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Abstract 

The hypothesis is put forward that rapid eye movement (REM) sleep in early life serves as (1) an indicator for the degree of brain 
maturation and (2) the promoter of further brain development. This hypothesis, although not exclusive, differs (a) from the theory of 
Roffwarg et al. that REM sleep substitutes for 'wakefulness' during the period (early life) in which wakefulness is limited, (b) from the 
theory of Crick and Mitchson, i.e., the 'unlearning' hypothesis of REM sleep, (c) from the theory of Jouvet, i.e., that REM sleep is a 
time for genetic read-out and (d) from the theory of Freud, i.e., that dreams fulfil our wishes (in other words, activation of neuronal 
systems that were disproportionally activated during wakefulness). 
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1. Introduction 

The emergence of different behavioral states, i.e., wake- 
fulness, quiet sleep and rapid eye movement (REM) sleep, 
is one of the most significant aspects of brain maturation. 
Behavioral states are characterized by a number of state- 
specific criteria which emerge coherently in time [50]. 
REM sleep at fetal and early neonatal age (Fig. 1) is char- 
acterized by irregular breathing, the presence of rapid or 
slow eye movements generated in isolation or in bursts 
with eyes closed and by a high level of variability in heart 
rate; during this state the electroencephalogram (EEG) is 
desynchronized. Compared with REM sleep, quiet sleep 
is characterized by regular breathing, closed eyes without 
any eye movement and a low level of heart rate variabil- 
ity; the EEG is synchronized with high amplitude slow 
wave activity. Wakefulness is defined as open eyes, the 
presence/absence of gross body movement and irregular/ 
regular breathing depending on active or quiet waking 
states. The heart beat variability is high during active 
wakefulness; the EEG is desynchronized [9,50]. 

A certain amount of brain development is required be- 
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fore the behavioral states can be generated. Before this 
stage of maturation a large amount of time is spent in what 
may be called 'no state'. We have studied longitudinally 
the development of behavioral states during fetal life in 
prematurely born babies with a postmenstrual age of < 30 

weeks. Although at 30 weeks postconceptional age these 
infants spend more than 70 min (of 120 min continuous 
recording) in 'no state', this decreases to less than 20 min 
upon reaching term age (Fig. 2) [32]. Similar developmen- 
tal changes were found by studying the development of 
behavioral states in human fetuses prenatally using ultra- 
sound recording techniques [43,46,57]. On the one hand, 
the emergence of behavioral states can be used as an index 
of the degree of brain maturation and, on the other hand, 
each behavioral state (in this case REM sleep) may serve 
an important function in the further development of the 
brain. 

REM sleep occupies a large proportion of time during 
early brain development [26,38,52]. In an altricial mam- 
mal, such as the rat, the high amount of REM sleep de- 
clines to a low level during the first 3 weeks of postnatal 
life, close to the adult value (Fig. 3; see control values). In 
the guinea pig, a precocial mammal, prenatally high levels 
of REM sleep can be observed that decline to low (adult) 
values at birth, in proportion to brain maturation. These 
observations suggest that the amount of REM sleep can 
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Fig. 1. The polygraph record shows a 20-s epoch of REM sleep in a 
preterm infant with a postmenstrual age of 34 weeks (born at <30 
weeks). In continuous observations REM sleep was defined on the basis 
of irregular respiration (RES), eyes closed, presence of slow/rapid 
isolated/bursts of eye movements and variable heart rate. EEG, electro- 
encephalogram; EOG, electrooculogram; ECG, electrocardiogram; 
EMG, electromyogram. 
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Fig. 2. The amount of time in which no behavioral state could be defined 
(no-state) is shown as a function of development [32] in 16 preterm 
infants born at < 30 weeks postmenstrual age. The development of dif- 
ferent behavioral states was recorded longitudinally (every 1 or 2 weeks 
until term age) for 120 min. Average values with S.E.M. 

be used as an index for the level of brain development 
[1,2,14,15,35,52]. 

The eye movements during REM sleep are one of the 
most distinctive characteristics of this state (Fig. 4) and a 
good indicator of phasic central neuronal activity in the 
brain. Both isolated eye movements, as well as bursts, are 
phasically present during REM sleep. We have studied 
longitudinally the eye movement development in the REM 
sleep of rats from postnatal day 10 (approximately the day 
at which behavioral states are differentiated in rats) to day 
25 (approximately the day at which the large proportion 
of time occupied by REM sleep diminishes in rats). An 
increased frequency of eye movements was found around 
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Fig. 3. Maturation of REM sleep in control and experimental (neona- 
tally clomipramine treated) rats is shown as percentage of total sleep time 
(% TST). Each circle represents the mean ( + S.E.M.) of six 1 h record- 
ings from two different animals, whereas each triangle gives the mean of 
15 1-h recordings from three different animals [38]. 

day 15 (eye opening), which was only due to changes in 
eye movement bursts. The burst density, burst duration, as 
well as the mean number of eye movements within a burst, 
increased around days 15-18, returning to baseline (day 
10) level by day 25 (Fig. 5). Since pups reared in constant 
dark showed an increase in eye movement activity during 
REM sleep similar to that of pups exposed to diurnal 
light-dark alterations, the change seems to be part of an 
endogenous developmental timetable of REM sleep nec- 
essary for brain maturation, rather than to an increase of 
visual stimulation after eye opening and development of 
oculomotor system. 

It is very difficult to make a comparison between human 
and animal studies, since the rapid development of the 
human brain that begins in the last trimester of gestation 
lasts at least until the first three months of postnatal life 
with more gradual maturation thereafter. Nevertheless, 
Birnholz [4] reported the appearance of repetitive eye 
movements at 30 weeks of gestational age and an increase 
in eye movement number until 40 weeks. Inoue et al. [24] 
reported the appearance and increase of eye movement 
bursts in a similar developmental period (see also 
[4,5,22,48]). Data from premature babies, gathered by 
Petre-Quadens and De Lee [49], show a peak for the 
frequency of eye movement intervals shorter than one 
second (i.e., bursts) at 40-41 weeks of conceptional age. 
All in all, the human data resemble those found in rats, 
with an increase in burst activity in the mid-developmental 
period and a subsequent decline at later stages of brain 
maturation. 
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F ig.  4. E x a m p l e  o f  a p o l y g r a p h i c  r eco rd i ng  w i t h  t yp ica l  eye m o v e m e n t s  ( E O G )  occu r r i ng  iso la ted and  in burs ts  du r i ng  R E M  sleep in a 2 -week -o ld  
ra t  p u p  [54 ] .  A b b r e v i a t i o n s  as in Fig.  I .  

2. Rapid eye movement deprivation 

In the original study of Roffwarg et al. [52] two hypoth- 
eses were proposed to account for the physiological sig- 
nificance of the high amount and intensity of REM sleep 
in early life. The first, so-called passive, hypothesis as- 
sumes that the immature central nervous system (CNS)is 
unable to inhibit the REM sleep generator center; thus the 
decrease of REM sleep with age simply reflects the matu- 
ration of this central inhibition. The second active hypo- 
thesis favored by most investigators suggests that the func- 
tion of REM sleep is to supply the developing central 
nervous system with an adequate amount of endogenous 
neuronal activation during the time in which waking (exo- 
genous activation) is very limited. Sleep-wake studies in 
infants showed a very strong negative correlation between 
the amount of REM sleep and quiet alertness in favor of 
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Fig. 5. Number of bursts of eye movements per se during REM sleep. 
The means for pups reared under light-dark (LD) and those reared from 
birth under constant dark (DD) are shown. The stars above the bars 
indicate the significance of orthogonal contrasts for the different ages vs. 
day 10 [ 54]. Dunnett's test for multiple comparison (P < 0.01, two-sided). 

the active hypothesis of REM sleep function in infancy 
[141. 

Although correlational studies indicating a relationship, 
e.g., between, the intensity of eye movement burst and the 
degree and subsequent maturation of the brain are inter- 
esting in their own right [ 1,2,54], the most straightforward 
experimental approach to study the role of REM sleep in 
brain maturation is to deprive, as selectively as possible, 
the rapidly developing animal of its normal quota of REM 
sleep. Subsequently, the consequences of such treatment 
for brain function in adulthood can be investigated. We 
took a pharmacological approach using an anti-depressant 
drug, such as clomipramine or an anti-hypertensive drug, 
clonidine, injected daily in rat pups during the second and 
third week of life, the period in which rapid rat brain 
maturation takes place and a high amount and intensity 
of REM sleep are found. In a series of experiments, daily 
injections ofclomipramine or clonidine between days 8-21 
were used to reduce the high level of REM sleep to less 
than the adult value throughout most of the experimental 
period (see [38,40] and also Fig. 3). In adulthood, the 
neonatally REM sleep-deprived rats showed increased 
anxiety (Fig. 6), reduced sexual activity (Fig. 7) and a dis- 
turbed sleep-wake pattern, the latter with higher amounts 
of time spent in REM sleep and a higher intensity of phasic 
activity, a pattern reminiscent of the REM intensity found 
in early neonatal life. Subsequent measurement of regional 
brain weights showed a significant reduction in the size of 
the cerebral cortex and brainstem, as compared with the 
respective control groups, in both the clomipramine- and 
the clonidine-treated rats. In addition, protein determina- 
tion in the affected brain areas showed a proportional 
reduction (Table 1) [40]. In another series of studies [39], 
rat pups were deprived of REM sleep by means of daily 
clonidine injections between 8 and 21 days after birth. 
They were weaned on day 22 and reared from day 28 
onwards under either 'enriched' or 'standard' environmen- 
tal conditions (a model used for cortical plasticity other 
than monocular deprivation). At 75 days of age the brains 
were dissected into eight parts and weighed. The mean 
group values were compared with those of two control 
groups which had been reared differentially, i.e., in the 
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Fig. 6. Number of crossings and defecations in a 2-rain open-field test on 5 consecutive days in experimental (neonatally clomipramine-or clonidine- 
treated) and control rats [40]. The higher amount of outer crossings in neonatally REM sleep-deprived rats indicates a higher level of anxiety and a 
reduced level of adaptation. 

same fashion as the REM-deprived rats, but injected with 
the vehicle only. A selective weight increase was demon- 
strated in the cerebral cortex of the control-enriched rats 
as compared with the standard reared control animals. In 
contrast, no differences between the two REM sleep- 
deprived groups could be found in any part of the brain 
(Table 2) [39]. These results suggest that REM sleep dep- 
rivation during early development not only retards brain 
maturation, but also inhibits the growth response of the 
brain to environmental stimulation later in life [39]. An- 

other study was performed in order to test the functional 
significance of REM sleep for the cerebral cortical or hip- 
pocampal maturation. Here, the rat pups were daily in- 
jected with clonidine between the ages of 8 and 21 days. 
To assess the long-term consequences of such treatment 
in adulthood, cortical or hippocampal extra-cellular dis- 
charges in response to micro-iontophoretically applied 
neurotransmitters were studied. No significant differences 
were found in the single cell response to glutamate, GABA 
or noradrenaline in the cerebral cortex of the clonidine- 
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Fig. 7. Level of sexual activity in experimental (neonatally REM sleep-deprived) and control rats (see [38,40] and also Fig. 6). Although sexual 
orientation and partner preference were not tested, consummatory aspects of sexual activity were clearly reduced in neonataUy REM sleep-deprived 
rats. 
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Table 1 

DNA,  protein and noradrenaline (NA) content of  brain areas affected 
by neonatal AS-deprivation. The data  are presented as mean + S.E.M. 
(n = 10) for absolute and relative amounts  (per mg wet weight) 

Clomipramine (I) Clonidine (II) 

C E C E 

Cerebral cortex 
D N A  (/2g) 960 ± 26 940 ± 37 836 ± 69 789 +_ 47 
~g /mg)  1.20 1.20 1.09 1.09 
Protein (mg) 88 ± 2 81 ± 3* 67 ± 2 61 + 3* 
(mg/mg) 0.10 0.10 0.09 0.08 
Protein/DNA (mg/mg) 89 ± 2 86 ± 7 80 ± 5 77 + 4 
NA (ng) 9 9 + 8  106±5 8 0 ± 9  7 9 + 7  
(ng/mg) 0.12 0.12 0.10 0.11 

Medulla oblongata 
D N A  (/~g) 285 ± 15 243 ± 13" 202 ± 11 202 ± 15 
(#g/mg) 1.20 1.10 1.02 1.09 
Protein (mg) 29 ± 1 28 ± 1 20 + 0.6 18 ± 0.4* 
(mg/mg) 0.10 0.10 0.10 0.10 
Protein/DNA (mg/mg) 106 ± 3 117 ± 5* 99 ± 5 89 + 4* 
NA (ng) 5 6 ± 4  5 0 ± 5  6 1 ± 1  5 8 ± 2  
(ng/mg) 0.24 0.23 0.31 0.31 
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Fig. 8. Noradrenaline (NA) inhibition of glutamate evoked responses in 
pyramidal neurons of adult rat hippocampus, as function of NA dose 
(amount of  current), CLO, neonatally REM sleep-deprived (clonidine- 
treated) rats; CON, control rats [16]. 

AS, active sleep 
* P <  0.05 according to Student 's t-test, one-tailed. 

treated rats as compared with the age-matched controls• 
However, the magnitude of the GABAergic depression of 
the glutamate-induced neuronal responses was greater in 
the clonidine than in the control group [42]. This finding 
is in accordance with Vogel's hypothesis that REM sleep 
deprivation increases the inhibitory mechanism [60]. In 
the hippocampus of neonatally clonidine-treated rats, a 
supersensitivity of the pyramidal cells to noradrenaline 

Table 2 
Influence of post-weaning enriched experience (2.5 h daily) on regional 
brain weights (mean ± S.E.M.) in 4 different experimental groups 

was found (Fig. 8) [ 16]. It is interesting in this regard that 
regulation of noradrenaline receptor sensitivity has been 
suggested to be a function of REM sleep in adulthood [53] 
(see also [41]). In the homeostatic adaptation of receptor 
sensitivity to a persistent change in the intensity of incom- 
ing stimulation, the neuron makes use of 'set-points', which 
themselves have been determined in early development by 
the amount of synaptic activation (also during REM sleep 
[41]). Furthermore, long-lasting hippocampal plasticity, 
as revealed in kindling epileptogenesis in adulthood, was 
significantly retarded in neonatally REM sleep-deprived 
rats in comparison with the saline-treated control group 
[16] (Fig. 9). During early development REM sleep may 
serve to prevent precocious developmental responses to 

Sal-SC Sal-EC CIo-EC Clo-SC 

Body weight (g) 251 + 8 221 _+ 6** 233 + 6 236 + 5 
Brain weight (mg) 1826+14 1876+26 1753+18 §§ 1736+14'** 
Olfactory bulb 62 + 3 65 + 3 55 + 2 § 52 + 1 t 
Cerebellum 246 ± 3 246 + 4 235 + 4 237 + 6 
Colliculi 57 _+ 2 54 + 3 52 _+ 2 51 + 2 
Hypothalamus 37 + 1 37 + 1 36 + 1 35 +_ 1 
Medulla oblongata 198 ± 3 196 ± 5 189 ± 4 185 ± 3** 
Hippocampus 127 + 2 125 + 2 123 ± 2 123 ± 1 
Cerebral cortex 765 ± 9 816 ± 16"* 749 ± 13 §§ 722 ± 12' 
'Residue' 241±7  2 4 9 ± 8  235±6  2 3 6 + 4  

Adrenals 3 9 ± 2  34± 1" 29+ 1 30± i t** 

Sal, saline injected; Clo, clonidine injected; SC, standard condition; EC, 
enriched condition. 
* P<0 .05 ;  ** P<0 .01 ,  (SaI-EC vs SaI-SC). § P <0 .05 ;  §§ P<0 .01 ,  
(Clo-EC vs SaI-EC). * P<0 .05 ;  ** P<0 .01 ;  *** P<0 .001 ,  (Clo-SC vs 
Sal-SC). For Clo-EC vs CIo-SC there were no significant differences 
(two-way analysis of  variance, ANOVA). 
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Fig. 9. Increased latency from the end of the kindling stimulation to the 
initiation of the epileptic activity in neonatally clonidine-treated adult rats 
(CLOKIN)  vs. controls (CONKIN).  Together with a reduced excitabil- 
ity ratio this suggests retarded plasticity in the hippocampus of the neo- 
natally REM sleep-deprived rats [16]. 
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environmental stimulation, whereas later in development 
it promotes brain plasticity as a consequence of experi- 
ence. 

3. Neonatal rapid eye movement and adult depression 

The studies described thus far show that REM sleep 
deprivation in a certain critical developmental period pro- 
duces several long-lasting changes. Based on these find- 
ings, Vogel hypothesized that all these changes can be 
interpreted as symptoms of endogenous depression [60]; 
in other words, in adulthood neonatally REM sleep- 
deprived rats develop depression. Vogel argued that for a 
true animal model for human endogenous depression, sev- 
eral important criteria have to be fulfilled. First, these 
animals should show decreased aggression, sexual behav- 
ior and pleasure seeking. Secondly, they should show 
REM sleep abnormalities like short REM sleep latency, 
sleep onset REM and increased REM phasic events. 
Third, these animals should respond to treatment with 
antidepressant drugs and REM sleep deprivation. 

Vogel and colleagues carried out a number of experi- 
ments to test the validity of neonatally REM sleep- 
deprived rats as animal models for human depression 
[ 17,44,58-60]. They found reduced shock-induced aggres- 
sion and enhanced defensive response in adult rats treated 
with clomipramine neonatally (postnatal days 8-21), as 
compared with saline-treated animals. Sexual activity in 
neonatally REM-deprived males showed fewer mountings, 
intromissions, ejaculations and longer mount latencies and 
postejaculatory pauses. In an open-field activity test these 
rats showed increased activity mainly in the outer part of 
the chamber, indicating a motor restlessness associated 
with the fear or stress of an open, exposed environment, 
possibly comparable to the motor agitation found in de- 
pressive patients. In an experimental pleasure-seeking 
behavior paradigm (hypothalamic self-stimulation) Vogel 
et al. found reduced pleasure-seeking in the neonatally 
REM-deprived rats. Sleep variables examined showed low 
REM latency, frequent sleep onset REM periods and an 
abnormal temporal course of REM rebound after REM 
sleep deprivation in adult rats that were neonatally REM 
deprived. The described changes did not necessarily 
emerge directly after deprivation, nor did they emerge con- 
currently. Moreover, after a certain amount of time there 
was a spontaneous remission, which was dependent on 
the strain of rats. Another indication for the hypothesis of 
depression induced in adulthood by neonatal suppression 
of REM sleep came from a recent study by Vogel's group 
in which lower spontaneous activity of raphe neurons was 
found in adult rats treated with clomipramine neonatally 
[64]. Additional support for Vogel's hypothesis came from 

studies by Hilakivi et al., who showed increased voluntary 
alcohol consumption and despair behavior in rats that 
were neonatally REM deprived, using several different 
anti-depressant drugs [ 18-20]. 

To what extent the outcome of the pharmacological 
suppression of REM-sleep in these studies is the result of 
interference with, e.g., the monoaminergic system, rather 
than of interference with REM sleep per se or even non- 
REM sleep/wakefulness, is a question that requires further 
study [3,35,37,38,40]. Since REM sleep generation is 
based on a delicate balance in the activity of monoamin- 
ergic and cholinergic systems, it is very diffficult to inter- 
fere with REM sleep leaving these areas intact. This prob- 
lem is not easily solved, as it is difficult to deprive rat pups 
of REM sleep instrumentally, e.g., with the equipment 
described by Rechtschaffen et al. [51] (see also [40]). 
Vogel et al. [60] give some arguments for preferring the 
iterpretation of a REM sleep interference per se rather 
than a monoaminergic interpretation. 

4. Specifying rapid eye movement sleep functions 

Taken together these results are in accordance with the 
idea that REM sleep deprivation during early life engen- 
ders long-lasting behavioral and physiological changes, 
most of which resemble symptoms found in human en- 
dogenous depression. This, however, does not completely 
answer the question of the function of REM sleep in de- 
velopment. Although there are several hypotheses on the 
function of REM sleep, most of them are based on and 
limited to, adult data (for a review, see [23]). A specific 
hypothesis for the function of REM-sleep in development 
has been proposed by Roffwarg et al. [ 52]. They suggested 
that the function of REM sleep during development might 
be the stimulation of the brain in a period when waking life 
is limited in time and scope and offers little occasion for 
stimulation. Although this hypothesis is well supported by 
most experimental data (including ours), available data do 
not completely fit this hypothesis, which predicts a steady 
decline of REM phenomena, paralleling the decline in 
total amount of sleep during development: in fact, a short- 
lasting peak in REM phenomena is found in the amount 
of eye-movement bursts, which is not paralleled by a simi- 
lar peak in total amount of sleep [54]. Furthermore, se- 
quelae of REM sleep reduction (which in most deprivation 
studies, pharmacological or instrumental, were compen- 
sated for by an increased wakefulness) are not counter- 
acted. Thus, although I believe the endogenous CNS ac- 
tivation role of REM sleep proposed by Roffwarg et al. 
[52], I do not consider REM sleep function to be equiva- 
lent to wakefulness in early life. A study carried out for 
several years by Marks et al. [34], of the Roffwarg group, 
is of special interest in this regard. These investigators- 
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deprived kittens instrumentally of REM sleep. Mono- 
nuclear deprivation reduces the size of the lateral genicu- 
late nucleus (LGN) only during a critical period of brain 
development. REM deprivation amplified the brain dete- 
rioration induced by environmental (monocular) depriva- 
tion. It is interesting to note that although all REM dep- 
rivation was compensated for by increased waking activity, 
developmental disturbances do occur. In other studies by 
Davene and Adrien [11] and also by Marks et al. [34], 
only pontogeniculo occipital waves (PGO; characteristic 
phasic activity during REM sleep) were suppressed by 
lesioning brainstem PGO generator areas. A much smaller 
size of the LGN was found in mononuclearly deprived 
kittens after PGO lesion than in control monocularly de- 
prived animals. Such lesions eliminate REM sleep state- 
specific neuronal activation in the LGN and not LGN 
activity induced during waking experiences [ 12]. 

Any hypothesis on the function of fetal/neonatal REM 
sleep should cover this remarkable time-course in the de- 
velopment of REM phenomena. First, as the experiments 
of Vogel's and of our own group pointed out, there appears 
to be a small time-window, in which REM sleep phenom- 
ena have a peak, and deprivation is most detrimental for 
development. Secondly, if deprivation during this small 
time window takes place, the detrimental effects: (1) are 
measurable only after a period of delay; (2) do not nec- 
essarily emerge concurrently; and (3) might spontaneously 
disappear after a certain amount of time. 

Many other functions suggested for REM sleep are 
briefly reviewed here since only few experimental studies 
have been done to support its significance in development. 
For instance, Wehr suggested that REM sleep is pro- 
grammed to occur when CNS temperature is low and that 
it has a thermoregulatory function: that is homeotherms 
use REM sleep to produce heat to maintain or increase the 
CNStemperature during sleep [61]. A restorative function 
of sleep in general [23] (see also Berger [3a], this volume) 
has been suggested for quiet sleep and might also be true 
for REM sleep during development. Neuronal activation 
might indeed be a mechanism by which REM sleep can 
promote growth and plasticity of the brain [45] (see also 
Marks et al. [34]: previous article in this volume). Another 
intriguing hypothesis is the one suggested by Vertes, the 
so-called life-sustaining function of REM sleep [55]. He 
suggests that the random endogenous activation of the 
brainstem during REM sleep prevents sustained brain in- 
activity, which might occur during sleep (switching from 
off to on or preparing to 'wake up'). Cells in some regions 
of the brain may be damaged or their function disrupted 
if the levels of spontaneous activity fall below a critical 
point for prolonged periods of time. REM may serve to 
periodically 're-charge' certain vital systems (cardiorespi- 
ratory and thermoregulatory). 

Many pioneer investigators (see Hennevin et al. [ 17a], 
this volume) have suggested that REM sleep plays a role 
in learning and memory. The performance of REM sleep- 
deprived rats on intermittently rewarded learning tasks 
resembles that of animals, such as fish, which naturally 
lack REM sleep. There have recently been experimental 
studies which renewed the interest in this issue [27,62]. A 
different view was suggested by Kreuger and Obal [30]. 
These investigators proposed that on the basis of use- 
dependent synaptic stabilization the neuronal assembly 
not activated during wakefulness will be activated during 
sleep to prevent it from atrophy. This view resembles that 
of Freud who stated: 'dreams are for fulfilling our wishes'. 
However, there are recent experimental data of Wilson 
and McNaughton [62], showing that the same type of 
hippocampal cells activated during training in a radial 
maze are indeed endogenously reactivated (probably for 
memory consolidation) during sleep. This is not in accor- 
dance with the point of view of Kreugel and Obal [30]. 
Both sleep activation of neuronal groups that were dis- 
proportionally stimulated during wakefulness and consoli- 
dation of memory traces (that might vary depending on 
tasks or individuals; see below) are likely possibilities, but 
the significance of these theories for fetal/neonatal REM 
sleep is very limited at present and requires further study. 

An intriguing hypothesis of REM sleep function has 
been put forward by Crick and Mitchison [8]. Based on 
the large amount of information (and association) that has 
to be stored in the brain, they proposed that in order to 
prevent the system from being overloaded (inducing fan- 
tasies, obsessions or hallucinations) an unlearning process 
is required to delete unwanted information. They suggested 
that during REM sleep, in which the brain is rather iso- 
lated from its normal input/output, a non-specific endog- 
enous activation (e.g., PGO) in the brainstem might in- 
duce reverse learning or unlearning. To put it in a different 
way: we dream in order to forget. The result is that the 
dream (or some of its elements) is less likely to recur in the 
future. Still, the recall of the network after unlearning is 
less confused and more efficient. The investigators further 
indicated that the terms reverse learning and unlearning 
are not ideal because they imply that one has to learn 
something first in order to unlearn it. But what does a fetus 
or preterm infants (with about 10 h of daily REM sleep) 
learn that has to be unlearned? The answer is that during 
development, the semi-random process of making synap- 
tic connections is likely to produce parasitic modes. It is 
these modes that must be unlearned (or deleted) in order 
to obtain a normally developed network. 

Another hypothesis concerning REM sleep was pro- 
posed by Jouvet [25]. He suggested that an endogenous 
genetic programming of the brain occurs during REM 
sleep. In his view REM sleep is responsible for individual 
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differences throughout the life span of  an individual. There 

are indeed differences between genetically different strains 

of  mice with regard to, e.g., the pattern of  eye movements  

during R E M  sleep. Jouvet  puts this hypothesis forward by 

stating that the genetic read-out, which is mostly related 

to ' forward experience', is not  necessarily adaptive to the 

latent historical situation of  the individual. In this case, the 

periodic programming may or may not  be in accordance 

with the processing of  new information. In some cases, it 

may facilitate the acquisition o f  long-term memory,  but in 

others it may have no effect or even inhibit or destroy 

traces of  certain memories. In accordance with this pre- 

diction, suppression of  R E M  sleep in two different strains 

of  mice had positive vs. negative effects in an active avoid- 

ance task in a Y-maze (for references, see [25]) and phe- 

notype differences between the two strains were reduced 

by R E M  deprivation. The genetic programming function 

of  R E M  sleep may not  only take place during develop- 

ment. However,  it would be interesting to examine whether 

during the fetal/neonatal period R E M  deprivation induces 

different results depending on the species strains used. 

5. Conclusions 

We can only speculate about the functional conse- 

quences of  fetal/neonatal sleep disturbances in human be- 

cause o f  the diversity in 'normal '  human brain develop- 

ment, in spite of  the fact that there have even been 

suggestions of  a link between sleep disturbances in early 

life and sudden infant death syndrome [7,56]. In many 

developmental studies in which hypotheses were put for- 

ward and experiments were designed to test the functional 

significance of  biological phenomena,  few findings emerge; 

this may be due to the fact that the C N S  is selfish, con- 

servative and redundant.  Thus, many of  our negative re- 

suits may not  simply mean that the biological phenomenon 

studied (in this case R E M  sleep) does not have an impor- 

tant function. On the contrary, it only suggests how a 

plastic brain can appropriately compensate  for sequelae 

and hence functions normally. Furthermore,  a sequela 

found by eliminating a biological phenomenon should not  

be regarded as its only function (see also [6], this volume), 

In summary, I believe that fetal/neonatal R E M  sleep 

has a very important  function. It is not  for nothing that a 

preterm/term baby spends about 10 h in this state every 
day. This function might be fulfilled by the endogenous 

activation o f  the brain to influence: (1) neuronal growth; 
(2) synaptic plasticity; (3) learning and unlearning; (4) 
genetic read-out and individual differences; and (5) car- 

diorespiratory and thermoregulatory centers. Further- 
more, since the level o f  R E M  sleep at a given stage of  

development can be looked at in two contradictory ways, 

viz. as an index for both future brain growth potential and 

present brain maturity, attempts to use the amount  of  

R E M  sleep as a predictive neurological outcome in 

neonatology/pediatrics may prove to be disappointing. 
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