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= ABSTRACT =

Acute Effect of Methylprednisolone in Experimental Spinal Cord Injury

Kyu Man Shin, M. D,

Department of Neurosurgery, College of Medicine, Ewha Womans University

It is the purpose of this study to determine the benificial effect of treatment
with methylprednisolone on the enhancement of Nat.«K*-ATPase activity and the
increased ATP level during the 4 hours after a 400gm — cm injury to the spinal
cord of cat.

These results demonstrate that high dose (30mg/kg) of methylprednisolone can
benificially enhance the activity of neuronal Na*. K*-ATPase during the first
4 hour after spinal cord injury. But the enhancement of this enzyme activity is
not significantly increased with mega dose (60mg/kg) of methylprednisolone.
Tissue level of ATP in the high dose— treated cat at 1 hour after trauma was
significantly elevated, but those in high dose-treated cat at 4 hour and the 1 and
4 hours with mega dose— treated groups were not significantly increased,

The protective effects of methylprednisolone in experimental spinal cord trauma
are the enhancement of Na' . K*— ATPase, inhibition of the free— radical reaction
and the lipid peroxidation, the increment of neuronal activity and ATP utilization
High dose (30mg/kg) of methylprednisolone is required in order to produce the
acute effect in the early phase experimental spinal cord injury.
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e, clgo] #H=(pump) HHE FEHEILES BE BES
WA PP, 18 3 steroid HEse MEWE L IFER
PRl FBRE HBRY Eﬂ‘?ﬁﬁﬁ%%sw of RS
o2 RMIEx vk = HF Demopoulos %72
steroid 7} #ME o g K3 il =+ MKz R
o] BAE = EEEER i free radical reaction) o %3}
o BIEE = & TEFIIEREE o SBEAMLIERS BEA 7
= B k3 Aelzta R 9 vk

o] 8} o] | HHIBMEN B3 steroid 2| R F
B o B B HREOOIDRIIS ) Fs) o
Foixlm g+t

Z# e steroid o] FHIEE Bal $HR 1 FEElE
e Bl Ess Bete BN TEE B
Aoz 400gm-cm =79 oz HREGS &
A 7] sL0ko] Eo methylprednisolone sodium su-
ccinate £ 3 % TH#ERe ATP(adenosine triph-
osphate) & #l % MCHIES L (rest-
ing potential) EEE| MBS B¥Eel Nate KY~ ATP
ase o| {EM:EES S E ALBH ez W BES )

BRMH B 'ERE

EREWE = BE 2.0~ 3.5k RN BB
o 28ele % MGG .oP, moko] BAE kgl 0mg2
ketamine hydrochloride & fikste] 2 H¥RE T &
—BMER ) A BRI B EhRo s Y5
3 % BT THS ORG-S Biistd THEE B
Hishs =,

HEIEGL FWE-S ®ale 20gm o] S 20om |
Foll 4 FEESIel mbA Lol ¥ A o (impounder)
of HFAA W00gm~cm 379 Yoz RIS
B,

> ERBC FRES B 52 TREHEE 23
of. STEMTGY THERLS RWBRERE W
Zs AHETAA % HEEAA BES Hitshed -0
C $REEE gl clol, ATP 48 2 Na®b K+ -ATP
ase {EHES HIES S o)

ATP of &< HIEs7 Halel e HHs BTE
mie BT % RERES (A, TERLse FIE
gl o,

HFHHSYe 0.9M o BERMS MY FEAR
EEO) 35S Mt HEM A% 145 10,00
Eifo 2 O EE HERS RESD Wiy oA
0.2M o BHRFEMS B2 HEZ RWT & ROSEES
o bEWe SEE 1A e LERS ¥ A
o| LfE¥Re) &85 hexokinase T Zifustel gluco-

DETERMINATION OF ATP

hexokinase
ATP+glucose -++«--+++- glucose—6~phosphate + ATP
glucose-6-phosphate---6 ~ phosphogluconolactone
+ NADP* G6P ~ dehydrogenase NADPH} H+

spectrophotometry at 340 nm

Fig. 1.

se- 6~ phosphate & nl&% NADP"'(N:éotinarnide ad
enine dinucleotide phosphate) 9} G- 6—p dehydro-
genase & %1, NADPH (Reduced form of nicotin-
amide adenine dinucleotide phosphate) & n}5o] o}
NADPH o] B2 45%RIEH(Spectrophotometry)
340nm o 4 g, ATP o) 48¢ gfistg o (Fig 1).
ATP o 582 HH2 BEAM(Wet tissue) lhgo] &
FHatn ge {Lae mmoleBz A FiRstglch

10 % HMeEi® lem % pH7.4, 0.01 mole o Tr-
is= HCl 9ml & st RBEBTBRER BERsq
o2 HEEHEY] Tris-buffer (pH 7.96) 40ymole,
EDTA(Ethylene diamine tetracetic acid) 5 gmole,
NaCl 82 ymole, ATP 2.5 ymole & Hifstel 4 8 1.0
ml o S ba#s 44 ¢ 12 56 #H&E(incubation)
- % 10% =B (RS Trichloracetic acid) & ¥iush
o, 1% 3,000 205 EOSHEH] A
L@ Fiske 8} Subbarow [ o) 53kel] wie} mo-
libdate ¥l 1:2:4 aminonaphtolsulfonic acid
E WINE % SYciEE 700nm o 4 # ATPase o
EHS EHhslg oh, Mgt ATPase Ei-2 kitd &
#r{t&4yel ouabain 1pmole-g Fhysked EEeh 3
2 Fike g JlEsigow, # ATPase, (E&fEENA
Mgt~ ATPase (EH:{ES W o 24 Nah K'-ATP-
ase {EME(ES EHet o =HFig 2),

ATPase [EM:fl = DHEAH(wet tissue) lgmo)
37°C, 1BEREotel sl B micro mole ¢
A ek g} :

Eg-< vt Zol H5HEste eSS ok
) KB HBHEPEHDMP 8, Treated with high do-
se methylprednisolone)

avbel o] mepolol A SHME 30 5% HBE ke 30mg
¢ methylprednisolone & 15 4 %okl R{AIFRIR
B % MBI ﬁ"g:@*&iﬁiﬁi’—l HHE B
Watg o, = & 4vntgl o mokolal e i L

FEk B 3l 3057 BE E 1img o EM
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ASSAY SYSTEM FOR ATPase

ASSAY MIXTURE (VI 1.0 ml)

Tris Buffer{pH 7,96) ---sevesreeivsenns 40 pmole
EDTA -cvvrcrrmesrnereseninncnncanennns 5 pmole
NACT «ccecrmataiimeromnimniitinaiaaaass 82 pmole
KCL eeeerverarnrmisineaiienreieeaannens 33 pmole
MgCl, -eeeereerenseeimennaneianinninnn, 1.88 pymole
ATP ceemireeiiit it ceanneaans 2.5 pmole
Ouabain cesesperereennerrerraasierueiinn 1 pmole
Enzyme

INCUBATION AT 447¢C
TCA, 10 %
CENTRIFUGATION, 3000 RPM

DETERMINATION OF Pi BY FISKE -
SUBBAROW METHOD

spectrophotometry at 700 nm
Fig. 2.

B SME AR EOEAS Y BEES B
% =

W) BEAR BHEEE(MDMP #%, Treated with mega
dose meths/rlpredmisolone)

7D o E—gk HEEe HHMES ERA % M
304% BE kg® 60mg ] methylprednisolone &
BEL B B LR ol ST FEE
?F%Hj"’} dvhe] mokolel = e Kk # SME 3B

S 8E kg 0mg & BhBHE MM 48 %

°ﬂ FEEMTA S TS o2 4wl mokoldl4d #
Hishedl o}

o) SMEH% JERmEE(IU 4 Injured, wntereated)

400 gre om ¢ HEEHMEH methylprednisolone o
R es] I %'Efﬁ 1 BshY 2 4RSflo) BEEE 18
et 8ubeje]l mokolf SHEHE FREmEfo 2 g =k

Table 1. Concentration of ATP

2P JesE JEEEEH(UU 2, Uninjured untreated)

Tokol el HEE AMBS Mekx e MAEA FT
FEMERzo] FHES S 4vt2le mokol 2 FEHNE
IR R 2 syl o},

'R MU

WS S EBE 9 HEE ATPSE #
= % 1%(Table 1), Nat- Kt ~ATPase &9 #{E
£ 8 2%(Table 2)8} 7o}, ]

IR EE ool SBIEMEIRN Tl ATPs
22 0.78 +0.148 mmole &g wet tissue 527 Nat.
K*— ATPase {£#4:-2 3,774 0.804 mmole Pi hrgm
wet tissue o] g ¢},

ATP &89 #ib: SMEE BRI 03910053
mmole, kg wet tissue 2 4] HRFE) [hslod 50 %E,
MNEH 4R = 0.40+0.05mmole, kg wet tissue
2 B Mahel 49.0%24 44 ERUA B
3tgt eb(Fig. 3).

Nat.K¥~ ATPase {#-2 SMBH 1 A7ko]  2.46 &
0.344 mmole Pi,“hr/gm wet tissue 2 4] & FREHE
el 46.3 %=, SMEHE 4msfige) = 2 48 £ 0.521mmole
Pi hr,/gm wet tissue 2 ¥HEEE] [h3lo 48.0 %2
&% BEAAN B stg o (Fig 4).

Methylprednisolone ¢ kgt 4o ATPs
29 BbE sMEE LBl 0.51 1-0.061mmole iy
wet tissue 2 SMBHE FRRERES Hstol 1308% =
A BE T BINE oot SMER ARERe £ 0.39
+0.054mmole /kg wet tissue 2 #MEHE FEER)
testel 975 %A HEHAUEl BEY AEMED Hixs
=} ekgteyFig. 3).

=% Methylprednisolone ¢ KE4EE 4o Nat
-K*-ATPase E¥e] Bik= sME%E 1M 3.21
=+ 0.345 mmole Pi/h;b/gm wet tissue 2 SMEH FE
BERC et 1305 %24 E#IE #HmE 2y
om SMEH AR = 4.30+0.664mmole Pi/hr,/

(mmole, kg wet tissue)

Condition Uninjured 1 hour Post in jury 4 hours Post in jury
of cord Untreated UN -~ HDMP  MDMP UN - HDMP MDMP
treated treated
ATP b 0.78 0.39 -0.51 0.44 0.40 0.39 0.50
-+ 0.148 +0.053 =+ 0,061 -+ 0.087 =+ 0.055 +0.054 +0.115
—value p¢0.005°  p (0.025 p<0.01

* Value are means -+ SEM.

ATP = adenosine triphosphate



gm wet tissue 2 SMEH% FEERERN Hsld 173.4%
24 9% BN ®BE g -NFig 4.

Methylprednisolone ¢| B k8 #HBRE 4o ATP
8 Bty MEE 1EREY 0.44+0.087 mmole,/
kg wet tissue @ AMEH JEEEEJ HIld 113 %=
ET o #@nE By ut e Kiie FERE B
2= R ¢gx SMEE 4R A% 0.50 4 0.115 mmo-
le kg wet tissue 2 SMBHE FEEBBB ksl 125
%2 @i 29X s HE BES FEEL KR
Bzs A 29reHFig. 9).

= Methylprednisolone o] BEXx& #FHEE 42 Nat
Kt - ATPase kel 8kt sMBHE 1 Rl 308+

Table 2, Activity of Na*. K* - ATPase

0.476mmole Pi hr“gm wet tissue 2 MEH FiE
BEgel Hsld 120 %z #Bhd 2 u Sl &K
el BEES BEER 29n, MER ARRHd4E
3,11+ 0.500 mmole Pi hr/gm wet tissue 2 AME
% JEFETR rested 125 %24 JRE BinE 2gA
ok #ETAYAl el AEM-E BES A witeH(Fig 4.

Z E S

1966 5= Woodbury 2} Vernadakis® & steroids}

RRETRE el | A & B el EEEI BE
T # steroid = %o AEH 2 BREERT BiL

{mmole Pihr,/gm wet tissue)

Condition Uninjured 1 hour Postinjury 4 hours Postinjury
of Cord Untreated UN - HDMP MDMP UN - HDMP MDMP
treated treated
Nat.Kt+ - 3.77 2.46 3.21 3.08 2.48 4.30 3.11
ATPase +0.804 +0.344 +0.345 4 0.476 -+ 0.521 -+ 0.664 + 0,500
p-value p<0.05 p <0.025 p<0.05 p<0.01
* Value are means -+SEM.
+: P0.05
1 wu
v
0.8} 7] HDMP ~
MDMP
@
5
8 0.6 -
= .
®
2 o
2 L
o 04r j—/ o 7
2 S RN
5 s
0.2} j:'i1'3?_._21 .
4 hr

—
=2
o

CONCENTRATION. OF ATP
Fig. 3. Values are means and vertical bars denote the standard error of

the mean.
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* : p<0.06
w1 p {0,025

mmole Pi/hr/gm wet tissue
-

\ S

.
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U
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g

1 hr
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ACTIVITY OF Na*Kf-ATPase

Fig. 4. Values are means and vertical bars denote the standard error of

the mean.

& Lok, 19754 Fox 9} Yasagil W2 As o
ool B by 10~ 20mg o
B FR Moo Ens BEsda, g Emers-
on %99 2 methylprednisolone & FSmy 8meet
obd g, MM WHly REEEHS ksl g #
Hahgl ok

Soejima %' & Ko| FEETELN, ﬁﬁ"ﬂ ERTAE
SME-& FFEER REAIe) B s ME 04 2
Bl SMERTS 80 %= WA= o), ERME B
B 10~ 15 4fie) dexamethazone & #E3I &5
s sHE 304 2 2BsRel && 35%, 46% =t
o] WAEHY =S BEsln IBEHEER dexameth-
azone o FIREL BmAEe B2 &EA7 1 #
BEAre] BT S SoEyel Vet MR 2l el n W
skl ok

Hall&® 2 5 okoy ]
el e R &
(synapsis) o {HiEHEE

methylprednisolone

FL‘C'] steroid BIE|E EHH
WEES R SRS
] f}@:@ﬂ < Bzt

steroid

€ iMEor BHEE BEICHl EEEe= {EH
slo] MR 5 S RIFSES ol = steroid 9
FEATR S MREEEI 2t REslg e, me
thylprednisolone & 81 ky'E 30 ~ 60mp-S IEARF
TSR MR 0] S fEY e e #
34 ok

Hyndman %29 2 3ko]o] methylprednisolone &
Bk BH WEREAIAS Nat. Kt- ATP
ase 3Efko] BiNE S BHsgor Siesjo® &= g
Bl A A A BT R R s
g A o

£F Demopoulos %79 .o HEEEN %3l stero-
ide| EprimmmEe sMEC = B BHEERES HE
A7 o 2 A TSRS #IEES B BLrEHE 1
Hakel fk3l Aolelm RS ek

HHMEE BES FHESMr fiEe] W B s
o] g THEMAMAS LB, & energy {LAHS
el wEE 2 BB BAEN, = MMER BREERE
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o iz ARG BRI GER PHEMBEe R
B EEBEES EEsts Nat. K- ATPase
o EEEE HAsHA B weA 'ERENez HE
#1152 FBAA methylprednisolone & ##E #H
B HEmEgie ATP 48 2 Nat Kt- ATP ase
EHES flEdony HEHEE %W methylpred-
nisolone 9| PHFEFHES £ LBz BRI+ AA
Hgleh

2 BHEMEH RIUKELFY steroid 2 #R
shel M-S Betel BEHAX £HE B steroids}
g Biln = TEHME 1~2 R BERF
EIAr e Mt Joka B =2 FHEE SEl
o steroid ZPE HEsly] Bl A & steroid #
BAR e EEel <% EER Zox EHS gl
Young £ & #{E# 4550 steroid & AT
EYIshetn #4sstglor] Praughler £ .2 HEER o)
Nat-K*— ATPase [Eig 84717 Rk = me
thylprednisolone ¢| JgpE-1 1.3 g, gm wet tissue
Blloz #siok 5w, 88 kE methylpredniso-
lone 30 ~40mp-& 1[me] FiEsbd 545Mel FEe
1.3 gm /wet tissue BEI FEsta, U 8 2~3
Bl pRE RS el BE kE 15~ 2md
methlprednisolone & ¥ g8 oF methylprednis-
olone HEAIRE vebd + & MAREES HHY
2 ¢l 8.9 #HEsln 24 methylprednisolone FEE
o] BES EIHAS ch

fH-7 e EbiE el Naloxone 2 & FEIRGRITH
(thyrotropin-releasing) hormone =. HFHMER B
*H = (EmERE B BAEAS stz B
o fuEe Bl vl o e WEHEE REHEERA
s o, FHEMES EBmA72 Bl4de |
B BEREER =t T2EFzA LHEER
o s BS BrEis) obvl 8l R meth-
ylprednisolone & e BT #EEEE 2z &

HfE EFYel FHmES B old FEe
Mk EM = methylprednisolone & FEiEst o,

= BEs PEstrl 559 #4% methylprednisolo-
ne& g2 kgl 30mp 2 HEY ABRRANI BE
kg 60mp-T HEAT EAE HARo = HMsd B
BE FEErY ATP 83 Nat-Kt-ATPase i&
MfEe BbE BREg oL

o) FEAIGL A BHHIME L& & B
T ATP 282 WKl 2zl el #
B BHEIr B FAE 2o XKE KA
Frol Al = MBS FREREEEC] st #7180.8%4 E
294 ®/iE B methylprednisolone  #EA¢

FHe miiEe ®hz ATP &K B\ HEREsH
Aoz BHsEgcl aed MAME 1REE BEXE
BERFel v, = AR ARECAA KB 2 BEXEH
HErol A SHER JERERC Held BRI = #E
Byl o steroid iz FI WRHREY &
M) ez AEY ATP o WiEs} B Rezm
= BEx&e methylprednisolone #HEFE = ATP
o AERES WhEche WEMERES Eike S\l
o Z BEL slxo ATP BEiEs of 2R ER
o]»b oz BEE=dd #d methylprednisolo-
ne Eﬂ{& MRS EE S ol o2 = RH K
o s R REHES W %9 ik

%‘F@l“ °P“£ FrRs gaRA Fizenz K K
BaERE B—Mes RESVAE d¥E Zozx B
el o

SHME 1% BEY Temed Nat K-
ATPase = BBl fHol Hal # 46.3 %= E3AA
ekl et

SMEH% 18] methylprednisolone X8 #yEaEf
ol4 o] ERE FHEE SMBEE FREERA Hsid
130.5%2 BHaA Em=adem MEk 4wk
173.6%2 =H % FFwUA sl ok

Rl EXxE methylprednisolone #EaE ) A £
SMBH FEREREEC dhshol o] BB BifE: 24

w/E 24k
Hall&® & 3 ko] el HBA SMEH methy-
lprednisolone -S 8 kg 30my HEFE Nat-Kt-

ATPase o] HEMEE Bhd g 60m BHER £
o] Bike WEHfEE BAHRSE BEYT 9 Uk

#E kg¥ 30mpe methylprednisolone o FEF
ol MHate] BE kgl 60mge] methylpredniscloned
HERE| NateK*— ATPase E¥fE7} of ETH #
-2 HEAES methylprednisolone #Ea-} @EELIFE

< o @42l e B4, & Demopoulos %78 K
shed AR BEAMESL BAY BEERES M
A B Aem Bk

a2 ptkel steroid S oof w3y BREM) MBS E
A7 = B W THY BEY o RE:
& HBAYHGEL #ATH ok & Ao zm Bpslel

Green%m 1;_! Means %zs)% %?ﬁf’i‘ % ;_?%?,_%23)24
< BB FHEGTN BE ¥ 0mel methy-
lprednisolone & #Hstel KB ERY BEHLE FH
& B v ok

a2 e EEEE %3 methylprednisolo-

o] il = 3oz Al ch a8 Y BHES
1%@‘& BEEF RS 9 mi%E-S B steroide] &
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o B PE, = e KR =2 methylpre-
dnisolone o} #F#8Rg B FEBE) FE Yl
A o HERWE-L BTl EHEs, o8] ster
oid 7} fhflmE e el M R EBES BAAA M
s B|iual 7l & 2Rl Bl A5 WHEY o MtES
o EEol HZE WEslclor e Aoz FFEA

B

%

EEE FHMor 40gm-cm 779 Yoz HEl
o) EEBIBE-S HEEA 7] mofo] B4 Methylpredniso-
lone sodium succinate 2 $rEisl #%, AMEH 1 B
9 4psRidl BEE FHASS BHlistd, ATP 58
3 Na*.Kr-ATPase [E¥EfE #(LE BEslY obd
I Ze Fwe d9Th

1D 28 185E)#% Methylprednisolone JEgpps
9 KBEER] BEHINA ATP 282 £
£ 0.39 +0.053 mmole %y wet tissue, 0.51- 0.061
mmole, &g wet tissue g o, SME 48EMEHE Meth-
ylprednisolone JEEmE 2 A% REANY B
KT 4o ATP 828 £4 0.40 +0.055mmole /
kg wet tissue, 0.39 +-0.054 mmole,/ kg wet tissue g
28

DIEe #RE 7o FHe WiSHEE BEE
o] ##sl: B Methylprednisolone 2 {843
2 TS BIMAE %A 0, ﬁ%ﬂ’ﬁ)ﬁﬁ‘ﬁ%oﬂ %
Bk A B ERACIEE el 9k des R
=l 9l ol

2) #ME 1858 Methylprednisolone Jppgzme
3 KBHEERS HBHHA A Nat.Kf -ATPase
EHREEs £4% 2.46 +0.344mmole Pihr,/gm wet
tissue, 3.21 +0.345mmole Pihrgm wet tissueg
o, ME 4#EI# Methylprednisolone JEgemat
2 RERERe FEEMEN A Nat.Kt-ATPa
se {EfEE §4% 2.484 0521 mmole Pi hr/gm
wet tissue, 430+ 0.664 mmole Pi “hr/gm wet tis-
sue 9 ¢},

Lol #Re TEIMER &M% Methylpre
dnisolone -2 #FEHRMIEe] NateK*—ATPased) if
e EEA Vs HiEgo 2 —XpWes NallipfFis
EHIEA7 2 webd RS 2EES «eb4 il
ol REEE A7 e Aog FEEg

3) Methylprednisolone?] KSR 2 EAE
B 4 o] ATP 483 Nat.Kt—-ATPase {4
HtE HEEZS #5, A& Methylprednisolone
BHEEe) AR H#fs st ATP &3 Nate

K*-ATPase &S ol B2 FEH2 v 5o
o} WEIME SHEHIE kel #HE Methylprednisolo-
ned F2 kgol o B Aoz REEH
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