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The Effects of Nimodipine and Intracisternal Urokinase
on the Content of Leukotriene C; in the Brain Tissue
after Experimental Subarachnoid Hemorrhage in Rats

Sun Hee Lee, M.D., Man Bin Yim, M.D., Sang Youl Kim, M.D,,
Jang Chull Lee, M.D., Eun Ik Son, M.D., Dong Won Kim, M.D,,
In Hong Kim, M.D., In Kyu Lee, M.D.**

Department of Neurosurgery and Internal Medicine** School of Medicine, Ketmyung Universily,
Taegu, Korea

To find out whether early lysis of subarachnoid blood clot with intracisternal urokinase
as well as intraperitoneal nimodipine prevents or decreases the breakdown of arachidonic acid
(AA) of the brain after subarachnoid hemorrhage(SAH), we have investigated the levels of
leukotriene(LT) C, the metabolite of the lipooxygenase pathway of the AA metabolism, in
the brain tissue after experimental SAH in rats.

The experimental SAH was induced by an intracisternal autologous blood injection through
the catheter which was inserted into the cisterna magna. Experimental animals were assigned
to one of four groups as follows. The control group(I) was that intracisternal saline irrigation
was done after SAH induction. The second group(I1) was treated with an injection of nimodi-
pine(4 times per a day of 1.2mg/Kg until sacrificed) intraperitoneally alter SAH induction,
the third group(ITI) was treated with an intracisternal urokinase irrigation(3 times per a day
of 0.Iml, 1ml : 20,000 unit urokinase, until sacrificed) and the fourth group(IV) was treated
with intraperitoneal nimodipine and intracisternal urokinase(same regimen as above). Average
levels of LT Cg4 in each group was determined at 24 hours(subgroup a), 48 hours(subgroup
b), 72 hours(subgroup ¢) after the induction of SAH by the radioimmunoassay method.

The results showed that the average levels of LT C4 was significantly enhanced in the brain
tissue at 48 hours after SAH induction in control group(group Ia vs. Ib vs. Ic : 43.85+ 15.62
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vs. 184.321 27.46 vs. 39.29% 12.79pg/ml, respectivly. group Ia vs. Ib vs. Ic; p<0.01) and was
decreased by intraperitoneal nimodipine, intracisternal urokinase or combination of both at

48 hours after SAH induction(group Ib vs. ITb vs. IIIb vs. IVb :

184324 27.46 vs. 41.99+ 5.94

vs. 37.68% 104 vs. 37.38% 9.27pg/ml, respectively group Ib vs. IIb, ITIb, and IVb ; p<<0.05). Howe-
ver, there was no significant differences among the second, the third and the fourth group(group
[Ta vs. IIIa vs. IVa, group IIb vs. IIIb vs. IVb and group Ilc vs. ITlc vs. IVc : 41.07+ 7.06 vs.
3797+ 448 vs. 31.84% 6.07pg/ml, 41.99+ 594 vs. 37.68+ 10.43 vs. 37.38+ 9.27pg/ml and 3641+ 6.76

vs. 37.98% 345 vs. 35.59+ 8.37pg/ml, respectively).

We concluded that the early lysis of subarachnoid blood clot with intracisternal urokinase

had some benefits against the damage of neurons in the early period after SAH as much

as intraperitoneal injection of nimodipine. However, the benefit of the combined treatment

with intraperitoneal nimodipine and intracisternal urokinase, compared to intraperitoneal nimo-

dipine or intracisternal urokinase alone, has not been clearly established.
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Al 716l mpEtA] Zhz}; 24 A13HE, 484, 72X
T2 YA HE3tS urokinase T M A FEE9
48 A1 4ute], 29 UM A 4FL sopa)d &
59ute] o] oisfA A E3tH TH(Table 1).

2. Slgui

A2 sodium penicillin 30,000 unit/Kgs 8 F 2
ol FUT F nemburl 0.05 mg/gs B3
Fdstd mHHE &x, €& )7 (Topeon.
OMS-80, Japan) 3dlollA] thEFH S &Rl 25
gauge =& AU o] =L F3 APNNF
49715 € 27 Stk YA 2YE fE
she e % $%0) maw D FUsG
= 942 292 0N DARD AT T2E

PFAEY 0L T/ FFHL meA o 2 am
A% $Ug WAHD ABE AT/ o g

Table 1. Experimental groups¥

Groups No of cascs
[  SAH with intracisternal
saline(control group) 15
Subgroup a(la) 5
Subgroup b(Ilb) - 5
Subgroup c(Ic) 5
IT  SAH with intraperitoncal
nimodipine 15
Subgroup a(lla)
Subgroup b(IIb)
Subgroup c(Ilc)
ITT SAH with intracisternal
urokinase 14

Subgroup a(llla)
Subgroup b(IIIb)
Subgroup c(IIIc)
IV SAH with intraperitoncal nimodipine
and intracisternal urokinase 15
Subgroup a(IVa)
Subgroup b(IVb)
Subgroup c(IVc)

Each group was scparated into the following three
subgroups, subgroup a: assay of LT Cy at 24 hours
after subarachnoid hemorrhage ; subgroup b : assay of
LT Cy at 48 hours after subarachnoid hemorrhage ; sub-
group c . assay of LT Cy at 72 hours after subarachnoid
hemorrhage.

* Abbreviation | LT=lcukotrienc ; SAH = subarach-
noid hemorrhage.

THIEUN-FFE T4l s A Ho o 3
mm FEo I7|2 FHE PEAM HAYL A
AT 3 25 gauge THS T HHFYgo] UL
f7}2] th2E 8l ALY A AYdte] T
Te] nASET. o] =FL E3}a 0.01~0.03
mle] HHFR e FIAMNAT & g gHe A A
g 271 F9E 0.2 mlE tiRo)] FYE ¢ |
A B EFE 2UAMZ FAA 72 ab3] oA
AAs] JEHA HE FhEo) FFE 435}
At

HAFHE} 28-S X3 I nimodipine F<f
T < nimodipines dFFo] dHA 1.2 me/Kg(2}
1.8 mh)e] &£Fe g BN RS &Y, uroki-
nase & A3 F& FALE

= =2 A=

urokinase 20,000 units

255 1 mlol 83AANFE ¢ 01 miy 2o

AMA olm] dA o] gle =#E Fal F98)
Ao A Ay tf ZAHFL 0.1 mle] FALE
Ae] HY94+E AFE-8a] urokinase tlZ A3 3}
2 Woz A3k

¥4, PaO,y, PaCO, @ FWE 9] pH 242,
AZuts YL S5 A, Fo Wz e
kel BAT HAN7 QA6 B2 AW
o1, Instrumentation Laboratory(U.S.A)AFS] & oY
7FAEA71(1L813) & A8l 2335} c).

3. LT C,2l £F & SAIXe

A4 FEENA 47 A A4Y =2 F, 24
AlZt, 48A1ZF B 724171 F- nembutal 0.05 mg/gS
B FYste ohAE o 5G9 U9
14 ¢ 10~15 mge] MzHE AAstgon,
NG M e FHE A&t A2 F2}38)

FAARE Fdo2 AP d(Fig. 1).
AF T h A AR 22 ZA] 1 ml9] Krebs £
(NaCl 118 mM © KCl 4.7 mM : MgSO, 7 mM : KH,
PO4 1.2 mM : NaHCOj3 25 mM ! glucose 1 gm/L) ©]]
B3 37CAA 1A B FREIATH o] 3 o
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ALY +, 45de HSA LT C, FF & 53 Y
m7hA] —80Ce] E#stdt. HEzAW LT ¢, §
TS SAMdE, Aol BN £98 A
=203 Amersham AF] pH 100 columne®l] H3}A]
711 methylformate2 F&3l¥c). $23 292
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Fig. 1. Basal view of rat brain showing diffuse subara-

chnoid hemorrhage in the basal cisterns 24

. hours after experimental subarachnoid hemor-
rhage induction.

bufferel] &3]A]# Amersham A}e] LT C; kitE
AL g-ste] WAL AEgEAH O R LT CE 533t
Gtk 7 Tre] 2AH Aolol gk §4 A
29 Kruskal-Wallis 1-Way ANOVA 2 Mann Whit-
ney U TestZ 3827 pgke] 0.057]RF2 A
gelgol 9 Aoz dsit

24 I!__l.

1. MH7|s SEX]

ARz, APRZAF 2 2 AR

=23 ¥}, PaO,, PaCO, ¥ pHY FAHAE Z
A TN EF 34 HYE Bgen 7 ¥
1ol A &9 xpole ith(Table 2, 3).

2. &|X|ZF0f5} BEO| WA
24N Ze] tal A¥E A& o H71A
2o} YA Fote Y2 FHARE PP A BE

T

AEqA HNAEY 2 willisBE FHSE BF

o] FE Aol &etoz A=A (Fig. 1).

3. =9 LT Cy A

fzZ (e LT Cy AR 24AZT (1) 0] 43.
85+ 15.62 pg/ml, 48A|Zr(Ib)o] 184.32% 27.46
pg/ml, 72A17+F(10)°] 89.29%12.79 pg/mIA LT,
48N+l FelAdo] Qe EL FAE BEuH
(Table 4, Fig. 2).

4. ALl LT Cy FFX|

HAHF F9) A nimodipined (1D LT C, =3
X e 24217+ (11a), 48A1ZH(1Ib), 72A)ZH(1Ic)
o] z}2} 41.07% 7.60 pg/ml, 41.99+ 5.94 pg/ml, 36.41
+6.76 pg/miAen o Al F7tel] {7 Aole
ATk Urokinase THEAAHZ(IDLS 24A] T
(111a), 48 A 7+ (111b), 72A)1 7+ (111c) ©] 242} 37.97
+ 4.48 pg/ml, 37.68% 10.43 pg/ml, 37.98x 3.45 pg
/migen Azt Felg zto]& A Nimo-

Table 2. The results of the mean arterial blood pressure in experimental animals®

Groups Prc-EXP Post-EXP Pre-BX
MABP(mmHg)

Ia 98.00% 10.37 100.20%x 4.55 99.00% 4.18
Ib 100.80t 7.26 99.40x 3.58 98.60% 9.21
Ic 103.00+ 3.08 100.00 7.21 97.40% 6.15
[Ia 99.40% 7.67 99.20% 7.05 100.00t 7.04
I1b 97.20% 9.07 99.70% 2.97 96.20+ 3.90
[Ic 96.60%t 5.27 99.40x 9.40 98.40t 4.22
[1la 99.40%t 2.61 101.20£ 1.30 99.60t 3.21
[1Ib 98.75% 3.95 98.25% 1.50 101.50% 3.11
IIlc 100.40* 6.19 98.60%x 10.60 99.40+ 3.78
IVa 100.60t 3.44 99.60% 11.33 98.60% 10.95
IVb 100.40E 3.65 98.80+ 9.34 99.40%t 6.02
IVc 98.80%t 9.99 97.80x 7.19 98.80f 3.90

*Valucs arc cxpressed as meanst SD.

Abbreviation © Pre-EXP= preinduction of subarachnoid hemorrhage 5 Post-EXP= postinduction of subarach-
noid hemorrhage 3 Pre-BX=bcfore taking the tissue specimen for the assay of leukotriene Cy4 5 MABP=mean

artcrial blood pressure.

— 368 —



Table 3. The results of the gas annalysis in experimental animals#

Pre-EXP Post-EXP Pre-BX
pH |
Ia 7.41% 0.03 7.42% 0.02 7.41%x 0.05
Ib 7.41x 0.06 7.43% 0.05 7.40% 0.07
Ic 7.41%f 0.05 7.44% 0.07 7.40% 0.06
IIa 7.42% 0.05 7.44% 0.02 7.42% 0.05
IIb 7.42% 0.02 7.42%x 0.04 7.40% 0.06
IIc 7.43% 0.02 7.44% 0.05 7.41% 0.07
[I1a 7.43% 0.03 7.43% 0.02 7.40% 0.07
[1Ib 7.40% 0.04 7.41% 0.03 7.42% 0.05
IIIc 7.43% 0.04 7.42% 0.04 7.43% 0.04
IVa 7.42* 0.09 7.43% 0.04 7.43% 0.10
Vb 7.42% 0.05 7.40% 0.02 7.40% 0.07
IVc 7.42% 0.02 7.41% 0.07 7.42%+ 0.05
PaO,(mmHg)
Ia 92.52+ 5.55 89.38% 6.80 90.54% 7.24
Ib 81.70£ 11.55 79.56+ 13.44 81.88%t 9.27
Ic 93.02% 16.29 86.16 9.12 82.46x 9.32
I1a 89.76+ 11.91 86.16 6.59 81.00+ 12.82
IIb 88.28+ 13.54 86.92%x 11.03 8§1.06+ 7.31
[Ic 86.04+ 11.33 80.54% 4.87 82.46% 10.29
[ITa 88.20%£ 10.14 79.82+13.93 83.42* 9.38
IIIb 83.68% 6.49 82.631 12.47 80.28+ 3.74
[IIc 87.28% 6.96 82.84% 6.97 83.40% 4.47
[Va 84.86+ 8.18 79.90x 10.71 81.96+ 6.38
IVb 86.28+ 7.92 80.86%t 3.61 79.00%f 6.90
Ve 85.70t 6.62 82.46% 6.16 79.34% 9.0l
PaCO,(mmHg)
[a 39.06 4.30 39.14%+ 2.67 39.66x 3.93
Ib 40.16%t 5.55 39.58x 5.81 39.84% 4.44
Ic 89.52+ 3.82 88.02%t 4.05 40.20x 2.93
[Ia 39.62+ 3.30 39.90f 2.62 89.38L 6.55
[1b 38.02% 1.03 39.20x 1.91 40.58% 3.99
Ilc 39.26% 4.07 38.96t 4.138 39.78% 3.58
[Ila 39.90+ 0.89 40.08* 4.97 40.76x 6.05
I1Ib 39.88% 4.62 39.84+ 3.68 39.23+ 3.62
[IIc 38.36+ 4.10 40.28* 3.52 38.56t 3.81
IVa 40.44%= 2.87 39.56%t 4.16 40.04x 2.58
IVb 38.54+ 2.71 37.98+ 3.56 39.89% 3.80
IVc 38.80f 1.24 38.60t 7.09 38.80x 4.23

*Values arc expressed as means® SD.
Abbreviation © Pre-EXP= preinduction of subarachnoid hemorrhage 5 Post-EXP=postinduction of subarach-

noid hemorrhage ; Pre-BX=bcforc taking the tssue specimen for the assay of leukotriene C;.
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Table 4. The average levels of leukotriene C4 in each group¥

Groups 1 . -
Subgroups®
a 43.85% 15.62 41.07£7.60 37.97% 4.48 31.8416.07
b 184.32% 27.46 41.99% 5.94 37.68X 10.43 37.38%£9.27
c 39.29+12.79 36.41£6.76 37.98% 3.45 35.59+ 8.37

#Values are expressed as meanst SD(pg/ml).

*a=assay of leukotricne Cy at 24 hours after subarachnoid hemorrhage ; b=assay of leukotriene C4 at 48
hours after subarachnoid hemorrhage ; c=assay of leukotriene Cy at 72 hours after subarachnoid hemorrhage.

Level of LT Cyqlpg/ml)
2501

200f [ -
150}

100 [

Groups

Fig. 2. The comparision of the average levels of leukot-
riene C4 among the groups according to assay
time following subarachnoid hemorrhage. The
average levels of leukotriene C4 was significantly
enhanced in the brain tissue at 48 hours after
subarachnoid hemorrhage induction in control
group. Each average levels of leukotriene C4 In
the treatment group llb, lllb and Vb was less
than that of control group Ib.

* 1 Kruskal-Wallis 1-Way ANOVA ; Group la vs.
b vs. Ic; p<0.01.

** + Mann Whitney test ; Group |b vs. Ilb, lllb,
and Vb ; p<<0.05.

dipine?] B F 9} urokinase thEA|3-E X
Pt Al F(AV)l M= 242 (Iva), 484
HE(IVh), 7241 (Vo) o] 22t 31.84+6.07 pg/
ml, 37.38%£9.27 pg/ml, 3559+ 8.37 pg/mlZH A
T {3 Aol AATH(Table 4, Fig. 2).

5. =1} AYIZIe| LT Cy B EJX|2
A}o|

24N T3 72A1 T A E HE2TEY 4 43

79 LT Cy ¥ FAXE] TF WA Ustey

EAE fdAHe AU, 48A1FAAME & 4

Hzo AN/ gz2TY ARG 3
A VEFsTH(Table 4, Fig. 2).

6. LT C4 SHX|Q BAH BS

fzFoME 48AFZAM FATH F43U
= HYHS 2RO 12AEAA A 24413
23} 2§ FZoz AP, AYUT FAA
nimodipinex ¥} urokinase zM3F 2832 F
A E Hgsta AP§F TAME ¥ Aol=
AT EARA fA4JE BAH HFLS
%) tH(Table 4, Fig. 2).
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o] & ¢7] fdtgre B Ao FEd HA
Foat 2GR o] BE F22 HAAFHE
2YE ALY 29 2 FeERE F4 <
T3e o] Wa¥ zloz AzZE.
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HAFersl 2 F ofr|Ee HEzZH e &4
&} 4], nimodipine®] F9} t)FW urokinaseZ
dFE £71° FaAl7]= ol HEz2] e &4
A a3zt JdeA oqFe 2 ol WS
A dsaARTL eA AF-E Dot BY| 5t
Ao 484 HAAFZE =S op7|A7Izn
AATAL 2H2Q) LT Gt ZH oA 238 v
a3 2 2E82 A

=79 LT Cy SA A o} ¥ aslty & 9, nimo-
dipine o] &3 t) ZU] urokinase F 7 X5l A
HAFE 2YFESF 48A10ToNA LT G &
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