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Atrstract-The alkaloid (-)cathinone is a potent stimulant with pharmacological properties closely 
resemb~ng those of (~)amphetam~e. Since (-)cathinone is capable of~d~~n~ release at p~~~olog~~ 
~a~e~bol~~~e storage sites, it has been suggested that (-~t~~~~e and (~)a~~betami~e have the 
same mechanism of action. 

In the present study, the potency of (-)cathinone in inducing the release of radioactivity from %- 
do~a~ne prelabelled tissue of the rat caudate nucleeus was compared to tltat of several st~~t~~ 
analogs, i.e. to that of four other a~no~he~o~es. (-~Ca~~Q~ was found to be the most potent of 
the compaunds under investigation, and among these oniy demethylcathinone had an effect that was 
within the same order of magnitude as that of (-)cathinone. Furthermore, (-)cathinone and two of 
its analogs were evaluated In behavioral expects with regard to their ability to substi~te for 
(~)am~~etamine in rats trained to aviate aeon (~)am~~eta~~e and saline. It was found that, 
unlike the other aminophenones, (-)cathinone is capable of producing (+)amphetamine-like stimulus 
effects, and these can be antagonized by haloperidol in a dose-related manner. 

About ten years ago, the ~k~o~d ~(-)-~a~n~- 
pr~pjoph~non~ was isolated from the haves of the 
khat bush (Cat,& erdulis, Calastraceae), a material 
widely used as a stimulant in East Africa and the 
Arab Peninsulas The new compo~d is now known 
under the name cathinune; it has been shown to 
ba a potent stimulant and to have pharmacological 
properties closely resembling those of ~phet~ne 
[I]. Thus, when adm~iste~ed to animals, cathinone 
induces a sympathamimetic syndrome, and it causes 
anorexia, ~~ypermot~~ty and stereotyped oral activi- 
ties such as ~~~~~g and gnawing. moreover, it has 
been demonstrated in a series of $z Gtro experiments 
that cathinone, as amphetamine, induces release at 
ph~olog~~~ cate~holam~~e storage sites f&4], 
Since the CPE s~mu~at~o~ caused by arnp~~ta~~ 
is attributed to catecholamine release [S], it has been 
suggested that ~athinone and amphetamine have the 
same ~ech~ism of action. 

With regard to structure, cathinone differs from 
amphetamine only in that the benzylic methylene 
group of the latter is replaced by a keto group 
Fnrthe~ore, (~)ampheta~ne and (-)~ath~no~e 
are stereochemical analogs since both possess the 
same absolute ~onfi~ration (i.e. S), In view of the 
~oss~b~~~ty that other ~ompo~ds bearing a benzyiic 
keto group, i.e. aminophenones, might have effects 
similar to those of cathinone, several such com- 
ponnds were evaluated in ~~~~ with regard to their 
ability to cause release from CNS dopamine storage 
sites, and in viuo with respect to their ability to 
substitute for (~)amphetam~ne in a drug dis- 
~r~rnj~ati~n test pe~orm~d by rats. For the release 
experiments, the caudate nucleus of the rat was 
chosen since it has a high density of dopaminergic 
terminals and is kn@m to play a role in psy- 
~~~t~rnu~a~t effects. Furtfiemore, the drug-induced 

release of ne~otr~smitter from r& s~r~~~~m is well 
do~~~nted and, in the case of dopamine-pre- 
iabelled tissue, the identity of the released material 
has been ascertained 16). In the drug ~~r~~~atio~ 
studies, ~~)~p~~t~~~e was chosen as the tsaining 
drug because it has been demonstrated previously 
that the (+)amphetamine-stimulus generalizes to 
cath~n~e 171, 

~~~~~~ safe. Saqh of rat striata~ time, 
excised from the head of the caudate nucleus immedi- 
ately after killing of the animals, were cut with a 
scalpel into cubes measu~~g fess than I mm in each 
dimension. These were then &ubated for 20 min at 
37” in 1 ml of a solution containing (mmol/l) NaQ 
136; KC1 5.6; NaHC03 20.0; NaH$Q4 1.2; CaC& 
2.2; MgClz 12 and gtucose 5.5, and to which 12 #ITi 
3H-dopamine (0,8 nmol dopamine) had been added, 
During the incubation (as well as during the sub- 
sequent snper~s~o~) the medium was ~o~ti~ous~y 
o~g~~ated with a mixture of 95% Or! and 5% COz; 
its pH was 7.2. At the end of the labeling period, 
two of the tissue cubes were placed into each of 
five parallel Bow cdts and snpe~sed at 37” ~5th 
dopamine-free medium at a rate of O.XS ml/min. 
During an initial washout period of I hr, the spon- 
t~eo~s effiux of r~dioa&~v~ty from the preparation 
stabilized to a steady slow decrease; during the sub- 
sequent experimental period, the superfusate was 
coilected in successive 3&n frac~ons. The test sub- 
stances we?re dissolved in the ph~~olo~ca~ solution 
described above and added to the superfusion fluid 
during collection of the fourth fraction, Exposure to 
the test subs~~~~s was terminated at the beaning 
of the collection d the tenth fraction and the exper- 
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Table 1. 
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N,N-Dimethylaminopropiophenone 

iment was discontinued after collection of fraction 
14. The tritium content of the fractions was then 
determined by scintillation counting and the ratio 
between the radioactivity of fractions 8 and 2 was 
determined. In a series of control experiments 
addition of 5 wol/l (+)amphetamine to the medium 
superfusing the tissue samples resulted in an increase 
of the efflux of radioactivity to 235.0 * 9.2% during 
fraction 8 as compared to that during fraction 2, 
whereas the efflux decreased to 73.8 & 2.4% when 
drug-free solvent was added to the superfusion 
medium. For each of the substances tested at least 
three dose-response experiments, carried out on dif- 
ferent days, were performed. 

Drug discrimination studies. Male Sprague-Daw- 
ley rats were trained to discriminate l.Omg/kg 
(+)amphetamine sulfate from saline solvent under a 
variable-interval 15set schedule of reinforcement 
for sweetened milk reward using standard two-lever 
operant chambers (Coulbourn Instruments model E 
10-10). For the present investigation, animals were 
used that had been trained for an earlier study; the 
training procedure has already been described in 

detail [7]. Persistence of the ability to discriminate 
(+)amphetamine from saline was ensured by inter- 
posing all test sessions between discrimination train- 
ing sessions; the latter were conducted during the 
two days preceding any test session, and an odd 
number of training sessions (at least three) separated 
any two test sessions. Animals that made either 
less than 80% amphetamine-appropriate responding 
when given amphetamine or more than 20% amphet- 
amine-appropriate responding when given saline 
were considered as not discriminating between the 
two treatments and were excluded from the immedi- 
ately following test session. During the test sessions, 
the animals were allowed 2.5 min (with no reinforce- 
ment) for lever responding, and were then removed 
from the operant chambers. 

Generalization tests were run in order to deter- 
mine if the cathinone analogs would substitute for 
the (+)amphetamine-stimulus. Several doses of the 
analogs were administered in a random sequence 
with a 15 min injection-time interval prior to the 
extinction test period. Stimulus generalization was 
defined as occurring when the animals, after adminis- 
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tration of a given dose of challenge drug, made more 
than 80% of the responses on the amphetamine- 
designated lever. Animals making less than a total 
of five responses during the 2.5 min extinction session 
were reported as displaying disruption of behavior. 
For those compounds where generalization 
occurred, EDGE values were determined from the 
dose-response data by the method of Finney [8]. In 
the stimulus antagonism studies, groups of rats were 
injected with varying doses of haloperidol (or, for 
positive controls, with 1 ml/kg saline), and 45 min 
later with either (+)amphetamine (l.Omg/kg), 
(-)cathinone (0.8 mg/kg), or saline (1 ml/kg). After 
a further period of 15 min, the animals were placed 
in the operant chamber and were allowed 2Smin 
(with no reinforcement) for responding. 

Drugs. S( -)-a+Aminopropiophenone hydro- 
chloride (cathinone HCl) was kindly provided by Dr. 
0. Braenden, United Nations Narcotics Laboratory. 
Published procedures were used for synthesizing 
aminoacetophenone hydrochloride (cY-demethyl- 
cathinone HCl) [9], racemic 2-amino-1-tetralone 
hydrochloride (ringcathinone HCl) [lo], pamino- 
propiophenone hydrochloride [ll], and N, N- 
dimethylaminopropiophenone hydrochloride [12]. 
Haloperidol was donated by McNeil Laboratories, 
and (+)amphetamine sulfate was purchased from 
Sigma Chemicals. All drugs were administered by 
intraperitoneal injection; solutions were prepared 
fresh daily with 0.9% sterile saline. 

RESULTS AND DISCUSSION 

When tissue samples of rat caudate nucleus pre- 
labelled with 3H-dopamine were superfused with 

saline, the release of radioactivity from the prep- 
aration decreased slowly with time and the tritium 
content of fraction 8 of the collection period was 
73.8 2 2.4% of that of fraction 2. On the other 
hand, when 4.8 m/l (-)cathinone was added to the 
superfusion medium, the radioactivity of fraction 8 
increased to 187.1 ? 23.7% of that of fraction 2; the 
increase of release was rapid and reversible. Several 
other aminophenones (see Table 1) of closely related 
structure were also found to induce the release of 
radioactivity; however, much higher concentrations 
of these were needed for obtaining an effect of 
similar amplitude. As can be calculated from the 
curves of Fig. 1, an efflux of radioactivity twice that 
observed under control conditions was produced by 
approximately 13.5 ,uM/l of cr-demethylcathinone, 
50 PM/~ of Paminopropiophenone, 65 ,uM/l of 
ringcathinone, and 150 PM/~ of N, N-dimethylamino- 
propiophenone, as compared to only 2.6,uM/l of 
(-)cathinone. Thus, (-)cathinone was found to be 
the most potent of the compounds under inves- 
tigation, and, among its synthetic analogs, only QC 
demethylcathinone had an effect that was within the 
same order of magnitude as that of (-)cathinone 
itself. 

It has been demonstrated previously that stimulus 
generalization occurs between (+)amphetamine and 
cathinone regardless of which is used as the training 
drug [7,13]; for the purpose of the present inves- 
tigation, this dose-related generalization was rep- 
licated (Table 2). The conformationally restricted 
cathinone analog, ringcathinone, produced saline- 
appropriate responding both at two and four times 
the generalization dose of (-)cathinone; at five times 
this dose (i.e. at 4 mg/kg), ringcathinone produced 

Fig. 1. The effect of (-)cathinone (0) and other aminophenones (see Table 1) on the efflux of 
radioactivity from rat caudate nucleus tissue prelabelled with 3H-dopamine: 0, cY-demethylcathinone 
(aminoacetophenone); 0, ringcathinone (2-amino-1-tetralone); A, N,N-dimethylaminopropio- 
phenone; A, /S-aminopropiophenone. Results are expressed as the ratio between the efflux during 
superfusion with a given substance and the efflux before superfusion with the substance. Under control 
conditions, i.e. addition of drug-free solvent to the superfusion medium, the efflux decreased during 

the test period to 73.76 k 2.39% (hatched bar); points are mean ~fr SEM from 3-6 determinations. 
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Table 2. Results of stimulus generalization studies with animals trained to discriminate between (+)amphetamine and 
saline 

Dose 
(mg/kg) 

Number of animals 
responding vs number 

receiving drug 
Amphetamine-appropriate Mean of responses 
responding* in % -C SEM per min* (?SEM) 

(-)Cathinone* 

(+)Ringcathinone 

0.2 
0.4 
0.8 

1.6 
2.0 
3.0 
3.2 
4.0 

N,N-Dimethyl- 
aminopropiophenone 

(+)Amphetamine§ 

Saline 

1.0 
2.5 
2.8 
3.0 
5.0 

1.0 

1 ml/kg 

414 
414 
414 

515 
414 
414 
313 
114 

313 
313 
l/3 
O/2 
113 

515 

515 

12.2 (21.8) 
12.0 (21.0) 
11.6 (k1.9) 

12.3 (k2.0) 
10.3 (k2.3) 
12.8 (21.4) 
6.0 (22.4) 

11.7 (24.9) 
11.2 (t3.8) 

12.4 (k3.0) 

11.9 (22.6) 

* Data obtained during 2.5 min extinction session. 
t ED~,, = 0.34 (0.18-0.62) mg/kg. 
$ No responding: disruption of behavior. 
§ ED% = 0.42 mg/kg (ref. 7). 

disruption of behavior. N, N-Dimethylaminopro- 
piophenone produced qualitatively similar results in 
that 2.5 mg/kg resulted in saline-appropriate 
responding, whereas 2.8mg/kg resulted in dis- 
ruption of behavior (Table 2). a-Demethylcathinone 
does not produce (+)amphetamine-like effects, 
probably because it is structurally unprotected 
toward oxidative deamination and therefore under- 
goes rapid metabolism in vivo [7]. Since pamino- 
propiophenone is likewise unprotected, it was not 
evaluated in the drug discrimination paradigm. 

(+)Amphetamine presumably produces its dis- 
criminative stimulus effects via a mechanism that 
involves release of dopamine [14,15]. To this extent, 
it has been shown that the stimulus effects of 
(+)amphetamine can be blocked by pretreatment of 

the animals with various dopamine antagonists (see 
Young and Glennon [16] for a review); among these 
haloperidol has been demonstrated to be particularly 
effective [14,17]. Figure 2 shows that haloperidol is 
capable of antagonizing, in a dose-related manner, 
the generalization of the (+)amphetamine-stimulus 
to (-)cathinone; the results for (+)amphetamine 
are shown for comparison. 

Taken together--the results of the present study 
demonstrate that the potency of (-)cathinone is 
considerably greater than that of the other amino- 
phenone analogs as far as induction of release from 
CNS dopamine terminals is concerned. Further- 
more, unlike the other aminophenones, (-)cathi- 
none is capable of producing (+)amphetamine-like 
stimulus-effects, and these are antagonized by halo- 
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\ 
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&I a Q 
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Fig. 2. Antagonism by haloperidol of (+)amphetamine-appropriate responding produced by 1 .O mg/kg 
of (+) amphetamine and 0.8 mg/kg of (-)cathinone. S, C and A indicate the effect of saline (1 ml/kg), 
(-)cathinone (0.8 mg/kg), and (+)amphetamine (1 .O mg/kg) m animals pretreated with 1 ml/kg of 

saline. For each point N is 5. 
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peridol in a dose-related manner. Thus, the results 
of the present study support the hypothesis that 
(+)amp~etamine and (-)cathinone produce their 
central stimulant effects via the same dopaminergic 
mechanism [18]. 
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