Biochemical Pharmacology, Vol. 31, No. 20, pp. 3289-3296, 1982.
Printed in Great Britain.

CATECHOLAMINE METABOLISM IN BRAIN SLICES

DETERMINATION OF RELEVANT PRECURSOR POOL AND THE
EFFECTS OF ELEVATED K*

RicHARD L. DELANOY*, GALE D. HUNTER and ADRIAN J. DUNN

Department of Neuroscience, University of Florida, College of Medicine, Gainesville, FL 32610,
U.S.A.

(Received 31 August 1981; accepted 8 March 1982)

Abstract—Catecholamine synthesis from [*H]tyrosine was studied in slices of striatum, cerebellum and
substantia nigra of mice. If low concentrations of tyrosine (less than 5.5 uM) were added to the
incubation medium, the slices released significant amounts of tyrosine into the medium during the
incubation. Kinetic analysis of the same experiments indicated that medium tyrosine and not tissue
tyrosine was the appropriate precursor for both dopamine (DA) synthesis and protein synthesis in
striatal slices. Concentrations of medium tyrosine of 8.25 uM or greater were sufficient to prevent
changes of medium tyrosine during incubation and thus maintained a constant specific activity of
precursor. Increasing concentrations of medium K* increased both the accumulation of [PH]JDA and
its release from striatal slices. However, accumulation was stimulated at a concentration of K* (14 mM)
that had no significant stimulatory effect on release, suggesting that the stimulatory effects of K* on
synthesis and release are mediated by separate processes. Release of “CO; from [1-*C]tyrosine closely
paralleled the accumulation of [*H]DA from [*Hjtyrosine. Release of preloaded [“C]DA closely
paralleled that of [PH]DA synthesized from [*H]tyrosine, suggesting a common functional pool. The
principal DA catabolite produced was dihydroxyphenylacetic acid (DOPAC). The appearance of labeled
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DOPAC in the media was greatly enhanced by K* stimulation.

A variety of drug and hormone treatments has been
shown to affect brain catecholamine (CA)t metab-
olism in vivo (e.g. Ref. 1). To study whether such
effects are direct or indirect, and to elucidate mech-
anisms, in vitro approaches are needed. The most
intact of the in vitro preparations is the brain slice.
Therefore, as a preliminary to our studies of the
effects of various peptide hormones and drugs on
CA metabolism in vitro, we have characterized the
basal metabolism of slices from three brain
regions—striatum, cerebellum and substantia nigra.
We chose to study the synthesis of catecholamines
from [*H]tyrosine, partly because this paralleled a
measure we and others have used in vivo [2,3].
Also, this approach enabled us to measure synthesis,
release and catabolism in the same system.

Our pilot studies were conducted according to the
methods of Versteeg et al. [4]. However, we wished
to determine an appropriate medium concentration
of tyrosine for our studies, to simplify problems due
to potential changes in the size of the precursor pool.

* Present address to which correspondence should be
sent: Dr. Richard L. Delanoy, Department of Psychology,
Gilmer Hall, University of Virginia, Charlottesville,
VA 22901, U.S.A.

t Abbreviations used: CA, catecholamine; DA, dopa-
mine; DOPAC, 3,4-dihydroxyphenylacetic  acid;
EGTA, ethyleneglycolbis(amino-ethylether)tetra-acetate;
HEPES, 4-(2-hydroxyethyl)-1-piperazine-ethanesulfonic
acid; HVA, homovanillic acid; MAO, monoamine oxidase;
NE, norepinephrine; PPD, 2,5-diphenylopazole; POPOP,
1,4-bis[2-(4-methyl-5-phenylopazolyl)Jbenzene; and TH,
tyrosine hydroxylase.

We also wished to study the effects of different
concentrations of K* on synthesis and release,
because exogenous agents may selectively affect
either basal or stimulated rates. Finally, we wished
to characterize the nature of the labeled material
released from the slices and to identify the principal
catabolites.

METHODS

Materials. Male CD-1 mice (Charles River Lab-
oratories, Wilmington, MA, 25-30 g) were used in
all experiments; they were housed individually for
the 3 days immediately prior to killing. Animals were
maintained on a 7:00a.m. to 7:00p.m. lighting
schedule.

Radioactive materials used were: [2, 6-*H]tyrosine
(34 Ci/mmole, Amersham-Searle Corp., Arlington
Heights, IL), [1-“C]tyrosine (58 mCi/mmole, New
England Nuclear Corp., Boston, MA), and [1-
“Cldopamine  hydrochloride (55 mCi/mmole,
Amersham-Searle).

Procedures. Mice were killed by decapitation.
Brains were removed and striatum, substantia nigra,
and cerebellum were dissected on a chilled surface.
Substantia nigra was obtained by the method of
Westerink and Korf [5]. A coronal slab was removed
by sectioning at the border of the pons and mes-
encephalon and at a plane 0.8 mm rostral to it.
Substantia nigra, visible near the ventral surface of
the slab, was removed along with the ventral teg-
mental nucleus (A10) from the rest of the mesen-
caphalon. The weight of this tissue, pooled from
both sides, was approximately 2 mg and included
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ventral portions of the mesencaphalic reticular for-
mation. In a typical fifty-sample experiment, ten,
twenty, or forty mice were used to generate slices
of cerebellum, striatum, or substantia nigra respec-
tively. Dissected pieces were sliced in two dimensions
with a Mcllwain tissue chopper set at 0.3 mm. They
were then pooled and suspended in medium at 37°
in an O;:CO, (95:5, v/v) atmosphere in a small
(125 ml) Erlenmeyer flask. The medium used in all
experiments was that described by Versteeg et al.
[4] and contained the following: 118 mM NaCl,
44mM KCl, 2.6mM CaCl,, 1.2mM MgSO,,
1.2mM KHPO,, 25mM HEPES (Ultrol,
Calbiochem-Behring Corp., La Jolla, CA), and
12mM glucose titrated to pH7.3 with NaOH.
Increases in KCI were osmotically balanced with
equivalent decreases in NaCl. After 30 min, the
medium was aspirated and replaced with fresh, equi-
librated medium at 37° for an additional 10 min. This
preparation is referred to as equilibrated slices.
Incubations were performed in a Lab-Line Orbit
Water Bath Shaker (model 3525) which kept the
slices in suspension in the medium at all times. A
stainless steel manifold secured to the shaking part
of the bath enabled delivery of O,:CO, separately
to each incubation tube via PE-50 cannula tubing.
This arrangement made it possible to manipulate
tubes individually without disturbing the others.
Three kinds of experiments were performed.
First, the accumulation of *H-labeled catechol-
amines from [*H]tyrosine was measured. Equili-
brated slices (200-500 pug protein in 0.5ml) were
added to a series of Corex round-bottomed 15 m!
centrifuge tubes along with 0.5ml of equilibrated
medium containing [2, 6-*H]tyrosine. Total incuba-
tion volume was 1.0 ml. Pilot experiments indicated
that [PH]CA accumulations were independent of this
volume, in the range 0.2 to 2.0 ml, and proportional
to tissue weight in the range 0.1 to 2 mg protein.
Samples were incubated for 40 min. The reactions
were terminated by the addition of 2 ml of ice-cold
medium and centrifuged at 100g (400 rpm) in a
Sorvall RC-3 centrifuge at 4°. Media were decanted
and in some instances saved and processed for
measurement of released radioactive metabolites. A
further 2 ml of ice-cold medium was added to the
samples, and the centrifugation was repeated. The
supernatant fraction was decanted and discarded.
Second, the liberation of “CO, from [1-
¥Cltyrosine was measured. Slices and media were
prepared as in the accumulation experiments, except
that [1-"*C]tyrosine was used in place of [*H]tyrosine.
After the slices were added to equilibrated media
containing label, a plastic cup (Kontes Glass Co.
Vinland, NJ) filled with glass wool, moistened with
0.05ml Soluene 350 (Packard Instrument Co.
Downer’s Grove, IL) and suspended from a rubber
stopper was inserted into the Corex centrifuge tube.
After 20 min of incubation, the reaction was stopped
by injecting 0.1ml of 50% trichloroacetic acid
through the rubber stopper. After standing overnight
at 4°, each plastic cup was removed and placed in
a scintillation vial with 10 ml of scintillator (0.35%
PPO-0.01% POPOP in toluene).
Third, the release and metabolism of labeled DA
from preloaded slices were studied. Pooled slices
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were exposed to [*Hjtyrosine (25 uCi/ml medium;
750 nM; typically 30 ml total volume) for 10 min.
[“CIDA (1 uCi/ml medium; 18 uM) was added, and
the slices were incubated for a further 10 min with
both labeled substrates. Slices were then washed
four times with fresh equilibrated medium. Slices
preloaded in this manner with [*H]- and [“C]DA
were added in a volume of 0.5 ml to Corex centrifuge
tubes containing 0.5ml of equilibrated medium.
Slices were incubated for 10 min, and the reaction
was stopped with 1 ml of ice-cold medium. Tissue
and media were separated as described above.

Chromatography. Purification procedures were
essentially those of Iuvone et al. [6]. Rinsed slices
were homogenized in 2.0 ml of 0.4 M perchloric acid,
containing 0.05% sodium metabisulfite in the Corex
centrifuge tubes using a Teflon pestle machined to
a diameter of 14.5 mm to fit the tubes tightly. The
homogenate was centrifuged at 15,000 g in a refriger-
ated (4°) Sorvall RC-2B centrifuge. This arrange-
ment permitted incubation, centrifugation and hom-
ogenization, all to be conducted in the same tube,
thus minimizing errors due to losses during transfer.

Supernatant fractions were loaded onto
AGS0W-X4 (Bio-Rad Laboratories, Richmond,
CA) cation-exchange columns (6 X 20mm, H®-
form). The load volume, together with a 2.0 m] wash
with sodium acetate buffer (0.1 M sodium acetate—
0.1% disodium EDTA, titrated to pH 7.0 with 1M
NaOH) was collected in test tubes containing 200 mg
of alumina (7], moistened with 0.1 ml of 0.1 M di-
sodium EDTA. Samples were titrated with approxi-
mately 0.5 ml of 3M Tris hydroxide (Trizma base,
Sigma) to a pH of 7.9 and vortexed for S min. The
alumina suspension was transferred to a glass-wool
stoppered Pasteur pipette. The fraction not bound
to the alumina, along with 0.5 ml of a water wash,
was collected in a scintillation vial containing 10 ml
of a Triton scintillator [1.07% PP0O-0.012% POPOP
in toluene, mixed 1:1.4 with Triton X-100 (Scintillar,
Mallinckrodt Laboratory Chemicals, Paris, KY)].
This fraction contained *H-water and methylated,
deaminated metabolites of DA which do not bind
to alumina. The alumina was washed with another
5.5 ml of water, and then catechols were eluted with
2.0ml of 0.5M HCI into scintillation vials and
counted in 10ml of Triton scintillator. More than
90% of the label in this fraction was determined to
be DOPAC by paper chromatography in n-
butanol-acetic acid-H,O (120:30:50, by vol.)

The cation-exchange columns were then washed
with an additional 6 ml of sodium acetate buffer.
Tyrosine was eluted with a second 6 ml of sodium
acetate buffer. The eluate was adjusted to pH 1.5
with 4 M HCI, and loaded onto standard AG-
50W-X4 cation-exchange columns (6 x 20 mm)
charged with Na*. Following washes with 5ml of
water and 8 ml of 0.5M HCI, tyrosine was eluted
with 9 ml of 0.1 M Na;PQ,. Of this volume, 0.9-ml
aliquots were added to 0.1 ml of 4 M HCl and 10 ml
of Triton scintillator, while 1.8-ml aliquots were
assayed for tyrosine using nitrosonaphthol [8].

After the tyrosine fraction was eluted, the original
(H"-form) columns were washed with 2 ml of sodium
acetate buffer and 2ml of 1M HCI. NE was then
eluted with 4.75 ml of 1 M HCl into test tubes con-
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taining 200 mg alumina. Following a further wash
with 1.25ml of 1 M HCIl, DA was eluted from the
cation-exchange columns with 2.5ml of 4M HCI
into test tubes containing 200 mg alumina. NE and
DA fractions were titrated to pH 7.9 with approxi-
mately 2.6 m!l of 3 M Tris and approximately 0.5 ml
of 10M NaOH respectively. Preparation, transfer,
and filtration of alumina, as well as the elution of
NE and DA from alumina, were as described above
for the purification of DOPAC.

In experiments in which release from the slices
during incubation was analyzed, the media recovered
from the first centrifugation were titrated to pH 1.5
with 0.063ml of 4M HCl and loaded onto the
AG50W-X4 (H*-form) columns. The elution profile
and secondary purifications were identical to those
used for the homogenate supernatant fraction,
except that the sodium acetate buffer wash preceding
the tyrosine elution was shortened to 4 ml instead
of 6 ml.

In the release and metabolism experiments, more
than 99% of all radioactivity in an incubated tube
could be accounted for when the above fractions
were summed. Recoveries for each compound were
99% for tyrosine, 85% for Ne, and 75% for DA.
Less than 0.01% of [*H]tyrosine and 1% of NE and
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DA appeared in any of the other fractions. Results
are not corrected for recoveries.

The pellets formed by the centrifugation of the
homogenate were dissolved in 2.5ml of 0.3M
NaOH. Protein determinations were performed on
duplicate 0.25-ml aliquots [9].

Quantification and analysis. Radioactivity was
assayed using a Packard 2425 liquid scintillation spec-
trophotometer. Correction factors for quenching and
for emission spectra overlap in double-label experi-
ments were determined with automatic external
standardization.

The dpm for each fraction (except media tyrosine)
were divided by the amount of protein in that tissue
sample to derive specific activities. Tyrosine specific
activity was expressed as dpm/ug tyrosine. Blank
values, determined in samples to which radioactivity
was added but which were chilled to 0° and not
incubated, were subtracted from experimental val-
ues. Data for accumulation studies were expressed
as moles of CA accumulated per mg protein per min
(based on the tyrosine specific activity). Data from
metabolism studies were expressed as percentage of
total radioactivity recovered in fractions containing
labeled DA or its metabolites.

Student’s r-tests were performed on a Hewlett—
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Fig. 1. Kinetics of [*H]DA accumulation from [*H]tyrosine: effects of correcting with initial media,
measured media, and measured tissue tyrosine specific activities. Striatal slices were incubated for
30 min with 4.17 uCi/ml [*H]tyrosine at 0.03, 0.1, 0.3, 1, 3, and 10 ug/ml tyrosine (0.17, 0.55, 1.7, 5.5,
17 and 55 uM respectively). DA specific activities (dpm/mg protein) were divided by tyrosine specific
activities (dpm/ng tyrosine) and are presented as double-reciprocal plots against tyrosine concentrations
(ug/ml medium). Each point is the mean of three determinations. (A) PH]DA accumulation normalized
by initial tyrosine specific activity as a function of initial medium tyrosine concentration. (B) FH]DA
accumulation normalized by measured medium tyrosine specific activity as a function of measured
medium tyrosine. (C) [*H]DA accumulation normalized by measured tissue tyrosine specific activity as
a function of measured tissue tyrosine concentration.
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Packard 9810A calculator. An Amdahl 370, version
6 computer was used for quench and double-label
corrections.

RESULTS

Determination of relevant precursor pool. Striatal
slices were incubated in media containing various
concentrations of tyrosine as described in the legend
in Fig. 1. Measurements of [’H]JDA accumulation
(dpm/ug protein) were divided by the initial (cal-
culated) medium tyrosine specific activities. When
plotted as a function of initial medium tyrosine con-
centration on a double-reciprocal plot, normal
Michaelis—-Menten kinetics were observed (Fig. 1A).
However, because tyrosine was being exchanged
between the medium and the slices, the specific
activities of both medium and tissue tyrosine during
the incubation would be somewhat different from
the initial specific activities. Thus, we measured the
specific activities of tyrosine in the tissue and medium
after incubation at each initial concentration of
tyrosine and repeated the kinetic analyses. The
measured concentrations of media tyrosine were
markedly higher than those originally added to the
media when the initial concentration was less than
5.5uM. This indicated that tyrosine was being
released from the tissue, diluting the medium tyro-
sine specific activity (Table 1). Conversely, initial
media tyrosine concentrations of more than 5.5 uM
elevated tissue tyrosine concentrations.

The DA specific activity was normalized by either
the measured media or the measured tissue tyrosine
specific activity and subsequently plotted on
double-reciprocal plots as functions of measured
media or measured tissue tyrosine concentrations
respectively. Despite the narrowing of the range of
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Table 1. Relationship of measured medium and measured
tissue tyrosine concentration to initial tyrosine
concentrations

Tyrosine concentration

Added to medium Measured at end of incubation

(initial) Medium Tissue
[ug/ml (uM)] (ugml)  (ug/mg protein)
0.03 (0.17) 0.58 + 0.06 1.73 £ 0.40
0.10 (0.55) 0.56 = 0.12 1.55 £ 0.37
0.30 (1.7) 0.68 = 0.08 1.36 = 0.13
1.0 (5.5) 1.09 = 0.07 1.85 +0.49
3.00 (17) 2.40%0.12 4.18+1.19
10.00 (55) 8.98 = 0.11 4.18 = 0.58

tyrosine concentrations in the media, the data cor-
rected with the media tyrosine specific activities dis-
played Michaelis-Menten kinetics (Fig. 1B) with a
Vmax and K, similar to those determined using the
initial tyrosine specific activity. Data normalized with
tissue tyrosine specific activity did not display normal
kinetics (Fig. 1C). Although not shown, the labeling
of protein with [*H]tyrosine also displayed
Michaelis—-Menten kinetics when media, but not tis-
sue, tyrosine specific activities were used to nor-
malize the data.

Since media tyrosine concentrations above 5.5 yM
were not appreciably diluted by tyrosine released
from the slices, subsequent experiments used 8.3 uM
(1.5 ug/ml, the concentration used by Versteeg et al.
[4]) or 83 uM tyrosine in the medium. At these
concentrations, the specific activity of medium tyro-
sine, the pool which best reflects the relevant pre-
cursor, was assumed to be unaltered during
incubation.
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Fig. 2. Effects of elevated K* on the accumulation of [PH]DA in striatal slices and media. Striatal slices
were incubated with 83 uM tyrosine and [*H]tyrosine (4.17 uCi/ml). Each point is the mean (£ S.E.)
of four determinations. Combined accumulation is the sum of slice and medium accumulations. Key:
(*) significant increase from 6 mM K™, P < 0.05; (**) P <0.01; and (***) P < 0.001 (Student’s t-test).
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Fig. 3. Facilitation by K* of “CO;, liberation from slices incubated with [1-"*C]tyrosine. Incubation was
for 20 min at 83 nCi/ml. Each point is the mean (+ S.E.) of four determinations. Key: (*) significant
difference from saline, P < 0.05; (**) P <0.01; and (***) P <0.001 (s-test).
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Fig. 4. Effects of elevated K* on the accumulation of [PH]DA and [°*H]NE in substantia nigral and

cerebellar slices. (A) Substantia nigral and cerebellar slices incubated with 4.17 uCi/ml and 16.7 uCi/ml

[*H]tyrosine, respectively, at 8.3 uM tyrosine. (B) Substantia nigral slices incubated with 16.7 yCi/ml

[(*H]tyrosine at 83 uM tyrosine. Numbers at the base of each bar indicate the sample size for each group.

SAL indicates standard incubation conditions (6 mM K*). Key: (*) significant difference from saline
(P <0.01).
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K*-induced activation of the accumulation of *H-
labeled catecholamines. Various concentrations of
KCl were added to striatal slices incubated in 83 uM
tyrosine containing [*H]tyrosine. [FH]DA was
recovered from both slices and media. As shown in
Fig. 2, elevated K* increased the formation and
release of [PH]DA. Combined slice and media
PH]DA accumulations reached a maximum at
18 mM K. Interestingly, accumulation of [PH]DA
in the slices was increased by 14 mM K* which had
no significant effect on release. The accumulation
of [P’H]DA from [*H]tyrosine in striatal slices was
elevated 225, 260 and 322% by 26 mM K* at 8.3,
83, and 274 uM tyrosine respectively. Elevated K*
had no significant effect on [*H]tyrosine uptake into
slices (data not shown).

The asymptote in ["H]DA accumulation at con-
centrations of K* higher than 18 mM may reflect
either a limit on synthesis or concurrent, linear
increases in [’H]DA synthesis and catabolism. To
test whether the asymptote reflected a limit of syn-
thesis, slices were incubated with [1-“C]tyrosine.
The release of *CO,, an index of decarboxylation
of tyrosine or tyrosine derivatives, also displayed an
apparent asymptotic response at K* concentrations
equal to or greater than 26 mM. The four points in
Fig. 3 are almost identical to the comparable values
for combined [*H]DA accumulation in Fig. 2.

A K*-induced increase in accumulation was not
consistently observed in other regions. [°H|NE
accumulation from [*H]tyrosine was not increased
in cerebellar slices incubated at 8.3 uM tyrosine. In
substantia nigral slices, both [P"H]NE and [*H]DA
accumulations were increased by 26 mM K™ at a
medium tyrosine concentration of 8.3 uM, but not
83 uM (Fig. 4).

K*-induced activation of the disappearance of pre-
loaded, labeled DA. The effect of 26 mM K* on the
disappearance of labeled DA from striatal slices was
measured. Equilibrated slices were incubated with
both [*H]tyrosine and [“C]JDA. Following a
thorough washing to remove excess radioactivity,
0.5 ml of labeled slices was added to 0.5 m! of unla-
beled medium containing combinations of high or
low K* (6 or 26 mM) and normal Ca** (2.6 mM) or
depleted Ca?* (0.1 mM EGTA with no exogenous
Ca®"). Radioactive (*H and *C) DA in the media,
DA remaining in the slices, total (slices and medium
combined) DOPAC, and total residual [tritiated
water, homovanillic acid (HVA)] radioactivity were
measured (Fig. 5).

Slice DA radioactivity inversely reflected the com-
bined changes in media DA and total DOPAC.
Under basal conditions (i.e. 6 mM K* and 2.6 mM
Ca’"), more than 85% of the label in the preparation
was recovered as labeled DA remaining in the slices.
With the addition of 26 mM K™, a 25% decrease in
slice DA radioactivity was observed. Most of the
displaced label was in media DA, but radioactive
DOPAC levels increased ap?roximately 2-fold (stat-
istically significant only for “H)

Under Ca®*-depleted conditions, K*-stimulated
release of labeled DA was reduced drastically, but
not eliminated (P < 0.01). However, K*-stimulated
accumulation of labeled DOPAC was not reduced
by Ca?* depletion.
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Fig. 5. Effects of 26 mM K* and Ca®* depletion on the
release and catabolism of labeled DA, preloaded in striatal
slices. Ca?* depletion was accomplished with 100 uM
EGTA in the absence of exogenous Ca?*. Pooled striatal
stices were exposed to [*H]tyrosine (250 uCi/10 ml) for
10 min. Then 10 uCi/10 ml [*C)DA was added, and the
slices were incubated for an additional 10 min. Slices were
then washed four times. Aliquots of 0.5 ml of slices were
added to 0.5 ml of media of appropriate ionic composition
and incubated for 10 min. Open and shaded bars represent
the distribution of *H and C respectively. DOPAC and
residual (containing *H,O and labeled HVA) fractions were
pooled from the slices and the media. The sum of slice DA,
media DA, DOPAC, and residual equals 100% for each
label. Each bar represents the mean and standard error of
eight determinations. Key: (*) significant difference
between 6 and 26 mM K* conditions for the same label
under either 2.6 mM or depleted Ca®* conditions, P <
0.05; (**) P<0.01; and (***) P < 0.001 (Student’s ¢-test).

For the most part, the distributions of *H and **C
were very similar, but much higher percentages of
5H were observed in the residual fraction than was
the case for “C. Small relative decreases of *H in
other fractions, particularly [*H]DA found in the
media, balanced the excess *H in the residual frac-
tion. Since drying this fraction before adding scin-
tillation fluid could eliminate the difference, the
excess *H was assumed to be associated with water.
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Residual “C-radioactivity was not affected signifi-
cantly by any ionic manipulation. Since HVA is
found in this fraction, [*“CJHVA does not appear to
be a significant metabolite of [“C]JDA in vitro,
especially under K*-stimulated conditions. How-
ever, residual *H-radioactivity was increased signifi-
cantly by 26 mM K*. This effect may reflect *H-water
derived from [PH]DA released by K*. These studies
suggest that DA newly synthesized from tyrosine
and that accumulated by reuptake enter a common
functional pool.

DISCUSSION

Precursor pool determination. The accumulation
of "H]JDA from [*H]tyrosine in striatal slices dis-
played Michaelis—-Menten kinetics when the DA spe-
cific activities were corrected with either initial or
measured media tyrosine specific activities. Such was
not the case when measured tissue tyrosine specific
activities were used as correction factors. Kapatos
and Zigmond [10] reported similar findings using
striatal synaptosomes. These results indicate com-
partmentation of tissue tyrosine.

If the compartment into which tyrosine is taken
up for CA synthesis is small and metabolically active,
its tyrosine specific activity would be much higher
than the measured (average) tissue specific activity.
This compartment might be within the synaptic ter-
minals. It is possible that tyrosine hydroxylase (TH)
may be linked to a tyrosine uptake mechanism at
the plasma membrane. However, this would only
account for DA synthesis. We also found that protein
labeling with [*H]tyrosine in the same slices displayed
Michaelis—-Menten kinetics only when corrected with
media tyrosine specific activities. Once again these
data are best explained if one assumes that the vol-
ume for protein synthesis, neuronal perikarya, is a
relatively small portion of brain tissue. Since this
volume is metabolically active, [*H]tyrosine would
quickly equilibrate between the neuronal perikarya
and the extracellular space. Other, less metabolically
active regions, such as glia and neuropil, may not
take up as much [*H]tyrosine and hence would pos-
sess lower specific activities of precursors. Measure-
ments of whole tissue [*H]tyrosine specific activities
would combine such pools making such measure-
ments inaccurate estimates of the specific activity of
[*H]tyrosine in pools available for protein synthesis.

Several radioactive tracer techniques of determin-
ing transmitter turnover rates in vivo have been
proposed which depend upon measured precursor
specific activities as a normalizing factor (e.g. Ref.
2). The dissociation of tissue tyrosine specific activity
from DA synthesis in vitro suggests that measurable
tyrosine specific activities (and perhaps other trans-
mitter precursors) in vivo may not reflect the relevant
precursor pools for synthesis.

Dopamine compartmentation. A variety of evi-
dence has suggested that DA is stored in two
metabolically distinct compartments [11]. The initial
observation was that inhibition of TH with a-
methyl-p-tyrosine resulted in a biphasic decline of
DA content from striata [12]. The most compelling
evidence is that the release of ['H]DA newly syn-
thesized from [*H]tyrosine is enhanced under con-
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ditions that are relatively ineffective in eliciting the
release of PH]DA stored for longer periods [13].
Finally, the simultaneous measurement of release
and synthesis of [*H|DA from [3,5-*H]tyrosine indi-
cates that changes in release and synthesis are par-
allel, arguing that newly synthesized DA is the pool
preferentially released.

However, an important variable in these experi-
ments is the duration of the labeling period. Most
experiments that have identified compartments of
labeled catecholamines have compared short with
long labeling periods. In the present study, the
administration of [“C]DA to brain slices occurred
during [*H]tyrosine exposure. The identical rates of
[’H]- and [*C]DA release and catabolism observed
(except for *Hy formation from released PH]DA)
indicate that, although separate compartments may
exist, they cannot be distinguished on the basis of
their derivation from synthesis or re-uptake. Differ-
ent labeling periods appear to be the critical factor
for identifying different compartments.

Effects of elevated K* upon synthesis, release, and
metabolism of DA. Depolarizing agents such as K*
or veratridine induce release and activate synthesis
of DA in vitro. Both the induction of release and
the activation of synthesis are calcium dependent
[14, 15]. The increase is correlated with an activation
of TH to a form characterized by an increased affinity
for reduced pteridine cofactor and a decreased sen-
sitivity to end-product inhibition by DA [16].

It has been suggested that the K*-induced acti-
vation of synthesis is a consequence of increased
release of DA and consequent reduced end-product
inhibition [10, 17-19]. However, we observed that
the activation of [PH]DA accumulation could be dis-
sociated from the induction of release. First, K*
concentrations higher than 18 mM produced an
asymptotic effect on combined slice and medium
[PH]DA accumulation, while release increased lin-
early with increasing K* concentrations up to at least
46 mM. The increase of “CO, evolution from [1-
YCltyrosine matched the effects on combined slice
and medium [*H]DA accumulation at 16, 26, and
46 mM K. This similarity suggests that the asymp-
tote reflects a true limit of synthesis rate and not
combined parallel increases in synthesis and catab-
olism. The plateau of synthesis activation may reflect
an inhibitory feedback upon DA synthesis mediated
by released DA which stimulates a presynaptic
receptor that inhibits synthesis, or it may reflect
maximal activation of available enzymes.

Second, combined slice and medium [*H]DA was
increased significantly at 14 mM K* (P <0.05), a
concentration at which no effect was detected upon
release (i.e. [’H]DA in medium). However, the pos-
sibility that release occurred at 14 mM K*, but that
efficient reuptake and degradation by MAO kept
the amount of [*H]DA in the media minimal, cannot
be dismissed. In support of this, K*-stimulated for-
mation of ["HIDOPAC was found to be constant,
regardless of the quantity of release (normal Ca**
as opposed to Ca**-depleted conditions, Fig. 5).
Thus, reuptake of ['H]DA into the slices might have
been saturated by released DA at K* concentrations
higher than 14 mM, resulting in a net accumulation
of PH]DA in the media. At K* concentrations below
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18 mM, if reuptake had been completely effective
in recovering released DA, no PH|DA would have
accumulated in the media. However, K*-induced
release and synthesis were reported previously to be
dissociable by Bustos et al. [16]; K*-induced TH
activation in striatal slices was suppressed by ethanol,
while release was unaffected. Since TH activation
by depolarization is calcium dependent [20], syn-
thesis activation may occur subsequent to Ca** influx
into the terminal in a process parallel to, but not
necessarily dependent upon, Ca**-mediated release.

It is curious that K* did not increase the accu-
mulation of [PH]DA and [PH]NE in substantia nigral
slices at 83 uM tyrosine or of PH]NE in cerebellar
slices. Assuming that increased release of labeled
catecholamines occurred during incubation, an
increase in synthesis may actually have occurred, but
all the [PH]DA was released into the media. How-
ever, amphetamine, which appears to activate DA
synthesis in a manner similar to K*, also interacts
with tyrosine, being effective only at media concen-
trations of tyrosine above 10 M [21]. Also, the
effectiveness of apomorphine in inhibiting synthesis
is reduced in the substantia nigra at 83 uM tyrosine
[22]. It is not at all clear why the effect of K* in
striatum and the effect of amphetamine in substantia
nigra [21] would be potentiated by increasing tyro-
sine concentrations, while the effect of K* would be
suppressed at higher tyrosine concentrations in sub-
stantia nigral slices.

A significant percentage (20%) of the labeled
[PHIDA released by K* stimulation was found to be
converted almost exclusively to the deaminated,
nonmethylated metabolite, DOPAC, as was
observed for NE terminals [23] and for striatal slices
[24]. Cubeddu et al. [24] found that reuptake blockers
reduced the formation of DOPAC, suggesting that
the DOPAC was derived from labeled DA that had
been released, and subsequently taken up, by the
terminal. Our finding that the elevation of labeled
DOPAC formation, caused by 26 mM K*, occurred
independently of the presence of Ca®* is somewhat
at odds with this interpretation. However, if uptake
mechanisms were saturated by the DA released by
26mM K* under Ca’*-depleted conditions, then
uptake might proceed at nearly the same rate as in
media containing Ca?*, thus making the amount of
precursor available for MAO fairly constant.

In summary, our most significant findings are as
follows: (1) the medium tyrosine specific activity, as
opposed to that in the tissue, appeared to reflect that
of the relevant precursor pool for both DA and
protein syntheses in striatal slices, (2) DOPAC was
the principal metabolite of DA found in striatal
slices, confirming earlier reports [23, 24], and was
apparently the exclusive metabolite of DA released
by K* stimulation, and (3) the accumulation and
release of [PH|DA synthesized from [*H]tyrosine
appeared to be dissociable in that increased total
accumulation of [PH]DA from tyrosine could be
induced by 14 mM K*, which did not significantly
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elevate the amount of ['H]DA recovered from the
media.
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