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p211 Z£M2647H~301TH

20% 3 2. — 7 1 — A phosphate-buffered saline
(LLF PBS L W59) #i200ml & & & (2 HEHE
LA L7z, fl U722 Mi320% > 2 — 7 o —
A PBS 1B (C 2405 [ I L

p211 HM3747H
ARSI 1

p212 M 347H

horse

p212 A4 47H~517H

1 : 250 Anti-nNOS antiboby

p212 /Ml 8 47 H
o <k

p212® Table 1 % 45125T1F

BREEHE IR —H

iE

HIBR S %

20% ¥ 2 — 2 1 — A PBS Vil 12 24 FF 5
L7z, ZDi%,

mouse

1 : 2500 rat nNOS monoclonal antibody

i~ AHik

Table 1 Physiological parameters in control and MCAO
groups

control MCAQ 1h | MCAO 2h | MCAO 4h
(n=18} (n=18) (n=18) (n=18)
mean BP(mmHg) 116%3.8] 107+5.3 109+9.2 115+6.2]
pH 7.38+0.1] 7.39+0.1] 7.43x0.| 7.33+01
PaO2{mmHg) 134.6+8.4] 142.1+6.4] 151.6+£5.4| 149.414.2
PaCOZ(mmHg) 40.5+6.1| 42.8+2.2] 42.9+1.9] 419451

BE(mEq/1) 1.36£1.5) -0.12+0.7| -1.40+1.1| -1.50%0.8
Na(mEq/1) 142.1£1.3| 141.921.4| 143.8+2.2| 143.6+2.5
K({mEqg/1) 3.4£0.4 3.5%0.4 3.7+0.2 3.840.7]

Lactate(mEq/1) 2.5+0.3 2.3£0.4 2.7£0.2] 3.1+0.5

There were no significant change between control group
and each ischemic groups.

Values are the mean = SD.

MCAOQO : middle cerebral artery occlusion, BP : blood
pressure, BE [ base excess.
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REmMFHOGEMHEEEOREND—2 & L 2R E —B{LEESHBEFE (neuronal
nitric oxide synthase ; LI F nNOS £BEE) (20T, BAICH (T 2 EMERHL & nNOS D
ST ICBAL THREIL 7=. ZO#E, nNOS messenger RNA (LI F mRNA &B5T) (368
MEFICE > TEOEEMIROEMEEDH T, FERMM LB THLEEFBOShEDL -
2. L L, nNOS BZEMP-OHTIIEMES 1 B, S, RMDBETIE 4850
#HSETOBUEMRIMMT I PO ELS . AR /- nNOS DEEEH
N3 78, ROMAFHEBIRS ) MAEEFRBL NO ORBENTH 3 NO,~, NO; % HIFE
L&l 3, Rl 2B5MEL SHRAHMMAEED S5, nNOS DRIRMBEEVETHB7-
nitroindazole (LI F7-NI &BET) #EICELY ZOMMP NI Ehri. ChSDRERH»S
nNOS EJR ZRmiC LV {REEh, EICZTOHEEMIE mRNA LANNLTIE B BROBIEE
ZA6h%. HEBLILRMEFOER & &6 ICRMP O A S DFEA & RIERHF A
Y, BELU/-nNOS HFEEFEMEHB - TVWEEEZSNS. LN >TaNOSEHRD
NO (L& 2@ MRS IRMERE & 610, BIBOED S DBEANELHF >TWL T
EHRENE. CPE134E 9 B 3 H%8)

An Experimental Study of the Kinetics of Neuronal Nitric Oxide Synthase
During the Early Phase of Cerebral Ischemia in Focal Cerebral Ischemic Rats

Kunikazu YAMANE

Neuronal nitric oxide synthase (nNOS) is responsible for neurotoxicity during incipient
cerebral ischemia. The objective of this study was to investigate the correlation between cerebral
ischemic lesions and nNOS expression after middle cerebral artery occlusion (MCAO) in male
Wistar rats weighing 200-250 g. MCAO was performed using the intraluminal suture method, and
the rats were randomly assigned to a control group, and 1-hr., 2-hr., and 4-hr, MCAOQO groups.
Ischemic areas were subdivided into two regions including the ischemic core and ischemic
penumbra, respectively. After MCAO, nNOS and nNOS mRNA were determined by im-
munohistochemistry and in situ hybridization, respectively. The number of positive cells with
nNOS mRNA in the ischemic hemisphere did not significantly increase following ischemic loading,
being comparable to those in non-ischemic sites. In the ischemic core site, however, an increase in
positive cells with nNOS itself was observed at and after 1-hr. of ischemia. In the peripheral areas,
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such an increase was observed at 4-hr. after ischemia and thereafter. In contrast, an increase in
positive cells with caudate putamen in the non-ischemic sites was observed at and after 2-hr. of
ischemia. To ascertain nNOS enzymatic activity, plasma NO,~ and NO;~ (NOx) levels in the
jugular vein of the ischemic side were measured. Plasma NOx levels significantly increased at and
after 2-hr. of ischemia. However, this increase was inhibited by administration of 7-nitroindazole, a
selective nNOS inhibitor. Based on these findings, it is conceivable that nNOS expression is
stimulated by ischemia, with such a mechanism being predominantly regulated through its
translation phase, rather than the process associated with mRNA. Areas with nNOS expression
extended from the core site to the ischemic penumbra, with the lapse of time of ischemia, and
resulted in expression even in a part of the non-ischemic hemisphere. Findings obtained by
determination of NO metabolites indicate that nNOS might possess enzymatic activity. This is
consistent with evidence that the neurotoxic activity of NO produced by mediation via nNOS
extended from the core site to the ischemic penumbra with the lapse of time after ischemia. It was

also found that local cerebral ischemia would have an influences on the non-ischemic hemisphere.
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FPM : frontoparietal cortex
motor area

FPS : frontoparietal cortex
somatosensory area

CP : caudate putamen

Fig. 1. Coronal section of the rat brain (level of caudate putamen)

The coronal level was 0. 2 mm anterior to the bregma.
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b UBHRTHEL, 2UF RS
v b CE S 10um (2T L MAS
- pffEIATSL FILIR
(Matsunami) {Z B f$ 17 L 7. PBS
Tikif L7-@ %, 5ug/ml Proteinase
K (Behringer Manheim) #37C T
155 M BUS & € 72, 4 % PF T20
4y E % L 2mg/ml Glycine # 5
43 T i i& & 4 72, prehybridization

The CP and FPS were in the ischemic core and FPM was in the ischemic

penumbra.

(bregma 7 50.2 mm) % @&E L 7:. MEME

(caudate putamen : AT CP & B&§) & KENEL
B AR L E (frontparietal cortex, somatosensory
area ; LLF FPS L W&3) Z BInrOo80ic, KN
B2 BB EYEF (frontoparietal cortex, motor area : LA
T FPM EW53) % BMaA&EEHE Lz (Fig. 1).
4. NOS mRNA ®##t  (in situ hybridization )
1) RNA 70— ~XDIEK

nNOS cDNA 9% Solomon H. Snyder #($%
(Johns Hopkins University School of Medicine,
Baltimore, Maryland USA) 75 it 5 v 7275w 7z,
nNOS c¢DNA ® 4% % $§ Bluebcript SK™ % Cla
TLI M L5057 bp @ E ##1L L 72 nNOS
¢DNA % T3 70 E—# —IC& hfEk L. &k
12 # L L 7= nNOS ¢DNA (0.5 ug) {21 ul 10 X
transcription buffer, 1 ul 10 X DIG-RNA labeling
mixture (Behringer Manheim), 10 IURNase inhibitor
(Toyobo), 101U T; RNA polymerase # 1%, 37
TTI12057 MG & RNA 70 —XEEK L
7z, RNA 70—~ REET MY o LK 5
#fZ (40 mM NaHCO;, 60 mM Na, CO3, PH 10.2)
T7.3%60°C DK THAKSHE L, #1000 bp
WCLTHEALZ.
2 ) in situ hybridization

Ty MiIZ4 %85 7 4 VAT VT E FIBHK
(LAF 4 %PF & B537) 200 ml C 3 E € L 20%
¥ a.— % O — A phosphate-buffered saline (LI T
PBS & B&E9) 200 ml & X 6 (2l L4 H
L7z #th L7:-fix20% > 2 — 27 o — X PBS
BN 24 MEE LD BIZFSATART

1 site

{Z prehybridization % (formamide

(Nacalai), 20x SSC) # fm 2, 55
C T40 4> M 47 - 72. hybridization | nNOS
mRNA 7 10—~ (500 ng/ml) (250% deionized
formamide (Nacalai), 5% SSC, 50 ug/ml (RNA
(Behringer Manheim}, 0.1% sodium dodecyl
sulphate (LLF SDS £ W&§), 5x 7 v— bk
Mz T55C T15~ 188 M 47 - 7=. 304 ]
prehybridization i Titi%, & 5122x SSC T1
[, 0.2x SSC T 2 [ #H L /2. KIiZ TBST
(100 mM Tris-HCl(pH 7.5), 150 mM NaCl, 0.1
% Tween 20 (Nacalai)) % 5 4R &E S €7z,
%648 B I5 14 DIG Nucleic Acid Detection Kit
(Boehringer Mannheim) % JfJ \» 7=, 1.5% block-
ing #{ % 1 W¢M, 1:500anti-DIG antibody %
2 FRF M RIS & 72, TBST T 4 Mk L 7%
NTMT (0.1 M NaCl, 0.1M Tris-HCI (pH 9.5),
50 mM MgCl 2, 0.1% Tween) % 3 W[ Kt
& 4, NTMT : NBT/BCIP =1 : 50 £0.1 M
levamisol % Il 2 T24~30K5 M S fo S €72, 5
i L2 U R BEA S iR AT 2 8 (iBAS 2000 :
CARL ZEISS) # H\v»Tlmm 23 72 1) @ ikl
fEAh bl
5. nNOS ®#& i (immunohistochemistry : ABC
%)

7 v bEIE 28 ¥ h00.05 M PBS i 200
ml £20% ¥ 2.— # 0 — A PBS {200 ml Ciff
WMLADBLLELICHHLFSA T4 AT
YBEWTHMEL, 2V A%y PTHEE10um
YT L MAS 0 — MMFE X T4 77 R
A L7z, Vectastain Elite (Vector laboratories) #*
HWTABC EZ HWTRERD 1T - 7.
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PBS/0.1% Tween 20(LAF PBT &

(#527% #3%5 2001)

Table 1. Physiological parameters in control and MCAO groups
2 - g

By THSE LR 1L5% control | MCAO 1h | MCAO 2h | MCAO 4h

normal horse serum # 1545702 (n=18) | (n=18) | (h=18) | (n=18)
7o #1212 250 Anti-nNOS antibody e T e [ 107253 | 10929.2 | 115%6.2
(Transduction laboratories) %60 |pH 0.38+0.12 | 2.39+0.1 | 2.43+0.0 | 3.33%0.07
P Pa0 2 (mmHg) 34.6+8.44 | 2.1%6.4 | 51.6%5.4 | 49.4%4.2

SERS S €A, PBT T35 \picoy (mmHg) | 40.5%6,14 | 2.8%2.23 [ 2.9+1.94 | 1.9+5.1
ST ok L BIC 2 k$itkL | BE (mEq/l) 1.36%1.5 | 0.12+0.7 | 1.40+1.1 | 3.50%0.8
= ~ | Na (mEg/D) 42,1+1,34 | 1.9%1.4 |443.8+2.2]| 43.6£2.5

LTEFF MLy b Z1: |k (mEg) 3.4+0.4 | 3.5%0.4 | 3.7+0.2 | 3.8+0.7
200T30 5 M K b X 4 7=, XKz |Lactate (mEq/l) 2,5%0.3 | 2.3%x0.4 | 2.7£0.2 | 3.1x0.5

ABC elite kit@T7EY ¥, E4F

Values are the mean = SD.

MCADO : middle cerebral artery occlusion, BP : blood pressure, BE ! base

YR A T4 B RIE S8
PBS Titif%, 0.05% DAB/0.01
% H, 0, THRBIE/, BALL
Y AL in situ hybridization &
[ A L T {5 AR AT L 7.

6. NOfUHEW (NOx) DillE

83 L7z nNOS 24Ef b s T
WANE D DERET A0 BN
o NFHHERIMZ ML NO D
R#EWHWTDHAHNO,, NO;” %
HE L2, T35 v bOREER
EHML, 1 ml ORI % AT > 7. 0C, 15000
rpm T 5 7R E0 L 72 # Z MiiF % 200 ul $RELL
EED A& 7 — &z #EE LEET, 15000
rpm T 5 4 BE0 L7z, EiE#200ul RELL
Griess 319 % W T NO,~, NOs 2#HlELZD
#i A NOx & L7, & 52 nNOS BIRMHE
#| T & %7- Nitroindazole (LA F7-NI & #7)
WA S (60 mg/kg) L IAAKD J5 i T NOx
ERE L.

7. BEZHNTA—F—

MRS 2 =& — ¥ L CEIRIMF D pH,
Pa02, PaCO2, base excess, Na, K, lactate % {fll5€ L
LB EM I —RBE T TITPh TS
CLoEREE L.

8. A FHRE

B OENI-EBRHFIET ST mean £ SD TH
AL, MEIFNAEEEZEOREL, —XolaH
2 X BIRIT & AT - 72 #1412 Student’ s t-test & F\»,
1%%kiHrdboTHEEEZH L LI

EXcess

Fig. 2. Most of the in situ hybridization positive cells (a) and immu-
nohistochemistry positive cells (b) which is also contained in the neurite
{arrow head) (% 1000)

Fig. 3. nNOS mRNA positive cells in the CP, SSA and MA
after 1 hour of MCAO

{a), (c) and (e) were in the non-ischemic sites and
(b),(d) and (f) were in the ischemic sites(in situ
hybridization x 400) . There were no significant changes
in the nNOS mRNA positive cells between in the
ischemic site and in non-ischemic sites.



(/mm®)
154 154

[ non-ischemic site
104 W ischemic site

(hour)

(c)

Fig. 4. The number of nNOS mRNA positive cells in one square mm in the CP
(a), FPS(b), and FPM (c) in the control after 1, 2 or 4 hours of MCAO
There were no significant increase of them in each ischemic area, even after

follow up ischemic loading .

5 KGH

Fig. 5. nNOS positive cells significantly increased in the
CP, SSA and MA after 4 hours of middle cerebral
occulusion.

(a),(c)and (e) were in the non-ischemic sites, and (b),
(d)and (f) were in the ischemic sites (immunohisto-
chemical stains, X 200).

AR @ 7 v bR R R L S A R R DB IZ IS S 0F7E

= R

HMZMIN5 A — % — (Table
1) TiE, Wi 7 v—7HT
LAREEIRD N EdoT.

1) nNOS mRNA 35 X UF nNOS
MM > T

in situ hybridization 3 X U'%uj%
et i\ X 2 BRI VTR
AR R bh: (Fig. 2).
2) nNOS mRNA @ i ifit & 7 {2 &
A%t (Fig. 3,4)

nNOS mRNA 5 ¢4 4 o $id = >~
b 2 — BT CP A%11. 7% 1. 3/mm?
TFPS (3.8 % 0.9/mm?), FPM
(2.7x0.6/mm?) LHBELTHE
2% H -7 (p<0.001). il
&k HE i 0l % H ¥ 3 % & nNOS
mRNA MR IcH EERZ
HHNT, BMAMICLAELD
AN hol., FlEmEEEEZELESETH
Bt s B bzl 6o 7z,

3) nNOS O EMEAMIZ & 5%k (Fig. 5,6)
nNOS By tEflifaiz o~ b o— VBT CP ¢

5.4+0.3/mm? T FPS (1.5 +0.4/mm?), FPM
(1.120.2/mm?) LB L THBEIIEZ 12
(p<0.001).

+ IO

CP Tid nNOS [EHEMIALIX T > b O — LS. 4
+0.3/mm? & g LT, dE i 1 B #£9.3£0.6/
mm? (p<0.001), 2 WM #10.2+0.8/mm* (p
<0.001), 4 BEM#H#£10.6x1.1/mm* (p<0.001)
LAEICHmML T, FoEEmLM TR, B
1 2 BERI#% 6.4+ 0.5/mm? (p =0.003), 4K
f#%6. 7+ 0.8/mm? (p =0.008) &HghmL Tw/-.

FPS Gl ¥ b 0 — WV BEASL.4 £0.4/mm? |
af L CRE M B ¢ ik 1 Wy %A 5 2.28 0.8/
mm?(p =0.05) L ¥IERICH D, 2 KH{%8.6
+1.0/mm?® (p<0.001), 4 K§[H#%13.2+2.7/
mm? (p<0.001) &AMICHIIL 7. FEify
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*  p<0.001
** p=0.003
*** p=0.008
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Fig. 6. nNOS positive cells in one square mm in the CP (a), FPS (b), and
FPM (c) in the control and after 1, 2 or 4 hours of MCAO
There were significant increase in nNOS positive cells in the CP, FPS and
FPM after MCAO. The CP showed a significant increase in nNOS positive
cells in non-ischemic site after 2 and 4 hours of MCAO as measured by
ANOVA and the Student’s t test.

*

(um) T .
40 *
IR 7-NI (+)
W 7-N(-)
30
| *  p<0.001
20 ** $=0.008
*4k 50,001
10
each groups
n=5
0_ ",
2 4 (hour)

Fig. 7. Plasma NOx levels in the jugular vein of the ischemic side
There was a significant increase of NOx in the 2 and 4 hour 7-NI (—)
groups as compared with that in the non-ischemic 7-NI (=) group.

(BF27% #53%  2001)

o LCREMmM < m 1 BT
{1£1.3 £0.5/mm? (p =0.3) & H
HaEROLhotzt, 2 HHE
1.7+0.6/mm? (p =0.06) & #4hn
Emizd b, 4FFH %5. 1+ 0.5/mm?
(p<0.001) EH/HIZHML 7.
FEREMA TIEE LIRS SN %
oo,

4) KAl S X A i i 4 P S i
kb NOx w4k (Fig. 7)

Mg i 0 PN 3 IR © NOx 12 a3 >~
FE— VL3 1.5uM IR LT
MM 1 KEM13.1+1.1uM (p =
0.06) EHEmERIcH D, 2 KR
#17.6+2.1uM (p<0.001), 4 ¥
M #%28.10.6uM (p<0.001) &
HAEEE - THIMLZ.

T-NIf S5 R L s E T
o= HTIX11.2+1.5uM TT-
NIJE# 50 &L HEE T RV,
HEIM 2 BEM#%14.2+0.5uM (p =
0.008), 4 W§[H#£16.8=4.1uM(p
=0.001) &PEEIC NOx PEE DS
HENBD LN,

% =

MEIMmC & > CTHl &Rz ghb
SO MBREE L, o8
Wiic X 2R 7V a— 20t
L Choichl&hEa BT s
R AR & - THI &
B ENA, RAHRH N R
W&, BRI X Y Mifasto 7w
I VERAHEIL, vy I %
Hiko—HfiTdHAH NMDA (N-
methyl-D-aspartate) %% %% 1 A% 1%
b h, fEMRNICE LYY

TIXEERBD SN Aoz, LA YIERITHAL AN MARFHEREH
* M I 32 R MEHE L E D, Zh 6 DOMERIC X - THREM

FPM Tl >~ b o — U#EA81.1£0.2/mm2(2 HFEA G| ER ENLEVHITNLY I VHE-H




My AEBYRb oL b ARSI TS,
ZFLTLEBOBRKIZBWT AN Y Y kRO
nNOS i3 M L s h, Z&ED NO #° ONOO-7%
LD Y hNME o THIRIENE R 08 L2
DNA MR bR EDBELXBITEEZLNT
D‘Z)M}.

nNOS ASH #EREEM IZ/EF 3 5 2 & 1Z nNOS
DBERMEEH TDH H7-NI D% 51919 %5
nNOS / v 7 7% b= A% vz ik m%E
BRI LMIERTWS, LLIhS
DEETIZ, FICHEEEMOWIR S/ v 7T
b= A HEOKEFEME AT NMDA S22 450 i
o THEEZZTLWI EREEL T
nNOS OMEREM LR L TH Y, FHEMmHE
i & nNOS OEH IR 2T ORER 2 BE
RrshTwhw, SoZEH40E, v b
TP B e I 7V % F VTR I AR O & R i sl
AR LRI SRR A X L, MR A L S
T nNOS DRBEMM OB 21To72.
7= nNOS mRNA BPE#fifa & nNOS B ¥E#liAa &
L, FRR IS TR nNOS o ZEBIE)E % F
AR7E,

FEEEO&E R, nNOS mRNA B4 M 13 i ifn 1
HENTHEIL Ldo72h%, nNOS Bl
MmO CP T EMmAEIRM &Y S,
FPS Tl 2 B &2 &, BIMLA#HEBD FPM T
i 4 B A S ZNEREEORME LT,
Z OFERAH S nNOS IZINEIMIC X » THEET S
Z LRI, Zhang 513 T v R
HE Iiil & 7 )b T northern blot analysis % 1T\,
nNOS mRNA 75EIM#% 1 B Tho L BB L
TWwAhI L% RLA SHOEEN S
mRNA B ¥ MR 30 L %2 v & v ) #ERA
Hizas, FOEPIE mRNA O H 0
WwWickabnrEbhs SHBIHo7zin
situ hybridization {3 #IfE A IZFFFE 3 5 mRNA %
B L, MlEMA B TELhETH
ADIZ% LT, northern blot analysis (352 ?#H
1D mRNA 23 XCRHIET % 72 mRNA 538
MULZzE VI ERBB ORI REEYD 5.
nNOS D Z BRI, MEOBBENFTET S L

WA ¢ Z v bR T O AT — B b B A R O BN T BB 215

B3 % 139 nNOS mRNA [t f o s
Zit€ 3, mRNA 25 BROBE 2 ~THM
3% nNOS MMM L2 b EE
ZRMHRBROBRTLESNATVWALEEZD
ns.

nNOS mRNA #5 X UF nNOS Bl 13 bk g2
LRk BbhagzF LTV, ¥
EhshdEMEHRLELZONLY, FUT
MR THL20Er2EHNTHIE7) THkRS
X UMBMRRICRA OE e BT o0 Y
LTENEITILENDS.

HEM#IE & nNOS DSFEHIFH OB TH 575,
EImALOERD CP Tid Mm% 1 BEf 2> 5 nNOS
IETICWIML /=45, FPSTik CPh 68BN
TR 2 BEfl 2 S¥AERS Sz, JELl
BRI M 4 FERICHIM L THB Y, Rl
BB & DR & TLEBE S A2 nNOS D FE B [ 2%
R oTwi, AULEMPOEETH S5, BH
W D 72 23508 & A7z D i FPS A% if a0 8 40
@ FPM LB LCHBH, Moz sh
Feleb k) RENMHBE L EBbRZ. FH
BB X o THRIMLAHEER I E T nNOS 23
HEBLI-borEbha, FHEMMOCPTYH
2R S RBATLE L TH Y, BPTREE
OHBNEBRE TBLIATL D EE bR
b5, ThoOBIRMMEROE{IZESTY
FEHERTBY, EEVILMR 2 M I E M
H.0ERD CP TIXIEH @ 9 %, FPS Ti310%,
HE 1ML 58 #% &8 > FPM T1329%, JE M il & CP
Tl384%, FPS Ti384%, FPM T¥85%IZ 7%
HZERRLZ

— IR R AT D, BRI A325~50% 12
BT 5 LMBEMBAD S » 87 FEROIHA
Y, 10%UTICh s LIETHEERBIRS &
wWbhhTwa2®, WEMERO s ¥ 2376
BOWHIZFEICBRO L AL THESLLY L
# z HNTWv 5D, heat shock protein (24L& X
NBAPLAY RO K 5 ZEMIZE Y B
EANHBORE S HIICEHT 5 EEZET D
HFAES A, BILFEIRT nNOS ML A5
% EAZ 13 NOS B MMl A% i fn (0f L THEHT
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BB L) Z L LM LTV A TREMA
HAH. nNOS [ZIEIMIZH LTHEEORISE L
T, BEMEEIEM AR & X AMEREL B
FBAITCHE L 7T D B % A%, DNA D518
# HAYIZ IR R MR 5834 5 poly (ADP-ribose)
synthetase 7% DNA {5{HIZ £ it ATP #il% L,
RERMICHEMREELBRET 2LV LI %
B b H Y, MRS BAICRE L R
FEHVMBEREOREEL 252 LAH 5. nNOS
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