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Summary

It was previously proposed that spasmogenic activity of oxyhemoglobin was stronger than that of methemoglobin
and that oxyhemoglobin induced marked and continuous vasospasms on the cxposed basilar artery in the cat.
Therefore, oxyhemoglobin may be one of the most important spasmogenic substances following subarachnoid
hemorrhages. It was also reported that, due to autoxidation, oxyhemoglobin produced superoxide, and that
lipid peroxidation induced by superoxide with an Fe-complex was inhibited by superoxide dismutase, catalase,
1,4-diazabicyclo [2,2,2] octane (DABCO), etc.

In this experiment, the spasmogenic activity of oxyhemoglobin on the exposed basilar artery was reduced to that
of methemoglobin by superoxide dismutase, ¢atalase and DABCO. On the other hand, methemoglobin induced
marked contraction of the arteries after the xanthine oxidase system, which is believed to be a superoxide produc-
ing system, was injected into the subarachnoid space together with EDTA-Fe and FeCl;. The authors have there-
fore concluded that the strong spasmogenic activity of oxyhemoglobin is due to a change in reactivity of the artery
which is affected by lipid peroxidation, induced by superoxide generated by autoxidation of oxyhemoglobin, on
the cellular membrane of nerve-endings or smooth muscle of the artery.
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0.2mM Cyt.C 0.
1mM Xanthine 0
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Distilled Water

S.0D

WLOGG 18 SDUBGIOSHY

x1073

0.05

gmm.
Fig. 1
prepared from bovine blood cells by McCord’s
method: It was adjusted to 1072 to 1073 mMol/L.
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Fig. 2 Changes in diameters of basilar arteries
following application of 5.5/2 mMol/L OxyHb or
MetHb. Ten minutes after the first application of
OxyHb, the extent of vasoconstriction reached
32.546.6%, (n=4) and the second application of
OxyHb did not cause further constriction {upper).
Ten minutes after the first application of MetHb,
the constriction reached 15.346.3% (n=4) and
the second application did not produce further
constriction (middle). The vasospasmogenic ac-
tivity of OxyHb surpasses that of MetHb. When
MetHb was first applied, the extent of constric-
tion was 18.1 =6.39%, (n=4). After 30 minutes,
application of OxyHb induced 32.4+9.3%
constriction (lower).
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Fig. 3 Changes in diameters following 5.5/2 mMol/
L OxyHb treated by superoxide dismutase (SOD).
OxyHb treated by standard SOD or SOD at a
10-fold concentration (SOD x 10) caused constric-
tion of 18.94-2.4% {n=>5) or 23.14+4.7% (n=4)
respectively. Application of non-treated OxyHb,
induced 36.54+9.8%, and 38.54-7.89%, constriction
(upper and middle). On the other hand, OxyHb
treated by SOD diluted 100-fold (SOD x 1/100)
caused constriction of 31.347.79% (n=3) im-
mediately {lower). SOD inhibits the spasmogenic
activity of OxyHb.
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Fig.4 Changes in diameters following application
of SOD to arteries constricted by OxyHb. Stand-
ard SOD and SOD x 10, which inhibited vaso-

spasmogenic activity of OxyHb, could not

dilatate the arteries once they had become
constricted.
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Fig. 5 Changes in diameters following application
of 1.5mMol/L H,0,, 5.5mMol/L. OxyHb
treated by 4.4 mMol/L catalase and 0.1 mMol/L
1,4-diazabicyclo [2,2,2] octane (DABCO). H,O,
did not induce vasoconstriction at this concentra-
tion which was assumed to be the maximal amount
produced by 5.5 mMol/L OxyHb (upper). OxyHb
treated by catalase and DABCO, however, caused
constriction of merely 20.3+2.6% (n=4) or
19.042.79%, (n=4), respectively. After 30 minutes,
non-treated OxyHb caused constriction of 31.1+
3.39%, and 32.7 1.2.29, respectively (middle and
lower).
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Fig. 6 Changes in diameters following application
of the xanthine oxidase system, which is believed
to be a superoxide producing system, and EDTA-
Fe, FeCl,. The mixture of xanthine and xanthine
oxidase induced vasodilatation rather than vaso-
constriction and ten minutes after the sccond
application, 5.5 mMol/L MetHb caused 15.4+%
4.1%, (n=4) constriction (upper). The incomplete
system, which lacks either xanthine or xanthine
oxidasc induced neither vasoconstriction nor
vasodilatation, and ten minutes after a second
application, MetHb induced merely 21.6 1-2.09,
(n=4) or 12.8+3.9%, (n=4) constriction (mid-
dle). Application of 5.3 mMol/L MectHb following
the complete systemn induced after 15 minutes
marked vasoconstriction to the extent of 30.4 %
5.49, (n=4) {lower). Complete system: 0.2 m{ of
1 uM/L xanthine, 0.1m{ of 0.0l unitj0.1 m{
xanthine oxidase, 0.2 m/ of 5 mMol/L. EDTA-Fe
and 5 mMol/L FeCl,.

thromboxane A,'®, uridine 5-triphosphate® 4ff % O
HOEFA RS TwWa, RLSREHREY T i ST
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EE T, oxyHb {3 metHb X v 487172 NffREER R L
7. PIED A4 aRESNRIC oxyHb RS &5 L
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LMTELIEEHY, TOEFLERNT, FEHTD
Bl B RHED A B =2 A L LTD superoxide D Fl 1T
DNWCH A DEBRYIT o 7. OxyHb & metHb oA{ksE
§y7eE v L LTk, oxyHb @ Hem Hiod 813216 ¢ &
¥, O A LTHY, metHb ORI T O, &f%
ETHENERVWTVWEZ L, BIGETOEWCESL
BEAOERBEOBWRE XM O TS %,
oxyHb i3 metHb iz HEAJICEMLE T &, E DB
iz superoxide AR X4 5 2 = L% Misra®, Brunori”
LitE->THESNhTWS, % LT, superoxide 234RE
AN BFICIBWTIL, superoxide o B FBHAREILRIKIC
ko CHEBbARESER SN, @A L superoxide
3577 1% Fe-complex HEOEED Tz, Zho THEE
DE singlet oxygen % hydroxy radical & 4pk+ % 7]
OB Z ERALATNS, # LT, superoxide g
{&iZ lipid peroxidation #f = L z /225,
gen [ I RESFIENEE DB EE I T L vbhi TR Y,
{5 o> hydrophobic zene (Zi, £ B&OAfEFIEIIERE
Sl TWET kb, Z 22 lipid peroxidation 238 2
b=t <, EHBRECENKL LTHFEESATWDY?
33030 - pesr hemocuprein, erythrocuprein# b LT
LR TWiEE SO ERE, 19694 2 Fridovich!® o
XD 20,7+ 2H—— 0, + HyO, RIS E MBS 5 B8 &
ThsI eNER &N, ZhAPERRTERENS su-
peroxide ZX T AR L LCTERLTVW2 L8 D
BT, EEBREOBREEE~OHEENIEHI L

singlet oxy-
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Fig. 7 Mechanism of cerebral vasospasm after

Vasospasm

subarachnoid hemorrhage. Superoxide produced
by autoxidation of OxyHb produces singlet
oxygen with the help of hydrogen peroxide which
is produced by the reaction of superoxide with
itself. Singlet oxygen induces lipid peroxidation
on the membranes of the nerve-endings or smooth
muscle. As a result, the rcactivity of the arteries
changes and marked vasoconstriction 1s induced
by a slight spasmogenic activity of hemoglobin.

DHD.

FAxDERTHE, HBEL Lo SOD B X
0, oxyHb OUNREEENHFEINBE I LEFFTLTHEY, =
X, oxyHb ¢ autoxidation = & ¥ AR & 1 5 supero-
xide 73 oxyHb @FERT 5 MU LRI & O #F T
BELTwa Lok Bbhik, SOD Bt Lk 9z,
superoxide OARB{LFIGH (RYE LiBEMEAKE £ T 5
7, SOD iz X b oxyHb ofufE2s M55 & v, £ 72 LD
mMol {@ERLAEAKIZ £ - THIMEORFEIFEHR I
Dot Z i, @bk FE rE i E IEICEEL
TWEOTEEVWEEbRS. Lael, HBEkAFEOS
fEEESE Ch 5 catalase 3 SOD F iz, oxyHb oI
ERFFEE B T L, oxyHb O A1 4 IEERE 1713 supero-
xide P HAERIN HEBMIKELRARTLLT & &
AY. Ak L7z k d i ilE{bk KL Fe-complex o
FED S Lz, singlet oxygen 2K S BEICA AT X
GH Y, £, SOD 23 superoxide DGV % i
T HEFIZ 3 singlet oxygen DERMSR I 6L b
T3 Z L™, oxyHb M 7Y # 1= singlet oxy -

gen HBHE L TWARIEEMEEL IR T 5 Lo B bhic
B3, singlet oxygen ¢ scavenger & L THEIbLIL T W\ 5
DABCO®™® iz X - T4, SOD, catalase L[FEDORE £ &
iz

ELERERBIC B VT, REFulEHAE & L T linolenic
acid # B & L, superoxide 4R & L T xanthine
oxidase & vy, i LB O AR BRI LcBEIC LR
W, iRE b 04X, SOD, catalase, DABCOZ |z &
DVEFI SN S L HMEENTWEY, REDERICE W
T, oxyHb o)gfEss SOD, catalase, DABCO vz
Lo THLFIERIERFFE N7 Z &1k, oxyHb @ autoxida-
tion |2 X o TARLE N7z superoxide 23[R E O (LA A
L, MENRFHECES L TWaREEERTLOERBBR
7.

¥7z, —B oxyHb iz X > THR & hiciwE IR # 25,
SOD (i L - TLEBE L 2 W2 & X, superoxide B> &
O—BEORENPHEIZEITL T 5B Z LR IEE LT
WHO TR L, WHEEA O Y 2 e SR, 3
REBMMLET L L) 2EEEILTWELER
7z.

Superoxide MAERFZ & LT, xanthine oxidase %% FH
VW TR EERIC 35T, EDTA-Fe, FeCly 25 % B
TholeZ bd, WHEDHFIT singlet oxygen 23EHHF L
TWARIEMEERIEYT 2 L Bbh b, Lil, ZORKK
FCRIEEN R ST, Foginifz metHb TRU®
TEIRRNFELR D 22 L, superoxide 7> 5 O singlet
oxygen 3%, HEMEDLHWIIEEOCEFEEEE OB
BiLEEEL, REORIEEELEERt D L E X
7z

Vb oAk, oxyHb OFHRGHERHO L L&
817, 75, oxyHb o autoxidation jc kL - TAL
7= & @ superoxide 23, superoxide B EOGIC L - T
R S hWiciBEgbksE L L 11z, Fe-complex (Hem) @
TETED Tz singlet oxygen # AL, Zha»wiEZiEEd
Huvid, HOEERERES OMBILKEEESEI L,
/8 O URHEICH T B Ut & TUitE & &, hemoglobin [ f&
RT3 EBONABEOIIEEIC L TELVYWILEFD
Bz FRTEDOTEAVWIEELR

L L, BIERTAS LS hmE 2L iR 5 i
BRI, TOMONHEORFENEZIH-TNH D
L4, &z b, F7z, superoxide ARk Fid, oxyHb LL
AbAMsRTHY, FoamRIzSVTRZTOER(E
H O T, superoxide OAERAFE & T 3 20,
s EETHMOTHIZE, £ROAMKOBRELAR A
5L, SBROBFHEETSEIALEDID
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Firbb, EERMICE, MEEESRsNEVESRT
W5 3 AEToRBERIZLY, ARSI BER S h
superoxide jz k- T, MENMEEZEZELWEE®D he-
moglobin (Fe-complex) OFFEAE T IC & SHETEMINGE &
VHREIFEMHBEZ ) ALTEELEZILND.

DlboERE L 2, M ESHEIC 85 superoxide-
lipid peroxidation M5z UER LT X705, FRMEk
iR SOD AEFRTHEI LM LR TH
B, ¥Efifho SOD oiEtk & Ak & vz superoxidef§
BECSCTORERR L, 7% Fe 0fFHEE, SOD 0
EHEEHHT 2V L oBEED L 00, SHOBKIHE
ETrzaltBbhs,

Y £ & &

ook, 7 =ETHME BET 2 ML ERFERY
BLLTE, oxyHb REETH Y, ZhikHviidfesE
D & DREGRIILE BE 7 L % = O FTEE T H
52 L, %7, oxyHb »3ER{b L7z metHb T3, £HEE
BEBTLILERELCERE, ZORERLALT,
WML 8RS O # 51 = X I, % superoxide L D hvinb b
HWKDOWTHEL DR E A 2. OxyHb ¢ autoxida-
tion {233V T X superoxide AR I LA Z LA b U
T$ Y, superoxide (X, Fe-complex B DFFEIC L b sin-
glet oxygen &4t L, AAEEE BB ESEZT L
Ex b TW5, Superoxide ZERER I & 5 lipid peroxi-
dation #[LE+2 L E b+ T 5. SOD, catalase,
DABCO %, oxyHb Iz X Da5% & v 5 [ BHEHE %,
metHb DGR £ THET & €7-. & hiZ, superoxide
DERFE L LTERF S T v % xanthine oxidase f &
EDTA-Fe, FeCl; OIFfETicEH v 5% &, metHb oIukE
PRELIOEEEIN, PlLdadb, Fialk, 7 eETHM
BOMME SO —E 4, oxyHb ¢ autoxidationjz
SEEORISIC L Y, MR, D5V R OEERER
BE%ECABCRIGHEZ Y, MEOREIELRL,
hemoglobin DA ¥ 5 BEGEREIC L VB LV & &
BTsbnrEilz
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