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Objective: To examine the effects of short-term valproate treatment on human brain serotonin and
dopamine function by means of challenge tests with ipsapirone, a partial agonist at 5-HT1A receptors, and apo-
morphine, a dopamine receptor agonist. Design: Experimental challenge–rechallenge, within-subjects
repeated measures, before and at the end of 14 days of treatment with valproate at a dosage of 625 mg/d
(reached gradually over the first 5 days). Participants: Eight healthy male volunteers (mean age 38 years)
selected for good physical and mental health who were nonsmokers. Outcome measures: Pharmacological
probes were used to evaluate the effects of valproate. In the ipsapirone challenge, changes in adrenocorti-
cotropic hormone (ACTH), cortisol and body temperature were measured, and in the apomorphine chal-
lenge, growth hormone (GH) and prolactin were the dependent variables. Results: Valproate treatment did
not significantly alter the ACTH, cortisol or body temperature responses to ipsapirone (20 mg by mouth),
which reached equivalent plasma levels at each challenge. Similarly, valproate treatment did not alter the GH
or prolactin responses to apomorphine (5 µg/kg subcutaneously). Conclusions: These results suggest that
short-term treatment with valproate at a dose of 625 mg/d does not alter hypothalamic or pituitary 5-HT1A or
dopamine receptor responses to challenges with ipsapirone and apomorphine, respectively.

Objectif : Examiner les effets d’un traitement de courte durée au valproate sur la fonction sérotoninergique et
dopaminergique du cerveau humain au moyen d’épreuves de provocation par l’ipsapirone, agoniste partiel des
récepteurs 5-HT1A, et l’apomorphine, agoniste des récepteurs de la dopamine. Conception : Provocation et
nouvelle provocation expérimentales, mesures répétées chez les sujets, avant un traitement au valproate d’une
durée de 14 jours à raison d’une dose de 625 mg/j (atteinte graduellement au cours des cinq premiers jours) et
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Introduction

Valproic acid (2-propylpentanoic acid, 2-propylvaleric
acid, di-n-propylacetic acid) is used in the treatment of
a number of neuropsychiatric conditions, including
bipolar disorder. Valproate (used here to refer to val-
proic acid, sodium valproate and divalproex sodium)
has been shown to be effective in the treatment of acute
mania1,2 and in the prophylaxis of bipolar disorder, par-
ticularly in those subtypes of bipolar disorder for which
lithium is relatively ineffective.3,4 Evidence supporting
the efficacy of valproate in the long-term prophylaxis of
bipolar disorder is growing,5,6 although Bowden et al7

recently reported that valproate had no greater efficacy
than placebo in preventing the recurrence of mania. The
mechanisms by which valproate may exert mood-stabi-
lizing effects are not yet elucidated. Studies to date indi-
cate that valproate has a wide range of effects on neuro-
transmitters, hormones and subcellular processes in the
mammalian central nervous system (CNS). Valproate’s
proposed actions on discrete neurotransmitter systems
include effects on gamma-aminobutyric acid (GABA),8,9

serotonin (5-HT),10,11 dopamine (DA),12–15 glutamate16 and
aspartate;17,18 our study examines the effects of valproate
on 5-HT and DA function in the human CNS.

Serotonin mediates many physiologic processes19 and
appears to be involved in the pathogenesis of depres-
sion, mania, migraine and myoclonic epilepsy, among
other conditions. Many of these disorders benefit from
treatment with valproate.10,20–22 Altered DA function has
also been implicated in several neurologic and psychi-
atric illnesses, and there is evidence that it is involved
in the pathogenesis of mania.23,24 Several animal studies
have been conducted to investigate the impact of val-
proate on serotonergic neurotransmission, the prepon-

derance of which suggest that valproate increases 5-HT
levels and turnover in at least some areas of the
mammalian brain.13,25–29 Only a few studies have been
conducted in humans, however.10,30 Similarly, although
valproate has been shown to increase brain concentra-
tions of DA and its major metabolites in animal mod-
els,13–15,31 few studies have attempted to examine such
effects in humans.12,32 There is clearly a need for more
data on the impact of valproate treatment on serotoner-
gic and dopaminergic neurotransmission in humans.

A minimally invasive way of examining the effects of
valproate on discrete neurotransmitter systems in
humans is provided by the neuroendocrine challenge.33

A number of pharmacologic probes are available for
use in human subjects; these can safely be used to test
the function of neurotransmitters, including 5-HT and
DA. Central serotonergic function can be measured
using either pre- or post-synaptic agonists, with vary-
ing specificity at different 5-HT receptor subtypes.
Ipsapirone, a partial 5-HT1A receptor agonist, has high
affinity and selectivity for 5-HT1A recognition sites and
negligible affinity for the 5-HT1B, 5-HT1C, 5-HT1D, 5-HT2

and 5-HT3 subtypes.34 When given orally to humans, it
causes a dose-dependent 5-HT1A receptor-mediated
increase in adrenocorticotropic hormone (ACTH) and
cortisol secretion, and a decrease in body tempera-
ture.35 This response is blocked by 5-HT1A receptor an-
tagonists (such as pindolol), suggesting that ipsapirone
responses provide a valid index of 5-HT1A receptor
sensitivity in humans.36 Central dopaminergic function
can be assessed by DA receptor antagonists or agonists.
Apomorphine is a DA receptor agonist,37,38 which when
administered subcutaneously in humans, causes DA
receptor-mediated increases in plasma growth hor-
mone (GH) levels and decreases in prolactin levels.39
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à la fin du traitement. Participants : Huit bénévoles de sexe masculin non fumeurs et en bonne santé (âge
moyen de 38 ans) sélectionnés pour leur bonne santé physique et mentale. Mesures de résultats : On a
utilisé des sondes pharmacologiques pour évaluer les effets du valproate. Dans la provocation à l’ipsapirone, on
a mesuré les changements de la corticotrophine (ACTH), du cortisol et de la température du corps. Au cours
de la provocation à l’apomorphine, l’hormone de croissance (HC) et la prolactine ont constitué les variables
dépendantes. Résultats : Le traitement au valproate n’a pas modifié de façon significative les réactions de
l’ACTH, du cortisol ou de la température du corps à l’ipsapirone (20 mg oralement) qui a atteint des taux
plasmatiques équivalents au cours de chaque provocation. De même, le traitement au valproate n’a pas modifié
les réactions de l’hormone de croissance ou de la prolactine à l’apomorphine (administration sous-cutanée de
5 µg/kg). Conclusions : Ces résultats indiquent que le traitement de courte durée au valproate, à une dose de
625 mg/j, ne modifie pas les réactions des récepteurs 5-HT1A ou dopaminergiques de l’hypothalamus ou de
l’hypophyse à une provocation par l’ipsapirone et l’apomorphine respectivement.
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Although at high doses (i.e., 5–6 mg subcutaneously),
apomorphine has emetic effects,40 it is less likely to
have such effects at the much lower doses used in
neuroendocrine assessment (i.e., 5 µg/kg subcuta-
neously).41 When considering the use of ipsapirone and
apomorphine as neuroendocrine probes to investigate
the impact of valproate on human serotonergic and
dopaminergic function, it is important to note that
Abraham et al42 found that the administration of
600 mg/d of valproate to healthy human subjects for 3
weeks had no effects on basal or insulin-induced secre-
tion of ACTH, cortisol, prolactin or GH. Thus, at this
dose of valproate (600 mg/d), the responses to subse-
quent challenges can be assessed without the concern
of the nonspecific effects of valproate on these outcome
measures of interest.

We examined the effects of the administration of
valproate for 2 weeks in healthy male volunteers by
means of neuroendocrine challenge tests with ip-
sapirone and apomorphine.

Methods

Eight healthy male subjects provided written informed
consent for this study, which was approved by the
Research Ethics Committee of the Royal Ottawa Hos-
pital, Ottawa, Ont. Female subjects were excluded to
eliminate any confounding effects of the menstrual
cycle, given the experimental design that required
identical tests to be performed 2 weeks apart. The age
range of the subjects was restricted to 21–55 years. Sub-
jects were required to be in good health. Satisfactory
physical health in each potential subject was estab-
lished by a careful medical history and physical exami-
nation, complete blood count, liver function tests,
serum amylase test and electrocardiogram. Subjects
were also required to have no history of psychiatric ill-
ness and to be in a good state of psychological health,
as ascertained by means of an interview employing the
Mini-International Neuropsychiatric Interview, version
2.1,43 and by each subject’s completion of a Beck De-
pression Inventory44 before and at the end of valproate
treatment. The subjects were free of all medication and
were nonsmokers. No alcohol was permitted during
the study; coffee and other caffeinated beverages were
permitted in moderation.

Sodium divalproex was administered over a period
of 14 days. The starting dose of 250 mg/d, by mouth,
was increased to 500 mg/d over the first 3 days, and

then to 625 mg/d on the fifth day. During the 2-week
period of drug treatment, subjects were contacted
twice a week to inquire about their state of health, and
the blood count and biochemical assessment were
repeated at the end of the first week of treatment to
detect any possible toxicity. Plasma valproate levels
were determined at the end of the second week.

Subjects underwent the neuroendocrine challenge
tests immediately before and then again at the end of
valproate treatment. On both occasions, the 2 pharma-
cologic challenges were given on 2 successive days, with
the apomorphine challenge first. Subjects were tested
while reclining and awake. For the apomorphine chal-
lenge, subjects arrived at the testing room at 8:30 am af-
ter an overnight fast. A heparinized venous cannula was
inserted into the antecubital vein at 8:45 am, and after a
15-min rest period, 3 samples of blood were taken at 15-
min intervals for baseline determination of hormone lev-
els. Apomorphine (5 µg/kg subcutaneously) was then
administered at 9:30 am (for the second test, this was
12.5 hours after the last dose of valproate), and samples
of blood continued to be taken every 15 min for the next
90 min. On the next day, subjects fasted after 8 am and
arrived at 11:30 am for the ipsapirone challenge test.
After 30 min of rest, the venous cannula was inserted,
and the baseline sample of plasma and baseline oral
temperature were obtained. Ipsapirone (20 mg, by
mouth) was then given at 12 noon (for the second test,
this was 4 hours after the last dose of valproate), and
blood samples were taken 30, 45, 60, 75, 90, 105, 120, 150
and 180 min later. Oral temperature was measured at
30-min intervals throughout the test period, using a
standard digital thermometer (QTest Basal Thermome-
ter, Becton Dickinson Canada, Inc., Mississauga, Ont.).

Blood samples were collected in chilled tubes and
immediately placed on ice; they were centrifuged and
the plasma was frozen for subsequent analysis. Serum
ACTH, cortisol, GH and prolactin levels were mea-
sured by Z.M. by means of radioimmunoassay using
commercial kits (ICN Biomedicals, Inc., Costa Mesa,
Calif.). Plasma ACTH and GH levels were assessed
using a double antibody procedure (double 125I RIA
kits), whereas plasma cortisol (125I RIA kit) and pro-
lactin (125I IRMA Kit) levels were determined by means
of a solid-phase (ImmuChem) radioimmunoassay. All
assays were done in duplicate, and all samples for a
particular hormone were analyzed in a single assay to
avoid interassay variability. Ipsapirone and its meta-
bolite, 1-(2-pyrimidinyl)-piperazine (1PP), were mea-



sured by M.F. by means of high-performance liquid
chromatography with coulometric end-point detection
and solid-phase extraction. An internal standard was
used to monitor extraction recovery and detector re-
sponse variation. Both intra- and inter-assay coeffi-
cients of variation were less than 10%, and the limit of
detection was 0.5 µg/L when 1 mL of plasma was ex-
tracted. The effects of valproate treatment on the out-
come measures of the challenge tests were determined
by 3 methods: (1) repeated measures of analysis of
variance (ANOVA), (2) comparison of the area under
the curve (AUC) of each variable over time before and
after valproate treatment using paired t-tests and (3)
comparison of the maximal change in each variable
(delta max) before and after valproate treatment by
means of paired t-tests.

Results

The mean age, weight and body mass index of the 8
healthy male subjects were 38 years (standard devia-
tion [SD] 12 yr, range 22–55 yr), 83.3 kg (SD 9.2 kg,
range 71.9–97.5 kg), and 24.6 (SD 1.9, range 21.9–26.9),
respectively. The mean plasma valproate concentration
was 203 µmol/L (SD 83 µmol/L) at 12 hours after the
previous dose.

During the ipsapirone challenge tests, the room tem-
perature ranged from 22°C–25°C, and there was no dif-
ference between the mean temperatures on the test
days before and during valproate treatment (23.0°C v.
23.25°C; t = 0.48, not significant [NS]). Furthermore,
there was no evidence of depression either before or
during valproate treatment (Beck Depression Inven-
tory scores: 0.50 v. 0.88; t = 1.00, NS).

Table 1 provides details of the analysis of the neuro-
endocrine challenge tests before and during valproate
treatment. Plasma ipsapirone levels did not differ
between the 2 ipsapirone challenge tests (Table 1 and
Fig. 1). Concentrations of the metabolite 1PP were gen-
erally below detectable limits and, hence, are not re-
ported. The administration of ipsapirone produced
reliable changes in plasma ACTH and cortisol and
body temperature (Table 1). Treatment with 14 days of
valproate, however, did not alter the responses to ip-
sapirone (Table 1, Fig. 2, Fig. 3). With the exception of a
significant time by treatment interaction for tem-
perature (Table 1, Fig. 3), there were no statistically
significant differences between ACTH, cortisol or body
temperature measured before and during treatment

(Table 1). At first sight, the significant interaction of
time and treatment for body temperature might sug-
gest that there is an effect of valproate on ipsapirone-
induced hypothermia. If the interaction were truly
representative of an effect of valproate treatment, how-
ever, it would have been corroborated by the analyses
of area under the curve and maximum temperature
change. Since these were clearly not affected by val-
proate treatment, it can be concluded that the signifi-
cant time by treatment interaction for body tempera-
ture is not indicative of an attenuated hypothermic
response as a result of valproate treatment.

The apomorphine challenge also produced reliable
changes in plasma hormones (Table 1, Fig. 4). Because
GH may produce negative feedback on its own secre-
tion,33 one subject with a high baseline plasma level
(above 3.75 µg/L) on one occasion was dropped from
the analysis. Including this subject (in whom there was
no evidence of inhibition of secretion of GH after the
challenge) in the analysis, however, did not alter the
findings; in both analyses, there was no change in the
GH response with valproate treatment. Treatment with
valproate also failed to affect the prolactin response
(Table 1).

Thus, with the lone exception of the interaction
between time and treatment for the hypothermic effect
of ipsapirone, the neuroendocrine and hypothermic
effects of challenge with ipsapirone and apomorphine
were not significantly different before or during val-
proate treatment.

Discussion

Two weeks of treatment with valproate at doses up to
625 mg/d, by mouth, had no effect on ipsapirone-
induced increases in ACTH and cortisol release. Fur-
thermore, valproate treatment exerted no robust effect
on ipsapirone-induced hypothermia. Although there
was an interaction between time and treatment for
temperature, the lack of any effect of valproate on
maximal temperature change or on the area under the
curve for temperature suggests that valproate treat-
ment at a dose of up to 625 mg/d for 14 days does not
attenuate the hypothermic response to ipsapirone. In
addition, short-term treatment with valproate does not
appear to have effects on the neuroendocrine response
to apomorphine. Thus, there is little evidence from this
study that the mood-stabilizing effects of valproate are
mediated by its effects on 5-HT1A and DA receptors.

Delva et al
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Valproate and the 5-HT1A receptor

Ipsapirone is a selective 5-HT1A receptor partial agonist
that induces hypothermia and secretion of ACTH and
cortisol.35 Ipsapirone produced these expected effects in
our study, but valproate treatment failed to change the
body temperature, ACTH and cortisol responses to
ipsapirone.

Reports on the effects of valproate at the 5-HT1A re-
ceptor are limited and contradictory. Khaitan et al45

found that 21 days of valproate treatment had no effect

on 8-OH-DPAT (a 5-HT1A receptor agonist) induced
hypothermia in rats. However, Shiah et al30 found that
valproate attenuated the hypothermic response to ip-
sapirone; in 10 healthy male volunteers, body temper-
ature, ACTH and plasma cortisol levels and behav-
ioural responses were measured during 2 ipsapirone
challenge tests, 1 performed before and 1 at the end of 1
week of treatment with valproate (1000 mg/d). In this
study, the hypothermia induced by ipsapirone ap-
peared to be significantly attenuated by valproate treat-
ment, whereas ACTH, plasma cortisol and behavioural

Table 1: Effects of valproate treatment on outcome of neuroendocrine challenge with
ipsapirone and apomorphine

Mean value (and SD)

Challenge test,
outcome measure† Baseline

At the end of valproate
treatment t-test value*

Ipsapirone challenge
Plasma ACTH, pmol/L

Baseline value 15.2 (6.8) 15.9 (6.9) 0.25
Maximal change 36.8 (31.0) 43.2 (49.8) 0.49
AUC 1705 (1792) 1605 (2813) 0.16

Plasma cortisol, nmol/L
Baseline value 599 (182) 784 (301) 1.63
Maximal change 767 (284) 654 (315) 0.96
AUC 62 160 (54 270) 47 924 (47 124) 1.04

Temperature, °C‡
Baseline value 36.68 (0.45) 36.65 (0.40) 0.34
Maximal change –0.61 (0.16) –0.62 (0.37) 0.09
AUC –67.3 (24.8) –59.1 (41.9) 0.87

Plasma ipsapirone, µg/L
Maximal change 103 (83) 100 (44) 0.14
AUC 6782 (4975) 7139 (3474) 0.21

Apomorphine challenge

Plasma prolactin, µg/L

Baseline value 6.66 (2.12) 6.65 (1.99) 0.22
Maximal change –2.90 (1.38) –2.99 (1.48) 0.22
AUC –215.1 (209.7) –289.9 (203.6) 1.35

Plasma GH (basal GH
   < 3.75 µg/L), µg/L

Baseline value 2.20 (1.68) 1.47 (0.78) 1.14
Maximal change 10.6 (7.2) 13.0 (9.9) 0.87
AUC 540.2 (451.4) 600.3 (438.5) 0.45

Plasma GH (all subjects), µg/L
Baseline value 2.46 (1.71) 1.66 (0.90) 1.43
Maximal value 17.8 (21.3) 14.5 (10.1) 0.55
AUC 877.6 (1041.8) 651.1 (430.7) 0.74

Note: SD = standard deviation; ACTH = adrenocorticotropic hormone; AUC = area under the curve over time, expressed in the unit
in question by minutes; GH = growth hormone.
*None of the baseline versus post-valproate treatment comparisons were significant.
†Analyses of variance revealed a significant effect of time for plasma ACTH (p < 0.01), plasma cortisol (p < 0.001), temperature (p <
0.001), plasma ipsapirone (p < 0.05), plasma prolactin (p < 0.001), plasma GH (< 3.75 µg/L, p < 0.001) and plasma GH (all subjects, p <
0.001).
‡For body temperature, there was also a significant time × treatment interaction (p < 0.01). All other treatment effects and time ×
treatment interactions were not significant.



responses were not affected.
The fact that our results differ from those of Shiah et

al30 may be explained by several methodologic differ-
ences between the 2 studies. On average, our partici-
pants were 9 years older than those of the Shiah et al30

group and, thus, may have had less sensitive 5-HT1A

receptors.46 Furthermore, the average weight of the
participants differed between the 2 studies, resulting
in significantly lower doses of valproate in our study
in comparison with that of Shiah et al30 (7.5 mg/kg v.
13.9 mg/kg). This was reflected in the mean plasma
levels achieved: 629 µmol/L (SD 131 µmol/L) in the
study by Shiah et al30 compared with 203 µmol/L (SD
83 µmol/L) in our own study. At present, the relation
between valproate dose, plasma valproate levels and
therapeutic outcome in psychiatric disorders is un-

clear.47,48 Bowden et al47 found that acutely manic
patients treated with valproate at serum levels above
300 µmol/L were more likely to demonstrate im-
provement than those with lower plasma levels. Con-
siderably lower plasma levels have, however, been
shown to be effective in the treatment of cyclothymia
and bipolar 2 disorder;49 a mean plasma level of
225 µmol/L was effective in most patients in the open-
label trial. Nevertheless, the larger dose employed by
Shiah et al30 may account for the differences in the hy-
pothermic outcome measure if the effects of valproate
on 5-HT1A receptors are dose-dependent. The duration
of valproate treatment may also account for the differ-
ences between the 2 studies, for it is possible that there
is an acute affect of valproate on the 5-HT1A receptors,
which is measurable at 1 week, but which disappears

Delva et al
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Fig. 1: Mean ipsapirone plasma concentration during the
ipsapirone challenge tests, before (circles) and at the
end of 14 days of valproate treatment (squares).
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Fig. 2: Mean change in plasma adrenocorticotropic hor-
mone (ACTH) concentration during ipsapirone chal-
lenge tests, before (circles) and at the end of 14 days of
valproate treatment (squares).
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ipsapirone challenge tests, before (circles) and at the
end of 14 days of valproate treatment (squares).
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by 14 days of treatment. It is also possible that desensi-
tization of 5HT1A receptors at the second challenge in
the study by Shiah et al30 may have been caused by the
challenge conducted only 1 week before; Gilmore et
al50 reported significant blunting of the prolactin re-
sponse to a clomipramine rechallenge at 2 weeks but
not at 4 weeks. Furthermore, the potent endocrine
effects of nicotine51–53 may have affected the findings of
Shiah et al,30 who included smokers as subjects.
Finally, Shiah et al30 employed a much shorter period
of starvation before the ipsapirone challenge tests than
we did and did not measure plasma ipsapirone levels.
Thus, although we can be confident that our 2 ipsa-
pirone challenges were equivalent, it is possible that
any changes in effect on temperature in the study by
Shiah et al30 may have been the consequence of dif-
ferences in plasma ipsapirone levels during the 2
challenges. Valproate has been reported to cause
hypothermia,54 an outcome which could obviously
interfere with the interpretation of the effect of
ipsapirone on body temperature. Although there was
no evidence of valproate-induced hypothermia in our
study, it is of note that in the Shiah et al30 study, there
was a trend toward lower baseline body temperature
at the ipsapirone challenge during valproate treat-
ment in comparison with the baseline measure before
valproate.

Because ipsapirone is a specific 5-HT1A receptor
probe, our findings do not rule out the possibility that
valproate treatment affects other 5-HT receptor sub-
types. For example, using a nonspecific 5-HT probe
(L-5-hydroxytryptophan), Maes et al10 found that
plasma cortisol responses were significantly higher in
manic patients after receiving valproate for 3 weeks
than before treatment. A putative increase in 5-HT
neurotransmission in the presence of valproate10 may
involve elements of the 5-HT system other than
changes in the 5-HT1A receptor investigated in this
study. Valproate may also have direct or indirect ef-
fects on 5-HT1A receptors other than the regulatory
effects we examined. Ichikawa et al55 concluded that
valproate interacts with 5-HT1A receptors to produce
increased DA in the prefontal cortex of the rat brain
because such increases were blocked by a 5-HT1A

antagonist. Because there is no evidence of apprecia-
ble affinity of valproate for 5-HT1A receptors or other
monoamine receptor subtypes, however, Ichihawa et
al55 suggest that valproate stimulates the 5-HT1A re-
ceptors in an indirect fashion.

Valproate and dopamine receptors

Apomorphine effectively induced release of GH and
inhibition of prolactin,39 but valproate treatment failed
to change these neuroendocrine responses to apomor-
phine. Because apomorphine is a nonspecific DA re-
ceptor probe, we can conclude that up to 625 mg/d of
valproate has no apparent effect on DA receptors.

Few studies using animal or human subjects have been
conducted to examine the dopaminergic effects of val-
proate. Evidence from studies examining the effects of
lithium and carbamazepine on DA function suggests that
dopaminergic systems may be involved in the mecha-
nism of action of mood stabilizers. Treatment with
lithium in patients with psychiatric disorders does not
appear to influence the GH response to apomorphine.56,57

However, lithium treatment has been shown to block the
apomorphine-induced decrease in prolactin in the rat58,59

and cause a small reduction in the prolactin response to
apomorphine in patients with affective illness.57 Carba-
mazepine treatment may also alter brain DA function, as
found by Elphick et al,41 who demonstrated an enhanced
GH response to apomorphine after short-term treatment
with carbamazepine in healthy male participants.
Despite the apparent lack of effect of valproate on DA
receptor-mediated hypothalamic or pituitary responses,
it is possible that valproate affects DA receptors in other
brain regions or other aspects of DA function, including
synthesis, release or reuptake. For instance, clozapine,
reported as an effective mood stabilizer, increases DA
release in the medial prefrontal cortex via the 5-HT1A

receptor.60 Carbamazepine and valproate also appear to
share this mechanism of DA release, as they too have
been shown to increase prefrontal DA levels.55

Our findings suggest that short-term treatment with
valproate at a daily dose of 625 mg fails to affect 5-HT1A

receptor mediated changes in 5-HT neurotransmission;
in addition, it does not appear to affect DA neurotrans-
mission via change in DA receptor function in hypothal-
amic and pituitary regions. Given the limited and contra-
dictory reports available on the effects of valproate on
5-HT and DA receptors in humans, further investigations
with other neuroendocrine challenges are needed to
elucidate the time- and dose-related effects of valproate
on 5-HT, DA and other neurotransmitter systems.
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