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GLENNON, R. A., R. YOUNG, B. R. MARTIN AND T. A. DAL CASON. Methcathinone(“cat’~:An enontiomeric 
Dotencv cormurison. PHARMACOL BIOCHEM BEHAV 5Ot4) 601-606. 1995. -With reaard to its chemical structure, 
-methc&hinone is to cathinone what methamphetamine is to amphetamine. Although it is a dt%g of abuse outside the United 
States, methcathinone is only recently making an appearance on the clandestine market in this country and has just been 
classified a Schedule I substance under the Emergency Scheduling Act. We have previously demonstrated that racemic 
methcathinone produces locomotor stimulation in mice, and substitutes for cocaine and (+)amphetamine in rats trained to 
discriminate either cocaine or (+)amphetamine, respectively, from saline in tests of stimulus generalization. Because an 
enantiomeric potency comparison has never been reported for the optical isomers of methcathinone, in the present investiga- 
tion we synthesized samples of S( - )- and R( +)methcathinone and compared them for their ability: a) to produce locomotor 
stimulation in mice, b) to elicit cocaine-like responding in rats trained to discriminate 8.0 mg/kg of cocaine from saline vehicle, 
and c) to elicit (+)-amphetamine-appropriate responding in rats trained to discriminate 1 .O mg/kg of (+)amphetamine from 
saline vehicle. S( - )Methcathinone was about twice as potent as S( +)amphetamine and three to five times more potent than 
R( +)methcathinone in the three pharmacologic assays. We conclude that both optical isomers possess central stimulant 
character, but that S( -)methcathinone is somewhat more potent than R( +)methcathinone. 

Methcathinone Amphetamine Cocaine Central stimulants Drug discrimination Optical isomers 

KHAT (Catha edulk) is a shrub that has been used for centu- 
ries in parts of Africa and the Arabian peninsula for its central 
stimulant effects (19). Although several methods of consump- 
tion are known, chewing of fresh khat leaves is the most com- 
mon (17). Early work in the 1930s identified (+)norpseu- 
doephedrine [i.e., (+)cathine] as one of the active principles 
of khat [see (l)]. However, because (+)cathine is only a weak 
central stimulant, this did not seem to account fully for the 
central actions of khat. In the 1970’s, cathinone (an oxidized 
form of cathine) was identified as a more likely, and more 
potent, centrally active constituent of khat (25). The 1930’s 
studies were conducted with dried plant material, whereas the 
later studies employed fresh khat leaves. Thus, decomposition 
of cathinone to cathine might account for its lack of detection 
in aged plant samples. More recently, it has been demon- 
strated that cathinone is about eight times more potent than 

(+)cathine in producing amphetamine-like stimulus effects in 
rats (9). 

The discovery of cathinone triggered a relatively widescale 
pharmacologic investigation of this novel substance [see 
(15,17,28)]. Although not without controversy, it was gener- 
ally regarded that cathinone is an amphetamine-like central 
stimulant. Contributing to the initial confusion was the fact 
that, although (+)amphetamine is more potent than (-)am- 
phetamine, (-)cathinone is several times more potent than 
(+)cathinone in producing central stimulant effects [e.g., 
(9,10,13,14)]. However, (+)amphetamine and (-)cathinone 
share the same absolute stereochemistry (i.e., S)- that is, 
S( - )cathinone is more structurally similar to S( +)amphetam- 
ine than it is to R( -)amphetamine (Fig. 1) (10). To show the 
similarity between amphetamine and cathinone, a) we exam- 
ined and compared the pharmacology of cathinone and am- 
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Virginia Commonwealth University, Box 540, MCV Station, Richmond, VA 23298-0540. 
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FIG. 1. Chemical structures of S( - )methcathinone, S( +)amphet- 
amine, and R( -)amphetamine (left to right), showing the greater 
structural similarity of S( -)methcathinone to the S( +)- rather than 
the R( -)-isomer of amphetamine. 

phetamine, and b) we compared the effect of parallel struc- 
tural modifications. For example, we demonstrated that, like 
amphetamine, cathinone could release stores of dopamine 
from rat caudate nucleus (18). It was also shown that cathi- 
none and amphetamine produce similar stimulus effects re- 
gardless of which is used as the training drug [e.g., (9,31)], 
and that like amphetamine, stimulus generalization to cathi- 
none is potently antagonized by haloperidol (18). In general, 
when two agents produce similar pharmacologic effects, par- 
allel structural modification usually results in parallel changes 
in action and potency. Thus, we examined pairs of compounds 
to see whether this was the case for amphetamine and cathi- 
none. Most structural modifications of amphetamine (e.g., 
o-demethylation, chain homologation, aromatic substitution) 
reduce or abolish its central stimulant actions (8). We demon- 
strated that ar-desmethylcathinone and various aromatic- 
substituted cathinone derivatives are significantly less potent 
than cathinone (10,18,31). One structural modification of am- 
phetamine that does not reduce, and in fact enhances, potency 
is N-monomethylation. N-Monomethylamphetamine (meth- 
amphetamine) is at least twice as potent as amphetamine as a 
central stimulant (31). We reasoned that if cathinone is merely 
a naturally occurring amphetamine-like substance, its N- 
monomethyl derivative (which we termed “methcathinone”) 
should at least retain the central stimulant potency of cathi- 
none. It was thought that such a demonstration would aid 
in abating some of the confusion associated with cathinone. 
Indeed, methcathinone was found to be more potent than 
cathinone, both as a locomotor stimulant in mice and in tests 
of stimulus generalization using rats trained to discriminate 
(+)amphetamine from saline vehicle (11). Later studies dem- 
onstrated that methcathinone also produces cocaine-like stim- 
ulus effects (32). 

Relatively little has been published on cathinone or meth- 
cathinone in the past half-dozen years. However, these agents 
are once again attracting attention. Within the past year or so, 
there has been an increased popular awareness of khat as a 
result of reports eminating from the conflict in Somalia. Also 
coming to light for the first time is the fact that methcathinone 
is a very significant drug-abuse problem in the former Soviet 
Union (3,24). Apparently, methcathinone, known in Russia as 
ephedrone or “jeff,” “ Jee cocktail,” and “cosmos” (24), has 
been an abuse problem since at least the early 1980’s; but 
no written accounts of methcathinone abuse had ever been 
published. Also, within the past year, methcathinone is ap- 
pearing on the clandestine market in this country, and a num- 
ber of underground methcathinone laboratories have been 
closed down by the Drug Enforcement Administration (J. Tol- 
liver, personal communication). Methcathinone has been re- 
cently classified as a Schedule I substance (4). Some of the 
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confiscated methcathinone has been shown to be the race- 
mate; however, some samples have been identified as 
S( -)methcathinone. 

Chemically, methcathinone is 2-methylaminopropiophe- 
none; it was first synthesized by the Germans (20,21,26) and 
the French (6) in the late 1920’s as an intermediate in the 
synthesis of ephedrine. The optical isomers of methcathinone 
were first reported in 1936 (3), and the (- )-isomer was later 
patented as an analeptic (22,23). Although both the (-)-and 
(+)-isomers have been previously reported (3,23,27), there are 
no reports in the literature of an enantiomeric comparison of 
methcathinone isomers. Thus, we prepared samples of S( -)- 
and R( +)methcathinone and examined these optical isomers 
for their ability to produce locomotor stimulation in mice and 
stimulus generalization in rats trained to discriminate either 
(+)amphetamine or cocaine from saline vehicle. 

METHODS 

Locomotor Studies 

The locomotor studies used male albino ICR mice (20-25 g) 
obtained from Dominion Laboratories (Dublin, VA). The 
mice were maintained on a 12 L : 12 D cycle with free access 
to food and water. To measure spontaneous activity, mice 
were placed in individual photocell activity cages (6.5 x 11 
in) consisting of 16 photocell beams per chamber. Individual 
mice were placed into one of six chambers and allowed to 
acclimate for 10 min. They were removed from the chambers 
and injected intraperitoneally (IP) with either saline or drug. 
Ten minutes after injection, the mice were returned to the 
chambers and interruptions of the photocell beams were re- 
corded for the next 40 min using a Digiscan Animal Activity 
Monitor (Omnitech Electronics, Inc., Columbus, OH). Activ- 
ity in the chamber was then expressed as the total number of 
beam interruptions for each IO-min period, as well as for the 
total 40-min session. Data are presented here only for the 
total 40-min session. The injection volume was 10 ml/kg. A 
minimum of six mice were used at each dose of each agent; no 
animal was used more than once. To calculate potency, the 
data were converted to percent of control and plotted vs. the 
log of the dose-that is, data were expressed as percent stimu- 
lation (percent of locomotor activity in the saline-treated 
group). Linear regression analysis was used to calculate a dose 
that produced a 300% response, which we term the effective 
dose 300 (ED,,). 

Drug Discrimination Studies 

The drug discrimination studies employed two groups of 
male Sprague-Dawley rats. One group (n = 6) was trained to 
discriminate cocaine hydrochloride (8 mg/kg) from 0.9% sa- 
line vehicle, whereas the second group (n = 3) was trained to 
discriminate (+ )amphetamine sulfate (1 .O mg/kg) from sa- 
line, using a variable-interval, 15-s schedule of reinforcement 
for food (sweetened reconstituted powdered milk) reward. A 
detailed description of the methods employed in training the 
cocaine-trained animals was recently reported (32). Just be- 
fore initiation of the present studies, two of the rats died. 
Thus, all data reflect the results of the responding of all four 
animals at all doses tested. The (+)amphetamine-trained ani- 
mals were trained in a manner identical to that previously 
reported on several occasions (11,31). Standard two-lever op- 
erant chambers (model ElO-10; Coulbourn Instruments, Al- 
lentown, PA) were housed within light- and sound-attenuating 
outer chambers. A dipper mechanism for the delivery of milk 
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was situated equidistant between the two levers, and the op- 
erant chamber was dimly illuminated by an overhead house 
light. 

Animals were first trained to respond on one lever follow- 
ing saline administration, and then on the opposite lever fol- 
lowing administration of training drug. For approximately 
half of the animals the right lever was designated the saline- 
appropriate lever, whereas the reverse was true for the remain- 
der of the animals. During training, animals were adminis- 
tered training drug or saline on a double-alternation schedule 
15 min before being placed in the operant chamber. The train- 
ing sessions were 15 min per day. Training was assessed weekly 
by a 2.5min extinction session followed by a 12.5~min train- 
ing session. Once the animals made > 80% of their responses 
during extinction sessions on the drug-correct lever following 
administration of the training dose of the training drug, and 
< 20% of their responses on the same lever following admin- 
istration of saline (1 .O ml/kg), for 3 consecutive weeks, they 
were employed in tests of stimulus generalization. In the gen- 
eralization tests, doses of training drug would occasionally be 
replaced by doses of a test drug and the animals performance 
would be evaluated in a 2.5min test session under extinction 
conditions. The animals would be immediately returned there- 
after to their individual home cages. Response rates (responses 

per minute) and responding (percent of total responses on the 
drug-designated lever) were recorded. When stimulus general- 
ization (i.e., > 80% drug-appropriate responding) occurred, 
ED,, values were calculated by the method of Finney (5). For 
purposes of comparison, EDSo values obtained in the cocaine- 
trained animals were compared with the ED% value for co- 
caine itself; this latter value was obtained using all six animals 
(32). All solutions were prepared fresh daily using 0.9% sterile 
saline solution. Injection volumes were held constant at 1 ml/ 
kg, and injections were made via the IP route. 

Drugs. S( +)Amphetamine sulfate and cocaine hydrochlo- 
ride were purchased from Sigma (St. Louis, MO). The meth- 
cathinone isomers were prepared at the North Central Labora- 
tory of the Drug Enforcement Administration following, 
essentially, the described patent procedure (23). A chilled 
(- 5OC) solution of sodium dichromate in dilute sulfuric acid 
was added in a dropwise manner over 45 min to dilute sulfuric 
acid solutions of ephedrine (Aldrich, Milwaukee, WI) enanti- 
omers at ice/salt-bath temperature. The reaction mixtures 
were washed with cold chloroform made basic with saturated 
sodium carbonate solution, extracted (four times) with chloro- 
form, and dried with anhydrous sodium sulfate. The hydro- 
chloride salt of each enantiomer was formed by addition of a 
solution HCl (g) in isopropanol (4.5 N) diluted lo-fold with 
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FIG. 2. Effects of methcathinone and amphetamine enantiomers on locomotor activity in mice. Total accumula- 
tions of photocell interuptions during a 40-min session are plotted against log dose. The results are expressed as 
means f SE for at least six mice per group. Where SE is not shown, it was smaller than the size of the symbol. 
The locomotor activity (mean f SE) in the saline-treated groups that were evaluated concurrently with the 
S( - )methcathinone-, R( +)methcathinone-, S( +)ampheIamine-, and R( -)amphetamine-treated groups were: 
1679 f 465, 1529 f 431,262l -f 357, and 1980 f 291, respectively. 
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diethyl ether. Additional diethyl ether was added to produce 
turbidity, with subsequent precipitation of the hydrochloride 
salts. The enantiomers were collected by filtration and allowed 
to air dry. The physicochemical properties of S( -)methcathi- 
none hydrochloride (mp = 176-177.5“C; optical rotation,,,, 
I% MO25 = -52.3O) were consistent with those reported in 
the previous literature (mp = 173-175V; rotation,,,,,,,, = 
-50.3O) (27), (mp = 182-184°C; rotation H20,,V0 = -53O) 
(22). Likewise, data for R( +)methcathinone hydrochloride 
(mp = 176-177.5V; rotation,,,,,, = +52.2O) were consis- 
tent with literature data (mp = 174- 176°C; rotation,,,,,,, 
= +52.0”) (27). The methcathinone isomers were stored as 
their dry white crystalline hydrochloride salts. The spectro- 
scopic properties of racemic methcathinone have been de- 
scribed in detail (33), and the present isomers exhibited similar 
spectroscopic properties. 

0.59) mg/kg or 1.3 pmol/kg, was nearly three times more 
potent than R(+)methcathinone, ED,, = 0.66 (95% CL = 
0.34-l .30) mg/kg or 3.3 pmol/kg, and somewhat more potent 
than S( +)amphetamine, ED,, = 0.44 (95% CL = 0.20-0.99) 
mg/kg or 1.9 pmol/kg. Response rates per minute after the 
doses of methcathinone isomers (12.6-15.1) were not signifi- 
cantly different from those produced by the training dose of 
S(+)amphetamine (13.3 + 1.8) or saline vehicle (13.1 + 
1.6). In every instance, all animals responded after administra- 
tion of each dose of drug. 

DISCUSSION 

RESULTS 

Locomotor Stimulation 

We previously demonstrated that racemic methcathinone is 
a locomotor stimulant in mice that is several times more po- 
tent than racemic cathinone (11). In the present investigation, 
the locomotor activity of the two individual methcathinone 
optical isomers was compared with that produced by the iso- 
mers of amphetamine (Fig. 2). Potency comparisons were 
made by calculating the dose of compound required to pro- 
duce an amount of locomotor stimulation equivalent to three 
times that observed after administration of saline vehicle to 
the same animals (i.e., effective dose or ED,,). S( -)- 
Methcathinone (ED,, = 0.6 mg/kg) was found to be several 
times more potent than R(+)methcathinone (ED,, = 3.0 
mg/kg), and more potent than either S(+)amphetamine or 
R( - )amphetamine (ED,, = 2.6 and 4.7 mg/kg). On a molar 
basis, S( - )methcathinone (3.2 pmol/kg) is approximately 3.5 
times more potent than S(+)amphetamine (11.2 pmoles/kg) 
and about six times more potent than R( -)amphetamine (20.3 
pmol/kg). The potency of R( +)methcathinone (17.0 pmol/ 
kg) falls between those of the two optical isomers of amphet- 
amine. 

Methcathinone has been a drug of abuse in the former 
Soviet Union for over a decade and is now making an appear- 
ance on the clandestine market in this country as “Cat.” Al- 
though it may be considered a new “designer” drug, it was first 
synthesized more than 50 years ago. Its pharmacology has not 
been extensively documented. It produces significant locomo- 
tor stimulation in mice (11) and substitutes in (+)amphet- 
amine- (11) and in cocaine-trained (32) animals. This finding, 
together with its ability to release stores of dopamine from rat 
caudate nucleus (1 l), suggests that it behaves as an amphet- 
amine-like central stimulant. As with cathinone, it would be 
expected that S( -)methcathinone should be more potent than 
its R( +)-enantiomer. However, an enantiomeric comparison 
has never been reported. An early study showed that 
S( - )methcathinone was almost twice as potent as S( +)am- 
phetamine as a “cerebral stimulant” (23); the R( +)isomer of 
methcathinone was not examined. In the present investigation 
we prepared samples of both methcathinone isomers for the 
purpose of enantiomeric comparison. In all three pharmaco- 
logic assays, S(-)methcathinone was more potent than 
R(+)methcathinone. As a locomotor stimulant in mice, 
S( - )methcathinone was five times more potent than its opti- 
cal isomer. In drug discrimination studies using cocaine- 
trained rats, S( -)methcathinone (ED,, = 0.18 mg/kg) was 
nearly three times more potent than R(+)methcathinone 
(ED,, = 0.51 mg/kg), with the potency for racemic methcath- 
inone (ED5o = 0.39 mg/kg) falling between the potencies of 

Stimulus Properties 

We have previously shown that racemic methcathinone 
produces both cocaine-like (32) and amphetamine-like (11) 
stimulus effects in rats trained to discriminate cocaine and 
(+)amphetamine, respectively, from saline vehicle. In the 
present investigation, both isomers of methcathinone also sub- 
stituted, in a dose-related manner, for cocaine in cocaine- 
trained animals (Fig. 3) and for S(+)amphetamine in 
S( + )amphetamine-trained animals (Fig. 4). In the cocaine- 
trained animals, S( -)methcathinone [ED,, = 0.18 (95% CL 
= 0.10-0.32) mg/kg] was nearly three times more potent than 
R( +)methcathinone [ED,, = 0.51 (95% CL = 0.29-0.90) 
mg/kg]. S( - )Methcathinone (EDSo = 0.9 pmol/kg) was al- 
most twice as potent as S(+)amphetamine [ED, = 0.34 
(95% CL = 0.19-0.59) mg/kg, 1.5 pmol/kg] and more than 
eight times more potent than the training drug cocaine (ED,, 
= 2.6 mg/kg; 7.6 pmol/kg) (32). The animals’ response rates 
per minute after administration of S( -)methcathinone (9.8- 
14.5), R( +)methcathinone (10.3-12.8), and S( +)amphetam- 
ine (9.0-12.3) were similar to those recorded after administra- 
tion of the training dose of cocaine (14.1 f 2.0) or saline 
vehicle (12.9 f 1.8). In S( +)amphetamine-trained animals 
(Fig. 4), S( -)methcathinone, ED,, = 0.25 (95% CL = 0. lo- 

A = Sf~A4ETHcA W/NONE A t3 C 
B = S(+MMPHEl~lNE 

0.1 0.15 0.25 0.4 0.6 

DRUG DOSE (mg/kg) 

1.0 1.6 2.5 

FIG. 3. The results of stimulus generalization studies using rats 
trained to discriminate cocaine from saline vehicle. Doses are pro- 
vided on a per-milligram basis but are plotted on a log scale. Each 
animal (n = 4) was used to examine each dose of every compound. 
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A = S(-)MElHCATHINONE 
B = S(+)AMPHElAMINE 
C = R(+)METHCATHINONE 

L 0 I I I / I I 

0.1 0.16 0.26 0.4 0.6 1.0 1.6 2.5 
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FIG. 4. The results of stimulus generalization studies using rats 
trained to discriminate S( +)amphetamine from saline vehicle. Doses 
are provided on a per-milligram basis but are plotted on a log scale. 
Each animal (n = 3) was used to examine each dose of every com- 
pound. 

the two isomers. In the S(+)amphetamine-trained animals, 
the S( -)isomer of methcathinone (ED, = 0.25 mg/kg) was 
more again potent than R(+)methcathinone (ED, = 0.66 
mg/kg); the potency of racemic methcathinone has been pre- 
viously reported (ED, = 0.37 mg/kg) (11). Both in cocaine- 
trained and in S( +)amphetamine-trained animals, S( -)meth- 
cathinone was more potent than S( +)amphetamine (ED, = 
0.33 and 0.44 mg/kg, respectively). All of these results sup- 
port the hypothesis that the S(-)-isomer is the more active 
isomer of methcathinone. 

Chronic administration to humans of relatively high doses 
of amphetamine-like central stimulants can result in symp- 
toms reminiscent of acute paranoid psychosis (i.e., “amphet- 
amine psychosis”) (2). Although khat-induced schizophreni- 
form psychoses have been reported [e.g. (7,12)], cases are 
relatively infrequent, perhaps because of the sheer bulk of 

crude plant product that would need to be ingested (16). How- 
ever, with the availability of pure cathinone or methcathinone. 
“(meth)cathinone psychosis” may become a potential prob- 
lem. Thus, it is important to have some understanding of 
these agents and to realize that they are, in many assays, quite 
amphetamine-like, but with a greater potency than amphet- 
amine. 

In the former Soviet Union, solutions of crude methcathi- 
none (obtained directly from home synthesis) are typically 
administered by injection (24). In this country, several routes 
of administration have been seen, but nasal inhalation of 
methcathinone powder seems to be the preferred route (3). 
Because the present studies employed an IP route of adminis- 
tration, and because the metabolism of methcathinone has not 
been extensively investigated [see, however, (29)], the enantio- 
merit potency ratio may be somewhat different in humans. 
Nevertheless, because amphetamine-like central stimulants 
typically increase locomotor activity of mice (31) and result 
in stimulus generalization in both cocaine-trained (30) and 
amphetamine-trained (31) animals, we conclude that a) meth- 
cathinone possesses amphetamine-like central stimulant prop- 
erties, b) methcathinone is somewhat more potent than am- 
phetamine in this regard, c) methcathinone is more potent 
than cocaine, and d) S( - )methcathinone is several times more 
potent than its R( + )-enantiomer. 

The chewing of coca leaves has been, and continues to be, 
practiced by South American Indians. It was not until the 
active constituent (i.e., cocaine) was isolated and the route of 
administration altered that cocaine became a significant drug 
abuse problem. Likewise, there is a long history of khat chew- 
ing. Cathinone has been identified as the active stimulant con- 
stituent of khat, and methcathinone has been identified as a 
more potent central stimulant than cathinone (11). The pre- 
ferred route of administration of methcathinone is not via 
the oral route. Thus, there are some parallels between these 
plant-related products as regards their abuse potential; further 
investigation of cathinone and methcathinone would appear 
to be warranted. 
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