ESREIC X 5T v M BEHIMB#ERIC BT 5 NOHb DOHIE

A K

U RERAFBETRE EHE

i Loz

—E{tEFR (Nitric oxide, BLTF NO) i3,
MW EREERER T2 o, MR
EYE, ~su7y—Y - FhEBROKREIER
L, R nBEREC T IEEEMETHY
D0 B, R e & o g RR BRI T R

Bz, NOMFEET 2 L bHSNT WS,

B iR R CHIMFER SR &, Thi
5 NO DFEENF SN T, Larl,
KA EORRZA T, HMEEREEICS T 5
BENZ DV T TRHELE T Z W,

Mg H I i & vz NO i, RMmERA I A
¥ nitrosyl hemoglobin (BI'F NOHb) %7k
3 % NOHDb 3% F A v >3 (electron spin
resonance, AT ESR) & TR 2 =Z1E MR
MRS Y LT TTE B, AT, T
FEFEMEERE T VIcB VT, NOHEEKD
NOHDb % ESR #E2HWT, &ikz£Mo %
FEELE U, FHIMFD &5 FEER 60 58 & TREF
B HEIE L 7o, FIRFIC, ESREORER & g
570, MERKES 23EE L L, NO B4 DT
B iz s NOBEYE (nitrosyl hemoproteins
/'S-nitrosothiols, nitrite,/nitrate) %, nitrite
BREHEEZEDO—DTHIHEE? 2UEL

TR EIEL 72, ME, BMRE, #HIRERS
E, R0z bHlEL, BHEMEERE
EWCBIT B NO ORE|ZELZL T,

B &k

Sprague-Dawley > v +, HE28 08 (KE
320~520g, iy 442¢) ®, A (n=8)
TR B 2 45 S RIBEID U 7- R ER T 2 1,
BE (n=7) :EERERNC NO &REERR
EXEBEETLHE, CH =7) :JEHEIMEF
HEVREE (sham operation), D& (n=16) : 75
S FEER T 58, O 4FCH T TER
{77z,

ABOFMIE, UTOEY ZIT- 7. BIH
BhofREEIv b EFT I TNV MY
v & (50 mg'kg) THERERMEEL, EEAGIT
M % EE, ERBEEIRNICEALZSY T —T
WMICIEE R ER L, ERBEIRNOS 7—7
VSl T REIRICE W, TO%BEBEL, T
KEIRN D A 7 — 7 V5D, BEIRG RO
A, FFEiRemE L v Bl d 5 2 L 2R
L7zt EE. miloBEEkTwsEe, 7Y
v 7T Iy 7 Lk, S5oEEmE 7Yy
TR LR Y.

BRI, BEEERRMEMET (2> bu—n), KB

% —1— F ischemia-reperfusion, kidney, ESR
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HEERE

MM 40 9, BEmRK 159, 304, 6043 TH
2ml {7V, ESREIE, HOLEIE, RbiEERHE
E, FIRMIEA A SHTic iz, BN &2k
M2 & FEDANR/N Y — (hydroxyethylated
starch, 7HREEE) 2RAMEEE U CEEL,
B &k 2 MEVKT 272, #BETALE
WIEBRIR Sy B 2R, BRIMOFNT, i
DEEEIMME% laser flow meter (ALF2000,
Advanced Co.Ltd) THIEL 7.

B BT A B L REBRICIT Y, EVERERIC NO
SR EREER (N-nitro-L-arginine methyl
ester : L-NAME) # 50 mg kg #HEL 7.

CHEIIBENFRIRDFIBE & < A # & FRRAT
WV, [HIMEERIIITO 2o /e, B, A
B L ARRORERMR T - 12,

DEZARLRKCESFIRE L, H
%755 T - 72, FRILE, BREEMMEIET (2
v ru—n) , PRI 60 4, 7545, FEERE
154, 30 43297 7z,

ESR Bl 1X, LT OAETIT- 2. BRItk
EHI2£M 0,4 ml 2 ESR #lE BREE AN
BHRERTHEE L, ESREEEEBE I CHZE%

NOHb
(M) 12

m

—

2mT

—

E: signal height

a

16% 25 (1996)

7o 7. f A2 8 1%, JEOL-RE-1X (X-
band, 100 kHz) T, HIESMEZ, FO0EES .

315 mT, fR5IEER : 20 ¥, WEEIRBIIE - £25
mT. BEHZEHE 0. 1mT, #EIEEK 200, B
EH 003, A4 7 uFEHIT 8mW. =
A 7 a A 9.4 GHz, BMEEE : 20 [,
ThHb.

EXFHEKTCETHbICNO Y A 2B
L CABKL 72 NOHb % Fw, NOHbEE -
ESRETES NS NOHDb O 7 FIViEE OFF
Bt x i~ 2 c HFIBEGRSES -, (FHEER
£:0.99) ZOBREMEHRELT, EEOR
BrsEsh 3 ESR ¥ 7+, NOHD &
Exkoiz, (Fig.la, b)

HOGHEE 1, AT OFIETIT- 72, 2ImEE
% 3000 rpm 10 RO L TE S Lz Bk
%, AEEAEIKTHEER 1500 rpm 10 28 2 [H
L L, WERMBkEE. REARIMKRE 1 H
UEBEE L0\ THEEL, 18,000 rpm
15 oHELL, EEAZMBRERERTE L TH
B U7z, MBS % Tris buffer (10 mM, pH
7.4) THERE, 90°CT 30 ofEmE L. 2o

T
30 40 50
signal height (mm)

b

Fig. la: Characteristic triplet of purified NOHbD signal. E; height of
the center of the triplet was regarded as signal height of NOHb. b:
Correlattion between concentration and signal height of NOHbD.

Correlation coefficient ; r= 0.99.

1995512 H12H%# 19964 1 H29HKET

BIRIFERSE T350-06 MERAMBERLNEEAMS FEERMAEZBEHRESEE FEMIHR
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I#Ec & D, NOHRO NO HEWER VS &
b &I H 2 FLE U /2 nitrite nitrate 133X T
nitrate KBIE SN TWB EEZ T2, Z0%
18,000 rpm 154> f %= » L, & & & %
Ultrafilter T 7,000 rpm 10 2EEGIEBL T
BEBMEHAERREL . AWK % buffer TF
L L2E1ml & L, NADPH (500 M) 0.1
ml, Aspergillus B 3¢ @ Nitrate Reductase

(0,83 unit,/ml) 0.1ml Zi0Z, 25 DOER
T 20 /K JE & ¥, nitrate % nitrite I2&TT
Uz, RIZHFEPPEDAN ( 2, 3 -diaminonaphthalene,
0.05mg,/ ml, 0.62M HCl &) % 0.12 ml
iz, 1043#12 NaOH 0,06 ml 212 THY%
MEREME Y, 507K E D EHEE
2% (Shimadzu RF-5000) THIE L7z, (Ext.:
365 nm, Em. : 465 nm)

1: control

WERITEE C &, FZERZE L 72 nitrate
KHE#R (0, 0.1, 0.5, 1uM)IZ & > TR
L7z, :

MERERAR O Hb fEREIE (NEZ7 o> B
FTAMN7I—FEA) L, HOb HEE2/RERE L.

HOGHIERBHER F e B 5 N 3 M8 % v,
lactate dehydrogenase (2L LDH), aspartate
aminotransferase (LAFAST) OHIE®1T- 7z,
HWEFY ME, CIT A b7a—%FHw,

BEZEHE student t test &2 V>, p< 0, 05
EHEEREE L.

& ES

1) ESR signal
FREHPHMMAT (2> ba—n) 1id, KEZE

WWW
W

3: 15min reperfusion after 45min ischemia

4: 30min reperfusion after 45min ischemia
5: 60min reperfusion after 45minischemia

2: 40min ischemia

5mT

LI

Fig.2 : Representation of NOHDb signals of venous blood of rats
with 45 minutes warm ischemia and reperfusion of bilateral renal
arteries, 1 ! Just before occulusion of bilateral renal arteries.

(control) Unidentified free radical signal was detected. (arrow
head) 2 :40 minutes after starting to occlude bilateral renal
arteries, A weak NOHD signal was detected. (arrow) 3 :15
minutes after reperfusion, 4 : 30 minutes after reperfusion. 5 : 60

minutes after reperfusion.

NOHb signal increased in size
chronologically after reperfusion,
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DTV —FIHNVDY T FIVRERD STz,
B, THIM403 BT, gfEi= 2.0@3\.0‘_
NOHD ¥ 7 F Wiz R R 75 Z I8 B S
(triplet) »SH B L 7z (Fig.2). NOHb @ &~
TN, PR, RS & B miER
PR, BEREIS, 605 TlE, BERH
MM >tz (P<0.05)., L-NAME % &
WELLEBEICE W TIL, BEERCHES
NOHb O#FHMER X589 6 ny, B 60
i, BETABLIERT, BECEVE
ZRLZ(P<0,01), CEHICBWTIE, KRR
IS BEIMER IZRR D S 1703, HEINORRE
BAFLID/INEL, BERZOSDMEIZA
B CRELEEN, KEWEERLE (P<
0.05). BEE CHOMIZIZ, BERERZRAD
BN Tz, PLIMEERT 45 950 A # & [HIMFE
M7 90DETIE, BEREISS, 3050
NOHbOEIZHE
7, av bn—w%kﬁﬂﬁ70—7/ﬁ
NDY T FNWVICER > T, NOHb D ¥ 7+ v

u/u‘sb 6 ﬂtﬁb)"ﬁ f’ (Flg 3) .

DR & 753, 27 Flh 12 Flic &R & vz,
ZD5H D 8HE, FMFFOHMENS { —if
MEOEME#EZ LUIHEFTH - 7. FiFD
HIMENE »o 72128105 5 84FIT, 2> b

O — )VEHZ NOHb O ¥ 7 F VD 5, H
moAdrosf156F05%, a3 ha—n
FFiC NOHb O ¥ 7 FIVSEBO S iz DX 4 4
DHTHo Tz,

2) HEERIER

AFEE, 2> bha—AT20.2 #mol,/ mmol
Hb @ NO BEVE RS 511, FEfilgE Lt
WZHEIN L, FEERRE 60 4312 B> T 57, 8umol
/mmol Hb [2#¥EhL 72, B &R, BFEEEIC
FES MRS T, FERE 60T ARE
HNTHEEMEEZR UL, CHLDLT 2
M%mbfﬁ FEFR# 60 D DfEIZ, AFED
CHIVERCE»- . DﬁmEM¢#6ﬁ

BhaEineZo, REE e HcEmL i,
ﬁ&Dﬁ@ﬁuiﬁem&ﬁﬁ% %®6n
otz (Fig.4).

$ex

NOHb
(uM) ] Bl eroup A
3.5
B ES group B
3
- Il sroupC
2'5_: B group D
2]
1.5
=
0.5
03 =
. reparfusron
control ischemia 15min 30min 60min  time

Fig. 3 : Changes of NOHb concentration in venous blood of rats
measuring by ESR spectroscopy. Each bar represents the mean*
SE. The bar of ischemia of group A, B represents 45 minutes
after starting ischemia, group C is the same time to group A, and
group D is 60 min after starting ischemia. %P <0,05, * *P<
0.01 when compared with control by Student’s t test for paired
determination. #P< 0,05, # #P< 0,01 when compared with
group C by Student’s t test for unpaired determination.
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NOR o0 T —!V

mol/ ]
ﬁ'\‘tnol Hb) ] W erour A
507 £ sroup B
3 W groupC

40
] group D

w
o

~
o

>
IIIIIIIIIl

[N

o

rfusion

e
control ischemia Smin 30min 60min

Fig.4 : Changes of NO related compounds (NOR) in venous blood of rats measuring
by fluorometry. Each bar represents the mean+SE. The bars of ischemia of group A, B
represent 45 minutes after starting ischemia, group C is the same time to group A, and
group D is 60 min after starting ischemia. % P <0, 05,% * P <0, 01 when compared with
control by Student’s t test for paired determination. # P<0.05 when compared with
group C by Student’s t test for unpaired determination.

Tablel. Physiological Data of Rats with Renal Ischemia-reperfusion

Vein saturation 02 (mmHg)

control ischemia  reperfusion 15 min 30 min 60 min
groupA 65.8+3.9 63.6%£5.4 61.1+8.1 49.9+8.9 28.5+£7. 1%
groupB 69.3+4.7 62,2+6,1 56,6%8.2 54,7+6,2% * 23.9£9.6% %
groupC 63.7+5.0 64,8+4,1 59,2£2.1 56,7+3.8 43,1+£3.4% %
groupD 68.914.4 65.0+4.6 52.3£10.7 36.7+8.5% #
55,2210, 1

Renal flow (mlmin,~100g)

control ischemia reperfusion 15 min 30 min 60 min
groupA 23.3+2.1 - 19.7£2.8 19.9+2.6 19,4423
groupB 28.0+2.9 22.8+1.7 16,1+1.9 %™ 15.3+1. 7%~ 11,1£1.5%™
groupC 24,5%1.5 - 24,3%+2,1 22,242.2 22,5+2.1
groupD 40,144, 1 — 22,243, 1% % 18,244, 7% *

Blood pressure (mmHg)

control ischemia reperfusion 15 min 30 min 60 min
groupA 113+4 11045 110+4 109+ 4 10048
groupB 12145 11345 140+10# 139+7# # 128+18
groupC 118+6 11445 125+5 108+6 10845
groupD 11948 1195 12843 117+6
12544

Each value represents the mean=+SE. Ischemia of group A, B and C are 40 minutes
after starting ischemia. The first value of ischemia of group D is 60 minutes, the
followed one is that of 75 minutes after starting ischemia. * P<<0, 05, % % P <0, 01 when
compared with control by Student’s t test for paired determination. # P<0.05,# #P<
0. 01 when compared with group C by Student’s t test for unpaired determination.
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Table2, Biochemical Data of Rats with Renal Ischemia-reperfusion

LDH (IU)

control ischemia  reperfusion 15 min 30 min 60 min
groupA 737+ 94 834+113 11384203 * 1190110 % « 1404+198 #
groupB 932+134 9924147 14124234 1426+132 % « 24844425 % #
groupC 7324112 814+ 56 9024+134 733456 804+124
groupD 908+110 969+140 12944130 % 13934217 %

11162174

AST (IU)

control ischemia  reperfusion 15 min 30 min 60 min
groupA 69+ 5 81£10 11412 147422 % 219442 %
groupB 81+ 4 77+11 12017 151429 3651185
groupC 101+ 5 110414 11620 103116 125441
groupD 91+10 100413 13011 146+29

104+ 5

Each value represents the mean= SE.Ischemia of group A, B and C are 40 minutes after
starting ischemia. The first value of ischemia of group D is 60 minutes, the followed
one is that of 75 minutes after starting ischemia. *P<0,05 when compared with
control Student’s t test for paired determination. #P<0.05, # #P<0.01 when
compared with group C by Student’s t test for unpaired determination.

3) FRARIMEE R AIRIE

R B AR 13, FRRDRGE L (R T E
mERL, FCHERRICE, @Fcbar b
O —VE N, BEZEBEE2RLL (p<
0.05) (Table1).
4) BIiiE

CEurBWT ;c RIS BIRE D
BBtz onkhrole, ABCSE
W, BERE, a2V bu—wﬁib%ﬁm
fETH- 7203, EFfEEHS ZALIEER
D oo, Bﬁﬂ_lafi EE%&@
BImE3ERRRS 2 RL (P<0.01), FHE
Wk b BAMER D 7., DEICBW TR, B
HERBOBMFEIZI > b o — L e RTH 50

% T, BERBED 2R LT (P<0.01) (Table 1),

5) BIARIME

BEIZB W T, L-NAME ##:% OFER
B15A/, I ha— kL CEE M
FEEENED S5z (P<0,05)., 7z, BEf
ODEEWRKISS, 050MER, AFERC
BN, BRCEMER o7 (P<0.05). A,
C, DT, BHEREICHE> BEOMEET
{EREHERS 57z (Tablel),
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6) sEfifER
AFICB W TIEXLDH, AST {Ei%, RrfE#F
@S iR stz BEES, FfEERE
Lt EEMER R L 728, FRC T 60
STOEDE» oz, CRETIE, REREE I
S S we ERMEAIZ G o 72, DY, B
BT S AR 2578 S 17z (Table 2).

% =

NO BTHEF2EOERMEME T, Lo
WHEDESCERE Y v 7 CREIE 2RO 1Y,
M S 7z NO O —E1%, FRIMERA I
A D NOHb 2T A I EXHONT 5D,
NOHb IWAEERT T, Rz =g B
MHED ESR 7 F v e LTHRIHT E 31,

AHFFEIC B % ESR 12 £ 5 NOHb @ #l
ETE, 7y PB4 SHEOBREMIZBWT,
NO 13, BHBEFMrEE % 72 1 3BEMm s & BRic F 4
LTBY, HEREG D E T, R
o> THWMT 2 2 £db o5 7. Sham
operation FIZBW T d, FFEREICHES NO
OEINIFRD & N 7zhd, BINOREE X, HinE
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BERBELVERBICINE o, ZhoDI Eh
5, BHIMBEERICL 32 NOFEICEET 3
WFeL T, BEFMMcE 22 v, BHEIMm
HERO 2HETMEZ 55, NOHD IZ4HF
FTTIX, BEEFM S 105 98, HIMEER
25 60 MO, KRS BNkl
7o, PHIEFED NO FEEWRIZTHE 2T
%7z, FHINFER 2755 MIcER L, 455
Mo gLz, Ly L AEMcEEEZESR
DRPoTI Ed S, REBROFHITB LTI,
NO F#E£ 5T 2R+ & L CHMFEMOFS
WS wEEZ shiz, NOGEESR (NOS)
i, Fiewruyyr—IRFRRTER SN
% inducible NOS &, #iEMHBcE N 2
neuronal NOS, Il & W K M fdic&En s
endothelial NOS® 3 f@#E#35H % ),
inducibleNOS 13 cytokine 2 & 2 FEIZ £
messenger RNA #3%E L, inducibleNOS @
TR ERBITTEL, L8O NOBEKX
Nz, o THIEESZIT T o NO DEK &
T IFERFEAETH 5. neuronal NOS B
X Fendothelial NOS 1%, EHM BT 34
EO NOFHECED %, endothelial NOS 1
LFBZNOW, AEH I 7=v—1r v 27 —¥ R
EEL, MEFEAEmEsE 2%, BHMm
FERZIC I, BIMEON KM L L InE
EHRN AL, BEMBEMETT 5. Z0IM0fT
BNREDEE I LT, endothelial NOS iz & %
NO &, PRy s BE R R TeE b T,
AR BV TIL, BERERIC NOS B
HEFDO—>TH 3 L-NAME 2&EL Iz L
2%, NO OERKE, HERENMNTT, 60
51213 L-NAME 2 8E LR WEE &
FRCEEEZE L, £/, BERRE 15
WEERIE FEXED 5, FEERE OB
i, L-NAME B C I IERERE © g
L, BMREOET OREHEWEALFED &1
7z. 2O X5 WHEHBE T NO &M HE S 1,
HE W & D BIMREOE FERASRD 5 b 2
E o, BHEHMAERVBHCE W TR

endothelial NOS iz X > T NO B8 &Rk s 41, &
% @ autoregulation 2B A % BE 2 87 L
TWa ZEBRBINT,
MBOBEEREORE L U GEliBEROHEIE
NERLEINTWBRY, KFFIc8WTIE, |
MmEERE (A, D#) KU L-NAME #5450
MEEREE (B TR S B
D 5N, LDHICB W TIE, 512 L-NAME
ZERE L 7: BEEOBERE ORI - T
Wiz, ZhiE, L-NAME 2 £ 2 B~ 0E
BEEOEELBETE RV, NO GKRES
DIHEIW X 2 NO OB OSSR, Bl kE
E%5%Z LDH O LFEZR LI EHH NS,
ESR 2 & 52 NOHb D#EIE X, FUED S
MEBRAEZTHESEL LI CHETS, 8
Bl E2%, L»L, NOHb Dy 7+
VL, MEBREEMEOZ/IC LD, Hb»5
etk & 6 BRI b L, FhICHEWES
BENE(ET S 2 EMBERENTW DY, F7z,
HKELILENOZED I L Hh EET 201X
—ETHbB L, HFETL2ELVE ST I VP
DS OHNDY 7 F N ORERZ T AR
WhbHIEENS, ESRIEFEEEICHIT
LEENH L. £ I THLIE, Misko 51T &
ZHNRECL2EBEENOEENZEL, I
RN O NO BEYE #8IE L, AESREIC L
LERMBLEE L., EAECBLTH, Fif
Wk BA VR, FEIMEERSCREREI £ 5
AN, %72 L-NAME i X 2 HEZED & 1,
ESRZFZWC L AER EFFET 287005 7z,
ESR kI £ 5 NOHb O #IZE X, NO DE#
B BIE BT WS, BOGEIERER ¥ ofth
OBRERE AT 22 LT, X DEERL NO
HKEBOHAZHET I ENTEBLEZS
niz.

& B

v CEHMBFERCST 2 NODRER
%z ESR ¥k & #otE = v THEE L 72, NO i,
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FHitk 7T s S FEL, FERE IR
R & FcsEmL 7z, %72, L-NAME 2 &
DEECHEHEI L.

FRHIMFEER I & 2NOW, endothelial NOS
WL TEHBRINHIMEERE O autoregulation
ORRICERZEE R T EEZ 5N,

FEEkz 50, JBE, IwEEE-
7o By R ERR F R R F 38E FREF R
BIcEE T2 #ERPELE T, $, HIEHE
T =D ZiEE, JHIE RV WEK
¥E-ECFEERER B, BHE RSN,
B R ICES L ET.

AWML OEEZ, 523 EARMIILBES
SRS BVTHEL .
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Nitrosyl Hemoglobin Production during Ischemia-reperfusion of Rat Kidney

Waka SAITO

Department of Radiology, Saitama Medical School
38 Morohongou, Moroyama-tyou, Iruma-gun, Saitama 350-04

We measured nitrosyl hemoglobin by electron spin resonance spectroscopy during early
reperfusion after 45 min of warm ischemia of rat kidney.

The study population (28 male Sprague-Dawley rats) was divided into four groups: group
A 45 min ischemia-reperfusion(n= 8 ), group B : treated with L-NAME (nitric oxide synthase
inhibitor) (n=7), group C: sham operation (n=7), group D: 75 min ischemia-reperfusion

(n=26),.

In group A, a weak nitrosyl hemoglobin signal was initially detected in the ischemic phase,
and increased with time after reperfusion. Nitrosyl hemoglobin signals were also detected in
the sham-operation group. However, these signals were significantly smaller than those in the
ischemia-reperfusion groups. The signals in group B were significantly inhibited after
reperfusion, and those in group D were not significantly different from those in group B.

Various methods can be used to measure NO ; fluorometry, chemiluminescence, etc. In this
study ESR spectroscopy gave results comparable to those by fluorometry.

In conclusion, ESR spectroscopy is believed to be much simpler than other methods for
detecting nitrosyl hemoglobin during renal ischemia-reperfusion.
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