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The Effects of Nimodipine, Induced Hypertension, and Combined
Nimodipine Therapies with Induced Hypertension
on Experimental Cerebral Infarction

Young Ho Seo, M.D., In Hong Kim, M.D., Jang Chull Lee, M.D,,
Eun Ik Son, M.D., Dong Won Kim, M.D,, Man Bin Yim, M.D.
Department of Neurosurgery, School of Medicine, Ketimyung University, Taegu, Korea

The treatment with nimodipine is recommended as an effective therapy for the delayed
ischemic neurological deficits(DIND) caused by cerebral vasospasm following aneurysmal su-
barachnoid hemorrhage. The induced hypertension is also widely accepted as a treatment me-
thod to reverse the DIND caused by cerebral vasospasm. Therefore, the combination of these
two regimens may be considered as a more effective treatment method for the DIND than
nimodipine or induced hypertension alone. The authors performed this experimental study
to clear up this subject.

In a series of 60 adult rats, a surgical occlusion of the middle cerebral artery(MCA) was
carried out by a microsurgical technique. The animals were divided into 4 groups as follows ;
group I(IN=15) : control group, group II (N=15) : nimodipine treated group, group II(N=15)
- induced hypertension group, group IV (N=15) : combined nimodipine treated with induced
hypertension group. Group II animals were treated with an infusion of nimodipine intravenou-
sly(1 pg/Kg/min), and group I animals were maintained high blood pressure(B.P) to 160
mmHg by an infusion of dopamine intravenously(2ug/Kg/min), and group IV animals were
treated with an infusion of nimodipine and dopamine intravenously.

All animals of each group were sacrificed at 6, 12 and 24 hours after MCA occlusion. Then
the brain slices were obtained and stained with triphenyltetrazolium chloride(TTC). The size
of the infarction area was quantified by a computer image analysis system and the size of
the infarction area compared among each groups.

The results showed that each size of the infarction area according to sacrifice time at 6,
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12 and 24 hours afier MCA occlusion was significantly smaller in group II, I, IV than that
of group I1(p<0.05). The total size of the infarction area was significantly smaller in group
II, Il and V than that of group I(group I vs. II vs. I vs. V ; 1323+ 2,60 vs. 9.17+223
vs. 1024+ 223 vs. 885+ 223%, respectively. group I vs. II, Il and IV : p<005). However,
there was not noticed any significant difference in the size of the infarction area among group

I, Ol and N.

This study concludes that the treatment of the combined nimodipine with induced hyperten-
sion has no more benefit for the improving infarction in the permanent focal ischemic model

than nimodipine or induced hypertension treatment alone.

KEY WORDS : Nimodipine * Induced hypertension + Combined therapy + Cerebral infarc-
tion - Middle cerebral artery occlusion.
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AR Fetsl 280 ©E HIF dFd 719
A3 FeHE A AY AAATE wHez
2% Z23A nimodipined FAEF X=AZ U3
3 ok 28 9443 AlxelA nimodipine F
7t HxFatst £ F ¥ ABFNE 2
A7) R 4% F4E M 8RO AEFE
MDA Ba7} YJghiems) gey ny
o ME HAFYs 2H F op|He H¥R
dAZo] 7108 Y Feis T3t B BY
A2 A% HEAR &S kA Al Eies
ga QA o] groNinnNg metr ¥ x| Fete
24 3 &¢ste H¥F AF4 VAT HAHY
el 8 Egste] ohE Qo 7T H¥Y AES
AAA71E W2 nimodipine T FEA
TG WHE P A YL 1HH B+
Aok 2= olHF EFAE WP g3
243713 EFAE Yol 44 dEa¥EYg
d de a3t JdeAd sty F2AFAA
AE3e AT A7 AL Ao AZEgV®,

malA AASE nimodipine F% FE4 i
gt A 248¢ YA nimodipine oY Fx4
Y = A8 o ARvt deAdd sty
dolr ux fFHe FUHEAE A3t T4
84 ¥¥g YHEX, nimodipineX 8T, =4 2L
AAEF 2 ¥ PHE ETUANRG o2 F
F33n A8HF, 434 27§ &A% 4T
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1. 48 S8 Y N2

A% 270~340gme] WZF YA 60vlA E G
TFEgo] AHESAR, AYELS hZF, nimodipine
AET, A=A LEYANEE, EFHNETF V19
oz Wriien, s A4F 42 64131,
12413}, 24A13be] 5oty ALE- 3 (Table 1),
A4 A7) &A= uiphenyltetrazolium chloride
(TTC)(Sigma, U.S.A)E AHE-3tth

2. 48 =% A o Ol B

AW 22| nembutal 0.05 mg/gs B
Fdstd g APy en, FEF 2 #&
Nl R-E A RsYt. 528 817 (Topcon OMS-
s0)atel X HHEAL LHHT 25 gauge SHE
Hehe] AU71F o] TBE o] 83He) pH, PaO,
PaCO,, Hat, 33 ¥ % 5& 3330k E¥ nimo-
dipine NEF, #=4 LYYNET ¥ TYA=
ZANE Be Wwhoz WuE WA 25
gauge TS AUT ¥ o] =B L o] &3 T
HE2 A F nimodipine X B4 nimodi-
pine(1 pg/Kg/min), FE4 1YY XN2TAAM€
dopamine(2ug/Kg/min) &, £ EXX2TAAE
nimodipine(1 pg/Kg/min) ¥} dopamine(2pg/Kg/min)
€ infusion pump& F3t A&HH FJHA



Table 1. Experimental groups of animals

Sacrifice dme after MCA occlusion(No. of animals)

Groups

6hr 12hr 24hr Total
I ° Control 5 5 5 15
II  Nimodipine weated 5 5 5 15
Il . Induced hypertension treated 5 5 5 15
IV ! Induced hypertension treated 5 5 5 15
with nimodipine
Total (20) (20) (20 (60)

ZUMEY A P V) WY HAHA F
LA APt § 5 o7 FapgelA <t
g3E7tA YETE e J§ AAE 78t
AFE BF7NE ALt WEF S AAF TR
Aol FAgtez Yo d¥F(foramen ovale)
B2 A& R9o FEE AL HF7|2 Ho}
% smm 37|19 FPE& WEL FUHFHRY 2
AHE FF 272 A7 £33} FUHEFA LS
A 3t

ZuHE9 A JAA AAF 643, 1243,
18712t 24A13te] B @ (mean arterial blood
pressure) 2 physiograph(pressure transduce mark
N, Narco Bio-system, U.S.A.) £, PaO,, PaCO,,
pHE ¥97t2 47|12, 387+ 83 (hematocrit)
€ Clay Adams(U.S.A.)A}9] microhematocrit centri-
fuge2 £33 A

3. =AM FI|15F

4Y FEES FUHAEH A F 62413, 1243,
24717t} nembutal 0.05mg/gS E73ule} F4) 8
Al Bt E AMEa, Fe8 B FA
g AAF NIA, 332073 % BeFE 32
Gt AHE A23Yct H2F AHE AT
AdA 28 ¢ smmAFoz d4o2 Fdsido
8AHOR UE F o] U ¥ FUEEL Yol
Agd AeistolA 37°Ce] 2% TTCEAANA <
1080t M2 FUEL A =L APs
A 308 BT 4F F £&8 A
A =7 RQE FF ¢ F FHFA AN
H 10% X223 S99 1334

TrCR 4ol 1% 9734 278 3 Compu-
ter Image Analysis System(IBAS 2000, Kontron,
Wes) S AL-83te] Zpzhe] AHHA HA WA

UE 9734 29 WA MEes Pt

4. BAXME]

Zt 23] Aololl g AH 7159 FAAANME
Mann Whimey test2, M3 =A7|9 FHA+=
one-way ANOVA testE A8-39t}. paro] 0.05 9]
e A% fo4idel sl ez FA.

p< | o}

1. AEDIS EFA|

Zt AP FANA A pH, PaOy, PaCO, ¥ 3
87 £33 FY HYE BA2ovi(Table 2), ¥
ZEYE FUHEY A HdlE Z T 2ol 7t
gou A 71 Folle =4 LEYAREH
EFAEFAA tZFol nimodipine X ETH
o 94 AA(p<0.05) ¥gto] Z7HUATH(Fig.
1).

2. 2t 2o AlZidTol| mE HEM 379
H] 1

ZUHSY A4 F HA 3 d2PAA
6213t 10.18%, 12A]Zbol] 14.40%, 24A13Fel] 15.17
%, nimodipine X E&& 6.44%, 10.12%, 10.97%,
e FTELYANRTFL 7.84%, 11.39%, 11.50%,
EFANETL 6.20%, 9.98%, 1040% 24 RE T
oA 6AIZtelFol HIE 12413F, 24A)3kobTellA
A3 2717 FFH A

6A1Zobol A 2T 2 4 X EF e HAFA
A7]¢] ¥ EE HYEF 10.13%, nimodipine X &7
6.44%, =X TEAT 784%, EFXET 6.20
%2X dl=Fe] ¥]8lo nimodipine X & F°|u,
2R LEAABL, EFASTAAM HFM 2
717 A ZFA3}F oG (p<0.05), A EF A
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7.42 + 0.05
86.75 & 6.93
36.60 + 5.34
87.87 £ 2.85

G
7.43 £ 0.69
84.79 & 551
36.00 + 4.36
36.78 & 3.05

15),

Experimental period

G II
7.45 £ 0.09
85.08 + 5.27
83.99 + 4.11
87.33 £ 2.09

I
7.39 £ 0.18
87.837 + 5.34
81.61 & 3.40
87.09 + 3.96

induced hypertension treated group(n

GV
7.42 + 0.04
15), GII

85.64 = 5.99
15).

34.02 + 4.26
37.73 + 3.33

Gl
7.37 + 0.18
84.41 £ 6.40
35.38 £ 5.66
37.35% 240

Pre-op.

nimodipine treated group(n

G II
742+ 0.08
86.12 + 4.64
33.61 + 3.40
37.41 + 2.42

GII

15),

nimodipine with induced hyperetnsion treated group(n

I
7.89 % 0.12
86.60  5.74
29.30 + 4.16
36.09 + 2.89

Table 2. Phygiologic data of experimental animals

Values are expressed as meant SD.
G I =control group(n

Pa0Oy
(mmHg)
PaCOq
(mmHg)
Hct
(%)

GN

pH

olole ARA gude Aol AT 12413
obzoly 24A1ZtolZ oA UREE 42 14.40%,
15.17%, nimodipine XEFL 10.12%, 10.97%,
FEA DYUYANETFL 11.39%, 11.50%, E8A
BT 9.98%, 10.40% 2R ) ZF ) ¥ 3 nimodi-
pine (A EF, FEA LEYANET R EFANET
A gulA JR3 A 2717 FAHA2 U (p<o.
05), AN BFNE F8 Aol YATHTable 3,
Fig. 2).

3. 4 FZe| [A xHZFM 37(2| WHEX| bjw

AA A7 279 FAA € 2T 18.28+2.60
%, nimodipine X 8F 9.17+£2.28%, XA LHY
BT 10241 228%, EPXNET 8.85£2.28% 2
M, nimodipine X} &¥, #E4 1YUYAEE ¥
EFABZAA AT vgo A HP3Y
anzt a5 A1(p<0.05), nimodipine X EEF,
FE4 RYANEE R ERANET AloldAe
froAdL oy ERANsTAA HAEH 2717
oF7t o] AR Aoz JUehgt(Fg. 8).

| &t

ARAES] APANA APFE] 44, FUHAF
Ho] Ay, 4¥71te 43 ¥ HAAN =27
ZHo) TTCE AHE-E HTL olv] Ex4dlA A
So] g Ay % Aol 2AsAG &
ZU x5 e B4 TamuraEsVo] o] {3 253
2PN JEFE AA%Y B Y& Fe
AokE BR3P, AR7ITe FUHAFA AJF
24A13t ol FollE HAYN A7t FARNHoZ &
AsA APHA gsivhs A 2A3RA Fd
HAEY HAF UL AT HBAFAE
TICE #13td AT A% TICE {3 &
A B34 279 gEzARPe s B3
2% ¥7AY A7) 2e)7t ke A 79
Ao 2A3NY}.

2 JYdA 2423 nimodipined] FAE
A3 4718 FA8HA FaAY G2 AREE
H3¥ B ZE2FAE AMEE bl HAZ
E4¢ A Fe BRAATE JYHINW2020

Statistical significance among groups by t-test : p>>0.05.
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I 1e T _L, JT_, 1* | M Growp !
hy L‘ 3 Group I
" Growp I
.[ { 3 Group M
| 5 ' ‘
12hr 18hr 24hr  Time after MCA occlusion

Fig. 1. The comparision of the mean arterial blood pressure among groups according to the time after middie
cerebral artery(MCA) occlusion. The mean arterial blood pressures in group Il and M were significantly
higher than those of group | and Il at the 6, 12, 18 and 24 hours after MCA occlusion.

* : one-way ANOVA test : Group |. Il vs. Group Hl, V: p<0.05.

Table 3. Comparision of the mean infaction area* among groups according to sacrifice time after middle
cerebral artery(MCA) occlusion

Sacrifice time after MCA occlusion

Groups 6hr(%) 12he(%) 24hr( %)

I (N=15) 10.13 + 1.63 14.40 = 0.96 15.17 = 1381
I(N=15) 6.44 £ 092 10.12 + 0.50 1097 + 1.37
m(N=15) 7.84 + 098 1139 = 1.13 11.50 + 1.25
V(N=15) 6.20 + 0.25 998 + 0.74 1040 = 1.89
* : percent Sum of infarction area of each slice of brain %100

Sum of total area of each slice of brain
Values are expressed as meant SD.
Statistical significance among groups by one-way ANOVA test
Group I vs. Group II, Il & NV :p<0.05  Group II vs. Il vs. IV p>0.05

Mean infarction area(%)

18 '\' IR Grow |
1 T» * BB Grouw i
14 l J__ ] Group I
12 T. T l T l 1 Growp v
10
8
6
4
2
0

6hr 12hr 24hr sacrifice time

Fig. 2. The comparision of the mean infarction area among groups according to sacrifice time after middle
cerebral artery occlusion. The each mean infarction area in group il. Il and M was smaller than that
of group | at 6. 12 and 24 hours after middle cerebral artery occlusion.

* : one-way ANOVA test :
Group ! vs. II, Hll, M in each sacrifice time : p<0.05
Group I vs. il vs. M in each sacrifice time : p>0.05
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Mean infarction area(%)

16
14 I
12

10

(@2 LT« R ]

| 1 ] v
Group

Fig. 3. The comparision of the total mean infarction

area among groups. The each total mean infarc-

tion area in group Il, Il and M was smaller than

that of group |

Values are expressed as meand SD.

*: Group | vs. Group Il lll, MV : p<0.05.
Group Il vs. 1l vs. V= p>0.05.

), 9] 3 A1916223) At g g § v} U} A HY
A7t = HAM¥xgo] BRIHIL Zgolol
Axo 2 Re METNZ o] 375 Y
2 A% energy Al o2 adenosine triphos-
phate(ATP) 28] AJ4to] FRAH 3 Catt-ATPase &4
o] A}Ho] LBHFolLL AEYR KFEAIA R
a2 XA Zaol9 §Fo] FrteA E.
et AMEW AFHAZE #AH T phospholipase
As}t C7} 843150 arachidonic add(AA) B34S
Z7}A17]3 AAE prostaglandin R leukotrienes®
5ol YFFL ¢S T2NA HAX &3S
7HE A TpON1D11921)30) g Zr45o] &L ol
YASHAA Yo FEZ £5& 2HAA ¥
FAHE GBANND). A BEAPAE AT
9] Zgolol AXUZ FYse R L Adsn
Yo B £35S JAZ e HHFA HA X
£3% JARAY ZEAINA 8o

£ HYolA nimodipineFodE HZ4 ¢ F
A8t H A3 Mol @ nimodipined] &I
H7A el FLE7E ALSA Bt AP,
AN A F F4A 2 J5AFHY M E
o}7 E=o] Y. GermanoT L F
=9 H4A7 Fo] A nimodipines Fg Bf
2ol v]a AP HH Fge] A H3 49
AERE I} ZAE AP ARE B H34
$9¥ nimodipineg AM&3tdx FH7T USS

ANFAL o2 AP F99 penumbra
zonel A A7J3MES] &4 WA}E2 a3}
gx 1 713E 4939 MideFWsE HA3A
f&¥ nimodipine$ F% v} H¥F{F/ THE
Adtg LdEYG £ 4¥x H34 FE¢F ni-
modipineg AHS-3te{ = AR} gloke AHYon
HA] I 714 & penumbra zoned] AZAE &4&
F2A Aoz AFEg. BF B 2F) ¥)# ni-
modipine X 0] 6A13t, 124]3}, 24A1 kol A
% AR A7|7t Aot dxTHd A
B TAbole] Aole 7 ofZdA H&IHIYoER
nimidipine®] penumbra zoneolA] 7ML &
& A2 Ede 478 T4 A3 /g
F 6AIU ] dojuar I ol F e AFATF WA
A &g Aojzgke AL GAY

F=A 18 XN8E HAYEFE /M7= MR
A wWgelt}. Hayashis'Ve YAHe2 3
A FAE AL = ZEY AEE AP
vl i 2Fol ¥ & HY¥F{7} Fohsta H 3 2717
#4220 E BuFUA H¥F /e HYE
A& ZA7150] FAE HEA i oATt o]F o
AL BFHYY. sakakiTPE FAIL FU F)
HEA-g A3 YA F F7Hvolume expansion)
YT = n¥SE HE FAY AR
A7 2717} AU GE AHE THII o
23 Bde S5 899 F71d) JIQET FHh
B APGHE x4 18Y F H3H =27}
Fo8tAl Zastd A Hayashis !9 Aae Hl%
33 olgy Ade FRYYY FUtd e
Aoz Aztsn] TARSE nimodipine® vk}
A2 penumbra zone®] °}d7} FZ&grh

T AREL =4 ZYYH nimodipined
BEde EXNEE YA 24 1Y E&
nimodipine @587 Boh HAY A7§ #9
Al ZAAE Aoz dEsgot e Wy
Ztol & o)z} iUtk ol& SakakiTe] AYA
I} vl 24 1Y AWy gz
H2E P Hgt 4455291925 £ 9120 nimo-
dipineg WE¥o2H 238 43X £ U
1020 YA FEL HAYF AL 2AVI5 o
g Ted AT HEE g2 F
8] o3 FAED. Taolo] oy HE

- 612 —



F5Yd T8¢ 4¥L shev BEIAYAE
g2 U2 oy #9& Addiq HE2Y
FHE qARe 2N EAHEEY FHE ALY
4 %129 nimodipine® 2 {18 Vel @Fo)
&3 FHEA fFE2H 2GS FEHE o
¥Zol td% o3kd & JAHY. F nimodipineo]
YEFEE qANVIE AT HAF Ag2H S
AREFE 3T, =4 DEY NEE A4 B
Bo] &Asfol 1 Ao YL BFE F
AL ALY o) TR ERLUE F4 HABY
A4 dHeE Agstede Be FIE
SYG). aHY & AHAM AHET FERYL
H71Y 4 FEHZN 2YololA HENF fE F
Sd3te HPE A& old I HYAY o
A BT Aol7t AUtk mekA ¢
o2 HxFes} 2¥& ALY FELYPIY 7}
Q4 AR 2YA ERLUT SE2Wt
E3}e] s}l U]S FESE o] YA Y Aoz
Atg g},

2 o

AAEL 60ntE] o] AFHE HYFTER AHR-3Ho
53 AT o2 FUHTHL AN HBNE
f'&43}3, nimodipine ¥EAE, 24 2¥Y @
EX 8, ERANEE AP sA, 6413, 124 L 24
Azt TTC g8 Agae H3H 2718 &
i ¥ EH 3o

FUSLEY HYF Z 2T ANATYe) G
734 =271 nimodipine A EF, FEA ¥
ANEE, EFAEZAA d2Fd ulsl dudA
ZaHo ANes(p<0.05), A HAEH A7
B3] A d=F ¥)3Y nimodipine X &,
FEY LIUAAEL, TGS TAA oo YA
g2l UANHPp<0.05).

a3y ERHEF, nimodipine BT, F5EA
AYFAET 9 vRdHe EFABTAA &
Ze) @E8TEg HFN 277t T o I
a3gov, 54 fFJ4Je Aole AN
upebx] o] AP AFHZAE YA EFAETL
nimodipineo] W} 24 n¥Y d5Aagnc a3
7b $9sAE @8 Aoz dF8d a8y A

A HAA Yo G7H T4 HAHY 2
dgeorz $F 74 HAMTYH T8 A
Foay¥e UG SEANUNN EPAR &
}g o 23 A7se Aol Way Ao 47
dg.
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