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CORCORAN, M. E., I. BOLOTOW, Z. AMIT AND J. A. MCCAUGHRAN, JR. Conditioned taste aversions produced by 
active and inactive cannabinoids. PHARMAC. BIOCHEM. BEHAV. 2(6) 725-728 ,  1974. - Single intraperitoneal 
injections of subtoxic doses of AS-tetrahydrocannabinol (THC), £xg-THC, cannabidiol (CBD), or cannabigerol (CBG) 
induced a conditioned aversion to a saccharin solution in rats, while only a behaviorally toxic dose of cannabichromene 
(CBC) was capable of motivating an aversion. In view of evidence suggesting that the taste aversions were not due to 
local irritation effects, we conclude that CBD and CBG are pharmacologically active in rats, and could be responsible 
for some of the behavioral effects of cannabis in animal studies. 
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Conditioned taste aversion 

BASED on the  obse rva t ion  t ha t  A S - t e t r a h y d r o c a n n a b i n o l  
(THC) and  A9-THC bu t  no t  o t h e r  c a n n a b i n o i d  drugs 
e x a m i n e d  p roduced  de tec t ab le  effects  in the  ongoing  behav-  
ior  (e.g., active avoidance ,  l o c o m o t o r  ac t iv i ty)  of  several 
i n f r a h u m a n  species [ 8 , 2 2 ] ,  M e c h o u l a m  [20]  conc luded  
t ha t  the  two  isomers  o f  THC are the  pr incipal  psychoac t ive  
c o n s t i t u e n t s  of  cannabis ,  and  t h a t  the  o t h e r  c a n n a b i n o i d s  
( e . g . ,  c a n n a b i n o l ,  cannab id io l ,  cannabigero l ,  cannabi -  
c h r o m e n e )  are behaviora l ly  inact ive  (see also [ 2 1 ] ) .  Yet  
evidence f rom o t h e r  l abora to r ies  suggests t ha t  some of  the  
inac t ive  cannab ino i d s  may  p r oduce  behavioral" ef fec ts  in 
animals.  For  example ,  p r e t r e a t m e n t  of  mice  wi th  cannab-  
inol  can reduce  the  p o t e n t i a t i o n  of  ba rb i t a l - induced  sleep 
p r o d u c e d  by Ag-THC [ 1 6 ] .  Cannab id io l  (CBD) and 
c a n n a b i n o l  b o t h  p r oduce  marked  behaviora l  ef fects  when  
i n j e c t e d  i n t r a c e r e b r a l l y  in mice [4 ] .  Per ipheral ly-  
admin i s t e r ed  CBD can a l ter  the  behav io r  of  ra ts  in the  
open-f ie ld  s i tua t ion  and can p o t e n t i a t e  some behaviora l  

ef fects  of  A9-THC and b lock  o thers  [ 1 5 ] ,  pe rhaps  due to 
its ef fects  on  me tabo l i sm of  Ag-THC [ 1 3 ] .  Cannab ino l  and 
especial ly CBD exer t  an t iep i lep t ic  effects  in animals  [11,  
1 2, 14] ,  and  CBD has been  s h o w n  to d is rupt  acquis i t ion  of  
an avo idance  response  as well as to  af fec t  cer ta in  neuro-  
physio logica l  events  in rats  [ 1 0 ] .  

The presen t  e x p e r i m e n t  was i n t e n d e d  to provide fu r the r  
i n f o r m a t i o n  a b o u t  the  behaviora l  ef fects  of  active and 
i n a c t i v e  cannab ino ids .  We examined  the  act ivi ty of  
AS-THC, Ag-THC, CBD, cannabigero l  (CBG),  and cannabi -  
c h r o m e n e  (CBC) in the  c o n d i t i o n e d  tas te  aversion parad igm 
(CTA).  In the  CTA s i tua t ion  rats  are able to  d e m o n s t r a t e  
the i r  abi l i ty  to  associate  novel  gus ta to ry  cues wi th  nox ious  
in te rna l  s ta tes  p r o d u c e d  by k n o w n  emet i c  agents  such as 
l i t h ium chlor ide ,  x- i r radia t ion,  or a p o m o r p h i n e  ( reviewed in 
[7 ] ) .  Drug- induced  aversive or pun i sh ing  effects  are indi- 
ca ted by  a learned avoidance  of  the  tas te  paired wi th  the  
drug when  the  subjec t  is examined  in a re tes t  session subse- 
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quent  to the original condi t ioning session. Recent  experi- 
ments indicate that  taste aversions can be produced in 
pharmacologically-naive rats by a variety of  drugs, including 
some that are self-administered at similar doses in different  
s i t u a t i o n s .  These drugs include d-amphetamine [2] ,  
me thamphe tamine  [ 1 8],  morphine  (e.g. [3] ), and ethanol  
[3].  A number  of  o ther  psychoact ive drugs widely used in 
behavioral research can produce CTAs: e.g., scopolamine 
[11, parachlorophenylalanine [23] ,  and, of  special rele- 
vance to the present study, A9-THC [6] and hashish 
extract  [5].  Thus the CTA paradigm is a sensitive measure 
of  the punishing effects that  seem to be c o m m o n  to a large 
number  of  psychoactive drugs, and it seemed reasonable to 
us to use the CTA to determine  whether  such effects are 
produced by cannabinoids o ther  than A9-THC. 

METHOD 

Animals  

Two hundred twenty-eight  male Wistar rats 2 0 0 - 3 0 0  g 
were used. They were housed individually and had free 
access to food and water except  where noted otherwise.  
The technique used to study the ability of the cannabinoids 
to produce a CTA was similar to that described by 
Nachman et al. [23] and Corcoran [5] .  Three days after 
arriving in the laboratory  the rats were placed on a 23-hr 
and 50-rain water deprivat ion schedule. A single bot t le  of  
tap water was available to each rat in the home cage for 
10 rain each day. The baseline intake of fluids stabilized by 
Day 8, at which t ime the rats were randomly assigned to 
exper imental  or control  groups. A 0.1% (w/v) sodium 
saccharin solut ion was available instead of  water  for the 
usual 10-rain drinking period on Day 9. Within 1 min of  the 
end of  the drinking period each rat received an intraperi to-  
neal inject ion of  one of the cannabinoids or of  the 
propylene glycol-ethanol  vehicle. In order to verify the 
efficacy of  our CTA procedure in case negative results were 
obtained with the cannabinoids,  we decided to test some 
rats with one of  the well established emet ic  agents. An 
additional group of  rats therefore  received an i.p. inject ion 
of  l i thium chloride. The food and fluid intake of some rats 
receiving cannabinoid injections was depressed for several 
days after the inject ion;  so retest with saccharin did not  
occur until  the fifth session post inject ion,  by which t ime 
the food and fluid intake of  all rats had recovered to the 
preinject ion baseline as verified by t-tests for related 
samples. The strength of  any aversion obtained was calcu- 
lated as percentage change from baseline according to the 
fol lowing formula:  

retest day intake minus inject ion day intake 
X 100 

inject ion day intake 

Groups of  12 rats each received a single dose of a particular 
cannabinoid:  DeltaS-THC and Ag-THC were tested at doses 
of  1, 5 and 10 mg/kg; CBD and CBG at doses of 1, 5, 10, 
and 30 mg/kg; and CBC at 10 and 30 mg/kg. All 
cannabinoids were injected at a constant  volume of 1 ml /kg 
regardless of concentra t ion.  Control  groups of  12 rats each 
received the vehicle (19 parts propylene  glycol to 1 part 
95% ethanol)  at a volume of 1 ml/kg, 0.9% saline at 
1 ml/kg, or 0.15 M l i thium chloride at 20 ml/kg. 

Drugs 

The Depar tment  of  National Health and Welfare of 

Canada supplied the cannabinoids.  Delta 9-THC was 
received dissolved in 100% ethanol  and was reported to be 
95% pure, while dxS-THC was dissolved in 95% ethanol  and 
was reported to be 95% pure. The stock solution of each 
THC isomer was added to the vehicle of  propylene glycol- 
e t hano l  (PG-E) to produce solutions of  the desired 
concentrat ion.  CBC was received dissolved in CC14; the 
CC14 was evaporated in a vacuum and the cannabichromene  
redissolved in the PG-E vehicle. CBD and CBG, which were 
received in crystalline form, were also dissolved in the 
vehicle. 

RESULTS 

As expected ,  the 2 control  solutions (saline and PG-E) 
failed to produce a CTA. Upon retest the rats t reated with 
these solutions increased their intake of  saccharin slightly 
above baseline levels, a l though the increase was not  signifi- 
cant. The inject ion of  l i thium chloride produced a strong 
CTA, also as expected,  with saccharin intake decreasing to a 
mean of  22% of  baseline (Wilcoxon matched pairs test,  
p<0.005) .  

As can be seen from Fig. 1, all the cannabinoids were 
capable of  producing a CTA. However,  their  efficacy in 
producing a CTA varied considerably.  At 1 mg/kg only 
AxS-THC and A 9-THC produced significant deviations f rom 
baseline (Wilcoxon test, p<0 .005  and p~0 .025 ,  respec- 
tively). It is interest ing that AS-THC produced a stronger 
CTA than dxg-THC at this dose (Mann-Whitney U, p<0.01 ). 
All the cannabinoids except  CBC produced a significant 
CTA at the 5 mg/kg dose (AS-THC, Ag-THC, CBG, and 
CBD: each p<0 .005) ,  and all but CBC were effective at the 
10 mg/kg dose. Since AS-THC and A9-THC were effective 
at all 3 dose levels, we decided to terminate  further  testing 
of  these 2 cannabinoids,  and to compare  only the o ther  3 
inactive cannabinoids at a dose of 3 0 m g / k g .  All 3 
compounds  produced a significant CTA at this level (each 
p<0.005) .  

General Observations 

Although no formal a t t empt  was made to quant i fy  the 
gross behavioral effects of  the drugs, the rats' behavior was 
observed after the injections and some general observations 
can be reported.  In agreement  with our previous findings 
[19] ,  there were no obvious general behavioral effects 
produced by the 1 mg/kg doses of  dx8-THC and Ag-THC. 
However,  signs of  behavioral  toxici ty ,  as defined in the 
c o m m o n l y  used neuro toxic i ty  bat tery developed by 
Swinyard and colleagues [24] ,  appeared at the 2 higher 
doses of  the THC isomers, including: abnormal  l ocomot ion ;  
catalepsy; hypoac t iv i ty ;  urination,  defecat ion,  and vocaliza- 
tion in response to handling; and hyperreact ivi ty  to noise or 
movement .  No overt  toxic  symptoms  appeared when CBD, 
CBG, or CBC were administered in doses of  10 mg/kg or 
below. At the 30 mg/kg dose of  the three cannabinoids,  
however,  several symptoms  of toxic i ty  were observed, 
including hypoact ivi ty ,  abnormal  stance, and hyperreac-  
tivity to noise or movement .  

DISCUSSION 

The present exper iment  demonstra tes  that three inactive 
cannabinoids,  as well as the two active isomers of  THC, 
produce detectable effects in the condi t ioned taste aversion 
paradigm, which suggests that  the inactive cannabinoids do 
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FIG. 1. Dose-response relations of 5 cannabinoids and controls in the conditioned taste aversion paradigm. The response 
measure is expressed as mean percentage change from baseline intake of the saccharin solution paired with drug injection. 
S.E.M.s are represented by the vertical bars. Figure 1A: AS-THC, Ag-THC, cannabichromene (CBC), saline control, and 

propylene glycol-ethanol control (PG). Figure 1B: cannabidiol (CBD) and cannabigerol (CBG). 

in fact produce pharmacological  effects.  Before this conclu- 
si,3n can be accepted,  however,  at least one al ternative 
explana t ion  of  these results must  be considered. It is 
possible that  the findings are due solely to painful tissue 
ir~:itation localized to the peri toneal  cavity, the site of  drug 
inject ion (e.g. [17] ). According to this hypothesis ,  the rats 
learned to avoid saccharin because they associated its taste 
w i t h  painful local tissue irr i tat ion produced by the 
cannabinoid injections.  In contrast  to this hypothesis  we 
think it l ikely that  the cannabinoid- induced taste aversions 
are due to pharmacological  effects  of  the drugs. There are a 
number  o f  arguments  in suppor t  of  this conclusion:  First,  
Elsmore and Fle tcher  [7] repor ted  that  A9-THC produced  
significant aversions when injected intragastrically,  as well 
as when injected intraper i toneal ly ,  suggesting that  local 
i rr i tat ion due to the somewhat  acidic pH of  cannabinoid 
solutions cannot  account  for the abili ty of  these drugs to 
produce  CTA. Second, Corcoran [5] repor ted  that  pretreat-  
ment  with SKF 525-A, an hepat ic  enzyme  inhibi tor ,  
reduced the strength of  a CTA produced  by an i.p. inject ion 
of hashish extract .  It is difficult  to see how an hepatic-  
active c o m p o u n d  like SKF 525-A could affect  the strength 
of a CTA if the aversion were caused only by local peri to-  
neal i rr i tat ion at the site of  the inject ion.  Third,  we have 
found that  a strong CTA can be produced  by inject ing a 
small quant i ty  (15 / lg )  of  A 9-THC bilaterally into the dorsal 
h ippocampus  of  rats, whereas a larger dose injected into the 

cerebral ventricles has no effect  (Bolotow,  Amit ,  and 
Corcoran,  in preparat ion).  This is s trong evidence that ,  at 
least in the case of  A 9-THC, a CTA can be produced  by the 
central  pharmacological  propert ies of  the drug. 

Given that  the aversions resulted f rom the pharma- 
cological propert ies  of  the cannabinoids,  the significance of 
the finding is not  immedia te ly  obvious.  As Cappell and 
Le Blanc [2] have pointed out ,  it would not  be surprising if 
a CTA were obtained with a high, toxic dose of  a psycho- 
active drug. Al though toxic  behavioral  manifestat ions were 
observed at the highest doses of  each cannabinoid,  toxic i ty  
alone cannot  explain the present results, since significant 
aversions were also obtained at apparent ly  non tox ic  doses 
o f  all drugs but  CBC (AS-THC and A9-THC: 1 mg/kg;  CBD 
and CBG: 5 and 10 mg/kg). Fur ther  examinat ion  of  the 
dose-response relations is necessary to determine  whether  
evidence of  gross behavioral  toxic i ty  necessarily accom- 
panies the CTA produced by any dose of  CBC, but our 
results taken at face value suggest that  subtoxic  doses of  
CBC have lit t le pharmacological  act ivi ty in this test. In 
order  to explain these results, therefore,  we suggest that  the 
effect ive drugs produce a discriminable pharmacological  
state which the animals associate with the taste of  sac- 
charin; since this state is aversive or punishing, the rats 
subsequent ly  avoid saccharin. Consistent  with this idea, 
AS-THC and Ag-THC can acquire discriminative control  
over behavior (e.g., [10]) .  It is not  known whether  CBD 
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and CBG can also acquire discriminative contro l  in non- 
toxic  doses,  but  the  present  results  suggest that  they  might.  
Al though the locus (peripheral  vs. central)  or the mecha-  
nism of  these punishing drug effects  cannot  be specified,  
the fact that  they  occur  wi th  CBD and CBG as well as wi th  
the THC isomers indicates  tha t  the former  cannabinoids  are 

not  behaviorally inactive, a po in t  which is suppor t ed  by 
o the r  recent  work wi th  CBD [ 10, 1 1, 12, 14, 15]. Thus the 
possibil i ty remains open  tha t  some behavioral  e f fec ts  of  
cannabis in animal studies may be due to activity of  
cannabinoids  o ther  than  or in addi t ion  to  THC. 
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