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Anaesthesia abolishes the effect ofvalproate on
extracellular 5-HIAA, DOPAC and ascorbate as
measured in rat striatum by differential pulse
voltammetry
F. Crespi*t, P.E. Keane* & M. Morre*

Sanofi Recherche*, 195 route d'Espagne 31035 Toulouse, France and Istituto di Ricerche Farmacologiche
Mario Negrit, via Eritrea 62,20157 Milano, Italy

1 The effect ofsodium valproate (VPA, 400 mg kg- , i.p.) on extracellular ascorbate, 3,4-dihydroxy-
phenylacetic acid (DOPAC) and 5-hydroxyindoleacetic acid (5-HIAA) in the striatum was examined
by differential pulse voltammetry in anaesthetized and freely-moving rats.
2 In rats anaesthetized with chloral hydrate (400mg kg- ', i.p.), pentobarbitone (50 mg kg-', i.p.) or
phenobarbitone (60mg kg', i.p.), VPA produced no significant changes in peak 1 (extracellular
ascorbate) or peak 2 (extracellular DOPAC), but produced a slight but statistically significant
reduction in the height of peak 3 (extracellular 5-HIAA).
3 In contrast, in freely-moving rats the same dose ofVPA greatly reduced extracellular ascorbate and
DOPAC concentrations, and increased that of 5-HIAA.
4 These results suggest that VPA may reduce the release or turnover of dopamine, and increase that
of 5-hydroxytryptamine in conscious rats. Our data also suggest that caution may be required in the
interpretation of the effects of VPA in anaesthetized animals, as the results obtained may not always
reflect the situation in the absence of anaesthesia.

Introduction

The antiepileptic drug sodium valproate (VPA) has
been employed in clinical practice for a number of
years (Pinder et al., 1977; Chapman et al., 1982).
Although much emphasis has been placed on the
increase in brain y-aminobutyric acid (GABA)
observed after VPA treatment (Godin et al., 1969), the
drug also modifies other neurochemical parameters,
producing a reduction of aspartic acid (Schechter et
al., 1978), and an increase in the dopamine metabolite
homovanillic acid (HVA), and the 5-hydroxytryp-
tamine (5-HT) metabolite 5-hydroxyindoleacetic acid
(5-HIAA) (Horton et al., 1977; Hwang & Van Woert,
1979). It has been proposed that VPA raises brain
HVA and 5-HIAA content by competition for the
active transport mechanism for these acids (Horton et
al., 1977), but this conclusion has been disputed for 5-
HIAA by subsequent workers, who have suggested
that VPA increases the turnover of 5-HT (Hwang &
Van Woert, 1979; Lazarova et al., 1980; Whitton et al.,
1983). This effect ofVPA on 5-HT turnover has been

implicated in some pharmacological effects ofthe drug
such as the production of wet dog shakes (Fletcher &
Harding, 1981) and antimyoclonic activity (Whitton et
al., 1983).

Differential pulse voltammetry is a technique which
has the advantage compared to classical biochemical
methods of enabling a continuous analysis of ex-
tracellular 5-HIAA, ascorbic acid and the dopamine
metabolite 3,4-dihydroxyphenylacetic acid (DOPAC)
in vivo. Recent developments of this technique enable
the recording ofthese three compounds simultaneous-
ly by using a single, specifically pretreated carbon fibre
electrode in discrete brain areas ofthe rat (Crespi et al.,
1984a,b). Furthermore, we have recently found that
the same working electrode implanted chronically can
be used to detect the three compounds simultaneously
in freely-moving rats.
We have employed this improved methodology to

determine the time course of the effect of VPA on
extracellular 5-HIAA, DOPAC -and ascorbate in
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anaesthetized and freely-moving rats. A preliminary
account of these results has been presented to the
British Pharmacological Society (Crespi et al., 1985).

Methods

Male Sprague-Dawley rats (CD, Charles River,
France) weighing 250-300 g were anaesthetized with
chloral hydrate (400mg kg-', i.p.) and were prepared
for differential pulse voltammetry analysis in the
striatum (Crespi et al., 1984a). The working electrodes
were specifically pretreated as previously described in
order to obtain three separate peaks in conjunction
with the PRG5 polarograph (Tacussel, France) (Cre-
spi et al., 1984b). In one group of rats (n = 5),
recording started immediately, while in a second
group (n = 5), an 8 h period for recovery from anaes-
thesia was allowed before the start of the experiment.
In this last condition, both mono (Gonon et al., 198 la)
or multi-fibre (Crespi & Jouvet, 1984) working elec-
trodes were used, with identical results. To observe the
influence of different anaesthetics on the effect of
VPA, two other groups of rats were studied. Four rats
received 5% pentobarbitone, and four others 6%
phenobarbitone (both drugs at 1 ml kg- ', i.p.), and the
effects of VPA were studied immediately after the
completion of surgery.
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When the heights of the peaks 1 (ascorbate), 2
(DOPAC) and 3 (5-HIAA) recorded every 5 min had
stabilised, a control period of 80 min was allowed
before administration ofVPA (400 mg kg-', i.p.) or its
solvent (physiological saline) was injected. The mean
height of each peak recorded after this treatment was
compared to the mean height of the respective peak in
the control recording period and results were expres-
sed as percentage of the control values (± s.d.). The
raw data were subjected to an analysis ofvariance, and
comparisons between experimental points and their
respective controls were performed using the Tukey
test for multiple comparisons.
At the end of each experiment, the position of the

electrode tip in the striatum was verified. An elec-
trolytic lesion (5 mA, 5 s) was made using the working
electrode, then the brain was rapidly removed for
standard histological processing with cresyl violet dye.

Results

Figure la shows the response of a carbon fibre
electrode to ascorbate (5 mM, peak 1 at - 50 mV),
DOPAC (50Mm, peak 2 at + IOOmV) and 5-HIAA
(25 gM, peak 3 at + 280 to 300 mV) in vitro. Figure lb
and c shows respectively typical in vivo recordings in
the striatum of the anaesthetized and freely moving
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Figure 1 (a) Response of a carbon fibre electrode to ascorbic acid (5 jiM, peak I at - 50 mV), 3,4-dihydroxyphen-
ylacetic acid (50 juM, peak 2 at + 100 mV) and 5-hydroxyindoleacetic acid (25 jiM, peak 3 at + 280-300 mV), in vitro;
(b) typical in vivo recording in the striatum ofan anaesthetized rat; (c) typical in vivo recording in the striatum ofa freely
moving rat; (d) typical electrode emplacement in the striatum of an anaesthetized rat.
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rat. Figure Id illustrates the typical position of the
working electrode in the rat striatum. Peak 1 heights
were always considerably higher in the conscious
animal, suggesting that anaesthesia reduced ex-
tracellular concentrations of ascorbic acid in the
striatum. Saline injections did not alter the size of any
peak in our experimental conditions. The effects of
VPA in rats anaesthetized with pentobarbitone or
phenobarbitone were similar in all respects to those
seen with chloral hydrate anaesthesia. Therefore only
the results with the latter anaesthesia are illustrated in
detail.

Effect ofsodium valproate on peak I height in the rat
striatum

Treatment with VPA (400 mg kg- ', i.p.) in rats anaes-
thetized with chloral hydrate did not alter the height of
peak 1 at any time during the recording period of2.5 h.
When the rats were allowed to recover from anaesth-
esia before the injection ofVPA (400 mg kg- ', i.p.), a
highly significant reduction (P <0.01) in peak 1 was
noted starting approximately 30 min after injection,
and reaching a maximum reduction of 80% after
90 min (Figure 2).

Effect ofsodium valproate on peak 2 height in the rat
striatum

In rats anaesthetized with chloral hydrate VPA
(400mg kg-' i.p.) was ineffective in altering peak 2
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Figure 2 Effect of sodium valproate (400 mg kg-,,i.p.)
on peak I (extracellular ascorbic acid) in chloral hydrate
anaesthetized (0) and freely-moving (0) rats (n = 5).
Results are expressed as percentage of control peak
height with s.d. shown by vertical lines. Statistical
analysis was performed on raw data (nA) by analysis of
variance followed by the Tukey test for multiple compar-
isons: *P<0.05; **P<0.01.
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Figure 3 Effect of sodium valproate (400 mg kg- , i.p.)
on peak 2 (extracellular 3,4-dihydroxyphenylacetic acid)
in chloral hydrate anaesthetized (-) and freely-moving
(0) rats (n = 5). Results are expressed as percentage of
control peak height with s.d. shown by vertical lines.
Statistical analysis was performed on raw data (nA) by
analysis of variance followed by the Tukey test for
multiple comparisons: * P< 0.05; ** P< 0.01.

height in the striatum (Figure 3), whereas in freely-
moving rats the same drug treatment produced a
marked fall in this parameter (P <0.01). The reduc-
tion in extracellular DOPAC was already significant
30 min after injection, and gradually increased
throughout the entire recording period (Figure 3).

Effect ofsodium valproate on peak 3 height in the rat
striatum

Injection ofVPA into rats anaesthetized with chloral
hydrate produced a slight fall in peak 3 height in the
striatum, which was significant at 100, 130 and
150min (Figure 4). The maximum reduction noted
was 15% at 150 min. In contrast, in freely-moving rats,
VPA produced the opposite effect. Ten minutes after
injection, extracellular 5-HIAA was raised by 20% in
the striatum, and a maximal increase of about 34%
was noted 50 to 150 min after injection (Figure 4).

Discussion

The present study shows that VPA reduces ex-
tracellular ascorbate and DOPAC concentrations,
and increases extracellular 5-HIAA, in the striatum of
freely-moving rats. However, in rats anaesthetized
with chloral hydrate, pentobarbitone or phenobar-
bitone, the only consequence of VPA administration
was a slight but significant fall in extracellular 5-
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Figure 4 Effect of sodium valproate (400mg kg- ',i.p.)
on peak 3 (extracellular 5-hydroxyindoleacetic acid) in
chloral hydrate anaesthetised (-) and freely-moving (0)
rats. (n = 5). Results are expressed as percentage of
control peak height with s.d. shown by vertical lines.
Statistical analysis was performed on raw date (nA) by
analysis of variance followed by the Tukey test for
multiple comparisons: * P< 0.05; ** P<0.01.

HIAA. This reduction by VPA of peak 3 in the
striatum of anaesthetized rats is in agreement with a
previous voltammetric study in which the amide
analogue of VPA was used (Scatton et al., 1984).
Thus anaesthesia appears to abolish the effects of

VPA on ascorbate and DOPAC, and reverse its effect
on 5-HIAA. Trulson & Trulson (1983) have found
that the presence or absence of anaesthesia can
profoundly influence the response of cells in the 5-HT
containing raphe nuclei to a wide variety of phar-
macological agents. Although the effects of most
drugs they studied were increased by anaesthesia, the
action of diazepam was greatly attenuated. Our
present results suggest that this conclusion may also be
valid for VPA. In this context, it is interesting to note
that VPA shares many ofthe pharmacological proper-
ties of the benzodiazepines (Simiand et al., 1983).
The reduction of extracellular DOPAC in the

striatum of freely-moving rats may suggest that VPA
can reduce the release or turnover of dopamine in this
brain region. This is supported by classical bio-

chemical studies indicating that VPA reduces the rate
of synthesis of striatal dopamine (Walter et al., 1979).
Although Horton et al. (1977) found that VPA
increased the whole-brain content of HVA in mice, a
number of studies have indicated that GABAergic
drugs reduce the levels ofdopamine metabolites in the
brain of naive and neuroleptic-treated rats (Keller et
al., 1976; Scatton et al., 1982).
The increase in extracellular 5-HIAA in the striatum

of freely-moving rats may suggest that VPA increases
striatal 5-HT turnover. Alternatively, a probenecid-
like inhibition of the transport of this metabolite from
brain tissue by VPA has been proposed (Horton et al.,
1977). Although the present results are consistent with
either hypothesis, the former possibility is supported
by experiments indicating some 5-HT-mimetic effects
of VPA (Hwang & Van Woert, 1979; Fletcher &
Harding, 1981). Furthermore, the VPA-induced re-
duction of striatal DOPAC, another acid whose
transport is inhibited by probenecid (Spano & Neff,
1972), also supports this conclusion.
Few pharmacological manipulations have been

shown to alter extracellular ascorbate levels in the
brain. Dopamine receptor agonists can increase peak
I in the rat striatum (Gonon et al., 1981b; Clemens &
Phebus, 1984). This suggests that the reduction in
dopamine turnover produced by VPA is a potential
mechanism for the observed effect on peak 1. A second
hypothesis concerns the excitatory neurotransmitter
aspartate. Grunewald & Fillenz (1984) found that
glutamate and aspartate produced an efflux of ascor-
bate from brain synaptosomes in vitro, and O'Neill et
al. (1984) showed that parenteral or local administra-
tion ofexcitatory amino acids provoked an increase in
the height of peak 1 in the rat striatum. Numerous
studies have shown that VPA administration reduces
cerebral aspartate concentrations (Godin et al., 1969;
Schechter et al., 1978; Chapman et al., 1983). If as
proposed by Grunewald & Fillenz (1984), changes in
extracellular ascorbate concentration reflect the
activity of neurones which secrete excitatory amino
acids, the reduction in aspartate produced by VPA
could explain the drug's effect on peak 1.

We greatly appreciate the technical assistance provided by
Josiane Paret and the histological and photographic assis-
tance provided by Rolando Girardi.
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