was about 90 percent of the control val-
ue. The loss at 21 kHz was somewhat
greater for finger spelling. The best sub-
jects (which include four of the five labo-
ratory and university employees and just
two or three of the others) were general-
ly the youngest subjects in this sample:
their ASL performance at 4.4 kHz was
40 to 50 percent of control. Their per-
formance at 4.4 kHz is about what would
be obtained with hearing subjects listen-
ing to voice communication over a 1.5-
kHz (low-pass) channel (/5). Thus, while
a television picture may use more than
1000 times the bandwidth of a telephone
line, visual transmission of ASL requires
only a few times more bandwidth than
voice communication.

The minimum bandwidth required for
the video transmission of ASL by a ras-
ter scan is not known; the design of the
present study yields only an upper
bound. A more judicious choice of raster
variables (fewer frames per second,
more lines per frame, interlace, and so
forth) would almost certainly reduce this
upper bound substantially. The low
bandwidth—the low information rate—
makes possible more advanced picture
coding by any of many schemes to fur-
ther reduce the bandwidth.

Present video transmission systems
thus use a much wider bandwidth than is
required for transmission of ASL. By a
sevenfold further reduction in the band-
width required for ASL transmission or
by a sevenfold increase in the bandwidth
that can be carried on telephone facili-
ties, the ASL-signing deaf population
could—with appropriate video termi-
nals—use our present telecommunica-
tion facilities for ASL communication.

GEORGE SPERLING
Department of Psychology,
New York University,
New York 10003
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Electroconvulsive Shock: Progressive Dopamine Autoreceptor

Subsensitivity Independent of Repeated Treatment

Abstract. Repeated electroconvulsive shock, applied to rats, induces a sub-
sensitivity of dopamine autoreceptors located in the substantia nigra as indexed by
single-unit electrophysiological techniques. This reduced sensitivity is time-depen-
dent, since effects similar to those seen with repeated treatment were also observed
when single electroconvulsive shock was followed by an appropriate treatment-free
interval. These data, coupled with identical results after the repeated administration
of tricyclic antidepressants, raise the possibility that a reduction of dopamine au-
toreceptor sensitivity could underlie both electroconvulsive shock and pharmaco-

logical treatment of depression.

Electroconvulsive shock (ECS) is gen-
erally thought to be the most effective
means of treating endogenous depres-
sion (/). It affects a variety of putative
neurotransmitter or neuromodulator
substances including norepinephrine,
dopamine, serotonin, <y-aminobutyric
acid, and the endorphins (2). Consid-
erable attention has recently been direct-
ed toward receptor mechanisms possibly
underlying the therapeutic efficacy of
both ECS and the tricyclic antidepres-
sants (TCA'’s) (3); the focal point of this
research has been the norepinephrine
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Fig. 1. The effects of various ECS treatments
on the apomorphine-induced (0.004 mg/kg, in-
travenously) inhibition of the spontaneous ac-
tivity of dopaminergic neurons of the SNC
(16). For each treatment, N is shown in paren-
theses. Abbreviations: I +7 ECS, single
ECS followed by 7 days without treatment;
6 +2 ECS, six daily ECS’s followed by 2
days without treatment.
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system. Several studies have now dem-
onstrated changes indicating decreased
B-adrenergic receptor function after re-
peated treatment with either ECS or
TCA’s (4). Our own recent research has
shown that repeated TCA administration
induces a progressive subsensitivity of
dopamine autoreceptors [dopamine re-
ceptors on the soma and dendrites of
dopamine-containing neurons located in
the zona compacta of the substantia
nigra (SNC)] independent of daily drug
administration (5). In light of these find-
ings we inquired whether ECS could pro-
duce similar effects. We now report that
ECS also gradually reduces dopamine
autoreceptor sensitivity and that this
process depends on the passage of time
rather than on repeated shock treatment.

Twenty-seven male albino rats (200 to
250 g; Zivic-Miller) housed two per cage
with free access to food and water were
maintained on a 12-hour light/dark cycle.
After a period of ECS treatment the ani-
mals were anesthetized with chloral
hydrate (400 mg per kilogram of body
weight, injected intraperitoneally), and
the electrophysiological activity of do-
paminergic neurons located within the
SNC [anterior 1300 to 2400 wm, lateral
1300 to 2400 um (6)] was monitored (7).
Briefly, single unit neuronal activity was
recorded through glass micropipettes
filled with 2M NaCl saturated with Fast
Green dye (in vivo impedance, 8 to 15
megohms). Action potentials were fed
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into a differential amplifier with high-in-
put impedance (band-pass filters, 0.1 to 3
kHz) whose output was led into a win-
dow discriminator. The digital output of
the window discriminator was simultane-
ously fed into a signal integrator and a
digital frequency meter. Pharmacologi-
cal agents were administered through a
femoral catheter. All drug doses are
based on the weight of the salt. At the
end of each recording, the site of the mi-
cropipette tip was marked for later histo-
logical examination by passing a —40-
MA current for 10 minutes (8).

Individual dopaminergic neurons were
located on the basis of the elec-
trophysiological criteria of Bunney et al.
9). That is, dopaminergic cells within
the SNC spontaneously fire at 1 to 9 Hz,
have biphasic (+/—) action potentials
with amplitudes of 0.4 to 1.5, mV, and
typically burst upon discharge. These
cells are inhibited by the administration
of the dopamine agonist apomorphine
and subsequently increase their firing
rate in response to the injection of the
dopamine antagonist, haloperidol, thus
also meeting the pharmacological criteria
for identifying dopaminergic. neurons
(10).

In experiment 1, animals received
ECS either once a day for 6 days or on
only a single occasion 60 minutes before
recording. Handled but unshocked ani-
mals with ear clips were controls. The
ECS consisted of a 0.7-second pulse of a
105-V alternating current (60 to 100 mA)
administered through ear-clip elec-
trodes. The animals were recorded from
48 hours after the last ECS. Once a do-
paminergic neuron was located, its spon-
taneous activity was monitored for a
minimum of 4 minutes to establish a re-
liable baseline. Apomorphine was then
administered. Since a 0.004-mg/kg intra-
venous dose of apomorphine inhibits the
spontaneous activity of dopaminergic
neurons by stimulating only dopamine
autoreceptors (/1), we used the inhibi-
tion obtained with this drug dose as our
index of autoreceptor sensitivity.

We found that long-term ECS reduces
the sensitivity of dopamine autorecep-
tors (Fig. 1). Six daily exposures to ECS
significantly attenuated apomorphine’s
ability to inhibit the spontaneous dis-
charge of dopaminergic neurons relative
to both the single ECS group (Mann-
Whitney U test, U = 8, P = .037) and
controls (U = 7, P = .013). Single ECS
had no effect on the inhibition produced
by this presynaptic dose of apomor-
phine.

To determine the possible functional
significance of the reduced sensitivity of
dopamine autoreceptors, we also exam-
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ined their responsiveness to tail pres-
sure, a mildly activating, nonpainful en-
vironmental stimulus. Tail pressure in-
duces dopamine-dependent behaviors and
alters the discharge rate of mesence-
phalic dopaminergic neurons (7). The 6-
day ECS group displayed a trend (though
not significant) to be more responsive to
tail pressure than the handled controls
[mean percent change in discharge
=+ standard error (S.E.); controls,
432 =179, 6-day ECS group 70.9
* 22.4].

We recently found that the progres-
sively diminished dopamine autorecep-
tor sensitivity that follows repeated TCA
treatment depends on the passage of
time rather than on daily drug treatment
(5). The same diminution of autoreceptor

sensitivity was seen whether recording -

A 2580

A 1610

Fig. 2. Histological localization of dopaminer-
gic neurons sampled.

was done 2 days after 10 days of drug
treatment or 10 days after 2 days of TCA
administration. These findings raised the
question of whether ECS-reduced sensi-
tivity is also independent of daily shock
treatment. We thus administered ECS a
single time and 7 days later recorded
from dopaminergic neurons. Rats in this
group developed the same reduced sensi-
tivity as the 6-day ECS group and dif-
fered significantly from both the control
group (U =0, P = .001) and from the
group also given one ECS but tested only
60 minutes later (U = 4, P = .013) (Fig.
1). All cells reported were located within
the SNC (Fig. 2).

Our data indicate that ECS can reduce
the sensitivity of dopaminergic autore-
ceptors. As with TCA’s the diminished
sensitivity seen with ECS depends on
the passage of time. That is, a single ECS
reduced sensitivity as much 7 days later
as ECS given for 6 days. The only con-
trast between the present findings and
those previously obtained with TCA’s is
in the responsiveness of dopaminergic
neurons to mild tail pressure. Whereas
all TCA treatments resulted in a signifi-
cant augmentation of the change in firing
rate produced by tail pressure (§), this
did not occur with ECS. However, this
difference may be more apparent than
real since the same trend was seen with
both ECS and pharmacological antide-
pressants.

Repeated (but not single) ECS has re-
cently been reported to result in neuron-
al changes indicative of a decrease in 3-
adrenergic receptor functioning (). It is
possible that our data can be explained in
terms of a similar mechanism. That is,
ECS may also reduce the density of do-
paminergic autoreceptors within the sub-
stantia nigra. Moreover, since repeated
ECS is able to block reuptake in noradre-
nergic neurons (/2), a similar blockade of
dendritic reuptake may reduce autore-
ceptor sensitivity as a compensation for
overstimulation.

An obvious issue raised by our find-
ings is whether the modification of dopa-
mine autoreceptor sensitivity has any
relevance to depression and its treat-
ment. While any attempt to answer this
question is speculative, several points
can be made. Depression may be in part
related to a decrease in the functional ac-
tivity of dopaminergic systems. Indirect
support for this hypothesis comes from
the finding that depression is often asso-
ciated with parkinsonism (I3), a disorder
that reflects a severe decrease in nigro-
striatal dopaminergic activity. Of greater
relevance to endogenous affective illness
is that dopaminergic function can also be
attenuated in the absence of brain dam-
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age by an increase in the sensitivity (su-
persensitivity) of dopaminergic autore-
ceptors. The development of such super-
sensitivity would make the dopaminergic
neuron more vulnerable to the inhibitory
effects of dendritic dopamine release
(I4). This in turn would result in in-
creased autoregulation (that is, increased
self-inhibition) of dopaminergic neuronal
activity, thereby causing a decreased re-
sponsiveness to the environment and
possibly depression. If our speculation is
correct, the dopamine autoreceptor sub-
sensitivity, such as we have now demon-
strated with both ECS and tricyclics (5),
- might gradually reverse this super-
sensitivity and, in so doing, ameliorate
depression. The passage of time required
for the reduction of sensitivity is consist-
ent with the delayed onset of the thera-
peutic influence of both ECS and tri-
cyclic antidepressants (/5). These data
tentatively suggest, as previously pro-
posed for TCA’s (5), that it may not be
necessary for ECS to be repeatedly ad-
ministered in order for it to be therapeu-
tically effective. Instead, a single ECS
(or short-term treatment) may be suf-
ficient to trigger autoreceptor sub-
sensitivity, which, as it progresses, be-
comes functionally manifest as an anti-
depressant effect. Alternatively, auto-
receptor sensitivity reduced by ECS
may be an intermediate process provid-
ing the impetus for other neuronal
changes necessary to achieve clinical ef-
ficacy. In either case, the hypothesis that
repeated antidepressant treatments may
not always be required warrants testing
in a controlled clinical trial.
Lours A. CHIODO
Psychobiology Programi,
Department of Psychology,
University of Pittsburgh,
Pittsburgh, Pennsylvania 15260
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Western Psychiatric Institute and Clinic,
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Monkey Responses to Three Different Alarm Calls: Evidence of
Predator Classification and Semantic Communication

Abstract, Vervet monkeys give different alarm calls to different predators. Record-
ings of the alarms played back when predators were absent caused the monkeys to
run into trees for leopard alarms, look up for eagle alarms, and look down for snake
alarms. Adults call primarily to leopards, martial eagles, and pythons, but infants
give leopard alarms to various mammals, eagle alarms to many birds, and snake
alarms to various snakelike objects. Predator classification improves with age and

experience.

A central but neglected issue in the
study of anirhal communication is that of
semantics. Have species other than man
evolved the ability to make systematic
use of signals to refer to objects in the
external world? Captive chimpanzees
(Pan troglodytes) and gorillas (Gorilla
gorilla) can be taught to use symbols to
represent different objects without sup-
port from contextual cues (/), but wheth-
er nonhuman species exhibit a similar
ability under natural conditions has yet
to be investigated.

If an organism is to communicate se-
mantically, using different signals to rep-
resent distinct objects in its environ-

. ment, it must either employ many signals

or sort objects into groups. Present in-
dications are that repertoires of natural,
meaningfully distinct signals are limited

in animals. Thus any study of semantic -

communication under natural conditions
must consider how animals ‘‘categorize”’
objects in the external world. The extent
to which nonhuman- species divide ob-
jects into groups for the apparent pur-
pose of communicating about them is not

known (2). We present field data on re-
sponses of free-ranging vervet monkeys
(Cercopithecus aethiops) to playbacks of
recorded predator alarm calls. Addition-
al data illustrate how vervets classify
predators and suggest how such cate-
gorization develops.

Three groups of free-ranging vervet
monkeys were studied in Amboseli Na-
tional Park, Kenya, for 14 months.
Groups contained a mean of 4 adult
males (range 2 to 7), 7.6 adult females
(range 7 to 8), 6.2 juveniles (range 1 to
11), and 6.5 infants (range 6 to 8). During
1500 hours of systematic sampling of so-
cial behavior, tape recordings were made
of as many vocalizations as possible (3).
Analysis was limited to those instances
in which observers identified the vocal-
izer, the stimuli that occasioned vocal-
ization, and apparent responses of near-
by individuals.

Field recordings of more than 100
alarm calls supported Struhsaker’s find-
ing (4¢) that vervets in Amboseli gave
acoustically different alarm calls to at
least three different predators: leopards
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