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| Abstract |

PURPOSE: In this study, we tried to find out what kind of
exercise was more effective in sleep disorder by comparing
melatonin in blood after applying low intensity with high
intensity exercise to sleep disordered rats induced by
experiment.

METHODS: We used male Sprague-Dawley rats which
were 8weeks old and weighted 300g. They were supplied with
water and food without any restriction. We kept the room
temperature at 25 C and controld the length of day and night
in 12 hours blocks, respectively. We divided the rats 60 into
2 groups. To one group we applied low intensity exercise, and
to the other we applied high intensity exercise for 15minutes
per day over a period of 4 weeks.

We extracted the blood from abdominal aorta before, after
exercise, moved into EDTA tube, performed centrifugation.
We decanted the serum 2001l from the blood into
microcentrifuge tube by samples and moved into
polypropylene culture tubes with micro pipette. We split

enzyme solution 501l into the tubes with melatonin direct kits

tCorresponding Author : dreamk2@hanmail.net

and make them react at 37°C for 2 hours. We split assay buffer
50l into each tube and mixed melatonin tracer 501l and
melatonin antiserum 50 11, respectively. After we made them
react in room temperature, we decanted the superficial layer
with a centrifuge and measured the activity for 1 minute by
competitive method with y-counter equipment. We draw a
standard curve through logit-log graph with CPM(counts per
minute) and counted the melatonin by B/B0.

We conducted independent t-test to examine the homogeneous
of melatonin value of before low-intensity and high-intensity
exercise. We performed paired t-test to compare before and
after low-intensity and high-intensity exercise, respectively.
We carried out independent t-test to compare melatonin value
after low-intensity and high-intensity exercise. Significance
level was .05.

RESULTS: The results were as follows; firstly melatonin
was more increased in the group who was exposed to high
intensity exercise when we compared before to after high and
low intensity exercise, respectively. Secondly, high intensity
exercise was more effective than low intensity exercise when
we compared the two.

CONCLUSION: In conclusion, secretion of melatonin

which is the material of sleep improvement could be promoted
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by high intensity exercise. Low intensity exercise acted as a
stress rather than improving sleep and had a negative effect
on the secretion of melatonin because the melatonin was

affected by stress.

Key Words: Sleep disorder, High-intensity exercise,

low-intensity exercise, Melatonin
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Table 1. Comparison of melatonin density between pre

25T 37C 24

(pg/mL)

and post according to exercise

»5—]__]—1 1125

H =
T

50 uLA

=
=

Al Zth. Assay buffer
melatonin tracer?} HatEY IJIAHL 7}

50 uL¥

T+

3
= | =
v
- )
=
al 2
2| A
=N el .
= &
N
al <
n
Bl | M
s| &
22
7 o
il
=1
= a
=]
22
= O
<2 g A
X
Mﬂmee
ﬂ.__Y_Mo
Hﬂ%
oﬂou =
W%LFLEO
mvrv_o# i
o X
wp WY
CRREN
= op T
7 Mo R
&_Mowrmo
<V g R
=
ﬂu%;o
;O.CO‘O%IO
B W ©
jans
T Tf R

High Intensity

=
=

F9 ). CPM(counts per minute) -2 logit-log graph

A8

1.157 +£ .073 2.808 + .536 -10.313".000

Group (n=30)

-9.271"

-.642

shoick

/‘\l_

el F= goR A

o e

.000

529

*p<.05

zr
IH

3 A=

B

—_—
o

<

ol
JﬁNO

st

2

wp

ol

ke

._a_=
H

o

i

FH

A

N
&

Ho

o
FLANG) [¢}
e

to ojuw gt

3|

el FES Ha

S

Zofjo] ¢ @A A7IS ol 1A}

471 Sprague-Dawley 4] 3 F & AR

Aoz E3 #olE AlEskglal AU

ki3

N
q=

9

5%

ZEE

=
-

2fEY s HlI

oK

e

o WepEy HE

F 2

;01_

o[
o
o

cHp=529) 13 SEAG

i

9
A

& Q9] WetEy SRS v

o] Wt

—~

ros!
o

o
i

000).

Frel Aol7t Usiep

=0

N
ﬂ

ki3

2tEd o] Zaof o

(t=-10.313).

HaleEy FEl zbzE 1178 + 0729} 1.213 + 0948

s

bcka s,

el
AL

J)

]
=

HolA nAE L5 G| HPERTH

el
L.

Yu(2004)

1.157 + .0731} 2.808 + 5362

ol

jant
T

000)<Table 1>.

(=

(1990)2 &&=

=¥
Q)

H 3t} 184 Montelone

Ang



@4 Wehey Swo] G A rrha sk
EAUE 25 5 2 192 ool otld
2 =0

;

ZA] VHaé's]’M—'— IA]Z_]' T
2|

(Park, 2010). AAALEA F9| spjel oz
(norepinephrine)<
o] §4A 0]8L =714 7]% 28-S 3}

3‘771]5}@ Ol“ WA A %% Al ZHEE &
) S5 27490 Tl 2ol ol 32 el
d 5= 7k ol Ay 22 E0] $7H7
W Aoleh, bl Eotale) F7He HohhanHe
9] 60% 2] gl FE F7F5H7] AlAtRith & Ao
AE AR 60%e] DT £5HE Fol
A dekEde F7hstor.

F0 057) so]ano|zle AR Aaa)
Q)3 (suprachiasmtic nuclei; SCN)o]| Yx|3]] dF714 =
58 A3 AF7)4 Y5 BRAA ) A
A=, Bl B HxeA] o] F3Es)aL §)

ow Aurz2, 7k AR BAL FAL vt

Z15-AH(peripheral circadian oscillators)2}3 FCH Garaulet
> 2011). A Aee oA Hx AT A
A AZFEALIBe] o) Ao ARk o

714
E8 A5 Y3t AZduapdoA es &8
3

o%
=)
>
N
*
s
%Nf
é
>
X
Lo
gt

>

| o] 2~ o] A (pacemaker) & -2 3P7ﬂ A AAA

o] SN
244 719 Ade a8k Gl tsf 45714
H-e E3lotet =22 #h E}EW RPsEo] wjt
A ARA S-S A&kt f-83HA AHgE T
(Germaine 5, 2012). Al 50 A37] A|Adof Jg
& 27] YA 25w Ay Fel vk FTeo] WQ
stk 5= #lo|Auo]A 9 eFAA BIE AAH 2
B ST o= QAT ALY 8 E8 AT F
Shubel Weted £30% 259 anE SAY 4

Sl thGermaine %, 2012).

SRl o7k A 457 2l 9IS W
Aol oFhe] wizkEd Hu)o) AfA] oF 2417 & 7
pas

w2 ] 57}7} dofeteh A7 Az o2
S og T B F fgom TR A HAE
‘%*é A AP F/h ajAf Aol Aiﬂﬂﬂ 6-9/\]7J

FI

*(9’\]-12’\]) o2 A& F7
301‘/} FHo|A 2] 7HsAdE ST
A7l AT 1%% Aoz HoltkDijky} Czeisler,

HetE o] Ukl g2 AlA|9] &
i W/olE F7]0 EH??} ARE A ’5}% 740]‘3} gl
SFEY-2 AAAA Y = ZF L%
of Rh&-g & ofjzt 1H°J"§ HeteEy E]%OHE H}—OH
AAA L 9 &2 AR YERE 4= Qlth(Arendt,
2000). "etEd FH|9] A7 dojur] A =2 A7t
9] 52 HetEY 259 4 %1 H (phase advance)S
Kol §iy o] 2 A|7he] 252 14 AaS yehd
ok 2 Aol A olgh Mg areste] 7MY S0l

Q.

AT 03 1XoA] 34 Apole] AZEE o] §3le] S5
& A g3t

o] ek Hujo] mlx|t Qo] T AT
ot} Park(2010)2- 103:7+0] &=
ek e SR Yk ol

S ol WeHAoA Lok ot
o] o8 oA WekEd AHE 4357 919

e



50 | LHBHEIQBRIXl oA M2

-adrenergic 5=-8-H 9} B-adrenergic 4~8-A|of] Z-&3}=
o] AA E5A] 7HEFotyl B 7F £35St
5ol ofgt WetEyd oyt EHlol FFE ke
Z16]EHKim, 1998). Kim(1998)-2 Egt &%0
FAE PP ol MR L S

o2 o]ojArta Frk Knight 52005 5o =2
O]OH HetEd o] ofe] Fheitka EJ—%W L 0f‘_:rmﬂ
A% EEeR U BHEYS £1 3

S= % H| 3 CL}Zi(nonphotic) AT EA QIZEe U
7] AlA(circadian clock)E o] o]7ITHEscames 5,
2012). AHEY-2 FS8eT AZARE 83T 4= 9
Th= % QIR Yk(Prabhu, 2004), A2l 3Akst &
& Al ofjt Aan], EF A S STHIZIE
2 AT 9503 93] Yojuli= ARSI £ARS vl
% olck meh WetEde obdalT vlEA Bbeln
3k 4= Qlti(Maldonado 5, 2012). Silva 5(2007) =3t
WebE o] Zee AR Hirk £502 <l

Bt E Y %7} Z743chA U(Skrinar 5, 1989) Zhas
SHeh7 L(Monteleone 5 1990) 52 3RS W] b=t}
(Elias 5, 1993)= H1% Q=9 Aupr} th24 et
< ol WA7E 252 sk wet Bl k=EEe AR
ot} & A|7ke Aofof FFZ W] wjmolth(Paredes
5, 2005; Escames 5, 2012).

ety T YAl Wshe S-S Aujst

= WA Aol gl el ofdf wH] E= o]
dof 93] 2HHEY. 52 wgAE ATt 7 Fot
u] Bu]E Eglo] Z7}A|7IcKEscames =, 2012). Passos
FQIDS £EOR WA SuHlE AR 4 ot
IRy e e Avge R A A2T 5 e

194 AmHolztal Yot 121 59 A=

2 Ak Abol Hls) ol7 Sl Al Al axrt
] 2kl FckPassos Gs 5, 2010). & Ao A= &=
= &% Ao anE Q57| sl HetEd o

FHAAE 719 WAV B RS o B HoE
SuAelE AT 4 gtk F7) Akl o] A
=8 0 o2 Mo +ug vehx) 2aha, 2
202 4o 5] offAU o] 2 obo] Aojut
gk olefat %] BE W gofs F4uA
(ST 41713 aheba] A 2el Wo] &4

= 4= QtH(Lack™} Wright, 2007).
zAoE S % 4 v o]
24 HAo] Ao YA et £5 F
ol IgA7} Z7H3l g H o2 HAdsE el
BA|ZES0] o]z} Zadt  Watey
£2 32 3|FrHMaldonado 5, 2012). %‘E}E
off =9 Fpiof ofsf Q%H = AL Azt
(SCN)oll A L= 417 B=tof sl 24 wh=t}.
o Sl B o) WS 9 A5 A
SIR(SCN)E A fistol Wehed HHlZ o AIx
wjeba] wetEd AL w Zolsh vl gckLincoln,
2006). Watey w7l AshE 4oSe Hejee)
Sk} o|ApH o7 4hshA] AE# Ao O3 Yojuh= 4l
74/ At A ﬂaq(cmpp-uuy =.2001). S}
ARl Skl Qs HAlE 7 AJAES ©f
o el stel AR AE Beee e
71 1A Sl sjAe] wEA] W aslt,

oy M
f?l%oﬂ
_% o 12 A
KT}
oot
N g o S ox
12 o rlo ol o AL X R

Lot
o yo
Y
=)

__1}1_
Rl o o
D < e

N
R

Aol & vt At foju|gh 2tolE gld 4= ATk



sl DX B | 51

ANFHQL A H oA I
= 250 A9 AT} 7, & %%ﬁi}iiﬂ
A 293 T 1SS o]
(Tung 5. 2013). T} Sl 7H 42 9fg A5}
e WAL 74 AYE BFOAE S W
2 Holx) g3 WPE LFo|H ANE Helh
Eu} Qlth(Jang, 2009; Yu, 2004). 2 Lo A= 214
SRS U A1 ol8dte] £FY FEE vl
AA a%?z 4 A E5ol sk 4 %i‘ii
o

Mo rdh

o

12

>

24

1o

i)

i

ol

[o

o i
2

+

1

re
re
-4
o
-
B
HE A o
s
1o
o,
Ho
)
1
”
ro
[o
ol
)

N

M' O
x

o 2
Mo

ol

H

o
rlr

k1

oyl

b1

o
ol
o
in}

o,
ot

ol
-

o Mo &

i
Teom

ofr
T

~{
i %
s
il
o
e
4>
%0
2
» o O
4>
)
o}
2,

)

M 1w
1o
Mo

off M K & for
pa
o

o e
in)
rlok
1o o¥
nx
ok
o
=
~N

fU do
ol
=
s

1)

Z
2 A5 Ao R 52 oY 7HA] ARol=
Eg 27} 23] interleukin
(IL-6), tumor necrosis factor(TNF)-a 5=5 Z7}A|AH
s &= *ﬂi’\l"— +ﬂ1°H AAo FA Al 7%4"—

gt
ol
H
Mo
(e}

|o
fru
rO
ot
[>

References

Alessio HM. Exercise-induced oxidative stress. Med Sci Sports
Exerc. 1993;25(2):218-24.

Arendt J. Melatonin, circadian rhythms and sleep. N Engl
J Med. 2000;343(15): 1114-6.

Arendt J. Melatonin; characteristics, concerns, and prospects.
J Biol Rhythms. 2005;20(4):291-303.

Cajochen C, Krauchi K, Danilenko KV, et al. Evening
adminstration of melatonin and bright light:
interactions on the EEG during sleep and wakefulness.
J Sleep Res. 1998;7(3):145-57.

Clapp-Lilly KL, Smith MA, Perry G, et al. Melatonin acts
as anti-oxidant and pro-oxidant in an organotypic
slice culture model of Alzheimer’s disease.
NeuroReport. 2001;12(6):1277-80.

Dijk DJ, Czeisler CA. Contributions of the circadian pacemaker
and the sleep propensity, sleep structure,
electroencephalographic slow wave and sleep spindle
activity in humans. J Neurosci. 1995;15(5):3526-38.

Driver HS, Taylor SR. Exercise and sleep. Sleep Med Rev.
2000;4(4):387-402.

Elias AN, Wilson AF, Pandian MR, et al. Melatonin and
gonadotropin secretion after acute exercise in
physically active males. Eur J Appl Physiol Occup
Physiol. 1993;66(4):357-61.

Escames G, Ozturk G, Banootalora B, et al. Exercise and
melatonin in humans: reciprocal benefits. J Pineal
Res. 2012;52(1):1-11.

Fullerton DS. The economic impact of insomnia in managed
care: a clearer picture emerges. Am J] Manag Care.
2006;12(8):246-52.

Garaulet M, Ordovas JM, Gomez-Abellan P, et al. An
approximation to the temporal order in endogenous
circadian rhythms of genes implicated in human
adipose tissue metabolism. J Cell Physiol. 2011;
226(8):2075-80.

Haimov I, Lavie P. Melatonin-a chronobiotic and soporific



52 | LHSHEIQBRINl oA M2

hormone. Arch Gerontol Geriatr. 1997;.24(2):167-73.

Jang J. Effects of 16 weeks walking exercise on aging related
hormone in elderly women. Exercise Science.
2009;18(2):239-46.

Jung BO, Jang SH, Bang HS. The effects of treadmill exercise
on blood components, antioxidant enzymes and
reactive oxygen in hyperlipidemic rats. J Korean Soc
Phys Med. 2013;8(1):71-8.

Kennaway DJ, Gable FC, Stamp GE. Factors influencing the
development of melatonin rhythmicity. J Clin
Endocrinol Metab. 1996;81(4):1525-32.

Kim JG. Effect of Serotonin changes following the excrcise
timing on melatonin secretion and sleep quality. Yense
University. 1998.

Kim JH, Im IS. The effects of overload exercise on the changes
of EEG, blood growth hormone, and melatonin
concentration during sleep. Exercise Science.
2003;12(2):297-306.

Knight JA, Thompseon S, Raboud JM, et al. Light and exercise
and melatonin production in women. Am J Epidemiol.
2005;162(11):1114-22.

Lack LC, Wright HR. Chronobiology of sleep in humans.
Cell Mol Life Sci. 2007;64(10):1205-15.

Lincoln GA. Decoding the nightly melatonin signal through
circadian clockwork. Mol Cell Endocrinol. 2006;
252(1):69-73.

Maldonado MD, Manfredi M, Ribas-Serna J, et al. Melatonin
administrated immediately before and intense exervise
reverses oxidative stress, improves immunological
defenses and lipid metabolism in football players.
Physiol Behav. 2012;105:1099-103.

Mogharnasi AA, Gaeini E, Javadi MR, et al. The effect of
endurance training on inflammation biomarkers and
lipid profiles in wistar rats. World Journal of Sport
Sciences. 2009;4(1):82-8.

Montelone P, Maj M, Fusco M. Physical exercise at night
blunts the nocturnal increase of plasma melatonin
levels in healthy humans. Life Sci. 1990;47(22):

1989-95.

Paredes SD, Sanchez S, Ria RV, et al. Changes in behaviour
and in the circadian rhythms of melatonin and
corticosterone in rats subjected to a forced-swimming
test. J Appl Biomed. 2005;3(1):47-57.

Park GY. Effect of 10-week forest exercise on change of
melatonin concentration in the elderly, master’s thesis
of Chungbuk National University. 2010.

Passos GS, Poyares D, Santana MG, et al. Effect of acute
physical exercise on patients with chronic primary
insomnia. J Clin Sleep Med. 2010;6(3): 270-5.

Passos GS, Poyares DLR, Santana MG, et al. Is exercise an
alternative treatment for chronic insomnia?. Clinics.
2012;67(6):653-9.

Prabhu SD. Cytokine-induced modulation of cardiac function.
Circ Res. 2004;95(12): 1140-53.

Prinz PN. Sleep and sleep disorders in older adults. J Clin
Neurophysiol. 1995;12(2):139-46.

Redman JR. Circadian entrainment and phase shifting in
mammals with melatonin. J Biol Rhythms. 1997;12
(6):581-7.

Reiter RJ. Pineal melatonin; cell biology of its synthesis and
of its physiological interactions. Endocr Rev.
1991;12(2):151-80.

Silva de Lacerda AF, Janjoppi L, Scorza FA, et al. Physical
exercise program reverts the effects of pinealectomy
on the amygdala kindling development. Brain Res
Bull. 2007;74(4):216-20.

Skrinar GS, Bullen BA, Reppert SM, et al. Melatonin response
to exercise training in women. J Pineal Res.
1989;7(2):185-94.

Touitou Y, Bogdan A, Haus E, et al. Chronobiological approach
to ageing. Pathol Biol. 1996;44(6):534-46.

Yu JH. Effect of different exercise intensity onblood melatonin
density in old rats. Sung Kyun Kwan University of
Seoul. Korea . 2004.

Zhao Y, Liu LJ, Wang C, et al. Swimming exercise may

not alleviate the depressive-like behaviors and



& BTt +EE0N 22 HA ¥ F BAYET S0 OXE ¥ | 53

Ho

circadian alterations of neuroendocrine induced by oral doses of melatonin, given 2-4 hours before
chronic unpredictable mild stress in rats. Neuroloy, habitual bedtime, on sleep in normal young humans.
Psychiaty and Brain Research. 2012;18(4):202-7. Sleep. 1996;19(5):423-31.

Zhdanova IV, Wurtman RJ, Morabito C, et al. Effects of low





