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Summary

Oxyhemoglobin (oxyHb) is postulated as the most potent trigger of prolonged vasoconstriction after sub-
arachnoid hemorrhage, while methemoglobin (metHb) is much less potent. It is unknown whether or not oxyHb
may directly act upon the vessel wall in subarachnoid hemorrhage. OxyHb may be responsible for vasoconstric-
tion not directly but indirectly through superoxide anion radical (O3) derived from auto-oxidation of oxyHb.

Generation of Oj aund activity of superoxide dismutase (SOD) was studied in the incubated whole blood or
washed erythrocyte of human artery under the condition simulated to subarachnoid hemorrhage.

Results indicated that generation of Qg and activity of SOD were preserved during incubation for 8 days at
37°C. The preserved SOD activity might indicate that Oj does not react directly upon the vessel wall to bring
about vasoconstriction. It was suggested that other noxious free radicals or active oxygen dismutated from O3
might participate in prolonged vasoconstriction.

The phasic changes of oxyFIb on the course of auto-oxidation was analyzed with electron spin resonance (ESR).
The characteristic changes of ESR signals of ferric protein compound from high to low spin corresponded to the
changes from oxyHb to superoxide metkb, metkIb and hemichrome during the incubation period. These changes
were observed in the cerebrospinal fluid from patients who suffered from prolonged vasospasm after subarachnoid
hemorrhage.

OxyHb may participate in prolonged vasoconstriction indirectly.
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ADRENOCHROME PRODUCTION WITH HEMOGLOBIN AUTOXIDATION
S0D*SUPPRESSED BY DDC**

475 nm
200{x 107>
N=5
REACTION MIXTURE: 0.4 M ACETATE BUFFER
100 pH 5.5: Temp. 37 C. ADRENALINE %0' M.
DIETHYLDITHIOCARBAMATE (DDC) 107°M,
o PRE~INCUBATION FOR 1,5 HRS,
5')0 R * SUPEROXIDE DISMUTASE
2
HO cH;NH_tl =Syt
dH3
ADRENAL INE ADRENOCHROME
Og 60 90 120 180 300 M. 12 s

Fig. 1 Adrenochrome production from adrenaline is paralleled to the generation of superoxide anion as shown in
the formula. Adrenochrome concentration is demonstrated after inhibition of superoxide dismutase (SOD) with
diethyldithiocarbamate in the incubated fresh arterial blood.
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Fig. 2 Quinoidal product from 6-OHDA through superoxide anion of the incubated arterial blood with
cerebrospinal fluid or saline solution for 8 or 15 days at 37°C.
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CORRELATION WITH QUINOIDAL PRODUCT AND HEMOGLOBIN

6-0HDA SYSTEM

(ToTAL)

490 M
QUINOIDAL PRODUCT °
1600} x1073
INCUBATION TIME 15 MIN, INCUBATION TIME 60 MIN,
14001
1200+
y=113.78+74.2x
1000t
+ DDC
8004
600F
s 2
L400F ~e®_4 y=406.77-11.52x 7
. \"\‘1:;(:635-?0.05‘ L TSNgz404.26-15.56x
~—p. 4 A SQYF-0.7639
200 o4 r=~< 4 SSp 2<0.05
S
‘ i — Hr _ . . HB
5 10 15 5 10 15
e wiTH DDC

a wiTHout DDC

Fig. 3 Correlation curves between total hemoglobin (Hb) and quinoidal production concentration in the

experiment shown in Fig. 2.
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Fig. 4 Schema of superoxide anion generation
through auto-oxidation of oxyhemoglobin.
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ESR of artenal serum, erythrocyte, whole blood, & CSF
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Fig. 5 Signals of electron spin resonance (ESR)
of whole blood, serum, erythrocyte, and cerebro-
spinal fluid (non-hemorrhagic). Vertical lines
indicate g values.
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Fig. 6 ESR signals of incubated whole blood with
cerebrospinal fluid for 3, 5, 8, and 15 days at
37°C.
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Fig. 7 ESR signals of whole blood incubated for 3
days. ESR was estimated repeatedly after freezing
and lysing of the same sample.

TwaboBgan s, Fig. 8/ ETHLE AT
%BE D CSF OESRY 7y b Bl b o Th 5. High
spin & low spin LI LN A REHR 2 BE L 11
HE (CSF oBEH) ORI i EHRE L8 o 8
DA B, high spingd BA &1 7-FAEL0 B B O FEFIIX
a8 T\, Low spin O #3886 O F &
REAT B0 TR L, low spin ARSI ORE
HfBzE R~ T b0 L Bbh, IEBEOFE, b5V
Z OB FNORMIREICKS Lo, $72bb 0F
BIUBET IV HINDBICEIZ LD LEDRS.

I % s

BEE 5% 1 oxyHb 2 B3, RA®, BB ic X
2, spectrophotometer | oxyHb r [Fl—od 2= kv
#H 35 oxyHb ¥R¥E WM E \CERKGT 2 mE S
M E T 5 LT WB, —J5 metHb (i8R
FERBP 2 NE XN 5™, Hb 133 - & LEEICEEH
BRI SHICEBBED—2IC 2 B TW 57,
oxyHb 7% deoxyhemoglobin (deoxyHb) % metHb L E
o THEMREEZE T2 LT, 3FO—REEN
O, OHELZ W T, ¥z deoxyHb, oxyHb 3F—Th
50T, ME KT 5EDERBRRILICH D SLIEEE

DERZ EEFBEDETHA L2z biz v, &
b Hb (Hb A) o45FE 13464,500 TH Y, ZOHF

EEPEFCEE L TnS L EI#HYO T, IERIE

K@@?%%ﬁﬁ,$%bn€y7%%&©m AT
My 2ERIEDOD, VOB ZREANLE S, e

y%ﬁ&@#,Lw%;h%@a@ioﬁ%&%ﬁwi
B5LDNFE > KBHLPTRW.~A Fe s 2 fimodeoxy-

— 141 —

NI | -El ectronic Library Service



The Japan Neurosurgical Society

ESR signal of hemorrhagic CSF after aneurysm rupture
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Fig. 8 ESR signals of cerebrospinal fluid from patients who had subarachnoid hemorrhage.
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