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Relationship between extracellular
5-hydroxytryptamine and behaviour following
monoamine oxidase inhibition and L-tryptophan
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1 The present study investigates the effects of selective and a non-selective monoamine oxidase
(MAO) inhibitors combined with L-tryptophan on MAO-A and -B activity, hypothalamic
extracellular S-hydroxytryptamine (5-HT) in vivo and the occurrence of the 5-HT behavioural
syndrome.

2 Selective inhibition of intraneuronal MAO-A with MDL 72394 (0.5 mgkg™', i.p.) had no effect on
extracellular 5-HT and following administration of L-tryptophan (50mgkg~', i.p.) the 5-HT
behavioural syndrome was not induced.

3 Selective inhibition of MAO-A at all sites with clorgyline (5 mg kg™, i.p.) increased extracellular 5-
HT but did not induce the 5-HT behavioural syndrome when combined with L-tryptophan
administration.

4 Selective inhibition of MAO-B with selegiline (10 mg kg™, i.p.) had no effect on extracellular 5-HT
and the 5-HT behavioural syndrome was not observed after L-tryptophan administration.

5 Inhibition of MAO-A and -B with a higher and therefore non-selective, dose of MDL 72394
(2mgkg™") markedly increased extracellular 5-HT but failed to induce the 5-HT behavioural
syndrome after L-tryptophan administration.
6 Inhibition of MAO-A and -B at all sites in the brain (tranylcypromine 20 mg kg™, i.p. or clorgyline
Smgkg' plus selegiline 10mgkg™') increased extracellular 5-HT and induced the behavioural
syndrome on administration of L-tryptophan.

7 The results demonstrate that inhibition of MAO-A and -B both within amine neurones and
elsewhere in the brain is essential for the development of the 5-HT behavioural syndrome. Whilst the
syndrome is associated with increased extracellular 5-HT this does not appear necessarily to result in
the syndrome and may indicate that increased extracellular 5-HT is not solely involved in the induction

of the ‘5S-HT behavioural syndrome’.

Introduction

Rats treated with a monoamine oxidase (MAO)
inhibitor and L-tryptophan exhibit a characteristic
behavioural syndrome of reciprocal forepaw treading,
lateral head weaving, hindlimb abduction, Straub tail,
hyperpyrexia and hyperactivity (Hess & Doepfner,
1961; Grahame-Smith, 1971). It was thought that L-
tryptophan caused an accumulation of 5-hydrox-
ytryptamine (5-HT) in the brain and that MAO
inhibition allowed the 5-HT to ‘spill over’ into the
synapse (Grahame-Smith, 1971). This hypothesis was
supported, in part by the ability of certain 5-HT
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receptor antagonists to abolish some of the compon-
ents of the behavioural syndrome and of 5-HT uptake
inhibitors to potentiate the syndrome (Deakin &
Green, 1978). Consequently, this model has been used
as a functional test of 5S-HT receptor activity (Green &
Grahame-Smith, 1976).

MAO exists as two forms termed MAO-A and
MAO-B (Johnston, 1968; Youdim et al., 1969) of
which 5-HT is preferentially deaminated by MAO-A
in vitro (Johnston, 1968). It was found that inhibition
of MAO-A alone plus L-tryptophan treatment was not
sufficient to evoke the syndrome (Green & Youdim,
1975; Squires & Lassen, 1975; Archer et al., 1985). In
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addition, selective MAO-B inhibition and L-trypto-
phan treatment also failed to produce the syndrome
while a combination of an MAO-A and MAO-B
inhibitor plus L-tryptophan did (Green & Youdim,
1975).

A number of other neurotransmitters may be
involved in the syndrome. For instance, cate-
cholamines have been suggested to have a role (Deakin
& Green, 1978); reserpinised rats fail to exhibit some
behavioural effects of S-HT receptor stimulation
(Tricklebank ez al., 1984) and dopamine antagonists
attenuate the syndrome (Heal ez al., 1976). Squires &
Lassen (1975) suggested that the syndrome may be
dependent on N-substituted derivatives of 5-HT which
are partly deaminated by MAO-B. Tryptamine may
play a part in eliciting the behavioural syndrome since
treatment with an MAO inhibitor and L-tryptophan
increases brain levels of tryptamine more than 5-HT
(Marsden & Curzon, 1978). Furthermore, inhibitors
of the enzyme aromatic L-amino acid decarboxylase,
that have little effect on brain 5-HT, decrease brain
tryptamine and prevent the behavioural syndrome
(Marsden & Curzon, 1979).

Nevertheless, 5S-HT is considered to play an impor-
tant part in the behavioural syndrome especially since
in vivo 5-HT may also be deaminated by MAO-B if
MAO-A has been inhibited (Fowler & Tipton, 1982).
Recently Archer et al. (1985) reported that amiflamine
and L-tryptophan give rise to increased total activity,
locomotion and rearing behaviour even though ami-
flamine is a selective inhibitor for MAO-A.

Although there have been a number of
measurements of brain 5-HT, no studies have been
made of the effects of MAO inhibitors and L-trypto-
phan on the release of S-HT in vivo. Intracranial
dialysis offers a method of measuring extracellular
levels of 5-HT in freely behaving rats which can be
used as an index of S-HT release from neurones
(Ungerstedt, 1984; Sharp et al., 1985; Brazell et al.,
1985). Therefore we have used this technique to
measure extracellular levels of 5-HT in freely moving
rats and determined whether the occurrence of the 5-
HT behavioural syndrome correlated with an increase
in 5-HT release following the administration of L-
tryptophan and an MAO inhibitor. In order to study
the roles of different pools of MAO, selective
inhibitors were used; the MAO-A inhibitor clorgyline
(Johnston, 1968; Yang & Neff, 1973), the MAO-B
inhibitor selegiline (Yang & Neff, 1973), the MAO-A
inhibitor (E)-p-fluoromethylene-meta-tyrosine (MDL
72394) at a neuronally selective dose (Palfreyman et
al., 1985) as well as the non-selective MAO inhibitor
tranylcypromine.

Part of this work has been previously published in
abstract form (Marsden et al., 1987; Sleight et al.,
1987).

Methods

Male Wistar rats weighing 200—300 g were used in all
experiments. They were housed in groups of 5 under a
12 h light-dark cycle and given free access to food and
water.

Behavioural methods

Behaviour and locomotor activity was measured in
groups of 5 rats with the rats in individual observation
chambers. Thirty minutes after tranylcypromine
(20mgkg™',i.p.) and 2 h after saline, MDL 72394 (0.5
or 2mgkg™!, ip.), clorgyline (5mgkg~', i.p.),
selegiline (10mgkg™', i.p.), or clorgyline (Smgkg™",
i.p.) plus selegiline (10mgkg™', i.p.), L-trytophan
(50 mgkg™', i.p.) was given. The components of the
behavioural syndrome produced by MAO inhibition
plus L-tryptophan were scored on a rating scale where
0 = absent, 1 = occasional, 2 =frequent and
3 = constant, 10, 20, 30, 40, 50 and 60 min after the L-
tryptophan injection. The components scored were
reciprocal forepaw treading, lateral head weaving,
Straub tail and hindlimb abduction. All behavioural
studies were performed between 3 and 6 h after the
start of the light phase of the light-dark cycle.

Measurement of indole extracellular levels by
intracranial dialysis

Dialysis probes were manufactured according to the
method of Brazell e al. (1985). Dialysis tubing was
positioned in the lumen of two stainless steel cannulae
(23 g) so as to leave 2 mm of dialysis tubing exposed
and secured with epoxy resin. A small length of nylon
thread was inserted into the dialysis tubing and the
probe was perfused with artificial CSF (composition
(nM): NaCl 125, NaHCO, 27, KCl 2.5, NaH,PO,2H,0
0.5. NaHO, 1.2, NaSO, 0.5, MgCL,6H,0 1, CaCl,
2H,0 1, glucose 5, pH 7.4) at a rate of 1 plmin~'. The
probe was then made into a loop with a 180° angle and
implanted into the rat ventromedial hypothalamus
(rostral-caudal + 0.2mm from bregma, sagittal
+ 0.8 mm from bregma, vertical — 8.5 from the dura)
(Pellegrino et al., 1981) under 2—3% halothane/O,/
N,O anaesthesia. The outlet tube from the dialysis
loop ran to a harness on the back of the rat. The
animal was allowed 2-3 h to recover from the anaesth-
esia and then 20 min dialysis samples were collected
into an Eppendorf tube incorporated into the harness.
The indoles in the dialysate were immediately assayed
by high performance liquid chromatography with
electrochemical detection (h.p.l.c.—e.c.d.)

H.p.l.c. assay of 5-HT and 5-HIAA

5-HT and 5-hydroxyindoleacetic acid (S-H1AA) were



separated by ion-pair, reverse phase chromatography.
Separation took place on a column (length 100 mm
internal diameter 2 mm) packed with 3 um Hypersil.
Mobile phase, consisting of 0.15M NaH,PO,, 2H,0,
0.1mM EDTA, 0.5mM sodium octydyl sulphonic
acid, 15% methanol was pumped through the column
at a rate of 0.4 mI min~'. The amines eluted from the
column were measured with a glassy carbon working
electrode maintained at a potential of +0.65V.

Basal indole levels were measured for 1 h after which
time rats were given either tranylcypromine
(20mgkg™'i.p.), MDL 72394 (0.5 or 2mgkg~', i.p.)
clorgyline (5 mgkg™', i.p.), selegiline (10 mgkg~',i.p.)
or clorgyline (5mgkg™', i.p.) plus selegiline
(10mgkg~', i.p.). Thirty minutes after tranyl-
cypromine treatment and 2h after all the other
treatments, L—tryptophan (50 mgkg™', i.p.) was given
and samples were then collected for a further 80 min. A
separate group of rats was given 0.9% saline as
control.

Determination of monoamine oxidase activity

Groups of 5 rats were given either saline, tranyl-
cypromine (20mgkg™', i.p.) MDL 72394 (0.5 or
2mgkg™!, i.p.), clorgyline (Smgkg~', i.p.), selegiline
(10mgkg~!, i.p.), or cloryline (5mgkg~', i.p.) plus
selegiline (10 mg kg™, i.p.). Thirty minutes after tran-
ylcypromine and 2 h after other treatments the rats
were killed by decapitation and their hypothalami
removed, weighed and frozen in liquid nitrogen. Each
hypothalamus was sonicated in 600pul phosphate
buffer (pH 7.4) and centrifuged at 13,500 g for 20 min.
MAO activity was measured in the supernatant accor-
ding to the method of Zreika et al. (1984) with [“C]-5-
HT (Amersham) and [“C]-phenylethylamine (PEA)
(New England Nuclear) used as substrates for MAO-
A and MAO-B respectively.

Drugs

Phenylethylamine (PEA), 5-hydroxytryptamine (5-
HT), 5-hydroxyindole acetic acid (5-HIAA) and L-
tryptophan (L-TP) were purchased from Sigma U.K.
The sources of the MAO inhibitors were MDL 72394
(Merrell-Dow Research Institute, Strasbourg), tranyl-
cypromine (Smith, Kline and French), clorgyline
(May and Baker) and selegiline (donated by Dr P.
Jenner). )

Statistical analysis

Dialysis results were analysed by the unpaired
Student’s ¢ test. The mean value of the first three
dialysis 5-HT values was taken as the control value
and all values were then expressed as a percentage of
the controls. In the figures the data are shown as
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percentage of the pre-injection values with mean pre-
injection values * s.e.mean stated in the legend in
fmol 20 pl~' dialysis perfusate. Student’s ¢ test values
were determined on the original values (fmol 20 pl™!
dialysis perfusate) and not the percentage values. The
behavioural data were analysed by the Mann-Whitney
U-test.

Results
Tranylcypromine plus L-tryptophan

L-Tryptophan (50 mg kg™, i.p.) alone did not produce
the behavioural syndrome and had no effect on the
basal extracellular 5-HT and S-HIAA levels deter-
mined by intracerebral dialysis compared to saline
injected controls. When L-tryptophan (50mgkg™")
was given 30 min after the administration of the non-
selective MAO inhibitor tranylcypromine
(20mgkg™', i.p.) the characteristic behavioural syn-
drome developed and this was associated with a rise in
hypothalamic extracellular 5-HT (Figure 1) and a
decrease in 5-H1AA (results not shown). Tranyl-
cypromine alone also significantly increased hypo-
thalamic extracellular 5-HT but did not induce the
behavioural response (Figure 1). At the dose of
tranylcypromine used (20 mgkg™', i.p.) both MAO-A
and -B were fully inhibited (Table 1).

MDL 72394 plus L-tryptophan

MDL 72394 at a dose (2 mg kg™"), which significantly
reduced both MAO-A and -B activity but B to a lesser
extent than that observed after tranylcypromine
(Table 1), significantly and markedly increased
hypothalamic extracellular 5-HT but failed to induce
the ‘5-HT behavioural response’ (Figure 2a). The
addition of L-tryptophan 2 h after MDL 72394 was
associated with a further rise in extracellular 5-HT
(Figure 2a) but we did not observe the behavioural
syndrome. Administration of MDL 72394 at a lower
dose (0.5mgkg™', i.p.) only reduced MAO-A activity
(Table 1) and neither extracellular 5-HT (Figure 2b)
nor behaviour changed.

Clorgyline plus L-tryptophan

Clorgyline (5mgkg™', i.p.) significantly reduced
MAO-A activity but had no effect on MAO-B (Table
1). When L-tryptophan (50 mg kg™',i.p.) was given2 h
after clorgyline there was a small but significant
increase in hypothalamic extracellular 5-HT but again
the behavioural syndrome was not observed (Figure
3a).
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Figure 1 Effect of 0.9% saline plus 0.9% saline (hatched area, n = 5), tranylcypromine (20 mg kg™', i.p.) plus 0.9%
saline (A, n = 5)or tranylcypromine plus L-tryptophan (50mgkg™,ip.) (®,n =5)on hypothalamic extracellular 5-
hydroxytryptamine (5-HT). The 5-HT level is expressed as a percentage of the mean of the three pre-injection values +
s.e.mean. The mean pre-injection concentration of 5-HT was 38 £ 10fmol 20 ul~' in the dialysis perfusate in saline-
treated animals, 21 £ 10 fmol 20 ul~' in animals treated with tranylcypromine plus saline and 38 + 12 fmol 20 ul~! in
animals treated with tranylcypromine and L-tryptophan. Tranylcypromine or saline was administered 30 min before L-
tryptophan or saline. The open histogram columns represent the behavioural score (see methods for details) apparent
after administration of L-tryptophan to tranylcypromine pretreated rats. The behavioural syndrome was not observed
in control or tranylcypromine plus saline-injected rats.

*P <0.05 compared to saline * saline control animals.

Table 1  Effects of tranylcypromine (20 mg kg™'), MDL 72394 (0.5 and 2mgkg™"), clorgyl.ine (5 mgkg™'), selegiline
(10mgkg™") and clorgyline plus selegiline followed by L-tryptophan (50 mg kg™') on monoamine oxidase (MAO)-A and
-B activity in hypothalamic extracts

Drug MAO-4 MAO-B
Control (0.9% saline) 63.3+6.9 93.9+9.39
Tranylcypromine 0+0* 0to*
MDL 72394 (0.5mgkg™") 193+ 11.3* 824+ 122
MDL 72394 2mgkg™") 0.31 £0.31* 16.9 + 16.9*
Clorgyline 0.31 £ 0.6* 629 +28.2
Selegiline 48.1+ 139 10.3 + 6.6*
Clorgyline + selegiline 6.3+ 44+ 0+ 0*

Tranylcypromine was given 30 min before L-tryptophan and the other inhibitors 2 h before L-tryptophan; 2 h later the
rats were killed and MAO activity measured in the hypothalamus. Results are expressed as either nmol 5-HT oxidised
mg~' wet wt h™' (MAO-A) or nmol phenylethylamine oxidised mg~' wet wt h~".

*P <0.001 compared to saline-injected controls.
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Figure 2 (a) Effects of MDL 72394 2mgkg™', i.p.)
followed 2 h later by either 0.9% saline (A, n = 5) or L-
tryptophan (@, n = 5) on hypothalamic extracellular 5-
hydroxytryptamine (5-HT) compared with rats given
0.9% saline on both occasions (hatched area, n = 5). The
5-HT levels are expressed as percentages of the mean of
the three pre-injection control values * s.e.mean. The
mean pre-injection concentration of S5-HT was
20 + 5fmol20 ul™" in the dialysis perfusate in animals
treated with MDL 72394 plus saline and
12+ 4fmol 20 ul™' in animals treated with MDL 72394
plus L-tryptophan. * P < 0.05 compared to saline-injected
controls. (b) Effects of MDL 72394 (0.5mgkg™', i.p.)
followed by L-tryptophan 50 mgkg™', i.p.) 2h later (@,
n = 5) on hypothalamic extracellular 5-HT levels com-
pared with the effects of 0.9% saline (hatched area,
n = 5). The data were analysed as in (a). The mean pre-
injection concentration of 5-HT in the dialysis perfusate
in animals treated with MDL 72394 + L-tryptophan was
44 % 11 fmol 20 ul~'. None of the treatment schedules in
either (a) or (b) resulted in the appearance of any of the
components of the behavioural score.

Selegiline plus L-tryptophan

Selegiline (10 mg kg™', i.p.) selectively inhibited MAO-
B (Table 1) but addition of L-tryptophan (50 mg kg™',
i.p.) 2 h later had no effect on extracellular S-HT and
failed to induce the behavioural syndrome (Figure 3b).
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Figure 3 (a) Effect of clorgyline (Smgkg~', i.p.) foll-
owed by L-tryptophan (S0mgkg™', i.p.) 2h later (@,
n=35) on hypothalamic extracellular 5-hydroxytryp-
tamine (5-HT) levels compared with the effects of 0.9%
saline (hatched area, n = 5). The data were analysed as in
Figure 2a. The mean pre-injection concentration of 5-HT
in the dialysis perfusate in animals treated with clorgyline
plus L-tryptophan was 28  5fmol20ul~'. *P <0.05
compared to saline-injected controls. (b) Effect of
selegiline (10 mgkg™"', i.p.) followed by L-tryptophan 2 h
later (@, n =5) on hypothalamic extracellular 5-HT
levels compared with the effects of 0.9% saline (hatched
area, n = 5). The data were analysed as in Figure 2a. The
mean pre-injection concentration of 5-HT in the dialysis
perfusate in animals treated with selegiline and L-trypto-
phan was 411 7fmol20ul~'. None of the treatments
scheduled in either (a) or (b) resulted in the appearance of
any of the components of the behavioural score.

Selegiline plus clorgyline and L-tryptophan

Selegiline (10 mg kg™") plus clorgyline (5 mgkg™') sig-
nificantly inhibited both MAO-A and -B activity
(Table 1) and there was a significant increase in
hypothalamic extracellular 5S-HT prior to the adminis-
tration of L-tryptophan 2 h after the MAO inhibitors
(Figure 4); this was maintained and enhanced after L-
tryptophan and the behavioural syndrome appeared
within 20 min of L-tryptophan administration.
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Figure 4 Effect of clorgyline (Smgkg™', i.p.) plus selegiline (10mg kg', i.p.) followed 2h later by L-tryptophan
(50mgkg™', i.p.) (@, n = 5) on hypothalamic extracellular S-hydroxytryptamine (5-HT) levels compared with the
effects of 0.9% saline (hatched area, n = 5). The data were analysed as in Figure 2a. The mean pre-injection
concentration of S-HT in the dialysis perfusate in animals treated with clorgyline plus selegiline plus L-tryptophan was
37+ 7fmol 20pul~". *P<0.05 compared to saline-injected controls. The open histogram columns represent the

behavioural score observed after administration of clorgyline and selegiline followed by L-tryptophan.

Discussion

Earlier work has indicated that 5-HT is involved in the
behavioural response following the administration of
an MAO inhibitor and L-tryptophan (Hess & Doepf-
ner, 1961; Grahame-Smith, 1971). Although brain
levels of 5-HT increase following administration of an
MAO inhibitor and L-tryptophan (Grahame-Smith,
1971) no previous studies have determined whether
this behavioural syndrome is linked directly to an
increase in 5-HT release in vivo. Similarly the roles of
various pools of MAO in the control of extracellular 5-
HT have not be studied. This paper, using the
technique of intracranial dialysis to measure
extracellular levels of 5-HT, (Ungerstedt, 1984; Sharp
et al., 1985; Brazell et al., 1985) which, in turn, can be

used as an index for the release of 5-HT from .,

neurones, demonstrates that the 5-HT behavioural
syndrome is associated with raised extracellular 5-HT
but that raised extracellular 5-HT does not itself
necessarily result in the syndrome. Administration of
L-tryptophan alone had no effect on extracellular
levels of either 5-HT or 5-HIAA, while complete
inhibition of MAO-A and MAO-B by tranyl-

cypromine, however, produced a large rise in
extracellular 5-HT concentrations and a concurrent
decrease in extracellular 5-HIAA but no behavioural
syndrome. The subsequent administration of L-tryp-
tophan to these animals induced the characteristic
behavioural syndrome. Selective inhibition of MAO-
A by clorgyline produced a slight increase in
extracellular S-HT though this was not as large as that
seen in animals treated with tranylcypromine but rats
pretreated with clorgyline did not display the
behavioural syndrome when administered L-trypto-
phan. A neuronally selected dose of MDL 72394
(0.1 mgkg~") produced no change in extracellular 5-
HT, however a large increase was seen following
treatment with a non-selective dose of MDL 72394
(2mgkg™") and L-tryptophan but the behavioural
syndrome was not seen in either case. Selective inhibi-
tion of MAO-B by selegiline had no effect on
extracellular 5-HT and the characteristic behavioural
syndrome was not seen after administration of L-
tryptophan.

MDL 72394 selectively inhibits the neuronal pool of
MAO-A since inhibition of striatal MAO-A by MDL
72394 is attenuated by treatment with the neurotoxin,



6-hydroxydopamine (Palfreyman et al., 1985). Treat-
ment with a neuronally selective dose of MDL 72394
(0.5mgkg™") did not alter extracellular 5-HT levels
suggesting that the MAO-A contained in amine
neurones does not play a major role in the regulation
of extracellular 5-HT. Clorgyline inhibits all pools of
MAO-A and following treatment with clorgyline we
observed a small increase in extracellular 5-HT. These
findings suggest that following its release, 5-HT is not
necessarily metabolized by MAO-A in amine neurones
but by MAO in non-amine containing cells; though at
this stage we are unable to say what type of cells these
are. The greatest increase in extracellular 5-HT was
seen following inhibition of both MAO-A and MAO-
B suggesting that although 5-HT is preferentially
metabolized by MAO-A it can also be metabolized by
MAO-B if MAO-A is inhibited. Consequently, both
MAO-A and MAO-B are involved in the metabolism
of released 5-HT, though the contribution of each type
to the process may vary according to the conditions.

Previous work has suggested that the behavioural
syndrome observed following the administration of
MAO inhibitors and L-tryptophan can be linked to an
increase in tissue levels of 5-HT. However, results
presented here, suggest that the S-HT behavioural
syndrome cannot be explained purely on the basis of
an increase in 5-HT release. Of all the experimental
groups, the largest increase in extracellular 5-HT was
seen following treatment with the non-selective dose of
MDL 72394 (2mgkg™") plus L-tryptophan; however,
the behavioural syndrome was not observed in this
group. The behavioural syndrome was only observed
however, when extracellular 5-HT increased. Therefore
the behavioural syndrome may be linked to an increase
in 5-HT release, but may also be the result of a change in
the extracellular levels of some other compound. This
view is supported by the observation that the addition
of L-tryptophan to rats pretreated with MDL 72394
(2mgkg™") resulted in a further increase in
extracellular 5-HT. This was not the case in rats
pretreated with tranylcypromine and L-tryptophan,
and the behavioural syndrome was only observed in
rats receiving tranylcypromine plus L-tryptophan. In
addition, there was no correlation between the mag-

References

ARCHER, T., FOWLER, C.J., FREDRIKSSON, A., LEWAN-
DER, T., MAGNUSSON, O., MOHRINGE, B. & SODER-
BERG, U. (1985). Increased total activity in the rat after L-
tryptophan plus the monoamine oxidase-A-inhibitor
amiflamine but not after L-tryptophan plus clorgyline.
Br. J. Pharmacol., 85, 581-590.

BRAZELL, M.P., MARSDEN, CA., NISBET, AP &
ROUTLEDGE, C. (1985). The 5-HT, receptor agonist RU
24969 decreases 5-hydroxytryptamine (5-HT) release and
metabolism in the rat frontal cortex in vitro and in vivo.

. 5-HT RELEASE AND BEHAVIOUR 309

nitude of the rise in extracellular 5-HT and the
intensity of the syndrome.

There is evidence, however, that the behavioural
syndrome arises in the spinal cord and brain stem
(Jacobs & Klemfuss, 1975). Since implantation of a
dialysis probe into the rat spinal cord poses major
technical problems, we have studied the effect of
tranylcypromine and L-tryptophan on extracellular 5-
HT levels in the frontal cortex. This treatment
produced a rise in extracellular 5-HT of
431.7+£10.3% similar to that seen in the hypoth-
alamus suggesting that following the various treat-
ments with MAO inhibitors and L-tryptophan similar
changes in 5-HT occur thoughout the brain.

The present results confirm those of Green &
Youdim (1975) that complete inhibition of both
MAO-A and MAO-B is required to produce the
syndrome. Although MDL 72394 (2mgkg™") fully
inhibited MAO-A and inhibited MAO-B by 82%, this
was not sufficient to produce the behavioural syn-
drome upon administration of L-tryptophan.

To summarise, our results suggest that although 5-
HT may be associated with the behavioural syndrome
it is not necessarily the only factor involved. Trick-
lebank ez al. (1984) proposed that a catecholaminergic
system may be involved. Inhibition of MAO-A and -B
markedly increases brain tryptamine levels and tryp-
tamine given to tranylcypromine pretreated rats
produces the behavioural syndrome (Marsden &
Curzon, 1978). Inhibition of peripheral decarboxylase
activity has no effect on brain 5-HT but significantly
reduces rat brain tryptamine levels, and locomotor
and behavioural scores observed in rats given tranyl-
cypromine and L-tryptophan. Increased brain tryp-
tamine could increase the presynaptic release of 5S-HT
(Marsden & Curzon, 1979; Robinson & Marsden,
1984) and/or act directly on postsynaptic mechanisms
(Luscombe et al., 1982; Jones, 1982; Irons et al., 1984).

AJS. is an SERC CASE student (in conjunction with
Merrell-Dow). C.A.M. thanks the Wellcome Trust for
financial support. We also thank Smith, Kline and French
and May and Baker for supplies of tranylcypromine and
clorgyline respectively.

Br. J. Pharmacol., 86, 209-216.

DEAKIN, J.F.W. & GREEN, A.R. (1978). The effects of the
putative S-hydroxytryptamine antagonists on the
behaviour produced by administration of tranyl-
cypromine and L-tryptophan or tranylcypromine and L-
DOPA to rats. Br. J. Pharmacol., 64, 201-209.

FOWLER, C.J. & TIPTON, K.F. (1982). Deamination of 5-
hydroxytryptamine by both forms of monoamine oxidase
in the rat brain. J. Neurochem., 38, 733-736.

GRAHAME-SMITH, D.G. (1971). Studies in vivo on the



310  AJ.SLEIGHT et al.

relationship between brain tryptophan, brain 5-HT syn-
thesis and hyperactivity in rats treated with a monoamine
oxidase inhibitor and L-tryptophan. J. Neurochem., 18,
1053-1066.

GREEN, A.R. & GRAHAME-SMITH, D.G. (1976). Effects of
drugs on the processes regulating the functional activity
of brain 5-hydroxytryptamine. Nature, 260, 487—-491.

GREEN, A.R. & YOUDIM, M.B.H. (1975). Effects of mon-
oamine oxidase inhibition by clorgyline, deprenyl or
tranylcypromine on S-hydroxytryptamine concentra-
tions in rat brain and hyperactivity following subsequent
tryptophan administration. Br. J. Pharmacol., 55, 415—
422.

HEAL, D.J., GREEN, AR, BOULLIN, DJ. & GRAHAME-
SMITH, D.G. (1976). Single and repeated administration
of neuraleptic drugs to rats: Effects on striatal dopamine-
sensitive adenylate cyclase and locomotor activity
produced by tranylcypromine and L-tryptophan or L-
dopa. Psychopharmacology, 49, 287—-300.

HESS, S.M. & DOEPFNER, W. (1961). Behavioural effects and
brain amine contents in rats. Arch. Int. Pharmacodyn.
Therap., 134, 89-99.

IRONS, J., ROBINSON, C.M. & MARSDEN, C.A. (1984). 5-HT
involvement in tryptamine induced behaviour in mice. In
Neurobiology of the Trace Amines. ed. Boulton, A.A.,
Baker, G.B., Dewhurst, W.G. & Sandler, M. pp.423-
427. New Jersey, U.S.A.: Humana Press.

JACOBS, B.L. & KLEMFUS, H. (1975). Brain stem and spinal
cord mediation of a serotonergic behavioural syndrome.
Brain Res., 100, 450-457.

JOHNSTON, J.P. (1968). Some observations upon a new
inhibitor or monoamine oxidase in brain tissue. Biochem.
Pharmacol., 17, 1285-1297.

JONES, R.S.G. (1982). Tryptamine: a neuromodulator or
neurotransmitter in mammalian brain. Progress in
Neurobiology, 19, 117-139.

LUSCOMBE, G., JENNER, P. & MARSDEN, C.D. (1982).
Tryptamine-induced myoclonus in  guinea-pigs
pretreated with monoamine oxidase inhibitor indicates
pre- and post-synaptic actions of tryptamine upon central
indoleamine systems. Neuropharmacology, 21, 819-831.

MARSDEN, C.A. & CURZON, G. (1978). The contribution of
tryptamine to the behavioural effects of L-tryptophan in
tranylcypromine-treated rats. Psychopharmacology, 57,
71-176.

MARSDEN, C.A. & CURZON, G. (1979). The role of tryp-
tamine in the behavioural effects of tranylcypromine +
L-tryptophan. Neuropharmacology, 18, 159-164.

MARSDEN, C.A.,, PALFREYMAN, M.G. & SLEIGHT, A.J.
(1987). 5-HT release in vivo increased by non-selective
MAO inhibition but not MAO A inhibition. Br. J.
Pharmacol., 90, 85P.

PALFREYMAN, M.G., McDONALD, 1A, FOZARD, JR,
MELY, Y., SLEIGHT, A.J., ZREIKA, M., WAGNER,J, BEY,
P. & LEWIS, P.J. (1985). Inhibition of monoamine oxidase
selectively in brain monoamine nerves using the
bioprecursor (E)-fluoromethylene-m-tyrosine (MDL
72394), a substrate for aromatic L-amino acid decarbox-
ylase. J. Neurochem, 45, 1850—1860.

PELLIGRINO, L.J., PELLIGRINO, AS. & CUSHMAN, A.J.
(1981). A Stereotaxic Atlas of the Rat Brain. New York
and London: Plenum Press.

ROBINSON, C.M. & MARSDEN, C.A. (1984). Tryptamine-
induced changes in endogenous 5-hydroxytryptamine
and [’H}-5-HT release from mouse hypothalamic slices.
In Neurobiology of the Trace Amines. ed. Boulton, A.A.,
Baker, G.B., Dewhurst, W.G. & Sandler, M. pp. 265-
270. New Jersey, U.S.A.: Humana Press.

SHARP, T., MAIDMENT, N.T., BRAZELL, M.P., ZETTER-
STROM, T., UNGERSTEDT, U., BENNETT, G.W. & MARS-
DEN, C.A. (1984). Changes in monoamine metabolites
measured by simultaneous in vivo differential pulse
voltammetry and intracerebral dialysis. Neuroscience, 12,
1213-1221.

SLEIGHT, A.J., MARSDEN, C.A. & PALFREYMAN, M.G.
(1987). Selective MAO inhibitors — effects on 5-hydroxy-
tryptamine release in the freely moving rat. Br. J.
Pharmacol., 91, 344P.

SQUIRES, R.F. & LASSEN, J.B. (1975). The inhibition of A and
B forms of MAO in the production of a characteristic
behavioural syndrome in rats after L-tryptophan loading.
Psychopharmacol. (Berl.), 41, 145-151.

TRICKLEBANK, M.D., FORLER, C. & FOZARD, J.R. (1984).
The involvement of subtypes of the 5-HT, 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.

UNGERSTEDT, U. (1984). Measurement of neurotransmitter
release by intracranial dialysis. In Measurement of
Neurotransmitter Release in vivo. ed. Marsden, C.A.
pp. 81-106. Chichester: J. Wiley.

YANG, H.Y.T. & NEFF, N.H. (1973). Phenylethylamine: a
specific substrate for type B monoamine oxidase of brain.
J. Pharmacol. Exp. Therap., 187, 365-371.

YOUDIM, M.B, COLLINS, G.G. & SANDLER, M. (1969).
Multiple forms of rat brain monoamine oxidase. Nature,
223, 626-628.

ZREIKA, M., McDONALD, LA, BEY, P. & PALFREYMAN,
M.G. (1984). MDL 72145, an enzyme-activated irreversi-
ble inhibitor with selectivity for monoamine oxidase type
B. J. Neurochem., 43, 448 -454.

(Received May 27, 1987.
Revised August 31, 1987.
Accepted October 5, 1987.)



