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Effects of the dopamine-p-hydroxylase inhibitor FLA 63 on
the kinetics of elimination of amphetamine in the rat

Disulfiram and its metabolite diethyldithiocarbamate (DDC) have both been shown
to inhibit the p-hydroxylation of amphetamine in rats (Creaven, Barbee & Roach,
1970; Jonsson & Lewander, 1973). In the present paper an interaction between
FLA 63 (bis-1-methyl-4-homopiperazinylthiocarbonyl)disulphide, which is chemically
related to disulfiram, and amphetamine in rats is reported. FLA 63, like disulfiram
and DDC, is a dopamine-f-hydroxylase inhibitor (Corrodi & Florwall, 1970).

Male Sprague-Dawley rats, 180-250 g, were used. Water and food were freely
available, FLA 63, was dissolved in 2M HCI, neutralized, diluted with saline and in-
jected in a dose of 50 mg kg or 100 mg kg (s.c.) 1 h before the administration of
amphetamine. An Animex apparatus (Farad Electronics AB, Sweden) was used to
measure motor activity. (+)-[PH]JAmphetamine (3-0 mCi mM~, 4 mg kg™') was
injected intraperitoneally at 0-25, 0-5, 1, 2 and 4 h before the animals were decapitated
and the brain and plasma concentrations of amphetamine were determined afterextrac-
tion into toluene at pH 12 followed by counting in a liquid scintillation spectrometer.
The pattern of urinary metabolites was determined after injection of (+)-[*Clam-
phetamine sulphate (CIS, France) (5 mg kg%, i.p. 0-55 mCi mM~?) into rats housed
individually in metabolic cages. Urine was collected for 24 h. [“C]Metabolites of
amphetamine in the urine were separated by paper chromatography and quantified
by liquid scintillation counting according to Ellison, Gutzait & van Loon (1966) as
modified by Lewander (1968). Student’s -test was used for all statistical evaluations.

FLA 63 administered 1 h before amphetamine significantly prolonged the am-
phetamine-induced increase in motor activity by approximately 2-5 h (Fig. 1).

Pretreatment with FLA 63 significantly increased the concentration of brain
amphetamine at 2 and 4 h after amphetamine (Fig. 2), when the rats were pretreated
with 100 mg kgt of FLA 63. The effect of FLA 63 seemed to be dose dependent
at this time interval after the injection of amphetamine. In Table 1 the distribution
of amphetamine in plasma, lung, heart, liver and kidney is shown. Of all the tissues,
the increase in the amphetamine concentration after pretreatment with 100 mg kg
of FLA 63 was most pronounced in plasma. The duration of the amphetamine-
induced increase in motor activity followed roughly the concentration of amphetamine
in brain and plasma.
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F1Gg. 1. Motor activity in rats after m]ectlon of (+)-amphetamine (A), 4 mg kg Y, i.p. (O—@).
FLA 63 50 mg kg%, s.c. + saline (A-—A) and FLA 63 + (+)-amphetamine (o—.) (+)
Amphetamine was given 1 h after FLA 63. Open circles indicate statistically significant (P<0-05
or less) differences from FLA 63 + saline treated animals. The symbol “x” indicates statistic-
ally significant (P<<0-05 or less) differences between amphetamine and FLA 63 + amphetamine
treated rats. FEach point represents the mean of 3-5 observations.
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FiG. 2. Effect of pretreatment with FLA 63 on the disappearance of amphetamine from the rat
brain. (+)-[?H]JAmphetamine sulphate, 4 mg kg~ was given i.p. at time 0, 1 h after FLA 63.
(———) FLA 63, 100 mg kg~? - amphetamine; (— — -—) FLA 63, 50 mg kg~ 4+ amphetamine,
(x — %) control, amphetamine only. FEach point represents the mean concentration of
amphetamine in 4 rats. Open circles indicate statistically significant (P<0-05 or less) differences
from the controls.
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Although the previous results with DDC suggested an inhibition of the oxidation
of amphetamine, no influence of FLA 63 on the urinary metabolite pattern was
found. Thus, the urinary data did not provide evidence for an inhibition of the
p-hydroxylation of amphetamine by FLA 63.

Both disulfiram (Creaven & others, 1970) and DDC (Jonsson & Lewander, 1973)
have a marked effect on the pattern of urinary metabolites of amphetamine, which
is suggestive of an inhibition of the p-hydroxylation of amphetamine. This probably
explains why DDC (400 mg kg i.p.) caused a tenfold increase in the brain and
plasma concentrations of amphetamine during 0-5-12 h after the injection of am-
phetamine (Jonsson & Lewander, 1973; Lal, Sourkes & Missala, 1974). The present
experiments do not give conclusive evidence with respect to the mechanism for the

Table 1. Tissue concentrations of amphetamine (nM g™Y) after pretreatment with
FLA 63. (4)-Amphetamine [*HJsulphate 4 mg kg~ was administered i.p.
1 h after FLA 63 or saline respectively. Each experiment represents the
mean concentration of amphetamine in 3 or 4 rats.

Amphetamine concentration (nM g7, mean + s.lc. n = 4) after:

5 min 30 min h 2hb 4h
Plasma .. .. Controls 27 £ 01 22 4 007 1-5 + 0t 06 + 0:09 018 4 001
sg-‘LA }?3 X 23 £ 04 28 4 0-08t 1-7 £ 01 07 £ 0-:08 040 £ 0-08% (3)
mg kg™
FLA 63 42 1 0-2* 32 4 01* 2:0 £ 0:093(3) 14 £ 01t 0-43 £ 0-15(3)
100 mg kg~
Lung . .. Controls 62:4 + 63 41-8 &+ 1-8 251 + 44 13-5 £ 1-5 2:7 4 04
5§LA]§3 X 787 £+ 94 612 4+ 33+ 291 & 27 165 + 12 81 4 1:3t(3)
mg kg~
FLA 63 914 £+ 142 453 + 56 151 + 2:7(3) 247 4+ 1-9% 101 + 3-1(3)
100 mg kg-!
Heart . .. Controls 155 £ 07 101 + 04 66 + 03 29 + 04 05
FLA 63 170 + 1-8 145 + 1-2* 64 + 07 3-8 £+ 03 1-8 4 02t (3)
50 mg kg?!
FLA 63 202 + 1-4¢ 11-4 + 05 77 + 04 (3) 5-3 + 06¢ 20 £+ 068 (3)
100 mg kg™
Liver . .. Controls 447 + 12 252 + 0-5 192 + 12 136 + 14 42 403
sg:LAES . 487 £+ 65 381 4+ 2.8t 198 + 11 1341 + 0-8 66 + 041 (3)
mg kg™
FLA 63 71-1 £ 99% 369 4 08 230+ 24(3) 219 + 3-0% 79 4+ 128 (3)
100 mg kg™
Kidney .. . Controls 896 + 2-2 66'1 4 3-1 471 & 35 260 + 27 55 4+ 03
5§LAI((53 . 942 1 7-5 81'5 + 1-9% 366 + 1:3% 218 + 05 122 + 2:8(3)
mg kg~
FLA 63 906 + 54 679 + 7-6 439 +27@3) 334415 124 + 42(3)
100 mg kg—*

Differences from controls: ® P<0-001; + P<0:01; $ P <0-05.
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relatively small but clear effect of FLA 63 on tissue amphetamine concentrations.
This is due to the fact that the maximal dose of FLA 63, which could be administered
without a high mortality, was only 1/4-1/8 of that of the other disulphide derivatives.
In addition, the 24 h interval chosen for collection of urine might have been too
long for a transient inhibition of p-hydroxylation to be observed. All rats receiving
FLA 63 had haematuria or possibly haemoglobinuria and the volume of urine
produced was smaller than for the amphetamine controls. Further studies may reveal
if this toxic side effect of FLA 63, which might interfere with the renal elimination
of amphetamine, or some yet undefined interaction with the metabolism of am-
phetamine, causes the increased tissue concentration of amphetamine.

The present results demonstrate that FLA 63 pretreatment interferes with the
kinetics of elimination of amphetamine, which is associated with a prolongation of
one of its pharmacological effects. In the recent past, FLA 63 has been used as a
potent dopamine-S-hydroxylase inhibitor in the elucidation of the mechanism of
action of amphetamine in rats (Corrodi, Fuxe, & others, 1970; Ungerstedt, 1971) and
mice (Svensson, 1970). In these studies, pretreatment with FLA 63 (25-50 mg kgi.v.
or i.p.) either potentiated or changed qualitatively the amphetamine induced effects.
In view of the present findings, there is reason to reconsider the conclusions from
such experiments, if based solely on the consequences of the dopamine-S-hydroxylase
inhibitory effects of FLA 63.
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