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An in vivo dialysis and behavioural study of the release
of 5-HT by p-chloroamphetamine in reserpine-treated
rats
1A. Adell, G.S. Sarna, 2P.H. Hutson & 3G. Curzon
Department of Neurochemistry, Institute of Neurology, 1 Wakefield Street, London, WC1N 1PJ

1 Reserpine (2.5mg kg- i.p.) decreased rat brain 5-hydroxytryptamine (5-HT) by 86% 24 h later
but most components of the 5-HT-dependent behavioural syndrome induced by p-
chloroamphetamine (PCA, 5mgkg-'i.p.) or 5-methoxy-N,N-dimethyltryptamine (5-MeODMT,
5 mg kg - ti.p.) over 1 h after administration were unaffected. However, Straub tail was increased
after giving PCA or 5-MeODMT and head weaving was decreased after giving 5-MeODMT.
2 Frontal cortex extracellular 5-HT concentrations of vehicle pretreated rats before injection of
PCA, as calculated from dialysate 5-HT concentrations, were about 1/1000th of corresponding
brain values. Extracellular 5-hydroxyindoleacetic acid (5-HIAA) and brain values were comparable
with each other. Dialysate 5-HT increased after PCA with peak values at 20-40min.
3 Reserpine pretreatment reduced dialysate 5-HT concentration before PCA was given but the net
increase (AUC) over the 1 h after PCA did not differ significantly from that seen in animals pre-
treated with vehicle. Dialysate 5-HIAA values slowly decreased after PCA injection in both
reserpine and vehicle pretreated groups.

4 The results suggest that PCA causes the 5-HT syndrome by releasing 5-HT from the neuronal
cytoplasm but that physiological release of 5-HT occurs from vesicular stores.

Introduction

The activation of brain 5-hydroxytryptamine (5-HT)
receptors induces the 5-HT syndrome in rats, the
main components of which are head weaving,
forepaw treading, hind limb abduction, flat body
posture, Straub tail and wet-dog shakes (Grahame-
Smith, 1971; Jacobs, 1976; Sloviter et al., 1978).
Some or all of these components can be elicited by
drugs which selectively release neuro{'al 5-HT, such
as p-chloroamphetamine (PCA; Trulson & Jacobs,
1976; Kuhn et al., 1985), as well as by 5-HT receptor
agonists (Hjorth et al., 1982; Tricklebank et al.,
1985a,b; Smith & Peroutka, 1986).
The PCA-induced 5-HT behavioural syndrome

has been suggested to result from the release of
neuronal 5-HT from a small non-vesicular com-
partment, since it still occurs after pretreatment with
reserpine (Kuhn et al., 1985) which disrupts vesicular
storage (Shore & Giachetti, 1978). It has also been
shown that PCA releases [3H]-5-HT from syn-
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aptosomes prepared from the brains of reserpine-
treated rats (Ross & Kelder, 1977). More detailed
studies of components of the 5-HT syndrome
showed that reserpine did not prevent the induction
of forepaw treading or flat body posture by the 5-HT
agonists 8-hydroxy-2-(di-n-propylamino) tetralin (8-
OH-DPAT) and 5-methoxy-N,N-dimethyltrypta-
mine (5-MeODMT), but drastically reduced the head
weavings elicited by these drugs (Tricklebank et al.,
1985a,b).
The 5-HT behavioural syndrome has usually been

scored by methods based on rating scales for its
components (Andrews et al., 1982; Tricklebank et al.,
1985a,b; Smith & Peroutka, 1986) or by 'all or none'
procedures (Trulson & Jacobs, 1976; Sloviter et al.,
1978) which do not quantify either the intensity or
the duration of each component. As Kuhn et al.
(1985) investigated the effect of reserpine pretreat-
ment on the 5-HT syndrome elicited by PCA by an
'all or none' method, the interpretation of their find-
ings is uncertain. Also, while in vivo intracerebral
dialysis shows that PCA releases 5-HT (Sharp et al.,
1986) and that the time course of release and the
induced 5-HT syndrome parallel each other (Hutson
& Curzon, 1989), the effect of reserpine pretreatment
NaCl containing BRIJ 35/polyoxyethylene lauryl
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on release is unknown. It is conceivable that
reserpine both reduces the release of 5-HT by PCA
and increases the response of receptors to it so that
the behavioural effect is unaltered.
We have now reinvestigated the behavioural effect

of PCA in rats pretreated with reserpine by scoring
the frequency or duration of each behavioural com-
ponent (Dourish et al., 1985). This procedure avoids
the disadvantages of previous scoring methods. Also,
the release of brain 5-HT was monitored by in vivo
dialysis and the responsiveness of the 5-HT receptors
mediating the syndrome was studied by measuring
its components when induced by the 5-HT agonist
5-MeODMT.

Methods

Male Sprague-Dawley rats (Charles River, U.K.)
weighing 250-350 g were used in all experiments.
They were housed individually under a 12 h light-
dark cycle with food and water available at all times.

Behavioural experiments

Rats were given reserpine (2.5 mg kg 1, i.p.) or
vehicle 24 h before the administration of either PCA
(5mg kg- 1, i.p.) or 5-MeODMT (5mg kg- 1, i.p.). All
animals pretreated with reserpine showed ptosis at
the time of injection. The dose of-PCA was chosen
because it caused submaximal expression of the
major components of the 5-HT syndrome in normal
rats (Fernando & Curzon, 1981; Kennett et al.,
1985). After PCA or 5-MeODMT injection, rats
were placed in individual perspex cages
(25 x 25 x 21 cm) with grid floors and behaviours
videotaped for 1 h. The frequency of head weaving,
forepaw treading, wet-dog shakes and rearing, and
the duration of hind limb abduction, flat body
posture, Straub tail, locomotion and grooming were
scored over 1 h using a microcomputer (Donohoe et
al., 1987).

Intracerebral dialysis

Concentric dialysis probes made essentially as
described by Hutson et al. (1985) were fitted with
36G steel microcannulae (Brain Research Instru-
ments Co, Princeton, U.S.A.). Cuprophan hollow
fibres (Enka AG, Wuppertal, F.R.G.) were used for
the dialysis membranes. Before implantation, the
recoveries of 5-HT and 5-hydroxyindoleacetic acid
(5-HIAA) by the probes were determined as follows.
Probes were perfused with artificial cerebrospinal
fluid (CSF) (composition in mm; NaCl 125, KCl 2.5,
MgCl2 1.18, CaCl2 1.26) at 0.25u1min-I using a
microlitre syringe pump (Harvard Apparatus Ltd.

South Natick, U.S.A.) and immersed in a beaker
containing 1Ong ml- of each indole compound.
Successive 20min (5pl) samples of perfusate were
collected in tubes containing 10lp of mobile phase
(see below) and analysed by high-performance liquid
chromatography (h.p.l.c.). Percentage recoveries were
57 + 1 for 5-HT and 51 + 2 for 5-HIAA (n = 10,
mean + s.e.mean).
Rats were given reserpine (2.5mg kg- 1, i.p.) or

vehicle 24 h before injecting PCA (5mg kg- 1, i.p.) as
in the behavioural experiments. Following anaes-
thesia with sodium pentobarbitone (60mgkg 1, i.p.),
dialysis probes were implanted in frontal cortex
(3.2mm anterior to bregma, 6.0mm ventral to it and
2.5mm lateral to the midline) according to Paxinos
& Watson (1982). Animals were left to recover for
approximately 18h and artificial CSF then perfused
through the probe as described. Dialysis samples
were collected for 1 h before giving PCA and for 4 h
40min subsequently.

Biochemical measurements

Immediately after collection, each dialysis sample
was assayed for 5-HT and 5-HIAA by h.p.l.c. with
electrochemical detection. The mobile phase con-
sisted of 0.15M NaH2PO4, 0.01mm octyl sodium
sulphate, 0.5mm EDTA (pH 3.8 adjusted with phos-
phoric acid) and 12.5% methanol. Indoles were
separated on an Altex ultrasphere 3pum ODS
column (4.6mm x 7.5 cm) (Beckman Ltd, U.K.). The
electrochemical detector was an ESA Coulochem
model 5100A (Severn Analytical Ltd) with a dual
electrode analytical cell (model 5011). The condition-
ing cell was set at -0.04V, electrode 1 at +0.10V
and electrode 2 at + 0.30V with respect to palladium
reference electrodes.

In a separate experiment, rats were given either
reserpine or vehicle as before, killed 24 h later and
their brains removed for determination of 5-HT,
5-HIAA and also dopamine, 3,4-dihydroxyphenyl-
acetic acid (DOPAC) and homovanillic acid (HVA).
The brains were homogenized in 0.4M perchloric
acid containing 0.1% sodium metabisulphite, 0.01%
EDTA, 0.1% cysteine and centrifuged at 3000 x g
for 20min. Aliquots of supernatants were then fil-
tered through 0.45 ym filters (Gelman) and analysed
by h.p.l.c. as described, except for the mobile phase
which was made up of 0.1 M KH2PO4, 1 mM octyl
sodium sulphate, 0.1 mm EDTA (pH 2.75) and 18%
methanol.

Drugs

Reserpine, PCA and 5-MeODMT were purchased
from Sigma. DL-PCA hydrochloride was dissolved in
0.9% NaCl and 5-MeODMT suspended in 0.9%
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ether (0.005%). Reserpine was dissolved in a few
drops of glacial acetic acid and diluted in distilled
water. Drugs were injected in volumes of 1 ml kg-
body weight.

Table 1 Effect of reserpine (2.5 mgkg 1, i.p.) on
whole brain levels of 5-hydroxytryptamine (5-HT),
5-hydroxyindole-acetic acid (5-HIAA), dopamine
(DA), dihydroxyphenylacetic acid (DOPAC) and
homovanillic acid (HVA)

Statistics

Differences between the behavioural effects of drugs
on vehicle and reserpine pretreated rats were assessed
using the two-tailed Mann-Whitney U-test or
Duncan's multiple range test. The effects of reserpine
on whole brain levels of indoles and catechols were
analysed by Student's t test. In the in vivo intracereb-
ral dialysis study the mean of the four values imme-
diately before PCA injection was taken as the basal
concentration for each indole compound. The effects
of PCA and reserpine on extraneuronal levels of
5-HT and 5-HIAA were assessed by two-way
analysis of variance followed by Newman-Keuls'
multiple range test.

Results

As shown in Table 1 reserpine depleted whole brain
levels of 5-HT and dopamine very substantially and
increased 5-HIAA and HVA.

Results in Table 2 and Figure 1 show that the
overall patterns of the behavioural effects of PCA
and 5-MeODMT were largely unaffected by
pretreatment with reserpine, major components of
the behaviour not being significantly altered.
However, head weaving frequency was significantly
decreased (after 5-MeODMT) and Straub tail behav-

5-HT
5-HIAA
DA
DOPAC
HVA

Vehicle
(n = 6)

5.04 + 0.49
2.03 ± 0.10
8.88 + 1.09
0.76 + 0.08
0.45 + 0.03

Reserpine
(n = 6)

0.69 + 0.27**
2.62 + 0.29*
0.44 + 0.12**
0.68 + 0.09
0.73 ± 0.14**

Reserpine or vehicle was injected 24 h before
killing. Values (mean ± s.e.mean) are expressed as
pmol mg 1 wet wt tissue. *P < 0.01, **P <0.001
compared with vehicle-injected rats (Student's t
test).

iour was significantly increased after giving either
drug.

In the absence of PCA or 5-MeODMT, the above
components of the 5-HT syndrome were, at the
most, marginally present in the vehicle and reserpine-
treated groups, but appreciable amounts of normal
locomotor, rearing and grooming behaviour
occurred and was comparable in both groups
(Figure 1). PCA significantly increased locomotion
and almost totally inhibited rearing and grooming.
These effects of PCA were unaltered by reserpine
pretreatment. 5-MeODMT had a negligible effect on
locomotion in both vehicle and reserpine-treated
rats, decreased rearing significantly and comparably
in both of these groups but significantly decreased
grooming only in reserpine pretreated rats.

Before injection of PCA, extraneuronal 5-HT was
measurable in dialysates from rats pretreated with

Table 2 Effects of reserpine on stereotyped behaviour and motor activity induced by p-chloroamphetamine
(PCA 5mg kg- 1, i.p.) or 5-methoxy-N,N-dimethyltryptamine (5-MeODMT 5 mg kg- 1, i.p.)

Vehicle + PCA Reserpine + PCA Vehicle + 5-MeODMT Reserpine + 5-MeODMT

Head weaving
(frequency)

Forepaw treading
(frequency)

Hind limb abduction
(min)

Flat body posture
(min)

Straub tail
(min)

Wet-dog shakes
(frequency)

209.5 + 24.3 150.2 + 24.1

305.5 + 39.4 322.0 + 52.6

53.6 + 1.2

51.3 + 4.4

0+ 0

8.7 + 2.8

54.5 + 1.4

55.0 + 1.6

0.2 + 0.1**

16.2 + 3.5

Reserpine or vehicle was injected 24h before PCA or 5-MeODMT. Values are means + s.e.mean of 6 rats per
group. *P < 0.05, **P < 0.02 with respect to corresponding vehicle-injected rats (Mann-Whitney U test).

26.7 + 6.3

859.3 + 75.0

29.6 + 2.6

28.0 + 3.5

1.0+ 0.2

0.7 + 0.2

9.2 + 1.2*

802.0 + 112.2

31.2 + 5.6

30.2 + 6.0

2.2 + 0.4*

1.0+ 0.3
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Figure 1 Locomotion, rearing and grooming in rats
pretreated with vehicle or reserpine (2.5mgkg-1, i.p.)
and given 0.9% NaCI, p-chloroamphetamine (PCA,
5 mgkg- 1, i.p.) (a) or 5-methoxy-N,N-dimethyltryp-
tamine (5-MeODMT, 5mgkg-1, i.p.) (b) 24h later.
S = vehicles, R = reserpine, P = PCA, M = 5-
MeODMT. Values are mean durations (min) of each
behavioural component for 6 rats; vertical lines indicate
s.e.mean. *P < 0.05, **P < 0.01 with respect to values
for appropriate control rats not given PCA or 5-
MeODMT (Duncan's multiple range test).

vehicle but not from animals pretreated with
reserpine, the difference between the two groups
being significant (Figure 2). However, dialysate 5-HT
rose substantially on giving PCA to either group,
peaking at 20-40 min after injection and then declin-
ing, but remaining significantly elevated more than 1
and 4 h later for the vehicle and reserpine pretreated
groups, respectively. Mean increases over appropri-
ate base-line values were less for the reserpine
pretreated rats than for the vehicle pretreated con-
trols at 20 and 40min after PCA injection and sig-
nificantly so at 20 min (P < 0.05). However, the area
under the curve (AUC) for increase of 5-HT over the
1 h after giving PCA (i.e. the period over which
behaviour was assessed) was not significantly differ-
ent for the reserpine and vehicle-pretreated rats,
though it was 26% smaller in the former group.
Increases of dialysate 5-HT for both groups were
similar at all times greater than 40min after PCA
injection. Figure 3 shows the individual peak values
for the two groups. It can be seen that the spread of
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Figure 2 Effect of reserpine (2.5mgkg-1, i.p.) on the
dialysate 5-hydroxytryptamine (5-HT) concentration in
frontal cortex before and after p-chloroamphetamine
(PCA, 5mgkg-', i.p. at zero time). Values are uncor-
rected for recovery. Two way ANOVA showed signifi-
cant effects of time (F [14, 209] = 16.22 and reserpine F
[1,209] = 22.71; both P < 0.001). Basal 5-HT levels
were taken as the mean of the four values before PCA.
The mean ±s.e mean was 0.0059 ± 0.0007 pmol per 5 p1
(n = 8) for vehicle-injected rats and <0.002 pmol per
5,4 (detection limit of 5-HT) for all reserpine-treated
rats (n = 10). These values differ significantly (P < 0.05).
Increases after PCA were significant (P < 0.05) over 1
and 4 h in the vehicle and reserpine pretreated groups.
Net 5-HT release (increase of area under the curve) over
1 h after giving PCA (i.e. the period over which behav-
iour was measured) was 0.164 ± 0.047 and
0.122 + 0.028pmolmlm1h-' for the vehicle and
reserpine pretreated groups, respectively (difference NS).
Vertical lines indicate s.e.mean.
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Figure 3 Individual peak values for dialysate 5-
hydroxytryptamine (5-HT) after p-chloroamphetamine
(PCA). General details as described in Figure 1. Values
for reserpine and vehicle pretreated groups did not
differ significantly. Mean peak times were 30 ± 4
(s.e.mean) and 38 + 4min for vehicle and reserpine
pretreated groups, respectively (difference NS). Median
peak values are shown as broken lines.



210 A. ADELL et al.

values was considerable but the median concentra-
tions were almost identical.

Dialysate 5-HIAA values are shown in Figure 4.
After injection of PCA both vehicle and reserpine
pretreated groups showed a slow decline in dialysate
5-HIAA concentrations to about 2/3 of base-line
values.

Discussion

Base-line dialysate 5-HT levels and increases after
giving PCA were much lower than previously found
(Sharp et al., 1986; Hutson & Curzon, 1989), pos-
sibly because dialysates were previously collected
within a few hours of inserting the probe in the
earlier studies but a day later in the present experi-
ments. Westerink et al. (1987) were only able to
detect 5-HT in cortical dialysates on the first day
and suggest that this largely came from platelets
accumulating around the recently implanted probe.
It might also have derived from terminals damaged
by insertion of the probe. Our measurements were
made at a time which was probably sufficient for
healing of damage but not long enough for gliosis to
alter the environment of the probe (Benveniste &
Diemer, 1987; Benveniste et al., 1987).
The base-line extracellular 5-HT concentration in

the region of the dialysis probe as calculated from
Figure 2 and in vitro 5-HT recovery values was
2.0pmolml-'. Using a frontal cortex 5-HT concen-
tration of 1.7nmolg' = 2.1nmolmlP' water
(assuming 80% water) previously obtained in our
laboratory (Kennett et al., 1986), a tissue/
extracellular space ratio for 5-HT of 1050 can be cal-
culated which is comparable with data on other
transmitters (Westerink et al., 1987). The corre-
sponding ratio of 1.4 for 5-HIAA is consistent with
the ratios of about 1 obtained for transmitter metab-
olites (Westerink et al., 1987).

After reserpine treatment, although brain 5-HT
was decreased by 86% and 5-HT was no longer
detectable in cortical dialysates, the components of
the 5-HT syndrome induced by the 5-HT releaser
PCA were not significantly altered (Table 2), apart
from the appearance of slight Straub tail behaviour.
These results supplement the data of Kuhn et al.
(1985) that reserpine-treated rats still showed at least
three behavioural components of the response to
PCA. One possible explanation is that depletion of
5-HT stores by reserpine and resultant decrease of
physiological release of 5-HT (as indicated by the
inability to detect it in cortical dialysates) increases
postsynaptic receptor sensitivity so that the response
to PCA is unaltered. However, despite findings that
reserpine enhanced responses to agonists acting at
5-HT (Nakamura & Fukushima, 1978) and dopa-
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Figure 4 Effect of reserpine (2.5 mgkg- 1, i.p.) on dialy-
sate 5-hydroxyindoleacetic acid (5-HIAA) concentration
before and after p-chloroamphetamine (PCA,
5 mgkg -1, i.p.). General details as described in
Figure 1. Overall, reserpine significantly reduced
5-HIAA in dialysates (F [1,213] = 3.96, P < 0.05).

mine (Arnt, 1985) receptors, it did not alter most
components of the response to the 5-HT agonist 5-
MeODMT. An exception was the Straub tail which
(in agreement with findings on PCA treatment) was
increased. Also, head weaving frequency was
decreased, in agreement with Tricklebank et al.
(1985a,b).
The above results, as a whole, argue against

reserpine increasing the responses of postsynaptic
5-HT receptors. The increased Straub tail behaviour
may result from depletion of dopamine by reserpine
as dopamine inhibits this behaviour (Bedard &
Pycock, 1977; Andrews et al., 1982; Dickinson &
Curzon, 1983; Dickinson et al., 1983). Conversely,
the decrease of head weaving agrees with its require-
ment of dopamine as well as 5-HT (Andrews et al.,
1982; Tricklebank et al., 1985a,b). However, forepaw
treading and hindlimb abduction respectively require
and are inhibited by dopamine (Andrews et al., 1982;
Dickinson et al., 1983; Tricklebank et al., 1985a,b)
but were unaltered by reserpine, which suggests that
residual dopamine was sufficient for their expression.
Some availability of catecholamines is also consis-
tent with the finding that reserpine did not alter
locomotion, rearing or grooming in vehicle, PCA or
5-MeODMT-treated animals, although 50%
decreases of locomotion were observed 24h after
giving 2 and 5mgkg-' of reserpine (Faith et al.,
1968; Geyer & Segal, 1973).
The lack of effect of reserpine treatment on most

components of the 5-HT syndrome induced by PCA
is largely explicable by the finding that release of
neuronal 5-HT by PCA in the 1 h period of behav-
ioural assessment did not decrease significantly. As
reserpine depletes vesicular 5-HT (Shore & Gia-
chetti, 1978), from which its physiological release
probably occurs (Sanders-Bush & Martin, 1982),
these results imply that PCA releases 5-HT by a
mechanism which is not of physiological importance.
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Although reserpine prevents vesicular storage of
5-HT, it does not alter its synthesis under conditions
similar to those of the present study (Carlsson &
Lindqvist, 1978), but the new 5-HT molecules
remain in a small rapidly turning over cytoplasmic
pool from which they are presumably released by
PCA. Somewhat similar to our findings with PCA,
reserpine has been shown to decrease spontaneous
dopamine release but not amphetamine-induced
release (Niddam et al., 1985; Butcher et al., 1988).

Unlike reserpine, a range of doses of the 5-HT
synthesis inhibitor p-chlorophenylalanine (PCPA)
attenuated forepaw treading and head weaving
induced by PCA in parallel with the degree of deple-
tion of brain 5-HT (Dickinson & Curzon, 1983).
Under these circumstances newly synthesized 5-HT
molecules are probably less available for release by
PCA because of avid uptake by the partially emptied
vesicles where, as indicated by high 5-HT/5-HIAA
ratios (Curzon et al., 1978; Dickinson & Curzon,

1983), they are protected from metabolism. In con-
trast, reserpine disrupts vesicular storage so that
newly synthesized 5-HT remains in the neuronal
cytoplasm and is readily metabolised, as indicated by
low 5-HT: 5-HIAA ratios (Table 1), but is available
for release by PCA.
Kuhn et al. (1985) suggest that the cytoplasmic

5-HT is the 'functional' transmitter pool. We agree
inasmuch as we find that PCA releases cytoplasmic
5-HT with behavioural consequences. However, as
reserpine without PCA markedly reduced dialysate
5-HT, physiological release of 5-HT probably occurs
from vesicular stores, perhaps from a specific small
pool of recently synthesized 5-HT (Shields & Eccles-
ton, 1972) distinct from the cytoplasmic pool.

This work was supported by the Medical Research Council
and by a CIRIT fellowship from the Generalitat de Cata-
lunya, Spain, to A.A. Mr M.T. O'Connell is thanked for
help with the h.p.l.c. analyses.

References

ANDREWS, C.D., FERNANDO, J.C.R. & CURZON, G. (1982).
Differential involvement of dopamine containing tracts
in 5-hydroxytryptamine-dependent behaviours caused
by amphetamine in large doses. Neuropharmacology, 21,
63-68.

ARNT, J. (1985). Behavioural stimulation is induced by
separate dopamine D-1 and D-2 receptor sites in
reserpine-pretreated but not in normal rats. Eur. J.
Pharmacol., 113, 79-88.

BEDARD, P. & PYCOCK, CJ. (1977). 'Wet-dog' shake behav-
iour in the rat: a possible quantitative model of central
5-hydroxytryptamine activity. Neuropharmacology, 16,
663-670.

BENVENISTE, H. & DIEMER, N.H. (1987). Cellular reactions
to implantation of a microdialysis tube in the rat hippo-
campus. Acta Neuropathol. (BerL), 74, 234-238.

BENVENISTE, H., DREJER, J., SCHOUSBOE, A. & DIEMER,
N.H. (1987). Regional cerebral glucose phosphorylation
and blood flow after insertion of a microdialysis fiber
through the dorsal hippocampus in the rat. J. Neuro-
chem., 49, 729-734.

BUTCHER, S.P., FAIRBROTHER, I.S., KELLY, J.S. & ARB-
UTHNOTT, G.W. (1988). Amphetamine-induced dopa-
mine release in the rat striatum: an in vivo microdialysis
study. J. Neurochem., 50, 346-355.

CARLSSON, A. & LINDQVIST, M. (1978). Effect of reserpine
on monoamine synthesis and on apparent dopaminergic
receptor sensitivity in rat brain. In Neuropharmacology
and Behaviour. ed. Haber, B. & Aprison, M.H. pp.
84-102. New York: Plenum.

CURZON, G., FERNANDO, J.C.R. & MARSDEN, C.A. (1978).
5-Hydroxytryptamine: the effects of impaired synthesis
on its metabolism and release in rat. Br. J. Pharmacol.,
63, 627-634.

DICKINSON, S.L. & CURZON, G. (1983). Roles of dopamine
and 5-hydroxytryptamine in stereotyped and non-

stereotyped behaviours. Neuropharmacology, 22, 805-
812.

DICKINSON, S.L., JACKSON, A. & CURZON, G. (1983). Effect
of apomorphine on behaviour induced by 5-methoxy-N,
N-dimethyltryptamine: three different scoring methods
give three different conclusions. Psychopharmacology,
80, 196-197.

DONOHOE, T.P., HUTSON, P.H. & CURZON, G. (1987).
Blockade of dopamine receptors explains the lack of
5-HT stereotypy on treatment with the putative 5-HT1A
agonist LY165163. Psychopharmacology, 93, 82-86.

DOURISH, C.T., HUTSON, P.H. & CURZON, G. (1985). Low
doses of the putative serotonin agonist 8-hydroxy-24di-
n-propylamino) tetralin (8-OH-DPAT) elicit feeding in
the rat. Psychopharmacology, 86, 197-204.

FAITH, M.E., YOUNG, L.D., GRABARITS, F. & HARVEY, A.
(1968). Differences in the duration of reserpine action in
the rat depending on the measure employed. Int. J.
Neuropharmacology, 7, 575-583.

FERNANDO, J.C.R. & CURZON, G. (1981). Behavioural
responses to drugs releasing 5-hydroxytryptamine and
catecholamines: effects of treatments altering precursor
concentrations in brain. Neuropharmacology, 20, 115-
122.

GEYER, M.E. & SEGAL, D.S. (1973). Differential effects of
reserpine and alpha-methyl-p-tyrosine on norepine-
phrine and dopamine induced behavioural activity. Psy-
chopharmacologia (Berl.), 29, 131-140.

GRAHAME-SMITH, D.G. (1971). Studies in vivo on the
relationship between brain tryptophan, brain 5-HT syn-
thesis and hyperactivity in rats treated with a mono-
amine oxidase inhibitor and L-tryptophan. J.
Neurochem., 18, 1053-1066.

HJORTH, S., CARLSSON, A., LINDBERG, P., SANCHEZ, D.,
WIKSTROM, H., ARVIDSSON, L.E., HACKSELL, U. &
NILSSON, J.L.G. (1982). 8-Hydroxy-2{di-n-propylamino)



212 A. ADELL et al.

tetralin, 8-OH-DPAT, a potent and selective simplified
ergot congener with central 5-HT receptor stimulating
activity. J. Neural Trans., 55, 169-188.

HUTSON, P.H. & CURZON, G. (1989). Effects of p-
chloroamphetamine on central extracellular 5-HT con-
centration and behaviour. Br. J. Pharmacol. (in press).

HUTSON, P.H., SARNA, G.S., KANTAMANENI, B.D. &
CURZON, G. (1985). Monitoring the effect of a tryp-
tophan load on brain indole metabolism in freely
moving rats by simultaneous cerebrospinal fluid sam-
pling and brain dialysis. J. Neurochem., 44, 1266-1273.

JACOBS, B.L. (1976). An animal behavioural model for
studying central serotonergic synapses. Life Sci., 19,
777-786.

KENNETT, G.A., DICKINSON, S.L. & CURZON, G. (1985).
Enhancement of some 5-HT-dependent behavioural
responses following repeated immobilization in rats.
Brain Res., 330, 253-263.

KENNETT, G.A., CHAOULOFF, F., MARCOU, M. &
CURZON, G. (1986). Female rats are more vulnerable
than males in an animal model of depression: the pos-
sible role of serotonin. Brain Res., 382, 416421.

KUHN, D.M., WOLF, W.A. & YOUDIM, M.B.H. (1985). 5-
Hydroxytryptamine-release in vivo from a cytoplasmatic
pool: studies on the 5-HT behavioural syndrome in
reserpinized rats. Br. J. Pharmacol., 84, 121-129.

NAKAMURA, M. & FUKUSHIMA, H. (1978). Effects of
reserpine, parachlorophenylalanine, 5,6-dihydroxytryp-
tamine and fludiazepam on the head twitches induced
by 5-hydroxytryptamine or 5-methoxytryptamine in the
mouse. J. Pharm. Pharmacol., 30, 254-256.

NIDDAM, R., ARBILLA, S., SCATTON, B., DENNIS, T. &
LANGER, S.Z. (1985). Amphetamine induced release of
endogenous dopamine in rats is not reduced following
pretreatment with reserpine. Naunyn-Schmiedebergs
Arch. Pharmacol., 329, 123-127.

PAXINOS, G. & WATSON, C. (1982). The Rat Brain in
Stereotaxic Coordinates. New York: Academic Press.

ROSS, S.B. & KELDER, D. (1977). Efflux of 5-
hydroxytryptamine from synaptosomes of rat cerebral
cortex. Acta Physiol. Scand., 99, 27-36.

SANDERS-BUSH, E. & MARTIN, L.L. (1982). Storage and
release of serotonin. In Biology of Serotonergic Trans-

mission. ed. Osborne, N.N. pp. 95-138. Chichester:
Wiley.

SHARP, T., ZETTERSTROM, T., CHRISTMANSON, L. &
UNGERSTEDT, U. (1986). p-Chloroamphetamine rel-
eases both serotonin and dopamine into rat brain dialy-
sates in vivo. Neurosci. Lett., 72, 320-324.

SHIELDS, P.J. & ECCLESTON, D. (1972). Effects of electrical
stimulation of rat midbrain on 5-hydroxytryptamine
synthesis as determined by a sensitive radioisotope
method. J. Neurochem., 19, 265-272.

SHORE, P.A. & GIACHETTI, A. (1978). Reserpine: basic and
clinical pharmacology. In Handbook of Psychopharma-
cology, Vol. 10. ed. Iversen, L.L., Iversen, S.D. &
Snyder, S.H. pp. 197-219. New York: Plenum.

SLOVITER, R.S., DRUST, E.G. & CONNOR, J.D. (1978). Speci-
ficity of a rat behavioural model for serotonin receptor
activation. J. Pharmacol. Exp. Ther., 206, 339-347.

SMITH, L.M. & PEROUTKA, S.J. (1986). Differential effects of
5-hydroxytryptamine1A selective drugs on the 5-HT
behavioral syndrome. Pharmacol. Biochem. Behav., 24,
1513-1519.

TRICKLEBANK, M.D., FORLER, C. & FOZARD, J.R. (1985a).
The involvement of subtypes of the 5-HT1 receptor and
of catecholaminergic systems in the behavioural
response to 8-hydroxy-2-di-n-propylamino) tetralin in
the rat. Eur. J. Pharmacol., 106, 271-282.

TRICKLEBANK, M.D., FORLER, C., MIDDLEMISS, D.N. &
FOZARD, J.R. (1985b) Subtypes of the 5-HT receptor
mediating the behavioral response to 5-methoxy-N,N-
dimethyltryptamine in the rat. Eur. J. Pharmacol., 117,
15-24.

TRULSON, M.E. & JACOBS, B. (1976). Behavioural evidence
for the rapid release of CNS serotonin by PCA and fen-
fluramine. Eur. J. Pharmacol., 36, 149-154.

WESTERINK, B.H.C., DAMSMA, G., ROLLEMA, H., DE
VRIES, J.B. & HORN, A.S. (1987). Scope and limitations
of in vivo brain dialysis: a comparison of its application
to various neurotransmitter systems. Life Sci., 41, 1763-
1776.

(Received August 26, 1988
Revised December 1, 1988

Accepted January 9, 1989)


