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The Effect of Melatonin on Biochemical Changes after
Ischemia-Reperfusion Injury of Rat Skeletal Muscle
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The ischemia-reperfusion injury of the skeletal
muscles is caused by generation of reactive oxygen
during ischemia and reperfusion. Melatonin or N-Acetyl-
5-methoxy- tryptamine is suggested to have antioxidant
effects in several tissues. In present study, we examined
the protective effect of melatonin in a rat hind limb
ischemia-reperfusion injury. Dimethyl-sulfoxide(DMSO)
was also tested for comparison. ischemia was induced
for 4 hours by vascular clamping and followed by 1 hour
or 24 hours of reperfusion. Muscle injury was evaluated
in 4 groups such as single laparotomy group(control),
ischemia-reperfusion group, DMSO group, melatonin
‘group. Eedema ratio and malondialdehyde(MDA) of
muscle tissue and serum level of creatine kinase(CK),
were measeured at the end of reperfusion. DMSO and
melatonin group showed significant amelioration of ed-
ema and serum CK compared with ischemia-reperfu-
sion group. The decreasing effect was more prominent
in melatonin group. The muscle tissue MDA concentra-
tion is significantly lower in melatonin group than in
ischemia-reperfusion group. The results show that mela-
tonin prevents and improves ischemia-reperfusion injury
more effectively in a rat hind limb than DMSO dose.
Thus, clinically the melatonin may be used for a bene-
ficial treatment of such injuries.

Key Words: Skeletal muscle, Ischemia-reperfusion injury,
Melatonin, DMSO
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EVo] 3% F ABFAY SA2) UAE I v
TolnaA £ 49 AP

7t AENE
1) desE L YT EF
HAAEEE T 230-320g F-A <] Sprague-DawleyZ &

A 97 6i}elE AHSBROT, RN 5 Holsh Be
Adglol T 6artelel AYFEL lvtely 4z
22 ol HEARF £42 M4 gL ZUEE, I
2), AYARF £9UE M 0D, ALART &4

3 g7 DMSOE T3 #(I7), HI-A#F &4 ¢
A AHEYS FAY F(IVE)2E EF3A

Zt T2 ANT HEEG T 1AL ABFAZ (A,
-1, IV-1)3}, 24A17F AJFAIZ F(11-24, 1M1-24, TV-24) 0.
2 8utgy oA EFATE HE-ARF &40 gl o)
ZT(T)E AAF AT H 2L 5429 vi3] & =24
1173, QDR 24T 2L 49 11 F 244
Ztol BA#AF & SAT U722 YRt

2) Alef

DMSO, #ztEY, Butylhydroxytoluene(BHT), 1,1,3,3-
Tetraethoxypropane, Aceto-nitrile-2 Sigma Chemical Co.
(St. Louis, USA)ZHE FY3}%.2H, pure ethanol& E
Merk Co.(NJ, USA) A|&F&, 2 #hel BIOXYTECH LPO-
586 Assay kit(OXIS Health Products, Porland, OR, USA)
g Agsac

4% %5 &2 ketamine hydrochloride(90 mg/kg)9} xyla-
zine (Rompun, 10 mg/kg)& 4ol B} Wl FALete] n}
etk 4418 AN F9F AIZER 02ml/kge] A
AFTE 52 W FA3tq g5 A AT AdF
Al & 5AITE B Ak E RASA L, ARF 244
& 3 714X Bt A E RRAE F 447
AtHE FE3tAth BEE SEL AR AFH 3 4
gTHeE A A
b. HE-Auf{F =d
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loupe St} AlotolA) H=FAT vl A Eelsiic.

ojmjol Uehd tiEEH e 7tAE AN 2L iF
F Y (deep femoral artery) ©]9]9] 7}REL A% colla-
teral circulation)g 1#3t] A& =& HA3 ot 13

I Ze EFdo] AFshs vl &N HEFHS
278 g3 Al(vascular clamp, FSTIN Co. Fostericity,
USA)E AME3te 9% Ftelo] 18& 9o F 443
3% A g8 JAE AAS ABRFE A o
&8 20 A3 AR AR A2 de o)

A% Bve AYss
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c. o

i AF(IVE)E ARF 308D 10mg/kge
dgEYS 57 U B3t 2HELL &5 des
o %9 ;(%sHE, 8 mg/ml) BPAEFE 40] 10% ol
B2 343t FA3Pth HE-ARF ST (T)S
A #5302 Ao 125ml/kge] 10% AeL-L, DMSO &
o F(IIE)S ABF 308 A 1.5gm/kge] DMSOE 10%
&g 125 mi/kget A HAWE FA5AT
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2 28%39 5%

Z AT EANAN FF JBESI L 1g A= AEdY &
Al Al {wet weight)ZS A2 1 F 80T convection
ovendl| A 48A17F ARA|Z] & TA] FA|(dry weight)E X
o] wet-to-dry weight ratioE T3tk

3 €A creatine kinase(CK)2| &H

zt ol wet ARF IAE F2 2447 Fo 47E A
Aste] 2ccB = e APaon 3,000 x golA 15
7 dAEe st €3& Y8ty CK $HA174A] 70T
Wx o] sty CKe &3& TBA-30FR automated
analyzer(Toshiba Corporation, Tokyo, Japan)E Al-8-3}9]
=3

4) 2= L} malondialdehyde(MDA)2| ZH

a. AP 2AHAE FH

7 AP FEANAN FZ5 HEZ 1g AEE F &89 27}
+ AYALAFANAN A S AAS L 2H9 FAE 34
st th. 22 oF 1g3 5mle] phosphate buffer(20 mM
pH 74)2 Y1 ULTRA-TURRAX T25(ank & Kunkel,
IKA-Labortechnik, STAUFEN, Germany)& ©o]&35}a} 4T
oA £ 12,000 rpme. 2 3023F £ 35} ol %3
o] 38 w7] 8t Z2F o] g1 &9 1mlg 10419
acetonitrated]] =¢] 0.5M BHTE Yol&gl 2435 %
2 A BE 40X 1087 3,000 X go] £x2 AR
¥ 4399 A3l B9Y 243} MDA £42 9l8)
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b. @ 4 Z(Determination of Protein in Tissue)

Zr A¥F 2F A9 9ild =T = bovine serum
albuming ©]-§-3to] EFTH & £43}1 Bradford Wy
< APy’

c. MDA &7 (Lipid Peroxidation Assay)

8 MDA ¥%+& BIOXYTECH LPO-586 Asaay Kit
(OXIS Health Products, Portland, OR, USA)E o] &3}lo
£33t

HA 200 18] ZAAF o] 650 ul2] N-methyl-2-pheny-
lindoleg A7}ste] 2 41, ThA] 12N HC 150 ylE A7}
3to] 454 6087 FAAZTH 15000 x g2 10%-3F
YAES 2 FF 4L Ao, 37 586 nmo) A spectro-
photometer(Uvikon 860, Kontron Instrument, Swizer-
land)E o] &3t ZA3IAT) 1,1,33-Tetramethoxypro-
paneg °] &3t I B3} FHE Fe T FY
on, & 2 A8 28 A5 4L IS vl
mg3d MDA#Z(nmol) 2.2 JeR) AT}

o] 83t BAELANE dHem AF E4(post HOC test)
& Dunnett 2732 3o p valuer} 0.057] 99 H$-2 &

Adez feldnn Jejstgn

’t. 22583

=% 9] wet-to-dry ratios 179 A} 4.08 £ 0.04, 1-247
A 414 £ 0.06, I-17 A 515 + 0.06, 12479 A 6.05
+ 0.08, -1 A 4.85 + 0.07, -247-9) A 543 + 0.11,
IV-1iol A 433 + 0.07, TV-2470 A 454 + 0.05% th{Fig.
1).

AE-ABFHURH) S ZF 221D v §93
A F7Ftt DMSO Fo#(IF)s dadEd 57
(V)2 7 d 5718 RYAE, HFol visix e $o)
Al gt EFE Vo] 1A 783 2447 ABRF ETFo) A
MIZ BT Fo3tA Btk A4 ABEF 14T 28
O ABF 4R FoA BEE0] Frlste $E B
HqoH, VA RFE9 7171 713 Agiet.

L. 83U CK 5=
84 W CK $=E& F12A 165 + 101U/L, [-243 9]
A 176 £ 9IU/L, T-1F)A] 6182 + 4151U/L, 11-2434
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A 8012 + 937 1U/L, -1 4792 + 266 1U/L, NI-24F
& 3130 + 530 IU/L, IV-12L 1765 + 80 IU/L, IV-24+&
789 + 49 IU/LY tHFig. 2).

B 1h reperfusion
M 24h reperfusion
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Fig. 1. Edema ratio (wet-to-dry weight ratio) of left anterior
tibialis muscles. Conditions of the respective groups are as
follows. I: control, II: four-hour ischemia, III: four-hour ischemia
and DMSO intraperitoneal injection at 30 minutes before
reperfusion, IV: four-hour ischemia and melatonin intraperi-
oneral injection at 30 minutes before reperfusion. (* indicates
significant differences compared with four-hour ischemia
one-hour reperfusion group. ** indicates significant differ-
ences compared with four-hour ischemia 24-hour reperfu-
sion group. T indicates significant differences compared with
DMSO-treated group II)
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Fig. 2. Serum CK concentration. The conditions of the respec-
tive groups are as follows. I: control, II: four-hour ischemia, IIT:
four-hour ischemia and DMSO intraperitoneal injection at 30
minutes before reperfusion, IV: four-hour ischemia and mela-
tonin intraperioneral injection at 30 minutes before reperfusion
(* indicates significant differences compared with four-hour
ischemia one-hour reperfusion group. ** indicates significant dif-
ferences compared with four-hour ischemia 24-hour reperfusion
group. | indicates significant differences compared with DMSO-
treated group IIL).
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kg9 Fooiae AAC AB-AEF &4 7]
g Z(IZ, MIZ, IVE)E 147k 2447 A BEF 2%
7F izl vs 98 2t DMSO Fof (I
)3 dBEY RAF(IVE) EFAN HB-ABFA
)l HlE F93 A4S BYth 7S 12479 4] 111
=3 vlas|N CKe} 371 Fde B whd Ty v
S 6UAZE ARF ToA T Aa FAS BQU 1
73 VZ& vng o, IVZ A IFd 8% CK F%9
Zart MR 8 £33, V24794 CK 5% 24
£o] o Fth

Ch. 2% W MDA Sk

U MDA FEt IF1Zo)A 0611 + 0.103 nM/mg,
1-2470] 4 0.638 + 0128 nM/mg, -1 A 1.320 + 0.176
nM/mg, 11-247d14 1411 + 0200 nM/mg, -1
1.193+0.137 nM/mg, M-247¢]4 1124 +0.188 nM/mg,
IV-1ol A 1.080+ 0121 nM/mg, IV-24F0)4 0973+
0.150 nM/mgo] %L ch(Fig. 3).

ABF 1A 39 MDA ¥ F7ke [HE, [I-1E,
V-AZAN 25 dza(-13)Ede fo5td S71E &
e BIAT dE2TE A 74 T Aold Ko o]
E At AE-ARFT F MU A 247 93]
A F7beta, MalA Mgl U247 $¢
& =5 A Aok a2y, IVE s V24204 IV-
178t Fo8tA 2 271 astgdoh 2478 124
29 HRE W Fo8 FAE Bo|X] o} V24T
A g o 74As RAT MU IV-24F Ao

B 1h reperfusion
16 | W 24h reperfusion
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Fig. 3. Muscle MDA concentration. The conditions of the
subjected muscles groups are as follows: I: control, II: four-hour
ischemia, III: four-hour ischemia and DMSO intraperitoneal
injection at 30 minutes before reperfusion, IV: four-hour ischemia
and melatonin intraperioneral injection at 30 minutes before
reperfusion. (* indicates significant differences compared with
four-hour ischemia 24-hour reperfusion group.)
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HO,) 53 22 W84 4kAF(reactive oxygen species)
o] 2% 9L 3= Aoz A vk 2H29 3§
-ARF E4d P oA A7l BIER E(a-toco-
pherol), iloprost(PGE1¢] #-AFEZ), superoxide dismu-
tase(SOD), catalase, taurine, vasoactive intestinal pep-
tide(VIP), allopurinol, mannitol, desferoxamine, DMSO,
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ZEY FoTe 24% AT &48 Heo dElEdo)
DMSO°ﬂ Hal o Hojd E4ES FH) gl AL
T AR
““B}Ebu AE713E Af7] AA 7%
Z|2RE g &35 B BFEE, A

o 22 ARAE R, T4 44T
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= WAA @t Holdl Fa¢ 2 7HA] a4E
ZF 42131 SOD, glutathione peroxidase(GSH-Px), gluta-
thione reductase(GSH-Px)$} #-& ﬁ/\ﬂ A= Jg
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