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t MRIIRFDONE 270 oD EEPREIIBED
EMTHL, NS0 OBERASERIZI OV
ZLOMEDZESNTED ZOME L BE5ICO LTIk
HLADPo TR, LalidssAts oty
BEYDH D G EREHE A ERBT 3 L0152 ks
PLTE, INETREALRESNTL M7,
ELY 7=V D> BB F F 2 o—A Piso
WE->THREENZ ZEBHSH TV B5599, & bk
MBICBNT L7 2 kB shs o L%
Tomoda 53Rt L7z, Mieyal 573 ~EF ot
Y, ZDT =) KB EE R T B L LR
FLTW3, EHE, bt MRMERADNE Z o2y
FOORB LTS L SBELS, AIBICBTS b
V707 7 ORBPEAETSHS 3£ FoFs & X
V= (3-hydroxykynurenine, 3-HKN) ¥ 05 %
FL SN, 208, 3-HKN WARIERA~E 7 o

EYERIGL, ~NEZOE Y 2BLD 2 VILERTET 2
LARCES Z2BFREELTEI Y boFr bns
AW EBEh 3 2 2R wiP L7k, 3-HKN ik &
MERTIRBEREITES S UBB TS R Lo+ —¥ iz
EoTHREfsN, 3FE Ry 7S (3
hydroxyanthranilic acid, 3-HAA) &% 25, k35
AT IS F—E¥THREEATFH YL v B
(xanthurenic acid) 27 2 Lz 5N T35, KEFE
T 3-HKN L R B L UVANEZ7 DY £ DRE
%, BROFGET CRAREFORICEEBIz OV TR L
7.

M B L UHE
. %

1. 3%
3-HKN dFIEMEE (BER) s fuvr, EXeh Y

Abbreviations : ACD, acid citrate dextrose ; deoxyHb deoxyhemoglobin; 3-HAA, 3-
hydroxyanthranilic acid ; HbCO, carboxyhemoglobin; 3-HKN, 3-hydroxykynurenine ; Ht,
hematocrit ; HPLC, high performance liquid chromatography ; metHb, methemoglobin;
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A [bis (2-hydroxyethyl) imino-tris (hydroxy-
methyl) methane] it & 7' =% CKE) & D, Sephadex
G-25 (fine grade ¥ 72 i3 coarse grade) & CM-
Sephadex C-50 1%, 7 7 AR ¥ 7 (AV =2 —F )
IVBALL SELSEREKBATRSNVET > 7 1
SA4YRYTFTIZIULT I RF VI - (pH
3.5~9.5)(7 y A2y 7—LKB#, AV z—F V)%
FRHLKE A—S—F FH A4 FIRLI—F
(superoxide dismutase, SOD) iE ¥4 VR FHKF b
U—tt CRE), A8 F—YRR—V Ay ()
PUE- YA

2. RIS & C~EZ O Er DR

AxF+FEL >y —HIREZH L 0B FMmE 2~ 3
H%#7-t b ACD (acid citrate dextrose) RFFILIE
BERICEV, ZhEEOsEE (3,000 rpm, 15 5)
L7 Db Mk PRIEKE 2 BERI IS ClRELL, %
A4 BEEOKE 0.9%3 T I U T AER 2
ZTHELE-OB, RO (3,000 rpm, 1543) &
ot EEER G, ZOBRER4AEEDEL THE
b bRIMEREEZ, 0L DL THFRMEKE 7 v
TA YA —% (10mM Y VEEER (pH 7.4),
0.8% NaCl, 10 mM KCl, 2mM MgCl,) WEHEL T
HEIC VT

FRMBPD~EZ 0 OEBELIZHEOFTENCR
WEREES Y v AERALT.

BRIANTZ 0 Y RO FHETELY, FEERILEK
A A TR ER S EEEMZ THEIL, OO
(10,000 rpm, 30 ) LT — A h R EMH~E SO E Y
BB, Bohiz~E 70 VB % Sephadex
G-25 (fine grade, 10mM V > Eg#EE¥, pH6.3 T
EH) AT LTHVBB/L K. 2T TCM-
Sephadex C-50 % 7 4 (10mM Y v BEEE, pH
6.3 TEEHML) ZRAWTHBMLLLY, A b~NETOEY
BEBAT SO VAL BEDAEREDO 7 ) VT
LAY T AEMZTERLY, ~EJ0EYORRT
IBAEERIZ0.1M NaCl 285 0.05MER« FYR
B8 (pH7.0) Bz AW,

3. 3HKN BIUF¥ > bvF DR

3-HKN 2/ 20O INEBBERTHE» L, D0 T
0.1~0.5N K@t bV Y AW TpH 2R
Lz, VT AN o —WEIF0.5MER Y
AEEBER (pH7.0) THEWL T 15mM i HEEL
72, ¥¥ > b=F i3 Butenandt 5 DHEIH - T

HEE LT, %72 3-HKN OE VEKFEBIE, eyrom=
4,240 (0.02M Y > BHEEW, pH 7.3)W%, %4>}
TF DV T £a0am=13,200 (0.15M Y > Eig
&, pH7.02%HWk,

II. ROUEk & 3-HEN ¢ ORISHFES L UREE

o8t

1. FRMEkE 3-HKN & ORKIG

¥Rkl ~~< 7 Y v b (hematocrit, Ht) %
15~20% B LD VT A ) YA —IRITIFHEL
7. 3-HKN ¥ (ZHIBE 3mM) 21270 % pH
7.0, 37°C TR X &7-.

2. RIGHEBO 58 - 5347

— BRI - RIGEIR O —E (0.5~1.0ml) 28D
BERME MLz 0b, &L (10,000 rpm, 540 L
SRIMERE 2 v 7z, L8 (0.2~0.5ml) % 20~100
mM Y v EHEER (pH 7.0) TY#i{k L7 Sephadex
G-25 (fine grade, 0.5X10cm) # 7 AT TAE
7ot rAEE 3-HKN 8 & CRIGARY 5 E % 58
Liz.Bohic~Es o Bk e SESBERKEL,
& ZE TLC A ¥ + - — (BE GS-900) TF 1
A¥yr=vZ (630nm) LTAFINESOE Y,
ARILEANE SOy, A MAEZOEVOEGE
K729,

3-HKN O RIGERIIC 2 T aJRERIRA <2 b
N (360~500 nm) % FITE UREFIC £ DR & EH
Liz, £/20REIC1 %7 A NVEYBREMLTE
Fo U EARIC T EIRIY R ~2 27 h v (360~550 nm) %
~7z.

FREORGETYA K (azide, NaN,, BAEBES
mM) 713 —B{cE3E (carbon monoxide, CO) #
ABETTITO IS DRIG~DEEEF I,

M. FMERI- & % 3-HEKN OBEHOBESE

1. RiERpoFE

Bl & FIED FETE o W KITERY % & BT
CECEEN 1 BITR B LT AINVE VBT
U LR S EREADBRSITH L, JOBERE
ELSMBE (10,000 pm, 1543 LiES £ i s ¢ ER
U7z, 0.1 N SEBISE TR E R LS CRINT 2
PR IREAERDE L, RIS DRRIGD S
HKN &£V VBRI 2 Lotk 2, Bon BTl
x5 7 —VEEH S RS0 L TRISERD 2 #
7z.

2. FARIRA =2 b v

oxyHb or HbO,, oxyhemoglobin ; Q, quinone form of 3-hydroxykynurenine ; RBC, red blood
cell ; SQ, semiquinone form of 3-hydroxykynurenine ; SOD, superoxide dismutase; TLC,
thin layer chromatography ; UV, ultraviolet; v, volume ; XT, xanthommatin.
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FRAFSHHEERT (DA IR-810) TRABO G
EHPIOFRABIL A~ 27 b L (KBr %) ##IEL 7.

3. %4 AR A2 b

0.2M VU »EREEE (pH7.0) B £ U85 N HEESATR
R TOESN AT A <=7 v (200~600 nm) DOH
FIXRRBRESNHER (= 4 > HHF SM-401) ¢
To7z.

4. BEBEIOR N TTT 4 —

FULBITANETOE 2 BW I RKIERE27 A 2
VECYERTRILE, GHEKs o~ N5 74—
(high performance liquid chromatography, HPLC,
#®Y—HLC-803D) THHiL, # 5 LEHY—0
ODS-120T, £=% —iZH®Y —D UV-8 Model 11 %
AL,

5. @@Brow b ro 74—

WE7uo~ b9 74— (thin layer chromato-
graphy, TLC) 2 &Y 3-HKN ORIG4ERY O EE %
o7, 7V 4 MX AVICELSF (79 2v) %A
LB 2 v >»/0.2M K,HPO,=2 : 3 (v/
v) RV,

IV. 3-HKN s BH~EI0E > & ORiCEME

SHKN L 2 HBINE S 0B DS & VBT
PRARDID, FRAESOEVEBE (X FAES O
ErEfidtFvyw oy, BIE~NLABE100
#M) 1 3-HKN 8 (RACBE | mM) % h0 4 S4E
T QAR ANVTL/AVTH=99.05:0.95) %
RRIFSMET T 25°C CRIGS ¥, BEWEIS TR A
BENMTEY >NV T ERERAL 2, KISt 450~650
nm TONEZOEYOBRINARZ P ADERIIZ LD
BELT:. ZOBEH S T —¥ (BRIEEE 29 units),
SOD (FRA&¥ARE 1300 units) Zx2Mz TzhoDE
b,

V. BEA~E0 >0t 5 3-HKN O RIS 45

MO

NETOEY (FFIANEZOEYHE0BIEA A
EIOE Y, BN LB 630 xM) ¥&¥IZ, 3-HKN
B (BB 2.4mM) 202 T pH 7.0, 37°C TR
&7, RISHGG—ERBE s 0.2m) %
Wo7z, 0.1M V) v EREEE T (pH 7.0) TFH{LL 72
Sephadex G-25 (fine grade) # 7 A T~EZ O »
ERISHER % ML, 360~500 nm TRIGERD D
BIARZ ML OB EFENTZDERE SR L
L. EBICTAINE VB TRETEC LEDL, 360~
S50nm TORINA~ | DL % BTz,

BRA v AT O E L DOBE L RICEYO SRS
EOBRE, 3-HKN OBBEIR 2.3 mM & L, ~NE
JOE Y OWRE (NLABE) 1 1~800 M OHEET

Ao, RS pH 7.0, 37°C T 4 BT o 72,

WA F o AT 700y OBILORBIEL E KiS
PEVIOD A BB DIEREZE(L & OBIRIZ D1 TR DS
BT TITo%. 3HKN (RKREEIR2.4mM) 4 *
VAT UEY (R 183 M) L %, pH 7.0,
SPCTRIGS ¥, ~EZ ot Ot 630 nm
WL OEAL TREGER L, RISEDDEREIR
BRI EER L D —E&E2Y > 7Y v LY L3

( 0L3+82+)2 }2+B3+)2
- 0

-)

AN
metHb oxyHb

Fig.1. Isoelectric-focusing patterns of hemo-
globins which were obtained during incubation of
erythrocytes with 3-HKN.

Suspensions of erythrocytes with 3-HKN were .
taken out at indicated intervals (0, 1,2, 4, 6 and 8
hours). After freezing and thawing of the cell
suspensions, the lysates were passed through a
column of Sephadex G-25 (fine grade) equilibrat-
ed with 50 mM phosphate buffer, pH 7.0. Iso-
electric focusing of hemoglobin solutions was
performed on PAG plate (pH 3.5~9.5).
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Fig.2. Fractional changes in oxyhemoglobin [(a?

£**).], half-oxidized hemoglobins [(a** 8**).+
(@ f**);] and methemoglobin [(a** **),] during
incubation of erythrocytes with 3-HKN.
The isoelectric-focusing patterns in Fig. 1 were
analyzed by gel-scanning at 630 nm, and the heme
contents (%) of each component (oxyHb, half-
oxidized Hb and metHb) to total heme were
calculated. ©, oxyhemoglobin; ®, methemo-
globin; @, half-oxidized hemoglobins.
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Fig.3. Changes in absorption spectrum of the

reaction product obtained during incubation of
erythrocytes with 3-HKN.
Human erythrocytes were incubated with 3-HKN
at 37°C, pH 7.0. 3-HKN and its metabolite were
separated from hemoglobin by gel filtration.
The absorption spectra of the reaction product
were measured in 20 mM phosphate buffer (pH 7.
0) between 360 nm and 500 nm.
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Fig. 4. Infrared spectra of authentic hydroxanthommatin and 3-HKN metabolite

reduced with ascorbic acid.

Hydroxanthommatin was synthesized by the method of Butenandt et al'®. The 3-
HKN metabolite in human erythrocytes was obtained according to the same
method as described in the legend to Fig. 1 and was purified by recrystallization!®.
—, authentic hydroxanthommatin; ---, 3-HKN metabolite.
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BTANEZOE 5B ERE, 360~500 nm O BRIY
A7 b ERIEL THENL,

51 #

1. &Mk & 3-HKN & O EG

B1it MARMERE 3-HKN D RSETES ATz~
/oy DEERBRIKEI Y — 2R Lz. 20
WE S — B R2 E, RIBRADAE o i
SHKN 2> TR E R (o™ §2), ® (o §3),
D& D BFABIEBNE SO LIZ, B HIIESE(L
HAEZ/OE Y (a% %), THBAMAESOE Y
WEEL TV ZeaShot, H2i1k 2 DERK
By~ ESVAF Y THRLAES O Y OB
LOEEORMEREAEERL D TH 2, KIGHE
LHICAFOANETOE VAL F LRSS
BT a0 28N 2, RIGHE 2 kM
oo lElD B A M AEZ O HMEIN LG 12 23RS
BEEANES 00 3 —EE ol IO EIEZFH
YANEZOE Y ERSRBEEANE S o Y 2R T A b
NEZUESIZR2TWBEZERRELTWVLS, Z0DL
5% 3HKN Z L5 ~®EF 0 v OBLERIS\WT
BIngTHIsh T o7z, —7, 3-HKN & i
k& DRIGIEIR % Sephadex G-25 4 5 LB &, ~
ESOCCREER R 572 2 ARERBOWENE
6%, ZODSEORENZELE THERINA 2 b L
(360~500nm) THF-x7z (K 3). KIGHBAKD 3-
HKN D22 + ik, B E 400 440 nm (BB
EROLOICEL, 8HHMEICIE 440 nm 2B h i
E—7 2R3 DL

II. RISERYDEE
B4EBRECL VBN TN LETHORG
EEDDOFRNBINA 7 L ThHEZ, ZDANT b L
& Butenandt 5 DEL Tra A Foxyy b
FYDOFIBURA LT SO L | ¢ —F 7o 2D
TR, © MRIMEKIZ 517 2 3-HKN 0 £ 397 14 3-
HRKN B2 3 FHEA L4 Y b= F o Th s L £ 2
Shs. BRBOREAERYE 0.2M ) > BHEHTE
(PH7.0) 45 & U85 N SERABICISIEL, LIE S < 8
TTHRELCE LMz 220T, O3
WTES AR A <2 ML EBIE Lz, 5 R
TEIE, ZORBERYOEN « TERILZ 22
VEREEFT Y v F o O8N - TTERILA 2 b
MO —F L =,

35K, HPLCIZ & 2 KISERMOD S8 <5 — v %
BRI L (6). & b sRimBk e 3 HKN £ KIG& 4T
R Z BRI R S L 238 L T 3-HKN O
ERM B, RISERMIC 1% ZILE V%

M2BEE LB HPLC I L > T L 72, 208
R, RISk 3FMO L 5O IELYY 7L Tid
HPLC /8% — A ZH LW E— 2 254, Uh b B &
& KZEDBIFBINL /2. %20 HPLC ORI
(retension time) REWMN NI FOFH> hwFo %
HPLC Zh i TR LN RRFE e —R L. 20
R 5 b MRMERICHIT 5 3-HKN ORBE 13 +
VrrwFrThILELZONS, £/ TLCTY 3-
HKN (AHEY, BRFH> b=F O REEIR & bz
0.25 ¥ —HT 2ER» BN (F7).

(A)

10,
S o5}

O l ‘ [ ......

200 300 400 500 600
(Blag nm)
S iof
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L ! |

200 300 400 500 600
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Fig.5. UV and visible spectra of 3-HKN metabo-
lite in erythrocytes and of authentic
xanthommatin.
Authentic xanthommatin and 3-HKN metabolite
were obtained as described in the legend to Fig. 4.
(A), absorption spectra of 3-HKN metabolite and _
authentic xanthommatin in 5N HCl solution.
The dotted line shows 3-HKN metabolite, The
solide line shows authentic xanthommatin.
(B), absorption spectra of 3-HKN metabolite and
authentic xanthommatin in 0.2M phosphate
buffer, pH 7.0. The dotted line shows 3-HKN
metabolite. The solid line shows authentic
xanthommatin.
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lEoRE, Rk sid s 3-HKN ORHEY
BF¥EH Y beFrThsrIERLTVS,

I. B40E#TIcHrsHRMEke 3-HKN & D

K&

B8 37 ¥4 P8 L U—BIERENA FV~ES T
Y raE ke 3-HKN £ DRIGIZ ED & S o E
FTEBFERLHIOTHS, I ba—LTirFEY b
= F VERC—EEREDY 1 477 (time lag) #*
BEah 2 OB S ARAEIML 2. Z ORI
R TFOTFA FEMATEO T F4 b
FUERIIELALEEINEh o, AFVAES
O € g URIMREER I —BLRBEEREIAAT
HbCO kL Db FRE T TREE ¥ TH~ S
r, 3HKN 250 F ¥ > b= F v OERIEL LH

A Ohr

(§] (2)

1) (2) (3)

LM\

Ea iz, %72 HbCO &ERMER & 3-HKN % —fsk,
RESHT CRIGEEHEE, JORGEEL s
holtz, 3-HKN HEEBERTCHERLIh Ty
BrurnowamEcEibLiz. LaL, 0B
Ritid 2 BRI LA 3R /& e o7, &7 —%
WIRERp ol A AT OE VA RN
3-HKN & & KIGIEEESASEMET (deoxyHb) TikiE
EALETE TR YT RER LALLM 2
D& Ik FFRMERIC BT S 3-HKN OB IZ@mE
DEEBLETH S Z L rol.

—H, AM~EZS0EyEFRMKE 3-HKN &%
RiGa8€5E, TFv~T/0r2H50RNEOE
GLEFEF b FUoNEREINT. LELRI
RENB LI WA PANES O EERMIKTIEA *

B

(i) (ii)
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Fig. 6. Separation of 3-HKN metabolite by HPLC.

The samples containing 3-HKN and 3-HKN metabolite were obtained as
described in the legend to Fig. 1. Before application on a reverse phase
column (ODS-120T), samples were reduced by adding ascorbic acid. The
solvent system was: phase A, 4% acetonitrile in 0.1 M Na,HPO, (pH 2.5),
and phase B, 50% acetonitrile in 0.1 M Na,HPO, (pH 2.5). The gradient
(percentage B in A) was discontinuously changed with time ; 20% (0 min),
50% (2 min), 60% (10 min), 100% (12 min), 100% (20 min). The flow rate
was maintained at 0.5 ml/min, and the absorbance was monitored at 240
nm.

A, the elution pattern at 0, 3,5 hours. Ascorbic acid was added to the
solution of 3-HKN and its metabolite which were obtained by gel filtration.
Peak (1) is ascorbic acid, peak (2) is 3-HKN and peak (3) is 3-HKN
metabolite.

B, the elution pattern of hydroxanthommatin which was obtained by the
reduction of synthesized xanthommatin with ascorbic acid. Peak (i) is
ascorbic acid and peak (ii) is hydroxanthommatin.
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YNE SO E Y EERMROBICEENF S b= F >
DEREE, RISHAESHEDOERBETA D LK
B THoT, THAPOFEETFTA AT S0y
aFRMEKE 3-HKN L %24 > F 2= b4 2 L 4
VR FUDERIZE S IZEES L.

IV. 3-HEN (2 & 2 BB~E/ 0 O/ EBT
#£1, 2WWFRHIRUVERHSRMET T 3-HKN i
Ia~nEZo OB LERBTEREERLE, ~
/o0y OBGER £ 72 1LRITTEEICDWLTIE 578
nm QERIROEIZ L DB L 729, FRNEGTT
F3HEN 3 F v ~NEoCr DOBEB LA b A
/ot OBEFAEEL T, 3HKN 2k 3

...................... Front

00

t } + Start
A B C

Fig.7. TLC pattern of 3-HKN metabolite.
3-HKN metabolite and authentic xanthommatin
were obtained as described in the legend to Fig. 4.
Samples were spotted on a cellulose TLC plate
(AVICEL SF, Funakoshi, Tokyo) and developed
with collidine/0.2 M K,HPO, (2:3, v/v). A, 3-
HKN metabolite ; B, authentic xanthommatin ;
C, 3-HKN.

AF AT 0 OBEHEEF 0.52 xM/min, £ b
NEZOE L ORITEE 0.31 xM/min ThH - 72,
—7, BIHEET TR A PAESOE Y DBTRIG
BBSNIDF T P F U OERIZBEALEIS
T, TOBRTHEES 0.12 xM/min LIFEHET D 1/3
WAL T, £/ 3HENICE 25t 2o ~%
DE Y DOBERIGIRE LRI Sehor,

RIZO, DAHRY Y v—T%3 SOD % H,0, D
AARY Y v —THEH 57— FORIGEIZIZ
T3HKN &2 AES 0y OBIEBTRIG 25~
72 (B10A,B), SODiA Fv~EZ Ot >3-
HKN 2 K 2BE2REL, 2 bPEF DY ORT
EEHEL:. #95—FiAFy TS0l
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Fig. 8. Effects of NaN; and CO gas on
xanthommatin formation in erythrocytes.
Erythrocytes containing oxyhemoglobin were
incubated with 3-HKN (2.5 mM) in Krebs-Ringer’
s solution (Ht=119%) at 37°C, pH 7.0 after the
addition of NaN; (5 mM) or bubbling with CO
gas. The samples were taken out at indicated
intervals, and subjected to the measurement of
absorbance at 440nm after gel filtration.
Formation of xanthommatin (xmols/ml+RBC)"
was calculated by using &onm=13,200/M/cm??.
O, control ; o, +NaN,; (5mM); @, erythrocytes
containing HbCO (The incubation was performed
under CO gas conditions); ©, erythrocytes
containing HbCO (The incubation was perfomed
under aerobic conditions); ¥, autoxidation of 3-
HKN.
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Table . Rates of oxidation of oxy- and deoxyhemoglobin by 3-HKN

Autoxidation rates of
hemoglobin (# M/min)
(—) 3-HKN

Oxidation rates of
hemoglobin (# M/min)
(+) 3-HKN

Oxyhemoglobin

Deoxyhemoglobin

0.52
0

The reaction mixture contained oxy- or deoxyhemoglobin (100 2 M in heme)
and 1mM 3-HKN. The reactions were pursued at 25 C. The oxidation
rates by 3-HKN were calculated from the absorbance changes at 578 nm'®.
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Fig.9. Effect of NaN; on metabolism of 3-HKN in
human erythrocytes containing metHb.
Hematocrit of erythrocyte suspensions was 17%.
Concentration of 3-HKN was 25mM. O,
erythrocytes containing oxyHb (control); ®,
erythrocytes containing metHb; A&, +NaN; (5
mM) and erythrocytes containing metHb; ¥,
autoxidation of 3-HKN.

EELLIZIN, A PATSOE ORI L
Bho7:.S0D EH Y I —¥OWARMZIEGEL +
Ao rotizEL <M snl,

V. BRIL1:~EZRE Y E 3-HKN & ORE
WiERILtz~EZ oy £ 3 HKN L DRGIZD
WTHANz, RIGEDIERMBROBE LK, ¥~
FRFUTHDBZEDRRNANRS P VEORRICLY
Boehim-27 HILIKEFFI~ESOEYyBLUX
FEZ Tk 3-HKN O RIGORMEEE 2R L
7. RIKEDORISOBESCHEONIEI BELVEK
CEBOEBRITRY, X MAEZSOEYIREBFY

Table 2. Rates of reduction of methemoglobin

by 3-HKN
Reduction rates of
hemoglobin (2 M/min)
(+) Oxygen 0.31
(—) Oxygen 0.12

The reaction mixture contained methemogl-
obin (100 #M in heme) and 1 mM 3-HKN.
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Fig.10. Effects of SOD and catalase on the oxidation of oxyhemoglobin or the reduction of
methemoglobin with 3-HKN. The oxidation and reduction rates were measured
spectrophotometrically by the decrease or increase in absorbance at 578 nm'®, respective-
ly. The reaction mixture contained oxy- or methemoglobin (80 M in heme) and 500 uM
3-HKN. SOD and catalase were used at 1300 units and 29 units, respectively. The
control in the figure shows the experiment with 3-HKN and without enzyme.

(A). Oxidation of oxyhemoglobin with 3-HKN in the presence or absence of catalase or

SOD.

(B). Reduction of methemoglobin with 3-HKN in the presence or absence of catalase or

SOD.
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Fig.11. Formation of xanthommatin during the
reaction of oxy- or metHb with 3-HKN.
Purified oxy- or metHb (630xM in heme) was
mixed with 3-HKN (2.4 mM). Xanthommatin
formation was determined by the increase in
absorbance at 440nm. ©, oxyhemoglobin; @,
methemoglobin ; ¥, autoxidation of 3-HKN.
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Fig.12. Relationship between the formation of xanthommatin and concentration of
hemoglobin.
3-HKN (2.3 mM) was incubated with various concentrations of oxyHb (1~800 x#M)

for 4hours at 37°C, pH 7.0. Xanthommatin formation was determined by the
increase in obsorbance at 440 nm.
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Fig.13. Relationship between formation of
xanthommatin and oxidation of hemoglobin.
OxyHb (183 xM) was incubated with 3-HKN (2.4
mM) at 37°C, in 0.05M bis-tris buffer (pH 7.0).
Hemoglobin oxidation was measured from the
change in absorbance of the reaction mixture at
630 nm'®. Xanthommatin formation was
measured by the increase in absorbance at 440 nm
of the samples which were separated from
hemoglobin by gel filtration. ®, hemoglobin;
0, xanthommatin,
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Fig.14. Possible mechanism of xanthommatin formation from 3-hydroxy-
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Fig. 15. Possible mechanism of the reaction between 3-HKN and hemoglobin.
SQ, Q, and X T represent semiquinone form of 3-HKN, quinone form of 3-HKN and

xanthommatin, respectively.
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Abstract

Methemoglobin was significantly increased in human erythrocytes, when the red blood cells
were incubated with 3-hydroxykynurenine, a metabolite of tryptophan, at pH 7.0, 37°C. 3-
hydroxykynurenine was metabolized to a brown compound in a reaction coupled with the
oxidative reaction of hemoglobin. This compound was identified as xanthommatin which was a
dimerized form of 3-hydroxykynurenine by various analyses such as ultraviolet and visible
spectrophotometry, infrared spectrophotometry, high performance liquid chromatography and
thin layer chromatography. When purified oxyhemoglobin was incubated with 3-hydroxy-
kynurenine, hemoglobin was oxidized to methemoglobin and 3-hydroxykynurenine was dimerized
to xanthommatin, showing that the metabolism of 3-hydroxykynurenine is coupled with the
oxidation of hemoglobin. On the other hand, when methemoglobin-rich erythrocytes were
incubated with 3-hydroxykynurenine, methemoglobin in the erythrocytes was reduced and 3-
hydroxykynurenine was dimerized to xanthommatin. Purified methemoglobin was found to have
a capacity of metabolizing 3-hydroxykynurenine to xanthommatin as well. However, the
formation of xanthommatin did not occur under anaerobic conditions. These results suggest that
the metabolism of 3-hydroxykynurenine in human erythrocytes is coupled with the oxido-reductive
reactions of hemoglobin and that oxygen is indispensable for the reaction.




