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bilirubin (¥ Z O{LFEHEE L b B AIDOAEDEH
TI6DE M hHE U 205N »H b, Fischer &
Orth" iz& h ISORMEMSER STV S, Fice
WD 3->DFick h HE3h 5 pyrrole BOK
L4 ODRMEEVPEFEELI 2LEAGNS. L
b UHEEWNTER 3N S bilirubin i protoporphy-
rin [X @ o fIHEAVTHE S bilirubin X, D A &
ZiohTWl, COZEZIL Gray 5 DY v AEE
EBitkick s RE WM 5Y @ heme DOFFRESR
heme-a-methenyl oxygenase DRER/LEILL HXX
BI3hliz0THdsH, —4 Petryka i3 KB OISR
bilirubin % 7 v LB CHE{L L TERE NS pyrrolic
acid & b, bilirubin (23 K BILINICEDED K,
IR NEMBEETACEEZRELIL. DT
Nichol &% |3 ®D bilirubin LW THBRDHT%
17\ fragment ion OHIVRBL & H Petryka & D,
BEEELRY, HEOHRY ZAHT L HEBRL
12 bilirubin 22\ TRIBEDIRES 217\ % DA 2
BEL. #1795 bilirubin @ I 5> &XVE TDRM:AF
22T, 19714 McDonagh &7 (3TiR® biliru-
bin »# 8 chromatography it & h 3 D DE 2
ByaCe%aly, ThICERDHEL LD
{E2 B 2INA 5 T itk h Z0 698 bilirubin
Oo, Ko XETHBEHEL I FIC Stoll 5%
(3455, bilirubin % Na-amalgam TigC U THERRY
7z mesobilinogen L2\ T, #E chromato-
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graphy, #HIKEB R <2 v, HEHHH21T-T
Ko BILIN iz M BY, X0, B2FEAAL TV A, UL
L7sH 5 McDonagh & I3RS ILIER <Y LV (T
& AEENZREIRT-> TV, iz Stoll 50
15413 bilirubin 2O 8D TIX/EV I L AMH 3.

% T C4E&A bilirubin X § McDonagh @ G T4
BEL 2B DEICO S, BES, HESRHKRR <Y
PAVEERTTS C itk b bilirubin BEEDORERE %2
170, BV TZOF AR ICOWTIRET LTz,

Front

i
WM =

Origin

1:upper band
2:middle band(Rfs0.7)
3:lower band

Fig. 1 Thin layer chromatogram on
silicagel of bilirubin isomers.
solvent system : chloroform,
acetic acid. (99 . 1by vol.)
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1) bilirubin ¥45

& HHEL#80 bilirubin 28K UTHER L.
2 ) #@ chromatography

Kieselgel G nach Stahl art Nr.7731 (Merck)
PREAL, 20X20cm DO F 5 AFICE 20,5 mm O#E
B% EB U 7z, bilirubin %5200 mg % 300 ml @
chloroform |TIEfR L, ZD%%0.5~ 1 ml %#0.5cm L),
RO E L THEBICHHE L, chloroform : acetic
acid (99 : 1v/v) OBHERTERT (10~20T),
BEFR TR 1 O < ,bilirubin 233 DDHHCHEE 31
3 RI0.7HHEE CiERAICEBRALI. SESEEI O
tzk, 1, TOZEBIBl4ich 5 & b, chloroform
T, chloroform J8¥E % 3 HIRLic e H 0.1N
REEKFET U U A¥K100ml, D\ TZEEEKI00ml T
BE®RELIZOLFIUVBEEZR L. che2BU
L&D chloroform IZ/ARHE, B ED methanol %
A T chloroform %238 X4 3 & bilirubin 3#&
FESRICREHT 2. O bilirubin R 2HE &
L.
3) BESH

Schimazu LKB9000 Gas chromatography-mass
spectrometer 2{EA U1z, BIFE X EZEEICTERE
%EAL, Nichol 5% iZfi\y, NEJEE250TC, 4
* ALBETO eV IiC TECH L T2
4) BBESHEA RS bV

Hitachi R-22 high resolution N. M. R. spectro-
meter 2{EMA U, RIE Bk E90 mega Hz TIEH &
L T hexadeutro dimethyl sulphoxide %\ 7-.
tetramethylsilane 2ZEWE & U TGRS EE
4008, REB+E5#EFE8000 Hz CHIE L, —EIDHIE
THRBEARY PVHESNLWGEICIZEEORE
g%?i') 1z,
5) diazo D FH YL

sulfanyl B 2\ 1z diazo ZH#&id Ehrlich 5
OFEiIcE HYEB LTz, BI 588 1 IR (sulfanyl 5 g,
HEEL15 ml, /K985 ml DRHK), 552 W (0.5 % FhY
B — XK % FIRSE 1 W10 ml & 252 #K0. 3 ml 218
UTHs UER L1, ethylanthranilate % Bz
diazo I, Heirwegh &' DFEEICHE - T ethy-
lanthranilate 0.1 ml {z0. 15 N t58#10 ml 250 A,
X 510.5%FEHEEY — 4 1K0.3 ml 2N A CTEF L
5 A #HEB# 1 % ammonium sulfamate 0. 1 ml%#
mu, 3oMmERERLL.

6 ) bilirubin-azo BFRAKE
bilirubin-chloroform ¥5¥ 1 ml i¢ sulfanyl B
diazo BJEV it ethylanthranilate diazo 34ZK0.5ml
%t0%, X 5iC methanol 3.5 ml 2F5h1L =R T15
SRIBE U o RICRITE U T, BB bilirubin-azo &
WL bilirubin-azo BFERICE 5 ICEIERR 0. 4 m]
PINATYERYL 2.
7) BEHARODAIE
i AR ORIE 2B B D EEERT (UV200)
% f, ATEE CHITE U 72, bilirubin IX&3E &
chloroform (/&% U CTHIFE L 1. bilirubin-azo 4
FEWxzoT FHEL.
8) bilirubin D7 FRABHEHREBOAIE
2) D chromatography 2 h 3HEIEEL 12 bili-
rubin 3 E% ZN Zh chloroform THHLIZDH
BUTEE L, chloroform-methanol JRICTHEAESR L
123 D28 L 720 ml BE D chloroform i2/BfE L
HHEOEEA TRIHRE 2EE LR LI

RS

1) HEHSH (B2)

55 bilirubin 238 chromatography 2175 C
itk hBLIZ L, A, TORHEOEER<Y b
F(K2)Dm L COFh b m/e584 11 + L % 3
¥, RO methylene BT LIz BEbh s &
@ fragment ion % m/e299%5 X 7828612587z, LL
TEHEDOm/e100LL £ T/ 5 hio signal #RL,

( YR Z D ion intensity (% of the base peak)
ZRY. b 1584(46.8%), 540(8.2), 496(13.4),
465(10.5), 363(8.5), 300(10.3), 299 (100), 286
(88.7),255(15. 8),242(13.6), 179(8.3), 137(9.5),
FrEY 584(57.8), 540(14.1), 496(11.3), 465(12.4),
363(10.2), 300 (7.8), 299 (100), 286(72.2), 255
(18.3), 242(15.5), T#5584(50.0), 540(9.6), 496
(10.4), 465(8.5), 363(8.8), 300(11.2), 299(100),
286 (98.1), 255(13.5), 242 (9.6), 179(8.2), 137
(6.5)

2) BBRHEBRA <Y b (1)

ML U TRIREL 12 B —RIE/ LM DAERbilirubin
DEHEHIBR <7 b vidF 1 OO T, p.p.m. E
TZhzhl. 93,2.00(C—2 L *C—7 O—CH,)
2.03, 2.17 (C—13# X *C—17D—CH,) 4.00 (C
—100—CH,—) 5.61, 5.73 (C—3 13X ¥ C—18D
—CH : CH,) 6.10 (C—5 X ¢ C—150D = CH—)
9.91 (510 pyrrole BBO—NH—) 10.04 (&1 py-
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Fig. 2 Normalized histograms of mass spectra of bilirubin isomers. (C..H.N, O, =584)

rrole B —NH—) 10.49 (B 1 X *EN pyrr-
ole BO—NH—) {C signal B 5 hiz. 5 bi-
lirubin & h 3B I NIcFEDR <Y Fvidp.p.m.
Eczh#zhl. 92, 2.00 (C—2HLUKC—T70D—
CH;) 2.03, 2.16 (C—133 & ¢ C—170—CH;) 4,00
(C—100—CH,—) 5.61, 5.72 (C—3 &Lt C—
180—CH : CH,)6.09(C—5 ¥ & ¢ C—15( = CH
—) T signal 2BHIME—FH LIz, LETIRC
— 28, 0°C—7D—CH; Ik ¥ % signal i35
» 5hd,2.03 2.16 (C—13% L of C—17>—CHy)
5.62 (C—3 %L 7*C—18m—CH : CH,) 6.07 (C
— 58X 0 C—150 = CH—) 2 signal %&w iz,
F#cit, C—13% & 0t C—17D—CH; it %4 ¥ 3
signal R@EH LN, 1.91, 2.00 (C—2kkr
C— 7 ®»—CH,) 5.63 (C—13% & ¢ C—18D—CH :
CH,)6.07(C— 5 ¥ & 1¥ C—15mM = CH—) iz signal
R@EDI. KBHhEDHOC—2, C—7, C—13, C—
170%—CH, D7 a b > ORI BREIIZMBTH Y,
E#izsir 5 C—13¢ C—170—CH,; ® 7o b L
SR, THILEII3C—2¢L C—T70—CH, ®
Fo bk UESBERIEOTRALL I 1 ThT.
3) bilirubin ¥k I L %2 D azo BFE ORI
X (%&2)

bilirubin M4, Ka, Xl @ chloroform &K i &
I AIRAEKRIE, Z2—ADN < T bilirubin 1,455
~ 458 nm, bilirubin [, 453~ 455 nm, bilirubin X[l
449~453nm Tdh - 1. sulfanyl BBIC K AR L -
bilirubin-azo &8F%#K (pH1.3) Tit, £2—BoD
< ¢ bilirubin [, 548~556nm, bilirubin X,
540~ 548 nm, bilirubin X[, 533~ 540 nm CHE %
# (pHO0.5) T T, bilirubin M, 577~584 nm,
bilirubin X, 570~577 nm, bilirubin X, 563~570
nm & BERBKIT VIS RESAREM L. X
ethylanthranilate iz & § &K L 72 bilirubin azo &
% (pH1.4) Tix, £2—CoO < T bilirubin
Mo 524~527 nm, bilirubin [Xo 527~530 nm, bili-
rubin Xl 530~533nm T& b, sulfanyl fig % F§ °
THR U1 bilirubin azo BFRKROBIEEA & DR
KERZRDI:.
4) bilirubin RH#EFHEO S FRARIERK

bilirubin E¥E DS FRABNFRE L, 2hz2h
bilirubin I, 0.35mg, X4 3.35mg, X, 0.41mg %
BT, chloroform YK bilirubin [, 64,900,
bilirubin [X, 62,900, bilirubin Xl, 53, 700 C & -
iz.
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Table 1.

N.m.r. assignments of bilirubin isomers in hexadeutro dimethyl sulphoxide.

Chemical shift (p. p. B.v. (shape of signal, relative area)

bilirubin X, commercial upper band middle band lower band assignments
(Kuenzle) bilirubin (IMa) (Xa) (Xlle)
1. 93 (s-3H) 1.93(s-3H) 1.92(s-3H) 1.91(s-3H) v Methyl groups on C-2 & C-7
2.00(s-3H) 2.00(s-3H) 2.00(s-3H) 2.00(s-3H)
2.03(s-3H) 2.03(s-3H) 2.03 (s-3H) 2.03(s-3H) v Methyl groups on C-13 & C-17
2.17(s-3H) 2.17(s-3H) 2.16(s-3H) 2.16(s-3H)
4,00 (sb-2H) 4,00 (sb-2H) 4.00(sb-2H) Methylene protons on C-10-central
methylene bridge
5.24~17. 00 (m-6H) 5.61(m-3H) 5. 62 (m-3H) 5. 61 (m-3H) 5. 63 (m-3H) v Vinyl groups on C-3 & C-18
5.73 (m-3H) 5, 72 (m-3H) T
6. 10 (s-2H) 6. 10(s~-2H) 6.07(s-2H) 6.09 (s-2H) 6.07(s-2H)  Vinyl protons on C-5 & C-15-
methene bridge
9,91 (sb-1H) 9.91(sb-1H) Amine proton on third ring
10. 04 (sb-1H) 10. 04 (sb-1H) Amine proton on second ring
10. 45 (sb-1H) Amide protons on first and
10. 49 (sb-1H) 10. 49 (sb-2H) fourth ring
11. 89 (sb-2H) Carboxyl protons of propionic
acid side chains on C-8 & C-12
abbreviations : S, singlet. m, multiplet. b, broad.
Table 2-A Absorption maxima of bilirubin isomers in chloroform
(pH 4. 6) (pH 2.0, acetic acid)
upper band (I 4) 455~ 458 nm 454~457nm
middle band([X,) 453~ 455 451~454
lower band (Xll.) 449~ 453 448—451

Table 2-B Absorption maxima of diazotized sulfanilic acid azo-pigments of bilirubin isomers

(pH1.3) (pH 5.0, hydrochloric acid)
upper band (Ill,) 548~ 556 nm 577~584nm
, middle band (IX,) 540~ 548 570~577
: lower band (XIla) 533~540 563~570
Table 2-C Absorption maxima of diazotized ethyl-anthranilate azo-pigments of bilirubin isomers
(pH 1.4)
upper band (Il ,) 524~ 527 nm
middle band(IX,) 527~530

lower band (Xll.)

530~533
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McDonagh &7 OFiEiz & b &5 bilirubin & b
# 8 chromatography CTOESEELI- L, f, FTOZ
HIXERIMOMER, L § KIFRIS84TZ DR
#0H8 Nichol® 5 D#R4 L 12 bilirubin O RZIKk
ReEFA—THBT EL HVTFTR bilirubin TH 3
LEZZ bt Ud b m/e33d2, 239iCFED signal
BED b1z &L HFHRT D bilirubin K,
Ko DFEERZVETI2HB2I/HT240TH-
To RICKHKBIR LB 2 < 7 b VDR, B—HE(L¥
BU%55% bilirubin (2 Kuenzle 6™ @ bilirubin [Xa
DONMR.EE—BL, BoOFBE2»ZH/T 0
Th-1z. UL, BoDRLIZ11.89p.p.m D C
— 84 ' C—120D carboxyl #£®D signal iZZB®» /x
otz LZATEIDHL, bilirubin X, O#E
1RO methylene B2 IX XA CEEENTCH
b, bilirubin I, i bilirubin X, & 1 pyrrole
BO B TH A methyl K& vinyl EHBHL
TEENHR & 2 - 12#5&ECH b, bilirubin Y, 1
bilirubin Xy MV pyrrole BD AGIEISET H 2
methyl Z & vinyl EBBEBRUTCEGEWER k-1
WETH2. COEEL OB L THRRSILBR <Y
kv E, bilirubin X, ¢z I, I, I, N& pyrrole
RO BNRIHD methyl Eick M4 5 signal »
HohBidYTTHS. HBKIK bilirubin M, 1220
&L b bilirubin K, DEEZOHEEDH L 23
DT, $M, N pyrrole 3D 8 HLEIRD methyl &
signal DA L7z 0, E1, I pyrrole B® methyl
# signal 128K 4 313 T CH 5. X bilirubin X,
TidBiC bilirubin X, DA D OEEDH & 72 5
DT I, I pyrrole Bd B HAL{IEED methyl % si-
gnal A&/ b, Ell, N pyrrole B® methyl &
signal X/HR T2 13T TH 2. X %N 5 methyl XD
7o b BOHRERERE AT TH S B
HHRHEBR )7 Py OERIZCI S DEBE 2T~
THET 2 6 DT, L# bilirubin M, s
bilirubin [X,, T 5 bilirubin Y, LFAE s H,
MecDonagh &7 DHER) % REEE L 72

LAEDKRE L b #55 bilirubin (B—HE/k8y)
AT bilirubin o ZAHC bilirubin [ 4, Y. D842
OREMIA SNz, 22 TTh b bilirubin B
ROEETOEENGIREL 2548, % DESE I
REWLHTIRZD. T72b5, 1) heme &58
BETOREEOEE, 2) XRBEREICET 224

bilirubin IXa

v MM PP MM v

0" °N N N
H H H

bitirubin Illa

M VM P P MYV M

Iz
o

0" °N N N
H H H

bilirubin XIIla

Ir=

Fig. 3 The chemical structures of bili-
rubin isomers M =—CH,, V=
—CHCH,, P=—CH,CH,COOH

AR, 3) EFERTORMGOETHRERE BEL S
N 345, bilirubin ., Xl D& L HE AT pro-
toporphyrin I %5 T h & MSEEEES 2 algeM i1
{, X protoporphyrin [ & % \Vi& bilirubin [¥,
O BB OBBE LB IcE ~TERIh B &4
2R oIIEREIEORESBESTE 2T THS.

U#>5 iC#5 8 bilirubin AT bilirubin M,, X,

WMo D3EBORKGEDARD bNIC L hELS
ENDBERBICE ML E g s McDonagh
5 BEBRNCTR U e BRI O EE RO TEEM: 13
BETERZ. o™ I2BEIT L 3 bilirubin [X,
& b bilirubin Me, X ~OZHEHRE L, Fick
B PHO b LB\ T HRABOEHMED, 0
RIGIRATHHTHS & LIz 569 13 bilirubin
KXo ASHRD methylene B THB L THET 2745
@ dipyrrole #32{AB#E&T AL Licd b bilirubin
WM. BEL, E¥50 dipyrrole 5 2 EE ST 2
C &i2d - T bilirubin Wa ML 2 & #EH L TL
5. LU OB #IZ bilirubin 3 albumin &
BEUIDRBTIRE S ¥, LBORETIEKART
DEBIILI 5730 E LTE Y, #5E5 bilirubin
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O bilirubin Mo, Xle &, AEDZ ORBILARICE
UARIEMTHAH>ELTWVWE. Lo, LD,
HED bilirubin KEAHEFR TER I N 2 ATHE
HEIZ DOV TIREE L TS0,

—75 bilirubin MRS 2 & b AERIC
7K, n-butanol |ZAJ¥5ME, pentdyopent It 5 P
@ dipyrrole MEMBER S 2 BREHHH, X
heme D4 RBFE ICHT bilirubin (273 3 LIFTIC
dipyrrole HIR I N BB ERINT V3.
SiC bilirubin (RHOEREETdH 5 glucuron EEa
EHEE 3Nz Gunn rat % Crigler-Najjar SEE
B¥ Tl alternate path way & LT bilirubin & b
dipyrrole JEADDESEB L EbOP->TET
WA Zzhich s dipyrrole ME OB S IC
X - TH U A shunt bilirubin?*#2%29 H (RPN
1% b HEE 31 2 DT 2ABMDBROTAIC OV TIIBIED
BRAE L hEWTT B &1 T &AL, bilirubin Bk
DR ITEE S % #EE T, bilirubin-chloroform &
WK O B FefmAZ bilirubin [, 455~458 nm, bili-
rubin [, 453~ 455nm, bilirubin X[, 449~453 nm
& MABKRITIZERSED 51z, bilirubin-azo
BFEK % sulfanyl BERFWTHERLUIZES &, ethy-
lanthranilate % U THERUICHE & T, ATEIL
bilirubin Ma, Ke, Xle OIEEYERADS G E R
KED oIz DILR L, #E TEHIEIERERANIC
BHBADTFELTZ. BB ADHRERE CORYE
#H DT sulfanyl Bic & % bilirubin-azo 3
#& D JF 3 ethylanthranilate {2 & % bilirubin-azo
BEBRDOBE L H BT H > 12 BRI EE H
REL OVRBiIiTHD, WIhBEHTH 3 LIIHE
U 37240, bilirubin-chloroform AR COLF B/
% #¢{%38% 12 McDonagh 5% @ bilirubin I, 65, 200,
bilirubin [, 62,600, bilirubin ¥l 52, 500 T FLifik
LTzh#hed, 700, 62,900, 53,700 CiiT—ET
A TH-1. TOEEIZTNS bilirubin BH
HhEE ERA—2FRAERE LTRAETE 2T &
BRT 6D EEDbNI.

L Ed

bilirubin BH:&E L2V TE—MIE/LE MO
£ bilirubin %#1¥l& U McDonagh & D#EE chr-

B

omatography ¢k b 3 DEICBEL, FIEICD
WTHEESM, KREIIER <Y b, 3L
R 2 MARDIER 211G

1) BEAF T, £, i, TEHHICm/e5840DH
442 & m/e299, 286D —FED fragment ion %28
%, bilirubin [X. OEFRREE—F L.

2) MREIIER <Y b ouid, BT bilirubind
C—1384& i C—17D methyl Z signal #2.03% &
*2.16p.p.m. ITEH ,AHAHTIZC-28LFC—7,
C—138L 0t C—17D methyl % signal #1.92& &
7°2.00p.p.m., 2.03% % 0¢2.16p.p.m. {CFB ¥ TH
Tl C—28BLXC— 7 D methyl # signal #1.91
L 062.00p.p.m. iDL ELOFER L H LEIE
bilirubin M., A& bilirubin X, THHZ bili-
rubin Xil. & RAE &A1,

3) bilirubin-chloroform ¥ O YefRA 1L, bili-
rubin [, 455~458nm, bilirubin [, 453~ 455 nm,
bilirubin Xllo 449~453nm T& - 1z. X sulfanylgg
2 FWVWTHRL U1z bilirubin-azo t8%E# (pHI1.3)
DY A L bilirubin [, 548~ 556 nm, bilirubin
[Xo 540~548 nm, bilirubin Xl 533~540nm, ethy-
lanthranilate % > THRL L 72 bilirubin-azo &
##% (pH 1.4) T bilirubin M, 524~527 nm,
bilirubin X, 527~530 nm, bilirubin X[, 530~ 533
nmTHHWTFDOFEIC s REAR cELTIRD
A BBHABARDENRED S tz. sulfanyl Bick 3
bilirubin-azo B3R ILIEEEHET (pHO.5) T bi-
lirubin [, 577~584 nm, bilirubin [X, 570~577
nm, bilirubin X, 563~570 nm & W §°h & Byyekck
RREEAICRAL 1.

4) bilirubin E¥AFDOIFHRABIFHEEL chloro-
form JA¥ T bilirubin [, 64,900, bilirubin X,
62,900, bilirubin X[, 53,700 Ca& - 1=.

M2 2 I H 1 - TEEEEYE 2 O 12150 o MRER
RILUAFEFEE—PERIER 1 & IGEIEREFL T
HEOBHBUET. KW XOERE W R AR
EFRE-AHREFRERICEHNHL T, XERD
B, BRIREIR R <o b VBRI icBE LIS 12 120 e
RFEMIACEHSE, NIRRT, 570 I I
LET.
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Studies on bilirubin isomers
Part 1. Separation and characterization of bilirubin isomers
by
Mutsuo MARUYAMA
The First Department of Internal Medicine, Okayama University Medical School

(Director : Prof. Kiyowo Kosaka & Prof. Hideo Nagashima)

The commercial bilirubin obtained from Daiichi Pure Chemical Co. Ltd. was separated into
three fractions according their movability from the front (upper, middle and lower bands) by
McDonagh’s thin layer chromatography. Each fraction was examined by mass spectrometry,
nuclear magnetic resonance (N.M.R.) spectra and photochemical methods. The following results
were obtained.

1) Mass spectra specific to bilirubin, the parent ion at m/e 584 and the fragment ions at m/e
299 & 286 were obtained from all these fractions.

2) Signals of methyl groups in bilirubin molecule on N.M.R. spectra of these fractions were
observed as follows. Upper band: at 2.03 and 2.16 p.p.m. of C-13 and C-17, middle band:
at 1.92 and 2.00 p.p.m. of C-2 and C-7, 2.03 and 2.16 p.p.m. of C-13 and C-17, and lower band:
at 1.91 and 2.00 p.p.m. of C-2 and C-7, respectively. From these observations it was concluded
the bands coincide with bilirubin I, IXand XTI drespectively.

3) Absorption maxima of bilirubin I, IX @and Xl &in chloroform were found at 455~
458nm, 453~455nm and 449~453nm respectively. Absorption maxima of their diazotized
sulfanylate solution (pH 1.3) were 548~556nm, 540~548nm and 533~540nm respectively.
Absorption maxima of their diazotized ethylanthranilate solution (pH 1.4) were 524~527nm,
527~530nm and 530~533nm respectively. After acidification with hydrochloric acid to pH 0.5,
absorption maxima of their diazotized sulfanylate solution were moved to 577~584nm, 570~
577nm and 563~570nm.

4) Epayx. of the isomers in chloroform were calculated to be 64,900 for bilirubin I,
62,900 for bilirubin IX @ and 53,700 for bilirubin XIII ¢ respectively.



