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The enhancement by benserazid of the L-dopa-induced decrease of noradrenaline 
in FLA63-treated animals was probably connected with the inhibition of the extra- 
cerebral decarboxylation of L-dopa. As a consequence, larger amounts of the amino- 
acid penetrated into the brain, leading to an enhanced formation of cerebral dopamine 
(Bartholini & Pletscher, 1968). 

In conclusion, the present experiments indicate that L-dopa accelerates the turnover 
of noradrenaline in vivo: the endogenous amine is probably displaced by the dopamine 
newly formed and its loss is compensated by synthesis from the amino-acid. The 
displacement of endogenous noradrenaline may be of importance in enhancing 
central noradrenergic mechanisms, leading, for instance, to a decrease of blood 
pressure (Rubenson, 1971; AndCn, Engel & Rubenson, 1972). In addition, the 
enhanced turnover of noradrenaline is possibly involved in the genesis of certain 
side effects of L-dopa (e.g. mental disturbances, involuntary movements) observed 
during the treatment of Parkinson’s syndrome. 
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The involvement of noradrenergic systems in the locomotor 
activity stimulation in mice produced by p-phenethylamine 

p-Phenethylamine (PE) on injection into mice produces an increase in locomotor 
activity (Mantegazza & Riva, 1963; Jackson, 1972). This response was shown to be 
biphasic (Jackson, 1972) with a first phase of increased activity occurring between 
5-15 min after injection of PE 50 mg kg-l (i.p.) and a second phase between 20-50 min 
after 100 mg kg-l. The first phase was shown to be dependent on an intact dopamine 
and noradrenaline synthetic pathway, with the second phase apparently being pro- 
duced by some metabolite of PE acting directly on dopamine receptors (Jackson, 
1974). An involvement with a central cholinergic system has also been postulated, 
because centrally acting antimuscarinic agents potentiated the locomotor activity 
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produced by PE (Jackson, 1974a). The relative importance of dopaniinergic and 
noradrenergic mechanisms both in spontaneous locomotor activity and stimulant 
induced activity (e.g., by amphetamine) is still in question. Most authors seem to 
concur with the hypothesis that both dopaminergic and noradrenergic mechanisms 
are involved in locomotor activity (D’Encarnacao, D’Encarnacao & Tapp, 1969 ; 
Svensson, 1970; Svensson & Waldeck, 1970; van Rossum, 1970) while Andin, 
Strombom & Svensson (1973) concluded that although the dopamine receptor is of 
basic importance for increased motor activity, changes in noradrenaline receptor 
activity can quite markedly potentiate this activity. In contrast, Taylor & Snyder 
(1971) have suggested that locomotor activity is predominantly dependent on nora- 
drenergic mechanisms. 

Fuxe, Grobecker & Jonsson (1967) have postulated that PE may exert some of its 
effects by releasing extragranular amine stores in central noradrenaline and dopamine 
neurons. The increased locomotor activity in mice produced by PE 50 mg kg-l does 
not disagree with this concept (Jackson, 1972, 1974b), since it was blocked by amine 
synthesis inhibitors such as cx-methyltyrosine (cr-MT) and FLA-63 (bis-(4-niethyl-l- 
homoperazinyl thiocarbonyl) disulphide) (Spector, Sjoerdsma & Udenfriend, 1965; 
Corrodi, Fuxe & others, 1970). However the second phase of increased locomotor 
activity produced by the 100 mg kg-l dose does not fit into this concept as it is inhibited 
only by specific dopamine receptor blocking agents. To further investigate the mech- 
anism of action of PE on locomotor activity, groups of five mice were given various 
premedications of drugs known to modify synthesis and storage of noradrenaline, 
dopamine and 5-hydroxytryptamine (5-HT), these were: reserpine (4 mg kg-l, 16-24 h 
premedication), FLA-63 (25.0 and 37.5 mg kg-l, 2 h premedication) and cx-MT (250 
and 500 mg kg-l, 4 h premedication) or various combinations of the three. After the 
appropriate premedication, the animals were then given water (as a control); clonidine 
(1.5 or 10 mg kg-l), a noradrenaline receptor agonist (Andin, Corrodi & others, 1970); 
apomorphine (0.5 or 1.5 mg kg-l), a dopamine receptor agonist (Ernst, 1967); or 
PE (100 mg kg-l) and various combinations of these drugs. The animals were then 
immediately placed in a circular actophotometer (Jackson, 1974a) for 1 h, and 
activity measured as the number of times the light beams were cut between 20 and 60 
min after injection. Reserpine was dissolved in a solution of 20 % ascorbic acid and 
diluted as required. FLA-63 was suspended in a solution of Tween 80 and water, 
while the methyl ester HCI of a-MT was used. Control injections of the appropriate 
vehicle were given and all test drugs were dissolved in distilled water, which also 
served as a control. All drugs were administered intraperitoneally in a dose-volume 
of 1 ml 100 g-l weight, and all animals were allowed free access to food and water up 
to the time of the experiment. 

The results are presented in Table 1. Except where clonidine alone and PE alone 
were the test drugs, the increased motor activity was accompanied by stereotypies 
which were particularly marked with apomorphine + clonidine (all pretreatments), 
PE + clonidine (pretreatment reserpine + FLA-63) but less marked when the test 
combination was PE + clonidine (pretreatment reserpine + cr-MT). The stereo- 
typies present included a backward type of motion accompanied by licking of the 
forepaws sometimes so intense that the animal would roll over onto its back Stereo- 
typed sniffing was also observed. Clonidine by itself produced no change in loco- 
motor activity from control (water) values except when the pretreatment was reserpine + FLA-63 (37-5 mg kg-l), when a significant potentiation occurred, or when the 
pretreatment was cx-MT 250 mg kg-l when a significant depression of activity occurred. 
Apomorphine in all cases, except where the pretreatment was cr-MT 250 mg kg-l 
caused a significant rise in locomotor activity. With clonidine and apomorphine 
together (each 1.5 mg kg-l), a marked potentiation of the apomorphine-induced 
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The effect of pretreatment with reserpine, FLA-63 or a-MT and various 
combinations of these on locomotor activity produced by P E  I00 mg kg-l. 
The PE was administered alone or with clonidine or apomorphine. In 
some cases apomorphine was combined with clonidine. Groups of 5 mice 
were used and the activity is expressed as the mean number of times the 
light beams were cut 20-60 min after PE injection. The figures in brackets 
are the number of experiments. The standard error of the mean is given. 
Comparisons given at the bottom of the table were made by Students 
2 test. 

Table 1. 

H O  .. 458 f 153 
donibine 1 . 5 '  1 :  . . 815 + 198 
Clonidine 10.0 . . . . 416 f 100 
Apomorphine 0.5 . . . . 
Apormorphine 1.5 . . . ,1755 i 128 
Apormorphine 1.5 + clonidine 1.5 . . . ,4513 f 320 
PE 100 . .I673 i 230 
PE 100 + Apomorphine 1.5 2188 f 115 
PE 100 + Clonidine 1.5 . .3364 f 422 
PE 100 + Apomorphine 0.5 
PE 100 + Clonidine 10 . ,5686 i 563 

(16) 65 i 42 (6) 
(16) 425 i 79 (6) 
(8) 
(7) 1412 f 102 (6) 

Pretreatment: 
Reserpine (4  mg kg-I) u-MT 

Test drug and dose i- FLA-63 + a-MT + FLA-63 
(mg kg-9 Alone (25 mg kg-') (250 mg kg-') (37.5 mg kg-') 250 mg kg-' 500 mg kg-l 

89 It 48 (6) 
214 i 66 (6) 
206 f 98 (7) 

1377 f 212 (6) 
1 8 7 4 i  92 (6) 

(7) 5088 f 488 (5) 4804 f 283 (6) 1179 f 239 (4) 
(6) 1357 i 168 (6) 715 f 167 ( 1 1 )  1259 f 166 (4) 1565 f 
(6) 1522 f 282 (5) 2220 f 231 (7) 1252 f 67 (4) 1486 f 202 (4) 
(5) 2122 5 303 (6) 988 f 244 ( 1 1 )  2793 5 381 (4) 2349 i 202 (4) 2264 f 

1508 f 166 (9) 
851 f 232 (7) 

263 f 90 (4) 
56 f 22 (4) 

391 f 128 (4) 

a 
h 

d 
e 

C 

f 
141 (12) g 

b 
285 (12) i 

h 
ab, ac. gh gh, gi P >0.05 pi, ah, ac, gk P <0.01 ae, gh, ab gi P <0.05 
P >@05 P >0.05 P >0.05 

ae, ef, gk ab P <0.01 gh, ae, ef ef P <0.05 
P <O.OOL P <0.001 

gi P <0.01 ae, ef P <0.001 gj P <0.01 gi P <0.01 

'Pretreatment times before test drug: Reserpine 24 h, FLA-63 2 h, a-MT 4 b. 

activity was observed. This potentiation would appear to be independent of both 
newly synthesized noradrenaline and dopamine and reserpine sensitive amine stores 
since the pretreatments excluded them. 

The data obtained with apomorphine and clonidine confirm those already reported 
by AndCn & others (1973). PE (100 mg kg-l) by itself produced a significant rise in 
locomotor activity above control values with all the pretreatments used confirming 
that neither intact reserpine sensitive stores of noradrenaline, dopamine or 5-HT nor 
an intact synthetic pathway for noradrenaline or dopamine is required for this 
increased locomotor activity (Jackson, 1974b). The increased locomotor activity 
induced by PE was potentiated by apomorphine only in those mice pretreated with 
reserpine + a-MT. The potentiation of locomotor activity with this particular pre- 
treatment may be due to increased sensitivity of the dopamine receptors caused by 
both depletion and synthesis inhibition of dopamine. 

Increased locomotor activity produced by PE was potentiated in a dose-dependent 
manner by clonidine in reserpine pretreated mice. Potentiation also occurred with 
clonidine in a-MT pretreated mice but not in those receiving reserpine + a-MT. 
With the latter pretreatment, even a dose of clonidine of 10 mg kg-l did not potentiate 
PE-induced locomotor activity. These data would suggest that clonidine is able to 
potentiate the effect of PE when either an intact dopamine and/or noradrenaline 
synthetic pathway, or intact reserpine-sensitive stores, is present. However, if the 
reserpine-sensitive stores are depleted, and synthesis of both dopamine and noradren- 
aline is prevented with a-MT, the potentiation by clonidine no longer occurs. Some 
dopamine-P-oxidase activity is still present after vesicular store destruction by reserpine 
(Glowinski, Iversen & Axelrod, 1966; Wennmalm, 1968). Therefore, FLA-63 was 
combined with reserpine in an attempt to see whether the lack of potentiation by cloni- 
dine when pretreatment was with reserpine + a-MT was dependent on dopamine or 
noradrenaline. The FLA-63 + reserpine combination did not prevent clonidine 
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potentiation of PE, suggesting that dopamine and not noradrenaline is the critical 
amine. It is interesting here also to note again that clonidine by itself induced a 
significant increase in locomotor activity only when pretreatment was with reserpine + 
FLA-63, a state where one might expect an increase in newly synthesized dopamine. 

Even though PE at a dose of 100 mg kg-l has been shown to directly stimulate 
dopamine receptors 20-60 min after injection (Jackson, 1974b), this stimulation is 
clearly not via the same mechanism as that produced by apomorphine, since none of 
the pretreatments used prevented the clonidine-induced potentiation of apomorphine. 
It has previously been suggested that PE-induced stimulation of dopamine receptors 
a t  this time interval is due to a metabolite of PE, which is not phenylethanolamine, 
because dopamine-/3-oxidase inhibitors do not block the locomotor activity (Jackson, 
1972, 1974b). The fact that reserpine + cr-MT pretreatment was required to prevent 
the clonidine potentiation of PE suggests that either reserpine-sensitive or newly 
synthesized dopamine is essential for the potentiation observed with clonidine. 
When both types of stores are depleted, potentiation does not occur. A presynaptic 
effect for clonidine, as far as I am aware, has not been reported. However, apomor- 
phine, which is alleged to be a direct dopamine receptor stimulant (Ernst, 1967; 
Anden, Rubenson & others, 1967), was potentiated by clonidine in all pretreatment 
situations. Consequently, the lack of potentiation of PE-induced locomotor activity 
by clonidine after pretreatment with reserpine + cr-MT is probably a consequence 
of the nature of the metabolite formed from PE. 
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