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Tw~nty mal~ Spr{lglJ~.,..Oawl~.y rats were trC!inec! to di§(lriminat;El
3.0 mg/kg·· dE!l1;a•.9":t~trahydrQca.nnilbinol (HIC) from it§ vehicle.
FolloWiflg~c.quiliitioll of this discrimination animals were t;~st€!d f'or
g€!l'l€!ra1i~atiol'l to 3.0 rug/kg dia~ePam, Tllirteen animals showed c;I
gefleN 1;lat; on fr-om THC to' (ii a~~pam, wh~rea§ the l"ema.i ni ng seven
gnill1als {lid not. The g~neraH~ation curve for c!illZepall1 WilS
dqse-clepenc!ent from O.l to lO.O m9/kg in the first group; the latter
grQup showed nQ generalization frgm THe ~t ~ny dO$e of di~zftpam in
this r.;lng~, NQ a.iffer~fl~~$ were fOlJnd betw~en these groyps in t.he
gener~1i4jition curve for THe. The penzQc!iazE!pine a"ntagonist Ro
l5 e- 17l:lS (2,0 Illg/kg) an.t~Hlonized the generalization to diazepam in
thf grOIJP thjif discriminilted diaZepam as THe. In eontr-as t , Ro
lS,..paa i"P"~i;I§e(f HIe lever responding of ~O mg/kg dialepam in the
group which did not generaliz~ from THE. ",0 l$:.11a8 did not alter
the disqr'imlnilbility of HIE in either groyp. THe also Showed
partial generaH?at~on to Pentobarbital' (1 . to 10 l119lkg). The
ge!leNlizHiol'l Wa~ again complete tn one suboroup anclab§ent in
~I)other. bYt there was only it 43· percent overlap between the
Sl!bgrOllPS fpl!nd with testing for genera1iz;ation to diazePilm, -The
Percent THC lever resPondin!} with ~,O mglkg Pentobarbital was
inorellSEH1 by R,o 15",17~a in the grpup whi ch generilli zed to di azepam,
bl!t not the other ,roup, These data SUggest that the discriminative
stimul\ls proPerties' of THe may have SOll1e oOlTlllona1ity with the,
effeots ofdiazepilm in a subpOP41~tion of rats train~d to
dis<;:rill1inatf' THe. These THC...liki? gff(!Gts of gia?~pam art) proba.bly
m~diat~d by benlQdia~epine reo~ptors sinGe they are antagonized by p
spee iff e b~n?odia?epin~ receptor arrtaoonts t , ..,

MarihYiina and delt~~9-t~trahydroGannabinQl (THe). the putative major
psychoact tve ehgmi<;:al in marit1uana, have been reported' to have effects similar
to· a nYmber Qf C1aSsE!s of therapeutic drygs, Included 31110ngthese effects are
the ant t-eenvul sant am.! anti-lInxiety properties of THe (I). The eannabtnof ds
eannab idf o l and nabilone nave also been reported in some paradigmS to have
anti-anxiety eff~cts in animals and h\lmans (2~4),

Pespite the s.imilarities between the cannabinQids and classiCal
anti -convul sant and ant i-anx iety ilgen1;s. drug {ji s.crimi nat ion preeedures have
general1y shown that animals do no-t 9~riera1i?e frofll the THe cue to the eNS
depressanes (~,,8) or vtce versa (6,9), While the author-s of these papers
eonc lude tniit Crpss",generalization does not occur between THC and diazepam or
Pentobarbital, the datil are not so clear. 8rowne and Weissman (8) repPfteq that
~2 percent of animals administered diaz~pam generqli~e frOm THC to diq~~pam at



1582 THC Generalization to Diazepam Vol. 38, No. 17, 1986 

some dose. In addi t ion,  Bueno et a l .  (7) demonstrated that 50 percent of 
animals trained in a discr iminat ion task t ransfer  from THC to 15 or 20 mg/kg 
pentobarbital .  Given the ambiguity of these f indings,  experiments were 
conducted to examine the discr iminat ive stimulus propert ies of THC and the 
re la t ionship of th is  cue to the stimulus propert ies of diazepam and 
pentobarbital .  

Methods 

Subjects. Twenty male Sprague-Dawley rats (Dominion Laboratories, Herndon, VA) 
were used. Animals were housed ind iv idua l ly  in stainless steel wire cages in 
animal Quarters with control led temperature, humidity and l i gh t  cycle (0800-2000 
l i gh t ) .  

Training: Animals were food-dPprived to 80% of the i r  f ree-feeding weights. 
Diets were supplemented with addit ional food a f te r  behavioral sessions to 
maintain desired weights. Subjects were trained to press a lever for  a 
re in forcer  of sweetened milk. Animals were then trained in a two-lever operant 
discr iminat ion of 3.0 mg/kg THC from the vehicle (1.5% emulphor:l.5% ethanol 
(v:v) in sal ine) .  The t ra in ing procedure has been described in detai l  elsewhere 
( i0 ) .  Responding on one lever was reinforced fol lowing administrat ion of 3.0 
mg/kg THC on a f ixed ra t io  10 (FR-IO) schedule; responding on the other lever 
was reinforced on FR-IO a f te r  vehicle in jec t ion .  Both THC and the vehicle were 
administered i .p .  30 min pr ior  to the beginning of the 10-min t ra in ing session. 
The operant cages were standard Coulbourn modular chambers located in sound 
attenuating boxes. Rockwell Aim 65 microprocessors were used for programming 
and data co l lec t ion .  

Testing: Af ter  acquisi t ion of the discr iminat ion task animals were tested in a 
dose-response to THC. A c r i t e r i on  was set such that in order for  an individual 
animal to be tested the animal must have exceeded 90% correct lever responses on 
the last  previous THC and vehicle t ra in ing days. Testing was done on Wednesdays 
and Saturdays with Mondays, Tuesdays, Thursdays and Fridays for  t ra in ing .  
Animals were tested for 2.5 min with both levers reinforced. The percent drug 
lever responding on the f i r s t  FR-IO, as well as the tota l  session responding, 
were recorded. Overall response rates for  the test  session were also recorded. 
Af ter  a dose e f fec t  curve for THC had been completed, each animal was tested 
fol lowing administrat ion of 3.0 mg/kg diazepam (15 min pretreatment) in the 1.5% 
emulphor:l.5% ethanol vehicle.  The dose-response curve to diazepam was then 
completed in a l l  animals. Furthermore, animals were tested for  a dose-response 
to diazepam fol lowing co-administration of 2.0 mg/kg Ro 15-1788. This dose of 
Ro 15-1788 has been previously shown to be e f fec t i ve  in blocking other 
behavioral ef fects of diazepam (11). Fif teen animals were subsequently tested 
for the general izat ion from THC to doses of I ,  3 and I0 mg/kg pentobarbital in a 
1.5% emulphor:1.5%ethanol vehicle (15 min pretreatment). Pentobarbital (3.0 
mg/kg) and THC (3.0 mQ/kg) were also tested in combination with 2.0 mg/kg Ro 
15-1788. 

Drugs: THC was obtained from the National Ins t i tu te  on Drug Abuse (Bethesda, 
MD); diazepam and Ro 15-1788 were g i f t s  from Hoffman-LaRoche Laboratories 
(Nutley, NJ): and Na pentobarbital was obtained from Sigma Chemical Co. (St. 
Louis, MO). Doses of THC, diazepam and Ro 15-1788 re fer  to the weight of the 
free base, whereas the doses of Na pentobarbital re fer  to the weight of the 
sa l t .  THC, diazepam and NA pentobarbital were placed into a vehicle consist ing 
of a solut ion of 1.5% emulphor:l.5% ethanol: 97% saline (v :v :v ) ;  Ro 15-1788 was 
suspended in a solut ion of 0.5% methylcel lulose. Al l  drugs were injected i .p .  
in a volume of 1 ml/kg. 
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Statistics. Dose response curves for diazepam, THC and pentobarbital were 
compared between responders and non-responders using a two-way analysis of 
variance. Percentage data were transformed using the angular transformation. 
Individual comparisons were made using a least significant differences (Isd) 
test (12). The effects of Ro 15-1788 on the discrimination of THC, diazepam or 
pentobarbital were tested using a two-way ANOVA with lsd test for individual 
differences. Criterion for statist ical significance was set a p < 0.05 for all 
tests. 

Results 

Overall, following acquisition of the discrimination of THC (3 mg/kg) from 
vehicle animals made 99 percent of their responses on the drug lever when 
administered 3 mg/kg THC and 12 percent of their responses on the drug lever 
following administration of vehicle (Table I). Administration of 3 mg/kg 
diazepam r~sulted in a overall partial generalization from THC with animals 
emitting 64 percent of their responses on the drug lever. Similar results were 
obtained when 10 mg/kg pentobarbital was administered (Table I). 

TABLE I 

Drug 

Effects of Diazepam and Pentobarbital 
in Animals Trained to Discriminate THC from Vehicle 

Dose N %DLR 1 RR (resp/sec) 

THC 3 mg/kg 19 99±1"* .99 ± .11 

VEHICLE . . . .  19 12±7" .83 ± .07 

DIAZEPAM 3 mg/kg 20 64±10",** .63 ± .08* 

PENTOBARBITAL 10 mg/kg 13 74±10",** .39 ± .08*,** 

Data represents mean ± 1 S.E.M. of the diazepam-responder and 
diazepam-non-responder groups combined. 1- Percent drug-lever responding. * 
significantly different from THC, ** significantly different from vehicle, 
ANOVA, lsd test, p < 0.05. 

Closer examination of the data, however, shows that of the 20 animals 
tested in this experiment 13 animals made over 90% of their responses on the THC 
lever after administration of 3.0 mg/kg diazepam; the remaining seven animals 
produced only 14 percent THC lever responding following this dose of diazepam 
(Fig. I) .  When the animals in the f i r s t  group (diazepam-responders) were tested 
with a ful l  range of doses of diazepam a standard dose-effect curve was gen- 
erated. The latter group (diazepam-non-responders), however, did not generalize 
to any dose of diazepam. Furthermore, diazepam (10 mg/kg) produced a greater 
suppression of responding in the diazepam-non-responders than in the 
diazepam-responders (Fig. 1). The discriminability of diazepam as THC in the 
diazepam-responder group was significantly antagonized by Ro 15-1788 (Fig. 1; 
F(1,107) = 4.71). The effects of 1.0 and 3.0 mg/kg diazepam were significantly 
antagonized by co-administration of Ro 15-1788 (Isd test). Ro 15-1788 
potentiated the discrimim~tion of diazepam as THC in the diazepam-non-responder 
group (F(1,51)=4.70, p < 0.05; Fig. I) .  
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FIG. 1 

Generalization curves for diazepam in two groups of rats trained to 
discriminate THC from vehicle. Left panels show the percent drug 
lever responding in diazepam-responders (top) and 
diazepam-non-responders (bottom). Right panels shows response rates 
for the two groups. Open symbols represent the effects of diazepam 
alone; closed symbols represent the effects of diazepam in 
combination with 2.0 mg/kg Ro 15-1788. * = Significantly different 
from diazepam-responders group. ** = Significantly different from 
diazepam alone, two-way analysis of variance, lsd test, p < 0.05. 

Retrospective analysis of the abi l i ty  of the two groups to discriminate THC 
from saline showed that no differences exist between groups in the dose-response 
curve for THC in this discrimination (Fig. 2; F(1,17)=3.08). Pretreatment of 
the animals in either group with Ro 15-1788 (2,0 mg/kg) did not affect the 
animals abi l i ty  to discriminate the training dose of THC from the vehicle (Table 
I I ;  F(1,7)=I.98), but did produce a significant suppression of response rates 
(F(1,7)=18.84, p < 0.01). 

The discrimination of pentobarbital from vehicle did not differ in either 
group (Fig. 3; F(1,35)=.091). Both groups showed a partial generalization from 
THC to pentobarbital, with 10.0 mg/kg pentobarbital producing 65 percent drug 
lever responding in the diazepam-responder group and 84 percent drug lever 
responding in the diazepam-non-responder group. Pretreatment with Ro 15-1788 
produced a significant potentiation of the effect of 3.0 mg/kg pentobarbital in 
the diazepam-responder group (Table I I ;  F(1,12)=7.64), p < 0.05). 
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FIG. 2 

Generalization curves for THC in diazepam-responders and 
diazepam-non-responders in animals trained to discriminate THC from 
vehicle (see text). Responders are represented by open symbols: 
non-responders are represented by closed symbols. 

Discussion 

When data from all animals are analyzed together, the results of these 
experiments agree overall with the results of previous experiments. Animals 
showed a partial generalization from THC to diazepam (Table I). A partial 
generalization to pentobarbital was also seen. These results are similar to 
those reported previously (7,8). 

A subpopulation of rats, however, showed a dose-dependent generalization to 
diazepam (Fig. 1). Th is  effect was attenuated by administration of the 
benzodiazepine antagonist Ro 15-1788. Herling and Shannon (13), Nielsen et al. 
(14) and Stephens et al. (15) have reported that Ro 15-1788 antagonize-s- t-'~e 
discriminative stimu-u~[us--properties of diazepam. Ro 15-1788 alone generated a 
low level of drug lever responding that was greater than vehicle. This may be 
due to the partial agonist properties of Ro 15-1788, although these effects are 
generally seen only at much higher doses of Ro 15-1788 (16,17). 

Retrospective analysis of the discrimination of THC in these two groups of 
animals demonstrates that there are no differences between the groups in their 
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Table II  

Effect of Ro 15-1788 on the Discrimination of THC or Pentobarbital 

Drug Dose Diazepam-Responders Diazepam-Non-Responders 
(mg/kg) 1 2 

%DLR RR %DLR RR 

Veh ---  4±4 (13)  .58±.07 0±0 (7) .71±.09 

Ro 15-1788 2.0 33±14 (11) .61±.09 6±6 (7) .51±.10 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

THC 3.0 98±2 (5) 1.05±.27 99±I (4) .98±.19 

THC 3.0 78±20 (5) .38±.11" 93±7 (4) .30±.04* 
+ Ro 15-1788 

Pentobarb. 3.0 7±7 (8) .78±.05 21±13 (6) .80±.15 

Pentobarb. 3.0 65±14"*C8) .85±.11 31±20 (6) .60±.18 
+ Ro 15-1788 

i. Percent drug lever responding during 2.5 min test period. Data 
represents mean ± S.E.M.; number in parenthesis indicates n. 

2. Response rate in responses/sec during 2.5 min test period. Data 
represents mean ± S.E.M. 

* Significantly different from THC alone, two-way ANOVA, isd test, p < 
0.05 

** Significantly different from pentobarbital alone, two-way ANOVA, isd 
test, p < 0.05. 

ab i l i ty  to discriminate THC from vehicle. Furthermore, Ro 15-1788 did not 
affect the discrimination of THC (Table I f ) ;  although Ro 15-1788 in combination 
with THC produced a significant suppression of response rates in both groups. 
The generalization to diazepam is, therefore, not due to differences in the 
animals' ab i l i ty  to discriminate THC from its vehicle. 

THC also part ia l ly generalized to pentobarbital. No differences were seen 
between the two groups of rats. Examination of the data, however, shows that, 
in the case of pentobarbital discrimination, animals could also be categorized 
into two groups, those that generalize completely to pentobarbital and those 
that do not. In the group that generalizes to diazepam, 4 of 8 animals 
generalized completely to 10.0 mg/kg pentobarbital, 2 animals did not generalize 
and the remaining 2 showed a partial generalization. In the 
diazepam-non-responder group 3 animals showed a complete generalization to 10.0 
mg/kg pentobarbital, whereas the remaining two animals showed partial 
generalization from THC to pentobarbital. Thus, the two groups of animals 
(based on diazepam generalization) do not show a similar generalization to 
another drug with similar properties. 

Ro 15-1788 potentiated the effects of 3.0 mg/kg pentobarbital in the 
responders but not the non-responders (Table I I ) .  This potentiation of the 
effects of pentobarbital has also been seen in other behavioral paradigms 
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FIG. 3 

Generalization curves for  pentobarbital in diazepam-responders and 
diazepam-non-responders to diazepam in animals trained to 
discr iminate THC from vehicle (see tex t ) .  Responders are 
represented by open symbols: non-responders are represented by 
closed symbols. 

(11,17). This fu r ther  supports the par t ia l  agonist a c t i v i t y  of  Ro 15-1788 
althouah other interact ions with pentobarbi ta l ,  i . e . ,  absorption and/or 
metabolism, cannot be ruled out. 

D i f fe ren t ia l  responses in rats to the ef fects  of benzodiazepines have also 
been reported in con f l i c t  procedures (19-21). Up to 30% of the animals in a 
con f l i c t  procedure do not show an a n t i - c o n f l i c t  response fol lowing 
administrat ion of benzodiazepines; in the present study 35% of the animals do 
not general ize to THC. Although th is  may be coincidental ,  i t  may be 
hypothesized that the responders and non-responders to benzodiazepines in 
con f l i c t  procedures may be the same populations found in the discr iminat ion 
general izat ion to THC. This would fu r ther  suggest that the discr iminat ive 
stimulus propert ies of THC which general ize to diazepam may re late to the 
possible anx io ly t i c  propert ies of THC. 

Colpaert et al .  (22) have recent ly shown that the "pa r t i a l "  general izat ion of 
fentanyl to morphine is due to 100% general izat ion to morphine in some rats 
whereas others showed l i t t l e  or no general izat ion.  These f indings suggest that 
the "cue" produced by drugs may have mult ip le components and that the drug cue 
may not be uni tary.  A given animal may attend to a par t i cu la r  port ion of the 
cue whereas another animal may re la te  to d i f f e ren t  aspects of the drug cue. 
This hypothesis receives fur ther  support from the present data of the 
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in teract ion of Ro 15-1788 with diazepam in the two groups. Whereas 
co-administrat ion of the benzodiazepine antagonist to the rats which generalized 
from THC to diazepam reduced drug lever responding, Ro 15-1788 increased drug 
lever responding in the diazepam-non-responder group. This was accompanied by a 
reversal by Ro 15-1788 of the rate decreasing effects of diazepam in the 
diazepam-non-responders. Thus, Ro 15-1788 may be unmasking the relevant 
stimulus cues of diazepam in the diazepam-non-responder group, whi le blocking 
the cues in the diazepam-responder group. Furthermore, the cues which the 
diazepam-non-responder group attend to do not involve the benzodiazepine 
receptor blocked by Ro 15-1788. 

Previous work has reported the anx io l y t i c  and ant iconvulsant propert ies of 
cannabinoids ( i - 4 ) .  The anx io l y t i c  propert ies of cannabinoids, however, are not 
consistent in a l l  subjects. In fac t ,  the primary tox ic ef fect  of THC and 
marihuana is acute anxiety ( I ) .  Thus, the propert ies of THC in re la t ion  to 
anxiety states varies in human populations. The heterogeneity of drug responses 
in human populations is a well accepted fact ;  th is  is less widely accepted in 
experimental animal studies. 
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