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Influence of the Cholinergic Agonist SDZ 
210-086 on Sleep in Healthy Subjects 
Fritz Hohagen, M.D., Dieter Riemann, Ph.D., Rene Spiegel, Ph.D., Markus Holzhauer, M.D., 
and Mathias Berger, M.D. 

The administration of 1.0 mg SDZ 210-086, an orally 
acting muscarinic agonist, shortened rapid-eye movement 
(REM) latency, increased REM percent of sleep period 
time and the total duration of REM sleep, and decreased 
slow-wave sleep in 12 healthy male subjects. The 
administration of 0.5 mg SDZ 210-086 had no 
statistically significant effect on sleep variables. Although 
the tonic components of REM sleep (REM duration, the 
REM percent of sleep period time) were increased, 
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Considerable evidence from both animal and human 
studies implicates the cholinergic system in the gener­
ation of rapid-eye movement (REM) sleep. The adminis­
tration of cholinomimetics such as galanthamine (Rie­
mann et al. unpublished data) and physostigmine 
(Sitaram et al. 1976, 1977; Berger et al. 1983), two 
cholinesterase inhibitors, and muscarinic agonists such 
a s  arecoline (Sitaram et al. 1984), RS-86 (Spiegel, 1984; 
Riemann et al. 1988), and pilocarpine (Berkowitz et al. 
1990) shortened REM latency in normal volunteers. 
Biperiden, a preferential M1 antagonist increased REM 
sleep latency and reduced REM sleep time in healthy 
volunteers (Salin-Pascual et al. 1991; unpublished data). 

From the Sleep Laboratory at the Psychiatric Department of the 
University of Freiburg (PH, MB), Freiburg; the Central Institute of 
Mental Health (DR, MH), Mannheim, Germany; and Sandoz Pharma 
Ltd. (RS), Basel, Switzerland. 

Address correspondence to: Dr. F. Hohagen, Psychiatric Depart­
ment of the University of Freiburg, Hauptstrasse 5,7800 Freiburg, 
Germany. 

Received August 4, 1992; revised June 11, 1993; accepted June 18, 
1993. 

© 1993 American College of Neuropsychopharmacology 
Published by Elsevier Science Publishing Co., Inc. 
655 Avenue of the Americas, New York, NY 10010 

REM density percent (total) was significantly decreased 
due to the prolongation of total REM duration (in 
minutes) and a parallel reduction of the total number of 
eye movements. This finding is in contrast to studies 
using other cholinomimetics (i.e., physostigmine, 
arecoline, and RS 86) and may implicate different 
generating systems of phasic and tonic REM sleep 
components. fNeuropsychopharmacology 9:225-232, 
1993J 

Intracerebral injection of cholinergic agonists into the 
pontinoreticular formation in animals induced REM 
sleep (Hobson et al. 1986). Results from animal studies 
support the hypothesis that REM sleep is promoted by 
cholinergic cells located mainly in the pontinoreticular 
formation which show increased activity during REM 
sleep and that REM sleep is inhibited by nor adrenergic 
and serotonergic neurons located in the locus ceruleus 
and in the raphe nuclei respectively, which show de­
creased activity during this sleep stage (Hobson et al. 
1975, 1986). Little is known, however, about the specifIc 
mechanisms generating the phasic or tonic components 
of REM sleep. Data on animals indicate (Velazquez­
Moctezuma et al. 1989, 1990) that the M1 receptor is 
involved in the de synchronization of the electroen­
cephalogram (EEG), whereas the M2 receptors are 
responsible for the generation of muscle atonia. Accord­
ing to this study, nicotine receptors seem to be involved 
in the generation of pontogeniculooccipital (PGO) 
waves and, therefore, may play a role in the genera­
tion of phasic events such as eye movements (Velaz­
quez-Moctezuma et al. 1990). 

Studying the effects of cholinergic agonists on REM 
sleep regulation is of special interest in research on 
depression and other psychiatric disorders because the 
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effects of cholinergic agonists on sleep parameters in 
healthy volunteers mimic some of the sleep abnormal­
ities that are characteristic of depression, such as short­
ened REM latency, prolonged duration and heightened 
density of the frrst REM period, and reduced slow-wave 
sleep (SWS) activity (Gillin et al. 1984). Some of the 
ii.ndings obtained can be interpreted within the frame­
work of the "cholinergic-adrenergic" hypothesis of de­
pression proposed by Janowsky and coworkers (1972) 
that postulates an imbalance between central nervous 
cholinergic and noradrenergic transmitter systems un­
derlying mania and depression. Rapid-eye movement 
sleep abnormalities in depression could thus be inter­
preted as indirect evidence of a muscarinic supersensi­
tivity in affective disorders. 

Orally acting cholinergic agonists (e. g. , RS 86) are 
particularly suitable for testing the cholinergic regula­
tion of REM sleep (Berger et al. 1989), and, therefore, 
newly available putative cholinergic substances should 
be tested for their central nervous activity in man. The 
aim of the present study was to test the effect of the 
compound SOZ 210-086 on sleep and mood of healthy 
volunteers. In animal studies, the dioxolan analogue 
SOZ 210-086, [( - )-(25)- 2,8-dimethyl-1,3-dioxa-8-aza­
spiro(4.5)decane), was shown to be a specmc muscarinic 
agonist lacking nicotinic as well as acetylcholinester­
ase inhibitory activity OM Palacios unpublished data). 
In animal studies, SOZ 210-086 was shown to have 
properties similar to those of RS 86 (Palacios et al. 1986), 
a muscarinic agonist previously used for sleep EEG 
studies by our group. Although SOZ 210-086 is a po­
tent and selective muscarinic agonist, receptor-binding 
assays demonstrate that the substance lacks selectivity 
for the M1 or M2 receptor subtypes (Hammer and 
Giachetti 1982). SOZ 210-086 does not interact with 
other neurotransmitter receptors, indicating its speci­
ii.city for muscarinic receptors. The substance, which 
can be administered orally, has a half-life of approxi­
mately 8 hours in man (unpublished data) and was well 
tolerated by young male volunteers in single oral doses 
up to 2 mg. Higher doses caused nausea, sweating, and 
feelings of malaise. 

The assumption underlying the present study was 
that SOZ 210-086 should demonstrate, at well-tolerated 
doses, effects on REM sleep parameters in man that are 
similar to those of other cholinergic agents: shortening 
of REM latency, increased REM sleep during the frrst 
hours of sleep, and changes in REM density. 

SUBJECTS AND METHOOS 

Design 

Subjects slept in the sleep laboratory for 5 consecutive 
nights. Night 1 served as the adaptation period to the 
laboratory and was excluded from the data analysis. 
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The second and fourth laboratory nights, in which 
placebo was administered, will be referred to as night 
2 and night 4 in all of the tables. The drug nights will 
be referred to as 0.5-mg or 1.0-mg night. Half of the 
subjects received 0.5 mg SOZ 210-086 on night 3 and 
1. 0 mg SOZ 210-086 on night 5, whereas the remaining 
six subjects received the two doses in reverse order. Dis­
tribution was random. The probands were blind to the 
study design, as were the experimenters dealing with 
the subjects during the sleep recordings. Placebo or SDZ 
210-086 was given at 21.30 hours. 

Subjects 

Twelve male subjects aged 39.7 ± 10.8 years who agreed 
to participate in the study and were paid for their ser­
vices were selected as follows: six subjects were be­
tween 20 and 40 years old and six were between 41 and 
60 years. This conii.guration in two age groups was cho­
sen to enable us to study the influence of age on the 
response to SOZ 210-086. Prior to entry into the study, 
all subjects were carefully screened for physical and 
mental health. Each subject underwent a physical exam­
ination, an EEG, an electrocardiogram, drug-screening, 
laboratory tests, and an extensive psychiatric interview. 
Only subjects who were free of medical and psychiatric 
disorders, had no family history of psychiatric dis­
orders, and whose regular sleep-wake cycle was simi­
lar to the lights-out (11 PM) and lights-on (7 AM) schedule 
in our laboratory were included. All subjects received 
detailed information about the experimental procedures 
and possible side effects of the drug and gave their writ­
ten consent. The research protocol was approved by 
the university ethics committee. 

Mood Assessment 

Before retiring and after waking up in the morning, sub­
jects completed an adjective checklist (AMS) (vonZers­
sen 1986) to assess mood. 

Sleep 

Sleep was recorded between lights out (11:00 PM) and 
lights on (7:00 AM) by means of standard procedures. 
Horizontal EOG, submental EMG, and EEG ( = C3-A2, 
C4-A1) were recorded at a paper speed of 10 mm/sec. 
Two experienced raters, blind to the condition, scored 
the recordings according to standardized criteria (Recht­
schaffen and Kales 1968). 

Records were evaluated for the following sleep 
parameters: 

1) Sleep efficiency: ratio of total sleep time (TST) to time 
in bed (TIB) x 100% 

2) Awake stages 1, 2, 3, and 4; SWS (stages 3 and 4 
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combined); and REM, all expressed in percent of 
sleep period time (SPT = time from sleep onset un­
til fmal awakening). 

3) Latencies: time from the beginning of the recording 
to the frrst epoch of stage 2 (sleep onset latency) and 
from sleep onset to the first epoch of stage REM 
(REM latency) in minutes. 

4) Number of awakenings during SPT (at least one ep­
och of stage wake). 

5) Early morning awakening (EMA) in minutes: that 
is, length of time between the last epoch of stages, 
2, 3, 4, and REM occurring during the recording and 
lights on in the morning. 

6) REM density for each REM period and for the whole 
night (REM density is defined as the ratio of 3-second 
miniepochs including eye movements to the total 
number of 3-second mini epochs per REM period x 
100%). 

7) REM sleep (in minutes): that is, the total duration 
of REM sleep in minutes for the whole night and for 
each single REM period. 

8) Duration of each non-REM interval (in minutes) for 
the whole night. 

Statistical Analysis 

For descriptive statistics, means ± standard deviation 
(SO) were calculated. In a frrst step of the analysis, the 
two placebo nights were compared. As there were 
significant differences between the two placebo nights 
(see results) that may have been due to carryover effects 
in night 4, only the frrst placebo night was compared 
to the drug nights. An analysis of variance (ANOV A) 
with the factor-repeated measurement was calculated 
for all relevant sleep variables for the placebo night, the 
D.5-mg night, and the 1.0-mg night. The ANOVA was 
corrected according to the method of Greenhouse­
Geisser. For ANOV As with a p value < .10, two-tailed 
I·tests were calculated to determine differences between 
the placebo night and the two drug nights. For all cal­
culations, the level of significance was set at 5% (two­
tailed). 

RESULTS 

In the first step of the analysis, the two placebo nights 
(night 2, 
cent of SPT, total REM density percent, and the total 
number of eye movements during the whole night were 
significantly decreased on night 4 compared with night 
2. There was also a strong statistical trend toward a de­
crease of SWS percent of SPT on night 4. As these differ-
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ences may be indicative of a carryover effect of SDZ 210-
086 on night 4, further analysis dealt only with night 2. 

Effects of SDZ 210-086 on Sleep 

Table 2 displays mean values ± SO of the sleep vari­
ables and the results of the statistical analysis. For vari­
ables of sleep continuity, the only significant effect in 
the ANOVA occurred for time awake percent of SPT. 
Wake time was almost significantly enhanced under 0.5 
mg SDZ 210-086 compared with placebo conditions. 

For variables of sleep architecture, a significant 
ANOVA was obtained for SWS percent of SPT, al­
though there was a statistical tendency for stage 3 per­
cent of SPT. Calculating contrasts (drug nights vs. 
placebo) for 0.5 mg SDZ, only statistical tendencies oc­
curred, whereas stage 3 percent of SPT and SWS per­
cent of SPT were significantly decreased after the dose 
of 1.0 mg. 

For REM sleep, the AN OVA showed significant 
effects for REM (in minutes), REM percent of SPT, REM 
latency (in minutes), REM density (percent) of the sec­
ond REM period, and total REM density (percent). Cal­
culating contrasts (drug nights vs. placebo) for REM (in 
minutes) and REM percent of SPT, no significant in­
crease was observed under 0.5 mg, although the ad­
ministration of 1.0 mg increased both variables almost 
significantly. A significant decrease of REM latency was 
observed only under 1.0 mg but not under 0.5 mg (Fig­
ure 1). The eye movement density of the second REM 
period showed a statistical tendency to decrease after 
0.5 mg, whereas following 1.0 mg, the decrease reached 
statistical significance. For total REM density, a dose­
dependent significant decrease of REM density was ob­
served. However, when looking at the total number of 
eye movements during the whole night no significant 
decrease of the eye movements was observed. 

Figure 2 illustrates the impact of SDZ 210-086 on 
the non-REM-REM pattern up to the end of the fourth 
REM period (subsequent cycles were omitted due to 
decreasing case numbers). As mentioned above, REM 
latency (expressed as non-REM 1) was shortened after 
both doses, reaching statistical significance with the 
dose of 1.0 mg SDZ 210-086. The subsequent non-REM 
intervals were also decreased under 1.0 mg SDZ 210-
086, but the reduction did not reach the 5% level of 
significance. 

Figure 3 displays the data for REM latency when 
splitting up the sample into two age groups (I: 20 to 
40 years, n = 6; II: 41 to 60 years, n = 6). Distribution 
of REM latency in both age groups was similar during 
placebo and both drug conditions. Statistical analysis 
of the variables REM (in minutes), REM (percent of 
SPT), REM latency, and REM density when splitting 
up the sample in two age groups did not reveal any 
significant age effect on sleep variables. 
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Table 1. Comparison of Sleep Variablesa of the Two Placebo Conditions 

t-Test (two-tailed) 

Night 2 Night 4 t p< 

Sleep continuity 
nsb Sleep efficiency percent 93.3 ± 2.7 92.0 ± 4.3 1.13 

Sleep latency min 18.5 ± 10.1 19.6 ± 15.2 -0.24 ns 
No. awakenings 10.0 ± 7.4 10.2 ± 10.0 -0.06 ns 
Time awake percent SPT 2.8 ± 2.1 3.4 ± 2.6 -0.92 ns 
Early morning awakening min 0.2 ± 0.4 1.9 ± 3.2 -1.78 ns 

Sleep architecture 
Stage 1 percent SPT 8.2 ± 4.1 7.5 ± 3.3 0.57 ns 
Stage 2 percent SPT 59.8 ± 5.2 51.8 ± 10.5 3.06 0.01 
Stage 3 percent SPT 3.6 ± 3.8 3.5 ± 4.6 0.21 ns 
Stage 4 percent SPT 0.8 ± 2.5 0.3 ± 1.0 1.14 ns 
Stage SWS percent SPT 4.4 ± 5.8 3.8 ± 5.5 1.85 0.10 

REM sleep 
REM min 102.8 ± 25.0 99.7 ± 19.7 0.47 ns 
REM percent SPT 23.1 ± 6.0 23.2 ± 5.1 -0.04 ns 
No. REM periods 4.2 ± 1.1 3.9 ± 0.7 0.63 ns 
REM Latency min ( = 1. non-REM interval) min 88.8 ± 51.2 80.0 ± 36.2 0.81 ns 

2nd Non-REM-Interval min 85.4 ± 20.3 89.6 ± 20.8 -0.70 ns 
3rd Non-REM-Interval min 70.3 ± 25.6 (n = 11) 81.0 ± 20.1 -0.86 ns 
4th Non-REM-Interval min 62.1 ± 20.1 (n = 9) 59.2 ± 14.1 (n = 9) -0.96 ns 

1st REMP-duration min 22.5 ± 10.8 17.0 ± 8.6 1.52 ns 
2nd REMP-duration min 26.1 ± 20.6 36.0 ± 12.0 -1.51 ns 
3rd REMP-duration min 24.5 ± 13.6 (n = 11) 31.9 ± 12.7 -1.02 ns 
4th REMP-duration min 40.6 ± 25.4 (n = 9) 32.7 ± 17.1 (n = 9) 0.47 ns 

1st REM-density percent 14.0 ± 9.3 13.1 ± 7.3 0.33 ns 
2nd REM-density percent 20.5 ± 7.2 18.6 ± 6.0 0.71 ns 
3rd REM-density percent 19.2 ± 10.3 (n = 11) 16.7 ± 8.6 0.61 ns 
4th REM-density percent 20.1 ± 8.5 (n = 9) 18.6 ± 8.2 (n = 9) 1.18 ns 

Total REM-density percent 20.9 ± 5.0 16.8 ± 4.3 3.10 0.01 

1st REMP no. eye movements 62.8 ± 53.4 38.3 ± 30.4 1.86 0.10 
2nd REMP no. eye movements 92.2 ± 75.0 127.3 ± 71.2 -1.11 ns 
3rd REMP no. eye movements 92.3 ± 81.4 (n = 11) 92.8 ± 60.6 0.17 ns 
4th REMP no. eye movements 163.0 ± 123.4 (n = 9) 99.8 ± 46.4 1.18 ns 

Total no. eye movements 423.5 ± 146.6 339.3 ± 113.4 2.20 0.05 

a Data are presented as means ± SD. 
b ns = not signifIcant. 

Effects of SDZ 210-086 on Mood and Safety Data 

No statistically signifIcant influence of 0.5 mg or 1.0 mg 
SDZ 210-086 was observed on well-being compared to 
placebo. There were no signifIcant changes in labora­
tory values after the study. No adverse effects occurred. 
There was no evidence of a change in blood pressure 
or ventricular rate after administration of 0.5 mg or 1.0 
mg SDZ 210-086 compared to placebo. 

total REM sleep duration and REM percent of SPT. 
Furthermore, 1.0 mg SDZ 210-086 signifIcantly re­
duced SWS. 

The shortening of REM latency under the 1.0-mg 
dose of SDZ 210-086 is in line with comparable studies 
using physostigmine (Sitaram et al. 1976, 1977; Berger 
et al. 1983), galanthamine (Riemann et al. unpublished 
data), arecoline (Sitaram et al. 1978a, 1978b), and RS 
86 (Spiegel 1984; Riemann et al. 1988) in healthy sub­
jects. An increase of REM percent of SPT was also ob­
served under cholinergic stimulation with 1.5 mg RS 
86 in healthy probands (Riemann et al. 1988). A 1.0-mg 
dose of SDZ 210-086 displayed characteristics similar 
to those of RS 86. The main REM sleep-inducing effect 
was observed at the beginning of the night, although 
the substance has a longer half-life (approximately 8 

DISCUSSION 

The principal fInding of this study is that SDZ 210-086 
showed a dose-dependent REM sleep stimulating effect 
with the higher dose, causing a signifIcant reduction 
of REM latency and an almost signifIcant increase of 
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Table 2. Influence of 0.5 to 1.0 mg SDZ 210-086 on Sleep Variables in Comparison to Placebo and 
Results of the Statistical Analysis 

ANOVA 
Placebo df = 2 
(night 2) 0.5 mg SDZ 210-086 1.0 mg SDZ 210-086 

1 2 3 F= p< 

Sleep continuity 
ns1 Sleep efficiency percent 93.3 ± 2.7 91.0 ± 5.7 93.9 ± 3.9 2.53 

Sleep latency min 18.5 ± 10.1 17.5 ± 14.6 16.3 ± 10.3 0.18 ns 
No. awakenings 10.0 ± 7.4 11.7 ± 9.3 8.1 ± 6.6 1.68 ns 
Time awake percent SPT 2.8 ± 2.1 4.5 ± 2.8 (*) 2.6 ± 2.7 3.50 0.05 
Early morning awakening min 0.2 ± 0.4 4.5 ± 11.7 0.7 ± 1.7 1.42 ns 

Sleep architecture 
Stage 1 percent SPT 8.2 ± 4.1 7.1 ± 3.2 6.7 ± 3.2 0.83 ns 
Stage 2 percent SPT 59.8 ± 5.2 56.5 ± 6.1 56.7 ± 6.7 1.72 ns 
Stage 3 percent SPT 3.6 ± 3.8 1.8 ± 2.2 (*) 1.7 ± 3.5 * 3.28 0.10 
Stage 4 percent SPT 0.8 ± 2.5 0.5 ± 1.7 0.3 ± 1. 0 1.39 ns 
Stage SWS percent SPT 4.4 ± 5.8 2.3 ± 3.6 (*) 1.9 ± 4.4 ** 4.99 0.05 

REM sleep 
123.8 ± 24.4 (*) REM min 102.8 ± 25.0 105.4 ± 18.4 3.94 0.05 

REM percent SPT 23.1 ± 6.0 24.1 ± 4.7 27.4 ± 5.6 (*) 3.32 0.05 
No. REM Periods 4.2 ± 1.1 4.6 ± 0.8 4.8 ± 1.0 2.26 ns 
REM latency min. 88.8 ± 51.2 65.5 ± 33.3 58.1 ± 36.5 * 3.68 0.05 

2nd Non-REM-Interval min 85.4 ± 20.3 76. 1 ± 21.9 72.3 ± 21.8 1.98 ns 
3rd Non-REM-Interval min 70.3 ± 25.6 (n = 11) 73.8 ± 15.5 64.3 ± 11.7 0.82 ns 
4th Non-REM-Interval min 62.1 ± 20.1 (n = 9) 62.4 ± 12.7 (n = 11) 57.1 ± 8.7 (n = 11) 0.28 ns 

1st REMP-duration min 22.5 ± 10.8 25.4 ± 25.3 31.8 ± 23.4 0.87 ns 
2nd REMP-duration min 26.1 ± 20.6 22.5 ± 10.7 20.0 ± 12.0 0.56 ns 
3rd REMP-duration min 24.5 ± 13.6 (n = 11) 32.5 ± 20.7 36.7 ± 29.6 0.97 ns 
4th REMP-duration min 40.6 ± 25.4 (n = 9) 31.3 ± 20.3 (n = 11) 35.6 ± 26.9 (n = 11) 0.90 ns 

1st REM-density percent 14.0 ± 9.3 12.2 ± 8.6 11.3 ± 5.4 0.49 ns 
2nd REM-density percent 20.5 ± 7.2 15.9 ± 4.4 (*) 12.4 ± 6.8 ** 6.83 0.01 
3rd REM-density percent 19.2 ± 10.3 (n = 11) 16.7 ± 8.5 15.6 ± 5.7 1.86 ns 
4th REM-density percent 20.1 ± 8.5 (n = 9) 14.3 ± 6.0 (n = 11) 16.5 ± 8.6 (n = 11) 1.58 ns 

Total REM-density percent 20.9 ± 5.0 16.0 ± 5.0 * 15.3 ± 4.6 *** 10.62 0.01 

1st REMP no. eye movements 62.8 ± 53.4 81.7 ± 137.9 70.0 ± 55.8 0.21 ns 
2nd REMP no. eye movements 92.2 ± 75.0 59.2 ± 25.9 54.6 ± 62.7 1.67 ns 
3rd REMP no. eye movements 92.3 ± 81.4 (n = 11) 77.7 ± 51.2 97.2 ± 72.5 0.17 ns 
4th REMP no. eye movements 163.0 ± 123.4 (n = 9) 93.4 ± 89.9 (n = 11) 96.5 ± 76.6 (n = 11) 2.04 ns 

Total no. eye movements 423.5 ± 146. 6 337.4 ± 129.3 376.3 ± 124.1 2.60 ns 

• Data are presented as means ± SO. 
b Contrasts (drug nights vs. placebo): ns = not signmcant; (*) p < .1; * P < .05; ** P < .01; *.* p < .001. 

hours vs. 4 to 6 hours for RS 86; see Palacios et al. 1986). 
Comparable to RS 86, the frrst non-REM period ( = REM 
latency) and the second non-REM period were short­
ened, leading to a shift of the fIrst REM-non-REM cy­
cle and the induction of further REM periods at the end 
ofthe night. The SWS suppressing effect observed for 
1.0 mg SDZ 210-086 is not common to all cholinomi­
metic drugs. Although a decrease of SWS in healthy 
subjects was reported under physostigmine (Sitaram 
et aI. 1976), glanthamine (Riemann et al. submitted a), 
pilocarpine (Berkowitz et al. 1990), and RS 86 (Spiegel 
1984; Riemann et al. 1988), no effect on SWS was found 
with arecoline (Sitaram et al. 1978a, 1978b) or SDZ ENA 
713 (Holsboer-Trachsler et al. 1993). The amount of SWS 
in the present sample was rather low compared with 

other studies, especially in comparison to our study 
with RS 86 (Riemann et al. 1988). Because there was 
no age difference between the samples (RS 86 study: 
mean age 41.8 ± 15.6 years; SDZ 210-086 study: mean 
age 39.7 ± 10.8 years), age may not account for the low 
amount of SWS found in the present study. Most prob­
ably the low amount of SWS may have been due to a 
selection bias in this relatively small sample. 

Although the effect of cholinomimetic drugs on 
REM latency is well documented in healthy subjects as 
well as in depressed patients (Gillin et al. 1991), only 
two cholinergic compounds increase REM density in 
normal subjects. The administration of physostigmine 
(Sitaram et al. 1976, 1977), arecoline (Sitaram et al. 
1978a, 1978b), pilocarpine (Berkowitz et al. 1990), and 
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Figure 1. Influence of O.5-mg and 1.0-mg dose of SDZ 210-
086 on REM latency in comparison to placebo. Arrows mark 
medians. 

RS 86 (Riemann et al. 1988) did not provoke changes 
in REM density in healthy subjects. Increased REM den­
sity in healthy probands has been reported for SDZ 
ENA 173 (Holsboer-Trachsler et al. 1993) and galantha­
mine (Riemann et a1. submitted a), with both of these 
drugs being acetylcholinesterase inhibitors. In contrast 
to SDZ-ENA 713 and galanthamine, which enhanced 
REM density, and the other cholinomimetics, which did 
not influence REM density, both doses of SDZ 210-086 
decreased total REM density and simultaneously in­
creased absolute REM sleep duration. Total REM den­
sity in the present study was defmed as the quotient 
of total number of eye movements to total REM dura­
tion. The observed decrease of total REM density may 
have been due to a dissociation between tonic and 
phasic components of REM sleep. Although SDZ 210-
086 stimulated the tonic aspects of REM sleep, i.e., the 
total REM duration, the phasic aspects of REM sleep, 
i.e., the total number of eye movements were not stimu­
lated. There was a tendency toward a decrease in the 
total number of eye movements, which failed, however, 
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Figure 2. Impact of O.5-mg and 1.0-mg dose of SDZ 210-086 
on the non-REM-REM pattern of 12 healthy subjects. 

to reach significance (ANOV A, P < .11). Several expla· 
nations have to be discussed regarding the observed 
decrease of REM density under cholinergic stimulation. 
First, a shift of REM episodes due to the shortening of 
REM latency under cholinergic stimulation with respect 
to clock time and sleep onset time may induce changes 
in REM density in REM epoches independent of the 
drug effect (Zimmermann et al. 1980). Nevertheless, 
sleep onset time did not differ significantly comparing 
placebo and drug conditions - sleep latency and time 
of lights off were not significantly changed. Further· 
more, it seems unlikely that the shift of REM episodes 
with respect to clock time can explain decreased total 
REM density because this shift also occurred in other 
studies on cholinomimetic drugs and did not lead to 
a decrease of total REM density. Second, age mayac· 
count for changes in REM density. Splitting up the sam· 
pIe into age groups less than or equal to 40 years and 
older than 40 years, no significant differences could be 
found between the groups for REM sleep variables. A 
third explanation may be that SDZ 210-086 tends to act 
selectively on structures controlling tonic components 
rather than affecting phasic components of REM sleep. 
The fmdings of the simultaneous decrease of REM 
latency, increase of total REM duration, and decrease 
of total REM density may implicate different generat­
ing systems of phasic and tonic REM sleep aspects. This 
hypothesis is supported by the finding that another 
cholinergic compound, SDZ ENA 713, selectively in­
creased only the phasic components of REM sleep: thai 
is, REM density was effected without affecting the tonic 
aspects of REM sleep and REM latency (Holsboer­
Trachsler et al. 1993). A recent study showed that differ­
ent cholinergic receptor subtypes are involved in gener­
ating different REM sleep components such as EEG 
desynchronization, muscle atonia and PGO waves 
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210-086 provoked an increase of liver enzymes in 
healthy volunteers. Thus, for reasons of hepatic toler­
ance, the substance is no longer available for research 
or clinical purposes. The differential effect of this sub­
stance on phasic and tonic components of REM sleep 
compared with other cholinergic agonists and its pos-

150 0--0 age < 40 yrs sible implication for the understanding of REM sleep 
......... age � 40 yrs abnormalities in psychiatric disorders, however, seemed 

worth communication. 
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Figure 3. Influence of O.5-mg and l.O-mg SDZ 210-086 on 
REM latency when splitting up the sample into two age 
groups. 

(Velazquez-Moctezuma et al. 1990). Discussion is war­
ranted as to whether cholinergic agents, depending on 
their pharmacological proflle- differential impact on 
MI/M2 and nicotinic receptors - may have a differen­
tial influence on receptors mediating phasic and tonic 
aspects of REM sleep. 

A dissociation of phasic and tonic REM components 
was also detected in psychiatric disorders by means of 
the cholinergic REM induction test: the administration 
of RS 86 led to a signifIcant shortening of REM latency 
in depressed patients as well as in patients with chronic 
schizophrenia (Riemann et al. 1991). Nevertheless, a 
significant increase of REM density was observed in the 
depressed patients only, whereas schizophrenic pa­
tients did not show alterations of REM density after 
stimulation with RS 86 (Riemann et al. unpublished 
data). This finding implies that different components 
of the REM sleep generators may be disturbed in 
depressed and schizophrenic patients, pointing to 
different receptor abnormalities. 

The results of our study provide further support 
for an involvement of the central cholinergic system in 
the regulation of REM sleep in humans and add indirect 
evidence for the involvement of the cholinergic system 
in the pathogenesis of psychiatric disorders. Unfortu­
nately, in another independent tolerance study, SDZ 
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