data do not bear on the question of
whether the observed heterogeneity
(whatever its chemical basis) is de-
veloped at the time of synthesis, or
whether this is a “postsynthesis” phe-
nomenon similar to that described for
mouse myeloma protein (75).
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Tritiated Norepinephrine: Release from Brain

Slices by Electrical Stimulation

Abstract. Slices of rat brain and heart that had concentrated H’-norepinephrine
were superfused and electrically stimulated. Stimulation induced a marked release
of H’-norepinephrine with a threshold and a maximum repsonse. Release also
occurred with increased concentrations of potassium, presumably due to neuronal
depolarization. Inhibition of electrically induced release occurred with low cal-
cium and with chlorpromazine and pentobarbital.

Norepinephrine has been thought
to be a neurotransmitter in the cen-
tral nervous system, although the evi-
dence is incomplete. Endogenous con-
centration and regional distribution
of norepinephrine have been deter-
mined in brain (/). The blood-brain
barrier prevents entry of administered
norepinephrine into the brain from
the circulation. Tritiated norepineph-
rine introduced into the lateral ven-
tricle of rat brain appears to mix with
endogenous norepinephrine, since its
regional and subcellular distributions
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parallel those of the endogenous amine
).

In oxygenated physiologic media,
slices of tissues rich in adrenergic
nerve endings concentrate H3-norep-
inephrine (3). Norepinephrine taken
up by brain slices is concentrated at
nerve endings in regions rich in en-
dogenous catecholamine, and the tis-
sue appears to maintain histologic in-
tegrity after incubation (4). In addi-
tion, neurons in such preparations of
brain slices maintain their resting mem-
brane potentials and their ability to

form action potentials during 2 to 3
hours of incubation (5, 6). Brain
slices stimulated with alternating cur-
rent at 1 to 10 volts have a markedly
increased respiratory rate (7, 8). Such
stimuli depolarize neurons in brain
slices (5) and are known to elicit
physiologic responses when applied to
the mammalian cortex (7).

We used slices of rat heart and rat
brain to study the effect of electrical
stimulation on release of norepineph-
rine. Slices of heart and mid-coronal
sections of brain (100 to 200 mg)
were incubated for 30 minutes at
37°C in Ringer solution supplemented
with tricarboxylic cycle intermediates
(3)  containing  H3-norepinephrine
(25 ng and 1.25 pc per milliliter).
The medium was agitated and saturated
with 5 percent carbon dioxide in
oxygen. After incubation, concentra-
tion of tritium in brain slices was 18
times the concentration in incubation
medium; in heart slices, 6 times.

Slices were transferred to a 5-ml
organ bath and bathed at 37°C with
a continuous flow (2.5 ml/min) of
oxygenated Krebs-Ringer medium. Se-
rial fractions of effluent medium were
collected during 2-minute intervals and
assayed for total radioactivity and for
H3-norepinephrine and its metabolites
(9). Unaltered H3-norepinephrine ac-
counted for about 80 percent of total
radioactivity in effluent solutions; only
traces of methylated catecholamine
(normetanephrine) were found, and
oxidized metabolites of norepineph-
rine accounted for most of the re-
maining radioactivity.

The rate of washout of H3-norep-
inephrine from brain slices followed
a multiphase course and was greatest
during the first 10 to 15 minutes.
Electrical stimuli of the order of 5
volts for 60 seconds, when applied
about 20 minutes after the start of
superfusion, produced striking and
rapid increases in efflux of H3-nor-
epinephrine, with a return to base line
within a few minutes (Fig. 1). Heart
slices behaved similarly. At the end of
these experiments, the slices had lost
only a small fraction of their radio-
activity.

Stimuli of 0.5 volt applied for 30
seconds did not appear to release trit-
ium; from 1 to 4 volts, there ap-
peared to be a direct relation between
release of tritium and applied voltage.
Stimuli above 4 volts, applied for 30
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Fig. 1. Release of H’-norepinephrine from
a coronal section of rat brain, induced
by a S5-volt, 60-cycle electrical stimulus
delivered for 60 seconds, compared with
unstimulated efflux from a similar slice.
This pattern of release was typical of 18
stimulated brain slices. Closed circles, with
stimulation; open triangles, without stimu-
lation.

seconds, were almost as efficient as
higher wvoltages (5 to 10 volts). For
stimuli of 4 volts, applied for inter-
vals of 15 to 60 seconds, there ap-
peared to be a linear relation between
duration of stimulation and release of
norepinephrine. When prolonged stim-
ulation of 10 to 12 volts was used,
release of H3-norepinephrine was ap-
parent only during the first 2 to 4
minutes.

Stimuli of 5 wvolts, applied for 60
seconds, raised the temperature of the
perfusion chamber to a maximum of
about 37.5°C. When the bath tem-
perature was raised from 37° to 40°C,
insignificant amounts of H3-norepineph-
rine were released from brain slices.
Thus, effects of electrical stimulation

Table 1. Release of tritium from tissue slices.
Data are mean differences (=% standard error
of mean) between base line of tritium wash-
out and maximum release following a 5-volt,
60-cycle electrical stimulus for 60 seconds.
KCl was used without electrical stimulation,
and the data given represent the maximum
release obtained after changing to a medium
containing 33 mM KCI. ES, electrical stimu-
lation.

Brain Heart
H? release H? relea:
(nc)s d N (rnclzf; sed N
Electrical stimulation
30.3 = 2.0 18 224 +25 6
Ca-free medium -+ ES
11.8+1.0 6 4.5=+2.0 6
Chlorpromazine (40 ug/ml) + ES
13722 6 :
Pentobarbital (100 ug/mi) 4 ES
73=%=1.0 6
High KCI (33 mM)
240+12 3 38.0
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do not appear to be due merely to
heating. Efflux of C'* from brain
slices saturated with C'*-urea was not
altered by electrical stimulation, which
indicates that enhanced diffusion did
not play a role in the release of
norepinephrine.

Effects of electrical stimulation can
be reproduced by high concentra-
tions of potassium in the perfusion
medium. Marked release of tritium
from brain slices was induced by
Ringer media containing 16 to
66 mM KCl. Such media are known
to depolarize nerve membranes in brain
slices (5) and to stimulate respiration
by the slices (10).

Absence of calcium from the me-
dium markedly
H3-norepinephrine by electrical stimu-
lation. Pentobarbital and chlorproma-
zine appear to inhibit release of HS3-
norepinephrine from brain or heart
slices by electrical stimulation (Table
1); the effect of pentobarbital on re-
lease of tritium was much greater in
heart slices. These agents inhibit the
increase in respiration that is observed
in brain slices during electrical stimu-
lation (Z1).

We have also found that H3-hista-
mine, H3*-dopamine, and some other
amines which accumulate in brain
slices in vitro can be released to some
extent by electrical stimulation. Thus
the present technique may be of some
general use in investigation of the
biochemistry and pharmacology of de-
polarization-induced release of central
neurotransmitters.

Ross J. BALDESSARINI
Irwin J. KorIN
National Institute of Mental
Health, National Institutes of
Health, Bethesda, Maryland
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Staining Tissue for Light and
Electron Microscopy by Bridging
Metals with Multidentate Ligands

Abstract. “Osmium black,” a pig-
ment very useful for cytological stain-
ing in both light and electron micros-
copy, may be deposited selectively at
the tissue-binding sites of other metal
ions by bridging OsO, to the tissue-
bound metal ion through a multiden-
tate ligand.

Certain osmiophilic reagents for the
selective deposition of osmium black
at the sites of enzymes and functional
groups in tissue () have an additional
property which is useful for staining
tissue. These multidentate reagents
have an affinity for metals bound to
tissue and retain the ability to react
further with the same or other un-
bound metal by bridging. In our stud-
ies, thiocarbohydrazide (TCH), a mul-
tidentate organic sulfur ligand, is very
useful in this bridging reaction. In its
simplest form, the reaction may be de-
picted as in Fig. 1, where M, is the
primary and M, the secondary metal
cation. Thiocarbohydrazide, which has
been used with osmium tetroxide for the
histochemical demonstration of some
oxidized macromolecules (2), is able to

T ."0,.
I "o,’
S ‘e .
S M, + ligand
U ,o”
~
T : "...
I **e,
(7
g ‘:Ml-ligand
U .o“‘
)
T '..b..
I e,
s ** .
S “.Ml-llgand-Mz
U “"
Bl *

Fig. 1. Diagrammatic bridging of osmium
tetroxide (M.) to tissue-bound cation (M)
through a multidentate ligand, TCH.
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