
294 Experientia 37 (1981), Birkh/iuser Verlag, Basel (Schweiz) 

Effects of  the optical isomers of 2-amino-3-fluoro-l-phenylpropane (monofluoroamphetamine) hydrochloride on 
uptake and release of  dopamine in rat striatum in vitro 1 

A. Benderly, R.T. Coutts, A.L.C.  Mak and G.B. Baker 2 

Neurochemical Research Unit, Faculty of Pharmacy and Pharmaceutical Sciences and Department of Psychiatry, University 
of A lberta, Edmonton (Alberta, Canada T6G 2N8), 17 July 1980 

Summary. The (+ ) -  and (-)- isomers of the monofiuorinated amphetamine 2-amino-3-fluoro-l-phenylpropane were 
prepared and compared for their ability to stimulate release and to inhibit reuptake of radiolabelled dopamine from rat 
striatal tissue in vitro. The (+)- isomer  was much stronger than the ( - ) - i somer  in both cases, 

Replacement of one or more hydrogens in the alkyl side 
chain of amphetamines can have dramatic effects on the 
ability of these drugs to penetrate the brain, on their 
metabolism, and on their ability to interact with enzymes 
and neurotransmitter amines 3-5. Although fluorine is simi- 
lar in size to hydrogen, the electron-withdrawing properties 
of fluorine will reduce the basicity of the adjacent nitrogen 
and, if this reduction in basicity is marked, the degree of 
ionization of the drug at physiological pH will be altered. 
This, combined with the increased lipophilicity imparted by 
fluorine can affect significantly the metabolism of amphet- 
amines and their ability to interact with various biological 
membranes in the nervous system. 
We have prepared monofluorinated analogues of (_+)- 
amphetamine and (_+)-p-chloroamphetamine ( p C A ) i n  
which a single hydrogen atom of the a-methyl substituent 
was replaced with a fluorine. These compounds have pKa 
values approximately 1.65 units lower than the parent 
amphetamines and are significantly weaker than ampheta- 
mine and pCA in stimulating release of the neurotransmit- 
ters dopamine (DA) and 5-hydroxytryptamine (5HT) re- 
spectively from rat brain striatal tissue in vitro 7. As an 
extension of this work, we also, prepared the pure optical 
isomers of monofluorinated amphetamine (2-amino-3- 
fluoro-l-phenylpropane, I) and compared their ability to 
inhibit uptake of and to release DA from rat brain striatal 
tissue. This study is described in the present report. 
Methods. The optical isomers, (+) -  and ( - ) -2-amino-3-  
fluoro-l-phenylpropane hydrochloride (la, [a]~ = + 20.42 ~ 
and lb, [a]~= - 19.89 , respectively) were synthesized from 
(+) -  or ( - ) -phenyla lan ine  via aziridine intermediates by a 
novel synthetic procedure for the preparation of a-(mono- 
fluoromethyl)amines 6. Structures were confirmed by gas 
chromatography-mass spectrometry, NMR spectroscopy, 
elemental analysis and polarimetry. 
Uptake and release were studied in prisms (0.1 
m m x  0.1 mm x approximately 2 ram) of rat brain striatum 
using previously described procedures 8,9. The concentration 
of 3H-DA employed in these experiments was 0.02 BM, and 
nialamide (12.5 ~tM) was included in the incubation and 
superfusion media to inhibit monoamine oxidase. In up- 
take experiments, the prisms (final concentration: 5 rag/ 
5 ml) were preincubated at 37~ for 15 min in modified 
Krebs' medium, the drug and radiolabelled DA were 
added, and incubation was continued for a further 7 rain. 
At this time, the tissue was isolated, under light vacuum, on 
circular filter papers on solid supports, and washed rapidly 
with 2 x 5 ml of medium. The filters were then removed 
from their supports, and total radioactivity was measured in 
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Fig. 1. Structure of 2-amino-3-fluoro- 1-phenylpropane. 

a liquid scintillation counter. In the release studies, the 
prisms were preincubated as described above, the labelled 
DA was added, incubation was continued for 7 rain, and 
the tissue was isolated on filter papers supported in thermo- 
statically jacketed superfusion chambers. After washing 
rapidly with 2x  5 ml of medium, the tissue in parallel 
superfusion chambers was superfused in the presence or 
absence of drugs, as described in figure 2. 
Results and discussion. Figure 2 illustrates that the (+ ) -  
isomer is a much stronger releaser of 3H-DA than is the 
( - ) - i somer .  The mean amount of 3H-DA released above 
control values by the former is approximately 5 times the 
amount released by the latter. A similar situation is true for 
inhibition of DA uptake, with the ICs0 value for Ia  being 
0.82 txM and for Ib 3.8 ~tM. The relative importance of  
inhibition of reuptake and facilitation of release in the 
mode of action of amphetamine at nerve terminals and the 
failure of some techniques to differentiate between these 2 
processes has been the source of considerable debate 8,m,ll. 
The superfusion technique used in the study reported here 
eliminates reuptake, and the release observed should be 
true release s , but it is conceivable that the reduction in 
tissue 3H-DA concentration in the uptake experiments 
could be due, at least in part, to releasing effects of the 
amphetamines occurring during the incubation 1~ 
In a previous publication, we reported that (_+)-2-amino-3- 
fluoro-l-phenylpropane was weaker than (_+)-amphet- 
amine in stimulating release of 3H-DA from rat striatal 
tissue in vitro 7. However, this monofluorinated compound 
still retained considerable releasing activity, and results of 
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Fig. 2. Effects of (+)- and (-)-2-amino-3-fluoro- l-phenylpropane 
(1.0 gM) on release of 3H-dopamine from prisms of rat striatum: 
r-q, control values; A, (+)-2-amino-3-fluoro-l-phenylpropane 
added; A, (-)-2-amino-3-fluoro-l-phenylpropane added. Samples 
of tissue preloaded with 3H-dopamine were superfused with incu- 
bation medium at 0.5 ml/min and serial 1-min fractions were 
collected. After 4 min, the medium was replaced with further 
control medium in the case of the controls or with medium 
containing the appropriate drug. The arrow marks the fraction at 
which the drugs were added. The results are the means of 10 
experiments run on separate days in parallel superfusion chambers. 
The values on the ordinate represent the percentage of total 
radioactivity (amount in fractions plus amount on filter at end of 
superfusion period) present in each collected fraction. 
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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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Tolerance to, and symmetrical cross-tolerance between, cannabinol and A 9-tetrahydrocannabinoll 
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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. 


