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the present  s tudy show that ,  as with  a m p h e t a m i n O  2-~4, the 
abili ty to s t imulate  release and  inh ib i t  up take  of  D A  resides 
pr imar i ly  in  the ( + ) - i s o m e r .  
It is conc luded  that ,  in vitro, the optical  isomers  of  m o n o -  
f luor ina ted  a m p h e t a m i n e  behave  in m u c h  the same way as 
those of  the pa ren t  a m p h e t a m i n e  with regard  to in te rac t ion  
wi th  t ranspor t  of  the neu ro t r ansmi t t e r  DA. Studies are now 
unde rway  to invest igate  the effects o f  these new com- 
pounds  in vivo on  b ra in  D A  and  D A - m e d i a t e d  behaviour .  
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Summary. Tolerance  to, and  symmetr ical  cross-tolerance be tween,  c a n n a b i n o l  and  39 - t e t r ahydrocannab ino l  (THC)  occurs 
in rabbi ts  which uniquely  exhibi t  behaviora l  convuls ions  with THC.  

It is well establ ished that  Ag- te t rahydrocannabinol  (THC)  
is the major  psychoactive ingredient  in mar i j uana  2, and  
that, following chronic  adminis t ra t ion ,  tolerance to m a n y  of  
its effects occur in bo th  labora tory  animals  3-5 and  h u m a n s  6. 
However,  the activity in h u m a n s  of  acute cannab ino l  
(CBN), another  major  const i tuent  of  mar i juana ,  is equivo-  
cal 7-1~ Al though  data  on chronic  effects are lacking, acute 
CBN is active, albeit  much  less potent  than  THC,  in 
laboratory animals  ~ l-~3, inc luding t e t r ahydrocannab ino l  sei- 
zure susceptible (THC-SS) rabbi ts  14. The  THC-SS rabbi ts  
are unique  in that  they exhibi t  a selective response follow- 
ing low dose, i.v., inject ion of  T H C  but  not  fol lowing non-  
cannab ino id  psychoactive drugs ~4. In the present  study, the 

chronic effects of  CBN and  THC,  and  their  subsequen t  
interactive effects in THC-SS  rabbi ts  were investigated.  
Materials and methods. Rabbi ts ,  weighing 1.3 3.8 kg, select- 
ed from our  closed stock of  THC-SS rabbits ,  were implan t -  
ed with a cannula  in the external  jugu la r  vein unde r  
pen tobarb i ta l  anesthesia  so tha t  drugs could be repeatedly  
and  convenient ly  adminis tered .  6 rabbi ts  were studied since 
the THC-SS rabbits,  b red  exclusively in our  closed colony 
( U a z : N Z W ) ,  were l imited in number .  7 days were al lowed 
for recovery before  testing. T H C  a n d  CBN were p repa red  
in a vehicle of  a 10% polysorbate  (Tween)-80 and  90% 
distilled water  solution. Dur ing  testing, indiv idual  rabbi ts  
were observed,  for behav iora l  convulsions,  th rough  a 1-way 

Development of behavioral convulsant tolerance to THC (A) and CBN (B) and cross-tolerance between the 2 cannabinoids (A and B) in 
THC seizure susceptible rabbits a 

Rabbit identifi- Days of drug administration 
cation number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

A 
358 0.1 0.1 0.1 0.1 0.1 0.1 ~ 0.5 0.5 0.5 0.5 0.5 0.5 0.5" 15 ~ 

CBN 
351 0.1 0.1 ~ 0.5 0.5 0.5 0.5 0.5 0.5 0.5" 15" 

CBN 
354 0.1 0.1 0.1 ~ 0.5 0.5 ~ 15 ~ 

CBN 

B 
319 15 15 15 * 20 20 20 20 20 20 20 20 ~ 0.1" 

THC 
320 15 15 15 15 15 15 ~ 20 20 20 20" 0.1" 

THC 
321 15 15 15 15 ~ 20 ~ 25" 30 30 ~ 0.1 ~ 

THC 

0.1 

0.1" 0.5 

15 

15 

15 

0.1 

a Asterisks indicate no convulsion occurred; convulsions occurred on all other days of i.v. CBN (15, 20, 25 or 30 mg/kg) and THC 
(0.1, 0.5 mg/kg) administration. 
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vision mirror in a sound attenuated chamber measuring 
82 cm 2 by 70 cm high. Daily injections of THC (0.1 mg/kg 
to 3 rabbits) or CBN (15 mg/kg to 3 rabbits) were conti- 
nued until no convulsions occurred. The following, and 
subsequent days, if necessary, the dose of cannabinoid was 
increased until a convulsion was again elicited. This higher 
dose was given daily until the convulsions ceased. On the 
next day, the animal received an injection of the cannabi- 
noid (0:1 mg/kg THC or 15 mg/kg CBN) that had not been 
previously administered. 1 week later the original dose of 
cannabinoid was given. If a convulsion was not elicited, a 
higher dose was injected. 
Results. As shown in the table, A, although there was some 
individual variation, all rabbits exhibited tolerance to the 
convulsant effects of THC. The tolerance was first exhib- 
ited following repeated administration of 0.1 mg/kg THC. 
An increase in dose to 0.5 mg/kg was sufficient to reinstate 
the convulsive behaviors and tolerance developed after 
daily administration of this dose. On the day following 
occurrence of tolerance to the higher dose of THC, a dose 
of CBN (15 mg/kg), shown previously to reliably elicit 
convulsions in our rabbit population t4, was given. In all 3 
rabbits, no convulsions were precipitated, indicating that 
cross-tolerance occurred from THC to CBN. 1 week after 
CBN administration each subject was injected with 0.1 mg/ 
kg THC. In 2 out of 3 animals a convulsion occurred, 
indicating that tolerance had been lost. The 3rd rabbit 
required 0.5 mg/kg prior to exhibiting a loss of tolerance. 
The table, B, illustrates the results of repeated dosing with 
CBN. Tolerance occurred to the 15 mg/kg dose of CBN 
and this could be reversed by higher doses of CBN (20 or 
30 mg/kg). After daily administration, tolerance occurred 
to the higher CBN dose. Subsequent injection of a convul- 
sive dose of THC (0.1 mg/kg) did not evoke a convulsion, 
indicating a cross-tolerance from CBN to THC. CBN 
(15 mg/kg) again elicited convulsions when administered 
after a 1-week drug-free interval. 
Discussion. In the THC-SS rabbits, tolerance developed to 
the behavioral convulsant effects of both THC and CBN. 
This was evidenced by both an abolition of response after 
repeated administration of the same dose and a reinstitu- 
tion of convulsions subsequent to a higher dose of each 
cannabinoid. Tolerance to convulsions was not permanent 
since each eannabinoid elicited convulsions in the previous- 
ly tolerant THC-SS rabbits after a 1-week drug-flee inter- 
val. Reversible tolerance to the rabbit convulsions with 
THC reaffirms previous findings ~4, and is congruent with 
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the development of tolerance to THC effects across spe- 
cies 3 6. The present findings of tolerance to CBN-induced 
convulsions and of symmetrical cross-tolerance between 
CBN and THC are novel. These data suggest a similar 
mechanism of action of the 2 cannabinoids which is compa- 
tible with previously reported structure-activity considera- 
tions of cannabinoids 2. Moreover, these data support find- 
ings that CBN is capable of producing psychoactive effects 
in humans that are qualitatively similar to those elicited by 
THC. 2 human studies 9,1~ have demonstrated that both 
CBN and THC, given by i.v. infusion, produced a psycho- 
logical 'high' and tachycardia. The dose required for CBN 
was about 10-fold higher than that for THC. However, the 
results of 2 other studies indicate that humans receiving up 
to 400 mg/kg of oral CBN did not experience any of the 
mental and physical effects characteristic of an oral 10 mg 
dose of THC 7'8. The discrepancies between the findings of 
these human studies are difficult to explain since many 
relevant details are absent from the reports. Nevertheless, 
numerous studies indicate that CBN is a less potent THC- 
type compound 9 ~3. This suggests that a relatively high 
concentration of CBN in marijuana could conceivably 
contribute to the pharmacological effects of the plant 
material. 
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Summary. The relative contributions of electro-osmosis and iontophoresis to the electrophoretic release of noradrenaline 
from micropipettes were examined. Electro-osmosis was responsible for 23.1% (+ 5.0%) of the total rate of release. 

The technique of microelectrophoresis is used to apply 
minute quantities of drugs into the immediate vicinity of 
single neurones. Drugs are released from ionized solutions 
contained within glass micropipettes by the passage of 
currents of appropriate direction through the solutions. In 
most studies of central neurones, multi-barrelled micropi- 
pettes are used, consisting of several capillary tubes con- 
verging into a common tip 3. The electrophoretic release of 

drugs from micropipettes involves 2 physico-chemieal 
processes: a) the ejection of ionized drug molecules by 
iontophoresis, and b) the efflux of small volumes of the 
drug solution due to electro-osmosis. Of the two, iontopho- 
resis is assumed to make the greater contribution to total 
drug release, at least in the case of well-ionized drugs 3. We 
have attempted to assess the contribution of electro-osmosis 
to the release of noradrenaline (NA) by measuring the rate 


