Brazilian Journal of Medical and Biological Research (1997) 30: 641-647

ISSN 0100-879X

R. Camarini and
M.A.C. Benedito

Correspondence

M.A.C. Benedito

Departamento de Psicobiologia
Escola Paulista de Medicina
Universidade Federal de Sao Paulo
Rua Botucatu, 862, 1° andar
04023-062 Sao Paulo, SP

Brasil

Research supported by FAPESP and
by Associagao Fundo de Incentivo
a Psicofarmacologia (AFIP).

R. Camarini is the recipient of

a FAPESP fellowship.

Received June 27, 1996
Accepted March 6, 1997

Rapid eye movement (REM) sleep
deprivation reduces rat frontal cortex
acetylcholinesterase (EC 3.1.1.7) activity

Departamento de Psicobiologia, Escola Paulista de Medicina,
Universidade Federal de Sao Paulo, 04023-062 Sao Paulo, SP, Brasil

Abstract

Rapid eye movement (REM) sleep deprivation induces several behkay words
ioral changes. Among these, a decrease in yawning behavior producigM sleep deprivation
by low doses of cholinergic agonists is observed which indicates Erontal cortex
change in brain cholinergic neurotransmission after REM sleep deprficetylcholinesterase
vation. Acetylcholinesterase (Achase) controls acetylcholine (Ach) = -- - s
availability in the synaptic cleft. Therefore, altered Achase activity

may lead to a change in Ach availability at the receptor level which, in

turn, may result in modification of cholinergic neurotransmission. To

determine if REM sleep deprivation would change the activity of

Achase, male Wistar rats, 3 months old, weighing 250-300 g, were

deprived of REM sleep for 96 h by the flower-pot technique (N = 12).

Two additional groups, a home-cage control (N = 6) and a large

platform control (N = 6), were also used. Achase was measured in the

frontal cortex using two different methods to obtain the enzyme

activity. One method consisted of the obtention of total (P@@per-

natant), membrane-bound (100,09@ellet) and soluble (100,06

supernatant) Achase, and the other method consisted of the obtention

of a fraction (40,00@ pellet) enriched in synaptic membrane-bound

enzyme. In both preparations, REM sleep deprivation induced a
significant decrease in rat frontal cortex Achase activity when com-

pared to both home-cage and large platform controls. REM sleep
deprivation induced a significant decrease of 16% in the membrane-

bound Achase activity (nmol thiocholine formed rhimg protein')

in the 100,00@ pellet enzyme preparation (home-cage group 152.1 +

5.7, large platform group 152.7 + 24.9 and REM sleep-deprived group

127.9 + 13.8). There was no difference in the soluble enzyme activity.

REM sleep deprivation also induced a significant decrease of 20% in

the enriched synaptic membrane-bound Achase activity (home-cage

group 126.4 + 21.5, large platform group 127.8 + 20.4, REM sleep-

deprived group 102.8 + 14.2). Our results suggest that REM sleep
deprivation changes Ach availability at the level of its receptors

through a decrease in Achase activity.
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Introduction tal cortex after REM sleep deprivation in
order to detect possible changes in cholin-
Rapid eye movement (REM) sleep depriergic neurotransmission. Our results showed
vation induces several behavioral changes mdecrease in Achase activity, indicating that
rats (1), among them a decrease in yawniriEM sleep deprivation could change cholin-
behavior induced by low doses of cholin-ergic neurotransmission.
ergic agonists (2,3) indicating alteration in
cholinergic sensitivity. In humans, it is Material and Methods
claimed that REM sleep deprivation has an
antidepressant effect (4) and cholinergic netsubjects and REM sleep deprivation
rotransmission has been proposed to be im-
plicated in depression (5,6). These findings Male Wistar rats bred in our colony, 3
suggest a change of cholinergic neurotransaonths old and weighing 250-300 g, were
mission after REM sleep deprivation. used in this study. After weaning, rats were
The frontal cortex is involved in many kept in wire-mesh cages in groups of 3in a
aspects of behavior. Lesions in this regiomoom with a controlled light-dark cycle (lights
result in changes of social and affective besn from 7:00 a.m. to 7:00 p.m.) and temper-
haviors (7). Among the afferents to the fronature (22 + 2C). Animals had free access to
tal cortex the cholinergic input from thetap water and Purifidab chow until sacri-
basal forebrain neurons, especially those dice. Handling of animals consisted of room
the nucleus basalis magnocellularis (NBM)and cage cleaning. REM sleep deprivation
has been receiving great attention (8,9). Atarted at 9:00 a.m. Animals were placed
considerable amount of data show that leindividually on a small flower-pot in water
sions of the NBM result in decreased cholintanks for 96 h (2,3,21,22). The flower-pot
ergic markers in the frontal cortex, such asvas 5.5 cm in diameter and surrounded by
acetylcholine (Ach), choline uptake, cholinewater up to 2 cm below its surface. Control
acetyltransferase (CAT) and acetylcholinesrats were kept individually in their home
terase (Achase) activity (10-17). Moreovercages for 96 h. Another control group was
since some authors report a decrease in REdibmitted to the same conditions as the REM
sleep in animals with NBM lesions (18,19),sleep-deprived group, except that this con-
it is of interest to evaluate the cholinergidrol group was placed on large platforms,
projections from NBM after REM sleep dep-measuring 14 cm in diameter, surrounded by
rivation. water up to 2 cm below the top.
Acetylcholinesterase (EC 3.1.1.7) is an  During the deprivation period all animals
important constituent of cholinergic neu-had free access to water and food. The dep-
rotransmission (20). Achase hydrolyzes Achrivation length was chosen based on behav-
terminating its action at the synaptic cleftioral and biochemical effects produced by
This enzyme is used as a marker for monito96 h of REM sleep deprivation, already de-
ing NBM lesions and the available data havecribed in the literature (2,3,21,22).
shown a decrease in enzyme activity in the
frontal cortex of lesioned rats (10-17). OrTissue preparation
the other hand, inhibition of Achase leads to
down-regulation of cholinergic receptors Total and frontal cortices were obtained
(15), indicating that changes in Achase magtom different animals. After decapitation
result in changes in Ach availability at thebrains were excised and kept on a cooled
level of its receptors. Petri dish on crushed ice. Brains were washed
We measured Achase activity in rat fron-superficially with isotonic saline to remove
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blood. Cortices were immediately dissected\ll materials, including reagents and homo-
and the tissue weighed and kept in colgenates, were kept on crushed ice before
sucrose 0.32 M, pH 7.4, or 0.25 M, pH 7.4incubation. Enzyme activity was determined
depending on the homogenate to be prén duplicate for both samples and blanks.

pared. One hundred pl of buffer-substrate (0.1 M
sodium phosphate buffer, pH 8.0, plus
Homogenate preparation acetylthiocholine iodide) was pipetted into a

microtube and 5 pl of homogenate was added.
Homogenates (5% w/v) were preparedlanks were obtained by adding 15 pl of 2.4
using glass homogenizer tubes and a motoN perchloric acid to the tubes before incuba-
driven Teflod¥ pestle. Two homogenatestion. The tubes were incubated for 30 min in
were prepared: one in 0.32 M sucrose, a& shaking water bath at®7 After the addi-
cording to Chubb and Smith (23), with cention of perchloric acid, the enzyme activity
trifugation of the material at 9@dor 10 min  tubes were centrifuged at 2,25fr 15 min
at @C. The supernatant was collected andt ®C. An aliquot of 50 pl was pipetted into
centrifuged at 100,000 for 60 min at 4C. another tube and 500 pl of Ellman’s reagent
The supernatant from this step was the sourgeas added. After 15 min, samples were read
of soluble Achase and the resulting pelletn a spectrophotometer using microcuvettes
was resuspended in the original volume. That 412 nm. Proteins were assayed by the
resuspended pellet preparation was the sourneethod of Lowry et al. (26) using bovine
of membrane-bound Achase. Enzyme activserum albumin as standard. The activity of
ity was also measured in the 998uperna- Achase is reported as nmol thiocholine
tant. Homogenates were kept ateQ@ntil  formed mint mg proteirt.
the time for assay. The assay was adjusted to allow the reac-
A second homogenate was prepared ition to occur in the linear region for both
0.25 M sucrose (5% w/v) according to Swantissue concentration and incubation time. To
(24). The homogenate was first centrifugedest the contribution of butyrylcholinesterase
at 900g for 10 min at @C. The supernatant to Ach hydrolysis the enzyme activity was
was centrifuged at 40,06@or 60 minat4C  measured using butyrylthiocholine as the
and the pellet was resuspended in 0.25 Mubstrate at 1 mM final concentration. Since
sucrose and centrifuged under the same cotie activity was very low (<5%) as also
ditions; this procedure was repeated one moshown by other authors (27), no butyrylcho-
time. Finally, the sediment was resuspenddthesterase inhibitor was used.
and kept at -AC until the time for assay.
The homogenates obtained by the firsReagents
method (23) contained all membranes in the
100,000y fraction except those discarded in  All reagents used were of analytical grade
the 900g centrifugation, and differed from either from Sigma Chemical Co. (St. Louis,
the preparation obtained in the second methddO) or Merck Co. (S&o Paulo, Brazil). Twice
(24), which was rich in nerve endings. distilled water prepared in an all-glass-appa-
ratus was used for the assays.
Determination of Achase activity
Statistical analysis
Achase activity was determined by the
method of Ellman et al. (25) adapted for One-way analysis of variance (ANOVA)
microassay. Acetylthiocholine was used afollowed bypost hoduncan’s multiple range
substrate at a final concentration of 1 mMtest was used to detect differences among
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and between groups, respectively. The levé.59, P =0.01). Comparison between groups

of significance was set a£B.05, two-tailed. showed that the Achase activity was signifi-
cantly lower in REM sleep-deprived rats

Results than in the home-cage group (P = 0.01) and
the large platform group (P = 0.05).

Table 1 and Figure 1 show the results Using the same experimental procedure
obtained for Achase activity after REM sleepas for the frontal cortex, Achase activity was
deprivation using different extraction proce-also examined in total cerebral cortex. No
dures. As can be seen, the enzyme activisignificant changes were observed in Achase
was decreased after REM sleep deprivatioactivity in this brain region after REM sleep
in both homogenates. One-way ANOVA ofdeprivation (data not shown).
the data in Table 1 showed a significant
difference among groups in the 9gtho- Discussion
mogenate (f,; = 4.61, P = 0.04) and the
100,000y pellet (F»; = 7.4, P = 0.008), but  The results obtained in this study showed
no difference in the 100,009 supernatant that REM sleep deprivation resulted in a
(F>20 = 3.80, P = 0.06)Post hocanalysis consistent decrease in membrane-bound
showed that in the 909 homogenate the Achase activity in rat frontal cortex, but not
Achase activity of REM sleep-deprived ratdn total cerebral cortex (data not shown).
was significantly lower than in the home-This change was also detected when REM
cage group (P =0.04). Inthe 100,0@@llet sleep-deprived animals were compared with
fraction, Achase activity after REM sleepthe large platform group, suggesting a spe-
deprivation was also significantly lower thancific effect of REM sleep deprivation rather
in the home-cage (P = 0.006) and the larggaan a general effect of stress on Achase
platform controls (P = 0.02). activity in the rat frontal cortex.

One-way ANOVA ofthe datain Figure1  REM sleep deprivation induced similar
also showed a significant difference, (= effects on membrane-bound Achase activity

in both enzyme sources assayed. The prepa-
ration shown in Table 1 allowed to assay

Table 1 - Effect of REM sleep deprivation (REMSD) on the activity of Achase from total, all membrane-bound and soluble en-

fractions of rat frontal cortex.

Achase activity is reported as nmol thiocholine formed min! mg protein™. Final

zyme activity and the results depicted in
Figure 1 are from a fraction enriched in

acetylthiocholine concentration in the assay was 1 mM. Proteins in the 900 g superna- nerve endings- REM Sleep deprivation in-
tant ranged from 11-15 pg in 5 pl of homogenate, in the pellet from 8.5-10 pg, and in duced a significant decrease in membrane-
the 100,000 g supernatant from 3.1-3.6 pg. Values are reported as mean + SD. 2P = bound (16%) and no change in soluble en-

0.04, REMSD x home-cage; bp = 0.006, REMSD x home-cage; °P = 0.02, REMSD x
large platform (Duncan’s multiple range test).

zyme (Table 1). It also induced a decrease

(20%) in Achase activity in the synaptic

e A enriched preparation (Figure 1) which con-

Supernatant Poliot Supernatant tains only membrane-bound enzyme..Achgse
(900 g) (100,000 g) (100,000 g) has multiple molecular forms that differ in

several aspects including subcellular local-

TS 1763 %0 ol > 192 = ]9 ization (20). The results obtained for the two
enzyme sources indicate that the decrease in

Large platform 184.9 + 39 162.7 + 24.9 143.3 + 28.1 Achase observed after REM sleep depriva-

N=6 N=6 N=6 .
tion may be located on membranes from
b, . .
D 148-2N 3 1333 127-2 £ 1138 ¢ 126‘;}* 1129-0 nerve endings and probably involves a de-
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mostly bound to synaptic membranes (20).lesions (18,19) also favors this possibility.

Several data show that lesions of neurons The decrease in cholinergic neurotrans-
of the NBM induce a decrease in Achasenission induced by REM sleep deprivation
activity in the frontal cortex (10-17). This would be expected to induce an up-regula-
indicates that NBM is a major cholinergiction of post-synaptic cholinergic receptors in
afferent to the frontal cortex. However, itthe frontal cortex. Earlier data on NBM le-
should be mentioned that cholinergic innersions which also induce a decrease in Achase
vation in the rat frontal cortex does not origi-activity showed either a reduction in musca-
nate exclusively from the NBM, but alsorinic receptor number (11) or no change
from neurons within the cerebral cortex (13)(10,15). More recent data from NBM-

Achase controls Ach levels in the synapiesioned rats are inconclusive regarding
tic cleft by its hydrolytic activity on Ach changes in frontal cortex cholinergic recep-
molecules (20) and a decrease in its activitiors. The cholinergic muscarinic receptor
may account for a higher Ach availability atM, subtype was shown to be decreased (36)
the level of its receptors. This, in turn, caror not changed (37,38), while muscarinic
lead to receptor down-regulation, as showreceptor M was shown to be increased (37)
after administration of Achase inhibitors (15).or decreased (38). Therefore, these data show
Following this rationale, Ach receptor down-that a decrease in cholinergic neurotrans-
regulation might be expected after REM sleemission, and its association with changes in
deprivation. In fact, in an autoradiographycholinergic receptors, is not a simple phe-
study Nunes Jr. et al. (28) recently showedomenon. These data also explain the con-
decreased Wcholinergic receptors in sev- flicting reports on cholinergic receptors after
eral brain regions, but did not detect anyREM sleep deprivation.
change in this particular receptor subtype in  The nucleus basalis magnocellularis ac-
the frontal cortex of REM sleep-deprivedcounts for 70-80% of the cholinergic inner-
rats. Other investigators have also failed toation to the cortex (39). Moreover, differ-
find any change in frontal cortex;M1,or ent cortical areas receive their major cholin-
nicotinic receptors after 10 days of totakrgic input from individual sectors of the
sleep deprivation (29). However, due to the
well-known diversity of cholinergic recep-
tors, including diversity within the Mtlass 2001 | ez

L. [ Large platform
of receptor, and conflicting reports about B REMSD
receptor type in the frontal cortex (30-32),
one should not reject the possibility of modi-
fication in either muscarinic or nicotinic cho-
linergic receptors in this brain region after
REM sleep deprivation.

During REM sleep, Ach is increased on
the surface of cerebral cortex of cats (33). In
contrast, after REM sleep deprivation Ach
levels are decreased in the rat telencephalon
(34,35). These data, taken together with ours, g
indicate a decrease in cholinergic ac:tiVitM:igure 1 - Activity of bound Achase from enriched synaptic membrane
after REM sleep deprivation, a situation poSpreparation of rat frontal cortex after REM sleep deprivation (REMSD).
sibly resembling the effect of NBM lesions”chase activity is reported as nmol thiocholine formed min"" mg prote.in'w.

. . L Data are reported as mean + SD. *P = 0.01 for REM sleep-deprived
on choI|nerg|c neurotransmission. The deﬁ\l = 12) vs home-cage group (N = 6) and *P = 0.05 vs large platform group
crease in REM sleep in animals with NBMN =6).

a1
o

Achase activity
(nmol thiocholine formed min"! mg protein')
=
o

a
o
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NBM (40). Additional input to the cortex is when the whole cerebral cortex was assayed.
received from neurons in the midbrain re- The consequences of decreased Achase
ticular system and the dorsolateral pontinactivity in the frontal cortex induced by REM
tegmentum. The remainder of cholinergicsleep deprivation for cholinergic neurotrans-
innervation is most likely derived from in- mission could be interpreted in two ways, as
trinsic neurons. NBM lesions (a proceduraone above. Although the available data on
that is more severe than REM sleep deprivaholinergic receptors after REM sleep depri-
tion) induce a large decrease in corticavation or NBM lesion do not allow, at pres-
Achase activity. Data in the literature haveent, a final conclusion regarding the rela-
shown that this decrease is specific for somonship between the alteration in Achase
cortical areas, with Achase activity decreasactivity induced by REM sleep deprivation
ing in the frontal and parietal but not in theand Ach levels in the synaptic cleft of the
occipital or temporal cortex (16). The de-frontal cortex, some other experimental evi-
crease in Achase activity in the frontal cordence may indicate that the second interpre-
tex after REM sleep deprivation ranged frontation is more likely. A 50% decrease in the
16 to 20%. On the other hand, the decreaseithase activity of rat hindlimb muscle by
Achase activity after NBM lesion reaches ugblocking the conduction of action potentials
to 50%. Achase does not have a uniformalong the sciatic nerve with tetrodotoxin was
distribution in the brain, including cortical reported (42). On the other hand, Ach seems
areas (41). This clearly indicates that théo increase the Achase synthesis in cultures
overall Achase activity in whole cerebralof chicken embryo muscle (43). Taken to-
cortex receives different contributions fromgether with the observed decrease in Ach
each particular cortical region. It is possibldevels in the telencephalon after REM sleep
that the decrease in Achase activity inducedeprivation (34,35), these data suggest that
by REM sleep deprivation may be specifiche decrease in Achase activity is the result
for the frontal cortical area. Hence, the smalbf a decrease in cholinergic neurotransmis-
but significant decrease after REM sleeion in the frontal cortex after REM sleep
deprivation may have not been detectabldeprivation.
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