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A Study on the Diurnal Variation of Endorphin in Rat Brain
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Contents of immunoreactive B-endorphin and maximum of 3H-morphine binding was
measured in the rat midbrain homogenates from different subgroups at 24 hour interval
over 24 hours. Animals were adapted to the light-dark cycle(L:D, 12:12) or constant darkness
(D:D, 12:12) for 3 weeks. After the adaptation, 0.5ml of physiologic saline or drug was

administered twice a day for 2 weeks.

A highly significant circadian rhythm with the peak(94.87+7.7 fmole/mg protein) at 06:00
and the nadir (27.6+2.4 fmole/mg protein) at 18:00 was observed in control group. Constant

dark or treatment of reserpine,

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

hour mean of g-endorphin contents.

pargyline, imipramine,

amphetamine and chlorpromazine

phase amplitude and 24

Opiate receptor binding by *H-morphine also showed
highly significant diurnal change in control and constant dark adapted rats.

Statistical

analysis by one-way analysis of variance and two-way analysis of variance indicates that

there are highly significant differences between the diurnal change of g-endorphin in control

and those constant dark adapted and drug treated groups.

However diurnal change of

maximum *H-morphine binding is closely related to the change of B-endorphin contents.
The results are interpreted with regard to the circadian rhythm of beta-endorphin conten-
ts, its modification by psychoactive drugs and possible mechanism of diurnal change of

opiate receptor in brain.
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endorphin §% %53} opiate 484 954 Fs4el
AAE 2y B AHE ARty

MHE ul

AREE2E A5 120gm Wl £4 HAE 4L
shgvh. BE 364F 1722 st Wik £Lo] Aut
R &5 2242°C2) FE cage ol Yo 3F7 08:
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ZA-& 06 : 004 -] = 44 gkebe} WA 6% wHFSE
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A7l ©h-& supernate = 2] sl 20°Col4 air =z
=4l A 24 # beta-endorphin radioimmunoassay ¢
AH45+g v}, beta-endorphin &3 -2 beta-endorphin
(1-125) radicimmunoassy kit(New England Nu-
clear Co.) & A+&3}4lcl. 5 0.1 M phophate buffer
2 723 supernate & 3]4] & ©}-&, ice water bath
Wl 4 5ml 88 siliconized tubed] assay buffer,
3 A 5 supernate, beta-endorphin( I -125)(beta-endor-
phin tracer) 2@} beta-endorphin o] wj & rabbit
antiserum ¢ Weo] mixer & 2~5% 41L& & 4°Cell 4
242] 7} incubation g} ¥ ice water bath ¢4 charcoal
suspension -2- stirring A} 7] = 4} 0.5ml ¥ tubeo] B
I E3E F 3 F 44 EeEA0EC)R 4°C, 2,4
00rpm 0.2 10 B2 AAAA o1& supernate & ra-
dioactivity & gamma couhter(Packard)i 22334
o} Radioactivity & Hudel e FAol Wit
beta-endorphin &) FETH o 22 Fa1gch.

Hul opiate -8A)¢] 4FHUF-L 06: 004 HB = 4
Azkebet W4 64F =Tste < 0.5gme FHE A
A obF TLEE FA AH2E YAAZ 50mM
tris-HCl buffer 15ml 2 homogenate & =& ©h&
homogenate o] & *H-morphine ¢] = saturable bin-
ding & ZA¢ez4 A2sgcl. *H-morphine 2|
saturable binding & Godstein .'g.si>9] g o} w}gke),
Z- tris-HCl buffer (.7 ml o non-labelled morphine
0.75 ml 8} 0. 054Ci2] *H-morphine(specific - activety,
60 Ci/ml)E £33} 37°C 4% 4] 537 incubation
3 F o]of 0.5ml¢] homogenate & EiFstd T
ZA A 1547 incubation §F t}-& 2 Ed 517 (Toyo
MF-12)& o] 43} nitrocellulose filter paper(pore
size 0.8 ¢M, Whatman Co.) 2 37z A& x
WzbA 71 tris-HCL buffer 2 =3} A4 stl = o2
A3 E& 1mle ethyleneglycolmonomethyl ether
o AAE LA F counting cocktail 10 ml & 7}
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Loz zaso] Hr 74l 18: 0046l Hetz 27,
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Table 1. Diurnal rhythms of immunoreactive beta-endorphin in control and its modification by constant

darkness and various drugs -in the rat midbrain homogenates.

Total immunoreactive beta-

endorphin was measured at 6 points of 4 hour interval throughout the day. Each value represents

the mean with S.E.M. from 6 experiments

(f mole/mg protein)

Time control constant darkness reserpine pargyline imipramine amphetamine chlorpromazine
2hr 38.3+2.5 20.811.9 41.343.6% 77.2+7.4 83.3+8.1* 71.716.2 33.542.8
6hr 94, 8+7.7% 24,7+2.1 63.4+6.2 33. 5+3.2 63.8+5.6 53.514.6 47.343.2
10 hr 51.8+3.8 39.5+4.0 105.6+9.5 11.24-0.9* 15.7+1.0 95.1-+8. 8% 74.517. 0%
14 hr 39.3+3.1 64.215.7*% 88.2+8. 0* 21.6+1.8 7.9+0.6% 59.845.4 22.012.1
18 hr 27.642.4 44.1+4.3 59.6+5.1 46,714.2 41.744.2 20.3+1.6* 8.4710.4*
22 hr 28.0-+1.5% 22.612.1% 53.1+4.7 23.11+2.0 21.6+1.8 29.37+2.1 21.0+1.8
*: Peak *: Nadir
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Table 2. 24 hour mean of total immunoreactive beta-endorphin and amplitude of peak and nadir in constant
darkness, reserpine, pargyline, imipramine, amphetamine and chlorpromazine treatment in the

rat midbrain homogenates

Treatment 24 hour mean Amplitude
pmole/mg protein peak(%) nadir(%)
control 46.7+3.6 + 81.9 ~40.9
constant darkness 35.14:3.1¢% S+ 78.8 —42.1
reserpine 68.5+5.4*% +105. 4 —-39.7
pargyline 35.512. 8% +117.5 —79.6
imipramine 38.7+2.2¢% +116.5 —68.5
amphetamine 55.1+4. 3% + 74.4 —€3.2
chlorpromazine 34.1+2, 8% +119.1 —75.4

#: Significantly different from control value(p<0.05)

Amplitude denotes % change from 24 hour mean.

120 CONTROL

100

=

§ 24 hour
- g 80 Rean

g

S 60

g b3

R

20

JOTAL IMMUNOREACTIVE BETA-ENDORPHIN

~
-3
—
o
—
r
—
@
~N
~
~
o

Time (hr.)

Diurnal variation of beta-endorphin in
control rat midbrain homogenates. Animals
were adjusted to the light-dark cycle(L:
D, 12:12) for 5 weeks and 0.5 ml of phy-
siological saline was injected twice a day
for 2 weeks before experiments intraperi-
toneally. Each point denotes the mean-—+
SEM from 6 experiments. The shaded area
indicates the dark phase of light-dark
cycle.

Fig. 1.

of glAee @48 HEE & 5 gri(Table 4).

3) =L beta-endorphin g2kl n|Xl= £ psy-
choactive drugs 2| g

AT FFAAA A Lt FEo] W4 ELY
FA R84 B AW g9 B9 9FW Fd
FEFE viFe] LA glemene B APgAE
L:D, 12:12 cycle o] 357k A &A7 R4 237k

L 120,
£
@
& = 100
S g 24 hat
E 2 a0 Mean
&
w £
Es .
5 8 3
ST P3
E
£ © : CONTROL
2 201 - @ : CONSTANT DARKNESS
2 PR
5
o .
> 5 W 18 18 2 2 5
Time (hr.)
Fig. 2. Diurnal variation of beta-endorphin and

its modification by constant 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 physio-
logical saline was injected twice a day
for 2 weeks before the experiments intra-
peritoneally. Each point denotes the mean
+SEM from 6 experiments. Statistical
analysis: One-way analysis of variance;
F=4,28(p<0.05), q ratio; 14,18 2,6,10,22
(p<0.01). Two-way analysis of variance
comparing control and constant dark-group
shows significant change over time(F=5.
68, p<0.05) and adaptation(F=6. 41, p<0.
05).
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Table 3, Statistical analysis of circadian rhythm of total immunoreactive beta-endorphin in the rat

midrain homogenates

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

control 5,23 p<0.05 6>2.10,14, 18,22
constant darkness 4.28 p<0.05 14,18>>2, 6,10, 22
reserpine 18. 43 p<0.01 14>2, 6,10, 18,22
pargyline 7.63 p<0.05 2>>6,10,14,18,22
imipramine 12.74 p<0. 01 2,610, 14, 18,22
amphetamine 5.49 p<0. 05 2,10>>6,14,18,22
chlorpromazine 5. 85 p<0.05 10>>2,6,14,18,22
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Fig. 8. Diurnal variation of beta-endorphin and
its modification by reserpine in the rat
midbrain homogenates. Animals were
adapted to L:D, 12:12 cycle for 5 weeks
and Img/kg of reserpine was injected
twice a day for 2 weeks before experiments
intraperitoneally. Each point denotes the
mean+SEM from 6 experiments. Statiti-
stical analysis: One-way analysis of varia-
nce; F=18.43 (p<0.01), q ratio; 18,22 2,
6,10, 14(p<0.01). Two-way analysis of
variance comparing control and reserpine-
treated group shows significant change
over time(F=12.97, p<0.01) and treatment
(F=18.45, p<0.01). :

Ml 5-hydroxytryptamine §3-g 744 el & o
A grl. Reserpine 1mg/kg & 19 23 2% =
g ZRAA 2447 HF HW beta-endorphin §-gF
2 68.515.4 fmole/mg protein 2.2 wFFo] s}
o ¥AS Faidn, FHa §FL a2 TeAdE
e Pr]&rel 10: 0041¢] 88.2+8.0 f mole/mg
protein(A Z : +105.4%)744 F48 F AR gr45

Time (hr.)

Fig. 4. Diurnal variation of beta-endorphin and
its modification by pargyline in the rat
midbrain homogenates. Animals were
adapted to L:D, 12:12 cycle for 5 weeks
and 5mg/kg of pargyline was injected
twice a day for 2 weeks before experiments
intraperitoneally., Each point denotes the
mean+SEM from 6 experiments. Statistical
analysis: One-way variance; F=7,63(p<
0.01), q ratio; 2 6,10, 14,18,22(p<0.01).
Two-way analysis of variance comparing
control and pargyline-treated group shows
significant change over time(F=4.31, p<
0.05) and treatment (F=3.79, p<0.05).

o b7 5 7kel 02 2 0047 ¢l &5} 41,343, 6 fmole/mg
protein(A Z : ~39,7%) 71 z+A 34 vh(Fig. 3, Table
1,2).

Reserpine xjg] T Rol4] Az14 7 beta-endorphin
E IR B R EA S IR - I A X i Y B
AP (F=18.3, p<0.05), q ratio =4 10 : 0049
A7t dete] And 454 FARRLEL ¢ 4 9
A eH(p<0.05)(Table 3). o) =3} reserpine & 2] F-o})
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Table 4. Statistical analysis of the influences of time and various drugs on the total immunoreative
beta-endorphin in the rat midbrain homogenates: Two-way analysis of variance

Two-way interaction

Drug-dependent process

Time-dependent process

F P F P
constant darkness 6.41 p<0.05 5.68 p<0.05
reserpine 18.45 p<0.01 12.97 p<0.01
pargyline 3.79 p<0.05 4.31 p<0.05
imipramine 5.13 p<0.05 3.98 p<0.05
amphetamine 8.36 p<0. 01 7.28 p<0.01
chlorpromazine 5.92 p<0.05 6.44 p<0.05

A A zkel] wE Spelo} GEA R 3k AelE oY
WA AR oR AEAE A5 Az #E FA &
12.79¢) g L FEXM 24 Fy 18.45(p<0.005)2
reserpine &} ] F-ol| 41 ¢] beta-endorphin &= o Fw
FFAe] dzTdlAshes WA 2l ded B 4
9] gl ek (Table 4),
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Fig. 5. Diurnal variation of beta-endorphin and
its modification by imipramine in the rat
midbrain . homogenates. - Animals were
adapted to L:D, 12:12 cycle for 5 weeks
and 10 mg/kg of imipramine was injected
twice a day for 2 weeks before experiments
intraperitoneally. Each point denotes mean
" +SEM  from 6 experiments. Statistical
analysis: One-way analysis of variance;
F=12,74(p<0.01), q ratio; 2,6 10,14,18,
22(p<0.01). Two-way analysis of variance
comparing control and imipramine treated
group shows significant change over time
(F=3.98, p<0.05) and treatment(F=5,13,
p<0. 05).
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Mean
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A F$-2A R AEg Eak oz} AR neuron
W pseudoneurotransmitter 8| S FsAFF. E
g ¢] 5 MAO inhibitor = 37| e]4 monoamine w}
A 8 AFWFe g v|Alel  @EA gEP,
Fig. 4% pargyline 5mg/kg-& 19 23] 257 =%
¢ ¥ beta-endorphin ¢ 959 F L ¥ Aol wh
Pargyline &) F-o| | 244] 7+ 3¢ beta-endorphin g+

120
|
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. Diurnal rhythm of beta-endorphin and its
modification by amphetamine in the mid-
brain homogenates. Animals were adapted
to L:D, 12:12 cycle for 5 weeks and 5mg/
kg of amphetamine was injected twice a
day.2 weeks before experiments intraper-
itoneally. Each pointes denotes the.mean+

~SEM from 6 experiments. -Statistical ana-
lysis of variance; One-way amnalysis of
variance; F=5.49(p<0.05), q ratio; 2,10
6, 14, 18,22(p<0.01). Two-way analysis of
variance comparing control and ampheta-
mine-treated group shows significant
change over 'time(F=7.28, p<0.01) and
treatment(F=38, 36, p<0.01).
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Fig. 7. Diurnal rhythm of beta-endorphin and its
modification by chlorpromazine in rat
midbrain homogenates. Animals were ada-
pted to L:D, 12:12 cycle for 5 weeks and
10 mg/kg of chlorpromazine was injected
twice a day for 2 weeks before experiments
intraperitoneally. Each point denotes the
mean+SEM from 6 experiments, Statistical
analysis; One-way analysis of variance;
F=5.86(p<0.05), q ratio; 10 2,6,14,18,22
(p<0.01). Two-way analysis of variance
comparing control and  chlorpromazine-
treated group shows significant change
over time(F=6.44, p<0.05) and treatment
(F=5.92, p<0.05).

& 35.54-2.8 fmole/mg protein 0B o2 Fo] 4]
8t A3 743 gl.e= (Table 2), beta-endorphin
FoF dFWETUE 2 shape, phase, I F T
2 EE HAARF A 56 delAE AETol 9ol
A2t @gtel. & beta-endorphin §heke =] wty
181 0046] SR Bl Eolelt AaT
A FrhEd A ze e 77.247.4 fmole/mg
protein(A1 5 : +117.5%) 2.2 st7) 7)<l 02 : 000 2
T e ety e Wr2rq 10: 0046 1
1.210.9 fmole/mg protein(RZ : —68.4%)-2 ¥4
}(Fig. 4, Table 1,2).
Pargyline X el o4 94 =% 24k
e 7.63(p<0.05).2.2 A 7kel] W& 7 W4 fe
T Aolst Y-S & gdgien, q ratio=s 02:0
0 A9 TR 53 HsA FiHe gl
@ % 99 eh(p<0.05)(Table 3). ak olslujx| Bk

4 Zsk F

=4 Aae FEAE 24 (F=431, p<0.05), 282
A zkel  web(F=4.31, p<0.05) pargyline # ]9

= beta-endorphin 2k JdFulFo] o2 Fol Aol
WS T}ES Moy 2oh(Table 4).
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Fig. 8. Diurnal variation of beta-endorphin and

sH-morphine binding in control rat mid-
brain homogenates. Animals were adjusted
to the light-dark cycle(L:D, 12:12) for 5
weeks and 0.5ml of saline was injected
twice a day for,2 weeks before experiments
intraperitoneally.  Specific SH-morphine
binding was measured in the same prepa-
ration in which the beta-endorphin was
assayed. Each point denotes the mean-
SEM from 6 experiments. The shaded area
indicates the dark phase of light-dark

cycle.
Imipramine 2] & & : Antidepressant & 37417
A3 4% =tol4 norepinephrine & AFFE A
¥ ®rl oh]wl adrenergic receptor & Z54-& W ¥

Aol & A ¢l vl Fig. 5% imipramine 10mg/
kg & 149 23 25 Ag %Zr] sl4 = beta-endorphin
T 95w FS aargk Aejvh. Imipramine Az #
Holl A 244 7+ 533 beta- endorphm ekl 38.712.2
fmole/mg protein ¢ 2 ol 2Tl ®lstel FAs 7L
x]g] 0w (Table 2), beta-endorphin gk dFwHF &
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Fig. 9. Diurnal variation of beta-endorphin and

SH-morphine binding in dark adjusted rat
midbrain homogenates. Animals were ad-
justed the dark-dark cycle(D:D, 12:12) for
5 weeks and 0.5 ml of saline was injected
twice a day for 2 weeks before experi-
ments intraperitoneally. Specific *H-mor-
phine binding was measured in the same
preparation in which the beta-endorphin
was assayed. Each point denotes the meeu;v
+SEM from 6 experiments. The shaded
area indicates the dark phase of dark-dark
cycle.
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Fig. 10. Correlation belween beta-endorphin and
specific *H-morphine binding in control
(upper) and dark adapted group(lower).
Regression line for beta-endorphin versus

specific 3H-morphine binding.

o eFEx 2 24 (F=8.36, p<0.01), A 7ksl]
we}(F=6.44, p<0.05) &Ag o] 7k -&& vhebdl
9 =H(Table 4).
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endorphin 3¢ &4 Helvh £ ZRelA 244
7t 3 F beta-endorphin g8ke 34.142.8 fmole/mg
protein © & ul 2T n]ste] A3 o ok s |
(Table 2), Hx9 FFL FAZ714 10:00¢] 74.5
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Chlorpromazine 3] Foll 418 44 Wiz H4REA
Ask A7d gl e #8F FAolrt der(F=5.
86, p<0.05), q ratio =4 10:00%] x|7} el X
2} g8 FA4E g o ¢ e (0<0.05)
(Table 3).
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