
ble 1 will have biochemical effects at high concentrations that 
are similar 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-hke effects 
which may be present at higher doses When tested in combina- 
tion with antagonists for the more potent actions, these drugs 
may reveal A9-THC-hke effects. An example of this phenome- 
non is mixed-acting benzomorphans, which normally show opi- 
ate-like &scnminatwe stimulus effects, but when higher doses 
are tested m combination with naltrexone, their phencychdine- 
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like effects  are unmasked  (18,42) The  caut ious  invest igator  will 
be aware o f  this difficulty o f  carrying out  in vitro vs. m v w o  
potency compar i sons  us ing  drug discr iminat ion data. 

Certain aspects  o f  these results o f  drug discr iminat ion studies 
o f  cannabinolds  bear upon hkely  cellular m e c h a n i s m s  for these 
effects .  Since A9-THC-l ike  discr iminat ive s t imulus  effects  are 
not  produced by drugs  w~th p rominen t  act ions at d o p a m m e ,  
G A B A ,  oplo~d, serotonln or p h e n c y c h d m e  receptors,  a m o n g  
others ,  these act ions can probably be excluded as hkely mecha-  
m s m s  for A9-THC discr iminat ion On  the other  hand,  the wide 
potency range o f  cannabinoids  is consis tent  with a receptor-me-  
dinted drug action. The  precise structural requi rement  for ac tw-  

~ty, including the stereoselectivi ty o f  drugs  such as A9-THC and 
levonandrodol ,  provides addmona l  support  for receptor media-  
t~on. Recent ly ,  a cannablno~d binding site in the brain has  been 
characterized (7,121. It will be important  to compare  affinities 
o f  cannabmo~ds for this site w~th their potencies for discr imina-  
tive s t imulus  effects to ascertain the funct ional  role o f  th~s site 
in m e d m t m g  cannabis  intoxication. 
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