KREBEEWBMCE « 208 H 2%
Korean J. of Pharmacology
Volume 20, Number 2, 1984

@ 4 3] Opiate 4§52

A S A o ol < o nd
of &

= Abstract=

M.y 7|

Q7] HEel HFE AT

R RSk

2.z 7 4

A Study on the Circadian Rhythm of Opiate Receptor in Rat Brain

Moo-Suck Lee*, Ki-Won Kim and Kyu-Park Cho

Dept. of Anesthesiology, Chonnam Natl. Univ., Med. School*
Dept. of Pharmacology, Chonbug Natl. Univ., Med. School

To investigate diurnal variations of opiate receptor binding and its modification by “expe-

rimental condition or treatment of various centrally-acting drugs, the amount of maximum

3H-morphine binding in rat midbrain homogenates was measured at 4 hour intervals for
24 hours. Animals were conditioned under the controlled L: D, 12: 12 cycle or D: D, 12: 12
cycle\ for 3 weeks and treated with 0.5 ml of physiological saline or drugs for 2 weeks.

A highly significant diurnal rhythm with peak at 22 hour of early dark phase with an
amplitude(0. 68+0. 06 pmole/mg protein) of +51.1% and nadir(0.33-0. 03 mole/mg prtein)
at 18 hour of late light phase with an amplitude of —26.6% was found in control group.

24 hour mean of *H-morphine binding was 0.454-0,0 3 pmole/mg protein respectively. Con-

stant dark adaptation or treatment of reserpine, pargyline, imipramine, amphetamine and

chlorpromazine modified the diurnal rhythm in the time of peak and nadir binding shape,

phase, amplitude of the diurnal curve and 24 hour mean of 3H-morphine binding, However,

Kd values were not changed in all experimental groups; Statistical analysis at times of least

and great binding indicates that the differences in 3H-morphine binding were due to

changes not in the affinity, but in the number of binding sites.

The results are interpreted with regard to the diurnal rhythm of opiate receptor binding.

The modes of action of psychoactive drugs are closely related to postulated changes of recep-

tor sensitivity in neuropharmacological aspects.
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#2359k, *d-morphine &) saturable * binding &
Goldstein 527¢] ko] wigke}, & tris-HCl buffer
0.7 ml o] non-labelled morphine (.75 ml gl .05 ml
9} *H-morphine(specific activity 60 Ci/ml)E &gt
st 37°CF&Z A 587 preincubation g F o]
0.5ml 2] homogenate & Egrsled EUFA A 154
7 incubation & wh& 21 F 5] (Toyo MF-12)& o]
2-3}] nitrocellulose filter paper(pore size 0.8 uM,
Whatman Co.)® & sfAsja 402 WA tris-
HCl buffer = 434 AA g} o8 4528 1ml
9] ethyleneglycolmonomethyl ether o] k23] -&3)
A 7] % counting cocktail 9ml & 7}8te] liquid scin-
tillation counter 2 radioactivity & =3 s}4iv}.
Specific binding -& total binding © % %} nonla-
beled morphine 10 zM &) 35loll 4] odejzl nonspe-
cific binding 2 & Alsted AL&slgct. Bmax ol Kd
A% Akera 9} Cheng ¢] whil®o] =t} AbE3H4 =t
il g 2 Lowry 5298 Wiy o 24sig o 2=
sH-morphine ¢} ¢¢¢. pmoles/mg protein 22 HA

stgich delal 4¥GAL 94 WA F4ak-EH (one-

‘way analysis of variance)s} olfd ¥z ZAREAY

(two-way analysis of variance)® E435lg o= A
Ztd 424 FA4AAE q ratio 2 F A g+
A44% °FE-& morphine HC1(44 Al 2}), reserpine

. HCl1(¢}#F%E), pargyline HCIl(Sigma), imipramine

HCl(4g ¥ 2F), amphetamine HCI(Sigma), chlo-
rpromazine HC1(4+4 Al ¢F) ¥ *H-morphine sulfate
(New England Nuclear Co.)o] ¢l c}.

4 8 4 4

1) =AM Mg

L:D, 12:122 A&LA7 HAx%2 U opiate
receptor binding & ¢}zl &5 ql 224 ¢ F 3¢ G
JdE2W 2L ¥k, F UE2FY 2447 §F maxi-
mum 3H-morphine binding %} 0.45-0. 03 p mole/
mg proteine}l Pz Hrlx7ql 1049 binding 2=
0.46-0. 04 pmole/mg protein o| o1} Az} 4d
o ®rlgsel 18416l & 0.33+0.03 rmole/mg. pro-
tein o2 A= it 29S¢ S F 24 e
0.68-0. 07 pmole/mg protein © 2 FA3] 445t
3 23T 2447 3 F binding 2|8} YEEE 3w
A AHL 1846 —26.6%9 .05, 2244 +51.1%
g} (Fig. 1, Table 2). o] & Hdozly 44 #3
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Table 1. Diurnal rhythm of specific opiate receptor binding in control and its modification by constant
darkness and various drugs in the rat midbrain homogenates. Specific *H-morphine binding and
Kd values were measured at 6 points of 4 hour interval throughout the day. Each value repre-
sents the meant+SEM from 6 experiments

st . . .. . . .
control g?x?kxi?si reserpine pargyline imipramine amphetamine p(;}cig;zine
2 hr.
Bmax (pM o . _ , s " )
/mg protein) 0.4470.03  0.58-20.05 0.72-20.06% 0.24:-0.02% 0,2140.01* 0.303-0.03 0.28+0.06

Kd(nM) 0.85720.07 0.8510.08 0.81:40.08 0.83%0.07 0.85+0.08 0.857+0.08 0.7520.07

6 hr.
Bmax 0.3810.03 0.52+0.04 0.52+0.04 0.5970.06 0.27+0.02 0.04714.04 0.32+0.03
Kd 0.82+0.07 0.847F0.08 0.7910.07 0.83F0.08 0.80+0.07 0.85710.08 0.7770.07
10 hr.
Bmax 0.461-0.04 0.4530.04 0.31730.02*% 0.69+0.05*% 0.582-0.05 0.247+0,01* 0.23+0.02*
Kd 0.831-0.07 0.86+0.08 0.77+0.07 0.817-0.07 0.85-20.08 0.83+0.08 0.747+0.06
14 hr.
Bmax 0.42+0.04 0.147-0.01% 0.4240.02 0.3440.03 0.630.05% 0.4110.04 0.27+0.02
Kd 0.8240.08 0.80F0.07 0.790.07 0.84+0.08 0.85+0.08 0.84:0.08 0.75-0.07
18 hr.
Bmax 0.33+0.3% 0.2240.02 0.59+0.05 0.28+0.02 0.31+0.03 0.340.03 0.650.05*
Kd 0.83+0.07 0.80+0.07 0.80-+0.07 0.82+0.08 0.79+0.07 0.8670.08 0.782-0.07
22 hr.
Bmax 0.68+0.06% 0.27+0.02 0.63+0.06 0.60--0.05 0.507-0.05 0.55220.05% 0.54720.05
Kd 0.82+0.07 0.8110.08 0.760.07 0.86+0.08 0.87::0.07 0.86:-0.08 0.800.07
#: Peak *: Nadir

Table 2. 24 hour mean of specific opiate receptor binding and amplitude of peak and nadir in control
and constant darkness, reserpine, pargyline, imipramine, amphetamine and chlorpromazine
treatment in the rat midbrain homogenates -

Amplitude (%)
Treatment | pmole/mg protein
peak ‘ nadir

Control 0.457+0. 03 +51.1 - —26.6
Constant darknass 0.364-0.03* +6.11 —€0.4
Reserpine 0.5240. 06 +38.4 —40.4
Pargyline 0.45--0. 06 +53.3 —46.7
Imipramine 0.420. 07 +50.0 —50.0
Amphetamine 0. 38--0. 04* +44.7 —36.8
Chlorpromazine 0.387-0. 04*% +71.2 —39.5

#: Significantly different from control value(p<{0. 05)
Amplitude denotes 9, change from 24 hour mean,



—M.S. Lee, et al.: A Study on the Circadian Rhythm of Opiate Receptor in Rat Brain—

Table 3, Statistical analysis of circadian rhythm of specific 3H-morphine binding to the opiate receptor
in the rat midbrain homogenates

One-way analyses of variance q ratio test
Treatment
F P (p<0.01)

Control 3.99 p<0. 05 22¥>2,6,10,14,18

Constant darkness 5.34 p<0.01 2%,6,10>>14, 18,22

Reserpine 4.6 p<0. 01 18,22, 2*>>6,10, 14

Pargyline 5. 66 p<0.01 6,10%,22>>2,6, 18

Imipramine 5.12 p<0.01 10, 14*,22>2, 6,18

Amphetamine 3.21 p<0. 05 6,22>>2,10,14,18

Chlorpromazine 4,82 p<0. 01 18%,22>>1,6,10, 14

*: peak '

(Table 1).
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Fig. 1. Diurnal variation of opiate receptor binding *H-morphine binding 2]+ W2 FdAee & 14
(specifically bound *H-morphine) in control Alell FHA 2 0.14-0.01 pmole/mg protein 2.8 =
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eycle. 9 q ratio=4 2,6 @ 1041¢] binding 2|7} 14,18

: 8 224]4] binding R ¥} FoFA FUHEHAgEE &
FEAEA-e Pergdwl vl A7-E binding 27l + d¢ri(Table 3). Eat g3t AFAq oA
gt 2ol st 9l-&& BT (F=3.99, p<0.05), = E-2o]4 9] *H-morphine binding & 454 Fo 03]
gt olw] Aol AFEF q ratio 24 224]¢] *H-mor- T 489 93 9 AzkHe AolE FAd AEZ
phine binding x}7} 2,6,10,14 & 18419 X xc} H9 olgWl Al AR AAL oL g Frl 6.8(p
A FhH e dEE & 5 Aok (Table 3). 28wt <0.05), 2|3 Al o] wlE Frb 16.5(p<0.05) 2 <&
229 44 H55E g Kdxe e g9t Ae R8¢ SH-morphine binding F4e] w2
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Fig. 2. Diurnal variation of specific opiate rece-
ptor binding and its modification by con-
stant dark condition in the rat midbrain
homogenates. Animals were housed in
constant dark state(D: D, 12:12) for 5
weeks and 0.5 ml of physiclogical saline
was injected twice a day for 2 weeks
before the experiments intraperitoneally.
Each point denotes the mean+-SEM from
6 experiments. Statistical analysis: One-
way. analysis of variance; F=5.34(p<
0.01), q ratio; 2,6,10>>14,18,22(p<0.01).
Two-way analysis of variance comparing
control and constant dark group shows
significant change over time(F=16.5, p<
0.01) and treatment(¥=6.8, p<0.05).
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Fig. 8. Diurnal variation of specific binding and
its modification by reserpine in the rat
midbrain homogenates, Animals were
adapted to L:D, 12: 12 cycle for 5 weeks
and 1 mg/kg of reserpine was injected
twice a day for 2 weeks before the expe-
riments intraperitoneally. Each point den-
otes mean+SEM from 6 experiments.
Statistical analysis: One-way analysis of
variance; F=4.6(p<{0.01), q ratio; 18,22
>2,6,10,14(p<0.01). Two-way analysis
of variance comparing control and rese-
rpine-treated group shows significant
change over time(F=12.8, p<0.01) and
treatment(F=6.1, p<0.01).
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Aotk Reserpine 1mg/kg-& 19 23] 237 A
gk BEoA 2447k 3 maximum *H-morphine
binding =& 0.5£0. 06 pmole/mg protein(xlir -
40.4%) 22 NET ¥ste vhk Frbshe A
Mgz, &5k binding X s &9l 104 of ] 0.31
-0.03 pmole/mg protein (= : +38.4%)0] g 0]
A#F F74ste] # 2 binding 2= 0.724-0. 06 pmole/
mg protein o] W EF AL el ghrE7ke)
24 el A} & 4~ Jgi=h(Fig. 3, Table 1, 2).
Reserpine 2 dl A adel wix Har
A3+ A7b4 2 *H-morphine ¢ binding 2] w
£o15 Apolb Qg (F=4,6, p<0.01),
A4S q ratio 24 18,22 & 2419 bindingz‘}
7} 6,10 ® 1441 9] binding 2| nrl §-¢ 514 Zr}s o
AEs & 5 o= (e<0.01) (Table 3), =3k o) 23
3} reserpine ] —7—3] d5HExEe] Al Fe] o)

Z}o] I =& 2ol & BAle] AEs) o

.

Aelg 22 B
Tl
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o du

BoeFEA el
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Table 4. Statistical analysis of the influences of time and various drugs on the specific *H-morphine
binding to the opiate receptor in the rat midbrain homogenates: Two-way analysis of vari-

ance

Two-way interaction

Drug dependent process

Time dependent process

F P F P
Constant darkness 6.8 p<0. 05 16.5 p<0. 01
Reserpine 6. I p<0.01 12.8 p<0.01
Pargyline 8.2 p<0. 05 8.4 p<0,01
Imipramine 17.4 p<0. 005 7.8 p<0.01
Amphetamine 11.5 <0, 01 8.3 p<0.01
Chlorpromazine 15.8 p<0. 01 9.7 p<0.01
0.8 I gl gich(Table 4), 28]} reserpine 3}z i’:éﬂ A8 Kd
‘ A e dE2FdaAet o] Wl E=A gdgtel(Table 1).
i viw.,  Pargylineol @& : MAO&lA# 7t cholinergic 3
£ 0. Hean adrenergic receptor 59} 4FH Bl GFEL mF o]
£ oz oo}, Fig, 4% pargyline 2] opiate rece-
i 13 optor binding 8] 4FHEA 1AL UL LT A
S 0.4 olc}., Pargyline 2} a4 24417k ®1F maximum
g 03 3H-morphine binding -& 0.45740. 07 pmole/mg pro-
2N tein 2.2 w2 F3} 855ty (Table 2)., 28y} ma-
F o2 xirum *H-morphine binding 45 ¥ 544 shape,
2, . phase, A% ¥ 3z Ex HA binding A7l Fol 9

V227222

2 6 10 14 18 22 2 6

Time (Hour)

Fig. 4. Diurnal variation of specific opiate rece-
ptor binding and its modification by
pargyline in the rat midbrain homogena-
tes. Animals were adapted toL: D, 12: 12
cycle for 5 weeks and 5 mg/kg of pargy-
line was injected twice a day for 2 weeks
before experiment. Each point denotes
mean—+SEM from 6 experiments. Statistical
analysis: One-way analysis of variance;
F=5.66(p<0.01), q ratio; 6,10,22>>14, 18,
2(p<0.01). Two-way analysis of variance
comparing control and pargyline-treated
group shows significant change over time
(8.4, p<0.01) and treatment(¥=8,2, p<
0.05).

WH RABA 02 reserpine A F o && Frh 6.1(p
<0.01), 2EZ Az @& Frb 16.50p<0.0D) 2
H27Y 45U FAE AT Aot AT B 4

oA g 2T A FEcl, = 3 *H-morphine
binding & ¥ &71¢ 104 £ 4 dg2d 2A=
0.69-+0.06 pmole/mg protein(A% : +53.3%)°l %
i, #3} binding & w21l 1844 0.28-+0.02 p
mole/mg protein(A & : —46.7%) 22 | T ¥ 31
o RAs paT F AR 246dE WE2F
U] &35+ 0.607-0.05 pmole/mg protein(Z = : +33,3
%)% B A4 el WFE Bylvh(Fig. 4, Table 1,
2). Pargyline 3 =]#d]4 3H-morphine binding ¢}
Azrd W4 Aol E QA TAZHer Aea
91-¢ = pargyline 3] 2] Fe|41 ¢ A zk¥ binding 3| &
fojg Jolst Y-S & 5 AfeH (F=5.66, p
0.01), q ratio & 6,10 ¥ 1241¢] binding 27} 14,18
8 24 ¢ binding x| 2.5} #9354 F75 4 Q&S
o} 2} (p<0. 01) (Table 3). =g o]l w3} L4 2
= GERE A% Frl 8.2(0<0.05), 28 4
el wWE Fr/h 8.4(p<0. 0D WETHE 4% 2
o] 7} 9184 Moy Fch(Table 4). & pargyline 3 &)
24 Kd=l: 1 554 ¢oFc}(Table 1).
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Fig. 5. Diurnal variation of specific opiate rece-

ptor binding and its modification by imi-

Pramine in the rat midbrain homogenates.
Animals were adapted to L: D, 12:12
cycle for 5 weeks and 10 mg/kg of imipr-
amine was injected twice a day for 2
weeks before experiment. Each point den-
otes mean+SEM from 6 experiments. Sta-
tistical analysis: One-way analysis of
variance; F=5,12(p<0.01), q ratio; 10,
14,22>>2,6,18(p<0. 01). Two-way analysis
of variance comparing control and imipra-
mine-treated group shows significant cha-
nge over time(F=7.8, p<0.01) and trea-
tment(F=17.4, p<0.005).

Imipramine ©| & : Imipramine-2 antidepre-
ssant ¢ Shied @473 A FAH Lakel 49l mon-
oamine reuptake & upiFoe] A& LR glon,
Naber?» %2 imipramine o] 22 x4} dopaminergic
849 4FuFel FFL vlad sgleh. Fig 5%
imipramine %] 2] 5% 4 maximum opiate receptor
binding 954 %<& 23 Aolvh. Imipramine 3}z
TAAY 2447k HF maximum *H-morphine bin-
ding 2} & 0.42740,07 pmole/mg protein o= o=
T A 8} 4 %%}%iﬁﬂr 9 E4 5349 shape, phase,
A% 9 3 =L 34 binding A ALFE Mz
T3 dA3% Z]—OI 7} g9l ox pargyline & &) Fo 4]
¢} vlxstgel, & #2¢ *H-morphine binding &
4 715 7kl 31 73k 144 o)) 0. 630, 06 pmole/mg pro-
teln(z‘l% +50.0%) % Bgon Hr #rldle

A= debrh oAl 216 224 el & AR} %7}“& F
(0 5010.04 pmole/mg protein) F2 3] zF4E 9},
3] 319 binding 2] 4= 24 o] = 0. 2140, 01 (A& : —52.0

» w4 3 Opiate +-4a¢ 4F7 W%
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Fig. 6. Diurnal rhythm of specific opiate receptor
binding and its modification by ampheta-
mine in rat midbrain homogenates. Ani-
mals were adapted to L: D, 12:12 cycle
for 5 weeks and 5 mg/kg of amphetamine
was injected twice a day for 2 weeks
before experiment. Each point denotes
mean+SEM from 6 experiments. Statistical
analysis: One-way analysis of varinace;
F=3.21(p<0. 05), q ratio; 6,22>>2,10, 14,
18(p<0:01). Two-way analysis of variance
cdmparing control and amphetamine-trea-
ted group shows significant change over
time(F=8.3, p<{0.01) and treatment(F=
11. 5, p<0.01).

%)l of 2 v}(Fig. 5, Table 1, 2)., Imipramine 2§
2l Tl Ao AR BARRA A Azkd A od
7R Aol & 2T Yed 1T (F=5.12, p<
0.05), q@ ratio®4 10,14 % 1241¢] binding 27}
2, 6 % 1849 binding A neh %j5hA Frhsel g
2 ¢ 4 99 b (p<0.05) (Table 3). E3t o]gluf x|
A2 A3l imipramine A =le] &3 Fs} 17.4
(p<0.005), 2L AlZkel] BB Frb 7.8 (p<0.01) 2
2T AAT Aol 948 ol Foh(Table 4).

a2y Kd 21 imipramine xg] 24 W 55 =) ook
v} (Table 1).

Amphetamine 2] G & : Amphetamine -&
AgA oz AN ARAEELA] 9FE 5 Bk
ek §8) $59 dopamine 4 Aol W5 ol
ZHa oFEEA A& el A g r}». ®E4 apomorphine
gl chlorpromazine 5¢] <kz]A er_g.yo]' JdFwWEo
deg® muHe] 9vh7», Fig, 62 amphetamine
2] 7} maximum opiate receptor binding <] = %
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Fig. 7. Diurnal variation of specific opiate rece-
ptor binding and its modification by
chlorpromazine in rat midbrain homogen-
‘ates. Animals were adapted to L: D, 12:
12 cycle for 5 weeks and 10 mg/kg of
chlorpromazine was injected twice a day
_for 2 weeks before ex,perlment Each
point denotes mean+SEM from 6 experi-
ments. Statistical analysis: One-way ana-
lySIS of variance; F=4,82(p<0.01), q
'ratlo 18, 22>2,6,10, 14(p<0.01). Two-way
,ana1y51s of variance comparing control and
ghlorpromazme-treated group shows sign-
ificant change over time(F=9.7, p<0.01)
and treatment(F=15.8, p<0.01).

d] u] A& ke BT Ao|rt. Amphetamine el
Fol4 2447+ 8T maximum *H-morphine binding
2% 0.3840.04 pmole/mg protein o 8 o EF A
ot gl gLtz 95 H 2 binding & 0.41
4+-0.04 pmole/mg protein(A Z: +44.7%)2 W&
Foll A gk o] @rlEs4 24 E 4 gglet 2
AL q2TAA Bl 4 ALt AFE 24n
3]#}+2)- binding X & 37127140 104] 4 0.2420.04 p
mole/mg protein(AZ : —36.8%)-& 2.9 vt(Table 1,
2). Amphetamine X ] Foll4 A zbd W457pe] 3ol
% 2 AR 2R AL o E A4 RAT
Zhol 7} & By om (F=3.21, p<0.05),
= 6412} 22419 binding 2|7} 2, 10,14 ¥ 1844} ]
ok f4stA o dgE ek 9 (<0, 01)
(Table 3), = o]z ZAEA Az FT
opiate receptor binding QFW FAE FEA )
8% Frt 11.5(p<0.01); Zeja A zke w& Frl

q ratio

A Study on the Circadian Rhythm of Opiate Receptor in Rat Brain—

8.3(p<0.01) 22 AT ol dE F 54 4=
(Table 4), =z} amphetamine 2] 24 Kd 2] &= v
FHA gt (Table 1),

Chlorpromazine 2| @&t : Fig. 7-& chlorpromazine
e FA A9 maximum S3H-morphine binding ¢}
d58 £ RejZt}, Chlorpromazine Xz Fdl 4 24
A7+ s§F *H-morphine binding x]'= (.38+0.06 p
mole/mg protein 22 ) Z T ¥ldtd Hh& 2HA3}
deow = binding A& dEFAAdE 28
7719 18416 0.6570.06 pmole/mg protein(
Z: 471.2%)¢ 293, A7k A =z} bin-
ding 2| & F58] e Fr&2/7R AP F
3¢] binding )= 104]6] 0.2340.02 pmole/mg
1 ~39.5%)% R rh(Table 1, 2). 44
Wl 2] 3424 A3 chlorpromazine Az TR A9
Azkd w7 JAFE A
o]7F on q ratio: 184 W 224]¢] binding 3| 7}
2, 6, 10 & 14419] bindng x| xic} #&A F7Hs
9128 B rh(Table 3), =35t Table 48] o] Qu]=] A&
ALBA 442 chlorpromazine 2}&] o] &3+ Fr}15.8
(0<0.05), 23 Aol & Frt 0.7(p<0.05) &
chlorpromazine 3] &] Fol| A ¢] *H-morphine ] 3
HEe] WETAALE dAds oEg dehigds
(Table 4). =&} chlorpromazine A Fall4 ¢ Kd
e A2 ToA g} o] HEHA ghgkeh(Table 1).
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2239 43 5& adrenergic alpha Y- beta rece-
ptor2L22¢]. dopaminergic receptor®FdAx B
glet 2 33 =X 34 bindingA}»], phase =i
AZFoll Aol g
nergic receptor binding o] A <-4 <l ¢44-F o2 F7)
it 22 q YA gonE gaHr} st £ A
AgE e 44 AAgE. & 4944 HET
qALE wEY ALHq EASAE  opiate
receptor binding &) 95 WE¢ dogL YFHE
o] MAA e e waET. Aoz 7E&
A AL 20 AFHE AAAEELSY FEB=E
o} A A A P2 FAY Adols. F

] 7] Naber 5-29-& dopami-

adren-
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