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Tms Symposium is mainly devoted to the topic of the catecholamines of the
peripheral sympathetic system. The present paper will deal with the central
nervous system and will include a discussion not only of the catecholamines but
also of 5-hydroxytryptamine (5-HT). This deviation from the main topic may
seem justified since the peripheral and central monoamine-carrying neuronal
systems are closely related. Observations made on any one of these systems are
thus likely to throw light also on the others.

The emphasis of this paper will be on the synthesis of monoamines and its
regulation. It is generally assumed that the first step in their synthesis is rate
limiting, and therefore this step is of particular interest from the regulatory point
of view. However, so far only indirect techniques have been available for in-
vestigating this step #n vivo. During the last 1 or 2 years we have been working
on more direct techniques, %.e., to measure the accumulation of 5-hydroxytrypto-
phan (5-HTP) and dopa induced by inhibitors of the aromatic amino acid de-
carboxylase. This investigation has been made possible by some further develop-
ment of our analytical techniques (4, 17, 19), by means of which we can analyze
a large number of amines and their precursors and metabolites in a single extract,
with a single column run (Dowex 50). For example, in some of the experiments to
be reported here we have estimated 5-hydroxyindoleacetic acid (5-HIAA),
tyrosine, dopa, tryptophan, 5-HTP, noradrenaline, dopamine, 5-HT and hista-
mine, although only some of these data will be discussed here.

Most of our data available so far deal with the formation of 5-HTP but be-
ginning a few months ago the method for determining dopa has also been in use.
We are thus able to include some data on the formation of this intermediate in
this report.

Our procedure is simply to inject an inhibitor of the aromatic amino acid
decarboxylase with a rapid onset of action in a dose causing the virtually com-
plete inhibition of the enzyme. The initial accumulation of the substrates is
assumed to indicate their rate of formation in vivo. We have used two different
decarboxylase inhibitors, 7.e., Ro 4-4602 = [N-(pL-seryl)-N’-(2,3,4-trihydroxy-
benzyl)] hydragzine and NSD 1015 = 3-hydroxybenszyl hydrazine. So far com-
parisons between the two inhibitors have given very similar results with respect
to substrate accumulation. However, they differ in two important respects.
Firstly, the former agent is less potent than the latter, the doses required for
virtually complete inhibition of the decarboxylase in mouse brain being 800 and
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100 mg/kg intraperitoneally, respectively (10, 13). Secondly, in the doses used
the latter compound but not the former causes a rather pronounced inhibition of
monoamine oxidase. Consequently, the 5-HT and catecholamine levels in brain
will decrease after administration of the former compound but will not show any
considerable changes after the latter agent.

The 5-HTP and dopa accumulating after decarboxylase inhibition have the
same activation and fluorescence spectra as the authentic amino acids (fig. 1).
Normally none of these amino acids can be detected with certainty in brain. The
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F1a. 1. Activation and flucrescence spectra of amino acid precursors acoumulating after
decarboxylase inhibition. A. 5-HTP in mouse brain, native fluorescence (from J. Pharm.
Pharmaeol. 22: 726-727, 1970). B. 5-HTP in rat forebrain, fluorophore obtained by treat-
ment with orthophthalaldehyde. C. Dopa in rat forebrain, THI assay (17).
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chromatographic behavior, the spectra and the experimental circumstances under
which they occur, leave little doubt about the identity of the two intermediates.

We have investigated the origin of the two substrates accumulating in the
brain after decarboxylase inhibition by studying their regional distribution in the
brain (6, 8). It was found that the 5-HTP and dopa were distributed similarly
to 5-HT and the catecholamines (dopamine plus noradrenaline), respectively. In
contrast, 5-HTP, injected intraperitoneally, showed an even distribution in the
brain (figs. 2 and 3). Histochemical studies on reserpine-pretreated rats showed
that the 5-HTP and dopa accumulating after decarboxylase inhibition were
located in nerve cell bodies and nerve terminals in areas normally containing
5-HT and dopamine (DA), respectively. No accumulation of dopa in noradrena-
line (NA) cell bodies and terminals could be detected histochemically, but bio-
chemical data indicate that such accumulation does occur, although in lower
concentration than in dopamine regions.

From these data it can be concluded that the 5-HTP and dopa accumulating
in the brain after decarboxylase inhibition have largely, if not exclusively, been
formed in the brain itself, probably in the cell bodies and nerve terminals norm-
ally storing 5-HT and catecholamines, respectively.

During an initial phase of about 30 min after the administration of a decar-
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Fia. 2. Distribution of 5-HT and 5-HTP in rat brain (6).

ool D NA DAHNA DOPA

| M&E

Fia. 3. Distribution of catecholamines and dopa in rat brain 30 min after NSD 1015,
100 mg/kg intraperitoneally (8).
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boxylase inhibitor the accumulations of 5-HTP and dopa are approximately linear
(fig. 4). Therefore, during this stage the formation of these intermediates probably
occurs at an approximately constant rate. Moreover, it does not seem likely that
any considerable loss of the intermediates occurs during this phase, since this
would probably result in bending of the curve. The possibility therefore exists
that the initial accumulation represents the true rate of hydroxylation of trypto-
phan and tyrosine, respectively. However, this problem requires further investi-
ation. Assuming that the initial accumulation represents the true rate of syn-
thesis, turnover times of 1.6 hr and 3 to 5 hr are obtained for 5-HT in rat or mouse
brain and for catecholamines in rat brain, respectively. These estimates are of
the same order of magnitude as those reported in the literature (e.g., see 14).

It is generally assumed that tryptophan hydroxylase is normally not saturated
with its substrate. We therefore investigated the accumulation of 5-HTP in
mouse brain after decarboxylase inhibition with or without loading with L-
tryptophan in varying dosage. The relationship between tryptophan hydroxyla-
tion and substrate concentration thus obtained is shown in figure 5A. Figure 5B
gives the same data presented as double reciprocal plots. From the average of
the two regression lines of figure 5B, i.e., that of x against y and that of y against
X, an apparent K, = 6 X 10~*M is calculated, assuming that the tryptophan
concentration in the liquid phase surrounding the tryptophan hydroxylase is
equal to that of the whole brain. This K, is somewhat higher than that obtained
by Ichiyama et al. (15), i.e., 2 X 10~* M, but lower than that given by Lovenberg
et al. (20), t.e., 3 X 10~* M. In both these cases a partially purified tryptophan
hydroxylase obtained from mammalian brain was investigated.
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Fi1a. 4. Accumulation of 5-HTP and dopa after decarboxylase inhibition with NSD 1015,
100 mg/kg intraperitoneally (8).
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Fie. 5a. The effect of tryptophan concentration on the rate of 5-HTP accumulation in
mouse brain (10). The animals were given intraperitoneal injections of Ro 4-4602, 800 mg/kg
and killed 30 min later. Some of the animals received an intraperitoneal injection of L-tryp-
tophan (100, 300 or 1000 mg/kg) 30 min before Ro 4-4602. Each point represents 5-HTP and
tryptophan values (ug/g) obtained from single samples of 4 to 12 pooled mouse brains.

b. Double reciprocal plot of the same relationship. The solid line of figure 4B is the
average of the broken lines, representing the regression of x upon y and y upon x, respec-
tively. The curve of figure 5A was calculated from the solid line of figure 5B.

The Acute Effect of Axotomy on Monoamine Synthesis

A. Spinal cord 5-HT. All spinal monoamine pathways are descendent, and thus
transection of the spinal cord will interrupt the connection between cell bodies
and nerve terminals below but not above the lesion. This should result in im-
mediate loss of impulse flow in the monoamine pathways below the lesion. De-
generation, with loss of transmitter stores, synthesizing enzymes and so on, does
not set in until after a few days. In this study we investigated the acute effect of
transection, t.e., within 1 to 6 hr. During this interval there is probably no loss of
synthesizing engymes, and the levels of 5-HT and noradrenaline are not yet re-
duced, and perhaps slightly elevated (¢f. 18). Nevertheless, we found that the
accumulation of 5-HTP after decarboxylase inhibition was reduced below the
lesion as compared to the concentration observed above the lesion. Part of the
experiments were done with NSD 1015, part with Ro 4-4602. In the latter case
the tryptophan level was elevated by two injections of L-tryptophan, but the
different treatment schedules did not seem to influence the main result, namely a
relative reduction of 5-HTP below the lesion (tables 1 and 2).

Figure 6 summarizes the spinal data, the 5-HTP below the lesion being plotted
against the 5-HTP above the lesion. The slope of the regression line obtained
from transected animals is clearly below that of unoperated and sham operated
controls. The reduction induced by the transection is almost 50 %.

The fact that the tryptophan hydroxylase activity, when measured by the
present procedure 1 vivo, was equally reduced by the lesion at a low and a high
degree of saturation with substrate, suggests that the change of the ensyme in-
volves the Vmax rather than K, . This invites the speculation that in the resting
state part of the engyme is bound in an inactive form. The impulse flow may then



376

PHARMACOLOGICAL REVIEWS

TABLE 1

Indoles in rat spinal cord 1 10 8 hr after transection (n = 8) or in non-transected controls
(n = 8). Al antmals treated with NSD 1015, 100 mg/kg, 1 hr before death*

Tryptophan S-HTP S-HT S-HIAA
Transected | Control 'rnmmdl Control |Transected | Control |Transected| Control
/s »g/s ng/g ne/s

Upper 4.30 3.7 | 103 113 282 322 66 69

partt +0.551 | 4-0.308 | =20 +14 +40 +12 +=24 %13
Lower 4.17 3.87 93 166 688 621 72 99

partt +0.406 | +0.392 | =12 +15 +58 =+34 +10 +14
Ratio 1.00 0. 1.09 0.69 0.40 0.51 1.17 0.89

U/Lt 0.91-1.17 .66-1.36'0.89—1.37 .53-0.&)'0.37—0. .48-0.59'0.37-1.22 .24-1.00

* Unpublished data of Carlsson, Lindqvist and Magnusson.

t Mean + S8.EM.

$ Median and range.

TABLE 2
Indoles int rat spinal cord 6 hr after transection (n = 8) or in non-iransected controls (n = 4).
All animals treated with Ro 4-4608, 800 mg/kg, 2 hr + L-iryptophan, 300 + 160 mg/kg,

8 and 134 hr before death®
Tryptophan S-HTP S-HT S-HIAA
Transected | Control | Transected | Control | Tranmsected | Control | Transected | Coatrol
ng/s ng/s ng/g ng/s
Upper 43.4 53.8 454 348 220 224 131 100
partt +6.93 | +6.67 | 132 +99 +=24 +16 +22 +14
Lower 4.5 57.8 387 471 580 461 143 139
partt +6.80 | +9.64 | +95 +118 +80 +12 +18 +17
Ratio 0.96 0.96 1.26) 0.72 0.39 0.49 0.88 0.72
U/Lt |0.96-1.01 .83-1.06/1.19-1.57/0.64-0.79/0.33-0.43/0.40-0.57/0.81-1. .60-0.78

* Unpublished data of Carlsson, Lindqvist and Magnusson.
t Mean + S.EM.
$ Median and range.

induce release of the bound ensyme into its free and active form. Alternatively,
such changes may involve a cofactor rather than the enzyme.

Figure 7 shows that transection of the spinal cord causes an almost 50%
reduction of the 5-HIAA concentration below the lesion. In this figure the 5-
HIAA oconcentrations below the lesion were plotted against the 5-HIAA con-
centrations above the lesion which did not change significantly. No decarboxylase
inhibitor was given in these experiments.

Three days after transection of the spinal cord the 5-HTP recovered from the
lower part 1 hr after NSD 1015 was only 10 to 15% of the value found in non-
transected animals; no difference was found in the upper part.

B. Cerebral 5-HT. The results obtained after a cerebral hemisection, discon-
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Fia. 6. 5-HTP concentration in lower versus upper part of rat spinal cord 1 to 6 hr after
transection, as compared to non-transected controls. All animals were treated with decar-
boxylase inhibitors, the same data as in tables 1 and 2 (12).

0 02 Qs 0s 08
49/q in upper part

F1a. 7. 5-HIAA concentration in lower versus upper part of rat spinal cord 1 to 6 hr after
transection, as compared to non-transected controls. Some of the animals were treated with
L-tryptophan as described in table 2. No decarboxylase inhibitors were given (12).

necting the forebrain monoamine nerve terminals from their cell bodies in the
lower brainstem, were not entirely in agreement with the spinal data. The lesion
caused only a slight decrease in the 5-HTP accumulating after decarboxylase
inhibition, statistical significance being achieved only in part of the experiments.
No difference between lesioned and unlesioned side in 5-HIAA levels (with or
without decarboxylase inhibition) was generally observed, in contrast to the
findings after spinal transection.

With Ro 4-4602 for decarboxylase inhibition, we have three different experi-
mental series, with L-tryptophan loading in two of them (7). In none of them was
a significant effect of the lesion on 5-HTP accumulation observed, even though
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the levels tended to be lower on the lesioned side. In contrast, the disappearance
of 5-HT induced by the decarboxylase inhibitor, was significantly less rapid on
the lesioned side, in agreement with earlier data of Andén et al. (8), who studied
the 5-HT disappearance rate in the transected spinal cord after inhibition of
tryptophan hydroxylase. This discrepancy between 5-HPT and 5-HT data may
be explained by the occurrence of a small pool of cytoplasmic 5-HT undergomg
rapid deamination intraneuronally (see below). The data of two of the experi-

mental series, with Ro 4-4602, are summarized in table 3 (for further details see
ref. 7).

In two additional experimental series we have used NSD 1015 for decarboxylase
inhibition. The experimental conditions differed from the previous ones also in
certain other respects. The intervals between hemisection and sacrifice was lower
(60 or 90 min instead of 3 to 6 hr), and so was the interval between the ad-
ministration of the inhibitor and sacrifice (30 min instead of 2 hr). Furthermore,
ether instead of Nembutal anesthesia was used. With NSD 1015 a slight though
significant decrease (15 %) in 5-HTP on the lesioned as compared to the unlesioned
side was observed (table 4).

TABLE 3
Indoles in forebrain, 8 hr after left cerebral hemisection; animals were ireated with Ro 4-4602,
alone or in combinalion with L-iryptophan (n = 4)*

Hemisection 3 hr Hemisection 3 hr + 1-Tryptophan
Left Right P Left Right P
Try, ug/g 13.8 4 0.9( 9.1 = 0.7 | <.005 | 119.3 &+ 5.0 | 83.8 + 6.3| <.0056
5-HTP, ng/g 340 == 20 | 410 & 60 N.8. 500 = 70 620 + 50 | N.S.t
5-HT, ng/g 360 + 30 | 260 & 10 | <.005 360 = 10 270 + 10 | <.005
5-HIAA, ng/g 240 + 20 | 230 = 20 N.S. 360 + 30 300 + 10 | N.S.

* Bédard, Carlsson and Lindqvist, 1972 (7).
t Significantly higher than after hemisection alone (P < .025).

TABLE 4
Indoles in rat forebrain 30 or 90 min after left cerebral hemisection; NSD 1015 100 mg/kg
given intraperitoneally 30 min before death (n = 4)*

Tryptophan S-HTP S-HT S-HIAA
/s ng/s ng/e ne/s
30 min
Left 7.2 + 0.4 88 + 6 351 = 23 218 + 26
Right 5.8 &+ 0.3 103 + 13 334 + 12 221 + 22
P: left-right N.S. <.01t N.S. N.S.
90 min
Left 9.0 £ 1.3 8 +9 2906 = 11 280 + 37
Right 6.2 & 0.4 93:!:10 280 + 27 203 + 26
P: left-right <.01 <.01% NS8. N.S.

* Unpublished data of Carlsson, Kehr, Lindqvist, Magnusson and Atack.
1 Statistical treatment of pooled 30 and 90 min groups.
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In another experimental series the effect of hemisection on the accumulation of
5-HIAA induced by probenecid (200 mg/kg) was studied, in this case after L-
tryptophan loading. A slight but significant reduction (20%) of the 5-HIAA
level on the lesioned side, as compared to the unlesioned side was found (7).

The tryptophan level was always elevated on the lesioned side. This might
counteract the decrease in tryptophan hydroxylase activity induced by the
axotomy. However, the difference in 5-HTP between the two sides did not be-
come larger after saturating the hydroxylase by means of L-tryptophan loading.

From these hemisection studies we conclude that cutting the ascending 5-HT
axons probably results in a slight reduction (about 15 %) in the rate of hydroxy-
lation of tryptophan in the forebrain terminal system. Thus, even in the probable
absence of an impulse flow the synthesis of 5-HTP (and 5-HT) appears to con-
tinue at an almost normal rate in this system. Since very little release of 5-HT
probably occurs under these conditions, it must be assumed that the main part
of 5-HT formed will be deaminated intraneuronally. The impulse flow will cause
an increase in the relase and extraneuronal metabolism of 5-HT. This in turn
might be expected to reduce the degree of saturation of the intraneuronal storage
granules, followed by increased uptake from the cytoplasm and reduced intra-
neuronal metabolism. A regulatory mechanism involving monoamine oxidase
may possibly contribute to this shift. Since more 5-HT may be synthesized than
is drawn from the stores by the nerve impulses, the synthesis and the depletion
of the store after synthesis inhibition may vary independently of each other.

C. Cerebral catecholamines. NSD 1015, 100 mg/kg, was injected intraperi-
toneally immediately or 60 min after a cerebral hemisection on the left side,
performed under ether anesthesia. The animals were killed 30 min after the
injection. Table 5 (same animals as in table 4) shows the levels of dopa, DA and
NA in the forebrain. In the animals receiving the inhibitor immediately after the
hemisection the accumulation of L-dopa was considerably increased on the
lesioned side. In the animals treated with the inhibitor 60 min after the lesion,
only a slight and insignificant increase in L-dopa was seen on the lesioned side.

TABLE §
Dopa, dopamine (DA) and noradrenaline (NA) in rat forebrain (ng/g) 30 or 90 min after
left cerebral hemisection; NSD 1015 100 mg/kg given intraperitoneally
30 min before death (n = 4)*

Dopa DA NA
30 min
Left 564 + 50 1632 + 63 308 + 15
Right 196 =+ 27 1416 = 57 394 = 29
P: left-right <.001 <.06 <.001
90 min
Left 391 + 36 2267 + 134 370 + 80
Right 340 + 30 1382 + 77 437 £ 31
P: left-right N.S. <.005 N.8.

* Unpublished data of Carlsson, Kehr, Lindqvist, Magnusson and Atack.
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TABLE 6
Dopa, dopamine (DA), and noradrenaline (NA) in rat occipitotemporal cortex (ng/g) 30 or
90 min after left cerebral hemisection; NSD 1015 100 mg/kg
given intraperitoneally 30 min before death (n = 4)*

Dopa DA NA
30 min
Left 2 +9 1+3 156 + 32
Right 15+ 8 4+ 4 192 &+ 25
P: left-right N.S. N.S8. <.025
90 min
Left 36 + 6 34 + 13 149 + 39
Right B+5 19 £ 7 165 + 14
P: left-right NS8. N.8. N.S.

* Unpublished data of Carlsson, Kehr, Lindqvist, Magnusson and Atack.

However, there was instead a considerable increase in DA on the lesioned side.
This difference was much smaller in the former group of animals, in which the
synthesis of DA was inhibited shortly after the lesion.

These data indicate that cutting the ascendent DA fibers results in an increased
rate of tyrosine hydroxylation in the cerebral DA terminal system. This increase
is very marked initially, but when the DA has increased to a certain level the
synthesis appears to slow down again. The remarkably rapid increase in forebrain
DA after cerebral hemisection has recently been reported by Andén et al. (1).

In the experiment described above, we also analyzed the occipitotemporal
cortex, i.e., the part located caudally to the hemisection. Also in this part the
terminal monoamine systems are disconnected from their cell bodies by the
lesion (¢f. 7). The predominating catecholamine in this region is NA, and thus
the dopa accumulating here after decarboxylase inhibition is probably synthesized
mainly in NA nerve terminals. In this region the dopa level was about the same
on the two sides, indicating that axotomy had no marked influence on the rate of
tyrosine hydroxylation in the NA nerve terminals (table 6, same animals as in
tables 4 and 5). Remarkably enough, the NA level was lower at the side of the
lesion.

Discussion

Various regulatory mechanisms have been proposed to control the synthesis
of monoamine transmitters. In the case of NA, feedback inhibition of tyrosine
hydroxylase by the products dopa, DA or NA has been suggested to play a major
regulatory role (for review, see 14).

In the present investigation we have found that after decarboxylase inhibition
dopa accumulates in rat brain at an approximately constant rate during the first
30 min, reaching levels which are more than 10% of the total catecholamine
levels (DA + NA) occurring in rat brain. It is hardly probable that as much as
10 % of the catecholamines can occur free in the cytoplasm in the normal brain,
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owing to the high activity of the monoamine oxidase and the granular storage
mechanism. Against such an assumption is the virtually complete disappearance
of the catecholamines after the blockade of the granular storage mechanism by
reserpine. The different normally occurring catechol derivatives appear to be
roughly equipotent as tyrosine hydroxylase inhibitors (16, 22). Taken together,
these facts argue against the hypothesis that dopa, DA or NA should cause any
significant feedback inhibition of tyrosine hydroxylase under normal conditions.
However, after inhibition of monoamine oxidase the situation may be different.
Twelve years ago we presented evidence that the catecholamine synthesis in
brain slows down considerably some time after injection of a monoamine oxidase
inhibitor, when the catecholamine levels were considerably increased (11), and
similar observations have later been reported by many others. The possibility
remains that in this case we are dealing with a direct product inhibition of the
tyrosine hydroxylase.

Nine years ago we proposed an entirely different mechanism of feedback
regulation (9). We presented evidence that catecholamine release and metabolism
is stimulated by chlorpromasgine and haloperidol and from the unchanged cate-
cholamine level we inferred that also catecholamine synthesis is stimulated by
these drugs. We suggested that the effects observed were due to a receptor block-
ade by these agents. In other words, according to this hypothesis a feedback
control of catecholamine neurons is exerted via the degree of receptor activation.
Since then numerous observations have been published, supporting such a
mechanism (for review, see 2).

Some of the present observations appear to be most easily explained on the
basis of this hypothesis. We found that cutting the DA axons by means of a
cerebral hemisection markedly increased the rate of tyrosine hydroxylation in the
forebrain. This activation cannot be due to release of a direct end-product in-
hibition, because the axotomy actually raised the DA level. A more reasonable
explanation appears to be that the interruption of the impulse flow leads to
diminished release of DA into the synaptie cleft and to a depletlon of DA at the
receptor sites. The lowered receptor activation somehow gives rise to feedback
information causing an increased rate of tyrosine hydroxylation, analogous to the
observations on chlorpromazine and haloperidol quoted above.

The mechanism involved in this hypothetical feedback regulation remains
obscure. The receptors involved might be located either pre- or postsynaptically.
In the latter case the feedback information must be assumed to cross the synaptic
cleft, perhaps in the shape of a chemical messenger. In the former case a simpler
mechanism would be possible. For example, diminished receptor activation might
directly cause release of bound and inactive tyrosine hydroxylase. It should be
pointed out that for obvious reasons the feedback information is probably not
mediated via the impulse flow in this case.

The fact that the rate of tyrosine hydroxylation appeared to slow down again
when the DA level was elevated, might be due to a direct end-product inhibition.
However, further work is needed to clarify this problem.

‘While the DA terminal system in the forebrain appeared to respond to axotomy
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by an increased transmitter synthesis, other terminal systems showed entirely
different reactions. In the NA system of the occipitotemporal cortex no significant
change in tyrosine hydroxylation rate was found. Paradoxically, the NA level
was reduced, which should mean an increased release and metabolism of NA,
since the change occurred when the synthesis was blocked. This may invite the
speculation that the lesion caused increased firing of a fiber system making
excitatory axo-axonal synaptic contacts with the NA terminals. The lesions
caused a decreased rate of tryptophan hydroxylation in the 5-HT terminal
systems, the effect being much less marked in the forebrain than in the spinal
cord.

These observations suggest that the synthesis of monoamine transmitters is
not controlled by a single regulatory mechanism, but perhaps rather by a com-
plex system, whose different components may even work in opposite directions,
balancing each other. The data suggest that the relative importance of these
components may vary in different neuronal systems.

In the present investigation axotomy of monoamine-carrying fiber systems was
performed by means of a spinal transection or a frontal cerebral hemisection. The
advantage of these non-selective lesions is that a high degree of completeness is
obtained. In our series of investigations completeness has been checked by follow-
ing the depletion of monoamines after chronic lesions (1, 7, 21). In the spinal
cord the depletion is virtually complete. This is true also of the forebrain DA
after cerebral hemisection, while the depletion of forebrain NA and 5-HT
approaches 90 %. The obvious disadvantage with non-selective lesions is the risk
that the monoamine metabolism may be influenced by cutting other fiber systems
and perhaps also non-nervous structures. In fact certain changes observed in the
present studies are probably due to damage of structures other than the mono-
amine fiber systems. For example, an elevation of 5-HIAA in the brain was ob-
served equally on both sides after hemisection, and certain observations indicated
that this might be due to a retarded efflux of the acid out of the brain. Such a
retardation has recently been demonstrated in the present laboratory: transec-
tion of the spinal cord caused a marked retardation of the pargyline-induced
disappearance of 5-HIAA below as well as above the lesion (5). However, this
change was seen 24 but not 3 hr after the lesion.

Another change induced by the cerebral hemisection is probably unrelated to
the cutting of monoamine fibers: an increase in tryptophan levels on the side of
the lesion. This increase was observed also after chronic lesions leading to de-
generation of the monoamine fiber systems. The difference between the two sides
was still marked after L-tryptophan loading, leading to considerably increased
tryptophan levels (7). It cannot be decided as yet whether the lesion caused an
increased tryptophan net uptake or an inhibition of its metabolism. The tyrosine
levels seem to undergo similar changes (unpublished data), suggesting a more
generalized change of amino acid uptake or metabolism. It is tempting to specu-
late that this apparent change in amino acid uptake or metabolism, induced by a
cerebral lesion, is analogous to the stimulation of DA synthesis discussed above.
In other words, the lesion might lead to a reduced concentration of a hypothetical
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amino acid or peptide transmitter in the synaptic cleft, resulting in a feedback-
induced stimulation of amino acid uptake or inhibition of its metabolic break-
down. Our data do not exclude the possibility that also in monoamine nerve
terminals the amino acids may be influenced by axotomy, leading to increased
monoamine synthesis.

Conclusion

Cerebral or spinal lesions, involving monoamine-carrying neuronal pathways,
leads to complex immediate changes in the monoamine metabolism, with con-
siderable variation between the different terminal systems. In the present in-
vestigation emphasis has been placed on the first step in the monoamine synthesis,
i.e., the hydroxylation of tyrosine or tryptophan. This step has been investigated
by following the accumulation of dopa and 5-HTP, induced by the administration
of a decarboxylase inhibitor. Axotomy was found to cause (a) an increase in the
rate of tyrosine hydroxylation in the forebrain where DA is the predominating
catecholamine, (b) no significant change in the tyrosine hydroxylation in cortical
tissue where NA predominates, and (c) a decrease in the rate of tryptophan hy-
droxylation, the effect being more pronounced in the spinal cord than in the
forebrain.

The data do not support the view that direct product inhibition of the tyrosine
hydroxylase plays an important regulatory role in central catecholamine neurons
in vivo. Instead, a feedback mechanism operating via the degree of receptor acti-
vation in the synaptic cleft may control the synthesis. It appears, however, that
different mechanisms are involved in this control, occurring in varying propor-
tions in different terminal systems.
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