
quantitative differences in pharma- 
cologic actions (12). Further studies 
are also required to determine whether 
the suppression of rapid eye move- 
ments by sedative-hypnotic agents repre- 
sents a primary inhibition of oculomo- 
tor function (13) that becomes apparent 
during REM sleep or whether it reflects 
instead a specific effect upon phasic 
REM processes. 

The absence of REM rebound after 
barbiturate withdrawal under the condi- 
tions of our studies is paralleled by 
results of a recent study of the effects 
of ethyl alcohol on sleep. Gross et al. 
(14) found that high dosages (3.2 g per 
kilogram of body weight per day) of 
alcohol administered for 4 to 6 days 
severely depressed REM sleep. Never- 
theless, withdrawal led only to a return 
to baseline levels without significant 
overshoot. These results call into ques- 
tion the assumption that the high level 
of REM sleep found in some patients 
with delirium tremens (15) represents 
a rebound phenomenon. This extraor- 
dinarily intense REM activity is per- 
haps the most striking abnormality of 
brain physiology apparent in human 
delirium. It is therefore of interest to 
determine the factors responsible for 
its sporadic occurrence. 
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6. The following appear to be the crucial re- 
ports on which the notion of REM rebound 
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(1965)] administered 400 g of amobarbital to 
two subjects for nine nights, then increased 
the dosage to 600 mg for nine additional 
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withdrawal nights. No statistical analysis 
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withdrawal period (considered as baseline) 
compared to the first and third withdrawal 
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mention is made of "blind" scoring, nor is 
the reason given for selecting these nights 
for analysis. Evans et al. (2) studied two 
subjects receiving 200 mg of amobarbital for 
26 nights and one subject who was already 
addicted to Tuinal (300 mg each of amo- 
barbital and quinalbarbital). Upon with- 
drawal, the first two subjects showed higher 
than baseline percentages of REM sleep, but 
no statistical comparisons were reported. The 
third subject showed low values for REM 
(15 percent) during drug administration; 
withdrawal led to an increase to values (25 to 
30 percent) well within the normal range. A. 
Kales, T. A. Preston, T. L. Tan, C. Allen 
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neither a significant suppression of REM 
sleep during drug administration nor rebound 
after withdrawal with 100 mg of pentobarbital 
administered for three nights. Nevertheless, 
they suggested that an "intranight" rebound 
had occurred, with more REM activity early 
and less later during the withdrawal nights. 
Such changes, which would be described more 
accurately as "redistributions" (3) rather than 
"rebounds," were not statistically documented. 
Nevertheless, the notion of an intranight REM 
"rebound" has gained widespread acceptance. 
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with relating the electrophysiological 
activity of hypothalamic neuroendocrine 
cells with the amount of hormone 
released from their axon terminals lo- 
cated in the posterior pituitary lobe. 
Evidence for a causal relationship be- 
tween neuronal firing and oxytocin re- 
lease is available; thus, in lactating rats, 
an explosive increase in impulse activity 
of neuroendocrine cells consistently 
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precedes the reflex secretion of oxytocin 
in response to suckling (1). In contrast, 
results on the correlation between neu- 
ronal firing and release of antidiuretic 
hormone in response to acute osmotic 
stimulation are less clear (2). We there- 
fore studied the firing of supraoptic 
neuroendocrine cells during a prolonged 
and powerful osmotic stimulus; a water 
deprivation experiment was performed 
in monkeys, during which we noted an 
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Firing Patterns of Hypothalamic Supraoptic Neurons 

during Water Deprivation in Monkeys 

Abstract. Water deprivation in monkeys caused an acceleration of action poten- 
tial firing of supraoptic neurons, but not of neurons located 2 to 3 millimeters 
above the hypothalamic supraoptic nucleus. Whereas in the normally hydrated 
animal only 12 percent of the neuroendocrine cells discharged periodically, the 
proportion of these periodic bursters increased markedly with increasing plasma 
osmolarity. This finding suggests that such periodically firing supraoptic neurons 
are those engaged in active neurohypophyseal hormone secretion. 
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Table 1. Patterns and rates of firing of hypothalamic supraoptic neurons as a function of 
plasma osmolarity during water deprivation. S.D., standard deviation of the mean. Percentages 
are shown in parentheses. 

Plasma Number Pattern of firing Firing rate (spikes 
osmolarity of per second) 

(millios- neurons r Periodic Conti 
mols/kg) studied bursting Contnuous Mean S.D. 

299 16 14 (88) 2 (12) 1.01 0.79 
300 to 309 6 3 (50) 3 (50) 1.84 .55 
310to 319 12 2 (17) 8 (66) 2 (17) 2.41 1.29 
320to 329 2 1 (50) 1 (50) * 
330 to 339 12 5 (42) 7 (58) 5.28 4.11 

_ 340 23 7 (30) 16 (70) 7.19 4.24 

* The individual firing rates of the two neurons were 4.07 and 2.87. 

increase in the mean firing rate of neu- 
roendocrine cells, and in the proportion 
of supraoptic neurons which fire pe- 
riodically. We propose that enhanced 

neurohypophyseal hormone release un- 
der these experimental conditions is 
related to this change in action poten- 
tial frequency and patterning. 

Five adult female rhesus monkeys 
weighing approximately 4.5 kg were 
conditioned to a primate restraining 
chair, and to the stimulating and record- 
ing setup, in order to avoid later use of 
an anesthetic. The animals were pre- 
pared for unit recording [see (3)], which 
was started at least 7 days after com- 
pletion of the surgical procedure. Sup- 
raoptic neurons were identified by anti- 
dromic invasion of their cell body fol- 

lowing a stimulus applied to electrodes 

implanted into the posterior pituitary 
lobe. Frequency and pattern of firing 
were analyzed with the help of a PDP 
8E computer. The animals initially had 

free access to UAR monkey chow and 

tap water; later, drinking water was 
removed for 5 days (one animal), 6 

days (one animal), or 7 days !(three 
animals), and the monkeys received 

only solid food during this period. They 
showed no apparent signs of discomfort 
during or after the experiment. Blood 

samples were collected daily from a 
chronic intracardiac cannula. 

Following withdrawal of drinking 
water, plasma osmolarity, plasma NaCl 
concentration, and hematocrit value 
rose markedly. The relation between 
osmolarity and duration of water dep- 
rivation was linear, with a slope of 7 
milliosmols per kilogram of plasma per 
day above the control value of 299.0 
milliosmols per kilogram (standard devi- 
ation, 0.1; N = 5). Three to four days 
after the animals again had access to 

drinking water, their plasma osmolarity 
had returned to normal. 

Prior to removal of water, supraoptic 

neurons fired at an average rate of 0.95 

per second (S.D., 0.72; N 14). Dur- 
ing the course of water deprivation, 
their mean firing frequency rose sig- 
nificantly, and by the seventh day, it 
had risen to 8.18 per second (S.D., 
4.5; N= 14). On the fourth day of 
rehydration, the mean firing rate had 
fallen to 0.21 per second (S.D., 0.08; 
N 9). These changes in firing fre- 
quency were apparently restricted to 
the neuroendocrine cells, since the fir- 
ing of hypothalamic neurons located 
2 to 3 mm above the supraoptic nucleus 
did not vary significantly during or after 
water deprivation (Fig. 1). 

Recordings were fully analyzed from 
71 spontaneously active supraoptic 
neurons from five animals (4). In Fig. 
1, right, the mean firing frequency of 
each neuron is plotted against the 

plasma osmolarity determined on the 
same day. Although there is a wide 
scatter of points, especially with high 
plasma osmolarities, a significant corre- 
lation coefficient (r = 0.65) is obtained. 

Water deprivation affected also the 

pattern of discharge of supraoptic neu- 
rons (Table 1). With plasma osmolari- 
ties below 300 milliosmols per kilogram, 
most cells discharged irregularly at a 
slow average rate (type i cells), while a 
small proportion (2/16) displayed pe- 
riodic bursting; in these type p cells, 
bursts with a mean duration of 4.9 
seconds (S.D., 1.7) and an intraburst 
action potential frequency of 5.9 per 
second (S.D., 2.1) were followed by 
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Fig. 1. (Left) Mean firing rates (logarithmic scale) of hypothalamic neurons recorded during the initial control period (A), on 
the seventh day of water deprivation (B), and on the fourth day of rehydration (C). Supraoptic neuroendocrine cells are shown 
as closed circles; open circles represent neurons not invaded antidromically and located 2 to 3 mm above the supraoptic nucleus. 
(Right) Mean firing rate of 71 supraoptic neuroendocrine cells plotted against the plasma osmolarity determined on the same day. 
The equation of the regression line is indicated above the experimental points; the calculated correlation coefficient equals 0.65. 
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quiescent periods lasting 10.5 seconds 
(S.D., 5.8) on the average. 

The ratio of type p to type i cells in- 
creased progressively following removal 
of drinking water. In addition, there 
was a tendency in type p cells for peak 
firing frequency within bursts and for 
burst duration (relative to the silent 
period) to increase during continuing 
water deprivation. In animals whose 
plasma osmolarity was higher than 310 
milliosmols per kilogram, a firing pat- 
tern was encountered in which no pe- 
riods, of cell inactivity occurred, al- 
though periodic fluctuations of firing 
were present occasionally. The rela- 
tive proportion of these continuously 
discharging cells (type c, mean = 7.80 
per second; S.D., 4.11; N =26) in- 
creased with further rises in plasma 
osmolarity (Tablei 1); by about the 
same time, the reduction in firing proba- 
bility which follows antidromic invasion 
of supraoptic neurons (5) is no longer 
demonstrable (6). 

The increase in the firing rate of 
supraoptic neurons observed during 
chronic water deprivation in monkeys 
accords well with current views on 
action potential-secretion coupling in 
the posterior pituitary lobe (7). More- 
over, some evidence that a switch from 
type i to type p firing is associated with 
a greater excitatory drive is to be found 
in the observation that the proportion 
of periodically discharging neuroendo- 
crine cells increases with increasing 
plasma osmolarity (Table 1). This con- 
tention gains support from the finding 
that acute stimulation of hypothalamic 
neuroendocrine cells by suckling (1) or 
by a sudden rise in plasma osmotic pres- 
sure (8) leads to a biphasic change in 
membrane excitability characterized by 
an excitation-inhibition sequence. 

There is recent evidence to suggest 
that the relation between mean firing 
frequency and amount of hormone re- 
leased per impulse is not linear. From 
data on the milk-ejection reflex in the 
rat, Lincoln (9) has calculated that each 
impulse in a 30-per-second train re- 
leases approximately 3 fg of oxytocin; 
in contrast, each impulse releases 100 
to 1000 times less hormone when the 
same neuroendocrine cells fire at their 
resting rate of I to 2 per second. 
Electrical stimulation of the supraop- 
tico-neurohypophyseal tract in anesthe- 
tized rats (1) and rabbits (10) is essen- 
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hormone per impulse the shorter the 
interval between action potentials (11). 
Since short interspike intervals occur 
more frequently in type p than in type 
i cells, regardless of their average fre- 
quency, it is tempting to speculate that 
type i cells contribute little, if at all, to 
hormone secretion from the posterior 
lobe, whereas type p and type c cells 
are those actively engaged in secretion 
at the time of recording. Data from 
Table 1 suggest that, while progressive 
recruitment of neuroendocrine cells into 
the actively secreting state occurs when 
the plasma osmolarity increases to ap- 
proximately 320 milliosmols per kilo- 
gram, additional output of antidiuretic 
hormone from the posterior pituitary 
lobe with further increases in osmolarity 
can be obtained by temporal summa- 
tion. 

A working hypothesis may be that 
type p cells found in control animals in 
this and in other studies of mammalian 
hypothalamic neuroendocrine cells (12) 
have a low threshold for osmotic and 
possibly other types of activation. 
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holistic processing. 

Clinical and experimental evidence 
suggests that the left hemisphere of the 
brain is specialized for speech activity 
and the right hemisphere is specialized 
for many nonlinguistic functions. Jack- 
son (1) related the hemispheric lin- 
guistic differences to differences in cog- 
nitive activity, suggesting that the left 
hemisphere is specialized for analytical 
organization, while the right hemisphere 
is adapted for direct associations among 
stimuli and responses. Modern re- 
searchers have substantially generalized 
this differentiation to encompass a wide 
range of behaviors in normal subjects 
(2, 3). 

Experimental (4-6) and clinical (7, 
8) investigators of hemispheric asym- 
metry appear to agree on the funda- 
mental nature of the processing differ- 
ences between the two sides of the 
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brain: the left hemisphere is specialized 
for propositional, analytic, and serial 
processing of incoming information, 
while the right hemisphere is more 
adapted for the perception of apposi- 
tional, holistic, and synthetic rela- 
tions. 

Up to now, the perception of music 
has been a well-documented exception 
to this differentiation. Melodies are 
composed of an ordered series of 
pitches, and hence should be processed 
by the left hemisphere rather than the 
right. Yet the recognition of simple 
melodies has been reported to be better 
in the left ear than the right (9, 10). 
This finding is prima facie evidence 
against the functional differentiation 
of the hemispheres proposed by Jack- 
son; rather, it seems to support the 
view that the hemispheres are special- 
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Cerebral Dominance in Musicians and Nonmusicians 

Abstract. Musically experienced listeners recognize simple melodies better in 
the right ear than the left, while the reverse is true for naive listeners. Hence, 
contrary to previous reports, music perception supports the hypothesis that the 
left hemisphere is dominant for analytic processing and the right hemisphere for 
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