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Short Report 

An Abstinence Syndrome Following Chronic Administration 
of Delta-9-Tetrahydrocannabinol in Rhesus Monkeys 
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Primate Laboratory of the Division of Clinical Pharmacology, Departments of Medicine and Psychiatry, School of Medicine, University of 
California, San Francisco, and the Clinical Pfiarmacology Unit of the Medical Service, San Francisco General Hospital Medical Center, 
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Abstract. Chaired ,  chronica l ly  ca theter ized rhesus 
monkeys  were admin i s te red  IV de l t a -9 - te t rahydro-  
cannab ino l  (THC),  0.5 mg /kg  every 6 h for 3 weeks. 
Fo l lowing  the first  T H C  injection,  the animals  ap- 
pea red  heavy- l idded ,  immobi le ,  and  unrespons ive  to 
observat ion .  Tolerance  deve loped  to these behaviors  
dur ing  the 3 weeks o f  T H C  admin is t ra t ion ,  a l though  
the animals  r ema ined  subdued  c o m p a r e d  to baseline.  
Fo l lowing  d i scon t inua t ion  of  THC,  animals  showed an 
increase in gross movement ,  eye contact ,  and  too th  
ba r ing  of  greater  f requency and /o r  du ra t i on  than  
observed before  THC.  This p re sumab ly  represents  a 
cannabis  abst inence syndrome.  
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Tolerance  and  abst inence to THC,  the ma jo r  active 
ingredient  in mar i juana ,  are observed  in rhesus mon-  
keys when high dosing levels are employed  (McMi l l an  
et  al. 1971 ; S tadnick i  et  at. 1974). When  lower doses are 
used ,  0 . 4 - 2  m g / k g / d a y  for 30 days,  to lerance  and  
abst inence have been r epo r t ed  by some inves t igators  
and  no t  by  others  (Deneau  and  K a y m a k c a l a n  1971; 
Har r i s  et al. 1974). In  all studies, behav io ra l  changes 
such as ptosis,  i r r i tabi l i ty ,  increased aggressiveness,  and  
anorex ia  were r epor t ed  bu t  not  quant i f ied.  We have 
been s tudying  behav io ra l  and  ca rd iovascu la r  effects of  
p r o l o n g e d  T H C  admin i s t r a t ion  in conscious  rhesus 
monkeys .  We r epo r t  here the course o f  to lerance  to the 
behav io ra l  effects dur ing  3 weeks of  T H C  adminis-  
t ra t ion  and  the occurrence o f  an abst inence synd rome  
fol lowing d i scon t inua t ion  o f  dosing.  

Offprint requests to : A. Fredericks, Division of Clinical Pharmacolo- 
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Materials and Methods 

Four male rhesus monkeys weighing from 4 - 5.5 kg at the start of the 
experiment were anesthetized and arterial and venous catheters 
placed into the abdominal vessels through the external iliac vessel. 
Following 2 weeks recovery from surgery, a 6 week experimental 
session ensued. The session consisted of I week of vehicle injections, 
3 weeks of THC injections, and 2 weeks of post-THC vehicle 
injections. Two mg/kg/day of drug and/or vehicle was administered 
into the venous catheter in equally divided bolus doses every 6 h by 
Harvard pump in conjunction with timing and switching circuitry. 
THC dosing started at 4 p.m. 7 days after vehicle injection was first 
administered. THC was prepared from National Institute on Drug 
Abuse stock of 20 mg/mi THC in ethanol. The appropriate dose in 
ethanol was sonicated in 0.5 ml of 0.05 ml/ml of emulphor (EL 620, 
GaffCorp., New York, NY) and saline. Appropriate volumes of this 
solution were brought to a 2 ml total with saline for each injection. An 
initial pilot study using three rhesus monkeys whose data are not 
presented here was conducted twice weekly in order to compile a list 
of behaviors which changed reliably with drug condition and for 
which there was a high interrater reliability. In the pilot studies, 
behavioral changes following termination of THC administration 
lasted 2 - 4  days. In the final study presented here, observations were 
done starting at 4: 20 p.m. for a 3 rain period by one rater once a week 
for each experimental week in order to minimize interference with 
cardiovascular measurements done concurrently. The occurrence of 
specified behaviors was scored by depressing switches that resulted in 
a line deflection on a multichannel event recorder for the duration of 
the designated behavior. Each behavior occurrence from momentary 
to 1.5 s duration was counted as one event. The resulting count of 
events was analyzed by repeated measures analysis of variance and 
student Newman Keuls post-tests. 

Results and Discussion 

Figure  1 shows the to ta l  number  o f  occurrences o f  
selected behav io ra l  events for  the four  animals  dur ing 
observa t ion  per iods  for baseline,  THC,  and  p o s t - T H C  
weeks. To le rance  to the init ial  drug effect occurred  b o t h  
to tha t  set of  behaviors  ini t ial ly elicited by T H C  (staring 
and  aver t ing head)  and  to tha t  set o f  behaviors  ini t ial ly 
suppressed  by the drug  (gross movemen t  and  eye 
con t ac t / t oo th  baring).  Hower ,  dur ing  the first post -  
T H C  week, all four  animals  showed a subs tant ia l  
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Fig. 1. Occurrence of selected behaviors in chaired rhesus monkeys 
during 3 min of observation on day 7 of vehicle administration 
(baseline), days 1, 8, and 20 of THC dosing (THC) and days 3 and 12 
of vehicle after THC (post-THC). Data points are the mean of four 
animals and associated SE's. * different from baseline; P _< 0.01. 
+indicates different from week 2 (first THC week), P _< 0.01 

increase only in those behaviors initially suppressed by 
THC administration (gross movement, eye contact/ 
tooth baring). By the second post-drug week, occur- 
rence of all behaviors was similar to that during 
baseline week. 

We have confirmed previous reports that tolerance 
develops to the sedative effects of THC during pro- 
longed administration. We have demonstrated a re- 
bound in the number of events of selected behaviors 
following cessation of THC treatment. The rebound 
presumably represents a cannabis abstinence syn- 

drome. Suppression and rebound, especially of REM 
sleep, are sometimes interpreted as indications of the 
dependence liability of a drug (Oswald et al. 1969). 
However, rebound has been reported for drugs not 
considered addiction risks (H6kfelt et al. 1970). 
Further, the initial issue of the relationship of REM 
suppression, rebound, and dependence liability has not 
been settled (Feinberg et al. 1969). The observation of 
an abstinence syndrome in rhesus monkeys is consistent 
with observations made in humans after 2 -  3 weeks of 
high dose oral THC (Benowitz and Jones 1975; Jones 
and Benowitz 1976). 
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