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=ABSTRACT=

The Protective Effect of Mannitol, Steroid, Phenytoin and Barbiturates on
Experimental Acute Focal Cerebral Ischemia

Kyu Man Shin, Dong Been Park, Sung Hak Kim

Department of Neurosuvgery, College of Medicine, Ewha Womans University

The authors have studied the therapeutic effect of the combinations of mannitol, methylpredni-
solone (MP), phenytoin and barbiturates on the acute focal cerebral ischemia (AFCI) in cats.
The experimental animals were divided into three groups. Group I was the cats with the
removal of the orbital contents without occlusion of MCA. Group II was that of 2-hour recircula-
tion after AFCI following the occlusion of MCA for 3 hours. Group C was subdivided into
four subgroups as Group IlI-a, Group llI-b, Group IlI-c and Group II-d. Group 1I-a was that
of treatment of combinations of mannitol and MP, Group II-b that of combinations of mannitol
and phenytoin, Group HI-c that of combinations of mannitol and barbiturates, and Group IlI-
d that of combinations of mannitol, MP (60mg/kg) phenytoin and barbiturates. As the biochemi-
cal studies cytochrome oxidase activities (COA) and the concentrations of lipid peroxidation
(LP) were determined, and as the pathohistologic studies the degree of the infarcted areas,
hemispheric swellings and the comparative microscopic findings of the infarcted areas were
studied.

In Group IlI-a and Group Il-b no therapeutic effect on the AFCI was presented. In Group
Il-c the partial effect of brain protection were demonstrated only in LP and the degree of
hemispheric swelling, but Group IlI-d provided nearly complete protection from ischemic da-
mage.

These experimental data suggested that the medical measures of the combinations of mannitol,
MP, phenytoin and barbiturates can make the AFCI fully reversible and would be applicable

in the clinical field.
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Table 1. Experimental group
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I | I | | T ||
(Sham Control)
I
M-a
M
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-b
M
P
H-c
M
B
MH-d
M
)
P
B
- Occlusion

I : Recirculation
. Injection of drugs

1 A5 45
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1) Cytochrome Oxidase ¥4 &4

AA} Hx3HLE FE7E AHE3 Hessst
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% FRENS HEF YEA71E 6000g14 10
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Table 2. Experimental group

No. of )
Of assay Treatment

Group
Biochemistry | Pathology

1 6 6 No MCA occlusion
(Sham control) No Treatment

1T 6 6 MCA occlusion for 3h
+Recirculation for 2h

I-a 6 6 MCA occlusion for 3h

+Recirculation for 2h

+ WV injection of Mannitol (2gm/kg)
and Methylprednisolone (30mg/kg)

1I-b 6 6 MCA occlusion for 3h

+Recirculation for 2h

+IV injection of Mannitol (2gm/kg)
and Phenytoin (12mg/kg)

M- 6 6 MCA occlusion for 3h

+Recirculation for 2h

+ N injection of Mannitol (2gm/kg)
and Pentobarbital (15mg/kg,
followed by 4mg/kg hourly)

1i-d 6 6 MCA occlusion for 3h

+Recirculation for 2h

+1V injection of Mannitol (2gm/kg)
Methylprednisolone (60mg/kg),
Phenytoin (12mg/kg) and
Pentobarbital (15mg/kg, followed
by 4mg/kg hourly)

M : Mannitol S steroid P : Phenytoin B : Barbiturate

N8 N

3) AR FAAWAH A74aZ =

AARgNA vl EES F3tY hematoxylin-
cosin@AF BerAu| SN AAAEY £, L Ase 47
AREE, AEFS B BBFY ¥F, Y 29D L AT 7 AEE, FERNZTES cytochrome
AMuryel Heg 55FoE o] AFIHAU oxidase B4 2 Lipid peroxidation %9 F2l+=
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Table 3. Cytochrome oxidase

Cytochrome oxidase
Group
(umoles/mg protein/hr)
I 36.09+ 4.01
(Sham Control)
1I 19.33+ 149
l-a 21.20+ 2.56
1I-b 20.01+ 4.17
M- 21.84+4.57
m-d 36.99+ 6.33*
Each value represents mean+ S.D.
* 0.010>>P>0.001
umoles/mg protein/hr T
40 -
Z e
35 -
30 - 1
- “(
25 -
20 - %

P I I O T B

Sham I M- li-b M- Hd

Fig. 1. Cytochrome oxidase.

2zt & 3, 198 1% ¥ 4, 29 29 2th

1) Cytochrome oxidase 4=

AAYZEZS A 179 cytochrome oxidaseS A
X 3609+ 4.01umoles/mg protein/hr 2., A2
ol A= 19.39+ 149umoles/mg protein/hrE Al
THU 4644% T4E BYth All-a9 cytoch-
rome oxidase® g X+ 21.20+ 2.56umoles/mg pro-
tein/hr, AM-bFolAE  20.01+ 2.56umoles/mg
protein/hr Z+2F A TR} 9.67%, 3.52% 18] 1L
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Table 4. Lipid peroxidation

Group Lipid Peroxide
“(n moles/mg protein/30 min)
I 4,69+ 0.64
(Sham Control)
II 9.11+ 1.70
Il-a 747+ 229
il-b 9.05+ 1.64
¢ 6.57+ 0.82*
Hi-d 6.52+ 1.14*
Each value represents mean+ S.D.
*0.050>P>>0.020

pmoles/mg protein/30min

10 -

1

R

Sham 1 M-a MmM-b M- 14

Fig. 2. Lipid peroxidation

Table 5. Degree of infarction detected by
perfusion of 2% TTC solution

Group Infarcted area/width of
left hemisphere(% )

I 0.00
(Sham Control)

i} 68.95+ 14.81
M-a - 5329+ 5.03
1-b 5719+ 13.81
1I-c 4401+ 11.85*
1m-d 29.09+ 6.22*
Each value represents mean+ S.D.
*0,050>>P>>0.020
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2) Lipid peroxidation3 &

A9 lipid peroxidation ¥ 4.69+ 0.64n
moles/mg protein/30minge.W AUFAAE= A
I Xt} 94.24% %7148 9.11+ 1.70n moles/mg pro-
tein/30min{ 1 All-ax L Al-bTMe T4
747+ 2.29 n moles/mg protein/30min, 9.05% 1.64n
moles/mg protein/30ming | 1<) 81.99%. 99.34
%2 Zasged A8 99w gl Allc
T3 A-dit2 lipid Peroxidation &3 242t
6.574 0.82n moles/mg Protien/30min, 6.52+ 1.14n
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2843% 99 UA #aFAT
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Fig. 3. Depree of infarction detected by perfusion
of 2% TTC solution

Table 6. Degree of hemispheric swelling

Group Midline Shift (mm)

I 0.00
(Sham Control)

il 0.11+0.02

I-a 0.09+ 0.02

1I-b 0,10+ 0.03

M- 0.09+ 0.01*

i-d 0.03+ 0.01*
Each value represents meanst S.D.
*P<0.001

Degree of hemispheric swelling

mm T
0.10 - M
0.05 -
- *
[

Sham I  M-a I-b M-c 1-d
Fig. 4. Degree of hemispheric swelling

IR} 242} 36.17%, 57.81% QA A4 stgtt
(A4 1, 2).
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AFEl 1,2) The infarcted areas not stained with TTC solution(arrows) are shown pale.
There is no infarction in sham control group(D) In group Hi-d, infarcted area is the least.

Table 7. Microscopic findings

Pathology Pericellular Pericapillary Congestion(No.)
swelling(No.) Swelling(No.)
Grade | 4 4 dtt| = 2 |- o+ At
Group
I 6 6 6
(Sham Control)
I 1 4 1 1 3 2 1 3 2
Hl-a 2 4 3 3 4 2
1I-b 2 4 3 3 2 3 1
¢ 3 3 2 4 3 2 1
m-d 1 3 2 3 2 1 3 2
Grading of Pathology': — mnormal 4+ + moderate
+ equivocal ++ + severe
+ mild
3) BaA sn)ALA Sol M= Aol vef the 89 238
7 FEo] AL % 7, 8% 2} o All-cTdAe HMEFY 2 wAqdd
FUMEY 3T ANF 20 ABFA A TEE HHHABAE S4E HaH B
M A ABAEEY, WA 0Z, 39 DHP%% AB-dTol M= ABAE £3& 7 fen
W ALY HEo A AE 8 JBFY 2Ee BFIA.



Table 8. Microscopic findings

Pathology Neuronal Gliosis (No.) Infarct (No.)
damage (No.)
Grade I e e T L
Group
I 6 6 6
(Sham Control)
I 2 4 3 3 2 3 1
-a 3 3 3 3 1 2 2 1
-b 1 4 1 4 1 1 1 3 2
¢ 4 2 4 2 4 1 1
li-d 1 4 1 1 5 2 2 1 1
Grading of Pathology - — normal ++ moderate
+ equivocal +++ severe
+ mild
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HE Woldte 7HE FES FAYE 45T Aoz
Az g},

FlHEY #HAH 085E 1412 308 72
2 mannitolS 2gm/kgFois} Al E9 HH
30%-l 15mg/kg®] pentobarbitalFd ¥ 1A17F
Z 0 2 4mg/kg® H7} AFE A M-c A cytoch-
rome oxidase SAX & A LMTET} 12.98% 5713}
of A IZAY 6052% 2 ZHPoY e #
ZE =) gokch. Lipid Peroxidation ¥ 3= A 11
B} 2788% 29Ue ZAE B4k HAM A
Ax AUz 24 Blsf 3617% AANA #
48 tlEo dHA AAFNAE FEe AAME
&3& Bl AT a b ok B HI3| o} ol
A ¢ 98le AFE BT mannitolo] AXE =4S
HE2s ZAAA A8 w2 wAeEHe
MAAF 2 #8717F LS Aj7]el barbitura-
tes®] frE]7] AA, FEALA #id3 wA 2§
Rz €79 FH 72 Energy® #AAHA
HALERE-& TR T 9% e s Foldth w
2 S8 BEo 2 QT Hede fE 7] WEel
g A7piksta x| waikstel ofgk FlolEkE De-
mopoulusi*?E& HEH3A,

Barbiturates®H& GEFoA] HEF 2A7HRE
T HAego] PN} HEE o] A FojA
7re 2~3A1Zh o] Fodaof PO © HEH ¥
Kl

o

(o3

SR

-

T T4 HEF 9~36A7E HEARAN 2 F
B HAaste 9621371 A] A &H 0 25 harbitu-

rates £ 7|7 447 AgslE

e Aol ngA st
Wi s, A2 et B¢

o epilg %
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o3t % fFasttha BaH Mgl o] thafiA
v % o A9t 8% 3oF AsEHY
Mannitol, methylprednisolone, phenytoin —L&] 1L
pentobarbital & F3F AM-dollA o zEyt
F-2] Sylvian 2 ectosylvian S| &9l A4 &
ZE A ggom HAMHAL A 1EY 5781%
oA FadP e HEFE AT HY 7273
% UYA Fagen HuALAY wvE
AME 43 Axe AEFSH € EHFY
Aol #AH 2213}. Cytochrome oxidase &3 A
AUT Bt 91.36% 2 UA F7hske 43
TA 2 F538Yo Lipid peroxidation %
AN} 2843% S oA AT
mannitol & &% 308 ~2417F Aol EAEE A
As=g-& NAAA phenytoin, MP, barbiturates<]
ZAY F9< F7H1A™ phenytoine Na'K'—
pump®ll FH-8-3te] o2 kFEE {A|5] Al
EU Na*¢} Ca™9] 3718 A7 MP= €9
=¥ FE] HAFE FAMNAH FA FES
A7) 283 barbituratess FE17] AA %
FE A Fobe 28] AR dEsEEF T
dFE¥e Meez PR HHFFS
WA Energy tAA 2 #7148 dALE TN
8o HzAe MEZSHIY HIYAE &4
WA S SBAYE QIS H7IG A &dor B
=HE Wolste 7o g ZolHth oA MP
£%FS 60mg/kgFA3 o= barbiturates®} phe-
nytoing 79 vWlAA e ALBAHAEE F7MA
293 Steroid WAFE ESXAA o <4AY &
g ZAaA77) dEeldnh 2y cytochrome
oxidase B4 %7} ¥ lipid peroxidation¥#=] 2]
A F "35}5}7‘4 74/‘]'@4’4 T A= 3
9 F5FAE dstde
B ’é‘?’i‘ﬂ’ 2 -L]'QJFQ T %ol FF o "‘“qu
ol F71HU 4AL FIhA —r:rL?fHo? & 7l
AR cyclo-oxygenaseE A 3t4] arachidonic
acid® HE thromboxane A4S AAA|7]E®
Indomethacine #} A, &= lipooxygenase A £ hyd-
roperoxy acid(5 HPETE) 44F& A&AIA eicosa-
noid §4 Z4AE FH—¥FAF o YIAEL Na
—ATPase €45 AAA7]2%%, Mxate] <
A3E =23 a—tocopherol®, Calcium ZEHA|

W2 ffr o >
PN

E‘L, tlo 2 o]y W{E e oh‘,

¢l nimodipine® L#]3l Naloxone®5 9] A E&
BEFAStY HsE2 Y W7t E HER
WolE oS EE3IA olE AR 5L

o

N

1450} ddf 977 A& olok & o2 AR
=

e =

PR Qe HzA vprlgy &4L 9dH
Aol ofya dHe] 9AH #A F jschemic-cas-
cadeZ FPslo] A FHEZ om st FAFA T
2 A& Pol¥ = gl& 22 AsHTh

old] AAEL HH BN E 3] SAHE is-
chemic-cascade DAIEE FEF HPo] IAE
W FosnzA J5H8E TR HE §
ez e Wolads FHsr] st g9t
BAMLE o) & FUH TS 3ALEL
HH T 27 ARFAIZ AFERPE o] &3td F
4 =4 HEHEAHE FEA7 F 47§87
(OH) =3 % FXZFEH7} e mannitol®,
A — ] FE A3} g0 A= FAH A steroid
A A2 methylprednisolone(MP), HthAME A1,
fre]7] AA g Ao #iks} ofme] ofz)
807 i GG 7P FES gAZ
%2 %l Barbiturates #|#]%1®® Pentobarbital® Al
Frh 2o ool 2E9 HEE FAAAY HYE
EE A4tAhFo 2 BE 1§ Wo]s= phenytoing
B Bod T HAEA Y SAEE e E oy-

tochrome oxidase &4 & ME= & ‘«] Hz9l
=3
(]

Lipid Peroxidation %< &4-& 53 A3ssA
A ety g AAEE A ]%J—} 73
Fojol v AH AFE APt olg9 A
IE B4, v, AES FF HIHEA HEF
#zte] A g0 FHLA B AES FsS o

oA 3
&3} ve AES A
1 AskeE a7

1) Cytochrome oxidase &% &3

HAEN=TY A 1T cytochrome oxidase &
A& 36.09+ 4.01umole/mg protein/hrH.o. A
[T o A= 19.33+ 1.49umoles/mg protein/hrZ A
[ 2R} 4644% 228 BATH Al-279 cyto-
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chrome oxidase #/3X& 21.20+ 256 pmoles/mg
protein/hr, Al Hi-bx ol A= 20.01+ 4.17u moles/mg
protein/hr, 18]3 AM-cFolAE 2184+ 457u
moles/mg protein/hr2 247} ALK} 9.67%, 3.52
TIE]3 1298% FUHGASoW FAH o=
#2H A &gt
A -dT 2] cytochrome oxidase /3 X = 36.99+
6.33u moles/mg protein/hrE A 12T} 91.36%
- 219 UA FIhsle] APYRTAE FEHIY
t}.

2) Lipid Peroxidation &%

A 172 lipid peroxidation 33X+ 4.69+ 0.64n
moles/mg protein/30min .21, A I A= A
I X2t 9424%%7H 9.11+ 1.70n moles/mg pro-
tein/30min R, Alll-c, a & 2 Al-bToNA+=
ZYZ} 747+ 2.29n moles/mg protein/30min, 9.05+ 1.
64n moles/mg protein/30minE Al 12 81.99%,
99.34% 2 ZAsg o BAA oo figich Al
M-cit# AM-di¢2] Lipid peroxidationd 33+
Z+z} 6,57+ 0.82n moles/mg protien/30min, 6.52+ 1.
14n moles/mg protein/30minE A IITXET} Z+z}
2788%, 2843% A FAsHATh

2. B=ATY A7

D HAZY HEg

AUTAAE H348 BHAEL 64.95+ 14.81%,
All-a 2 A-bTAN A& 1}74 53.29+ 5.03%, 57.19
+1381% E AT &) 2z}t 22.71%, 17.06%
9o @A ZAastE Tk Alllc D AM-dFoN A= A
nTBg 27 3617%, 57.81% QA @48t
Ak

2) YT FEAE

Aol Ae HEdaHe] FYHo] 0.11+0.03
mm $90 2 olEsgon All-a AN-b 2 A
H-cT &4 22 0.09+ 0.02mm, 0.10+ 0.03mm
28X 0.09+ 0.0lmm 24 FAA 2 9= #FEE A
Eort, A-dTNAE 003+ 00ImmEA A
HaETh 7273% 4 w9 22 iA 434

3) FEENAE 27

FUHHEH AT HHF 2413 AFFAID A
oA NAEEY, AARE, A9 mAgH:

s

HEF9 9 Hgo] H3tAT All-a E A-b
%—‘;— AqME Aol vls) thh 519 248 B
gom Al-clMe AEFS] L ZAEHFY
Bzo A AFAE £4-8 vjud F3god
*ﬂ I-dzoAE AFAE &4 A9 giglont

A & #FEHUT

.3_4 AE 2 59 1F
Mannitol & S84 ¥F 271 & AE=4 75
th3te] mlAl&$-2 7 A A1A phenytoin, MP} Bar-
biturates®] HZHW #5)& F7H1713 pheny-
toine %¥ol29 AAFFE A MPE B~
HAEY HFEE FAAA E Barbituratest
g7 AA E F 7"47‘ Jabat bt 285 MP9] 4
s3E3 2o Fe RE/He R sEF 9
HFE FUHAI= 7]"4011 9% Aoz AtEdrt

g5 B APARE EGE QoA HEA H
% 3 e HEE 4A & L8t AEH
SN 42  JEE BHrh o Z7FHolL Al
BAQ Ae] o] FHoF & AoE AlrEHE H

ojth.
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