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TEN HAM, M. Tolerance to the effects Qf ~x9-THC on shuttle-box performance and body temperature in rats. PHARMAC. 
BIOCHEM. BEHAV. 6(2) 183-185,  1 9 7 7 . -  Two groups of rats were trained in a shuttle-box and received 
2xg-tetrahydrocannabinol (A9-THC), either before or after being tested. The drug-before group showed tolerance within 
3 6 sessions - to the response-inhibiting effect of THC. The drug-after animals appeared also to be tolerant when they 
received A9.THC before being tested. It is concluded that the tolerance to this effect probably is not learned, but has a 
physiological base. This is corroborated by the finding that during the same study all the animals developed tolerance to 
the hypothermic effect of Ag_THC. 
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MANY au tho r s  s tudied  the  p h e n o m e n o n  of  to le rance  to 
m a r i h u a n a  effects.  Most  of  the t h e m  showed  d e v e l o p m e n t  
of to le rance  af ter  a few admin i s t r a t ions ,  e.g. d i s rup t ion  of  
p igeon and  rat  behav io r  in a c o n d i t i o n e d  task [11 ,12]  or  
h y p o t h e r m i a  in rats  [9] and  in mice [ 5 ] .  

Several m e c h a n i s m s  for  this  to le rance  have been  sug- 
gested. One poss ib i l i ty  is i n d u c t i o n  of  the  m i c r o s o m a l  liver 
enzymes  respons ib le  for  the  b i o t r a n s f o r m a t i o n  of  mari-  
huana ,  bu t  the  l i t e ra tu re  on  the  e f fec t  on b i o t r a n s f o r m a t i o n  
enzymes  is no t  very cons i s ten t .  

A n o t h e r  h y p o t h e s i s  p roposes  t ha t  to le rance  develops  no t  
t h rough  a relat ively s imple phys io logica l  process ,  such as 
e n z y m e  induc t ion ,  bu t  because dur ing  the  e x p e r i m e n t s  the  
expe r imen t a l  an imal  learns  in a more  compl i ca t ed  m a n n e r  
to c o m p e n s a t e  for  any changes  in its e n v i r o n m e n t .  It has 
been  shown  tha t  such a m e c h a n i s m ,  which  is called learned 
to le rance ,  at least  par t ia l ly  expla ins  to le rance  to cer ta in  
effects  in rats  [ 1 ,2 ,  7, 15] and in m o n k e y s  [ 10] .  

Carder  and Olson [2] t r ied to d i sc r imina te  be tween  the  
two a l te rna t ives  wi th  the  m e t h o d  of  Chen  [3 ] .  In this  s t udy  
one group of  an imals  (DB, drug before )  received THC- 
t r e a t m e n t  before  tes t ing  in a bar-press  s i tua t ion  for food or 
water  reward,  a second  group  a f te r  be ing  tes ted  (DA, drug 
after) .  

In our  s tudy  we c o n d u c t e d  two  ana logous  e x p e r i m e n t s  
and c o m p a r e d  the resul ts  wi th  s imu l t aneous ly  ob ta ined  
data  of  the  body  t e m p e r a t u r e  of  the  same rats. If it could  
be shown  tha t  two m e c h a n i s m s  for  the  d e v e l o p m e n t  of  
to le rance  exist  in the same animal ,  m a n y  seemingly 
c o n t r a d i c t o r y  resul ts  would  be expla ined .  

METHOD 

T h i r t y - t w o  male  Wistar rats,  suppl ied  by Cent raa l  Pro- 

d ie renbedr i j f  TNO, Zeist ,  were t ra ined  in a s t andard  
Lehigh Val ley shu t t l e -box  in a sound- i so la ted  c h a m b e r  wi th  
r a n d o m  noise to a p e r f o r m a n c e  of  16 cor rec t  responses  ou t  
of 20 trials. Each trial cons is ted  of  35 sec in ter t r ia l  interval ,  
six seconds  c o n d i t i o n e d  s t imulus  ( l ight)  and an u n c o n -  
d i t ioned  s t imulus  (electr ic  shock) ,  which  was t e r m i n a t e d  by  
the an imal  r unn ing  to the  oppos i te  site, or af ter  m a x i m u m  
10 sec. 

Af te r  a s table basel ine had  been  es tabl ished,  the  animals  
were divided at r a n d o m  in to  two groups,  DB (drug before )  
and DA (drug after) .  For  th ree  days b o t h  groups  received 1 
ml of  the  vehicle (4% Tween-80  in saline) i n t r ape r i t onea l ly  
1 hr  before  and  15 min  af ter  test ing.  Dur ing the nex t  days 
group DB received 20 mg /kg  ~ 9 - t e t r a h y d r o c a n n a b i n o l  
(THC, ba tch  UNC 441)  1 hr  before  test ing,  group DA the 
same 15 min  af ter  test ing.  

Body t e m p e r a t u r e  was d e t e r m i n e d  in all an imals  1 hr  
af ter  each in jec t ion .  T H C - t r e a t m e n t  accord ing  to DB or DA 
was c o n t i n u e d  unt i l  to le rance  had  deve loped  to the 
h y p o t h e r m i a ,  which  we cons idered  to be comple te  when  on  
three  consecut ive  days the  m e a n  t e m p e r a t u r e  d i f fered by 
not  more  than  0.5°C f rom the average of the  p r e t r e a t m e n t  
per iod.  

When the  animals  had  b e c o m e  to le ran t  to h y p o t h e r m i a ,  
the DA group was shi f ted  to a drug before  scheme,  and 
received its t r e a t m e n t  1 hr  before  test ing.  Two e x p e r i m e n t s  
were carr ied ou t ;  in the first one the animals  were t rea ted  
and tes ted  every day,  in the  second e x p e r i m e n t  every o t h e r  
day to p reven t  effects  caused by c u m u l a t i o n ,  since THC is 
still p resen t  in the  body  af ter  24 hr  [8 ] .  

Differences  were tes ted  for  s tat is t ical  s ignif icance (0.05 
level), e i the r  p a r a m e t e r  free wi th  Mann-Whi tney ' s  U-test  
( shu t t l e -box  pe r fo rmance ) ,  or wi th  analysis of  var iance 
( b o d y  t empera tu re ) .  
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R E S U L T S  

Figure 1 presents  the data of  the shut t le -box  per- 
formance  in the first expe r imen t .  Quite clearly the DB- 
group develops to lerance in two or three days of  t r ea tment .  
The DA shows a slight decline in number  of  responses ,  but  
stays virtually on the same level for the nex t  four  days. On 
Day 9 ( test)  the DA was reversed and it appeared that  these 
animals were all to lerant  to the disrupt ing effect  of  THC. 

The body  t empera tu res  are dep ic ted  in Fig. 2. Most 
animals reached the to lerance cr i ter ion after  three days of  
t r ea tmen t ,  some after  four  days. No h y p o t h e r m i a  is seen in 
the DA before  test ing (this means:  1 hr af ter  saline 
inject ion,  or 23 hr  after THC). Differences  in shut t le -box  
pe r fo rmance  were statistically significant only on the first 
day of  t r e a tmen t  body  t empera tu res  on the first two  days 
of t r ea tment .  
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FIG. 1. Tolerance to the disrupting effect of THC on shuttle-box 
performance. THC (20 mg/kg) was given IP 1 hr before (drug 

before) or 15 rain after drug after) testing. 
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FIG. 2. Tolerance to the hypothermic effect of THC. Rectal body 
temperature was measured 1 hr before treatment (drug after, 
+----~-+) or 1 hr after treatment (drug before • • ,  and drug 

after c o) THC 20 mg/kg was administered IP daily. 

Figures 3 and 4 represent  results of  the second ex- 
per iment .  Excep t  that  deve lopmen t  of to lerance in the DA 
takes many  more  days than in DB, the pa t t e rn  of  response  
is the same: on the test day the DA shows the same 
tolerance when t rea ted  before  testing as the DB does. Due 
to a misunders tanding ,  the DB-group was not  t reated on the 
day the DA group was tes ted,  but  as to lerance to the 
shut t le -box disrupt ing ef fec t  as well as to the h y p o t h e r m i c  
effect  was present  on Day 19, this hardly ef fec ts  the 
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FIG. 3. Tolerance to the disrupting effect of THC on shuttle-box 
performance. THC (20 mg/kg) was given IP 1 hr before (drug 

before" or 15 min after (drug after) testing. 
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FIG. 4. Tolerance to the hypotlacrmic effect of THC. Rectal body 
temperature was measured 1 hr before treatment (drug after, 
+ I) or 1 hr after treatment (drug before • - -e and drug 

after :> :) THC 20 mg/kg was adlninistercd IP daily. 

conclusions which can be drawn from this exper iment .  The 
di f ferences  in shut t le -box pe r fo rmance  in this expe r imen t  
were significant on the first four  days of t r ea tmen t ,  the 
body  t empera tu res  on the first three days. 

During the exper imen t s  the animals vocalized when 
handled  and showed the so-called p o p co rn  response.  This 
behavior lasted three to four  days during the exper iment .  

DISCUSSION AND CONCLUSION 

Our results do not  indicate a learning process  in the 
deve lopmen t  of  tolerance to the THC-effect  in a shutt le-  
box per formance .  Some explana t ions  for the disagreement  
with the Carder and the Manning studies are possible. 

One is species di f ference in the exper imenta l  animals. 
This holds  for Manning's  m o n k e y  exper iments ,  but  it is 
hardly possible to explain the discrepancy with Carder 's  
results this way. More than likely it is an inf luence of the 
nature of  the exper iment .  Carder worked with a d i f ferent  
task: food or water  reward.  

The action of  THC on bar-pressing behavior  in Carder 's  
expe r imen t  could therefore  be twofo ld :  direct ly by the 
sedative act ion,  and indirect ly  via the de-appet iz ing activity 
of THC. The test  day is the first day for the DA-group to 
respond in drugged condi t ion  and even if his animals have 
developed biochemical  tolerance to the sedative act ion,  the 
effect  of  THC can still be just  s trong enough to dis turb bar 
pressing if there is no tolerance to the influence of THC on 
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food  in take .  In the  shu t t l e -box  behav io r  we have on ly  the  
d i rec t  sedat ive in f luence  of  THC, and  this  act ivi ty  of  THC 
af ter  a pe r iod  of t r e a t m e n t  is pe rhaps  no t  s t rong  e n o u g h  to 
d is rupt  the  an imal ' s  behavior .  This  is even more  l ikely since 
it is k n o w n  tha t  behav io r  m a i n t a i n e d  by  food  rein- 
f o r c e m e n t  is suscept ib le  to  changes  in phys io logica l  
m e c h a n i s m s  no t  i m p o r t a n t  to  behav io r  m a i n t a i n e d  by  
shock  avoidance  [ 14] .  

Our  resul ts  f u r t h e r  agree wi th  the  f indings  of  J o h a n s s o n ,  
Henr iksson  and J~irbe [ 7 ] ,  who  no t i ced  t ha t  THC in jec ted  
before  the  test ,  did no t  d i s rupt  the  avo idance  response  of  
rats previous ly  t r ea ted  wi th  THC two hour s  a f te r  each 
t ra in ing  session. Rats  t r ea ted  wi th  vehicle for  eight  days  
showed  a s t rong THC-effec t  when  tes ted  in a drug-before  
s i tua t ion .  

To le rance  to the  sedat ive ef fec t  is probable 'Tbecause  the  
ra t ' s  vocal iz ing when  t ouched ,  which  seems closely l inked  
to the sedat ive ac t ion  [6] no  longer  occur red  af te r  a b o u t  
four  days of  t r e a t m e n t .  

A f u r t h e r  possibi l i ty  is a role of  the  THC m e tabo l i sm .  
Some e n z y m e  i n d u c t i o n  may occur ,  leading to a more  rapid 
d i sappearance  of THC a n d / o r  active metabo l i t i e s .  This  is 
no t  unl ike ly ,  since Sofia and  Barry [15]  have s h o w n  tha t  
SKF-525,  a we l l -known inh ib i t o r  of  m i c r o s o m a l  enzymes ,  

enhances  THC-act iv i ty .  The  rapid ly  developing  to le rance  
for  the  h y p o t h e r m i c  effect ,  as d isplayed in Figs. 2 and  4, 
might  be exp la ined  by  e n z y m e  i n d u c t i o n  w i t h o u t  assuming 
any learning effect .  The  same ho lds  for  the  shu t t l e -box  
to lerance.  But ,  there  are l i te ra ture  r epor t s  [5 ,13]  ind ica t ing  
t ha t  THC is a e n z y m e  b locke r  i tself  which  is in con t r a s t  
wi th  Sofia and Barry ' s  f indings  [15]  - and this  would  
resul t  in an increased a m o u n t  of  THC and a decreased 
a m o u n t  of  metabo l i t e s .  If so, to le rance  to the h y p o t h e r m i a  
and shu t t l e -box  to le rance  could on ly  be expla ined  by 
assuming t ha t  this  ef fec t  is caused by THC-metabo l i t es .  

Eva lua t ion  of  these exp lana t ions  will requi re  more  
i n f o r m a t i o n  a b o u t  the levels of  THC and its me t abo l i t e s  in 
b lood  and brain  tissue, and also a b o u t  the  pharmaco log ica l  
act ivi ty of  these me tabo l i t e s  in compar i son  wi th  THC. 

F u r t h e r  a cer ta in  tissue or cell to le rance  c a n n o t  be 
exc luded ,  a l t hough  m e c h a n i s m s  in such a process  are m u c h  
more  complex  and less easily accessible.  Final ly ,  a com- 
b ina t i on  of  some or all of these fac tors  is possible.  
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