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EFFECT OF L-DOPA ON EMOTIONAL RESPONSES
AND SEROTONIN METABOLISM IN THE RAT BRAIN

L, Kh, Allikmet-s and A, M, Zharkovskii UDC 612.82,018:547.756

Experiments on male Wistar rats showed that injection of L-dopa in doses of 100-200 mg/kg
causes a parallel increase in the dopamine and homovanillic acid concentrations in the brain,
elevation of the 5-hydroxyindoleacetic acid level, and a decrease in the serotonin concentration,
Increased emotional reactivity and aggressiveness of the animals was observed at the same
time, I~-dopa (100 mg/kg) reduced the binding of serotonin formed from tryptophan (100 mg/
kg) and accelerated its catabolism in the brain., At the same time, L~dopa abolished the de-
pressant effect of tryptophan on emotional reactivity and aggressiveness. It is suggested that
inhibition of the serotoninergic system in the brain is an essential component of the mechan-
ism of strengthening of emotional responses under the influence of L~dopa.
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The role of monoamines of the brain such as noradrenalin, dopamine, and serotonin in emotional
reactions is now firmly established [, 2, 6, 8, 17]. The dopamine precursor L-dihydroxyphenylalanine
(L-dopa) and dopaminomimetic substances (amphetamine, apomorphine, etc.) strengthen emotional reac-
tivity and aggressiveness of experimental animals 5, 7, 8, 13, 18], whereas serotonin precursors (L-tryp-
tophan and 5-hydroxytryptophan) inhibit emotional responses [2, 5, 6, 10, 13, 18]. However, the mechanism
of these effects is not yet fully understood,

Interaction between catecholaminergic and indoleaminergie systems of the brain has virtually not
been studied and there are likewise no convincing data on the mutual effects of the monoaminergic systems
of the brain, on the one hand, and the cholinergic system on the other [5, 8, 11, 18]. According to recently
published observations, dopamine, noradrenalin, and serotonin can not only act on their own specific re-
ceptors but can also affect the activity of other mediator systems., Large doses of Li-dopa can cause ex-
haustion of the brain serotinin and tryptophan reserves; i.e., they can affect not only the catecholaminergic,
but also theserotoninergic systems(3, 4, 11, 14].

The objects of this investigation were: 1) to study the effect of L-dopa simultaneously on emotional
reactions and metabolism of endogencus serotinin and dopamine in the rat brain and also the effect of L-dopa
on metabolism of exogenous L-tryptophan via the serotonin pathway; and 2) to study the relationship between
changes in emotional behavior evoked by L-deopa, L-tryptophan, and changes in dopamine and serotonin
metabolism,

EXPERIMENTAL METHOD

Male Wistar rats were used, L-dopa was made up as a 2.5% solution, pH 6.0-6.5, and L-tryptophan
as a 2,5% solution, pH. 7.0-7.5. Animals of the control group received injections of distilled water with the
same pH as the solutions of these amino acids. The substanees were injected intraperitoneally. Behavioral
tests were carried out 0.5-1 and 1.5 h after injection of the substances.

The level of emotional response was judged from the threshold of the alternating current (in volts)
evoking a squeak and aggressiveness in a pair of rats when applied through metal netting on the floor of the
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TABLE 1, Effect of L-dopa (100 mg/kg) on Content of Dopamine (DA), Noradrenalin
(NA), and Homovanillic Acid (HVA) in Brains of Albino Rats (in pg/g brain tissue)

“ub B Time after Forebrain Diencephalon
Substance, dose injection -
: (in by DA | NA | HVA DA | Na
Distilled water (control) 1,50£0,20 | 0,44+0,06 | 0,16%0,06 | 0,19%£0,05 | 0,78=+0,14
L-dopa:
100 mg/kg 2,60+0,25 | 0,19+0,10 | 1,90+0,10 | 2,40+0,12 | 0,57=0,19
100 mg/kg 4,42+0,15 | 0,45+0,09 | 4,46+0,14 | 3,39+0,16 | 0,83+0,15

Legend. Arithmetic mean values and their confidence limits for P < 0.05 are shown,
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Fig. 1. Effect of L-dopa in doses of
50-200 mg/kg 1 h after intraperitoneal
injection on content of serotonin (5-HT,
top graph) and 5-HIAA (bottom graph)
in forebrain (1) and diencephalon (2) of
rats, and also on thresholds of squeaking
(unshaded columns) and aggressiveness
(shaded columns), expressed as percen-
tages of the control (C). Asterisk indi-
cates significant (P =< 0.05) change in
thresholds of squeaking and aggressive-
ness compared with control (C).

chamber, Emotional responses also were assessed when
the animal was gripped by the hand in points as follows:

0) the rat did not respond, 1) it squeaked feebly, 2) squeaked
and tried to get away, 3) squeaked and tried to bite the hand,
In parallel tests, the orienting reaction was assessed from
the number of times the animal stood up and the number of
impulses recorded during 2 min in an actometer.

Immediately after the behavioral tests each animal
was killed and the brain was quickly cooled and divided into
two parts: 1) the forebrain: cerebral cortex, hippocampus,
striatum; 2) the diencephalon: thalamus, hypothalamus,
septum, preoptic region, corporal quadrigemina, Serotonin
and 5-hydroxyindoleacetic acid (5-HIAA) were determined
by the method of Curzon and Green [9] with the MPF-2A
(Hitachi) fluorescence spectrophotometer. The content of
dopamine and homovanillic acid was determined in parallel
tests by the methods of Shellenberger and Gordon [15] and
Spano and Neff [16].

EXPERIMENTAL RESULTS

L~dopa in a dose of 100-200 mg/kg, 0.5~1 h after its
injection, depressed the orienting reaction and strengthened
the emotional responses, i.e., lowered the thresholds of
squeaking and of aggressiveness. The content of dopamine
and homovanillic acid increased in these animals in all
parts of the brain; the noradrenalin concentration showed no
significant change (in the brain stem) or was reduced (in
the forebrain and diencephalon) (Table 1), Parallel with the
increase in the dopamine and homovanillic acid content
substantial changes were observed in serotonin metabolism,
The serotonin level in the forebrain and diencephalon fell
considerably 1 h after injection of I~dopa (100-200- mg/kg)

whereas the 5-HIAA level rose (Fig. 1). The highest 5-HIAA concentration was found after administration
of L-dopa in a dose of 100 mg/kg. Emotional responses were strengthened under these circumstances and
the thresholds of squeaking and aggressiveness were clearly lowered (Fig. 1).

To study the dynamics of the changes in the serotonin and 5-HIAA concentrations and emotional
behavior under the influence of I-dopa in a dose of 100 mg/kg, serotonin and its metabolite were estimated
at various times (0.5-1 and 2 h) after injection of L~dopa. The maximal decrease in the serotonin level and
increase in the 5-HIAA level were observed 1 h after injection of L~dopa. The highest level of emotional
response and aggressiveness was observed at the same time, The endogenous serotonin level was a little
higher 2 h after injection of L-dopa than in the control, but the 5-HIAA concentration remained constantly
high, 30% above its initial value,.The thresholds of emotional response and aggressiveness were back to
their original levels 2 h after injection of L-dopa.

A separate series of experiments was carried out to study the effect of L-dopa on the behavior of
the rats after administration of L-tryptophan and on the metabolism of L-tryptophan via the serotonin path-
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TABLE 2, Effect of I~dopa (100 mg/kg) on Metabolism of L-tryptophan (L~TP, 100
mg/kg) via the Serotonin Pathway and on Parallel Changes in Orienting and Emotional

Responses
Time after Forebrain Diencephalon L _ Emotional
Substance injection Orienting responses
in h) 5-HT sHIAA 5-HT S-HIAA - |Teaction o ak| Aggres-
siveness
Distilled water %

(control) 0,5-1 0,302-0,04 | 0,34=0,03 | 0,52=:0.04 | 0,62=0,07 o] , o] 4]
L-TP 1 0,44-+0,06 | 0,45-0,04 | 0,783-0,08 { 0,87=0,05 T 1 4
L'dOPa 1 0,23+0,02 | 0,44+0,05 | 0,51=0,02 | 0,89:0,10 I * T
L-dopa+L-TP 1 0412005 | 0,67+0.08 | 0.76=0,09 | 1,50+0.12 0 0 ?
L-TP 0.5 0,42+0,02 | 0,49+0,08 | 0,76+0,10 1,00 0,06 1 i M
L-dopa 0.5 0.32+0.06 | 0.35+0,09 | 0,55+0.06 | 0.78+0,10 1 X 5
L-dopa+L-TP .04 0,35+0,10 | 0,72+0,12 | 0,63+0,09 | 1,50%0,15 0 0 0
L-dopa+L-TP 1 and 0,5 | 0,34+0,06 | 0,57+0,09 | 0,68+0,12 | 1,10%0,11 0 H +

Note, Mean content of serotonin (5-HT) and 5-HIAA (in pug/g brain tissue) and confi-
dence limits for P = 0,05 are shown.

Legend: 0) no change; 1) significant increase; | ) significant decrease in intensity
of emotional responses compared with control.

way. In a dose of 100 mg/kg, L-tryptophan potentiated the orienting reactions and had a tranquilizing effect
on emotional responses and aggressiveness (T able 2), In a dose of 200 mg/kg it depressed the orienting
reaction very slightly. These changes in behavior under the influence of I-tryptophan were accompanied
by accumulation of serotonin and 5-HIAA in the forebrain and diencephalon. If administered together with
L-tryptophan, I-dopa abolished the inhibitory action of the latter on emotional responses and aggressive-
ness, At the same time the accumulation of serotonin was reduced whereas 5-HIAA formation was consid-
erably increased compared with the situation after L-tryptophan administration alone (T able 2).

L-dopa thus strengthens emotional responses and causes a parallel accumulation of dopamine and its
metabolite, homovanillic acid, in the brain, Meanwhile, under the influence of L-dopa the serotonin concen-
trationwas reduced and the 5-HIAA concentration considerably increased, evidence of increased catabolism
of serotonin, L-dopa also blocked the inhibitory action of I-tryptophan on emotional behavior and prevented
the accumulation of serotonin observed after administration of L-tryptophan alone. This suggests that the
strengthening of emotional responses by L-dopa is connected with its inhibitory effect on the serotoninergic
system; As the experiments of Lucke and co-workers [12] showed, administration of L-dopa together with
p-chlorophenylalanine, which blocks serotonin synthesis, caused even greater strengthening of aggressive-
ness in mice than administration of L-dopa alone. The hypothesis that the strengthening effect of L-dopa
on emotional responses is mediated partly through inhibition of serotoninergic processes is confirmed by
the fact that haloperidol, which blocks dopaminergic receptors, does not completely block emotional re-
sponses [1, 5, 17]. :

Potentiation of dopaminergic processes following administration of I-dopa leads to a decrease in the
serotonin concentration and an increase in the 5-HIAA concentration in the rat brain, Other workers [4, 11]
also found that under the influence of I-dopa the brain serotonin level falls, although the mechanism of this
effect is by no means clear. As shown by the experiments of Ng and co-workers [14], L-dopa causes libera-
tion of labeled serotonin in rat brain homogenates and also blocks the accumulation of tryptophan in the
synaptosomes of the brain [11]. Possibly L-dopa is decarboxylated in the brain into dopamine, which acts
in serotoninergic synapses as a false mediator, blocking postsynaptic serotoninergic receptors. This may
also be connected with the effect of L-dopa on the liberation and metabolism of serotonin in serotoninergic
neurons,
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