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Summary. DOPA and 5-HTP accumulated én vivo in rat brain after decarboxyl-
ase inhibition with NSD 1015 (3-hydroxybenzylhydrazine). This accumulation was
linear for the first 30 min and occurred in several brain regions over a wide range of
NSD 1015 doses. After a peripheral decarboxylase inhibitor much less, if any, DOPA
or 5-HTP accumulated in the brain. The accumulation of DOPA was prevented by
H 44/68 (methylester of a-methyl para-tyrosine), a tyrosine hydroxylase inhibitor.
DOPA, which accumulated before H 44/68 was given, appeared stable for at least
20 min. There were no significant changes in the levels of NA, DA, 5-HT or trypto-
phan shortly after NSD 1015 administration, but a rise in tyrosine was noted. Increas-
ed brain tyrosine after L-tyrosine administration did not alter the DOPA accumula-
tion, however. These data as well ag the distribution of the accumulated amino
acids suggest that the accumulation of DOPA and 5-HTP after decarboxylase
inhibition oceurs intraneuronally, that the decarboxylase enzyme is completely
inhibited, and that the accumulated products are not appreciably metabolized or
transported from the region studied. Amine synthesis rates and rate constants were
calculated from the data and compare well with similar values determined by other
methods. Thus this accumulation appears to be a reliable measure of the in vivo
hydroxylation of tyrosine and tryptophan.

Key words: DOPA — 5-Hydroxytryptophan — Tyrosine Hydroxylase in Rat
Brain — Tryptophan Hydrolyxase in Rat Brain — NSD 1015 (3-hydroxybenzyl-
hydrazine).

In a series of papers we have reported on the accumulation of 5-hy-
droxytryptophan (5-IITP) in brain after administration of an inhibitor
of the aromatic amino acid decarboxylase (Carlsson and Lindqvist, 1970;
Bédard et al., 1971; Bédard et al., 1972). Dihydroxyphenylalanine
(DOPA) accumulates as well after inhibition of this enzyme (Cegrell e al.,
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1970; Bédard ef al., 1971). We have now developed a sensitive and accu-
rate method for the determination of DOPA in tissues (Kehr et al., 1972).
This provides us with the opportunity of measuring simultaneously the
accumulation of 5-HTP and DOPA after decarboxylase inhibition.

In our earlier studies we used N*-(DL-Seryl)-N2-(2,3 4-trihydroxy-
benzyl)hydrazine (Ro 4-4602) as the inhibitor of the decarboxylase en-
zyme. In the present study, we have used 3-hydroxybenzyl hydrazine
HCL (NSD 1015), a centrally more potent inhibitor. In this study we
present evidence that the accumulation of DOPA and 5-HTP after NSD
1015 administration is a measure of the in vivo activity of tyrosine and
tryptophan hydroxylase.

Elegant techniques for estimating brain neurotransmitter synthesis
and turnover have been developed in recent years, especially by Brodie
and his colleagues (Brodie et al., 1966 ; Tozer ef al., 1966 ; Neff et al., 1971).
We hope that the proposed method offers an addition to these techniques.

Materials and Methods

Male Sprague-Dawley rats weighing 180 to 250 g were used throughout. In a
few experiments on the distribution of DOPA, hooded rats of either sex were used.
The animals were fed on commercially available pellets (Anticimex, Stockholm,
Sweden). In some experiments whole rat brain was dissected into 3 parts, the corpus
striatum, including the olfactory tubercles (“striatum”), the rest of the cerebral
hemispheres (“hemispheres’), and the rest of the brain. In other experiments the
brains were divided into 5 parts (see Results, section 3). During the dissection the
brains were kept on a cold glass plate over ice. Immediately after dissection, the
parts were frozen on dry ice. Data from these experiments are expressed as con-
centration per g wet weight of hemisphere or striatum. Concentrations in whole
brain were calculated from the three parts. Three rat brains were pooled for a
single determination.

The extraction, column separation and fluorimetric assay of the substances
reported here was performed by methods previously described (Atack and Magnus-
son, 1970; Lindqvist, 1971 ; Bédard et al., 1972; Kehr ef al., 1972). Briefly, the speci-
mens were homogenized in perchloric acid in the presence of EDTA and Na,S,0;.
After neutralization, the supernates were passed onto Dowex 50 X-4 columns and
the elution of DOPA, 5-HTP, tyrosine, tryptophan, noradrenaline (NA), dopamine
(DA), serotonin (5-HT), and 5-hydroxyindoleacetic acid (5-HIAA) was carried out.
Fluorimetric assays were used throughout for determination of the eluates. For the
determination of DA a modification of the method of Carlsson and Waldeck (1958)
was used (Atack, to be published).

NSD 1015 was obtained from Smith & Nephew Research Ltd, Gilston Park,
Harlow, England and chlorpromazine hydrochloride from Leo Ltd., Helsingborg,
Sweden.

Results

1. Accumulation of DOPA and 5-HTP in Brain
after NSD 1015 Prelreatment

Fig.1 illustrates the accumulation of both DOPA and 5-HTP during
the first 60 min after intraperitoneal administration of 100 mg/kg of
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Fig.1. Accumulation of 5-HTP and DOPA in vive after decarboxylase inhibition in
rat brain. DOPA and 5-HTP are plotted »s. time after the administration of NSD
1015, 100 mg/kg i.p. The brains were dissected into hemispheres, striatum and the
“rest” (see Methods) and whole brain data were calculated from all three parts.
Each closed dot represents a value from three such pooled brain parts. DOPA and
5-HTP were determined in the same brain. The open dots represent a few experi-
ments in which whole brain DOPA and 5-HTP levels were determined without
dissection

NSD 1015. The accumulation of both amino acids appears linear during
the first 30 min, after this period the 5-HTP accumulation seems to
slow somewhat.

2. Effect of Various Doses of NSD 1015 on DOPA and 5-HTP
Levels in Brain

Fig.2 shows the accumulation of DOPA and 5-HTP 30 min after the
ip. injection of either 50, 100, or 200 mg/kg of NSD 1015. There was no
significant difference between the levels of the amino acids with any of
the NSD doses. This applied to the hemispheres and striatum as well as
whole brain.

3. Distribution of DOPA and Catecholamines in Brain after Treatment
with NSD 1015

In three experiments rats were given NSD 1015, 100 mg/kg i.p., and
the animals were killed 30 or 60 min later. The brains were divided into
the following parts: corpus striatum (including olfactory tubercles), rest
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Fig.2. Effect of various doses of NSD 1015 on DOPA and 5-HTP accumulation in
rat brain. The animals were killed 30 min after the i.p. injection of NSD 1015.
Shown are the means 4 S.E.M. (n = 3). Each analysis was performed on 3 pooled
brain parts (see Methods). Analysis of variance (F test) showed no significant
difference between any of the DOPA or the 5-HTP levels accumulated
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Tig. 3. Distribution of catecholamines and DOPA in rat brain 30 min after NSD 1015,
100 mg/kg i.p. The levels of DA, NA or DOPA in each brain part were expressed as
per cent of the level calculated for the whole brain
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of the hemispheres, diencephalon, lower brain stem, and cerebellum.
These parts were analyzed for DOPA, NA, and DA. 5.-HT and 5-HTP
were also measured, but only the catecholamine data will be shown as
the indole data were in close agreement with previously published obser-
vations (Bédard ef ol., 1971).

The results of these 3 experiments were similar as regards the distri-
bution of DOPA and catecholamines. Fig.3 shows the result of one such
experiment. The concentration of each constituent in the different
parts is expressed in per cent of the concentration calculated for whole
brain. As can be seen from the figure, the distribution of DOPA differs
from that of DA and that of NA but is very similar to that of the sum
(DA 4+ NA).

4. Attempts to Detect DOPA in Rot Corpus striatum

Two attempts have been made to detect DOPA in the corpus striatum
of untreated rats. The corpora striata of 9 or 10 rats were dissected
immediately after decapitation and analyzed for DOPA as described
above.

The sample readings obtained were 5 and 29/, respectively, below the
readings of the tissue blanks, corresponding to levels of —2 and — 1 ng/g.
In a corresponding experiment on rats treated with chlorpromazine
(6 mg/kg) and NSD 1015 (100 mg/ke) 100 and 60 min before death,
respectively, 4200 ng/g was obtained in the corpus striatum.

In our earlier paper (Kehr et al., 1972) we concluded that the DOPA
level of the normal rat brain is below 10 ng/g. The present observations
indicate that this conclusion is valid for the rat corpus striatum as well.
We were thus unable to confirm the tentative findings of 200 to 300 ng/g
in rat corpus striatum reported by Romero et al. (1972). However, our

conclusion is drawn with reservation for a rapid postmortem loss of
DOPA.

5. Effect of NSD 1015 on Brain Monoamines

The effect of the i.p. injection of NSD 1015, 100 mg/kg, on the levels
of NA, DA, and 5-HT was studied. Fig.4 illustrates the amine levels for
40 min after NSD 1015. There was no significant change in any of the
levels in whole brain or in hemisphere and striatum. After 40 min there
appears to be a tendency for a drop in levels. However, these late changes
were not statistically significant (analyses of variance, F test).

6. The Effect of NSD 1015 on Tryptophan and Tyrosine Levels

Tig.5 shows the levels of whole brain tryptophan and tyrosine during
the 40 min after an i.p. injection of NSD 1015, 100 mg/kg. There was no
significant change in levels of tryptophan, but a clear and significant
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Fig.4. Rat brain monoamines at various intervals after decarboxylase inhibition
(NSD 1015, 100 mg/kg i.p.). The brains were dissected as deseribed in Methods and
the whole brain levels were calculated from the parts. Three rat brains were pooled
for each determination. All three amines were determined in the same pooled brain
specimen. The small numbers next to the values on the graph represent the number
of pooled specimens determined. Where appropriate the standard error of the mean
is indicated by a vertical line. Analysis of variance (¥ test) was applied to all three
amines in both brain regions and whole brain. There was no significant difference in
amine level between any of the times studied
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Fig.5. Rat brain tyrosine and tryptophan at various intervals after decarboxylase
inhibition with NSD 1015 (100 mg/kg i.p.). The data refer to whole brain and are
calculated from brain parts (see Methods) and each determination represents 3
pooled rat brains. The numbers next to the points on the graphs represent the
number of such determinations in that point. The standard error of the mean is
indicated by a small vertical line. Analysis of variance (F test) showed no significant
difference in tryptophan level at any of the times studied. The 30 min tyrosine
value was significantly different from the controls (P << 0.001) by this analysis of
variance
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rise in brain tyrosine. These measurements were also carried out in brain
parts and similar results were obtained ; there was a rise in tyrosine but
not tryptophan in both hemispheres and striatum. The correlation coeffi-
cient of the tyrosine rise in whole brain was statistically highly significant
(P < 0.001).

7. Effect of Oral Administration of T'yrosine on the Accumulation
of DOPA after NSD 1015

Because the brain tyrosine was significantly elevated after NSD 1015,
it became important to determine if this elevation had any effect on the
DOPA accumulation 30 min after NSD 1015, Accordingly, T-tyrosine as a
suspension was given orally to rats in doses of 100, 300 or 1000 mg/kg.
Thirty min later, NSD 1015, 100 mg/kg was given i.p. and the animals
were sacrificed 30 min after the NSD 1015, that is 60 min after the tyro-
sine was given. Table 1 shows the results. Although there was a clear and
significant rise in whole brain tyrosine (P << 0.001) there was no change
in the amount of DOPA accumulated.

Table 1. Effect of n-tyrosine on brain DOPA accumulation after NSD 1015

Treatment Brain tyrosine  Brain DOPA
(vg/g &= SEM)  (ug/g + SEM)

NSD 4 Saline 27 + 2.5 0.14 + 0.013
NED -+ 100 mg/kg, ©.-tyrosine 44 + 5.0 0.15 4- 0.014
NSD -+ 300 mg/kg, r-tyrosine 60 4- 6.9 0.14 - 0.008
NSD + 1000 mg/kg, ©.-tyrosine 73 + 5.7 0.14 4- 0.015

Six rats in each group received either tyrosine or saline orally 1 h and 100 mg/kg
of NSD 1015 30 min before death.

8.Effect of Mk486( L-x-hydrazino-c«-methyl-f- [ dihydroxyphenyl J-proprionic
acid), a Peripheral Decarboxylase Inhibitor, on Brain DOPA and 5-HTP

Mk 486 is a potent inhibitor of aromatic amino acid decarboxylase,
but it does not readily penetrate into the brain parenchyma (Porter ef al.,
1962). This agent was injected i.p. into six rats in a dose of 100 mg/kg.
The rats were killed 30 min later and the brains were analyzed for DOPA
and 5-HTP. The levels obtained were 6 to 12 ng/g for both amino acids.
Whether these low values do indeed represent DOPA or 5-HTP cannot
be stated as yet. The data indicate that an inhibitor of peripheral decarb-
oxylase is far less efficient in raising brain levels of DOPA and 5-HTP
than an inhibitor of both central and peripheral decarboxylase.
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9. Effect of H 44/68 on the DOPA Accumulation after NSD 1015

H 44/68 (the methyl ester of «-methyl-para-tyrosine), a potent
inhibitor of tyrosine hydroxylase, was given after DOPA had accumulated
from NSD 1015 pretreatment in order to study the stability of the accu-
mulated DOPA. NSD 1015, 100 mg/kg was given i.p. first, after 20 min a
supra-maximal i.p. dose of H 44/68 (500 mg/kg) was given to some of the
animals. After another 20 min, the animals were sacrificed. A separate
control group was sacrificed 20 min after NSD 1015.

The levels of DOPA in these animals are illustrated in Fig.6. The
DOPA levels 20 min after H 44/68 (and 40 min after NSD 1015) were
statistically indistinguishable from the DOPA levels at the time the
H 44/68 was given (20 min after NSD 1015). The H 44/68 appears to stop
the production of DOPA and the concentration of accumulated DOPA
remains approximately constant. Both the hemisphere and striatum
showed the same results as whole brain. In all cases there was a highly
significant difference in accumulated DOPA (P < 0.001) between NSD
1015 alone (40 min) and NSD 1015 (40 min) + H 44/68 (20 min). Kehr
et al. (1972) had previously shown that when H 44/68 is administered
before NSD 1015 the accumulation of DOPA was prevented.
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Fig.6. Effect of «-methyltyrosine methylester HCI (H 44/68) on the in vivo DOPA
accumulation after decarboxylase inhibition in rat brain. All groups received NSD
1015 100 mg/kg i.p. at zero time. The first group was sacrificed at 20 min. The
second group received H 44/68, 500 mg/kg i.p. 20 min after the NSD 1015. The
third group was given saline, i.p. 20 min after the NSD 1015. The second and third
group were killed 40 min after the NSD 1015. This was 20 min after the H 44/68
for the second group. The means + S.E.M. of three such experiments (each on
3 pooled brains) are plotted. Analysis of variance (F test) was performed and the
third group (40 min after NSD 1015 alone) was significantly different from the
first group (20 min after NSD 1015) (P << 0.005). The third group was also signifi-
cantly different from the second group (40 min after NSD 1015, 20 min after
H 44/68) (P < 0.001). There was no significant difference between the first and
second groups
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Diseussion

1. Does the Accumulation of DOPA and 5-HTP after NSD 1015
Measure the in Vivo Hydroxylation of Tyrosine and Tryptophan,
Respectively ?

If this method measures the hydroxylation of tyrosine and trypto-
phan, the dose of NSD 1015 employed must cause complete inhibition
of the brain aromatic amino acid decarboxylase. Secondly, the amino
acids DOPA and 5-HTP should accumulate in a linear manner if the
activity of the hydroxylase enzymes does not change during the period
of measurement. The accumulated amino acids should be of central
origin and they should be relatively stable ; they should not be degraded by
another biochemical mechanism or physically transported out of the
region studied. Finally, and of less significance, factors which are known
to affect the in vitro hydroxylase activity should be shown to have the
same qualitative effect on the in vivo hydroxylation.

The data presented in this study support the proposition that we
indeed measure the in vivo hydroxylation of tyrosine and tryptophan
in brain.

It seems quite clear that the aromatic amino acid decarboxylase is
completely inhibited. OQur dose-response curve showed the same accu-
mulation of DOPA and 5-HTP with several different doses of NSD 1015,
suggesting that the 100 mg/kg of NSD 1015 employed is a supramaximal
dose of the drug and completely blocks the decarboxylase enzyme.
Earlier data in mouse brain indicated complete decarboxylase inhibition
with 100 mg/kg of NSD 1015 as well (Carlsson, 1964; Carlsson et al.,
1968). We compared the blockade of decarboxylase produced by NSD
1015 with that caused by Ro 4-4602, a structurally somewhat different
inhibitor. Our results showed the same accumulation of 5-HTP in mouse
brain with both inhibitors (unpublished observations). These three sets
of data all support the conclusion that we have completely inhibited the
decarboxylating enzyme.

We have studied the normal, untreated rat brain and brain parts and
have been unable to demonstrate measurable quantities of DOPA or
5-HTP, both probably being less than 10 ng/g. After 100 mg/kg of
NSD 1015 there is initially an approximately linear accumulation of
both DOPA and 5-HTP in whole brain. Because tyrosine hydroxylase is
present in two different types of neuronal systems, those that store DA
and those that store NA, we have measured the accumulation of DOPA
in the corpus striatum and hemisphere. The striatum contains predomi-
nantly DA neurons and the hydroxylation rate obtained from this area
probably reflects the rate of this type of neuron. On the other hand, the
hemisphere is almost free of DA (see Fig.4) and appears to have mainly
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NA-storing catecholamine neurons both histochemically and bio-
chemically. In both regions we have demonstrated a linear accumulation
of DOPA during the first 30 min after NSD 1015.

In an earlier biochemical and histochemical study, we reported the
distribution of 5-HTP in the brains of Ro 4-4602 treated rats (Bédard
et al., 1971). This study led to the conclusion that the 5-HTP had been
formed almost exclusively in the 5-HT storing neurons (cell bodies and
fibre systems) of the brain. Qur earlier study also gave histochemical
evidence of DOPA accumulation in DA-storing neurons of the brain,
whereas no DOPA could be detected in NA-storing neurons, perhaps due
to insufficient sensitivity of the histochemical technique in this case. The
present distribution study indicated that DOPA does in fact accumulate
both in DA and NA neurons; the distribution of DOPA differed clearly
from either that of DA or NA but was markedly similar to the sum of
the catecholamines (DA + NA). This is in contrast to the even distribu-
tion of exogenous L-DOPA (Romero ef al., 1972). Therefore the DOPA
accumulated in rat brain after decarboxylase inhibition must have been
formed locally, rather than being derived from the blood stream. The
observation with a peripheral decarboxylase inhibitor, Mk 486, further
supports this view.

H 44/68, a potent and specific blocker of the ¢n vitro tyrosine hydroxyla-
se enzyme was found to prevent the NSD 1015-induced DOPA accumu-
lation. The experiments reported with H 44/68 demonstrate that the
DOPA accumulated after NSD 1015 is stable for at least 20 min. This
suggests that the DOPA is not readily available for transport out of the
brain and is not appreciably degraded by another enzymatic process.
These data apply to both DA-storing neurons in the striatum and NA-
storing neurons in the cerebral hemispheres. There is evidence that
exogenously administered DOPA is metabolized to 3-O-methyl DOPA as
well as to deaminated products (Kuruma ef ol., 1970). Since the accumulat-
ed DOPA appears stable in our experiments, it probably accumulates in a
cellular compartment where it is not exposed to catechol-O-methyl
transferase. Evidence for the stability of acoumulated 5-HTP after
decarboxylase inhibition has been presented (Carlsson and Lindqvist,
1972).

We found a significant rise in brain tyrosine after administration of
NSD 1015. However, administration of tyrosine before decarboxylase
inhibition had no effect on the accumulation of DOPA. This result was
expected as the tyrosine hydroxylase enzyme is presumably saturated
with amino acid substrate under normal physiological conditions
(Udenfriend, 1966). The rise in tyrosine could be due to blockade of
brain and/or hepatic tyrosine aminotransferase. Such a rise in plasma



163

In Vivo Measurement of Monoamine Synthesis in Brain

WN[[Q9199 JNOYIIM UIRIq o]oym o) Jo 1ySrem oYy Jo 9/, squesesder weys urerq oyg jet) uondunsse oYy uo peje[nore) «

zT urerq S[oYAL (0L6T ‘snIuIpIopA pue YOo)
9T ureIq e[OYAL (6961 “1w o ury) producqord w3 e oS YYTH-G 'S
aof urerq e[o (6961 ' 42 ury) vonIqryur OV x09ye doip VVIH-G %
140 LT ¥ ursIq S[OYM (6961 v 42 UrY) UCIIAIYW OV 10%® OSLL LG ¢
09°0 g1 1'% v UI8I( SJOYM
QL0 %% 66 WegsureIg
96'0 [} 61 ‘ydeouorpopag, (1261 “0 12 YoN) ueydoydLiy-H, '3
$6'0 0T 8T ureiq S[oYA poyzewt gSN 1
IHS
LE0 8% gL urexd 9fOYM 8981 HIN
8%°0 1 6 ureIq o[y QeI TWIE] PURILEI
(9961 “"[v 1 oTpOIg) LIN-X ¥
9%°0 71 ¥'g ureaq O[Oy (6967 “1v 22 GON) uorsnyur ouIsOILT, Hs g
$5'0 61 L ydeousIpofag, (Y167 “1v 22 PoN) wonoalur oursoIAT-He g
130 PP 8°0% wngerng poygewt (I8N I
ourmedoq
LT°0 50 g ureIq S[OY AN 981 TN
310 230 8T ureIq O[O A 9l WLIey puelIe
(9961 “1v 92 oTpOIg) LI-¥ ¥
gz'0 L0 8'g ureq S[OYM (69671 “Iv 22 JoN) UOISIIUI OUISOIAT, T, '€
8%°0 65°0 1% "ydoeousrperey, (1167 10 12 FoN) uonosful ouiso1L]-T1; '3
6570 08°0 g1 oroydsrmoy poyem ISN T
QUI[BUSIPCION
U
JURISTOD 948I y/8/se[owru  3/so[owiu [9A9]
SISOUJUAS QUITUY OBl SISOYIUAY OUITIE [RUWION oI weig POYIRIY

SUOI}BUTULISIAP [ONS JO Ioquunu oY) ST ¥ Pue (SPOYgey 99s) surerq jel pejood ¢ uo pourtoged sem
UOIRUTTILIONOP OB Uredq S[OYM Ul peye[nmunooe JLH-S Jo 3/37 (8T) 800°0 F 607°0 PUe WngeLns UI paje[nuwmooe v IO Jo 8/31 (Z1) 0£0°0
F ¢50 L) WHS F weour] ozoydsiwoy ureaq yex pojood ui perenumode yaod 30 5/87 (1) $00°0 T 090°0 *d°1 B/8wr 00T ‘GTOT ASN Loaye
urw A9argJ, *Apnis iy} Ul POUIBI(O S)[NSOI [} 0) §19JoI  POYISW (TSN, OUJ, ‘SUOISAI UIeIq JUSIDHIP Ul SPOYYOTL JUSISHIP A POUIULINOp se
LH-C PU® V(I ‘YN JI0] USALS oI® ;1 UI jURISUOD 9)RI SISAYIUAS SUIUE 9T PUe T[/3/SO[OWU UI 91BI SISOYIUAS OUITI® 1) “S/SO[OUWU UL §[0AS]
QUITIE OY,Y, "SPOY3IaWL 10710 01 paredwon pue POYIowW ¢T0T (JSN O3 £( POUITIIONOD SJUBISUOD 9Bl PUR §9181 SISOUJULAS ‘S[0AQ] SUIWLY 'g O[qe,



164 A. Carlsson et al.:

tyrosine has been demonstrated after a structurally similar hydrazine
compound (Hempel and Mannl, 1968).

Thus, our results suggest that the accumulation of DOPA and 5-HTP
30 min after an intraperitoneal dose of NSD 1015, 100 mg/kg, is an
accurate measurement of the in vivo activity of the tyrosine and trypto-
phan hydroxylase, respectively.

2. Comparison of the NSD 1015 Method of Measuring Tyrosine
and Tryptophan Hydrozylase with other Methods
for Measuring Catecholamine and 5-HT Turnover

In Table 2, the amine concentrations, synthesis rates and rate
constants are calculated from our data and compared to those from other
methods. The amine concentration is expressed in nmoles/g tissue and is
calculated from our control, untreated animals (see Fig.4). The synthesis
rate is in nmoles/g/h of either DOPA or 5-HTP accumulated after NSD
1015 pretreatment. These synthesis rates should represent the rates of
hydroxylation of tyrosine and tryptophan, respectively. Finally, the rate
constant of synthesis for a given amine is calculated by dividing the
appropriate precursor synthesis rate by the concentration of the amine.
This constant is in h—1. We have not routinely corrected our values for
recovery. As we have about the same recovery for DOPA, 5-HTP, and
the amines, our uncorrected values are not appreciably affecting our rate
constants.

Theoretical Considerations. The other methods listed in Table 2 and
the one described here using NSD 1015 are approximations of the pro-
duction and utilization of neurotransmitter. However, different methods
are based on different assumptions. For instance, the methods utilizing
tracer doses of isotopically labelled precursors depend on the measure-
ment of the precursor pool and often the assumptions of a single neuro-
transmitter pool must be made (for discussion see Neff ef al., 1971 and
Sedvall et al., 1968). It seems likely that the plasma pool of precursor
(usually tyrosine or tryptophan) most accurately reflects the true intra-
neuronal precursor pool; however, it remains an approximation. As a
result, data calculated from isotope measurements in non-steady state
conditions depend on the assumption that the unmeasured precursor
pool does not change during the experiment. The number of metabolic-
ally active pools of neurotransmitter is a debated subject. Two pools
have been proposed in monoamine neurons; a slowly metabolized storage
pool, and a rapidly metabolized pool containing newly synthesized neuro-
transmitter which is preferentially released by neuronal impulses (Kopin
et al., 1968; Javoy and Glowinski, 1971).

Measurement of catecholamine turnover utilizing blockade of syn-
thesis with x-methyl-para-tyrosine (x-MT) is based on the assumption
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that this drug does not change the turnover of the amine studied and
further that the metabolism of the catecholamines is not altered as the
levels of the amines decline. If more than one metabolically active pool
exists, the «-MT method would measure the slowly metabolized pool with
greater accuracy than rapidly metabolized pools. If there is a great
difference between the metabolism of such pools, the latter may be lost
with this method.

Finally the measurement of 5-HT accumulation after a MAQ inhibitor
or 5-HITAA disappearance after probenecid are also based on the assump-
tions that the drugs employed do not affect the synthesis or the disposi-
tion of the substance measured.

A distinet advantage of our method utilizing NSD 1015 is that we
measure the product of hydroxylation of tyrosine and tryptophan. It is
most likely that these are the rate-limiting steps in catecholamine and
5-HT synthesis, respectively. Physiological adjustments in amine metab-
olism are probably made by alterations in the activity of these enzymes.
Synthesis rates determined by the NSD 1015 method should reflect the
hydroxylase activity without requiring measurement of the level of
neurotransmitter and regardless of the number of metabolically active
pools. An additional advantage is that the NSD 1015 method actually
involves just one measurement of either DOPA or 5-HTP. This allows
greater flexibility in the measurement of monoamine metabolism, e.g.,
when steady-state conditions have been altered. Hstimations of syn-
thesis utilizing isotopes require fluorimetric and isotopic estimations of
both brain tissue and plasma. Methods using probenecid or enzyme
blockers require at least two measurements at different time intervals.

The major weakness in the NSD 1015 method lies in the fact that
both catecholamine neurotransmitters have as their probable rate-
limiting step the hydroxylation of tyrosine . We are thus unable to
differentiate between the two rates of transmitter synthesis in areas
where both NA and DA neurons are found. However, in general NA and
DA occur in different regions.

We must make the assumption that NSD 1015 does not itself affect
tyrosine or tryptophan hydroxylase activity. This seems reasonable as our
synthesis rates are not affected by a wide dose range of NSD 1015. In
addition it must be assumed that NSD 1015 has no éndirect effects on
hydroxylation rates. NSD 1015 has a mild MAO inhibitory effect (Bavin,
1960; personal communication), thus the levels of the monoamines did
not change significantly for 30 min in rat brain after NSD 1015 administra-
tion. There may be a change in the intracellular distribution of the
amines, but the linear accumulation of DOPA and 5-HTP argue against
any such change in intracellular levels of the amines or their precursors
having an effect on hydroxylase activity.
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Comparison of Results. Strict comparisons are not always possible,
since data from identical brain parts are not available. By studying the
rat cerebral hemispheres, we found a DOPA accumulation of 0.50 nmoles/
g/h. This is slightly lower than the 0.59 that Neff ef al. (1971) reported in
rat telediencephalon. It is higher than or agrees with measurements on
whole brain using x-MT. Our hemisphere NA level is lower, and conse-
quently, our calculated rate constant higher than those reported by
others for telediencephalon and whole brain.

In the rat corpus striatum, a predominantly DA neuronal area, the
synthesis rate of DOPA was much higher, 4.43 nmoles/g/h. The rate
constant, 0.21 h—1, was lower than the rate constant for central NA
neurons calculated in the hemispheres as 0.39 h—'. Our rate constant for
DA is somewhat lower than that caleulated by the isotope method of
Neff et al. (1971). However, their rate constant is based on telediencepha-
lon, while ours is on striatum alone.

Finally we calculated the synthesis of 5-HTP from our whole brain
data as being 1.0 nmoles/g/h. This is in fairly good agreement with the
isotope data of Neff ef al. (1971) if these data are recalculated as whole
brain. Using our laboratory’s strain of Sprague-Dawley rats, Meek and
Werdinius (1970) calculated the synthesis rates of 5-HIAA as 1.2 nmoles/
g/h. Since this value is corrected for 5-HIAA recovery, it agrees quite
well with our uncorrected level of 1.0. The variation in rat strains may
explain some of the different synthesis rates others have obtained.

This comparison with other data indicates that the values obtained
with NSD 1015 are similar to those obtained with other procedures. For
a closer comparison experiments using the different techniques will have to
be run in parallel in the same laboratory and on the same strain of
animals,
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