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Circadian effects of scopolamine on memory. exploratory behavior, and

muscarinic receptors in mouse brain
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ABSTRACT  Mice were maintained at light—dark
cycle with lights on from 05001900 for 10 d in la-
boratory. The study was performed at 07:06-09-00.
15:00-17:00. and 21:00-23:00 in June and July.
Scopolamne (Scop- 0.1 and 0.4 mg - kg™'. ip) was
injected 15 min prior to training or the first explorato-
ry test. The amnesic effects of Scop showed
hyperresponses at 07:00—-0%:00 and 15:00-17:00. and
hyporesponses at 21:00--23:00 using step—through and
step—down tasks. The circadian effects of Scop on
exploratory behavior were consistent with the findings
above mentioned. The numbers of ["Hlquinuclidinyl
benzilate ("H|QNB} binding sites in the temporal
cortex and hippocampus were more at 08:00 and 16:00
than those at 22:00. However. muscarnic receptor
levels in the striatum were lower at 08:00 than those at
22:00. These results indicated that the effects of Scop
on memory. behavior in a novel environment. and
muscarinic receptors in brain regions showed curcadian
changes in mice.
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The status of cholinergic neurotransmil—
ler. enzymes, and receptors in mammalian
brain showed a diurnal oscillation'™". As a
rule. the number of free (unoccupied by
endogenous agonist) muscarinic (M) receptors
was highest during the light period when
cholinergic neurotransmission was least active
and lowest during the dark period when rats
and mice were most active. In the night a
minimal affinity of carbachol, an M receptor
agonist. to ral brain receplors was observed.
The present work attempted to test whether

Received [391 Sep 6 Accepted 1992 Mar 23

the diurnal changes of M receptors influenced
the effects of Scop., an M receptor antago—
nist, on memory and behavior in mice.

MATERIALS AND METHODS

Mice of Kunming stramn. & . weighing 24+ 5 3
g. outbred from Chinesxe Academy of Traditional
Chinese Medicine {Beijing). were maintained in a
highi—-dark environment {light on from 05:00-19-00) at
25-29C 1n 1991 Jun and Jul,

FHIQNB. 251.4 TBg - mol™'. and Scop were
purchased from Amersham and Merck, respectively.

Step—through and step—down tests'? In
step—through task the latencies and the number of
memory errprs during 5 min were recorded in reten-
tion test. If a mouse did not enter the dark compart-
ment within 300 s the retention test was terminated
and the mouse was assigned a retention score of 300
and a zero errors. In the step—down task the mouse
was placed on a platform for 3 min. then received
foot electric shock (36 V) for 5 mun.  Retention test
was given 24 h following the traming. The errors in-
dicated the number of entrances into the dark com-
partment in step—through or received a foot shock
from the grid in step—down.

Exploratory behavior test [In this study each
mouse was tested for 5 min # d for 2 sucvessive days in
23221~ 15cm’ box which was new to the mice.
The locomotor activity was automatically measured
with an Activity Meter (MK—ANIMEX. Muromachi
Kikai Co. Tokye) and the defecation was quantified
by counting the number of boluses dropped.

M reeeptor binding test  Brain homogenates
were prepared'™. The protein contents were deter-
mined by chromatometry'™. The brain homogenates,
150 pg protein / tube, were incubated with PH]QNB
0.02-2 nmol - L' for 60 min at 37 € in 1 ml of
phosphate buffer 30 mmol - L' at pH 74. The
specitic binding of ["H]QNB to M receplors was de.
fined 1n the presence or absence of atropine 2 umol

- L. The incubations were terminated by filtration
through glassfiber filters. Isclated membranes were
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Tab 1. Diurnal changes of amnesia induced by ip Scop in mice. Scop or saline was given 15 min before training
test. Retention test was performed after 24 h. n=12. x+t 5 "P>005. "P<0.05 "~~'P< 0.01 vs saline.
“P>005. TP<0.05, " P<0.01 vy 07-:00-09:00 and / or 15:00—17:00.

Dose / Latencies /s Memory errors /* times
mg - kg'  Step—through Step—down Step—through Step—down

07:00—09:00

Saline - 243297 2493 47 D3+0.5 08£1.0

Scop 01 97+ 11277 47 0d 7 152117 21+1.3""

Scop 0.4 SEx 10477 =44 25+137 3ot
15:00—17:00

Saline - 28] £ 52 273+ 48 0.3£0.5 04207

Scop 0.1 106 = 100777 AT N = B 2221677

Scop 0.4 TIHET " 20+307°" 23+1.9"" R = I R
21:00—-23:00

Saline - 300+ 0 000" a0 00"

Scop 0.1 234+ 9177 26667 05127 Qs 0T

Scop 04 154 £ 1177 137£1137"7 Lgx2.7 " 1.5 1.4

washed with 3> 3 m! of ice—cold buffer and then dried
at 80C . The bound radioactivity of membranes was
counted by liquid scintillation spectrometry.

during 21:00—23:00. (Tab 1}
Circadian changes in Scop—induced ex-
ploratory behavior . Scop was injected ip 15

RESULTS min before the first session. Scop significantly
increased the locomotor activity and reduced

Circadian changes in Scop—induced the defecation and wurination during
amnesia  Scop (0.1 or 0.4 mg - kg™') was in- 07:00—09:00 and 15.00—17:00. But these ef-

jected ip at 06:45. 14:45, and 20:45. Greater
amnesic effects of Scop on mice occurred dur-
ing 07:00—09:00 and 15:00—17:00 than those

fects of Scop (0.1 mg - kg™') on the explorato-
ry behavior were not seen during 21:00-23:00
ond 1and d2. (Tab2)

Tab 2. Diurnal changes of exploratory behavior induced by Scop in mice.  Scop or saline (control)} was injected ip 15

min before the test on d 1. r=13, x £ & “P>005 —“P<0.05 "~“"P<0.01 v control. 'P>0.05.
P <0.05, P <0.01 vy 07:00—09:00 and / or 15:00—17:00.
Dose / On the first day On the second day
mg - kg™ Activity Defecation Activity Diefecation

07:00—09:00

Control - 469+ 39 ilz24Q 259 = 108 4.1+20

Scop 0.1 63279 o110 526271770 43+23°

Scop 0.4 660+ 58" 07127 412+ 1607 407207
15:00-17:00

Caontrol - 531+ 80 2712 324+ 156 49x19

Scop 0.1 S11+138° 09+1.37 265+ 1197 34267

Scop 0.4 649 114" 04+08"" 465+ 131" 38237
21:00~23:00

Control - 566+ 59 39223 511+ 76 5=3F

Scop 0.1 516+ 124 p=207H 458+ 95 7 px3

Scop 04 528+ 146" 03067 492+ 787 5£3t
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Circadian changes in M receptors of brain
regions  Mice were killed at 08:00. 16.00.
and 22:00. The temporal cortex, striatum,
and hippocampus were excised on ice. Bind-
ing assay and Scatchard analysis showed that
the number of M receptors in the brain regions
varied with the time of a day. Binding was
maximal at 08:00 and minimal at 22:00 in the
temporal cortex and hippocampus. In the
striatum. however. the receptor levels at
08:.00 were lower than those at 16:00 and
22:00. The affinity of FHJQNB to M receptor
exhibited no diurnal variation in the
hippocampus but jncreased in temporal cortex
during the light period. (Tab 3}.

Tab 3. Diurnal changes of muscarinic receptors in
mogse brain. =3, Xty "P>008. *"P<0405,
*T*P <0.01 vs 08:00 gnd / or 16:00.

PH]QNB binding parameters
Brazin region B_. . fmol #

mg protein  Ka» omol - L I

08:00

Temporal cortex G0t 31 0.t50 = 0.005

Striatum 466 1 43 0.057=0.015

Hippocampus 467+ 14 0.145 £ 0,009
[6:00

Temporal cortex 522147 0.158£0.026°

Striatum 56TE30" 0.t7T6£0.010°"

Hippocampus 448+ §° 0.159+0.021"
22:00

Temporal cortex 504+ 220 0.271£0.05

Striatum 562+ 30" 0.19:0.04""

Hippocampus g4 0.147+0.026"
DISCUSSION

When exposed to an unfamiliar place an-
imals expressed exploratory behaviors in-
cluding moving about, standing, grooming
and defecation that reflected the emotional
state!”®, The exploratory activity often tend-
ed to decrease on repeated testing. This was
generally regarded as adaptation to the test
situation. However. in mice having received
Scop the augmented activity could still be seen

at the d 2 test. This suggested that Scop inhib-
ited the mouse adaptive processes to a novel
chamber as it impaired the learning and mem-
ory processes of the mouse.

Generally, the effective degree of
choiinergic blocker on central nervous system
depends on the numbers of brain cholinergic
receptors. When the number of receptor in-
creases or decreases the effects of cholinergic
blockade are also enhanced or lessened
correspondingly. Although in this paper the
binding assay showed that the diurnal changes
of M receptors in the temporal cortex and
hippocampus could explain the circadian
rhythm of Scop on memory and behavior,
other factors should also be considered. For
example. Scop reduced glucose utilization in
several areas of the cerebral cortex!™ and cer-
ebral glucose utilization was related to mental
activity'’”.  In addition, when injected into
the striatum Scop caused amnesia'''’. but
from the present data. the M receptors in this
region was fewest at 08:00. However. at this
o'clock the action of Scop was most pro-
nounced.

As the laboratory conditions were
limited. the mice had to be maintained in
natural light—dark cycle and temperature in
summer, The light phase of the cycle was
longer than the dark one and the room tem-
perature was quite high (26-29T at daytime
and 25—-27C at night).
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Specific binding sites of platelet activating factor on the intact bovine
cerebral microvascular endothelial cells and antagonism of drugs

SUN Du—Xin, RUI Yao—Cheng. ZENG Guo—Qian. ZHU Ju. SHEN You-—An
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ABSTRACT PH]Triazolodiazepine ([*H]WEB
2086). an antagonisi of plaielet activating faclor
(PAF) receptor. was studied as radioligand on intact
cerebral microvascular endothelial cells (CMEC).
The results showed that the binding of
['H]triazolodiazepine reached and maintained ai an
equilibrium after 15—120 min of incubation and thai it
wias salurable with increasing concentration of

Received 1991 Apr LS Accepted 1992 May 4

School of Pharmucy,

Second Military Medical University.

radicligand. Scatchard analysis indicated thai there
were 2 specific binding sites on CMEC, its K.
Bp- Ky and B, were 313 nmol - L7, 1.50
pmol /3 x 10° cells, 83.96 nmol - L', and 12.56
pmol / 3x 10° cells. respectively. The binding of
PHltriazolodiazepine to CMEC was displaced by
C,.-PAF and 1.5 bis—(3,4—dimethoxyphenyl)-
teirahydro~(4H)—pyran (5Z-1), which ICy were
0.43nmol - L™ und 0.125 ymol - L', respectively.
These dala suggested ihe existence of PAF specific
binding sites on CMEC.
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