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FRIED, P. A. Cross-tolerance betwen mhaled Cannabts and mtraperttoneal mlecttonx o f  A9 THC PHARMAC BIOCHEM. 
BEHAV. 4(6) 635-638.  1976. - Male and female rats were exposed to Cannabis smoke or placebo once every second day 
for 32 days. Following these 16 trials all animals were injected once mtrapentoneally with 4 mg/kg THC. After every thxrd 
inhalation trial and after the injection the rats were placed on a movement sensor for 3 mm Cannabis smoke slgmflcantly 
reduced activity, relative to baseline scores, during the ftrst 10 inhalation trials but by the thirteenth exposure, tolerance 
was evident. When the ammals were injected with THC, the male rats who had been exposed to Cannabis smoke 
significantly increased thetr activity whereas the females did not alter thetr activity relative to the last inhalation trial. In 
contrast rats of both sexes that had been exposed to placebo smoke slgmficantly decreased thetr activity following the 
rejection. This intermodal cross-tolerance is discussed in terms of the role of conditioning m the development of tolerance 
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E X P E R I M E N T S  examin ing  the  neurological ,  pha rmaco log i -  METHOD 
cal, and  behav iora l  e f fec ts  of  Cannab i s  and  its c o n s t i t u e n t s  Ammals 
have used a n u m b e r  of  m o d e s  of  admin i s t r a t i on .  Inc luded  
a m o n g  these  are i n t r a p e n t o n e a l  (IP), i n t r amuscu la r ,  intra-  Eight  male and  8 female  naive Wlstar rats,  appro~ 
cerebral ,  and  i n t r a v e n o u s  in jec t ions ,  oral  admin i s t r a t i on ,  60 days  of  age were used All ammal s  were 
and  inha la t ion .  Very few s tudies  have c o m p a r e d  these  indiv idual ly  wi th  food  and  water  avai lable ad h b  
d i f fe ren t  rou te s  m a d i rec t  fash ion  (e g. [7,  8, 9] ), and on ly  
one  r epo r t  has  e x a m i n e d  t h e m  wath respec t  to  to le rance .  In Apparatus 
a r ecen t  s t udy  [ 1] it was f o u n d  t ha t  the  ra te  of  to l e rance  The  ac twl ty  sensor  ut i l ized was a m o d f f i c a h o n  
d e v e l o p m e n t  in p igeons  was a p p r o x i m a t e l y  the  same descr ibed  by  R e m i n g t o n  and  A m s m a n  [15]  Essen 
w h e t h e r  A g - t e t r a h y d r o c a n n i b i n o l  (THC)  was re jec ted  cons is ted  of  an 8 W speaker  measur ing  20 cm 
orally,  m t r amuscu l a r l y ,  o r m t r a v e n o u s l y ,  covered  by  a 0 .012  cm myla r  sheath .  A cons! 

In th is  p resen t  work,  a re la ted  p r o b l e m  per t a in ing  to the  pressure  was p roduced  b e t w e e n  the  speaker  and  th~ 
ques t ion  of  c ross - to le rance  b e t w e e n  d i f f e ren t  m o d e s  of  by  sealing the  mylar  b e t w e e n  two " O "  rings a t tache,  
Cannab i s  a d m i n i s t r a t i o n  will be invest igated.  The  ques t i on  me ta l  f r ame  of  the  speaker.  By placing an a m m a l  
is of  in te res t  f rom an  appl ied po in t  of  view as ce r t a in  myla r  shea th ,  air  pressure d i sp l acemen t  r educed  a 
e x p e r i m e n t a l  p rocedures  necess i ta te  the  changing  f rom one  t ion  in the  speaker  cone  and  varied the  e l ec t ron  
m o d e  o f  drug a d m i n l s t r a h o n  to a n o t h e r  (e.g., examin ing  flux. The  speaker  was a t t ached  to a var iable  ca 
drug ef fec ts  dur ing  p r egnancy  and  in the  of f spr ing  [ 6 ] )  t r ans fo rmer ,  t he r eby  al lowing for  an  ad jus tm 
and,  a d d i h o n a l l y ,  some drug-users  a l t e rna te  b e t w e e n  sensi t iv i ty  of  the  appara tus .  The  speaker  was hou: 
d i f fe ren t  m o d e s  o f  m a r i h u a n a  re take  F r o m  a theore t i ca l  cyhndr i ca l  tube  of  clear plast ic  20 cm h igh  a 
p o i n t  of  view the  ~ssue is ge r m ane  to the  p r o b l e m  of  the  c o n n e c t e d ,  via the  t r a n s f o r m e r  to one  channe l  
role of  c o n d i t i o n i n g  in the  d e v e l o p m e n t  of  to l e rance  [ 16] c h a n n e l  B e c k m a n  type  CE polygraph .  Pen deflecl 
Accord ing  to th~s theo ry ,  a n t i c i p a t o r y  responses  to  the  drug the  p o l y g r a p h  c o r r e s p o n d e d  d i rec t ly  wi th  the  mten:  
e f fec ts  serve to a t t e n u a t e  such ef fec ts  and  man i f e s t  them-  f r equency  o f  the  an imal ' s  m o v e m e n t s .  
selves by  a d imin i shed  response  to the  drug As a large The  i n h a l a t i o n  c h a m b e r  consxsted of  a tran: 
c o m p o n e n t  o f  the  a n t i c i p a t o r y  responses  are el ic i ted by  the  plastic r ec tangu la r  box  (30  cm high × 20  cm wide > 
a d m i n i s t r a t i o n  procedures ,  a l ter ing the  p rocedure s  would  deep)  wi th  a grid f loor  U n d e r n e a t h  the  f loor  
be p red ic ted  to a t t e n u a t e  to l e rance  effects ,  openings .  T h r o u g h  2 of  these  a m i x t u r e  of  smoke  
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could be pumped  by means of  a respirator  previously The lack of  a drug × day interact ion indicates th 
described [7] .  Through the third opening the smoke could Cannabis smoke and placebo initially suppress actwl 
be evacuated by connect ing  it to the expira t ion valve of  the 1). However ,  as can be seen m the graphical  represe 
respirator.  Animals  were placed m and removed f rom the of  the results, the rate of  tolerance deve lopment  w~ 
apparatus via a hinged lid. more rapid in the placebo group than m the exper 

group. By the third day on the act ivi ty sensor 
Drugs inhalation) the placebo group did not  differ slgnl 

Cannabis satlva, provided by the Heal th Pro tec t ion  from its baseline ac twl ty  whereas the experlment~ 
Branch of  Heal th & Welfare Canada, conta ining 1.1% THC was still s lgmficantly slower F ( I , 6 )  = 5.69, p < 0  05 
and unknown  quant i t ies  of o ther  cannabmolds  was used in last 2 ac twi ty  recordings ( inhalat ion 13 and 1 
the exper imenta l  condi t ions  whereas Cannabis placebo was exper imenta l  and cont ro l  group did not  differ  fr, 
used in the cont ro l  condit ions.  The placebo had all another  nor f rom their  basehne scores lndlcat '  
cannablnolds  removed and then  was rehydra ted  to the same deve lopment  of  tolerance.  When bo th  groups we 
consis tency as the exper imenta l  drug. Both forms of  given 4 mg/kg THC they differed slgnlf~cantly : 
Cannabis were used to make filter t ipped cigarettes con- response. The control  animals sagmficantly decreas~ 
taming 0.6 g of  the plant. For  IP reject ions synthet ic  THC activi ty F(1,6)  = 5.70, p<0 .05  relative to t rea tment  
dissolved m dehydra ted  alcohol  (0.2 g /ml)  was suspended in whereas the exper imenta l  animals actually increas~ 
a mixture  of  5% propylene  glycol  and 95% tween 8 0 - s a h n e  actwl ty  F ( I , 6 )  = l 1.36, p < 0  02. In this latter analy~, 
(0.5 ml tween /47  ml saline) One mg THC was dissolved in was an effect  of  sex × drugs F ( I , 6 )  = 17 96, p < 0 . 0  
0.25 cc vehicle solution,  female exper imenta l  ammals demons t ra ted  tolera 

tween the two modes of  adminis t ra t ion by not  c 
their act ivi ty when switched from lnhalat~on to 

Procedure ject ions  whereas the male exper imenta l  ammals 
Af ter  pilot  work which took  into considerat ion such strated their  tolerance by actually increasing their 

factors as the rate of  burning of  the cigarettes, level of  Both sexes of  the placebo group,  when injected w~l 
emo t lonah ty  of  the rat, and the general effect iveness of  the slgmficantly decreased their  actwxty. 
procedures,  the fol lowing parameters  were employed  the 
animal was exposed to the smoke m the closed box for 9 DISCUSSION 

mm with a period of  10 sec at the 4½ min mark during The principle findings of  th~s study are that  lnhal~ 
which the hinged lid was opened  to dilute the smoke with Cannabis containing cannablnolds reduces act ivi ty 
air At the end of  this t ime, less than 5% of  the Cannabis 
material  remained. The respirator  was set at 45 cyc les /mm,  that tolerance develops to this behavior,  and tha 

tolerance be tween  Cannabis smoke and IP inject 20 cm pressure, 1 1 ratio of  inspirat ion to expirat ion,  and a 
THC is demonstrable .  

50/50 mrxture of  air and smoke. The connec t ion  be tween  
It is apparent  that  exposure  to placebo smoke aI, 

the cigarette and respirator  was such that the smoke did not  p ronounced  reducxng effect  upon activity. Unh 
pass through the filter por t ,on  of  the cigaret te but  was 

Cannabis containing cannabinoids  however ,  there is 
b lown direct ly into the smoke chamber  As a m a x i m u m  rapid rate of  return to basehne levels and no cross-to 
50% of the THC in the cigarette was actually delivered to 
the ammal  [4,17] the amoun t  of  THC each rat was exposed be tween  the inhaled placebo material  and injected T 
to was a m a x i m u m  of 3 3 mg (16 5 mg/kg).  Al though the evident.  The factors (pharmacological  or o ther)  und 
quant i f ica t ion  of  the amount  of  THC received by an animal the d iminut ion  m activity fol lowing the initial expc 

placebo cannot  be specified at this time. 
can only be approx imated  there was a considerable degree The increased act ivi ty in male rats after they wez 
of  s tandardizat ion be tween  animals a single inject ion of  4 mg/kg THC fol lowing lnhalat 

The eight rats of  each sex were randomly  divided into Cannabis parallels the observat ion of  Potvin and Frie 
exper imenta l  and cont ro l  groups and each animal was that increased activity, m males relative to c~ 
placed on the ac twl ty  sensor for 3 mln. This was considered occurred fol lowing chronic  IP inject ions of  THC 
basehne activity. The subsequent  exper imenta l  period present work th~s Increment  m activity was not  obse 
lasted for 36 days and consisted o f  rats xn the exper imenta l  the female rats a l though they were clearly tolerant  
group being exposed to Cannabis smoke and rats in the drug effect  on this behavioral  measure The d i f f  
cont ro l  group being exposed to smoke f rom placebo be tween  the sexes may be due to the increased sen 
material  16 t imes - once every 48 hr. F i f teen  mln after  of  female rats to THC (e.g. [3]) .  It has been sho~ 
every third exposure  to smoke each ammal  was placed on low acute doses of  THC has s t imulant  properti~ 
the m o v e m e n t  sensor for 3 min. Two days after  the 16th [5,131) Therefore ,  to a tolerant  male rat the effec 
inhalat ion trial all animals were given 4 mg/kg THC IP and mg/kg may manifest  themselves by increased 
20 mm later were placed on the act ivi ty sensor for 3 min. whereas m the tolerant  female rat this dose may I 

RESULTS high enough level so as not  to potent ia te  this activity 
The occurrence of  cross-tolerance be tween  the 2 

Using an analysis of  variance with sex and drugs as of  drug admimstrat~on indicates that a t tenuat ion  t 
be tween  varmbles and testing days as a wi thin  variable no can occur  in the absence of  condi t ioning cues 
differences be tween  groups occured ei ther on the baseline persistently precede the systemic effects  This differ 
day nor the first day of  Cannabis or placebo inhalat ion a number  of  reports  [2, 11, 16] In which tolerance 
There was, however ,  a sigmficant decrease m activity on the analgesic effects  of  morphine  have been shown 
first inhalat ion day when contras ted to the baseline record dependent  upon consistent  st imulus events present 
F(1,12)  = 7.58, p = 0.018. t ime of  drug administrat ion.  These d~screpant resul 



INTER-MODEL CROSS-TOLERANCE OF THC 
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ref lect  basic d i f fe rences  m the  m e c h a m s m s  of  to le rance  to to l e rance  fails to  mamfes t  i tself  a f te r  a l imi ted  nul 
THC and  m o r p h i n e  (or  op ia tes  m general)  for  t o l e rance  trials (e.g. 4 in Slegel 's [ 16] s tudy)  tha t  does  no t  m~ 
d e v e l o p m e n t  differs  m a n u m b e r  of  respec ts  in these  two  the  basic neurophys lo log ica l  m e c h a n i s m s  under lyl l  
drugs. F o r  example ,  na rco t i c  a n t a g o m s t s  d i s rup t  behav io r  in a t t e n u a t i o n  are no t  p resen t  bu t  r a the r  t ha t  they  are 
m o r p h i n e  t o l e r a n t  an imals  bu t  no t  m THC to l e r an t  ammal s  or are of  msuf f i cen t  s t r eng th  to be observed  
and  cross- to lerance  is no t  ev iden t  b e t w e e n  m o r p h i n e  and  a u g m e n t e d  by  c o n d i t i o n e d  cues. Th~s la t te r  mte rpre !  
THC [ 12] An  a l t e rna te  and  more  p ragmat ic  e x p l a n a t i o n  cons i s t en t  wi th  f indings  f rom a n u m b e r  of  studaes r( 
a c c o u n t i n g  for  the  f inding of  to l e rance  to THC bu t  no t  to  e lsewhere  [5]  t ha t  the  ra te  of  to l e rance  deve lopr  
m o r p h i n e  m the  absence  of  cons i s t en t  p r eadmmis t r a t~on  THC ~s acce le ra ted  by the  o p p o r t u m t y  or necessxty ( 
cues is t ha t  the  presence  of  these  drug re levant  cues c o m p e n s a t o r y  responses  whale u n d e r  the  drug 's  mJ 
a u g m e n t  the  ra te  of  to l e rance  d e v e l o p m e n t  [ 10] .  T h a t  is, if 
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