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= ABSTRACT =

The Effect of Methyiprednisoione on Energy Metabolism in Acute
Experimental Ischemia

Kyn Man Shin, M.D., Sung Hak Kim, M.D., Dong Beén Park, M.D.

Department of Neurosurgery, College of Medicine, Ewha Womans University

The purpose of this study is to investigate the effect of methylprednisolone (M,
P.) on the alterations of ATP, sum of adenosine nucleotides and adenylate energy
charge (E.C.) in the cats with acute focal ischemic cercbral edema.

Thirty six cats were divided 3 experimental groups; The first group was induced
acute experimental ischemia for 1 hour by occlusion of left middle cerebral artery
(M.C.A.} applying the Heifetz clip through the transorbital approach under the
operating microscope. The second and the third groups were induced acute exper-
imental ischemia for 3 hours and 5 hours respectively by the same method.

Each group was also divided 3 subgroups; The first, untreated group (4 cats) was
left without any treatment after the acute ischemia. The second, recirculation gro-
up{4 cats) was recirculated for 2 hours after the acute ischemia. The third, trea-
tment group (4 cats) was recirculated for 2 hours and injected M.P. (15 mg/kg) at
30 minutes after occlusion initially and then injected at 90 minute interval, respec-
tively. The experimental results are as follows.

In 1-hour untreated group, ATP was reduced to 34.09, sum of adenosine nucle-
otides reduced to 72.2% and adenylate E.C. reduced to 60.09 of the control
value. In the recirculation group, ATP was reduced to 42.09%, sum of adenosine
nucieotides reduced to 82.4% and adenylate E.C. reduced to 74.39%, In the trea-
tment group, ATP was increased to 143.99%, sum of adenosine nucleotides increa-
sed to 153.9% and adenylate E.C. decreased to 92.9%.
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In 3-hour untreated group, ATP was decreased to 24.99%, sum of adenosine nu-
cleotides reduced to 22.99% and adenylate E.C. reduced to 58.6% of the control
value. In the recirculation group, ATP reduced to 32.9%, sum of adenosine nucl-

eotides reduced to 28.6% and adenylate E.C. reduced to 71.4%

In the treatment

group, ATP redyced to 99.5%, sum of adenosine nucleotides increased to 103.5%

and adenylate E.C. decreased to 84.3%.

In 5-hour untreated group, ATP decreased to 5.39%, sum of adenosine nucleo-
tides reduced to 9.0% and adenylate E.C. reduced to 58.6% of the control value.
In the recirculation group, ATP decreased to 4.4%, sum of adenosine nucleotides

decreased to 5.89 and adenylate E.C. decreased to 57.19%. In the treatment group,

ATP was reduced to 11.29%, sum of adenosine nucleotides reduced to and adeny-

late E.C. reduced to 70.0%.

As the results shown above, the therapeutic beneficial effects of M.P. were ob-

served in cats of 1-or 3-hour occlusion of M.C.A. with 2-hour recirculation.
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Table 1. Experimental groups

Groups No. of Assays

Sham Control

1hr. Occlusion 0 1 2 3 4 5 6 Thrs

No Treatment [ | T | T | 1

Recirculation e ——1 I I I 1

Recirculation+ Steroid *y//g/d I ! ' - 4
3hrs. Occlusion

No Treatment

Recirculation

Recirculation+ Steroid
5hrs. Occlusion

No Treatment 4

Recirculation

Recirculation+ Steroid 4

40

Total

: occlusion time
: recirculation time

: methylprednisolone (15mg / kg)
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Table 2. ATP in the cat brain after ischemia

Group Amount(n mole/g wet brain)
Sham Control 476.6+23.4
1hr. Occlusion
No Treatment 162.24+-15.7
Recirculation 200.2+17.5%
Reciruclation+ Steroid 685.9+36.9%*
3hrs: Occlusion
No Treatment 1186--10.6
Recirculation 157.0+15.17*
Recirculation+ Steroid 474.3+25.2%*
5hrs. Occlusion
No Treatment 252+ 5.3
Recirculation 20.94 4.8
Recirculation+ Steroid 53.610.4*
* P{005
¥ P0.01
D (0.005

7 mole /g wet brain
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1) ATP e w3l
FYHEY W% AgF ATP FHe

+10.6 nmole/g wet brain tissue, T2 3 5A17F ¥
# ol = 252453 nmole/g wet brain tissue &2
Sz T ATP & (476.6:-23.4 nmole/g wet brain
tissue) & 34.0%, 249% R 53% =2 ZtZ FuUiHE
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oo ATP §2F-& 200.2+17.5nmole/g wet brain
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oM MP.3 279 ATP3§ e 6859+ 36.9nmole/ g
wet brain tissue 2 & 279 143.9%, ¥R &1
o] 4229% = AAFTY 3426% 2 W§ o8 Us
718 234,

ZUHEY 3AT HYF 2AL ARFE A
79 ATP k2 157.0115.1 nmole/g wet brain
tissue £ FERTR 9 329% 2 w9 oA &
adtglonh, BAE@ Netel 32.4% 9] F7HE B
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B

: Recirculation
1 : Recirculation+ Steroid

-=-=~==~----- -~- Shsm control

400+
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1001

50 +

A\
\\o\ o

N

thr 3;" ‘
Fig. 1. ATP in the cat brain.
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Table 3. ¥ Adenosine nucleotides in the cat brain
after ischemia
Group Amount(n mole/g wet brain)
Sham Control 1223.3+61.2
lhr. Occlusion
No Treatment 883.2+-88.4
Recirculation 1008.2-+90.7*
Recirculation+ Steroid 1882.2--94, 1%
3hrs. Occlusion
No Treatment 280.4+-25.2
Recirculation 349.8+33.4™
Recirculation+ Steroid 1266.0+63,3™*
5hrs. Occlusion
No Treatment 110.6+23.2
Recirculation 71.1+16.35
Recirculation + Steroid 122.4-+23.26
* PC0.05
= P<0.01
= P<0.005
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Fig. 2. Summation of adenosine nucleotides in the cat brain.
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Table 4. Adenylate energy charge( ATP++4 ADP

/ AMP+ ADP+ ATP)
Group Energy Charge Levels

Sham Control 0.70+0.04
1hr. Occlusion

No Treatment 0.42-+0.04

Recirculation 0.52:+0.04**

Recirculation+ Steroid 0.65+0.04™*
3hrs. Occlusion

No Treatment 0.41+0.03

Recirculation 0.50-+0.05*

Recirculation+ Steroid 0.59+0.03™*
5hrs. Occlusion

No Treatment 0.41+-0.09

Recirculation 0.404+0.09

0.49+0.09

Recirculation+ Steroid

* P<0.05
** P (0.01
P ¢ 0.005

0.60

0.40

0.20

1223.3-+61.2 nmole/g wet brain tissue gt} Z=d
FUE 1A, 34T 2 547 st d 2z 8832
=+ 88.4 nmole/g wet brain tissue, 280.44-25.2nmole/
g wet brain tissue, Z# 3 110.64 23.2nmole/g wet
brain tissue2A Z}Z ol ZEX 9 72.2%, 22.9
%, 90% = ZaHUTY

FUHHEY 1A A5 ABFEY £ adeno-
sine nucleotide 3% & 1008.2290.7nmole/g wet br-
ain tissue B2A FERT A9 824% E s Fsl) v
NBTY H8ly 142% ¢ F71E 2932 MP. A8
9 T2+ 1882.2+941nmole/g wet brain tissue
2 rellZTA AT 539% et g HAEF
8 ABFTEGE 247 1181% 2 86.7% 9 571
EAoh

FUHETY AL HAE ARF LY T 340
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T 714% A H Qo U, A BT H8) 248% F
Jtetgen, MP. X 279 %= 1266.0+ 63.3nmole
/g wet brain tissue 2 £ 2 FX B}t 3.5%57),
HAETRGE BL5%, L AvFIrge
261.9% 27t S8 RAYH

o : No Treatment
. Recirculation
o : Recirculation+ Sterord

4
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1hr

1
§hr (Occlusion time)

Fig. 3. Adenylate energy charge in the cat brain.
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cleotide o] e ZYHZEY 1ALANE 2 A7
ABFA TElETH Y 824% 2 A T4,
3AZL A E 2A L ARFAdE TR
286% 2 o9 A &, T 5AZ HAF 24
F ARFAE FedzEAe 58% 8 fHastded
adenylate energy charge & 1417t H& & 2417 A
HFA T43% B2 A T4, 347 HAgF 24
ZH AAFAE FEeUlFERTH Y 714%, S5AAHH S
2AIE ABFAE TeARTAY ST1% R L2
Atk

3) MP.& F43 ZlMe FuidsdE 142
oluf 3AIZ F¢t HAFE AR FAZ TAA ATP
&g 47 FEURTR 9 143.9%, 95% 2 S}
H Qo & adenosine nucleotide &L Tz
29 153.9%, 103.5% 2 HE
energy charge & z}7] 92.9%, 84.3% ¢ 4% & &t
Hom A7 H % 2/‘]7”1]?4%"]7‘15“1]/\194ATP
$FE FedETA Y 112%, &
eotide ¥ 22 10.0%, adenylate energy charges 70.0
%= YERA

olstzo] HHEAHE AAFA=
Seko] AHo 2 HBHA e A
Bzo usle Nat-Kt ATPase
energy 227t S7tE I S EAHEY @
g UHHEEE 53] dopamined] FHL RBFE7]
28t energy o] ARZE A5 £ adenosine nu-
cleotide}-2 YA E9r ¥]E ATP/} ZAFHT
ADPo] & S7HE AMPo] 2 F717 o RojAR
AMP7} adenosine @ hypoxanthineZF o2 23 5o}
A #7FF hypoxanthine, 24H50] YR=gdA& 0 &
g o] 2459 S84 EA $4% purine nuc
leoside 8t 7] E0] AL Fald AT
= A Z(denovo) FAHE A 3] oA ERE =

adenosine nucleotide &3 o] Z+4AE RE £ adeno-

o

1

o

N
ox 2 N

fo
o

RO

fo

3 adenylate
adenosine nucl-

B8 ATP
2 YR
249 3712

g J-/Hz]-

sine nucleotide ¥ % adenylate E.C.E= AA 714 3
A Z3dh 28y S ¥ 1A E 240 ABF
£ adenylate EC. X7} U2 T R 743% 7}
A %8 Ade AW LIl AR
HH8 HEage] 7td8 ¢ Jgs AAletm, 3431
Fol= AFA I HEAY $HNE YPPo] HAH
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ALE

2 o] o] F0]AA energyt
fAG2 488 AABT adne 4580

Ee H¥AHE AT
obelz g o= B4 of

BE 347+ TES

energyt]A}E £ A7) AR Al H R a8

v A A 5AEY ARF 2 ARTAME

energyth A7 8 25X e AFAL FYAH I 14

ZHRE ALNAAE AEZARE F AZTEY 2E

oju} o]t o] RPN BEo] wHsy g
g AW ERE

I- o] B AAFA
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