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ABSTRACT

Cerebral palsy induces motor, cognitive, attention, and behavioral dysfunctions caused by
brain damages. It is caused by damage to oligodendrocyte induced hypoxic ischemia and
injection in the perinatal period. Therefore, an animal models that performed hypoxia-
ischemia-lipopolysaccharide injection (HIL) at 4-7 days of age (PND) are widely used.

,.) | However, there is a difference in the brain damage due to exposure time under the hypoxic
condition, gender, and ligation surgery techniques. In this paper, the optimal surgical age

Chedi for was found by analyzing behavioral tests, inflammatory reactions, and the differentiation
- and maturation of oligodendrocytes by performing HIL on rats 4, 5, 6, and 7 days old,
& OPEN ACCESS respectively. On the 4th, 5th, 6th, and 7th days of birth (PND) of male Sprague Dawley rats,
the right common carotid artery was ligated, they were incubated in an environment of
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2023,Vol, 13, No. 3, 309-321. 37°C, 92% N,, and 8% O,, and then peritoneally injected LPS (1 mg/kg) after removing the

ligation. The rota-rod test were performed at PND 10, 20, 30, and 40, and memory tests such
as passive avoidance and Morris water maze tests were performed on PND36-40, and then
they were euthanized to analyze inflammatory indicators (NF-kB, TNF-a, IL-6, iNOS, and
COX2) and indicators of the differentiation and maturation (Olig2, CNPase). In the case of the
PND4 group, the limb coordination test were significantly different from that of the normal
group, but there was no difference in other analyses. In the case of PND5 group, there were
DG Tsisan OpenAccesatc signifi.cantly .dif.ferences in limb. coordin.ation tests, memory tests, inflammatory indicators,
distributed under the terms of and differentiation and maturation of oligodendrocyte. In the case of the PND6 group, there
the Creative Commons Attribution Non-Commerdial was a significantly difference in limb coordination and memory tests, and a significantly
License (http //creativecommons.org/licenses/by- increase in inflammatory indicators compared to other groups, but the mortality rate
NG/AQ) which permits unvesticted non-commercal increased and indicators of the differentiation and maturation of oligodendrocyte were

us, distribution, and reproduction in any medium, . . L. N
provided the original work s properly cited. increased. In the case of the PND7 group, the limb coordination test showed significantly
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differences compared to normal group, but there was no difference from the normal group in other analyses. In
conclusion, this study suggests that the PND5 group, where abnormal behavioral tests, an increase in appropriate
inflammatory indicators, and a decrease in maturation and differentiation-related proteins of oligodendrocyte are
comprehensively observed, is most suitable.

Key words: Cerebral palsy, hypoxia-ischemia-lipopolysaccharide injection (HIL), oligodendrocyte, postnatal day
(PND), neurobehavioral deficit, animal model

Introduction

w bl = Ao} Skl wjo] MAahs AZke AARH Fo| St ¥ AT AIEE
(periventricular lesion, PVL)Z} 22 £~/31t 317 :L-urféxéﬂr 2= e A W A9 o)t Ak =
25t Q17], 0] 3=, AFS]S}ol| A 2] Aol 5-& SHFSH} (Grether & Nelson, 1997; Hagberg et al., 2002; Kim et
al, 2018). =5 U =/dnhe] FE-2 Aot 10007 EP2 3 @Eol‘ﬂ ARRRITteL Aol S8kt x| 5o 7F
ol ek AlAote] &0l F7Hetol wet H/dnke] FHE gt S7FEAIE Holal Rlof H/dnk] 7)1
2 2| 24| A7 AISH A% o] Th(Park et al., 2011; Wilson-Costello et al., 2005).

AR w/gn] o] Q12 H&s] Hef Xl vzt QUAIRE, AAFA-sEA = S (hypoxic-ischemic
encephalopathy, HIE)©| 2=/ AbA 332] B50 2 Qs XA 27} &/ AL, E/dAtkAag-S A5t
7RI} /¢ L APEE] o] 1| 4l 2R o] Bl K9S EAFAIT7| = 749& A o, 24t 3o dA 52
= ISk X 29| 4hA FF0] BEo| H/dutH| o] fQIQl A0 = =51 QlTH(Jesberger & Richardson, 1991,

NLJ

&

r-\

Michikawa et al., 1994). 53] A5 U 292 S4t & 240 kg PVLJ /&S S A7, FAd
5jgo] SHE o] AAR7} dojdtt stoj e, B/ tkaFo] thig A H 2= ofafAQl &5 22 sto]

n\l

BR1o] 3152 o % o /A ThErh wEbA, AU 74 2 4 Fo] A Ao mhE ) AdntH] 9] of it X 5
£ =)/ dnh] A7) F 83t A S oF7tH E| QATHArcher et al., 1986; Wamer et al., 1998).

HAoHH| S A5y 9J5te] Fldrd g2 rd S EA ofn| AR 0] 851 el & tlofst o] o] &
%] o] 2FeK(Cai et al., 2000; Jelinski et al., 1999; Marret et al., 1995). 518 2@2 5.8 AZ5|o] L 27H= ol
= AAaAA 51'%*% FEoto] HAJu|E fdoke o H(Jelinski et al., 1999), A5 22> A4lgH 24| 2]
730l LPSE Foisto] A4 =0 ﬂ guH] & FHoh= e o|Th(Cai et al.,, 2000). S8 ofv|ieAke] ¢
Ny =S 54“1::' 2/d ofu] ik 21 Fofsto] A M ES mhy|sh= o] ThMarret et al., 1995). 5t

A5k, 2| = Adue| 7 AU 7 S %31%4 50| Bl AaF7| WA E O] /<t F3}of| FRF2 m|x|A| E AL o]
2 Qlof| 20| WAYo] Zrak]o] i thE o] 20| FHA| HHA 51} HAS= %771] o]-&sh= 2l
(hypO)da—ischemia—lipopolysaccharlde HIL)°| A} o]- 8511 IthKim et al., 2018). £35|, HIL 2& 0]3_6]- A
Aol A ) dmhe] fEhe] a8/ Ho17] flof HE B e dA R} S F e ade] eS|
St 52 A 218sto] & % 735 Aol Ho| HE P e WAz do| o Atsithe A ‘é‘qoﬂlLH H}
Ach(Park etal., 2010).

ShH, A4 SHEE 85 & /AdTH] Aol S| AE7| WAL} F Q8 ALEA|7} HE‘W Al e
a7 aA 2] FE Bl ZoAS Yol e RIS AL 1T (Bl Waly etal,, 2014). 53], H=2] AT

}n:ru

>,
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of w2t 3] AE7| Al e] W B el S B4 510, A4 Bl E 9] AY 2 (postnatal day, PND) 4-7% Ato] 7}
Aol A= Al 23-325 S Gt Al7| = /drhd] fidkol Tizket A7) 2 e A o R-2e] Ad-tollA] HIL
2d 4] 7]1 S PND4-79 2 H4skal 1Tt (Kim et al., 2018; Kinney & Back, 1998; Rice et al., 1981).

SRR 2 AL 3H =2 AJ7HRice et al., 1981), A8 (Park et al., 2010), 22 & 22} 718 (Park et al,, 2010)
Soll 2laf & A wofl 2o 7k EAetrtal B K 01, o2 7kA] PND4-7Y F ol = Al 717} | AdupH] el
EA ARgSE7 )0l 718 At Al71IAl = AtE B Qi whebA] 2 Aol A= PND4-79 9] ZF Lgof]
k) /gre] & RS, PNDI10, 20, 30, 4040l -5 AR A AL, PND40Y ol 45 A AISte] =24 7]
T2 JF5 AL, AE7| M| A4 9 Batabg & vl awsto] Ao 244 of {9l X 4 7o
Abst k| /gohe] Relg 55t A} oFint

Materials and Methods

Animals

2 Aol M= 9577 2] JA4leH U7 Sprague-Dawley THEE- thSH}o] 2 3 F(Eumseong, Korea)OllA] -
ST BlEE 2% 23 + 2°C, TG 50 £ 10%, 2% 150 ~ 300lux, 71314 128)/A17F, 2R AIZH 124)7F
(07:00~ 19:00) 2= A 5to] Abge] SFit Blofdt Al SiE= LR(PND4, 5, 6 2 7)0ll 2 $Z (n=6/
)Tk o]-gsto] &S XSt oM & & o] F7|7EA] = ofm| ek 9| ARSI, o] Fofl= ofm| e &
2lato] Alo| A 3ute] 4 ARSSIGITE AlR s AHEE-8 IPALRE thehto] &) 3 (Bumseong, Korea)©ll
A Tedsto] ARSI O H, AbR B B4 AR AFHAIZTE & e S TSt EEAE S 9
3|of| A S}t XI5} THKNUE-202302-003-02).

Cerebral Palsy Induction by HIL

PND4, 5,6, B! 79 A, diethyl etherS: SUPIAIZ] & F2o] A2 4] Aot 25 45902 o
SA17) O & AKnylon, 9-0)5 &85l Z& st 1R &ototl, 3029 3 & AR & %, 37°C, 8%
0,, 92% N,7} -F-A| =)= A 4FAHF7 | (H85 hypoxia workstation; Don Whitley Scientific, UK)0l| SHEE- 12087+
LEZAZTE Ahka 22 S e 0] AS A ofo] ATHFAIZ] S LPS (Sigma-Aldrich, St. Louis, MO, USA)
£ I mgkg &F 02 B4 U FARIGIT 1582 3|5 AlRka &, ofn] SHEofA| HlE52] FUch A AlE
2 Fig. 13+ 2tk

pit)

Neurobehavioral Test

Rota-rod Test

AAIE-&2 532 rotarod test ' (Panlab Technology, Barcelona, Spain). 2= PND10, 20, 30, 402 01| Z+2} 3
7}otSItt. 4-80 ipm71A] Q] 7}H50] El= Erotarod) $Joll AE=E S Fa1, SIE} gltljol A Woj 2] = A7
2RI AT 214 93] 2748 ol B0 Lehigict

Brain, Digital, & Learning. 2023 Vol. 13 No. 3 311



Yoon, Jeong, Park & Park

0 10 20 30 40 pnp)
| 4567 36
] 111 | ] |
| L I | I « >
— Memory test
Hypoxia Rota-rod test Rota-rod test Rota-rod test Rota-rod test
Ischemia
Lipopolysaccharide X
Necropsy

Fig. 1. Experimental schedules. The male pups of post-natal day (PND) 4, 5, 6, and 7 underwent hypoxia-
ischemia-lipopolysaccharide injection (HIL). And, rota-rod test was performed at PND10, 20, 30 and 40. The
memory tests (passive avoidance test and Morris-water maze test) were performed once a day for PND 36-
40. Then the pups were sacrificed for analysis

Passive Avoidance Test

21 =9] working memory abilityS- Z735}7] I35l shuttle box (width (610 mm) x depth (300 mm) x height (400
mm))E ©|-8-5l 45 2] T ¥H-5(passive avoidance)= H7oFITE. Box HHIZ} 7HAS 95 4 Azpatg o]
A B2 ) o) R e Ul 77l W FAHE T Ao AT 22 Fl B2 el
o]Fg 7to 2 Eoi7kS w] A7|EZ(3Z, 03 mA)S L3 thHermans et al, 1992). th7|A|7F 2 Ao 2
o] AR AL LA BF2 {o 2 Sofrk= ARk 2 A5}l om, 18027} Hol 71 7| o] sl R H itk
Folo] AeS SRSt 535 A H-2 PND3640Y ol 13)/Y, 5% S5k

Morris Water Maze Test

37+ 7192] H7HE 98l Moris % 1|2 A& 28yseict 45 n|2 Ad2 50| 27 cm@] Zo| 2 A}
97 A7 180 cm2] Zo|M WY om B9] 2520 + 3°CE FAFUCh £32E 73] 47h9] AL
2O 2 LHRo] 5K AT 5ol escape platforme = 2 em Z10] of2fjof] x| A|F T o] & HES E

i
iy
2

k=
platform©] H0| 2] &% 5} 11 Rat= H| = HPZO]| &1 of2] ThAol] 27510 platform= 3= E71& Wt
o}, A9 21x]= AE Uld LASH f-AI= Ak ARER 5 platform©] §l= 3712] ARER 5= 3 Aol A]

=

S5 5+ plat forme 2H717kA] A= A|7HE S5 THMorris, 1984). 4% 1| 2 A1$-2 PND36-402 ]|
18]/, 547 =A5HATt

Real-time PCR Analysis

| Z 2] 9] total RNA+= Trizol A 2F (Invitrogen, CA, USA)S AF8-510] A2 A 2] Z 2 EFof ujet &5
T}, Total RNA 1 pg WizScript " RT Master (Wizbio, Seongnam, Korea)S- 0]-8-510] cDNAE g/d517] S5
Aol Z-2-E]91 1, AYAIE cDNAE PCRS 93t template = ©]-85+S1 T} Real time PCR-S Brilliant 11T Ultra-Fast
SYBR® Green QPCR Master Mix (Agilent Technologies, Santal Clara, CA, USA)E AF&513]. 0™, B8-2 60°C,
40 cycleZ AriaMix Real-Time PCR system (Agilent Technologies)Oll 4] 4~383513Ath W& 7|5 &4 2+= GAPDH
£ 0]851%] 3L, comparative Ct method SAHE-510] 23] BHES1o] o] o] B 5 415} TH(Yon, Kim, & Park, 2018).
PCROI| AR primer2] sequence+= Table 101 7|53 th
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Table 1. Primer sequences used for PCR analysis in this study

Gene Primer Sequences Accession No.
Forward Reverse

NF-kB AGAGGCCATTGAAGTGATCCA CTTGTGGAGGAGGACGAGAGA NM 001276711
TNF-o ATCGGTCCCAACAAGGAGGA TTGCTACGACGTGGGCTAC NM 012675
1L-6 ACCCCAACTTCCAATGCTCTC ATGGTCTTGGTCCTTAGCCAC NM_012589
iNOS AGGCTGGAAGCCGTAACAAA ACCACTGAATCCTGCCGATG NM 012611
Cox2 TGATCTACCCTCCCCACGTC CACTCTGTTGTGCTCCCGAA NM 017232
GAPDH GTCGGTGTGAACGGATTTGG CCACTTTGTCACAAGAGAAGGCA NM_017008
Western Blot Analysis

| Z2]-2 proteinase inhibitor (Sigma-Aldrich, St. Louis, MO, USA) 2! phosphatase inhibitor (Sigma-Aldrich,
St. Louis, MO, USA)2 $-9-5F RIPA cell lysis buffer (Sigma-Aldrich, St. Louis, MO, USA) ©|-85}0] #2135}
StoiTt T2 FAHS- 4°C, 15,000 pmellA] 15827 YA Ealsto] 2E35H31 9.1 BCA protein assay kit
(Pierce, Rockford, IL, USA)E- ©]-8-5+0] A7 53Tt Tl -2 10% SDS7H -3 0.5 M Tris-HCl buffer (pH 6.8)
of| A} 95°Col|A] 5827+ 7}E5}0] A AIZ] & SDS-PAGE gelol| A A7] A% dto] B2]A1Z] &, 20% methanol,
1% SDS X 192 mM glycine©| $H3-¥ 25 mM Tris bufferS: AF&-5F0] PVDF membrane & ©]%-A]ZiT}. TBS-
Tween (TBS-T 20mM Tris, 137mM NaCl, 0.1% Tween 20, pH 7.6) -8 0] 85} 5% skim milkE- A Z5}0] 1
A|ZF blocking 3F & Table 201] Y= FAIE 0]- 8510 4°Coll A ovemightsto] HH--A|Z T TBS-TE A|2ISH &,
membrane®]] Horseradish peroxidase-conjugated anti-rabbit 22} FA|E- 0]-8-5}0f Al-20]| x| 24|17t BHS-A|ZiTE,
Membrane< ECL solution (Pierce, Rockford, IL, USA)=- 0|25}t @/dsIATH Acting W5 715 22 2 5o
mageJ (NIH, Bethesda, Maryland, USA)Z: ©]-85}0] g5} 1ct

Table. 2. List of antibodies used in the current study

Epitope Company Catalog Number Dilution 2° Ab (IgG)
Olig2 Abcam ab109186 1:2000 Rb
CNPase Abcam ab6319 1:1000 Ms
MBP Abcam ab218011 1:1000 Rb
Actin Cell Signal #5125 1:1000 Rb

Luxol fast blue (LFB) Stain
szol vt g BM517] ¢Js & & gtk Bi=E 10% neutral buffer
formalin (NBF) 2. & 4742 o]-8-sto] 717g513lTt. o] S Al&sH| =& ZE5to] 10% NBFol| 484175
Qb =783t F, 30% sucrose &2l 72417t FRF 2GSRI o] F A 10 M FAIR Het SAAH &
Zho| =& AZlslo] JAS AASHITE S A TS luxol fast blue &-240f] o] 56°COllA] overnightdF3i Tt o]
2 95% 2L T2 2 pAISto] THest 23 A| A3, lithium carbonate &-24of] S0 =5 3027t
70% olH L T2 E NH5I]t o] ¢ SFHE M- 2, cresyl violet 84 0 = 30% FF QAT 3
£ o]-&35to] AH 5Lt o] % ol e YT 22 o] &5to] DT Z A X| AL xylene S ©|- &5t FT S JE=S

A & Fdsto] Fetdun| S ol &5t 2212 HEsisitt

1>

-
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Statistical Analysis

5 7He) BA vl s Hd B At 5AEe i—.}olﬁh—'—, U FAREAlS 3%t & Tukey?] TF5 H
I HIAEES S5 AL 75510l dee-g AT ES] tatistical Package for Social Sciences version 12.0
(SPSS Inc, Chicago, IL, USA)= -3l B-E #AS 3ot tlo|8«= o] Hdt £ BF TALE FA
SFAAL, p<0.05%] - EAA 0.2 fofn|3k 2l o & 7haiint

i[‘
ro,
v

mlo

Results

Neurobehavioral Deficits by Age of HIL

Rota-rod Test
PND4, 5,6 2 790]| ZHZ}FHIL 42 A A5, 35 A ) 0] 2] = G Lot 7] Q8] & /dntr] o] thi
Y5HATE Rota-rod test= w242 L AR E 872 SH5k= o

O

291 Y52 F-2] SR rota-rod testS- {1 =
2R ZAFZ PNDI10, 20, 30 3 40201 ZH2} S57d 311 Fig. 20114 2o]= Hiet Zho] HIL& A5t =/
HH]E R EeRlE o), 31318 910l 9l AlRtol Zhaehs 372 B3It 53] PNDI0o= 5837 vl

SIS W] PND5OY| &5 1EATE 7o u]s A S B oS AA|TE PND20, 30 2 4000= A =2] 2fol+=
ARAA R = S ojn|5t Zh4aE HojF= Zlo] EolE et

A
6.0 40.0-
PND10 PND20
» 4.0 7]
oy T T & 20.0
c c
% 20- * 5
- = 10.0- * * * *
0.0 T T T 0.0 T
Normal PND4 PND5 PND6é PND7 Normal PND4 PND5 PND6 PND7
C D
40.0- 25.0-
PND30 T PND40
20.0-
30.0-
§ T § *
. 15,0
§zo.o- c::‘
8 * S 10.04 .
] 5] *
=1 10.04 * * -
: * —— Ill 5.0 T *
0-0 T 1 L) 0-0 T 1 1
Normal PND4 PND5 PND6é PND7 Normal PND4 PND5 PND6 PND7

Fig. 2. Latency time (sec) on rota-rod test of rats by age of HIL. The rota-rod test performed at PND10 (A),
20(B), 30 (C) and 40 (D). Rats (N=6/group) were subjected to hypoxia-ischemia-lipopolysaccharide injection
EHIL) at)PND4 5,6, and 7. Data are presented as mean = SD. *Significantly defferent from normal control
p<0.05
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Passive Avoidance Test

afjnke] 2743} 7] at HAA| A& S4cke PRCE U7Xl
2 o= W M7 342 7Y o] A5 A} gh2 Hhof| i E= A|7to] ZojRl om, 43]
Aol 712 o] 3] YAE|o] o £ B0 2 1Fof ] ARITHFig. 3A). PND4Y T 70| H4rte] S
FEt =0l HIE 719 o] A/t T FAE A= AUAIT, F-oJn[gh 2pol & HojFA] Zoei.
PND5Y 2} 60| /drH] & 23t FE0lA= o =2 ol HFEE& Alto] AHA| BRE|loH, B4+
I} v 5k S wf -F-oJu| gt xpo| & HofE]IT) H]E PND6 o4& 53| 2toll= -2 u|§h 23S HojF2] &
AT A A 0 & 7| =] o] /=] A| eh= B UERLC ™, PND5ol|A = A 2]xfol| A -F-2ju|gh o]
7} W= QI

S]] A oA A

o
L rQ
j;J_
;‘;

}o

ﬁ%

k")
N =

Morris Water Maze Test

52 RhS AAF A 7, 327 eHE e SAE 4 e % 1= AYS JFSI3ITHFg. 3B).
Aol Hda2 EHE=S & - FE 5125
o] P U & 4= I}, 53w RhS AR nixt7EA| = PND4Y 1} 70]| =/ drHH]| & {3t 5
EolM= AP HHEE S 2B Ze AlRto] Zhaste] WAttt feln|gt fo| & oz Z3A|TH,
PND5 U1} 6 Yol A= 227} HHEE] of ' A|7ko] 2hAx61A] Al A/} -] m| gk &po] 7} k=] Qict,

—

>
vy)

200 200+ Normal
PND4
PND5
PND6

PND7

IRERK

100 100 * *

(4.
(=]
1

[,
o
1
Escape latency, sec

Retention time, sec

c T T T L] T
1 2 3 4 5

Experimental period (days) Experimental period (days)

Fig. 3. Cognitive function of rats by age of HIL. Passive avoidance test (A) and Morris water maze test (B)
were measured once a day for 5 days. The endpoint was set 180s in passive avoidance test and Morris
water maze test. @; Normal, ll; PND4, A; PND5, ¥, PND6, 4, PND7. Data are presented as mean = SD.
*Significantly different from normal control (p<0.05)

mRNA Expression of Inflammatory Mediators by Age of HIL

Fedygol| ihe =22 9] dF W F =S H|wsh] o, 22 0 2 R E] mRNAE 5519 cDNA
g3t 3 real-time PCRS A A5t HSHES- HHAYof] FQ 5 Al S ED-E-21Q1 nuclear factor kappa B (NF-k
, 95 ui7HAd AFo] E7}21Q1 tumor necrosis factor-at (TNF-t) 2! interleukin-6 (IL-6), 12|11, F50H7] &491
inducible nitric oxide synthase (INOS), & cyclooxygenase2 (COX2)2] &2 &H015}2] ThFig. 4). PND4 7-of| A
+ A&7t B w5t E w IL-6, COX200A] 8] m| gt xto] 7}k HEE| QI T}, PND7 ol A= A/} vl st
R S7RRE A Hol7l= AR felnlgh xfo] 7 phtE| A = it PND6 wollA= & A1 A

ResR |
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*

0.0 ol | o.'.'_j — 1 001
Normal PND4 PND5 PND6 PND7 Normal PND4 PND5 PND6 PND7 Normal PND4 PND5 PND6 PND7
+HIL +HIL +HIL

D

o
°

*
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(Relative fold change)
TNF-o/GAPDH mRNA
(Relative fold change)

3
>
8
°
*

® &
2

g

s

13
°

>
o
=3
°

* *

»
°
(Relative fold change)
8
°

iNOS/GAPDH mRNA

(Relative fold change)
*

COX2/GAPDH mRNA

0.0 0.0
Normal PND4 PND5 PND6 PND7 Normal PND4 PND5 PND6 PND7
+ HIL +HIL

Fig. 4. mRNA expression of inflammatory mediators by age of HIL. Real-time PCR performed for checking
the mRNA expression of nuclear factor kappa B (NF-kB, A), tumor necrosis factor-a (TNF-a, B), interLeukin-6
(IL-6, C), inducible nitric oxide synthase (iNOS, D), and cyclooxygenase2 (COX2, E), normalized to GAPDH.
*Significantly different from normal control (p<0.05)

Protein Expression Related with Differentiation and Maturation of Oligodendrocyte by
Age of HIL

42980 3| AE7| WA E] B3le} Aol n)x]= P Lol 719]5 CNPase, MBPY Olig2 2] THiH
] 1S western blot2 F-5l B WSFRATH (Fig. 5). PND4Tol| A= /4wt v w3l o} 37}] 2| &% 257}

N

=
2lo] Z7}51ICk. PNDsTol AR PND4ZoRe B2 23t vl 23S o) 3712 A\ w77} .o)ost
A 231510k PDGZN = CPae] Wl folofe Aol s 24skaeh e 2 oigeel
Ao M 23] Z7I5hs A4S Eo{FUth PND7OIA = 9 A] CNPase2] e o Agt5-o]n|gt 2ol =
HA,
A
+HIL
Nor PND4 PND5 PND6 PND7
CNPase (47 kD2) e cmme e e
MBP (33 kDa) | S s s e
Olig2 (32 kDa) ~we S s s -
Actin (45 kD) e —— ——————
B 2.093 Normal
Il PND4

[l PND5
-| =3 PND6
3 PND7

-
o

=]

Arbitrary unit
(Relative to control)
& 5

0.0

CNPase MBP

Olig2

5. Protein expression of related with differentiation and maturation of oligodendrocyte by age of HIL.
§Representat|ve band for CNPase, MBP and Olig2 in brain tissue. (B) Band densities normalized to actin.
*Slgmflcantly different from normal control (p<0.05
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Apx[eko 2 PNDS wol|A] A2 k| 223 o]-8ofo] 20| WATRS 21617 ol LFB G- A A|s)
QA2 8|Skl 6. AZ 95118 1, slolEel) LB 9 AL37 AAsiion] &
ZH(corpus callosum)2] FAY/do] 7HAsH] O, | Al B periventricular region)—= L F74|7} Zr4H Zo| &

2

Periventricular

Hippocampus Corpus callosum vegion

Normal

PND5

Fig. 6. Representative photomicrograph of luxol fast blue staining in the hippocampus, corpus callosum
and periventricular region. The LFB-positive signal compared the normal group and the PND5 group.

Discussion
2 A2 HIL 52 5ol f-=3 =] 55 2o a3l fad8 S AA5H7] 2lsl PND4, 5,
, X 790l HIL &5 A Ak, PND10, 20, 30 2 400l ARA[E-3/d AL 719 H sh5-52 7} A5
I 83, OL 28 2 /g4 A 7o) Il 5 H| w k= Aol ]l

A goke| = 24 AAbaA SE 4] 2ol ofsl WAYshE Ao ®E A UTH(Delivoria-
Papadopoulos & Mishra, 1998; Jesberger & Richardson, 1991; Mosmann, 1983; Palmer et al., 1990). E35]|, nj<ol9]
735 =] W2 o] 19| F FHo] 25| SR ot AT A 0 &2 nighd e Fo = <ol o] Wi 2.9
gollo] 52 o] ZhA5}o] 5] o] EAYSHH(Volpe et al., 2011). B3} Zdo]ut GZ9] Q91 AAkaA FES
oFSHA]7| L, Q] m|A|oful M| EE BASIAIA Sl A7 WAL HAA|ES A7) = el oz 285t
CH(Haynes et al.,, 2003). #25+ ofH 2} /g o] 7} A sH= Al 7|0l 3lAm7] wA| 2 o] A 27} efstod
(Dammann & Leviton, 1997; Volpe, 1998), 2w A 22 0] 25t 1l S 2AJ EXJ 1} 2|q- 2tr|Zbe] A5 0 2 QI
8f| o B2 S| AE7| WA E 9] £ e HBack et al., 1998; Oka et al., 1993; Yonezawa et al., 1996). ©|2{ g+
S|lAE7 AR &2 A= % /9] o)/2 Zallotal o] 2 jlal| MG Ext o= Qg 417
e Zgoll, AR A Aol] 5k 22 /g upH] o] T 32491 /S0l YEhA| HthKim et al,, 2018, Park et
al, 2010). 2=, S1H4 Q1 | /dupH] ofjt 2l X| 54| 7S fioiA = Abere] BeiAgee} 712 vl st 714
= 7H1 sErdo] B e5tH, o] & 83t A A 37} H Qi

ol whz} 2 =7l A= ARt BE ARl 7| - o] 71 fARRH HIL 2Els o]-8-5tof, AEE {4t
278 518 9 7 9 52 = o] HAdnk]E fEsielth Lok Al SEe] FEA173A)
22 H|w5to], Alhe] S| AE 7| WA o] HFEFA 7] Q] Al 24-32F2}2} HI =5 A]7]Q1 B9 PND4-7Y
g thitoz AS X5t (Kim et al., 2018; Kinney & Back, 1998; Rice et al., 1981). B3}, Al & Hhe

(o)

c
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=0l A B /guH] FA] 7] PND4-7Y Atol& F3SHAIRE A 4tA 27 leE AlZH(Rice et al, 1981), /82

(Park et al., 2010), 2Z =5 224} 7] (Park et al., 2010) 501l &J5l &4 A wof| Zfo]7F EAf5}7| wizol], 4

S U gof| T 2po]7} Hsh= A& A6k B840 fE Al7]1E F35h7] flof 2 Ad S Jagsiel.

3, b dupH] o] B A R E 27 E4FE o] TR tiEA Rl A S T2 SRl AR At

L 7104*34 BAME o] &5t o, EAMEESHA AR R SlAE7| A &S fFEshs A5 AlE H 3
AE7|WAM| O LTt ESA HE 0136}01 ThKim et al., 2018, Park et al., 2010).

PND4 9] 7%, = /JupH] 9] 8 35 54452 st AR @A) 7F At A/ SHeel vl wsh
o} g-o]nlohA| ZHAast A< %.PJ% # AR, 11 ]9 35 AARI 7|19 AAM = et ie 2
7HEAE| 2] okttt ¥t opu e} HF A GA| IA| fo|7F UA| g2 A et 4= ok HhH 5] 4
WA|EEO] /g < H BEFR| ol A= A dtol] vl W Eo] Hol HEEE AS gkl AE

27| DA PNDAY Zfof] ZAkA 2= Bl 50 2 AR /o] tfsl] 8] A7) WA 32 2 5EA| E2 ykoq
Sh= Aot 25| dofit7| w02 AY 2 of R Th(Kessars et al., 2006; Vigano et al., 2016). Aj=23tof|
T2 7|ofote A2 B 7919 754 Sl A7 WA E AN R, o] N wEA ezl SlasET] 0
NZE=Z Fotohe 202 AZtEH, H A o] A&7 MEE 47 ARE S o] F99] BlaE7]uAE
ATFNEE S7HAA =/ gu| 2 Qe g2t & 1 ZH 5 -Ji%ﬂﬂ*ﬂi— CRA A= 202 oA
X]E](Serwanskl etal, 2018). AA| 2 PND3 dajof| &35 52 Ao A= SR 7 TR R] Yofth= B
ATHChoi et al., 2011).

PND5 2] 74-¢-, 78/ S =0l HIsh AR IE-3/d AT 719 ZHAtollA

At AEA| Fol|M = B oA FelnlsiA| 5ol 715 As &1 4= U oH, 5|l4E7|wA| 2
g4 B oA Fol| M & A dtol| vl sl ' Eo] fRIoHA| At Ae WS 4= AT o] = o] A|7]o A
AlGHHIL =2 QI 4 Q1 3l AE7| WA 2 AT ] &/4-5 R6ll o, o] 2 Qe eh4=% 517} XI5
Eof /gnha|7E R Aoz AJzke 4 Qlk
PND6 2] 73-%-, PND5 -1} H| 2517 35 Aol Al 25 F-o]m|gh Zto] & H itk 53], A5A| HollAf=
2 73} Bl st & BE oA dA|5] SIS A S ERlT 4= ok Sl AaET| wA| ] A4 Bl 257
Fof| A= CNPase?] a2 ASHAAIT, olig2 3 MBP T o] Wado] Z715k A5 Eeleh 4~ it} o] =
ey %‘%“ &0 = Qlof| SlAFET| AR B E7IMRT7E EGE AL o] & B EA|17]7] gk HAHE WS
o] 25| 13 =]o] olig2 B MBP THiE o] o] Z7IRt o 2 Helr,

PND7 LJ &, AR/ AAellA A3 vl udlE wis fofnleh A
oAM= A= fofn]gh 2ol & Kol x| ottt £3], the Zaf B watl S W A5 A ®e] Fofn|et F7}
T BRI o, s|AET|uA| e 28t 3l A4 A H e & &fo]7} gigl= v, o] Al7]E nlids F4
7| A2z 41ka/g S E 3t A5 RESoll et AHd& 7HA] AL 917] wlfiZol] &3] rln|3d Zo = of
74%1thBack et al. 1998)

o|4te] AxtE Z3ts| M, PND4, 5,6 U 7°‘°1]H[L¢- = A A5to] k| AduH| & 251 Al 7ol e 2
zpo]7} Q= 2 & ‘ﬂ%‘# AT} PND 47-9] 749 /g §H-3- 0 =2 Qlal)  AJupH] 7} 2| 27} S8k | o
] 2] kot &2 Aeo] F 4= glor PND7 4«1 Sofl= Blaz7| WA 3] A7 o] S7Fsto] ]
FES0| AT 4 = AT S 7R AL QU TESHPNDG w9] 749, A ZHet 454 &40 2 o] 55
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