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KURUMAI, A ,M TAKASHIMA, K OHI AND K TAKAHASHI Circadian fluctuanions in pain responsiveness and
brain Met-enhephalin-like immunoreactivity in the rat PHARMACOL BIOCHEM BEHAYV 29(3) 595-599, 1988 —The
24-hour patterns of pain responsiveness and brain Met-enkephalin-like immunoreactivity (MLI) were determined 1n male
Wistar rats housed under a 12-hour light and dark cycle (lights on from 0700 hr to 1900 hr) A circadian rhythm was
observed 1n latencies to hot plate test (55°C). showing the peak level near the onset of the dark phase (2000 hr) Pretreat-
ment with naloxone (5 mg/kg, subcutaneously) decreased the highest latency (2000 hr), but did not change the lowest
latency (1100 hr) In the mesolimbic area and the stmatum, MLI had a negative correlation with the circadian fluctuation 1n
pain sensitivity  MLI at 2000 hr was reduced significantly compared to that at 1100 hr in the basal ganglia, the frontal cortex
and the substantia migra These results suggest that the circadian vanation 1n hot plate latencies follows a circadian change
in the activity of the endogenous opioid peptides system, and that Met-enkephalin may participate i the enhancement of

the opioid system 1n the brain

Hot plate test Met-enkephalin Circadian rhythm

Striatum Mesohmbic area

IT has been demonstrated that the responsiveness of mice to
nociceptive stimuli, measured by the hot plate test, shows a
circadtan rhythm, and that treatment with naloxone de-
creases the hot plate latency during the late hours n a day
when the latencies are naturally high [4] A rise in whole
mouse brain total opioid levels, determined by mouse vas
deferens bioassay, was observed in mice sacrificed in late
afternoon compared to early morning {13] A receptor bind-
g study revealed that the amount of specifically bound (°H)
naloxone, an antagonist of oproid peptide, shows a circadian
variation in the light-dark cycle, with a peak near the onset of
the dark phase [11] Accordingly, 1t assumes that the circa-
dian rhythm 1n pain sensitivity 1s mediated by endogenous
oproid peptides However, 1t 1s not clear which opioid pep-
tide participates in the circadian variation in pain sensitivity
Met-enkephalin, one of the endogenous opioid peptides,
1s believed to play a role as a neurotransmitter or neuro-
modulator in the central nervous system. This was demon-
strated by its presence and unique distribution 1n the bramn
[7,8], 1ts release from nerve termnals following depolariza-
tion [6], and 1ts role in the modification of pain perception

[2] Moreover , Xuan et al [14] reported that the injection of
d-Ala-2-Leu-enkephalin, an analogue of enkephalin, into the
nucleus accumbens of the rabbit produces a significant
antinociception

In the present study, we examined 24-hour patterns of
latencies to hot plate test and brain Met-enkephalin-like 1m-
munoreactivity (MLI) in the rat in order to clarify the role of
Met-enkephalin 1n the circadian rhythm in hot plate laten-
cies

METHOD
Anmmals

Male Wistar rats (220-300 g) were purchased from San-
kyo Labo Service Corporation (Japan) and housed 4 per cage
under controlled conditions (24+1°C temperature and 50%
humudity) with a 12 12 light-dark cycle (lights on at 0700 hr)
and free access to food and water They were used in the
following experiments after acchimatisation to the environ-
ment for two weeks
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Hot Plate Test

To study a 24-hour pattern of pain sensitivity, eight
amimals were tested for hot plate latencies at 3-hour intervals
according to the method of Frederickson et al [4], following
five days of handling and succeeding two days of adaption to
the apparatus A metal plate (10x23 cm) was electrically
heated and thermostatically controlled at a temperature of
55°C A transparent acrylic resin box (40 cm high and open at
the top) served to confine the rat to a defined area of the hot
plate The time 1n seconds from contact with the plate until a
paw lick or an escape jump was recorded as a hot plate
latency In each sampling session, one latency was taken
from one animal During the dark period, a dim red hght was
turned on during the test

Naloxone hydrochloride (Sigma) dissolved 1n physiolog-
ical saline was given subcutaneously to rats at a dose of §
mg/kg, 15 minutes prior to the test Control animals were
treated with an equal volume of the vehicle

Measurement of MLI

Following one week of handling, amimals were decapi-
tated at 3-hour intervals over a 24-hour period In the dark
phase, a dim red light was turned on during the procedure
The brains were quickly removed 1n the cold, and stored at
—80°C until biochemical analysis The following areas of the
bramn were dissected out or punched out from senal frozen
coronal shices (600 um) using a microknife or stainless steel
tube (1 5 or 20 mm 1d ) as previously described [8] The
following co-ordinates (atlas of Paxinos and Watson [12])
were used (+ anterior or — posterior to bregma mm) frontal
cortex +4 2 ~ +2 4, mesolhimbic area +2 7 ~ +0 9, stratum
+17~ ~07, thalamus —1 8 ~ -3 2, amygdaloid nucle1 and
piriform cortex —2 3 ~ —4 1, substantia mgra —53 ~ —4 7

The radioimmunoassay procedure and antibody specific-
ity for Met-enkephalin were described 1n the previous paper
[8] Brain tissues were heated 90°C in 1 N acetic acid contain-
ing 20 mM hydrochlonide for 15 minutes, sonicated and cen-
trifuged 8,800 x g at 4°C for 30 minutes The supernatant fluid
was then neutralised with sodium hydroxide and radioim-
munoassayed for Met-enkephalin Anti-Met-enkephalin
antiserum was produced i rabbits which were immunised
with Met-enkephalin conjugated to bovine thyroglobulin
using l-ethyl-3-dimethylaminopropyl carbodumide The
antiserum so obtained showed no cross-reaction with Leu-
enkephalin, «-, 8-, y-endorphin, SB-lipotropin or «-neo-
endorphin Standard or brain extract was incubated
with antiserum diluted 2,000-fold and tritiated Met-
enkephalin (20,000 cpm, 39 3 C/mmol, New England Nu-
clear) in 0 5 ml of 0 05 M phosphate buffer (pH 7 4) con-
taining 0 25% bovine serum albumin and 0 5% 2-mer-
captoethanol The incubation was carried out at 4°C for
2 days The tritiated Met-enkephalin bound to the antibody
was separated from the free tritiated Met-enkephalin by add-
ing 0 5 ml of 1% charcoal slurry containing 0 5% dextran, and
the radwactivity of an aliquot of the supernatant fluud was
measured in a hquid scintillation spectrometer Under our
conditions, the mmimum detection limit was 0 03 pmoles of
Met-enkephalin The serial dilution of the extract in each
brain region yielded a displacement parallel with that of au-
thentic standards MLI in the pooled extract from the
striatum, analysed by high performance hiquid chromatogra-
phy, coeluted with authentic Met-enkephalin

Protein was assayed according to the method of Lowry et
al [9]
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FIG 1 A circadian rhythm in pain sensitivity in the rat The hot
plate test was used to evaluate the pain responsiveness The results
were expressed as mean with S E M of data obtained from eight
anmmals Lights were off during the time period marked by the
hatched bars *p <0 05, **p<0 01 as compared to 1100 hr of day

Statistical Analysis

Results were expressed as mean with S E.M Data from
the hot plate test were analysed by one-way ANOVA and
followed by multiple comparison test (Duncan’s method)
MLI data were analysed using two-way ANOVA (region X
time of day) and two-tailled Student’s z-test Correlation
coefficients of linear regression were calculated according to
the method of least squares

RESULTS
Hot Plate Test

Hot plate latencies were found to vary sigmficantly over
the 24-hour sampling period, F(7,56)=4 26, p<0 001 The
latencies were low during the early part of the light phase,
began to rise 6 hours before the dark onset, and fell during
the last 5 hours of the dark phase (Fig 1)

Effects of pretreatment with naloxone on the hot plate
latencies are shown mm Fig 2 The latency at 2000 hr was
decreased by the admimstration of naloxone {(p <0.01), while
the effect of naloxone was not found at 1100 hr The
naloxone-reduced latency at 2000 hr did not differ from the
latency at 1100 hr in either the saline-treated rats or the
naloxone-treated ones The dwrnal difference between 2000
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FIG 2 The effect of naloxone on pain sensitivity in the rat
Naloxone (5 mg/kg, SC) was imjected 15 minutes before the hot plate
test Each column indicates the mean with S E M for the number of
anmimals shown 1n the columns S saline, N naloxone, 11 1100 hr of
day, 20 2000 hr of day *p<0 05, **p<0 01 as compared to the
saline-treated rats at 2000 hr of day

hr and 1100 hr in the saline-treated ammals was statistically
significant (p <0 05)

MLI

Circadian variations in MLI are shown 1n Fig. 3. A two-
way (region X time of day) analysis of variance (ANOVA)
yielded a sigmficant effect of region, F(1,95)=474 52,
p<0 01, and effect of time, F(7,95)=2 71, p<0 0S5, but not of
interaction between time and region, F(7,95)=0.42 Durning
the hight-dark cycle, MLI showed a circadian vanation in the
mesolimbic area as well as the striatum, with a nadir between
1700 hr and 2300 hr. The changes in MLI 1n both areas were
found to be parallel (r=0 822, p<0 02)

The MLI content at 2000 hr was lower than that of MLI 1n
1100 hr 1n the frontal cortex and the substantia nigra, but not
n the thalamus or the amygdaloid nucler and piriform cortex
(Table 1).

Correlation Coefficient

The hot plate latencies over the 24-hour period were
found to have a negative correlation with MLI not only in the
mesolimbic area (r=—-0 817, p<0 02, Fig. 4) but also in the
striatum (r=-0.787, p<0.05)
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FIG 3 A circadian vaniation in Met-enkephalin-hike immunoreac-
tivity 1n the mesolimbic area and the stnatum Results are expressed
as mean with S E M of data obtained from 6 or 7 ammals Lights
were off during the time period marked by the hatched bars
*p<0 05, **p<0 01 as compared to 1100 hr of day (two-tailed Stu-
dent’s t-test)

DISCUSSION

We demonstrated that the hot plate latencies over a 24-
hour period show a circadian rhythm, and that treatment
with naloxone 1s effective at the time of the highest latency,
but not the lowest latency These results indicate that the
elevation of latencies depends on the activity of the
endogenous opioid peptides system As the rhythm of hot
plate latencies under constant darkness was found to be the
same as that under the hight-dark cycle (data not shown), the
latency to the hot plate test exhibited an endogenous rhythm
Supporting our findings, Frederickson et al. reported that
the responsiveness of mice to nociceptive stimuli, using the
hot plate tests, shows a circadian rhythm, and that pretreat-
ment with naloxone (3 mg/kg, SC) significantly reduced the
hot plate latencies during the late hours (1530 hr to 0430 hr)
when the latencies are naturally high [4] Other reports have
also assumed that naloxone would be expected to have
hyperalgesic effects only when the opioid system 1s activated
[3,10]

Our results concerming the concentration of MLI 1n the
discrete bramn areas were in agreement with the report by
Hong er al [7], indicating that the MLI content was high 1n
the basal gangha, whereas 1t was moderate in the thalamus
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TABLE 1

DIURNAL DIFFERENCE BETWEEN 1100 HOUR AND 2000 HOUR IN
BRAIN MET-ENKEPHALIN-LIKE IMMUNOREACTIVITY

Met-Enkephalin-Like Immunoreactivity
(pmol/mg prot )

1100 hr 2000 hr

Frontal cortex 047 = 004 034 002 p<<002
Thalamus 115+006 107 007 NS
Amygdaloid [61 =018 151 +008 NS

Nucler and

Pirtform

Cortex
Substantia migra 081 =002 056 =005 <001

Results were expressed as mean with S E M of data obtained
from 6 or 7 animals Statistical significance was determined by two-
tailled Student’s ¢-test

and the amygdala and low 1n the cortex and the substantia
nigra

In the mesolimbic area and the striatum, MLI showed a
circadian fluctuation with mimmmmum content between 1700 hr
and 2300 hr The concentration of MLI at 2000 hr was found
to be significantly lower than at 1100 hr in the following areas
of the brain the basal gangha, the frontal cortex and the
substantia migra There may be two factors giving rise to the
change 1n the brain MLI content One factor 1s the utithization
of Met-enkephalin, another 1s synthesis and storage The
circadian variation in MLI in the basal ganglia was found to
be a mirror image of that of pan responsiveness, having a
high correlation coefficient At the time of day when the
brain MLI content was lowest, the hot plate latencies were at
their highest levels and the activity of the opioid peptides
system was enhanced as suggested by the results of naloxone
administration In view of the rapid degradation of Met-
enkephalin 1 synaptic clefts, 1t 1s likely that an increase 1n
the release of the peptide resulted in the decrease in bran
MLI content and activated the neuronal activity when the
latencies were high This possibility i1s supported by Bayon
et al who reported that 1n vivo spontaneous release of Leu-
enkephalin in the globus pallidus n the rat increases between
noon and evening by 100% [1]

The njection of d-Ala-2-Met-enkephalin, an analogue of
Met-enkephalin, 1nto the caudate-putamen changed the
motor function, e g . 1psiversive rotatton behavior and
bodily asymmetry [5] Xuan ¢z al has recently reported that
Met-enkephalin plays an important role n the antinocicep-
tion 1n the nucleus accumbens of the rabbit, interacting with
the serotonergic neuron [14] The physiological and behav-
1oral responses to the hot plate test, such as nociception of
heat stimuli and a paw lick or an escape jump, seem to be
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FIG 4 The correlation between hot plate latencies and Met-
enkephalin-ike immunoreactivity 1n the mesohmbic area over a
24-hour period A correlation coefficient of linear regression was
calculated according to the method of least squares (r=-0 817,
Y=-23X +125,p<002 N=8)

influenced by the enkephalinergic neuronal activity i the
basal gangha

Our findings seem to be contradicted by those of Wesche
and Frederickson., who reported that an mncrease in whole
brain total opioid levels, determined by mouse vas deferens
bioassay, 1s observed in mice scarificed in late afternoon
(when they are least responsive to pain) compared to early
morning (when they are most responsive to pain) However,
they could not find any elevation in the levels of Met- and
Leu-enkephalin measured by radioimmunoassay [13] This
discrepancy might be due to the different kind of species, or
the method of sample preparation or the specificity of the
antiserum for the Met-enkephalin assay We dissected out
each rat brain area by the precise procedure described 1n the
method section. whereas they used the whole mouse brain
for the bioassay and the radioimmunoassays Concerning the
specificity of antiserum for Met-enkephalin, we confirmed 1t
with high performance liquid chromatography MLI 1n the
pooled extract from the striatum coeluted with authentic
Met-enkephalin

In conclusion, the present paper indicates that the change
1n the neuronal activity of brain Met-enkephalin may play an
important role in the circadian rhythm n pain sensitivity of
the rat It will be necessary to determine brain regions in
which the peptide regulates the circadian variation in pamn
threshold
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