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SHORT COMMUNICATIONS 

Pentobarbital depression of stimulus-secretion coupling in brain- 
Selective inhibition of depolarization-induced calcium-dependent release* 

(Receioed 12 April 1976; accepted 28 June 1976) 

A synaptic locus of action is favored for the actions of 
barbiturates in producing anesthesia [l-lo]. Most investi- 
gators agree that the local anesthetic action of barbiturates 
upon axonal conduction is not required for their general 
anesthetic action [cf. Ref. 11. However, both pre- and post- 
synaptic effects have been described for anesthetic concen- 
trations of barbiturates that could result in the commonly 
observed decrement in synaptic excitability [l l-141. 

A selective barbiturate inhibition of excitatory (depolar- 
izing) post-synaptic conductance changes appears to con- 
stitute the bases for barbiturate depression of synaptic 
transmission in vertebrate neuromuscular and invertebrate 
systems [l, 5, 111. But in the mammalian central nervous 
system, barbiturates inhibit excitatory synaptic transmis- 
sion by a predominantly pre-synaptic mechanism which 
results in a decrease in the amount of transmitter 
released [3,6,810]. On the other hand, inhibitory synap- 
tic transmission appears to be enhanced by pentobarbi- 
tal [S, 151. 

We investigated the effects of pentobarbital (PB, 
2s-200 PM) upon Ca-dependent secretion of norepineph- 
rine (NE) and y-aminobutyric acid (GABA), two presum- 
ably inhibitory transmitters in brain [16, 171, from synap- 
tosomes isolated from mammalian brain. Isolated synapto- 
somal fractions provide an ideal preparation to investigate 
drug effects upon transmitter secretion. Isolation pro- 
cedures, in addition to eliminating direct interneuronal in- 
teractions, allow rapid and accurate control of extracellular 
fluid composition by minimizing diffusional barriers. 

Mouse forebrain synaptosomal fractions were prepared 
and incubated with [jH](-)-NE (3.7 Ci/m-mole. NEN), 
[‘“CIGABA (232 mCijm-mole, Amersham) or both as pre- 

viously described [ 183. After loading, tissue aliquots were 
washed with a Ca-deficient. HEPES-Ringer solution (see 
Fig. 1 legend) every 30 set in a negative pressure filtration 
system [19.20]. Release was stimulated by 1.5 mM CaCl,, 
added to the seventh-wash solutions. Depolarizing agents 
(KC1 and veratridine [Zl, 221) and the ionophore 
A23187$ [23], known to increase Ca permeability in excit- 
able tissue [22225], were added either during the seventh 
wash (stimulation period) or during washout and stimu- 
lation (maximum exposure 210 set) to facilitate Ca-depen- 
dent release. PB was also added either during stimulation 
or during prior washout and stimulation. 

Efflux is expressed as the percentage of the disjmin in 
the seventh wash with respect to the total dis./min present 
in the tissue immediately prior to the seventh wash. 
Release is expressed as the Ca-induced increase in per cent 
efflux of tissue treated equivalently with the exception of 
Ca addition [ I8.20]. 

* This work was supported by Research Grant NS 08597 
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Abuse. 

? N-2-hydroxyethylpiperzine-N’2-ethanesulfonic acid. 
$ A gift from Dr. Robert Hamill. Eli Lilly. 

Blaustein and Ector [13] have recently suggested that 
a primary pentobarbital action in brain is the depression 
of depolarization-dependent Ca influx into nerve terminals. 
In that Ca influx provides the trigger for transmitter secre- 
tion [l&2629], a reduction of depolarization-triggered Ca 
entry by pentobarbital might be sufficient to result in a 
decrease in transmitter secretion. Depolarizing conditions 
were studied to determine whether the PB-induced depres- 
sion of Ca uptake reported by Blaustein and Ector 1131 
might be sufficient to result in a decrease in transmitter 
release. Non-depolarizing conditions that promote Ca in- 
flux were also studied to determine whether the actions 
of PB upon depolarization-sensitive Ca ionophores were 
selective. 

Pentoharbital drpression of’ Kjilcilitufed. Ctr-depmdenr 
release. As shown in Fig. 1. pretreatment of K’-depolar- 
ized synaptosomal tissue with PB for 180 set (2OOpM. 
210 set total washout and stimulation exposure) decreased 
the efflux of both C3H]NE and [‘4C]GABA in the pres- 
ence of Ca. Efflux in the absence of Ca was. however. unaf- 
fected by the prior exposure to PB. In other similar exper- 
iments, 20 PM PB pretreatment significantly decreased Ca- 
dependent efflux of both C3H]NE and [“CIGABA. but 
the depression was much smaller than the approximately 

- Co++ - Ca++ 

Fig. 1. Effects of pentobarbital pretreatment upon C3H]NE 
and [“%]GABA efflux. Synaptosomal fractions were 
resuspended in a HEPES-Ringer medium (150 mM NaCl, 
20 mM HEPES, 10 mM D-glucose. 5 mM KOH. 1.2 mM 
MgSO,, 1.2mM Na,HPO,, 1 mM t--ascorbic acid. I mM 
aminooxy acetic acid, and 0.1 mM pargyline HCl; pH 7.4 
with Tris):Tissue suspensions were incubated with 0.26 PM 
C3H]NE and 0.43 pm [“‘CIGABA for 10 min at 37 After 
incubation, tissue was aliquoted onto filter units and 
washed with elevated KCI (+50mM) HEPES-Ringer 
media either with or without 200 PM pentobarbital added. 
After six consecutive washes at room temperature (22-24 ) 
over 3 min, a seventh 20-set wash was administered which, 
for half of the samples in each condition, contained added 
CaCI, (1.5mM). Radioactivity in the filters and seventh- 
wash filtrates was determined by liquid scintillation spec- 
troscopy, and the per cent efflux from each sample was 
determined [disjmin (filtrate)/dis./min(filter + filtrate)]. 
Open bars indicate non-drug efflux; stipled bars indicate 
e&ix in the presence of 200 PM pentobarbital. Values rep- 
resent the means and S.E.M. for four determinations. The 

asterisk (*) indicates P < 0.05, two-tailed r-test. 
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35 per cent Inhibition observed in Fig. I. Thus. the depres- 
sion of Ca-dependent release of NE and GABA was dose- 
dependent and, in contrast to previous reports for PB 
efl‘ects upon transmitter release from brain 130. 311. the 
dose range for the effect in the present study is within 
the range for general anesthesia [h], yet below local anes- 
thetic concentrations for pentobarbital [h. 7.9.321. 

Selectivity of the PB effect upon &-dependent &f&x, 
but not the “K-dependent” eHux. suggests an interference 
by PB at some reaction within the depolarization- secretion 
sequence subsequent to depo~ri~atioI1. (Note: Cutler zf 
~1. f33] report a PB-ind~lced decrease in K-~iepeIld~nt 
[‘HjGABA release from brain slices in the presence of 
Ca. but do not distinguish Ca- vs K-dopcndcnt cl%%.) 
One possibility, as supported by Blaustein and Ector [ 131 
is a selective PB inhibition of Ca permeation through the 
depolarization-sensitive pre-synaptic Ca ionophore gener- 
ally associated with transmitter secretion systems 
[1X. 26.34.351. Another possibility. previously untested. is 
that PB depresses one of the several subsequeilt reactions 
in the secretion processes (e.g. trallsnlitter availability or 
tr~~nsmitt~r extrusion) thus leading to a decrease in trans- 
mitter released. 

Srlul.tic.it)~ of penfohurhird depusion of Cyu-rlepewtient 
r&w. Generality of PB depression of Ca-dependent 
transmitter release to other facilitating depolarizers. such 
as veratridine [22], would support the interpretation that 
PR exerts its inhibitory actions subsequent to depolariza- 
tion. However. use of an artificial Ca ionophore such as 
A23187 [23) should allow distinction between Ca permea- 
tion and some other reaction (subsequent) as a locus for 
PB effects. Conceptually. A231X7 (which over time periods 
investigated in these studies would not be expected to be 
depolarizing [36]) provides a bypass to the normal mem- 
brane selectivity against Ca permeation. Thus, if PB acts 
at some step subsequent to the depolari~atj~~n-triggered Ca 
influx. PB should depress Ca-dependent release in the pres- 
encc of the artificial. ionophore.. 

Thus. we investigated the abilitv of PB to inlluence Ca- 
dependent release in the presence of either elevated KCl. 
veratridine or A231X7. In these experiments. the duration 
of exposure to both PB and the faciiitatillg agents was 
decreased to minimize the possibilitv of ini~u~ncit~g intra- 
terminal mitochondrial Ca metahohsm. After incubation 
with labeled transmitter, synaptosomal tissue was washed 
in HEPES-Ringer medium (low K I, (‘a-deficient). Facili- 
tating agents were administered either during the stimu- 

lation period alone or during the stimulation period and 
60 set preceding slimulation. PI3 was adtnmistered only 
during the stimulation period (20sec). In order to deter- 
mine the interactions of PB with the ahility of the facilitat- 
ing agents alone to promote Ca-dependent release. parallel 
samples were run in the absence of the facilitating agent, 
and the resulting per cent release values were substracted 

as appropriate (see Tables 1 and 2). 
As demonstrated in Table I. a 20-set exposure to PB 

(2OOpM) depressed the Ca-dcpcndent release of both 
r3H1NE and I’4C1GARA in the oresence of both 50 mM 
KCiand 100 FftM &atridine. Th;is, the ability of Pi3 to 
depress Ca-dependent release was general to depolariza- 
tion-facilitated release in that KC1 and veratridine depolar- 
i7e in characteristically different fashions 1227. Further, 
these data demonstrate that pretreatment with PB is not 
necessary to antagonize the effects of Ca and that PB fails 
to antagonize K-dependent eftiux (Ca-independent) even 
when K is pulsed. 

In a separate set of cxpcriments. we also compared the 
effects of PB upon KCI- and A~3lX7-facilitate. Ca-depen- 
dent release of [“HINE. Facilitating agents were adminis- 
tcred 60 set prior to Ca stimulation in order to aiiow time 
for A23187 to take effect. PB (2OOhiM J and Ca were 
administered only during the stimulation period. As before, 
PB depressed &-dependent release in thk presence of ele- 
wated KCI (Table 2). More importantly. A23~87-facilitated 
Ca-dependent release was unatYected by PB. And. in other 
experiments (not presented), 2OOlrM PB failed to inhibit 
Ca-dependent release of 13H1NE and r”ClGABA in the 
presence of 2 /IM A131 X7-cve;l when the P6 was adminis- 
tered during both washout and stimulation. 

The results of these experiments provide demonstration 
that PB inhibits the depolat%tion-triggered secretion of 
accumulated nelirotr~lnsmitters from brain at PB concen- 
trations (20 200 /iM) within anesthetic ranges. The depres- 
sion of Ca-dependent [.‘H]NE and j’“C]GABA release 
was somewhat surprising followinp the tindings of Nicoll 
~‘t al. [S, 151 that inhibitory synaptic transmission in brain 
is enhanced and prolonged bv PB. This discreuancv is not . . 
trivially resolved: how&er. iti that: (1) cortical slices also 
demonstrate a similar decrease in [‘HJGABA release [i-i]. 
and (2) the Ca-dependent release of I”HlNE and 
[‘JC]GABA from synaptosomes closely mimics the se- 
cretion of endogenous transmitter in similar situa- 
tiom [1X]. 

The depression of release by PB was restricted to situa- 

Table 1. Effects of pentobarbital upon calcium-dependent release facilitated by depolarizing agents* 
~..._~ -. 

Agent-specific c~iiciunl-depelldcnt release 

Agent 

Per cent [,“H)NE release 
With PB 

Without PB (200 I’M) 

Per cent [‘“QGABA release 
With PB 

Without PB (200 JIM) 

KCI (SOmM) 
Veratridine (100 ,IIM) 

537 LO.48 “.a- i 3.46 * 0.7oc 3.7X * 0.32 3.05 i_ 0. I3t 
4.93 & 0.29 3.44 + 11.40t 4.04 f 0.44 2.32 f 0.1X? 

* Synaptosomal suspensions were incubated and plated onto filter units as in Fig. I. After six washes with HEPES 
Ringer medium (3 mM K+, Ca-deficient), the seventh wash, or stimulation period, consisted of one of the following 
media: 

[ 

HEPES--Ringer 
HEPES-Ringer + KC1 (50 mM) 
HEPES-Ringer + veratridine (lo0 PM) 

] x [c~,z;$mM] x [,;;$ 

Ca-dependent efRux (release) was calculated as the difference between per cent efituk in the presence of Ca and per 
cent efflux in the absence of Ca for otherwise identically treated tissue. To obtain fa-dependent release resulting 
specifically from the addition of KC1 or veratridine, per cent release in the absence of the depolarizing agent was 
subtracted from release in the presence of agent. The release values in HEPESRinger alone were as follows: [“H]NE, 
3.50 + 0.28 and 2.85 i 0.18 per cent with PB; [_14C]GABA, 1.04 k 0.36 and 0.92 + O.lo”,, with PB. All values represent 
the mean +S.E.M. of four determinations. 

+ P < 0.05. two-tailed i-test for inherently paired s~tmples. compared to release in the ahsencc of PB. 
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Table I Comparison of pentobarbital effects upon depo- 
larization- and ionophore-facilitated calcium-dependent 

release* 

Agent-specific calcium- 
dependent release 

Agent 

(per cent [“H]NE release) 
With PB 

Without PB (200 /iM) 

KC1 (50 mM) 8.04 * 0.86 5.62 f 0.40t 

A23187 (10pM) 7.14 +_ 0.66 7.60 k 0.64 

* Synaptosomal tissue was prepared and treated essen- 
tially as in Table 1. After incubation with [‘H]NE. tissue 
was washed in either HEPES-Ringer or HEPESRinger 
with 0.14; dimethylsulfoxide (DMSO). Facilitating agents 
were administered where appropriate during the 5~-7 
washes (90-set total exposure). Ca and PB were added only 
during the seventh, 0; stimulation, wash as in Table 1. 
Ca-dependent release resulting specifically from the addi- 
tion of KC1 or A23187 was obtained by subtracting per 
cent release in the absence of the facilitating agent (respect- 
ively. HEPES-Ringer with or without O.lY,, DMSO). The 
release values without agent were as follows: HEPES-- 
Ringer. 3.10 k 0.12 and 2.54 + 0.28 per cent with PB; 
HEPES-Ringer with O.l”:, DMSO. 3.73 i_ 0.36 and 
2.38 + 0.16 per cent with ‘be. All values represent the 
mean and S.E.M. of four determinations. 

t P cc 0.05, two-tailed t-test for inherently paired 
samples. compared to release in the absence of PB. 

tions in which depolarizing agents (KC1 and veratridine) 
were used to facilitate Ca influx, delimiting a selective locus 
of action for this PB effect: the voltage-sensitive pre-synap- 
tic Ca ionophore associated with transmitter secretion. The 
failure of PB to modify Ca-dependent release in the pres- 
ence of A23187 demonstrates the viability of secretion pro- 
cesses subsequent to Ca permeation. And, in combination 
with PB inhibition of release in the presence of elevated 
KCI or veratridine. this brackets the locus of action 
sequentially within the postulated sequence of stimulus- 
secretion coupling processes to the depolarization-trig- 
gered Ca permeation step. 

General membrane effects of PB (e.g. alteration of sur- 
face charge or fluidity) seem unlikely as-a mechanism. since 
such general effects would be expected to alter the efficacy 
of A23187 for facilitating Ca-dependent release as well. The 
ability of PB to aflect the coupling of [Cal,, to release 
specifically by depolarizing agents could, however, result 
from a selective PB effect on membrane fluidity or surface 
charge at specialized regions of the pre-synaptic membrane 
(i.e. the voltage-sensitive. or “late,” Ca ionophore 134, 351). 

The present experiments suggest that investigation of PB 
effects at the level of such “late” Ca ionophores may be 
useful for further distinguishing molecular mechanisms 
contributine to PB action. That is, PB may inhibit the 
ability of depolarization to activate the ionophores, per- 
haps by reducing the number of activated ionophores or 
the duration of activation, or it may inhibit the permeabi- 
lity offered by the ionophores by decreasing the mobility 

of Ca through the ionophores or the concentration of Ca 
in the ionophores. 
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