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Pentobarbital: Selective Depression of 

Excitatory Postsynaptic Potentials 

Abstract. The effects of pentobarbital (Nembutal) on synaptic transmission and 

postsynaptic potentials were studied by the use of several invertebrate preparations. 
Pentobarbital selectively and reversibly depressed both excitatory postsynaptic 
potentials and sodium-dependent postsynaptic responses to putative excitatory 
transmitters without affecting either inhibitory postsynaptic potentials or chloride- 
and potassium-dependent postsynaptic responses to putative transmitters. A selective 

depression of postsynaptic excitatory events was also observed with other central 
nervous system depressants (ethanol, chloroform, chloralose, diphenylhydantoin, and 

urethane). The results suggest that central and peripheral depression observed during 
general anesth'esia is due to a selective depression of excitatory synaptic events. 
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Fig. 1. Selective depression of excitatory postsynaptic potentials by pentobarbital. (A) 
Membrane potential traces showing excitatory and inhibitory postsynaptic potentials 
(EPSP and IPSP) recorded in a lobster muscle. The IPSP's have been evoked at 
frequencies of one and ten stimuli per second. Pentobarbital (Nemb) (2 X 10-4M) re- 
duces the amplitude of the EPSP's without altering the size of the IPSP's. Washing 
(Wash) with drug-free saline restores the EPSP's to their original size. (B) Membrane 
responses of lobster muscle [from a different preparation than that used in (A)] to 
the perfusion of putative transmitters glutamate (Glu) (10-4M) and GABA (10-lM) 
(during the period indicated by the horizontal bars). The downward deflections in the 
records are voltage responses to constant current pulses. The excitatory transmitter gluta- 
mate causes a depolarization and decrease in membrane resistance. The glutamate response 
is depressed by 10-4M pentobarbital. The inhibitory transmitter GABA also produces 
a depolarization in these experiments, since the muscle fibers were hyperpolarized in 
K+-free salines [see (12)], and hence the equilibrium potential of the IPSP (or Eca) 
was shifted in a depolarizing direction relative to the resting potential. The depolariza- 
tion and decrease in membrane resistance in response to GABA remain unchanged. 
Washing with drug-free saline restores the glutamate depolarization. Calibration: 15 
my, 12 seconds in (A), 2 minutes in (B). Con, control. 
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anesthetics depress synaptic transmis- 
sion at concentrations which do not 
block axonal conduction (3, 6, 9), it is 
more likely that the depression is oc- 
curring at the synaptic site. Many in- 
vestigations have demonstrated that gen- 
eral anesthetics depress excitatory post- 
synaptic potentials (3-7, 10), while 
others have shown that inhibitory post- 
synaptic potentials are preserved under 
the same conditions (4, 8). The synaptic 
mechanisms which have been proposed 
to account for general anesthesia in- 
clude (i) a decrease in the presynaptic 
release of excitatory transmitter (2, 3), 
(ii) an increase in the presynaptic re- 
lease of inhibitory transmitter (4), (iii) a 
decrease in the postsynaptic chemosen- 
sitivity to excitatory transmitter (6, 10, 
11), and (iv) a stabilization of the post- 
synaptic membrane to inhibit action po- 
tential generation (7). In this report we 

present evidence to support the hy- 
pothesis that the action of general anes- 
thetics (and central nervous system de- 

pressants) is primarily postsynaptic in 
nature and involves a selective depres- 
sion of excitatory postsynaptic events 
without change in inhibitory postsyn- 
aptic events. 

To test the effects of anesthetics on 

synaptic transmission and postsynaptic 
sensitivity we used several molluscan 
and crustacean preparations with readily 
obtainable excitatory and inhibitory 
postsynaptic potentials. The prepara- 
tions studied included identified nerve 
cells in Aplysia californica (sea hare) 
and Otala lactea (a land snail) and 

walking leg neuromuscular junctions in 

crayfish (Orconectes virulis) and lobster 
(Homarus americanus). They were 

placed in appropriate chambers and 

perfused with artificial salines (12), and 
one or two KCl-filled glass micropi- 
pettes were inserted into the neurons or 
muscle fibers for the purpose of record- 

ing membrane potentials and passing 
current across the membrane. Potentials 
were measured with conventional tech- 

niques and were displayed on an oscil- 

loscope and recorded on a pen-record- 
er. Drugs were dissolved in the salines 

just prior to perfusion (13). 
Pentobarbital, in concentrations pres- 

ent under conditions of surgical anes- 
thesia (2 X 10-4M), reversibly antago- 
nized the excitatory postsynaptic poten- 
tials in lobster muscle fibers, but did 
not affect the inhibitory postsynaptic 
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ditions the excitatory postsynaptic po- 
tentials were approximately 5 to 7.5 my, 
while in the presence of 2 X 10-4M 

pentobarbital these had decreased to 2 
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to 3.5 mv, without an alteration in the 
inhibitory postsynaptic potentials. Wash- 
ing for 10 minutes restored the excita- 
tory postsynaptic potentials to their 
original amplitude. In complementary 
fashion pentobarbital (10-4M) selec- 
tively and reversibly antagonized the 
sodium-dependent depolarization of lob- 
ster muscle fibers by the putative trans- 
mitter, glutamate (14), but did not 
affect the chloride-dependent action of 
the putative transmitter, y-aminobutyric 
acid (GABA) (15) (Fig. 1B). The de- 
pression of the glutamate response by 
pentobarbital was apparent over the 
entire range of glutamate doses tested 
(10-5 to 6 X 10-4M). These results 
were observed in five different lobster 
neuromuscular junction preparations. 
Similar results were obtained in experi- 
ments on the crayfish neuromuscular 
juncture. 

Pentobarbital (2 X 10-4M) also re- 
versibly depressed excitatory postsynap- 
tic potentials recorded in cells R2 and 
R15 of the marine mollusk Aplysia. The 
selective nature of the pentobatbital de- 
pression was investigated in this and 
another molluscan preparation by study- 
ing the effects of pentobarbital on a 
biphasic postsynaptic potential (elicited 
by stimulation of either the left parietal 
nerve in Otala (cell 11, Fig. 2A) or the 
branchial nerve in Aplysia (R15, Fig. 
2B). The biphasic postsynaptic potential 
in these cells is thought to be mediated 
by dopamine with the depolarizing 
phase primarily dependent on sodium 
and the hyperpolarizing phase primarily 
dependent on potassium (16, 17). Pen- 
tobarbital reversibly depressed the de- 
polarizing (excitatory) component of 
the biphasic postsynaptic potential 
while leaving the hyperpolarizing (in- 
hibitory) component relatively un- 
changed (18). This effect was observed 
in five different preparations. Thus, the 
action of pentobarbital appeared to be 
directed primarily to the synaptically 
induced depolarizing event. 

We then examined the effects of 
pentobarbital on pharmacologically in- 
duced conductance and potential 
changes in neurons by studying the 
drug's interaction with putative trans- 
mitters on the postsynaptic membrane 
of cell 11 in Otala. Pentobarbital re- 
versibly antagonized sodium-dependent, 
cholinergic depolarizations (Fig. 2C) 
over a tenfold range of acetylcholine 
concentration (Fig. 2D) in a dose- 
dependent manner. Neither the potas- 
sium-dependent hyperpolarization of the 
membrane potential by dopamine (Fig. 
2C) nor the potassium- and chloride- 
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dependent hyperpolarization (of the 
same cell) by glutamate (not illustrated) 
was affected by pentobarbital. These 
results were obtained in over 30 differ- 
ent preparations. Similar, selective de- 
pressions of acetylcholine depolariza- 
tions were obtained with chloralose, 
chloroform, diphenylhydantoin, ethanol, 
and urethane. The relative potency of 
these depressants was diphenylhydantoin 
^ pentobarbital > chloralose > chloro- 
form > urethane > ethanol. 

The above results indicate that pento- 
barbital can selectively depress excita- 
tory postsynaptic events without alter- 
ing inhibitory postsynaptic events in a 
variety of crustacean and molluscan 
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preparations. Although we cannot ex- 
clude the additional involvement of a 
presynaptic mechanism (19), the paral- 
lelism between the selective depression 
of excitatory postsynaptic potentials 
and the selective depression of pharma- 
cologically induced postsynaptic depo- 
larizations strongly suggests that the de- 
pression of these potentials is, at least 
in part, mediated through a postsynap- 
tic mechanism. The fact that we have 
observed such selective effects with four 
different transmitters (acetylcholine, glu- 
tamate, GABA, and dopamine) coupled 
to three different conductances (sodium, 
potassium, and chloride) indicates that 
the phenomenon may be generalizable 
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Fig. 2. Pentobarbital selectively depresses postsynaptic excitatory events. (A) Mem- 
brane potential traces from neurosecretory cell (No. 11) in the land snail Otala. Post- 
synaptic responses to stimulation of the left parietal nerve were recorded at -50 my 
to enhance the inhibitory component and at -75 my to enhance the excitatory com- 
ponent of the biphasic response. The membrane potential was controlled by passing 
current through a second intracellular electrode. Bathing for 5 minutes in a saline 
containing 2 x 10-4M pentobarbital (Nemb) greatly reduces the excitatory component 
with little effect on the inhibitory phase. Washing (Wash) with drug-free saline re- 
stores the excitatory phase. (B) Membrane potential traces from a bursting pacemaker 
neuron (R15) in the sea hare Aplysia. Postsynaptic potentials were recorded at -46 
and -80 mv in response to stimulation of the branchial nerve. The excitatory phase 
of the biphasic response is selectively reduced by bathing with 2 X 10-4M pentobarbital. 
(C) Membrane potential traces from the neurosecretory cell (No. 11) in Otala. Bath 
application of acetylcholine (ACh) (during the time indicated by horizontal bar above 
trace) causes a depolarization of the membrane potential, while dopamine (10-SM) 
increases the membrane potential and conductance. Pentobarbital (10-4M) depresses 
the ACh depolarization without altering the dopamine hyperpolarization. Washing with 
drug-free saline restores the ACh response. (D) Dose-response curves to bath applica- 
tion of ACh in the same cell as illustrated in (C). Pentobarbital (10-M) reversibly 
depresses the ACh dose-response curve over the entire range of ACh concentrations 
tested. Calibration: 40 my in (A), (B), and (C) (ACh), 20 my in (C) (dopamine); 
12 seconds in (A) and (B), 2 minutes in (C). Con, control. 
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to include selective depression of all 
transmitter-coupled sodium conduct- 
ances with preservation of all trans- 
mitter-coupled chloride and potassium 
conductances. Furthermore, the close 
correspondence between the concentra- 
tion of depressant producing a half- 
maximal depression of the acetylcholine 
depolarization and the plasma concen- 
tration present under conditions of gen- 
eral anesthesia or anticonvulsive therapy 
(9, 20) suggests that a similar, selective 
postsynaptic depression of ---excitatory-- 
postsynaptic potentials may be involved 
in these forms of central nervous sys- 
tem depression. The mechanism under- 
lying this selective depression of the 
transmitter-coupled sodium ionophore 
requires investigation. 

JEFFERY L. BARKER 
HAROLD GAINER 

National Institute of Child Health 
and Human Development, 
National Institutes of Health, 
Bethesda, Maryland 20014 
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Retinyl Acetate: Effect on Cellular Content of RNA in 

Epidermis in Cell Culture in Chemically Defined Medium 

Abstract. Cell cultures of epidermis from newborn mice were established in 
chemically defined medium. Additions of retinyl acetate to these cultures caused a 
significant increase in cellular RNA content. Addition of insulin and hydrocorti- 
sone to the cultures potentiated the effect of retinyl acetate on cellular RNA content. 
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Although it was established over 50 
years ago that vitamin A is required for 
normal differentiation of epithelial cells 
in many organs (1), the molecular mech- 
anisms whereby vitamin A controls 
this process are still unknown. The 
structures of the metabolite or metabo- 
lites of vitamin A which control cell 
differentiation are also unknown; there 
is a great deal of evidence which sug- 
gests that structures other than vitamin 
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A alcohol (retinol) ;may be involved in 
this process (2). Although there have 
been numerous reports of the ability of 
vitamin A to control epithelial cell dif- 
ferentiation in organ culture, particu- 
larly of its ability to suppress keratini- 
zation and enhance secretory activity 
(3), the molecular mechanisms involved 
have not been elucidated by organ cul- 
ture studies. The use of chemically de- 
fined media for epithelial cell cultures 
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Table 1. Changes in levels of RNA, DNA, and protein in mouse epidermal cell cultures 
3 days after culture in chemically defined medium supplemented with hormones or retinyl 
acetate or both. Hormone treatment was crystalline bovine insulin, 5 /g/ml, and hydrocortisone 
hemisuccinate, 5 ug/ml. Retinyl acetate was the all-trans isomer, at either 1.56 or 3.12 U/g/ml, 
dissolved in dimethyl sulfoxide to give a final dimethyl sulfoxide concentration of 1.25 percent. 
Dimethyl sulfoxide was included in all cultures (final concentration, 1.25 percent). Values for 
total RNA, DNA, and protein have been normalized with respect to the cultures which 
received no treatment. Standard deviations from the mean are given for all values. 

Supplements Total RNA Total DNA Total Protein/ 
to medium per dish per dish per dish D 

per dish 

None 1.00* 1.00* 1.00* 0.61 ? .06 17.3 ? 1.9 
Hormone 0.97 ? .08 1.00 - .15 1.10 ? .19 .59 ? .07 19.1 ? 2.1 
Retinyl acetate 1.40 ? .19t 1.18 + .18 1.13 ? .14 .73 - .031 16.9 ? 2.1 
Hormone and 

retinyl acetate 2.08 ? .23t? 1.40 - .21t 1.54 + .18t? .92 ? .12t? 19.4 ? 3.2 
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* The mean values for this treatment were derived from five separate sets of experiments and were 
as follows: total RNA per dish, 10.1 ug; total DNA per dish, 16.6 /tg; and total protein per dish, 
291 /tg. At the start of the experiment ("zero-time" controls), these mean values were: RNA, 7.3 rg 
per dish; DNA, 11.2 /ig per dish; and protein, 149 /gg per dish. t These values differ significantly 
from the corresponding values from untreated cultures (P < .001 by t-test) or from cultures treated 
with hormone alone (P < .01 for values for total DNA). ? These values differ significantly 
(P < .001) from the corresponding values from cultures treated with retinyl acetate alone. 
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