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AKIYOSHI J., H. KURANAGA, K. TSUCHIYAMA AND H. NAGAYAMA. Circadian rhythm of serotonin receptor in
rat brain. PHARMACOL BIOCHEM BEHAYV 32(2) 491-493, 1989.—Byax and K, for the serotonin receptors (5-HT-1) as
well as the ratios of 5-HT-1A and 5-HT-1B receptors were assessed at 3-hour intervals over a 24-hour period in the cortex of
rats that were housed under a 12-hour lighting cycle, with the light turned on at 18:00. The circadian rhythm of the By,,, for
the high- and low-affinity sites in 5-HT-1 receptor became evident. The peak of the B,,,, for the high- and low-affinity sites
occurred between 21:00 and 00:00. No circadian rhythm was observed for K, at each site for the 5-HT-1 receptors. The
ratios of Bpmax for the high- and low-affinity sites of the S-HT-1 receptors were constant at 8.6+1.4% and 91.4x1.4%
respectively over the test period. The ratios of 5-HT-1A and 5-HT-1B receptors were constant at 36.8+1.3% and
63.2+1.2% respectively over the test period. No circadian rhythm was observed for K,. These results suggest that the B.qx
for the 5-HT-1 receptors may have the same circadian rhythm as high- and low-affinity sites and the By, for the 5-HT-1A

and 5-HT-1B receptors may also have circadian rhythm.
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CHRONOBIOLOGICAL studies revealed the presence of
rhythm in various intracerebral receptors. Reports have
been made on alpha- and beta-adrenergic, dopamine, opiate,
cholinergic and benzodiazepine receptors (6, 7, 10, 15). The
only previous study on the rhythm of serotonin (5-HT) re-
ceptors is Weseman et al. (18), in which rats were submitted
to a special procedure to keep unspecific stress at a
minimum. They were placed for 30 min/day into the slowly
rotating cylinder. We attempted to determine the presence or
absence of original rhythm, using a procedure which did not
disturb it.

High-affinity cortical binding sites for 2H]-5-HT have
been known to exist for many years. Only recently, how-
ever, have subtypes of FH]-5-HT binding sites been recog-
nized. High-affinity [PH}-5-HT binding sites were divided be-
tween 5-HT-1 and 5-HT-2 binding sites in rat brain (13). The
5-HT-1 binding sites were further subdivided between
5-HT-1A and 5-HT-1B binding sites in rat brain (12). In this
paper the By,, and K, of the 5-HT-1 receptors and the ratios
of 5S-HT-1A and 5-HT-1B receptors were measured.

METHOD

Male Wistar rats weighing 250-350 g were kept in a
semisound-proof room illuminated only by artificial light
from 18:00 to 6:00 for 12 hr and were maintained in total
darkness for the next 12 hr. The room temperature was kept
at 24°C and the humidity at 50%. Free access to food and
water was provided. Room cleaning was done at random
times. These maaipulations were carried out with the aid of
dim red lights. The rats were kept for at least 4 weeks under
these conditions before any treatment began. They were
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killed at 3-hr intervals by decapitation. The brain was im-
mediately dissected on ice using the method of Glowinski et al.
(4), then frozen with liquid nitrogen and preserved at —80°C.
Only the cerebral cortex was used for the experiment. The
5-HT-1 binding assay was performed, using [°H)-5-HT. Fro-
zen cortical samples were homogenized by polytron, an ice-
cooled 50 mM Tris-HCl buffer solution amounting to 50
times that of the specimen (pH 7.4, at 37°C) and the prepara-
tion centrifuged for 15 min at 48,000 x g. The pellet was
resuspended in the original volume of Tris-HC! buffer and
again centrifuged at 48,000 x g for 15 min. The washed pellet
was resuspended in 50 vol. of 50 mM Tris-HCI buffer.

The standard assay buffer consisted of 50 mM Tris-HCl,
pH 7.4 containing 4 mM CaCl,, 5.7 mM ascorbic acid and 10
#M pargyline. Membrane pellets were resuspended. 1) In
saturation studies of PH}-5-HT binding, to each assay tube
was added 0.15 ml of this preparation (0.2 mg as protein), 0.1
ml of PH]-5-HT (the final concentration varied from 0.25 to
18 nM) and 0.1 ml of a buffer solution or S-HT (the final
concentration 40 M) (3). 2) In competition experiments per-
formed in the presence of spiperone (12), to each assay tube
was added 0.5 ml of this receptor preparation (0.67 mg as
protein), 0.2 ml of FH])-5-HT (1.6 nM), 0.2 ml of spiperone
and 1.1 ml of buffer solution or 5-HT (the final concentration
10 M) after incubation for 10 min, the sample was passed
through Whatman GF/C and washed 3 times with 4 mi of the
buffer solution. The filter was moved to a vial containing
Aquasol-2, and after being left to stand for 12 hr, measure-
ments were made using a liquid scintillation counter.
Protein assay was performed by the Bio-Rad method (1).
Three to six animals per group were used. Analysis of the
binding curves was performed by Scatchard representation
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FIG. 1. Scatchard plots of [PH}-5-HT binding to rat cortical mem-
branes. The concentration of [*H]-5-HT ranged from 0.25 to 18 nM.
Specific binding is defined as the difference between total binding
and that amount bound in the presence of 40 uM unlabelled 5-HT.

(16) or by a nonlinear regression analysis (2). 5-HT-1A or
5-HT-1B binding sites were defined as [PH]-5-HT sites which
were sensitive to low or high concentration of spiperone.
respectively.

RESULTS

The Scatchard plots revealed two distinct types of binding
sites (Fig. 1). Each By, for the high- and low-affinity sites of
the 5-HT-1 receptor showed a significant circadian rhythm
(least-squares method; p<0.05) (Figs. 2,3). The peaks of the
Brax for the high- and low-affinity sites were between 21:00
and 00:00. The ratios of B,,,, for the high- and low-affinity
sites of the 5-HT-1 receptors were constant at 8.6+ 1.4%
and 91.4+1.4% respectively over the test period. No sub-
stantial circadian rhythm was found in K, for the high- and
low-affinity sites. The spiperone inhibition of [PHJ-S-HT
binding showed a biphasic curve (Fig. 4). Nonlinear regres-
sion using one- or two-site models supported these conclu-
sions. The ratios of 5-HT-1A and 5-HT-1B receptors were
constant at 36.8+1.3% and 63.2+1.2% respectively over the
test period. No substantial circadian rhythm was found in K,
at any site.

DISCUSSION

The major finding of the present study is that the B, for
the high- and low-affinity sites of 5-HT-1 receptors showed a
circadian rhythm. Most reports on circadian rhythm of the
intracerebral 5-HT level in rats are in agreement with the
finding that the peak is situated in the light period, with the
trough in the dark period. As far as the rhythm in the cere-
bral cortex is concerned, the peak is in the middle light
period (9, 14, 17). Héry e al. suggested that the synthesis of
5-HT in the rat brain is maximal during the light period and
release is activated during the dark period (5). Thus, the Brmax
for the 5-HT-1 receptor is maximal during the time that the
synthesis of 5-HT is activated and minimal during the time
that the release of 5-HT is maximal in the cerebral cortex of
rats. O’Donnell and Allen reported that the high-affinity re-
ceptors for 5-HT in the rat hippocampus, which are of the
5-HT-1 subtype, may be subject to agonist-induced desen-
sitization (11). Therefore, the circadian rhythm of the B,
for the 5-HT-1 receptors may be regulated by the release of
5-HT.
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FIG. 2. Circadian rhythm of B, for the high-affinity sites of 5-HT-1
receptor. The light period is 18:00-06:00 and the dark period 06:00-
18:00. F(7,18)=2.772 by one-way ANOVA (p<0.05). The vertical
lines extending from each point represent +1 SEM.

The result from Wesemann et a!. (18) and our group were
inverse, i.e., their main peak was in the middle of the dark
period and ours in the middle of the light period. The differ-
ences in the results may be caused by three experimental
variants where the peak affect occurs. They are the animals’
prior training, the receptor binding assay, and the time of
year during which the experiment was performed. Thus,
their rats were subjected to a training program for 1 week to
keep unspecific stress at a minimum. We had no such proce-
dure which might disturb the rhythm, in order to confirm the
presence or absence of original rhythm. Secondly, they
measured only the specific binding, whereas we measured
the Bna.x and K,, factors that are considered to be more
important than the specific binding for observation of recep-
tor function. Finally, the time of year of the experiment may
cause the conflicting results. Kafka er al. reported that both
alpha and beta receptor have a circannual rhythms (6). We
performed the present experiment in October. The time of
year of Wesemann ef al. experiment is not mentioned in their
publication.

Further studies are underway to determine whether this
phenomenon means the existence of a cause and effect rela-
tion between the two rhythms or the existence of only one
common oscillator to regulate the two rhythms (the B, for
the 5-HT-1 receptors and the release of S-HT). It is of inter-
est that the ratios of By, for the high- and low-affinity sites
of the 5-HT-1 receptors, and the ratios of S-HT-1A and
5-HT-1B receptors are constant, despite the existence of cir-
cadian rhythm in each component. These results suggest that
the B, for the 5-HT-1 receptors may have the same circa-
dian rhythm as high- and low-affinity sites and the B, of
the 5S-HT-1A and 5-HT-1B receptors may also have circadian
rhythm.
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FIG. 3. Circadian rhythm of B, for the low-affinity sites of the
5-HT-1 receptor. The light period is 18:00-06:00 and the dark period,
06:00-18:00. F(7,18)=3.387 by one-way ANOVA (p<0.05).
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FIG. 4. Spiperone inhibition of specific [PH]-5-HT binding. The
curve is theoretical plots derived from a nonlinear regression
analysis based on two sites.
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