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The Protective Effect of Mannitol and Mehtylprednisolone in the Acute Focal
Cerebral Ischemia in Cats

Kyu Man Shin
Depariment of Neurosurgery, College of Medicine, Ewha Womans University

It is the purpose of the this experimental study to investigate the protective effect of pretreat-
ment of mannitol and methylprednisolone(MP) on the changes of the high-energy metabolites
(nucleotides ; derivatives of adenosine, guanosine, uracil and cystosine) and adenylate energy
charge in the brain tissue of the cats. The experimental animals were divied into three groups.
Group I was the sham control groups that the postorbital approach was performed but no occlusion
of MCA. Group II was the recirculation group that of 2-hour recirculation after the occlusion
of the middle cerebral artery(MCA) via the postorbital approach. Group IIl was that of pretreat-
ment of the combination of mannitol(29mg/kg) and MP(3mg/kg) at 30 minutes before occlusion
of the MCA and then every one and a half hours during the 5-hour occlusion and 2-hour recircula-
tion.

The experimental results are as follows.

1) Adenosine derivatives : In group Il ATP was significantly increased to 622.9%, ADP signifi-
cantly increased to 154. 81%, AMP reduced 68.05% and total adenosine nucleotides increased
to 103.63% of the values of group 1.

2) Adenylate energy charge(E.C.) : In group Il E.C. was recovered to 82.66% and increased
to 206.66% of the values of group II.

3) Guanosine derivatives : In group I GTP was significantly increased to 554.03% , GDP increa-
sed to 96.61% and GMP reduced to 62.71% of the values of the group II.

4) Uracil derivatives : In group I UTP and UDP was significantly increased to 470.37% , and
300.64% respectively and UMP was reduced to 91.7% of values of group II.

5) Cystosine derivatives . In group Il CTP was increased to 133.33%, CDP reduced to 90.0%
and CMP increased to 119.03% of values of group II.
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These above results suggested that pretreatment of mannitol and MP have a protective effect
on the acute focal cerebral ischemia when given prior to the onset of the ischemia by the stabiliza-
tion of the energy regulation and maintenance of a higher level of adenylate E.C.
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Bo™ Columne WY °JAFFFY 70% manni-
tol2 A& F 70% methanolZ columnS Y5
Ak A A acetonitril® PIC-AA] 2ko] E3HH
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Table 2. Levels of AMP, ADP, ATP and total adenylate

AMP ADP ATP Total Adenylate
Sham 3.17+0.65 7.05+0.34 14.52+ 0.83 24.74+ 471
50+2R 6.26+ 1.76** 3.74+ 0.63%¥* 1.57+ 0.25%%*+* 11.574 1.91%+
5 0+2 R(M+MP) 4.26+0.11 9.53+ 0.25°°0°° 9.77+ 0.95°°°° 2356+ 2.54°0°°
Different from sham Different from recircualtion group
b P<0.001 eose  P<0.001

% 0,001<<P<0.010

o 0,010<P<0.020

Values, expressed as n mole/mg protein, are the meanst S.D.
**** | Different from sham control with P<0.001

##% . Different from sham control with 0.001<<P<0.010

*# ! Different from sham control with 0.010<P<0.020

acoo ! Different from recirculation group with P<{0.001

Table 3. Levels of energy charge n mole/mg protein
E.C.
Sham 0.75+ 0.03
50+2R 0.304 0.05%*** 7
5 0+2 R(M+MP)’ 0.624 0.02 15 — '|'
Different from sham L
ok P<0.001 ]
Values, expressed as n mole/mg protein, are the
means+ S.D. ]

#++% | Different from sham control with P<0.001

719 ®7AE 2 chart speedt 27 10mV, 0.5cm/
min®| o™ A%719 BA4L 254nm=E L3I a.
wise= 0010190 Nucleotides¥ & @9 v HE 10 —
A% Lowry® W 0 & gl deg FHste Hoy
Img% n moleZ 3} Th.
o8N A

7F 4879 adenosine s = A & (derivatives) 3 % —
7} adenylate energy ™ % (charge) (E.C) ¢ ®3+
A 2,3% 2 A 1, 259 A 9} 23 guanosine derivati-
vesd| ko] WdlE A 439} A 3%, cytosine deri- -]
vatives®] ¥ 3HE 2| 5E S A 4% 18] 3L uracil deri-
vativese A &S} A 5 A9} 2T},

1) Adenosine derivatives 3%
&Y ZF (A )9 ATPE 14.52+0.83n mole
/mg protein, ADPE 7.05+ 0.34n mole/mg protein,

AMPE 317+ 0.65n mole/mg protein -] 3 % ade- S R  THM
nosine nucleotides= 24.74+4.17n mole/mg pro- Fig. 1. Level of ATP.
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ig. 3. Level of AMP.

Fig. 2. Level of ADP.

Table 4. Levels of GMP, GDP, GTP
GMP GDP~ GTP

Sham 0.32+0.12 110+ 0.54 10.17+0.95
50+2R 0.59+ 0,13** 0.59+0.19 1.61+ 0.55%**+*
5 0+ RIM+MP). 0.37+0.16 0.57+ 0.03 8.92+ 1.28°0°°
Different from sham Different from recircualtion group
o 0,001<P<0.010 eoce  P<0,001

** 0.010<<P<0.020

Values, expressed as n mole/mg protein, are the means+ S.D.
*** 1 Different from sham control with 0.001<P<0.010

** ! Different from sham control with 0.010<P<C0.020

eecoo ! Different from recirculation group with P<{0.001

Table 5. Levels of CMP, CDP, CTP

CMP CDP CTP
Sham 4.23+1.04 0.42+ 0.26 0.44+0.10
50+2R 3.7340.79 0.30+ 0.08 0.12+ 0.03***
5 0+2 R(M+MP) 444+ 061 0.27+ 0.03 0.16+ 0.04

Different from sham

*E0.001<P<0.010

Values, expressed as n mole/mg protein, are the means=+ S.D.
*** [ Different from sham control with 0.001<P<{0.010
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teino] ek, ZHFH 5AZ AHE oA AFF 46.96% WS S AA FAF RO AMPE 94.47 %
& A o)A ATP, ADPE A I 2Rt 224 89.2%,  AIUA F7H8tHth % adenosine mucleotidess
A TTEY 53.24% WS GUA BAsA

1 mole/mg protein ZU= 5 3 302 dEE mannitol, MPE A
AT T 147 080 An HHE Fod (R
(A W) A= ATP, ADP= Al U HT} 7212 522,
29%,154.81% " S AA FJEFOZA 47 A
30 — _ 19 67.28%, 254.81% o 8] 2= %o AMPE A
NTHt}37.95% A4 ov A I +ROE 1513

— n mole/mg protein

[T
20 _| 1 1
1
e -t
10 0.5
—t —
0 0

S R TMS S R TMS
Fig. 4. Level of total adenylate. Fig. 5. Level of E.C.
Table 6 Levels of UMP, UDP, UTP
UMP UDP UTp

Sham 043+ 0.11 5.10+ 0.65 1.94+0.10
50+2R 0.34+ 0.08 1.554 0.93%*** 0.274 0.10%**=
5 0+ R(M+MP) 0.31+0.07 4,66+ 1.07°°° 1.27+0.53¢°°¢
Different from sham Different from recircualtion group
sxx p<0.001 eso  0,001<P<0.010

Values, expressed as n mole/mg protein, are the means+ S.D.
###% . Different from sham control with P<{0.001
e ! Different from recirculation group with 0.001<p<0.010
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% Z7betd oy oo #AHA EUth F adeno-
sine nucleotides® A I Xt} 103.63% ¢ &9
AA F7haqem A 179 9523%7HA 3 E2
HATH(E 29 A 1, 2, 3,7 4%).

2) Adenylate E.C.9] W3}

EnergytlAte} 7124 A A %4 adenylate E.C.
= ATP+1ATPE AMP, ADP, ATPY $FF22
U] A& A,

A 1TTNA 0.75+0.03, A T4+ 0.3040.05
2 A 179 400%2 0% YA AR en
A MEAME A 179 82.66%7HA 3 EEHHLH
A NZET0E 10666% 2712 ZAG(E 37 A

1 mole/mg protein

16 —

10

S R
Fig. 6. Level of GTP.

THMS

5%).

3) Guanosine derivatives®] 3%

A 179 GTP= 10.17+0.95 1 mole/mg pro-
teine] 2™ FUHEFD FHAF HAFAL A
NEoMe A T8 84.17% WS YA #
2893 A MFANE A 179 87.70% 74 A g
Ergon A IRt 454.03% Y JUA F
7t it GDPE A oA A 175 46.37%
ZA8Y3 A MTdAe A ITEY 339% 7
A5 Bgoy oA #AHA gyt GMPE
A NTAA A 1TEY 84.37% 9 e 718
BYn A MZAME A ITY 62.71% 4 ggle

n mole/mg protein

1.5 —
- 1
1 -
— 1 T *_—E'
0.5
0
S R THS

Fig. 7. Level of GDP.
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n mole/mg protein

10 —

S R TMS
Fig. 8. Level of GMP.

7422 RAY(E 43 A 6, 79 8%).

4) Cystosine derivatives

A 1A CTP, CDPE ZZ 044+0.10 q
mole/mg protein, 0.42 n mole/mg protein®] 2.7,
A ITA CTP 2 CDP= 242 A I TRY 7273
%, 2358% % 7422 Bgon A MTdAE A
I8 CTPE 33.33%, CDPE 10.00% Z4H
o BAEE o BRHA g3t CMPE A
UZdA A 179 8817%, A MTME A
179 10496%% A U7 R} 19.03% F7kEH Ao
Al BASA oo #FIA FUHE 59 9,
103 11%).

5) Uracil derivatives

A UZolA UTP, UDPX & A 174 1391% %
30.39% 2 % QA iAo A W
HeE 059 52 A 179 6546% & 91.37% =
A TR 27 37037% 2 20064% S UA
Z7stath. UMPE A MZolA A 1T 7209

n mole/mg protein

10

AL A
S R TMS
Fig. 9. Level of CTP.
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n mole/mg protein

10

S R THMS
Fig. 10. Level of CDP.

1 mole/mg protein

S R THMS
Fig. 11. Level of CMP.
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40T
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Fig. 12. Level of UTP.
n mole/mg protein
—
-
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Fig. 13. Level of UDP.
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Fig. 14. Level of UMP.
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& we s FASFEZ AR dYFA
22 HE HEAHE £ Wo|¥ £ ge 4%
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S22 YN AE2IY AXEARAREFT F A ma-
nnitolZ 3 BFE AA A T sYME=
¥ arachidonicit®] 29 Ao g e & &
ST FH-HAF L AAFAA S dAALR
Soll Frasiha e 0® 4y steroid A A Y MPE
8N HEE AEAZ A3t dF35d.

1 —energy phosphate(~® ) F 442 AEA
el A9 std Ql4tsl, B AL TNz
ojt}, £3] ¥ ATP= ¥7|4F 57]4 AE B3
At ARAMEANA Tt dH gA
T EETL FINUAE 28R AR
S5 A 289 ATPE MY TR 3
NRUAE A2E FALIEGL ARAYgA &
of 93t olitstetas} FEOZ ASYALE
36 A+ ATP7F A4tEt). AHEL energy
Ao g M5ty g Jdve AL

=

“fy
o

== O

k=)
gl
T

oo 2
hin

Al
=

)

dA FUHFH 5/ HYF 242 A
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Ao 29 AFHZ 179 53.04% 2 FAHAD
o T & AHE w|FojH o} 1909 Fux
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F< ATPY ¥igte #2HA ggkoy, 24y 4
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2 AEATNN U FY 5A7F A5 247
A#F 23 AMPE A [IT9 19747% 2 Z71&
B AMEL ATPREE OS2 Adenylate Kinased 2
A%E72 2 ATP>ATP+AMPY & 7]dee A

AMPE ATPA4Ho] A oS ATPA

2387] f3te] At o] gtatg-& F7HAl
A SR FEeH0, E3) {2 ATP
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gy 9e 24U S Bt EARAE TUEH A
W Ate FE7)AE gaA o Hz Ay
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FAB 02 HAFAY ARE 44 E O 2Rs ] o
]3¢ energyF A A= FAT v,

B Al A FH A 3088 2gm/kg®] man-
nitol, 30mg/kg MPE A& AFF 147 0% vtk
HEERGEZHN o] FAEY FFEE 443
dA 5A HHE AAFAZ AT ATPE A
[29 67.28% 744 3 & E 1o II7 o] |8 522,
29% 1 A F7FE I ADPE A 139 135,
1% 2 B3I A NTHY 15481% 1 YA
F713t 4.7 ATP, ADPY i —energy%9 %712
AMP%& Al IZEY 31.95% 74 2748 3
L E % adenosine nucleotides¥ #% A 11T

=

o 4l

=

= orir ox of

i
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Hu} 103.63% < UA F7Hste Al 1T¢ 9523
% 2 B85 A} Energytl AL9) 7128 24 {9
ECE AT A MFAXN A ITEY 106.66%
74 062+ 00224 A 179 8.66%7A 3E
A

o] 43} Zo] ATPH] 389 2 nucleoside dipho-
sphate kinaseol €& GTP, UTPS¢ CTPZ%: Z+z
19 87.70% <A A, 51.81% 181 62.71% &
EHOZAN HzAs YUz FE sy

+

Schmidt-Kastner 5 %0l &d A
28& T A¥JA ABFF epergy phosphate
T I EE ToME A 245 JBES
B&3 Y 2 Horikawad 43 308 A3 F
Z7Zt energyt RAYLE FEJAR HAURS
SAEE 1~ Fd JEHJTD o]d g By
M A% energy¥ FEH H7)5Y JEAAE H
g BHelA e A% §F 44 84 T4
HEAH Y energytl AL Zo] ® HZ AEE WP
YA7| TR Th 2A7)3Y EFAEAINE o %
3to] FH HAF 7| 5%

HEH o715 i g 78 FTeoor 2
Aoz Agdd.

=

et

Y energyd Al FARUE A X9 AYIE &
Aol 2a3 ATPE F53H0, 19 AAY ALg
Al AAAG EQAN B Ao 2900 HE
77 BA Y Abghel et g-o] FAH o] AHE A Y
ATP9] 4ol AW creatine Kinase ¥ Adeny-
late kinase &4 2 & T phosphofructokinase &9
%7t 2 norepinephrines 712 c-AMP7F %713t
FAEN LSS AT, o e gy ¥ ks
49| F7h2 A A S AFH a7t o AR o
8714 BRAFELRE FAAFo] HoiwFa g
=3

¥ energy’} 25 Na* * K* —ATPase &4 ]
A3tE o] MESY jonEY AAIE HoA B
wotolgt AER Ca* i F7HE phospholi-
pase A, 249 939 arachidonic acid, docasabexa-
noic acid 5 3 & £ £.3} ko] AL F7HA A

AR A 9 cytochrome oxidaseZ A4S A A7 A
T g o FEalitro) o3 fElvle gHog

o

—_—

g7 JEE AT HEAL dHY dA A
Aoz Ao A ARE YA 274
st AE 54 REA 5 FE2% mannitol T
HEPAN A F3H arachidonic acidfE
WA st d - Aol FAFHE EAAYFE
2% methylprednisolone S 3 &4 30874 2
AFEFT A7 3080 F7 A5 A8
FhHEAE 5A7 AAF A AR RS A3
FE o] 83t o] AAEY FHTLHEY F
A o asE ATtV HPLCE ol 4
nucleotides &8 energytAte] 7|22 A
adenylate energy chargeX £9 WSE £4
dtol bt 22 gode 2738 dA

1) Adenosine derivatives3 o] ¥3

FeWzTd A 1T9 ATP, ADP, AMP % %
adenosine nucleotides & ZF7 1452+ 0.83n
mole/mg protein, 7.05+ 0.34n mole/mg protein, 3.17
1 0.65n mole/mg protein¥ 24.74+ 4.71n mole/mg
protein®| At} FUlH 59 SATATF 2417 AH
7§ A U9 ATP, ADP, AMP ¥ % adenosine
nucleotides¥ %2 22 A 179 108%, 53.04%,
19747% 3 46.76% 24 ATP, ADP9} % adenosine
nucleotides# %<} 99 A+e= 749 AMPY 293l
v %718 EYY. Mannitold MPA &9 A T
oA ATPE A 17967.28% 744 FEsd A
IEY 5229% 9 9<3l= Z7h ADP= A [ 9
135.31% 2718 A NTRTY 14581% 49e
7} AMP= Al 179 13448% 2 A TR o= 31
95% ZAE 2813 % adenosine nucleotidesF-&
A 179 9523% 2 A UFEY 103.63% 99 Y&
7 BAdh.

2) Guanosine derivatives®#¢] W3}

A 119 GTP, GDP ¥ GMPE 47 10.17+ 0.95q
mole/protein, 1.10+ 0.54 1 mole/protein 2 3 (.32
+0.121 mole/protein o ¥tk A T4 += GTPY

o H1 o ofN a¢t o
oo 2 oaZ b

H
i
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GDP Z+zt A 129 15.83%,53.63% 9 3i<

GMPE A 179 18437% 2 993 $7H=

A, Al mTelM GTP, GDP ¥ GMPt& 27

19 87.70%, 51.81% 2 115.62% goH A I

Huhe 747} 454.03%, 3.39% e Sk 37
%3AE BYd

3) Cystosine derivatives3t %] 38}

A 129 CTP, CDP 2 CMPE #7} 0.44+0.10
n mole/protein, 0.42+ 0.26n mole/protein, 18 I 4
23+ 1.04 n mole/protein o]tk A M9 CTP,
CDP ¥ CMP: Zt7t Al 139 27.27%, 71.42% 2
88.17% 01w, A MEAME CTPE A 129
36.36% o\t A ITEY 33.33% 57, CDP+ A
179 64.28% 2 A IIT9 90.0% o] Aot 997t
goieH, CMPE Al 179 10406% 3712 A
IR 19.03% 99 e 5718 By

4) Uracil derivatives¥ 39| #3}

A I+ UTP, UDP ¥ UMP= 77} 1.94+0.10
n mole/protein, 5.10+ 0.65 n mole/protein 18 3L
0.43+ 0.11 n mole/protein®] 1tk A 1< UTP,
UDP ¥ UMPE 447 A oA UTPE A 1+
6546% 2 &3t A NTEG 37047% e
=7 UDP= Al 179 91.37% 2 A 1+ 21} 200.64
%9 JY3e F7HE HYon, UMPE A 129
72092 A IFRT 883% H4E HJh

5) Adenylate E.G.9] W3}

A TT20.75+0.01 A IEAE 030+ 0.052
A 1ol H3) 40.0% T4, 283 A ML 0.62+
0022 A 139 8266%=A A TR 106.66%

28 24,

o] el d3o} 2o 87 A A mannitol MPY
tﬂﬁl%icqi A o_]ai/ﬂ A HBEZ02 93 ene-
gy AFA SO 3t 1 energy$A 2 EC.Y F
12 34 24 9HYY Y93 PiRed fi
ol BEHAG. 28U FF energytl A9 24
He A 34 4 JAZAAS S B W75
SE4HE 53] AN FodEd J4F 2=
dEF % et o 73tk & Ao AgHE
ol
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