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71, apoptosisell o1W 288 slE=xE Abs] Al sheic)
Q719 §34 Aol FERS A4 Ahopo] A5 &4 ¥
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2. &4 F 14de| A8 % 7]5 7 A4 methylprednisolone | %] 7o) o 2 T
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3. Apoptosis®] x4 Y Alg) whA|o|A] F2 apoptosisE ] xﬂs}—‘: ez odexl

4 A ]

Bel-2= ool Ao &b A3 1A17F ool W ate] &4 & 14271R] A% B3t
%] %4 2.7, methylprednisolone ) 2] & &4} 3 8] 7}t] ol Bel- 2,] whedo] Z7)% ]

4. ApoptosisZ %ESP“— Aoz oejAl Bax= 5559 4 &4 2% | ]7} o]
of Wdatel &4 £ 1471%] A4 #3259l 01, methylprednisolone 3] 3] & 24}
% 427k o Bax®] whaEe] FrbE it}

5. TUNEL 422 % Ql&F apoptosis®] 724 W3} o= Mo 2Lxo] 3
EE 7HE A A AR ool T2 M Er) Jehs] ARste] £4) 3 149
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oA AT}z Hol FEr o] AL 2410 7]
& A7 7158 B Eef Ego] H, o]w Fof F UAA Al BC1-25’Jr Bax 2] AF-§-of
oy slo], oJ A A 7keh ol apoptosis®] F-FA W3S o A5} 2H4-
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A= d E F IAF>
A ekl of st

Iol

!

ok

ol o]2)3

P

o
S
-
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A @A) B A7be] A o) Fol] vehe], Axizha] el o)A £4be 7|
2] 9] 2| AHnecrosis)ell Fgo] wo] b
A Ao = o}E 234 ¢l apoptosis7} B o) oo ol Ftdl oI
gIeh. B2 w=abal )58 Ale] apoptosis7} Foigrhe BT gle F
Aol 2 apoptosis7} Wodehe o] wal e

Apoptosis®] A& =2A| A71A] A oz vk & Als A9 oA (signalization phase),
#2 A8} thA|(control and execution phase), 34 W3} whA|(structural alteration phase)
2 o 24 9 e A A W dAs AL o F2] apoptosis 344 of 4]
o xbgk FA S AR AlE A A= apoptosisS oF7| sk AF-9] FF-ol ubel vhEo
4 2 A3 AlE proteases A EE s i) 714 caspaseFo] A e WAl
1 84 3}= Bel2 familyol] ]38} FA )

Bel-2 family3= apoptosisE 4 3}= £ Q.3 whild oo, Bel-2 family @A &2 2
mitochondria®] 9] ¥re]] 23}, mitochondriad]| 4] 4| E2 22] cytochrome ci-} apoptosis
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2 #x)8l= 7] S(Bax, Bak, Bcl-Xs, Bad, Bid, Bik, Hrk)%. ¢l ®twl el apoptosisE & A 8}

{
)
o b ala
i o
>,
2

Lo
S
—

o o
=
Y

w

- 3 —



£(Bcl-2, Bel-Xy, Bel-w, Bfl-1, Brag-1, Mcl-1, A% QIt}” mdt o] 52 A& o]g4)
(dlmer)a A 4 9129 antiapoptotic} proapotpoticS] H]-g-ol 2]35}o] apoptosis”} 7 ¥
= Aoz e 9y P
AF S el ol e e WA T S AE S0 S A £
£ A% 7159 A%e Eeshaa A5 €4 LA oo b MR Foje Fol 14
7159 3] 8ol vX]= el HE W AFst zeEolgh) ol 04:%% A <17k
g Sl AT O oS RN Ba) 12 FEE A9 gl Aol
£} 2efu} methylpreduisolone @ 4§ EE A ¥ olujet AR 1 £} A2H &

2 A= A3 FEZ methylprednisolones FA}sled o] ek o] sled o] 3}
A 5 3kl apoptosisell o] kA 7} vl A= 9 &S &Q18} 3 Bel2 family% Bel-2
9} Bax7} o] Al7]el Zo] #ejal=2]E s A} sgic).

c

{:/\1-0] 7

IL THE 3 gy

1. S 28 AN

Ad 5E 2= Sprague-DawleyAl 213 (&% 300~350 g) 101v}8] 2 AlLsleir}. A8 =
+o|| pentobarbital sodium (Entobar) 50 mg/KgE& E7}] 8 39]3le] n}3 A17] & 30%20 cm
ol el EES F, FaFFY Iy Eé < % WEZE b AAs A H3
o] AEAs et 35 A 7H6}1 A9, 10 F5-2] HF 33 44l % (laminectomy)-2- A A]
stodeh A2 2388 A6 F5742 HF E7)E #lsla, impactor (NYU spinal cord
contusion system)E Holm=& 9] xql A9, 10 F F-YZ 7o) A Al -EA A
ot L ¥ 5% impactorel] 2233 spinal clamp®. 43 E7]& 74 3}9c}. Impactor rod
5 A3 HelA rod7} spinal cord®] EWel 2 XA (04)S st 25 mm A HFef A
7d 2.5 mm, FA 10 g8l rodE ¢ %38 H, release ping ArolFAx] £ARS- F I monitorA}
(IBM 386 PC)oll vlebui= 2 4=&AF ol 7| ¥ 5~E(spinal cord contusion parameter)S <] 3}
o] o], &%, 3= W] S-(compression rate, dD/dt)o] E5 LA W olol &Fa Zur A= s}
Ark 1 ¥ FES &4 E9E 333t A A (kanamycin, 0.6 cc/Kg)S 5 FA}E 5
25 A4 A7} 525 heating pad (homeothermic blanket, Harvard, MA, USA)¢l] 28 =
of ntHellA A w72 A& 36~37°CE FA ATt wF A Aoyt o] Folli= o3 A 22
£2°Ce] el AbS3tsla, A7 QA Wkl ffsled Ang AHS B 5 gl A9
= Ql9AH e R BAS Ey WS v



A FHM)AA 2A4E AZBHAAZE, 2417, 4417Y, 8417, 24A17E, 14) 2 o] A
F|&}o] apoptosisE W23} apoptosis®] ¥-¢], s A E, Bel-2 family7} Z7FsbAY 4HA
st 2 9 A e T2 ash Szl e A7e B A8e 7 A
B gokel ol4tel WA E ol gehalh

=4} 158 %o methylprednisolone 30 mg/Kg-S #.2] 3] = (tail vein)—"‘- E3le] 13] FA}s)
a1 A8 ubE3}od apoptosisel] tEF A3S FAsgth 2 TS saline S FAEE ulA]

98]
02t
o
oy
>

A5 E4E 4R BE AAE Sl A7 V%0 A% Frlskah A% A4
BBB (Basso, Beattie, and Bresnahan) <% 37} H £ 2% 114 =
zalalgdon £ Aol 247 Brla A4e) B Fod
A gled, 2A4E 27 38 A, T2 3% A, vkA] )
slof Qleh. 7] 35 A= oelelA kA Fd o] 33
7 H% e Aeolsepel B o nE, shAw BAlE ALK Aedele) BAHa
Z3tsl mele] 35 AHE Hesiete Zlolrh

4. HRISH FA}

7} HematoxylinI'_I» eosin 93 A4

A 4 F A7) Al mE 249 WP Yehe A4S #e8a, m methylpredniso-
lonee| Z%—’F 2218 A& 7|3 HE &lstr] H3te] sl em ASE FA] skt
L}. Bcl-22} Bax &AM

gtetyl Zef® He] M E4F 23 el Bel-2 family Foll 4] apoptosisE 418t 2o g
ot2 2] Bax2] 3} (Polyclonal rabbit anti-mousefrat Bax antibody, PharMingen Co., San Diego,
CA, USA)®} apoptosiss 9 A|3l= 7oz ode{zl Bel-22] & A (Polyclonal rabbit anti-rat/
mouse Bcl-2 antibody, Pharmingen Co., San Diego, CA, USA)E ©]4-3}¢] immunostain-g- A] 3}
z‘s}z biotino] ZAgHE 22 &9} WA Fof] A A A}

=, se}lo] EulEo} Qe £4F e A45 3 ume] FAR AL ofg 24 Sool=

gl mountd"% ALl AZAZ F, xyleneX el & 3l 2otebd AA & AX T oz <&
Aol dzeE AHesle] £33} A3 H 3% hydrogen peroxideo| F32]-2 o] 53-7F
incubation& ¥ phosphate-buffered saline (PBS, pH7.4)ell &7 #¢JWHlc}. Primary antibody
(anti-Bcl-2 Ab, anti-Bax Ab)E FAlo| = E3l7 Al-Zojx] 3048, 4°CollA] overnightZ incu-

rir

— 5 —



bationgt ¥ PBSE A& 3}gic).

PBSZ A& % kit (DAKO LSAB® kit, DAKO Corp., Carpinteria, CA, USA)2] biotinylated
anti-rabbit/anti-mouse immunoglobulinsE =¥3}¢] 1087} incubationd}st}. PBSZ ] 23}
- streptavidin peroxidase® =& F 1037} incubation3}it}. PBSZ #lojWl & DAB
(3,3’-diaminobenzidine, DAKO Corp., Carpinteria, CA, USA) £ % ¥ 3}o] 22X A},

& &4 WellA Bel-2ut Baxell ojgh o] 744k o] oojid 39 ol 4] 200m] &1n| 7
st AR AxL) 23 g

Ct. TUNEL A4

siehe] Eoslel Sl 4 Be A5E 3 ume TAZ AL g 27 Lofolel
mountd}od Aol ZA2A7] ¥, xylenex 2] & s}o] dule}s] 248 7 H ). Proteinase K
(DAKO Corp., Carpinteria, CA, USA)E %] $of "Hojmalm Ao ub-3-A# pro-
teolytic digestiong 58 14 Foll mask® target sittE xF A7t} 22 &Lelo]=2 39
hydrogen peroxide in PBSel| Ao 587} w3 endogenous peroxidase®] #H-4-& who &
PBSZ A A 3}git). o] & #A& ApopTag® kit (S7100-kit, Oncor, San Diego, CA, USA)E A}
&3t st 5, equilibration bufferS ZAlo] Wal AT @ Zejo]=o Wojma] A
2ol A vb-g A7) o2 P A "ol T reaction buffer?} TdT enzymeS 7:3°0.% #3}s}o]
Z§F working strength TdT enzyme-2- 7}&+ % 37°C humidified chamberol| 4 14] 7} £<} uj
shodeh. 1A1ZE wieFdt 24 &ele] == stop/wash bufferel] @it & ob7l EZof Z=n] Al
ol A 1047 wHefatodch 22 ¥ PBSE A4} 1 anti-digoxigenin peroxidase conjugateS-
gto]l=of =x ¥ Al-29 humidified chamberol| 4] 30%-7} incubates}dt}. PBSE A o]

% DAB #9072 A2ox w7}

SAF &4 el TUNELe] wigt g o] 713 who] ot ¥-912 4102 3] 200w
o] dujA st A" AEe] 5 SAsg)
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5. 84 Az

A AF v/ M 4= impactor 7] A|Y] E-A
w, 2 99 AZAE FFLRE oA
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& 2L 22.133£2.292 mmo| ¢} 7, FE A
: - 1 7-& 2203142520 mme| el AlzbE A w7t
2 2T FE AT Abledle Fo% FAAH Aol Atk

=
—

= rod®] HFsl £x9) HFzEe i E= o] 0.542+10.021 mm/sece] S}
Fo

1, o8 A F 43t-2 0.5431+0.022 mm/seco] 31t}
A7 7k Aekrt gl DH"?H% o5 A AT %J%ZHI frelgk SAA Aol Ak

Ct &% H|2

o £4% Fo SOAE AP A BF ste] 452 ol $Fo] 7] o el
AAZ Aol A E4Fo] Folxl ATE T3] 46}04 2 &g e
Zdol W HLrt AU E gfFo] el di7bA] Y A 7HY] n]& 1 &5 AR sk
E L A &4 ofs)] Wg

A7k o] (mm) <+ (m/sec) 3t 0] 8-(dD/dT)*

Controlo-

14 7Hn=8) 20.766 =3.693 0.539+0.043 41.400+4.502

2 A 7Hn=8) 21.384 +2.409 0.541 £0.015 44.199 +£4.502

4 A 7 (n=8) 21.512+2.046 0.536 +0.009 42.635+2.727

84] 7H(n=8) 21.233+£2.043 0.536+0.016 42.096 +:3.269

1 (n=8) 22.655+2.942 0.535+0.016 42.000 £ 6.307

14 (n=8) 25.247+0.618 0.564+0.028 42.700£5.229

7 A (n=48) 22.133+£2.292 0.542+0.021 42.505+4.427

MPz!

1A 7H(n=10) 22.088 +3.002 0.545+0.027 45.325-+5.902

2] 7}+(n=8) 22312+2.953 0.564+0.016 41.627:+3.542

44 7}+(n=9) 23.525+3.061 0.532+0.021 43.004 +6.503

8 A 7H(n=8) 21.960+2.824 0.539+0.026 41.735+7.068

1 (n=8) 21.514£2215 0.547 £0.006 44.694+3.141

144 (n=10) 20.171+2.435 0.5351£0.041 45.556+2.464

Z A (n=53) 21.928+2.748 0.544+0.023 43.657+4.770

™4 A (n=101) 22.031+£2.520 0.543+0.022 430811 4.596
g+ xF A, ()Y 2= A 529 R
*olZul g2 91 H °\J'5T‘ Helo} °u % A1 7ke] W] && bl A Y



Eu) g9 HEgS R T-E 42.505+4.427 mmo] gl 3, oFE A XL 43.657+4.770 mm
olict. A A 9] HdL 43.0811+4.596 mmo| it AZHE A7 E 2T oFE AX T
o Azl = o FAA Fole Atk

o]+l vH7H HeEe FAAA FA= 74 3t 4538
Bl grh(E 1

2. &4 14YTO| BBB HF:

- dHEzETANAE FF A9 UL 86119, 5 A7} 94+1.601%0 3, GE A X T
e F2Z A7) 134121, &= 3R] 7} 13411801 ch 2T 8 T FoA P=
AAE BAA SR fo3t Aol7 s cHp<0.05).
3. Wa|sty Han}

7}. HematoxylinZ} eosin & A{

1 ='==‘§7I Hi5}: 1, 2, 4, 8, 24A[2t
&4 F 14 Zbelli= methylprednisolone A x| 73} |27 25 HF AAE FAo2 F

2 R WA A4 8ol R

D

45 &4l THR e o

%

$£AF F 2A)7bol| = methylprednisolone ] 2|2 14| 7F3} B 523t A =2 AL o] vl
o) i A ANAAE FALE FE3Y AN, 45 AE7F Yebr] Az, )
o] WA ol 22 of2] 7He] Wl F7H(vaculolization)o] YERH7] AJztEloict. t 2o 7
$X vt en, thibA e Wl F7ke] £EU) E AATEY YAtk .

24} 3 44 7}e)| = methylprednisolone %] X| & Al T (central canal)@} wjF 2] Z7}
= TALE FAYY A FRo] AEY, FHAREEY wiF AAS} wi A Ale]d




chake] ¥ g7ke] o wel AU} AEFL SANL A} 22o] o AN w3 7
ZAAA FehEe] Ko, BAY $9) BE oA e Wl Fho] hiy ez A

= Aot

44} F 8417bol & methylprednisolone A& #AbE 2 FAY F9) wjr WA
FEE R FAST Ko, sl 33e] g T chRye] Fe w T3
o] YA HETLE Z FAY FHY v A X7} FAH AT 2 9
o szt g WA chge] e W B AR

£AF & 24 A 7Fol| = methylprednisolone 2] x|+ 7 A7} 553k

o) 2 Z ]
FEqm 290 3y WA e 0 Fho] T

= ]

iy

() ot=247| Hsl 142

Methylprednisolone 3% & & S99 #a} +3 F919) ge] Fat Hy¥ #
B ey
i )

AF QT 40 Hye] WA yiol chige) Wl Fke] AueA =eigeh
dEFe WA AAL TEE 5 8 AR PRy W Foe] Az QA ol
A x]o] glelen, o] gtol|l= gliosis7} #&A = 92, 2] A A w2 o] methylprednisolone

A x| Fell B]3te] 2robA AAATHH 2).

L}. Bel-22| 99A4

AL 22 o] FHFANA 7 Wol vhepyith 2008 wiEellA 7Y Wol REH XS
T L

Methylprednisolone *] x| &AL 147k

HE el r| (T 3.970) A=, &4 24]

__"6‘_
7t Fol BESONZ 744 wel ehton], TAAZ £4 847 Fol A 42707} e}
o 4 19 Felt 94 W] Sl AZe 47} BF LUNZ U &4 149

28 2. 44 4 14U A5 SUMKE, X40). A MP AR L) 45 9. 2 TS 214} 7919 5197
o) FERE U FAHNT S99 239 WA ¥ 2o chiye] W 2kl »}e}am B. o =79) %% whal,
W5} S e) o] abEE chibel W Fakel A2 Adsle] FAE Yy, Aol Al Aol MP A F

A B4l oA algiet



Aole HE 2507k 34 W4¢ ne] A&l Bel-2 B
At

oh
}zol

=]
M

1

o,
lo
s
o
X
.
1
2
X
ki
=

T EA 1A Foll HE 38709) P4
FAE T 7.070) kg Bl on, o
4 4 S LIS G 08 2ol A% Bet2 e $y3} o

N

(o3

iﬁ b o

_tL

o

iy
1}
z} ]7}:}{ é 2 FE A A7 277 independent sample t-testS 3+ A3, A} g
Al Zkd el A p=0.0282, <& A2 FellA] Bel-2 (+) AE7F 2v] QA BehE 2, 23 3).
Cl. Bax2| A

Fape Ao FH oA 7H weol vrebgtch 200u) s EollM b go] BEY &

N

M

Methylprednisolone #} 2|2 &4 1A]7F Frofl F 2. 702 vehdr] A zbste], 4 44]

I 2. Bel-2 ofA vb-g MES

142} 247 447 8417 12 143
o) = 38*1.1 7.0+3.5 43+1.1 1.3+04 0.1£0.1 1.1£0.6
(N) (10) ©) ® ®) ® (10)
MP-' 39+14 59+1.1 2.8+0.8 4.2+1.2* 1.1.40.7 2.5%+1.9

(N) (@) @®) ®) (©6) M ®

HELEFE 24, ()Y 2= AY FE F5 e A
o] ]s o p<0.05
&= 1 + $-oll methylprednisolone 30 mg/kgsS FoI%F

a8 3. 24 &4 8A A 9] Bel-2 94 A7 (X200). A. MP A x]72] 9. HF 4.271¢] Bel-2 (+) cello]
vhebytch B, dj 272 4. H 1.3719] Bel-2 (+) cello] vhepydr}. 5AF 3 8] 7ko]| methylprednisolon ] %]
o] thxel Hlate] £v] Sl= Ael7b AU chp=0.028).



Fol BT SONZ 74 Bol Uehgon), £4 19 FolE 94 Wgo] Qi Az &
i 132 E92H, &4 WAANE FF 0.5707F FA vhgE B 2523 Bax
o] #437F Yepa i
T A 1A Foll 26709 A S veEble 7P B2 A whE
o, £4F 146l E LIAS 4 u--S vpehfe] A4l Bax wale] 245
et gleleh

Zy A7 o 2 oFE A X3 ) 2719 independent sample t-testE §F A3}, A ¥ 4
A Zk ol A p=0.0042, °FF A Z|FellA] Bax (+) AE7} ov] A BUTHE 3, 27 4.
2f. Apoptosis Q12 2[5t HAi(TUNEL 24d)

ARz o] FuRolA 71 o] vebtth 2008 wiEellA 7H wol EEH
ZA skt

Methylprednisolone A A F-& &4 147 F38) tehbr|(3F 11L070) Azkskod, 4 8

3L e

H
o

I 3. Bax A ubS ANES

122k 217k 4417k 84|17 14 14
= iy 2.6+0.9 1.7£1.1 0.8+0.3 1.1+0.7 1.4+0.8 1.1+0.7
™N) (10) ©) ®) ™ ® (10)
Mp' 2.1:1.2 3.3£1.3 5.6 1.4% 2.0+0.9 1.3£1.0 0.5+0.3
™) @) ®) ® ™ ®) (10)

HELEFE 23, ()] £AE AP FE £ i A
*tﬂ?ﬁ‘oﬂ ] 3le] p<0.05
222} 158 3ol methylprednisolone 30 mg/kgs FoIg +

i | - 4 ] 7¥ 2] Bax 4 47(x200). A. MP A x| -2] g4, HF 5671 Bax (+) celle] vpepyt
}. B. |27 °é . JF 0.87]¢) Bax (+) cello] vtehydrh. &4+ 3 447 o] methylprednisolone * %] 7-3}
dzzel ojul Qe Aolzk AHcHp=0004).



E 4. TUNEL oA kg A ES5

142t 242} 4217 8417 12 142

) =+ 10.8+0.6 31.527.0 348+83 33.8+9.5 59.2 +8.3* 49+20
) ) () @ ®) ®) ©)

MP 11.0:£2:0 28.0+7.0 25774 374+£58 140+34 123451

(N) M © © (©) (6 ©

P EF 23, ()L £A= 4F FE FF v AG
*oh 2ol vldke p<0.05

'224} 15% 30| methylprednisolone 30 mg/kgs Foigh +
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Abstract

Alteration of apoptosis in acute spinal cord injured rat with
methylprednisolone treatment

Ho Yeol Zhang

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Young Soo Kim)

There have been many efforts to maximize the recovery from spinal cord injury (SCI).
The mechanism of SCI is divided into primary injury and secondary injury. The secondary
SCI occurs in the form of necrosis and apoptosis. So far, methylprednisolone is the only
approved medicine with the positive effect on the recovery from SCI. This study looked
at the effect of methylprednisolone used in acute spinal cord injured rat on the alterations
of Bcl-2, Bax and apoptosis.

Moderate SCI was made on the thoracic spinal cord of the Sprague-Dawley rat. Fifteen
minutes after SCI, methylprednisolone 30 mg/Kg in treatment group or saline in control
group was injected. Rats were sacrificed 1, 2, 4, 8, 24 hours and 14 days after trauma.
Collected cord tissues were stained with H-E, Bax, Bcl-2 and TUNEL. Rats, 14 days after
trauma, were checked for BBB locomotion test.

Results were as follows.

1. Cell death after trauma progressed with time. Wider range of cell death was noted
in control group 14 days after SCI.

2. BBB locomotion test showed statistically significant recovery in methylprednisolone
treated group.

3. Bcl-2 (+) cells were detected 1 hour after SCI upto 14 days and significantly higher
in treatment group at 8 hours after SCI.

4. Bax (+) cells were detected 1 hour after SCI upto 14 days and significantly higher
in treatment group at 4 hours after SCI.

5. TUNEL (+) cells were detected 1 hour after SCI upto 14 days and significantly higher
in the control group at 24 hours after SCI.



These results suggest that methylprednisolone is effective in the recovery of moderately

injured rat spinal cord and alters the activity of Bcl-2 and Bax as well as in a specific time.

Key Words: acute spinal cord injury, apoptosis, methylprednisolone, Bax, Bcl-2, TUNEL,
H-E stain
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