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Local Anesthetic- and Halothane-induced Alterations of the
Stimulation-induced Release of *H-Dopamine from
Rat Striatal Slices

T. C. Westfall, Ph.D.,* Cosmo A. DiFazio, M.D., Ph.D.,t Joann Saunders, A.B.i

The purpose of this study was to evaluate and compare the
effects of halothane with those of several local anesthetics in
altering the release of *H-dopamine from the rat striatum by
nicotinic activation and depolarization with potassium chloride.
Slices from rat striatum were dissected and incubated with *H-
dopamine (8 uM) for 30 min prior to being placed in
isolated superfusion chambers. Following a washout period,
release of *H-dopamine was induced by 300 unm dimethyl-4-
phenylpiperazine (DMPP), a known nicotinic agonist, or potas-
sium chloride (KCl), 50 m». Drugs were added to the super-
fusion buffer for various periods prior to DMPP or KCIl. Halo-
thane produced a significant and dose-dependent decrease in the
DMPPF-induced release of dopamine. Dopamine release was
decreased 20, 35, and 38 per cent with halothane 0.95, 1.5, and
2.5 per cent, respectively. Halothane had no effect on the release
induced by KCI All the local anesthetics produced marked
decreases in the DMPP-induced release of *H-dopamine in con-
centrations commonly used in patients receiving the drugs for
regional block., There were 56, 77, and 70 per cent decreases
in the DMPP-induced release with procaine (3 x 107%), cocaine
(2.9 x107*1), and lidocaine (2.1 X 10~*Mm), respectively. Lidocaine
and procaine had no effect on KCl-induced release, while
cocaine and bupivacaine facilitated KCl-induced release. It is con-
cluded that both halothane and local anesthetics can modify
the release of dopamine from the striatum induced by activation
of cholinergic-nicotinic receptors. (Key words: Anesthetics,
volatile, halothane; Anesthetics, local, lidocaine; Anesthetics,
Jocal, cocaine; Anesthetics, local, bupivacaine; Anesthetics, local,
procaine; Sympathetic nervous system, dopamine; Nicotinic
agonist, DMPP.)

NUMEROUS INVESTIGATORS have demonstrated that
local anesthetics inhibit the release of norepinephrine
following electrical stimulation of adrenergic nerves.'~3
In addition, local anesthetics can block the release
of norepinephrine induced by activation of nicotinic
receptors, although they are without effect in pre-
venling the release of norepinephrine following
depolarization with high potassium concentrations.*?
Although the final steps in secretion coupling are
similar following all three stimulation methods, and
all require extracellular calcium,®* the initial steps
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leading to release differ. In contrast (o the effects of
local anesthetics, those of general anesthetics such
as halothane on the release of norepinephrine are
controversial. Muldoon e/ «l.? and Roizen et al.'® ob-
served that halothane decreased the electrically in-
duced release of norepinephrine from dog saphenous
vein and guinea pig vas deferens, respectively. On
the other hand, Géthert reported that halothane
had no effect on the release of norepinephrine from
the rabbit heart following electrical or potassium
chloride stimulation, while it antagonized the response
to nicotinic agonists.* Gothert et al. observed similar
phenomena with other general anesthetic agents."
Gothert proposed that halothane produces a selective
inhibition of nicotine-induced release of norepineph-
rine from the rabbit heart by inducing a conforma-
tional change of receptor proteins, which may prevent
the interaction of agonists with the nicotinic re-
ceptor.?

The purpose of the present study was to compare
the effects of halothane and local anesthetics on the
release of dopamine from the central nervous system.
Since it had been shown that nicotinic agonists can
release *H-dopamine from superfused rat striatal
slices,'? this model was used to evaluate these effects
of anesthetics on catecholamine release.

Methods

PREPARATION OF SLICES

Male Sprague-Dawley rats weighing 150-200 g
were killed by decapitation. The brains were im-
mediately removed and the striata rapidly dissected
out with glass manipulators at 4 C. The isolated
striata were then sliced at a thickness of 0.7 mm by a
Mcllwain tissue chopper. Individual slices were
selected (10 mg) and preincubated in minivials for
10 min at 37 C in 1.9 ml Krebs~Ringer bicarbonate
buffer containing, in mm: NaCl, 118.6; NaHCO;,
25.0; KCl, 4.8; KH,PO,, 1.2; CaCl,, 2.5; MgSO,, 7.0;
H,O, 1.2; glucose, 11.1. Following preincubation for
10 min, the slices were incubated with 10 uCi *H-
dopamine (100 ul; SA 6.1 Ci/mmol, final concentra-
tion 0.8 M) for 30 min in an atmosphere of oxygen,
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95 per cent—carbon dioxide, 5 per cent. Individual
slices were transferred to perfusion chambers jacketed
with warm water at 37 C. The slices were held in place
between two platinum mesh grids and superfused with
buffer at a flow rate of 0.5 ml/min with a Harvard

pump.
ApprLICcATION OF DRUGS

For studies of local anesthetics, slices were super-
fused for 15 min with normal buffer and then
switched to buffer containing a local anesthetic.
Following an additional 30 min, the slices were
stimulated for 5 min with a buffer containing
potassium chloride, 50 mm, or 300 um dimethyl-4-
phenylpiperazine (DMPP), a drug with known
nicotinic agonist activity, plus a local anesthetic. Con-
trol slices were superfused with normal buffer prior
to switching to the buffer containing KCl or DMPP,
Superfusate fractions were collected at 5-min intervals
into iced tubes containing 100 wnl of a protector
solution (EDTA, 5 ml, 2 per cent, pH 7; dopamine
[100 wg/ml], 5 ml, and thioglycollic acid, 400 ul). A
portion was taken for determination of total *H and
the remaining sample processed for separation of *H-
dopamine and *H-metabolites according to the pro-
cedure described by Westfall et al.** The following
local anesthetics were studied: lidocaine (2.1 X 107 m),§
procaine (3 X 107 mM),§ bupivacaine (3 X 107%m),§
and cocaine (2.9 X 1075M).§ These concentrations
were chosen because they compare lavorably with
those seen in the plasma of patients receiving the
drugs for regional block.

For the halothane studies, Krebs—Ringer bi-
carbonate buffer was saturated with various con-
centrations of halothane by use of a Fluotec vaporizer
using oxygen, 95 per cent—carbon dioxide, 5 per
cent, as the inflow gas. The concentration of
halothane being delivered to the perfusion buffer was
continuously monitored by a halothane meter (Model
73 Cavitron). Halothane concentration was also
determined in samples obtained directly from the
outflow of the vaporizer, as well as from the per-
fusion buffer, and assayed daily by gas chromatog-
raphy by direct injection or using the tonometry
method described by Sawyer, et al. ™

Following saturation of the perfusion buffer for 45
min, the buffer was taken in closed 50-ml syringes,
placed in a Harvard infusion pump, and delivered
to glass perfusion chambers. The concentration of

§ Lidocaine, 2.1 X 107% M = 5 pg/ml; procaine, 3 X 109 m =7
ug/ml; bupivacaine, 3 X 107 M = 1 pg/ml; cocaine, 2.9 X 10-m
=9 pg/ml.
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halothane in the perfusion buffer entering the super-
fusion chambers was assayed for each experiment by
gas chromatography. Three concentrations of halo-
thane, 1.0, 1.5, and 2.5 per cent, were studied. The
slides were superfused for 30 min with a buffer
containing halothane and then switched to a buffer
containing 50 mm KCl (ED) or 300 um DMPP
(EDq) plus halothane. Control slices were superfused
with normal buffer in place of buffer with halothane.
Superfusate samples were collected in 5-ml fractions
as described above.

IDENTIFICATION AND ASSAY OF *H-DoPAMINE

The superfusate samples were collected into 100
ul of the protector solution as described above. Two
milliliters of absolute alcohol were added to each
sample and the samples placed in a freezer at —30 C
for one to two days. The superfusate samples were
adjusted to pH 6.6-6.9 with a NaH,PO, buffer
(0.01 M, pH 7.2) and then passed over an Amberlite
column (Amberlite CG50 Type 11, 200-400 mesh,
purified and buffered with a NaH,PO,-K,H PO, solu-
tion, 0.2 m, pH 6.1; 2.5 cm high, 0.5 cm diameter)
to separate *H-dopamine and *H-3 methoxytyra-
mine from *H acid metabolites that passed through
the column in the effluent. One milliliter of the
effluent was taken for analysis by liquid scintillation
spectrometry. The Amberlite column was washed with
5 ml of 3:5 ethanol-H,O and with 5 ml of water
containing Triton X-100 (1 per cent). *H-dopamine
and *H-methoxytyramine (3-MT) were eluted with 5
ml of 0.2 n acetic acid in tubes containing 400 ul of a
protective solution (EDTA, 2 per cent-thioglycollic
acid, 0.6 per cent).

Finally, *H-dopamine was separated from the *H-
O-methylated amine by adsorption on alumina
columns. Each Amberlite eluate was adjusted to pH
8.4 with Tris buffer (0.5 ml) and passed over an
alumina column (100 mg, 0.5 cm diameter). The
alumina columns were washed with 5 ml sodium ace-
tate (0.2mM, pH 8.4) and then with 5 ml water
containing 1 per cent Triton X-100. *H-dopamine
was eluted and collected directly into scintillation vials
with 1 ml HCl (0.2 N). For liquid scintillation
counting, samples were placed in 10 ml of a Triton-
based solution containing 5.5 g 2.5 diphenyloxazole,
150 mg 1.2 bis[2-15-phenyloxazolyl]-benzene, and a
2:1 mixture of toluene and Triton X-100. The samples
were counted in a Packard Tri-Carb liquid scintilla-
tion spectrometer. The mean recovery of dopamine
added to superfusate samples and carried through the
procedure was 73 per cent. All samples have been
corrected for this recovery.
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Fii. 1. The effect of a 5-min pulse of DMPP (300 wm) or KCI (50
ma) on the efflux of *H-dopamine from superfused striatal slices.
Slices were prepared and superfused according o details deseribed
in Methods. Data are plotted as dpr/min of *H-dopamine x 1073
versus time in min, Each point represents mean data £ SEM in a
least ten separate slices.

Tissues were obtained at the end of the super-
fusion and homogenized with 2 ml of 3:1 methanol-
water containing EDTA, 100 ul, 2 per cent, and
sodium metabisulfite, 100 ul, 20 per cent, and placed
in the freezer. The next day the tissues were mixed
on a vortex mixer and centrifuged in a Sorvall
refrigerated centrifuger tube at 10,000 rpm for 10
min. A 50-ul volume of the superfusate was taken
for assay of total *H and the remaining sample
processed as described above for the superfusate
samples.

UprTAKE oF *H-DoPAMINE

The effect of bupivacaine on the uptake of *H-
dopamine was compared with effects of cocaine,
lidocaine, and benztropine according to the method
described by Tassin ef al.* Cocaine, lidocaine and
benztropine were used as control substances. Synapto-
somes were prepared from rat striatum by homog-
enization of 50 mg tissue in 0.32 M sucrose (dilution
1/20) and centrifugation at 1,000 X g for 10 min. An
amount (100 ul) of the supernatant representing 5
mg tissue was added to separate incubation vessels
containing a total volume of 4 ml of physiologic
medium (described above) containing pargyline (1.25
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X 107" M) and ascorbic acid (2 X 1073mM) and pre-
incubated at 37 C for 5 min in the presence or ab-
sence of benztropine (107% M), bupivacaine (3 x 1078
M), cocaine (2.9 X 107° M), or lidocaine (2.1 X 1075 m).
*H-dopamine was added in a concentration of 7.4
x 1078 and 0.5-ml aliquots (0.6 mg tissuc) were
taken at 45, 90, and 135 seconds for determination
of 3H-dopamine uptake. The synaptosomes were col-
lected by passage through millipore filters (Millipore
0.8 um, 25 mmat 25 C) following a wash at room temper-
ature with NaCl, 0.5 ml, 0.9 per cent. The filters were
added directly to scintillation vials containing ethanol/
methanol, 4 ml (3/1, v/v) and toluene, 10 ml, contain-
ing 2,5-diphenyloxazole (PPO), 0.4 per cent, and 1,4-
bis[2-(5 phenyloxazolyl)]-benzene (POPOP), 0.01 per
cent, and assayed by liquid scintillation spectrometry.

CALCULATION OF DATA

The release of *H-dopamine was calculated from
the formula:

A-B

_———— % 100
A+B+C

and expressed as the stimulation-induced overflow of
3H-dopamine or as the stimulation-induced overflow
of *H-dopamine as a percentage of the total 3H-
dopamine in the tissue at the onset of the stimulation.

A

the total overflow of *H-dopamine
during the stimulation.

the estimated spontaneous overflow
during the stimulation period.

I

B

DMPP Alone (3 X 10°4M)

Hex 10-5M) + DMPP

Procaine (3 X 10°5M) + DMPP

IIIM Cocaine (2.9 % 10-5M) + DMPP
B Lidocaine (2. x 10°5M) + DMPP
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Fic. 2. Effects of DMPP alone and in the presence of various
drugs on the efflux of *H-dopamine from superfused striatal
slices. Data are plotted as described in the legend of gure 3. For
details see Methods.
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20 - ™ DMPP Alone (3 x 10°4M)

- Halothane (0.95%) + DMPP
B V4 Halothane (1.5%) + DMPP
B Halothane (2.5%) + DMPP
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7 Stimulation-Induced Overflow
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1. 3. Effeats of DMPP and DMPP + halothane on the ef-
flux of *H-dopamine from superfused striatal slices. Slices were
prepared and superfused as described in Methods. Dataare plotted
as percentage stimulated induced overflow of 3H-dopamine (frac-
tional release) in response 1o a 5-min pulse of DMPP in the absence
or presence of halothane. Each bar is the mean = SEM obtained
from the number (N) of experiments listed at the bottom of the
bar. (*P <.05.)

the stimulation-induced release.
total *H-dopamine content in the tis-
sue at the onset of stimulation cal-
culated by adding the *H-dopamine
overflow and the *H-dopamine con-
tent in the tissue at the end of the
superfusion,

A-B
A+B+C

Student’s t test was used for statistical analysis of

the data.

Results

We previously reported that following 30-min
superfusion, 9.8 per cent of the total radioactivity in
the superfusate is represented by various metabolites."®
Similar results were obtained in the present study.
Following application of either a medium containing a
high potassium concentrationora medium containing
DMPP, there was a highly significant increase in the
overflow of *H-dopamine (fig. 1), as well as a similar
but smaller increase in YH-metabolites (cata not shown).
This is quite similar to the increase seen following
electrical stimulation.'® With the concentration used,
potassium chloride produced a greater increase in *H-
dopamine overflow than DMPP. The effect of DMPP
was blocked by the stimultaneous administration of
hexamethonium (1075 M) (fig. 2), while the ganglion
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Fic. 4. Effects of KCl and KCI + halothane on the efflux of
"H-dopamine from superfused striatal slices. Data are plotied as
described in the legend of figure 3. For details sce Methods.

blocker had no effect on the release of *H-dopamine
induced by potassium chloride.

Halothane produced a small but significant concen-
tration-dependent decrease in the release of °H-
dopamine, with a maximum effect at 1.5 per cent
(fig. 3). In contrast, halothane had no effect on
the release of *H-dopamine induced by potassium

EEE KC! Alone (SOmM)
Procaine (3 % 10-3M) + KCI
7771 Bupivacine (3 X 10°6M} + KCI
60 |- coccine (2.9 x 10-5M) + KCI *
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F16. 5. Effects of KCI alone and in the presence of local
anesthetics on the effiux of *H-dopamine from superfused striatal
slices. Data ave plotted as described in the legend of figure 3. For
details see Methods. (*P <.001.)
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Taste 1. Effects of Benztropine and Local Anesthetics on the Up-
take of 3H-Dopamine into Crude Synaptosomes of Rat Striatum

Time after *H-DA Addition (Sec)
Coneentration
Addition M 45 90 135

None — 2.9 =+ 0.2% | 4603 58 +04
Benztropine 10-¢ 0.65 = 0.03%] 0.9 = 0.02%| 1.0 + 0.05%
Bupivacaine | 3 x 107 (2,7 0.3 (44204 [4.7x204
Bupivacaine |3 x 1078 (2,65 £ 0.2 [39=x05 |53 %04
Lidocaine 2.1 % 10-%]2.7 0.5 44 +04 |55x04
Cocaine 29x 1073112 =014 } .8 £0.2% | 2.2 =0.2¢%

* Data reported as dpm X 10~%assay (0.5 mg protein) = SEM.
1P <.001, compared with control.

chloride even at a very high concentration, 2.5 per
cent (fig. 4).

Procaine, cocaine, and lidocaine all produced
marked inhibition (P < .001) of the DMPP-induced
release of *H-dopamine (fig. 2). In marked contrast
to the effect on DMPP-induced release, bupivacaine
and cocaine produced potentiation of the release of
3H-dopamine following potassium chloride admin-
istration (fig. 5), while procaine and lidocaine (data
not shown) had no effect, Since cocaine is well known
to inhibit the neuronal uptake of catecholamines,
resulting in increased overflow to stimulated release,
the effect of bupivacaine on dopamine uptake was
sought as a possible explanation for a similar (to
cocaine) increase in the KCl-induced overflow.
Bupivacaine produced no alteration in the uptake of
3H-dopamine into striatal synaptosomes, while both
cocaine and benztropine produced marked inhibition
of dopamine uplake (table I).

Discussion

Halothane is well known to depress several variables
of cardiovascular function, including cardiac output,
stroke volume, mean arterial pressure, and myo-
cardial conuractility, as well as to dilate peripheral
veins. The mechanism of these effects is contro-
versial. Roizen et al.'® have observed that halothane
causes a decrease in spontaneous and electrically
stimulated release of norepinephrine from the iso-
lated guinea pig hypogastric nerve—vas deferens
preparation. These investigators suggest that depres-
sion of adrenergic discharge is due to a direct action
of halothane on sympathetic nerve endings, which
may account, in part, for the cardiovascular de-
pression. A similar conclusion was reached by Mul-
doon ¢ al.,’ who observed that halothane caused
inhibition of electrically induced vasoconstriction in
cutaneous veins by interfering with the release of
norepinephrine from sympathetic nerve terminals. In
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sharp contrast, Gothert observed that halothane was
without effect in altering electrically induced or potas-
sium chloride-induced release of norepinephrine
from the rabbit heart, while it was very effective
in blocking the release of norepinephrine by activation
of nicotinic receptors.* He found good agreement
between the concentration of anesthetic that would
produce 50 per cent inhibition of norepinephrine
release and the minimum alveolar concentration
(MAC) needed for general anesthesia. Using the oil/
gas partition coefficient, similar results have been
found for a wide range of anesthetics and alcohols.!
Gothert postulated that the inhibition of nicotine-
induced norepinephrine release may be due to con-
formational changes of receptor protein, which pre-
vents the interaction of agonists with the nicotinic
receptor,

Since this may have great relevance to its mech-
anism of action as a general anesthetic, this study of
the effect of halothane on the release of monoamines
from central nervous system tissue was undertaken.
Activation of nicotinic receptors causes release of
dopamine from striatal slices,"” and this appeared to
be a good model in which to study the effects of
halothane. DMPP was chosen as a nicotinic agonist and
was shown to increase the release of *H-dopamine
from striatal slices. The effect of DMPP was blocked
by the administration of hexamethonium, suggesting
that the release was caused by activation of nicotinic
receptors and not by its well-known tyramine-like
effect. The demonstration that local anesthetics pro-
duced marked inhibition of the release induced by
DMPP is consistent with DMPP acting at nicotinic
receptors, since local anesthetics do not alter the
release of dopamine produced by tyramine.’* A
similar release of H-dopamine was previously seen
following application of high concentrations of acetyl-
choline.'” This was likewise blocked by nicotinic
antagonists. The inhibition of the DMPP-induced re-
lease of *H-dopamine from striatal slices by local anes-
thetics observed in this study is analogous to the effect
of these drugs in antagonizing the release of norepi-
nephrine by nicotinic activation in peripheral adrener-
gic neurons.*s

The mechanism by which drugs act to produce
central nervous system depression and general anes-
thesia remains unknown. Adrenergic mechanisms
have been shown to be modulators of anesthetic require-
ments. Depletion of central nervous system catechol-
amines produced by reserpine or methyldopa causes
anesthetic requirements to decrease by 30-40 per
cent.’® Similar decreases in anesthetic requirement
can be achieved by producing lesions in the large
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central norepinephrine-containing cell bodies of the
locus ceruleus.y Local anesthetics acting at the cen-
tral neivous system level can produce either sedation
or stimulation. depending on the local anesthetic
and dose chosen. Lidocaine, which is known (o pro-
duce sedation, was shown to decrease anesthetic
requirement in a manner similar to that produced
by catecholamine depletion, showing a ceiling effect
at a 30-40 per cent decrease.®® In sharp contrast,
cocaine, which blocks catecholamine reuptake and
increases catecholamine concentration at nerve ter-
minals, increases central nervous system activity and
anesthetic requirement *!

This study demonstrates that halothane and local
anesthetics decrease the nicotine-induced release of
4H-dopamine from the rat striatum. This is con-
sistent with the effect ol these agents in altering
the nicotine-induced release of norepinephrine from
the rabbit heart.* Alllocal anesthetics tested produced
much greater inhibition of the release of dopamine
after nicotinic stimulation than was seen following
maximal concentrations of halothane. Potassium-
induced catecholamine release, however, was not
altered by procaine and lidocaine (CNS sedatives),
but was increased by cocaine (CNS stimulant) and
bupivacaine (non-sedative but stimulant at high con-
centrations), The mechanism of release induced by a
medium containing a high potassium concentration is
apparently due to a decrease in the membrane po-
tential of the neuron, and it is this, rather than
the action potential, that is responsible for the
liberation of transmitters such as norepinephrine and
dopamine.®* Although the initial events leading to
transmitter release by neural stimulation (invasion of
the nerve terminal in some unknown way by the
action potential) and potassium (diminution of the
electrogenic transmembrane potential gradient) dif-
fer, the subsequent steps in secretion coupling are
similiar, i.e., entrance of extracellular calcium and
relcase by exocytosis.*>~*' Therefore, this technique
is very useful, and has been frequently employed
for studying the release of transmitters in situations
where the nerve terminals themselves cannot be ef-
fectively activated by electrical stimulation. It will be
interesting o see whether halothane and the local
anesthetics influence the electrically-induced release
of dopamine and the release induced by potassium
similarly. This study also demonstrated that bupivacaine
and cocaine did not block dopamine uptake in similar
ways (table 1). This suggests that inhibition of

1 Roizen, MF, et al, Abstracts, American Saociety of Anesthe-
stologists, 1976, pp 501-502.
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dopamine uptake is not the explanation for the
potentiation of the potassium-induced release follow-
ing cocaine and bupivacaine.

Similarities between the effects of halothane and
those of local anesthetics that have central nervous
system sedative properties on dopamine release sug-
gest that nicotinic receptors on catecholamine neurons
may play a modulating role in determining anesthetic
requirements. Further studies are needed to docu-
ment the effects of these anesthetics on norepi-
nephrine release, since it could be argued that there
may be differences in the effects of drugs on the re-
lease of dopamine, compired with norepinephrine.

In summary, this study shows that both local
anesthetics and halothane depress the nicotinic-
induced release of dopamine, although the inhibitory
effect of local anesthetics is much greater. In con-
trast, halothane, lidocaine, and procaine had no effect
on the release induced by potassium chloride. It will
be of great interest to determine whether similar
effects are seen in cénural noradrenergic neurons.
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