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ABSTRACT

Purpose: Melatonin is a naturally occurring hormone produced by the pineal gland.
Melatonin has many pharmacological effects in different tissues or organs. Melatonin
is especially known to have antioxidant and neuroprotective effects. Hypothermia is a
therapeutic tool against hypoxia-ischemia (HI) of the brain. This study examines the
effect of combined therapy using melatonin and hypothermia in neonatal rats with HI.
Methods: Seven-day old rats were subjected to HI and randomized into four groups :
vehicle, melatonin alone, vehicle and hypothermia, and melatonin and hypothermia.
Melatonin (30 mg/kg) was intraperitoneally administered in two doses: immediately
following HI, and 24 h later. Hypothermia consisted of whole-body cooling (3 hours,
27C). Sham-treated animals not subjected to HI were also studied. P10, P14, and
P35 rats were sacrificed for experiments.

Results: Vehicle-treated P10 rats increased in brain infarction compared to controls
in TTC staining study. And also, P35 rats decreased in brain volume of injured hemis-
phere in H&E stain. Melatonin or hypothermia alone did not show any protective
effect against HI. However, a combination of melatonin and hypothermia effectively
reduced the brain injury. In addition, the results of in situ zymography, TUNEL assay
and immunofluorescence studies showed that neuroprotective effects were achieved
only with combined therapy.

Conclusion: Melatonin may contribute to synergistic effects to neuroprotection of
hypothermia on brain damage after HI.
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153 9] Sprague-Dawely 5 214 F (A|Z 16-18 g, Koatech-
Harlan, Korea) S A&l AF&slRTH 4 A A A 9] oA
& 9 F B0 AN T B F7AA A4 9 U
of) o] 83T AR 12471 7HA 0 & wQto] 2w w A
SEE 2241CE A AAGIITE A 2R ES BE
ARAFAE - At o ost HPFE Sl 9 d3l e Sl
HQITH QI H & KM-2013-69).
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F A AAks 4L 370 AAHE 5
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A B 7IAE PPl FelFE o AUE RS A

3. 2= Bo  MH2X|=

AP Z2EF32 FI7HE 7Y, 22 EF 12 A4t 3
g HE F oFE WA vehicle (5% ethanol) Fo] 2 A A28 W
S AARZlo|, LR EF 1= HE4 F oFE WA vehice S 7
A3 oL A A2 8-S AAISHA] g2 Zlo]th(Figure 1). A4t
2 81 HES F HAYFE OA] AlolAoll £713L, 153 83 5
oFZo|u} vehicle & F431 0™ F 141} 3| BAZI T} Tai 57
2 A3 F o AF8-3F melatonin®] -&Fo] 15-50 mg/kgoll A &7}
Zo]¢l+=1], 100% ethanolel] melatonin (Sigma, Korea)2- =<1
T ZHFE W78l 5% ethanol 252 2 84 AlA, 30 mg/kg
SFo R B Fofstglom, o5 243 5 13] 37} Fofd)
AT AA R 5= 27°C SN A 3AZE A AE T A iz
o AT 5Lg F2 5% ethanolS FUF oz Fof
Eisd

4,

7k 7 AFH = 8rpe o, AT A4S the i 2k (1)
A2} thZ+t (sham-operated control group) - P10 (5% 39 %
314), P14 (7= 79 F 3|A) 2 P35 (7 45 5 3]A): A4k
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A 51 W EE et -2 (2) Vehicle o] A4k S
(vehicle-treated hypoxic-ischemic group) - P10, P14 & P35 : #]
Ak FE 70 2 vehide 593 7 (3) melatonin F-o A 4kA &
& 7 (melatonin-treated hypoxic-ischemic group) - P10, P14
2 P35 : AAkA ST 2 & melatoninE £ 3 7 (4) Vehicle
2 A A2 7 #A4kA 38 (vehicle and hypothermia-treated
hypoxic-ischemic group) - P10, P14 & P35 : A|42kA S &0
2 vehicle FoJ o} A A2 525 AAg T (5) melatonin Z ]
A2 7 A2t4 38+ (melatonin and hypothermia-treated
hypoxic-ischemic group) - P10, P14 2 P35 : A4k $|dF o2
melatonin 704 &} A 2| 24| 5.5 A 7

AR F1 3L TN EA A HE Ao % ”047 AR A
5% WZEAIZ] ¥ brain matrixE *F%EM 1 mm F7)9] 24
HE 67 ARk, 2% 2,3,5 triphenyltetrazolium chloride (TTC)
fA o Z 37CoNA] 3087 W& Ae el 2 Ak, T A
g 7| gtR o]r| A& d-& $- Image ] 21 (version 1.45,
http://rsbweb.nih.gov/ij/ download htmlol| 4] The- 2 E)& A&
sl AAH9] 0] 37|15 A

kA B HEL 45 T P35S ATFHE
o] u}H A7) 2L, F44-E 538l W7 phosphate-buffered saline
(PBS, pH 7.2) 0.2 #FAIZ ). A 55 Aokt & Fr)Eol| A o
= Ao} ZA| WA A2, cryostat (MVE, Germany) & A&
sted 14 pm FA12] I HAH S 78 Sefo|=of FFAA A
Z Setol=E A& sttt W HHH Seto] == formalin]

isoflurane ©. & 2z}

* Protocol I.
Ischemia-hypoxia with hypothermia

ischemia melatonin or vehicle melatonin or vehicle
by CCA ligation hypoxia l | hypothermia l
| | | |
to dam 8% 0, to dam 27°C 24 h later
60 min 37°C 60 min 180 min
90 min
¢ Protocol IT.

Ischemia-hypoxia without hypothermia

ischemia melatonin or vehicle melatonin or vehicle

by CCA ligation hypoxia l l
\ | | L
to dam 8% 0, todam ~ 24hlater
60 min 37°C 60 min
90 min

Figure 1. Diagram shows the protocol I and II for experimental
processes. Start points of timelines mean the end of surgery and
general anesthesia. Abbreviation: CCA, common carotid artery.
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6. Terminal deoxynucleotidyl transferase—mediated dUTP
nick end—labeling (TUNEL) ZA}

Aika 318 W37 FaE AEAEA FA S 2] )81
DNA 48 31d 24 © 2 TUNEL 94 7] E (Roche Diagnostic,
USA) & AH-3F5 01, A8} protocole]] F3te] A& S AAls)
Aok ] ZjEehd, Arka 3 HEY e - ARF
o] A& F3l PBSE A A73 F FIlEolA HE A3 Al

71 ¥ 2-methylbutane ¥} 4| A A5 o]-§3te] T4 WA Z T
Cryostat® %21 14 pm 57 2 2} 4 HAAS A2k},
10% formalin © &2 114|171 3 PBSE 33] A2 3 U3 TUNEL Hk
S-&-d-8 ¥ 2o 2] $ F diaminobenzidine 7]2 8- #
25to] whalukg F Av)H o 2 BABI

7. In situ zymography

In situ zymography 712 Z2] ‘A ol 4] MMP-92} MMP-2.2]
BAGA O] S BIbsh, A oA a4 24 Wist L 9
A& & Atk A4S 538 PBSE BHE F H2Ae 1A
F)A] a1 Al&:3] 2|7 B 2-methylbutane 3} KA Az G4
ZIAZA T, Cryostat® 2212 14 pm FA|2 AHE = T 7| E
(Enz-Check kit, Invitrogene, USA)E- ©]-&-3l| 37C 0.2 v

7] Hell Al oF 18AIZF A7) Tk, Fgdn| 7 o= wasgict
1R\ gelatinasedl| 213 fluorescein isothiocyanate (FITC)
7} 7214 gelatino] 33 € off FITC ¥33o] AZH . o] 7|'H2
7} 91| of| 324 gelatinase] B S} 8k 2454 91%]

P35 AAFE 3]
At} Isoflurane & & Zlo] mlF A7 & ‘Tg‘j'—’lv—a diyFEe 5
3 PBS 89S 73t D AS A AT F, o]oA] 4% parafor-
maldehydeE &e]5-0] ¥ & IAAH FAZNA HE A&
3] AUlo] FYE I N0 Z 4T FAN A F7F IAA 7|2 ZF
Z} 15% 2 30% sucrose &2o]] 24A1 7MY 2| 5ho] Wzkrge

AL Cryostat 20 pm FA| 2 A8 22} f2] Sefol=d
B2 28 w714 deep freezerol] X33} 0.3% Triton X-
1003} 3% A4+ 924 &3 (normal goat serum)-S- ¥3+6}= PBS
& blocking®l $- 3 %2 &g}o] =0 12} 84|, = anti-neuronal
nuclear antigen (NeuN) (1:100, Millipore, USA) 3-8 anti-glial
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fibrillary acidic protein (GFAP) (1:200, Millipore, USA)E HF-g- &
Hofl A-GAIZ1 F, 4TA oF 1843 WHEAIZ T Seto|EE
PBSE A2} 3}k 3 2x} 34|91 anti-mouse tetramethylrhodamine-
5-(and 6)-isothiocyanate (TRITC) (1:100; Jackson Immuno-
Research, USA)E 23}l 8RS Safo| o 23 3 3087wk
32 A7l U5 PBSZ 33] AlF & E7]5 A| A ¢ T Vectorshield
(Vector laboratories, USA) S A& sl AW SEfolEE2 g e 5
FHFAnH oz Agshy FodstArt
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& NS Tukey AHF A5& A5 P ghe] 0,05 )5
2 v EANH 0.2 9917} girka Bk
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34 ﬁﬂr P P10 ARl HE :45}
A} vehicle F-o]oll A =74 5917}

A “}71] %‘El 9}1 l °ﬂ o3l melatonin F-oJut A A %&‘%‘3 =
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< 3ot T2} melatonind} A Al 2X] 5.0 -89 —% Ak
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Control
o= ° V‘J:-F:-_‘ ST
VEH °n|y MEL only
VEH + HYPO MEL + HYPO
150
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o
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Relative Injury area after
hypoxic-ischemic insult (100%)
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Figure 2. Histological analysis of brain damage in neonatal rats with
hypoxia-ischemia. (A) Representative sections of the brain stained with
triphenyltetrazolium chloride (TTC) showing infarction areas in P10 rats;
combination therapy of melatonin and hypothermia significantly reduced
infarct volume of brain. (B) Findings of brain damage using H&E staining in P35
rats; combined therapy of melatonin and hypothermia significantly reduced
the damaged area of ipsilateral hemisphere. Scale bar=5 mm. Abbreviations:
Control, sham-operated control group; VEH only, vehicle-treated group; MEL
only, melatonin-treated group; VEH+HYPO, vehicle and hypothermia-treated
group; MEL+HYPO, melatonin and hypothermia-treated group. *P<0.05 vs.

VEH only.
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T(29.2247.99 mm’)ol| A] 1 7 A -2]7} vehicle o3 (51.71+
6.93 mm’)ol| ¥] 3| F-2]31A] & JATHP0.05, Figure 2A).

T 45 e P35S APFE U2 HEE 9418 A
slo] £ i) Y58 BEste] Sl 2 Haw)
Hel 295 R sk 43 gzl B3l vehicle Fo7
(100+14.719%) 9| A o= ibte] @Ak )5 o] TaE A, o]
= melatonino| W A2 2% TE o 2= Wy} Yehx] ¢
Skt 28y, melatonin 2 A A>3 5 B 7] g vkt
9] )& AEE=5875+10.92%% 5 8HA] 728 THP0.05,
Figure 2B).

2. In situ zymography Z1}

HEA i 15U T 3 APAIF] P14 A EF ol A ] 2 2ol A
3t gelatinase €2 @A 8] F7HE QoM o] = F2 B3}
AZAA3E ] §1R]o| A EAd o] e = A o2 BRI &4
S7He &4~ &/l thsl melatonin -2 A A LA 7 5O 2

> e

ipsilateral contralateral

VEH only control

MEL only

MEL + HYPO VEH + HYPO

control

VEH only

MEL only

MEL + HYPO VEH + HYPO
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= WL Il o, W8 x| o3 ai FAo
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3. TUNEL &AM Znt
Ak HEL

°o
A1 Z¥Z} TUNEL 94 F A S B8kt th(Figure 4). P14 A9
°

A ol FFE FA] B
A o ANAAE 71 Z S (Figure 4A), P35 A A 1
SX| Foll A TUNEL 94 /g A7} aehe 43S Baict

ipsilateral contralateral

Cortex

Striatum

Figure 3. In situ zymography in the brain after hypoxia-ischemia (HI) in
P14 rats. Sham-operated control group showed very weak gelatinase activity.
After HI, gelatinase activity was increased in ipsilateral sides of cortex and
striatum compared to contralateral sides. Melatonin or hypothermia did not
reduce gelatinase activity. Combined therapy of melatonin and hypothermia
reduced gelatinase activity. Scale bar=500 pm. Abbreviations: Control, sham-
operated control group; VEH only, vehicle-treated group; MEL only, melatonin-
treated group; VEH+HYPO, vehicle and hypothermia-treated group; MEL+HYPO,
melatonin and hypothermia-treated group.
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control

MEL + HYPO VEH+MYFO MEL only  VEM only

Figure 4. Terminal deoxynucleotidyl transferase-mediated dUTP nick end-labeling (TUNEL)
assay in neonatal rats with hypoxia-ischemia (HI). (A) Sham-operated control group showed no
TUNEL positive cell. After HI, TUNEL-staining positive cells were increased in ipsilateral sides of
cortex and stristum compared to contralateral sides. Melatonin or hypothermia did not reduce
TUNEL-positive cells. Combined therapy of melatonin and hypothermia reduced TUNEL-
positive cells in P14 rats. (B) Also TUNEL-positive cells were reduced only with combined
therapy in P35 rats. Scale bar=500 um. Abbreviations: Control, sham-operated control group;
VEH only, vehicle-treated group; MEL only, melatonin-treated group; VEH+HYPO, vehicle and
hypothermia-treated group; MEL+HYPO, melatonin and hypothermia-treated group.
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Cortex Striatum B Cortex Striatum

control

YEH only

MEL only

MEL + HYPO WEH + HYPO

NeuN GFAP

Figure 5. Immunofluorescence studies in brain cortex and
striatum after hypoxia-ischemia in P35 rats. (A) Microphotographs
of the expression of NeuN (x100). Sham-operated control group
showed normal expression of NeuN. NeuN-positive cells were
decreased in vehicle-treated group. Melatonin or hypothermia
did not inhibit the loss of NeuN-positive cells. Combined therapy
of melatonin and hypothermia reduced the loss of NeuN-positive
cells. (B) Microphotographs of the expression of anti-glial fibrillary
acid protein (GFAP) (x100). The increase of GFAP-positive cells was
reduced only with combined therapy of melatonin and hypo-
thermia. Scale bar=500 pm. Abbreviations: Control, sham-operated
control group; VEH only, vehicle-treated group; MEL only, mela-
tonin treated group; VEH+HYPO, vehicle and hypothermia-treated
group; MEL+HYPO, melatonin and hypothermia-treated group.

Ahka 318 H &g T AA X 59 28 7L thdslt) 3
A7AA BALE 7HAA] 71 o 2= TR obn| Ak glutamate
o] &3 A7 =2+ 1A, N-methyl-D-aspartate &7 7+,
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HIaptY £ 43S Bt AT 7499 ABFAE 27T B
7] 7ol 3AF =EA T A A A 9F28-32TE
FA 8= ARl 7 23} Qioka G o3 A
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