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Recent findings have increasingly shown that sleep patterns are significantly influenced by psychological stress, such

as social defeat, novelty stress, contextual fear stress, and psychological stress induced by the communication box.

However, the exact association between psychological stress and sleep is still poorly understood. Therefore, in the
present paper we will review related work based on our recent investigations. We have previously reported that total
rapid eye movement (REM) sleep, but not non-rapid eye movement (NREM) sleep that is enhanced by psychological
stress induced by the communication box in rats (Cui et al., 2007) . In past decades strong evidence showed that neu-
rotransmitters play a key role in the variations of the sleep patterns, such as acetylcholine, GABA and others. In addi-
tion to neurotransmitters, the hypothalamic-pituitary-adrenal (HPA) axis is another important factor which influences
sleep patterns. Therefore, this review will focus on the involvement of the neurotransmitters and the HPA axis in the

changes of sleep patterns in response to psychological stress.
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INTRODUCTION

Stress is a complex issue, but generally it is defined
as a physical or psychological reaction resulting from
an individual response to environmental tensions,
conflicts, pressures, and similar stimuli.? Psychologi-
cal stress was recently found to have a prominent
effect on sleep patterns, for example, the amount of
slow-wave sleep was increased in the subsequent 6 h
of sleep after social conflict stress,? whereas the total
REM sleep was immediately decreased in rats®# and
mice® after contextual fear stress (Table 1) . Further-
more, both our groups and others have previously
reported that physical and psychological stress to be
induced by the communication box simultaneously in
different rats.S® Physical stress was generated by
foot shock, whereas psychological stress was generat-
ed by exposure to emotional responses without direct
physical stress, namely, they were exposed to visual,
smell and auditory stimuli arising from foot shock
stressed animals.!%!D  Therefore, this equipment
ideally isolated psychological stress from physical
stress.

Concerning sleep patterns, REM and NREM are
the most important components of sleep, and are
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characterized by polysomnographic recordings,
namely the electroencephalogram (EEG), electro-
oculogram (EOG) and electromyelogram (EMG).
Figure 1 shows a representative polygraph recording
of wakefulness, REM sleep and NREM sleep by
EEG, EOG and EMG in a rat. The wakefulness state
was characterized by a low voltage fast wave EEG in
the cortex and hippocampus, and high amplitude
EMG and EOG. The REM sleep state showed a low
voltage fast wave EEG, which is similar with that of
the wakefulness state and includes the appearance of
eye movements. However, the EMG was also low am-
plitude. Whereas the NREM sleep state was a high
voltage slow wave EEG and a low amplitude EMG
and EOG.

Based on sleep recordings and the psychological
stress induced by the communication box, the associ-

Table 1. The Sleep Patterns in Response to the Different
Types of Psychological Stress in Mammals.

Types of psychological stress Sleep parameters

Social conflict? NREM sleep 1

Conditioned fear® REM sleep |
Auditory stimulation!? REM sleep 1
Novelty® REM sleep |

NREM sleep |

| : decrease, 7 :increase.
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Fig. 1. Typical Recordings of Each Stage of Wakefulness and Sleep in Rats
EEG: electroencephalogram, EMG: electromyogram, EOG: electrooculogram, FC: frontal cortex, HC: dorsal hippocampus, Vertical bar: 200 4V, horizontal

bar: 10 s in the panel of right corner.

Table 2. The Changes in Sleep Patterns in Response to Psychological Stress Induced by the Communication Box in Rats.t?

Sleep parameters Total sleep Total REM sleep

Total NREM sleep

Total number of
REM sleep episodes

Average duration of
REM sleep episodes

Effects < 1

& = 1

| : decrease, 7 :increase, <: no change.

ation of sleep pattern and psychological stress is dis-
cussed in the present paper.

Sleep and Psychological Stress In the com-
munication box, an electric foot shock was used to
produce a scrambled electric foot shock (2 mA)
through the floor grid lasting for 10 s at intervals of
60 s for 1 h in the physical stress group; whereas the
psychological stress group did not directly received
foot shock from this apparatus. They could see the
rats receiving foot shock via three sides of transparent
acrylic panels and perceive the sounds and smells.
These rats were exposed to various emotional stimuli
and felt anxiety from the rats in the compartments
with the electric grid floors. Sleep recording was per-
formed after 1 h of psychological stress.®”

Consequently total REM sleep was significantly en-
hanced due to the prolonged average duration of
REM sleep episodes without affecting the total num-
ber of REM sleep episodes. However, there was no al-
teration of total NREM sleep and wakefulness in rats
after 1 h of psychological stress (Table 2). These
findings seem to contradict the generally accepted
idea that stress causes sleep disturbance. Therefore,
to clarify the possible mechanism of the present find-
ings, further study was performed on the pharmaco-
logically based neurotransmitters and the HPA axis.

The Cholinergic Mechanism of the Change in Sleep

Patterns in Psychological Stress Rats It has been

shown that cholinergic neurons in rats are activated
by psychological stress, such as auditory stimula-
tion,'? sensory stimulation!® and conditioned fear
stress.!'¥ Moreover, it is well known that cholinergic
neurons play a key role in REM sleep regulation; for
example, REM sleep is enhanced and inhibited by
cholinergic agonists and antagonists, respective-
ly.!512  Therefore, we undertook to investigate
whether cholinergic neuronal activity is related to
change of the sleep pattern in response to psychologi-
cal stress. In the further experiment, which involved
intracerebroventricular (i.c.v.) microinjection of
atropine, the increased total REM sleep induced by
psychological stress during the first 3-h period was
dose-dependently inhibited by atropine but not total
NREM sleep (Fig. 2), and a significant decrease was
observed with a dose of 30 nmol (Fig. 3). However,
the injection of atropine significantly inhibited the du-
ration of REM sleep episodes but did not influence
the total number of REM sleep episodes in the psy-
chological stress group.” Consistent with our results,
several studies have shown that cholinergic neurons
enhance REM sleep,!5!1” and that the cholinergic an-
tagonist atropine inhibits total REM sleep due to a
reduced average duration of REM sleep episodes in
cats!® and rats.!” Another study reported that the
cholinergic reduction of REM sleep was inhibited by
auditory stimulation.!? It is therefore possible that
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Fig. 2. Effects of Atropine on Total NREM Sleep in the Control and Psychological Stress Group
##P<0.01, vs control+saline group; *P<0.05; * *P<0.01, vs stress+saline group. One-way ANOVA followed by Tukey’s test. Data represent the mean +

SEM (n=5).
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Fig. 3. Effects of Atropine on Total REM Sleep in the Control and Psychological Stress Group
#P<0.05, vs control +saline group; *P<0.05, vs stress+saline group. One-way ANOVA followed by Tukey’s test. Data represent the mean+SEM (n=5).

the cholinergic neurons play an important role in
changes in sleep patterns in the present psychological
stress group.

The GABAnergic Mechanism of the Change in
Sleep Patterns in Psychological Stress Rats

GABA is a main inhibitory neurotransmitter in the
mammalian brain, and consists of three subtypes
receptor of GABA,, GABAy and GABA(.'® With
regard to the GABAj receptor, it is distributed
throughout the brain!® and its function is to inhibit
the release of other neurotransmitters and stress hor-
mone secreted by the HPA axis. In rats, for example
these include the cholinergic,22) glutamatergic,??

serotoninergic?3:2» and dopaminergic neuons,25:20
prolactin,?”?  corticosterone?® and corticotropin
releasing hormone.?¥ In addition, some evidence also
showed that reduced GABA levels were found in the
nucleus accumbens, cortex and brainstem of rats ex-
posed to acute forced swimming stress.3® Similar
findings were also found regarding the fact that the
hippocampal level of GABA was significantly inhibit-
ed by chronic mild stress,?" and the GABA concen-
trations in the basolateral region of the amygdala in
mice were attenuated by a conditioned fear
stimulus.3? Moreover another group further reported
that a GABAg receptor agonist, baclofen, but not a
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GABA, receptor agonist, muscimol, suppressed the
increases in extracellar dopamine release by acute
handling-stress.3¥ Therefore, to investigate the as-
sociation between the GABAjg receptor and the
change in sleep pattern induced by psychological
stress, baclofen (20 pmol) was microinjected into the
i.c.v. space. Consequently the enhanced total REM
sleep induced by psychological stress was significantly
inhibited by the administration of baclofen (Fig. 4).
However the total NREM sleep was not altered (Fig.
5). The release by cholinergic neurons predominated
in response to the present psychological stress as men-
tioned above. Furthermore, a local microinjection of
baclofen into pedunculopontine tegmentum, which

©
o
H

contains a prominent group of cholinergic neurons
significantly reduced total REM sleep through the in-
hibition of cholinergic activity related to an increase
in REM sleep.3¥ Thus, the reduction of REM sleep
was perhaps attributable to the baclofen-induced in-
hibition of cholinergic activity in the presence of psy-
chological stress.

The Effect of the HPA Axis on the Change in Sleep
As for the
HPA axis, numerous studies show that the HPA axis

Patterns in Psychological Stress Rats

plays an important role in the change in sleep patterns
by the secretion of stress hormones, such as cor-
ticotropin releasing hormone, adrenocorticotropic
hormone and corticosterone.3 In particular the level
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Fig. 4.

Effects of Baclofen on Total REM Sleep in the Control and Psychological Stress Group

#P<0.05, ##P<0.01, vs saline group; *P<0.05, vs psychological stress+saline group. One-way ANOVA followed by Tukey’s test or Student’s ¢-test. Data

represent the mean+SEM (n=7).
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Fig. 5.

Effects of Baclofen on Total NREM Sleep in the Control and Psychological Stress Group

One-way ANOVA followed by Tukey’s test or Student’s ¢-test. Data represent the mean+SEM (n=7).
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Fig. 6. Effects of Psychological Stress on Corticosterone
Two-way ANOVA followed by Student’s #-test. Data represent the mean+SEM (n=6).

of serum corticosterone which reflects activity in the
HPA axis is
experiments.354D) Therefore, the concentration of

frequently used in  stress

corticosterone was tested after psychological stress.
Surprisingly, the plasma corticosterone level did not
increase in response to psychological stress induced
by the communication box (Fig. 6). Similar studies
have demonstrated that corticosterone levels in rats
increase during!® but not after®1937 psychological
stress induced by a communication box. These results
indicated that the HPA axis is transiently activated in
the present study. Therefore, the present changes in
the sleep patterns were probably not attributable to
the activated HPA axis.

CONCLUSION AND IMPLICATION

Previously, the psychological stress induced
changes in sleep patterns were reviewed in our
studies.®” The major finding being that REM sleep
was enhanced significantly by the psychological stress
of communication box, and these results differ from
other psychological stress as listed in Table 1. There-
fore, these discrepancies interested us, and we there-
fore conducted further research to clarify the possible
mechanism. In our study the enhancement of REM
sleep by psychological stress was inhibited by the
microinjection of baclofen, a GABAg agonist, and
atropine, a cholinergic antagonist, separately. Fur-
thermore, baclofen was also found to participate in
the changes in sleep patterns via an inhibition of
cholinergic neurons,*® suggesting that cholinergic
neurons may play a key role in the changes in sleep
patterns in response to psychological stress. Another
important factor is the HPA axis, the activity of

which was monitored by the concentration of cor-
ticosterone. However, a significant difference was not
observed, based on these results, and it is therefore
possible that the enhancement of REM sleep was
closely related to cholinergic neuronal activity but not
to the HPA axis.

In humans, the influence of stress on sleep is
strongly associated with depression.4? Furthermore,
psychological stress is often applied in stress-induced
depression models, including social defeat and mater-
nal separation.*#4 Consistent with our results, in-
creased REM sleep and shorted REM sleep latencies
have frequently been observed in depressed
patients.*>40 In general, these two sleep parameters
are considered to be predictive of the development of
depression.’#® Unlike the social stress-induced
depression models, the present stress model was not
an effective depression model; the changes in the sleep
patterns of psychological stress rats, however, may
reflect early symptoms of depression. Furthermore,
previously our studies focused on the changes in sleep
patterns in response to acute stress. However, it is
also well known that chronic exposure to stressful life
events has been reported to be associated with the de-
velopment of depressive symptoms.*? Therefore, the
changes in sleep patterns in response to chronic psy-
chological stress need further study in the future.

REFERENCES

1) Newbury-Birch D., Kamali F., Postgrad.
Med. J., 77, 109-111 (2001).

2) Meerlo P, Turek F. W., Brain Res., 907, 84-92
(2001) .

3) JhaS.K., Brennan F. X., Pawlyk A. C., Ross



410

Vol. 128 (2008)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

R. J., Morrison A. R., Eur. J. Neurosci., 21,
1077-1080 (2005) .

Tang X., Xiao J., Liu X., Sandford L. D., Be-
hav. Brain Res., 160, 60-71 (2005).

Liu X., Tang X., Sanford L. D., Brain Res.,
991, 1-17 (2003).

Cui R., Li B., Suemaru K., Araki H., Acta.
Medica. Okayama, in press (2007) .

Cui R., Suemaru K., Li B., Araki H., Eur. J.
Pharmacol., in Press (2007).

Ogawa N., Kuwahara K., Jpn. J. Psychosom.
Med., 6, 352-357 (1996) .

Ishikawa M., Hara C., Ohdo S., Ogawa N.,
Physiol. Behav., 52, 457-480 (1992).

Endo Y., Yamauchi K., Fueta Y., Irie M.,
Med. Sci. Monit., 7, 1161-1165 (2001) .
Katsura M., Mohri Y., Shuto K., Tsujimura
A., Ukai M., Ohkuma S., Mol. Brain Res.,
104, 103-109 (2002).

Arankowsky-Sandoval G., Prospero-Garcia
O., Aguilar-Roblero R., Drucker-Colin R.,
Brain Res., 375, 377-380 (1986).

Inglis F. M., Fbiger H. C., Neuroscience, 66,
81-86 (1995).

Nail-Boucherie K., Dourmap N., Jaffard R.,
Costentin J., Cogn. Brain Res., 9, 193-197
(2000) .

Drucker-Colin R., Dreyfus-Cortes G., Chavez
L., Aguilar R., Mcginty D., Bowersox S., J.
Neurosci. Res., 9, 425-435 (1983).

Marks G. A., Birabil C. G., Neuroscience, 86,
29-37 (1998).

Mavanji V., Datta S., Neuroreport, 16, 1603—
1606 (2002) .

Puigcerver A., van Luijtelaar E. L., Drinken-
burg W. H., Coenen A. L., Brain Res. Bull.,
40, 157-162 (1996) .

Charles K. J., Deuchars J., Davies C. H., Pan-
galos M. N., Mol. Cell. Neurosci., 24, 214-223
(2003) .

Deboer P., Westerink B. H., J. Neurochem:.,
62, 70-75 (1994).

Parkman H. P., Stapelfeldt W. H., Williams
C. L., Lennon V. A., Szurszewski J. H., J.
Physiol., 471, 191207 (1993).

Yamada J., Saitow F., Satake S., Kiyohara T.,
Konishi S., Neuropharmacology, 38, 1743—
1753 (1999).

Bagdy E., Kiraly I., Harsing L. G. Jr., Neu-

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

40)

41)

rochem. Res., 25, 1465-73 (2000) .

Gray J. A., Green A.R., Br. J. Pharmacol.,
91, 517-522 (1987).

Erhardt S., Mathe J. M., Chergui K., Engberg
G., Svensson T. H., Naunyn Schmiedebergs
Arch. Pharmacol., 365, 173—-180 (2002) .
Olpe H. R, Koella W. P., Wolf P., Haas H.
L., Brain Res., 134, 577-580 (1977).
D’Eramo J. L., Somoza G. M., Kertesz E.,
Libertun C., Eur. J. Pharmacol., 120, 81-85
(1986) .

Mishunina T. M., Kononenko V. Y., Neu-
rosci. Behav. Physiol., 32, 109-112 (2002) .
Calogero A. E., Gallucci W. T., Chrousos G.
P., Gold P. W., Brain Res., 463, 28-36
(1998) .

Borsini F., Mancinelli A., D’Aranno V.,
Evangelista S., Meli A., Pharmacol. Biochem.
Behav., 29, 275-279 (1988).

Gronli J., Fiske E., Murison R., Bjorvatn B.,
Sorensen E., Ursin R., Portas C. M., Behav.
Brain Res., 181, 42-51 (2007).

Young B. J., Cook C. J., Physiol. Behav., 87,
817-820 (2006).

Marsteller D. A., Gerasimov M. R., Schiffer
W. K., Geiger J. M., Barnett C. R., Borg J.
S., Scott S., Ceccarelli J., Volkow N. D., Mo-
lina P. E., Alexoff D. L., Dewey S. L., Neu-
ropsychopharmacology, 27, 163—-170 (2002) .
Ulloor J., Mavanji V., Saha S., Siwek D. F.,
Datta S., J. Neurophysiol., 91, 1822-1831
(2004) .

Buckley T. M., Schatzberg A. F., J. Clin. En-
docrinol. Metab., 90, 3106-3114 (2005) .
Cacho R., Fano E., Areso P., Garmendia L.,
Vegas O., Brain P. F., Azpiroz A., Physiol.
Behav., 18, 505-512 (2003).

Fukumitsu N., Ogi S., Uchiyama M., Mori Y.,
Nucl. Med. Biol., 32, 95-100 (2005).

Li X. F., Edward J., Mitchell J. C., Shao B.,
Bowes J. E., Coen C. W., Lightman S. L.,
O’Byrne K. T., J. Neuroendocrinol., 16, 620—
627 (2004) .

Laorden M. L., Fuertes G., Gonzalez-Cuello
A., Milanes M. V., J. Pharmacol. Exp. Ther.,
293, 578-584 (2000) .

Sithichoke N., Marotta S. F., Acta. En-
docrinol. Copenh., 89, 726-736 (1978).
Zhou Y., Schlussman S. D., Neuroendocrinol-



No.

411

42)

43)

44)

45)

ogy, 70, 196-199 (1990).

Van Wijnendaele R., Hubain P., Dramaix M.,
Mendlewicz J., Linkowski P., L’Encephale,
28, 51-58 (2005) .

Liu D., Diorio J., Tannenbaum B., Caldji C.,
Francis D., Freedman A., Sharma S., Pearson
D., Plotsky P. M., Meaney M. J., Science,
277, 1659-1662 (1997).

Marrow L. P., Overton P. G., Brain P. F., J.
Psychopharmacol., 13, 115-121 (1999) .
Poland R. E., McCracken J. T., Lutchman-
singh P., Lesser I. M., Tondo L., Edwards C.,

46)

47)

48)

49)

Boone K. B., Lin K. M., Biol. Psychiatry, 41,
929-938 (1997).

Wichniak A., Antczak J., Wierzbicka A., Jer-
najczyk W., Acta. Neurobiol. Exp., 62, 243—
250 (2002).

Giles D. E., Kupfer D. J., Sleep Res., 23, 197
(1994) .

Kupfer D. J., Biol. Psychiatry, 11, 159-174
(1976) .

Tafet G. E., Bernardini R., Prog. Neuropsy-
chopharmacol. Biol. Psychiatry, 27, 893-903
(2003).



