
Absence of REM Rebound after Barbiturate Withdrawal 

Abstract. Administration of three different barbiturates reduced rapid eye 
ment (REM) sleep. Drug withdrawal led to a return to baseline REM 
without significant overshoot. Similar results are observed with administrc 
benzodiazepines in pharmacologically equivalent dosages; therefore, a dis 
between these two drug classes on the basis of withdrawal effects on ti 
electroencephalogram appears unwarranted. Further investigation is reqi 
determine why high REM levels are sometimes associated with the wit) 
of sedative-hypnotic agents. 

Different psychoactive drugs produce 
markedly different effects on the sleep 
electroencephalogram (EEG). We be- 
lieve that the available data, while often 
contradictory (1), permit the hypothesis 
that the patterns of these effects are 
common within a particular drug class 
but differ across classes. Verification of 
this hypothesis could lead to a method 
for classifying psychoactive drugs and 
might also provide clues to their mech- 
anisms of action. 

Although the sedative-hypnotic agents 
have been intensively studied, disagree- 
ment remains regarding their effects on 

sleep. While it is clear that barbiturates 
produce an initial suppression of rapid 
eye movement (REM) sleep with some 
return toward baseline levels as the drug 
is continued (2-5), the effects of barbi- 
turate withdrawal seem to us less cer- 
tain (6). It has been generally accepted 
(1) that withdrawal of these drugs leads 
to an elevation of REM sleep above 
baseline levels (REM rebound). Most 
observers agree that similar rebounds 
do not follow withdrawal of benzo- 

diazepines, a new class of sedative-hyp- 
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notic agents, and they have tt 
suggested that these drugs 
effects on sleep fundamentally < 
from those of the barbiturates (7 
the pharmacologic actions of th 
drug classes are qualitatively 
such a difference would argue 
against the hypothesis stated ab 

Here we present data from tt 

periments which show that RI 
bound does not regularly ensue 
period of barbiturate-induced 

suppression. In experiment 1 

schizophrenic patients and three 
with personality disorder ] 

placebos for five nights, 200 

phenobarbital for four or five 
and placebos (withdrawal) for 
five nights. In experiment 2, fou 
cal students were first studied f 
baseline nights; then one receiP 
mg of secobarbital for eight nig 
the other three received 200 mg 
barbital for one night and then 
for seven nights (8). All subjec 
then studied for three consecuti 
drawal nights. In experiment 
four baseline nights four medi 
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Fig. 1. Effects of administration and withdrawal of three barbiturates on two I 
of REM sleep. Abbreviations: D, drug; W, withdrawal; % REM, time occi 
low-voltage, nonspindling EEG associated with rapid eye movements; EMD (e) 
ment density), proportion of 4-second epochs (amobarbital and secobarbital 
second epochs (phenobarbital) of stage REM in which eye movement occur 
nificance levels are for one-tailed paired t-tests for the predictions: drug < bi 
withdrawal. 

534 

dents were given 32 mg of amobarbital 
twice daily (8 a.m. and 1 p.m.) for 2 

e move- days and then three times daily (8 a.m., 
r values 1 p.m., and 5 p.m.) for 4 days and 
ation of then studied for three withdrawal nights. 
rtinction This experiment was aimed at deter- 
ze sleep mining whether suppression of a hy- 
iired to pothesized REM cycle during waking 
hdrawal (9) would be followed by increased 

REM sleep at night. Our methods for 
recording and scoring sleep variables 

herefore have been described (10). All sleep rec- 
produce ords were coded and scored without 
different knowledge of drug treatment. In experi- 
7). Since ment 1, subjects as well as the experi- 
iese two menters were ignorant of drug treat- 
similar, ment. 
strongly Results for all three studies are 
love. shown in Fig. 1. Each of the barbitu- 
hree ex- rates significantly reduced both REM 
EM re- density (the proportion of epochs of 
after a REM sleep positive for REM activity) 

REM and the percentage of time occupied by 
, three the associated "emergent" stage 1 EEG 
patients (11). These are the two accepted mea- 
received sures of REM sleep. During withdrawal, 
mg of neither measure showed a significant 
nights, elevation above baseline (rebound) for 

four or any of the drugs tested. While Fig. 1 
ir medi- might appear to show a trend toward 
for four rebound for eye movement density dur- 
ved 200 ing secobarbital withdrawal, the paired 
,hts and t value for this comparison (1.10) did 
of seco- not approach significance. The results 
100 mg of experiment 3 also show that daytime 

:ts were administration of amobarbital reduces 
ve with- rather than increases REM sleep at 
3, after night and argues against the notion that 
cal stu- REM processes occur in occult form 

during wakefulness. 
Our results show that barbiturates 

as well as benzodiazepines can suppress 
REM sleep without being followed by 
withdrawal rebound. These chemically 
different but pharmacologically similar 

drug classes share several other effects 
on sleep physiology. Both produce a 

proportionately greater suppression of 

eye movement activity than of emergent 
stage 1 EEG, and both suppress stage 
4 sleep, the latter effect being more 
marked for benzodiazepines than for 

_ barbiturates. For both drug classes the 
w suppression of eye movement occurs 

ID rapidly; the reduction of stage 4 sleep 
11 occurs more slowly and requires repeat- 

ed administration. After withdrawal, 
return to baseline levels is rapid for 

I eye movement but delayed for stage 4 

measures sleep (2-5, 7). 
upied by It seems important to determine 
ye move- whether this pattern of effects is unique- 
) or 20- ly associated with sedative-hypnotic 

redtions iwithg-in this patg-tern are related to aseline< agts and whether quantitative varia- 
tions within this pattern are related to 
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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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(1965)] administered 400 g of amobarbital to 
two subjects for nine nights, then increased 
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age of REM sleep, maximal in the first three 
withdrawal nights. No statistical analysis 
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compared to the first and third withdrawal 
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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 
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with relating the electrophysiological 
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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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