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HERN® bilirubin XM &3 % #:& 3 % proto-
porphyrin IX Ma KIHHEE L THT A bilirubin IXa
ThHTLEN—BICHEDLNTVE, L Lan
b8 NI, 0 fiI/s & CORROEREEICOWTIRAT
LsEESNTE LT, Gray, Petryka b it IXa
UNDb D o slg% b bOICE{LETIRA LD
bhigine Lo b, Petryka’ 1372 D#% bili-
rubin DAKE % $ bV THRH LEE D XaLSND
B bilirubin BEFRTEERINZ L L 2BD
1z 19674E Jackson 5" {3 pyrrole & % DEA:EY
HIZ2\ T mass spectrometry % AT T,
bilirubin {£2W T & Z DR 2R L 12, &R
C19684E Nichol 5" (IWIE, BEB L FBESR
DB FEIZOUL T mass spectrometry % § b
TERMEFBRORE 212> T 5. 197T1EIHES
oxyferrihem @ IXa IX8 B % rat i\ T2EBR T
IX8 Blid & & &b IXe BT U CHETH e Bt
INABRIBEHTLBTH A &, 17 tetrapyrrole
BB IXe, IXp & b BEH Ak
INBBRENSNTELEEBD TS, ZLTEE
IFEERF OR /2 5 REFFREEE OB A0 bili-
rubin IX B¥E&EEICOWT Ostrow 5 DFET
B L 72 bilirubin % Kbster'™ O T bilirubin
dimethylester (€& & L, thin layer chroma-
tography TCh%0HE, ¥58 L mass spectrome-
try CBAURBEOEREPHERL L 5 LHAATT .

1. BN iRz E#Y

B ILAFEFRE PR ARFOBRETZ
D% Table 1. QWL Td b, BUIZBEITHE
BERREE, MEREEE, BFEMZSick hEESNIZb D
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Table 1. Materials

1. Hepatitis acuta cases
Hepatitis chronica

Liver cirrhosis

NN AN

Cholecystopathy
Congenital jaundice
Gilbert’s syndrome
Dubin Johnson syndrome
Normal
total

2. Gunn rat

(3 Bl

Th%.EHEEWE LT London A% B. H. Billing
B+t bt X 72 Gunn rat @ strain Z2{EFAL
1e.

. EEBRGES b KRG

1. 1) bilirubin 553

Bilirubin O standard & U CHE—HiiE{L 2 &

bilirubin Z2{EH L7, '

1. 2) mesobiliverdin IX# dimethylester

#H, Cardiff K2dD A. H.Jackson {2 X b it
Bxhrtorzke L.

2) RErtEREUE

a) kb hEMHREUE

Meltzer-Lyon BECiT78» 12, T b bEREIC
BHEI2OERE I+ 3508 sonde 2B T 34, X &8
TFTi&ER»+ 1B TERMIGET 20 2R LI
#®, AJBH OFH 2R U olive 20 ml ZFEAL
B BEH-BEH# D C JBT % $REL L#E 5T bilirubin
DFERILOFERHCHE LT

b ) Gunn rat JBi{RELE:

Gunn rat % ether BRE: TICHBE LU THRIEE A~
polyethylene B2 A L, MNIBHE 2/E8 L, FiH
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T AMEH 2ER, EXT ik UERLoEE st
L.

3) BEFHR bilirubin KSEMEBYE (Ostrow et al)

BB % {@# UBEH 1 mliz-> %20 mg @D ascorbic
acid 2MMA, BHD1/58D5 % lead acetate
solution ZiBHIL bilirubin 2835 ¢ L CHhi& X ¥
BILEO LE 2Tk 2 &K T 1 BIREEL, X
5T ethanol T3 [MPEMEH, 4 {8 D ethanol iT
T UBOSEL L LIBT3 — 4 mg D ascorbic
acid #MNA bilirubin 2}iE% 4 f£&® 1 £ € sodium
hydroxide T2053/, =& (15-20C) , BATT
KB L, Ch % KEFERT pHS. 0iCFRRE L, 445
D chloroform THEEE/L L 12 bilirubin 2#H¢
5. ZOBEEHFKSPEBIZSE LB O chloroform
DKEEEE (3 11, V/V) THIHBEOSREICZSE
THIH L, 2D chloroformiii &1 /580D
1 % ascorbic acid IBIRTCE6EZEE LFEICERZDI0
%BEAKTLE, RNTHEEKTLEEELTH S
DU chloroform T &+ 12 HEIF#E No. 6 TiF
B, BELZEBEL 1/ 2 80 methanol 2N Achloro-
form %KFE I¥ 5 & bilirubin I BHRESIRICE
He 3.

4 ) Bilirubin dimethylester OD&HREE (K\'ister)p'

Bilirubin dimethylester &% i diazomethane
2MEHT % Kister DHEER S b, ,

a ) Diazomethane ether i”é‘?&‘f'ﬁﬂ&‘

Nitrosomethyl urea 3 g #100ml @ ethyl ether
TR S 850% potassium hydroxide % 5 mliE
LBIE 217720, 30COKIEA TERICHIE L 2bs
AT 2 HBEOD diazomethane %2k ether H1iC
FAL.

b ) Bilirubin @ methylation

Bilirubin 100mg (E—#E/LFH) 250 mlD
chloroform iC 8% U diazomethane ether BIK%
bilirubin 1 mgiCH LEIRED10%BFIICINARIE,
XTI HNER, BEER LISHROH bili-
rubin dimethylester %18 5. BEBHIOIRH & b R
U1z bilirubin IZ-oWTix, CDHEE% scale down
U T methylation %27/ -1z,

5) # bilirubin dimethylester ¢ thin layer
chromatography (T.L.C)

T. L. C. iz & 5¥ bilirubin dimethylester D%
8313 Merk B Kieselgel G nach Stahl(Art. 7731)

PIREEF|E UT glass plate 20X20 cmiZE & 1 mm
OB % VEBE L 120°C T 2 RERTTEREAL L1, K bil-
irubin dimethylester % 2 ml® chloroform /A¥#K &
LTHER (IB5mm) RkE &, 88, BETT
benzene: ethanol (100 : 8, V/V) T15 cm—&iG
BB LM 3 o BHIRIBS % glass plate X Wik
EBRNE & bt & & b chloroform CIAHL, FRi¥
F#f No. 6 TIFBHREIEREL, AKO T.L.C%
BUMT2>TH—band THH T & 2HERLI. 2
¥ bilirubin dimethylester @ T. L. C. it & 3 U¥
it band 2 X & b, chloroform THHL, A
SN HIR DO B IR DEE % B TR, molar
extinction coefficient : max (CHCL,) nm () ,
405 (55800) & b bilirubin dimethylester &% &
ELTt:.

6) Bilirubin dimethylester D¥E&EIL

T. L. C. T4 & L1z bilirubin dimethylester 43
Bi %> 8D chloroform Ik & ULEE D petroleum
ether (b.p.60—70C)%MNA 0 CitiET 5 & bili-
rubin dimethylester (ZI@FRBEHRICEHTS, C
C CE# %23 U petroleum ether TiEga% 2 gk
W UEBBREATICRELR.

7) Bilirubin dimethylester OREEE

a ) BhR

ARRES (ERAR) ZAVWCAELR.

b ) BtHAsR

B3 EPS—MEHEEE B 2 v,

c ) FRNERRIARY b v

B3 EPI-G2 BRNDENHEET 2EMA L, KBr
disk ic L TRIE L 12.

d ) JTESH

C.H.N. a—&—i3fIA% MT— 28T, OX -
& — I3RS MOX—108 CRIE L 2 B Fi{E T
Ut

e ) Mass spectrometry

JMS—01SG mass spectrometer (HZAETH)
2HEAL, 14 LEEB eV, 1 L {LEBHS50—
1004 A, IEERET. 0KV TEHEHRR 200 —250C CE
EEAE" CRIE L.

f ) Nuclear magnetic resonance (N.m.r.)

Varian HA—100, N.m.r. (100MHz) Z2{ffUL
tetramethylsilane (TMS) %2 E#¥#HE L, BIF
i% deutrochloroform % F\EIFEL 72,

. EEEER

1) Bilirubin IXe dimethylester MD4)H, R
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Bilirubin IXa % Kiister M7 ¥ T methylation
UZ DRUGHRKEY % T. L. C. THEE, 1584 212
Rf 0.00, Rf 0.22 (0.20—0.26), Rf0.31 (0.28—
0.35) , Rf0.41 (0.36—0.45), Rf0.69 (0.65—
0.77) ,Rf0.94 (0.92—0.96) D 6 DD EELHE
bh, HHEAR TOINEIZ Table 2 & 3 iRIMW
{, N@ bilirubin IX (B—E/LER) X h oD
# bilirubin IXe dimethylester Tid¥+#587.18 %
(76.90 —94, 37 %) T, IEEHI DA A bilirubin @

Table 2. Fractionation of bilirubin dimethyl-
ester (Daiichi pure chemical Co.
Ltd.) by thin layer chromatography
total coefficiant: 7,10 (14.55mg/d]l)

Experiment No.1 No.2 No.3 average(%)

fraction

number Rf

1. 0 0.01 0.03 0.01 0.02 (0.28)

2. 0.20-0.26 0.10 0.16 0.07 0.11 (1.53)
(0.22)

3. 0.28—-0.35 0.10 0.20 0.34 0.21 (2.96)
(0.31)

4. 0.36—0.45 0.56 0.83 0.72 0.70 (9.85)
(0.41) .

5. 0.65—0.77 5.80 4.05 5.10 4.98 (70.14)
(0.69)

6. 0.92—0.96 0.13 0.19 0.19 0.17 (2.39)
(0.94)

total 6.70 5.46 6.43 6.19 (87.17)

% recovery 94,37 76.90 90.56 87.18

Table 3. Fractionation of crude bilirubin
dimethylester from the patients

with liver diseases by thin layer

chromatography

Experiment No. 1 No. 2 No. 3

total

optical

density 2. 48 4.60 13.56 average(%)

fraction

number
1. 0.09 0.12 0.08 2.27
2. 0.2 0.26 0.19 5.89
3. 0.32 0.51 0.70 9.95
4, 0.63 0.71 2.69 20.70
5. 0.95 2.89 9.00 56.90
6. 0.18 0.21 0.34 4. 80

total 2.39 4,71 12,90

% recovery 96.37 102.28 95.80 98,17

¥ bilirubin dimethylester T Y4598, 17 % (95. 80
—102.28%) TH-1c.

2) Bilirubin IX dimethylester DREE

T.L.C. T6 20D RI{E2R ¥R 2Z2hehy
U, RERITE >0 5 REO. 69D 737
A3 chloroform AH, BiR#E OB S204C 2T
LU, Kister'" ORE#WE—BT 28D TH-T2. 1z
chloroform AWK DR A I13405mue 27RL, %
OF7 JLEHDOBI,REXIE chloroform IBKAHT
560mu (555—565mu) THHN Y OREE—BLI:.
3 5 ITTES 21T/ > 1okERIZ C ;68.56%, H:
6.66%, O: 16.65%, N: 9.13%, Ti3i¥ bilirubin
dimethylester DIEMEL —HT A6 DTHb, #F
MR R = 7 bV DRSEIE Fig, 1. RRTHIL T
»A.F8bb51) 3.00u i OH, NH, D{HiEizs
vOH, uNH. ic{k 2 R % 1 BORINE &L U TR
»5, 2) 5.76u iC ester ® C=0 {HfFEIRE) vC—
OiiERAMHH 2 5. 3) 6.03x iC vinyl Z

(—CH—CH,) @ C=C {#iE8) vC—C itk A%
2B 5. 4) 6.124, 6.34u icHB TS
KK 228, ThIdBORRIck 3 EEbh
5. 5) 10.08« &10.85¢ iT vinyl 0D C—H@&EHN
KRS 0 CHItR 2 RIRE2BD 5, LEDFR
pEoh, ChEEH " OFfEE—HT2DTH
b, N.m. r. Cid Table 4. D1 3.70p. p. m.
(sing]et,,6 Ho CiBL T C,,ﬁza)j’ﬂ et R
7 WVHIED carbomethoxy group ¥ DRI
Kuenzle "DAHE L X —F L, % 1~ mass spectrum

(BlR) 2&»7cH#E L 0, RI0.69DIEER OYIK
{Z bilirubin IXe dimethylester T& % C & H33EHH
aniz.

3.1) Bilirubin IXa

spectrum

dimethylester (@ mass

Bilirubin IXe dimethylester ® mass spectrum
i Table 5. IR T, COBIERHFTIE
molecular ion (M*)IZH{B U 72 4> 7243, bilirubin
IXe dimethylester AR M methylene bridge @
fR%4ic X % fragment ion % m/e 314, m/e 3001238
», ¥5khd h —CO. OCH,Df#%d beam % m/e
27ThEDB.

3.2) Mesobilirubin IX8 dimethylester @ mass
spectrum

Jackson HiZ & hit5 s hizEEico T IX8 B
@ mass spectrum 21&2 U2 RIIRELOHRE R
h D m/e614 (molecular ion), m/e360 (fragment
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Fig. 1

Infrared spectrum of bilirubin.dimethylester‘
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Abbreviation: V: - CHsCH,
M: - CH,y

™. Chy- ciy- coocH,

Table 4. N.m.r. assignment of bilirubin dimethylester in deutrochloroform

Chemical shift (P. P.m.)

(shape of signal, relative area)

assignment :

1.75 (s, 1H) e, Methyl groups on C—2, C—7, C—13 and C17

1.96 (s,

2.03 (s,

2.06 (s, [M1H

2.08 (s,

2.67 (A,B,, 8H) = corrrrereinieien Ethylene groups of propionic ester side chains on C— 8
and C—12

3.70 (s, 6H) = e Carbomethoxy groups of propionic ester side chains on
C—8 and C—12

4.16 (s, broad, 2H) -wererereeeeeienniiinins Methylene protons on C—10 (central methylene bridge)

4.72—6.70 (m, 8H)

------------------------ Vinyl groups on C—3 and C—18 and vinyl protons on

C—~5 and C-15

10. 08 —11.24 (m, broad, 4 H) --eceereeens Amine and amide protons on ring nitrogen atoms

abbreviations: s, singlet. m, multiplet. A,B,, multiplet of A,B, system. .

ion) Z@EHIY

4) BFERASE FORBEHA bilirubin E¥:AHER
DFEET.

AR F O H bilirubin LW TZ®
dimethylester DE#AER% mass spectrum TR
FEU 4R Table 5. ITR4 MWL, bilirubin IXa
LA D beam, §72H 5 m/e360 (bilirubin IXG,
IX8), m/e239 (bilirubin IX8) XD AT ZD
724801 bilirubin IXe (F—#IE(LERY) R
BB 2R LIz,

5) HFEEBABH i bilirubin ORMFRER O .

BREFEEBEZE DM HD bilirubin @ dimethyl

ester IV T mass spectrum % Mk U 72 Ak

i& Table 5. WL T, WK, BHFE, HE
ZHE, BHD 5 5E, SERMEHE (Gilbert's syndrome,
Dubin Johnson syndrome) O\ § @—T, %
N5 DJEH D bilirubin & RO E—FE/LES
bilirubin 3 X ORI A S F DIBIT A bilirubin &
DEICIIFHFEICEEDZE 27RT beam i3 5
Nz, .

6) Gunn rat B} A1 bilirubin OR ¥ FHERD
ey - - |

SERMEHE A X2 Gunn rat B H D bilirubin
D diméthylester o. mass spectrum § Table 5.
ICRTAL IXe DEFAICH STz beam LIS Dbeam
IZ@E»onizh -1z,

Fig. 2 Main fragmentation process of biliruhin
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Table 5. Mass spectra of bilirubin dimethylester from various liver diseases

origin of Nor.. B. IX. H. A. H.C. L.C. Chole. Gilb. D—J. Gunn.

product * ’ ” ’ ' * * +

m/e relative intensity of signal (% of the base peak)
612 - - — - — - — — —
374 - - - — — — — — —
360 - - — - — - — — —
314 28 27 30 29 32 35 28 31 26
300 100 100 100 100 100 100 100 100 100
285 20 23 18 20 22 20 16 19 18
269 30 28 26 29 27 24 26 25 29
253 9 11 10 12 11 13 10 12 9
241 29 30 33 29 29 33 28 34 31
239 32 30 31 35 32 29 29 30 34
227 99 97 92 93 100 98 96 95 100
213 42 50 38 40 53 46 48 47 51

Abbreviation: H.A.: Hepatitis acuta, H.C.: Hepatitis chronica,
L. C.: Liver cirrhosis, Chole: Cholecystopathy,
Gilb.: Gilbert’s syndrome, D—J.; Dubin Johnson syndrome,
Gunn.: Gunn rat, Nor.: Normal control, B. [X.: Bilirubin [X dimethylester,

*. one case,

*: mean of 5 cases,

£ =

Bilirubin R ¥(KiZEAT 2 W& %245 & Petry-
ka'' % early labelled bilirubin iz 2 TE{LET
Xe LAORMEDOFERZBMEL, L1 Nichol 57
DSHE 4 DJE A K emu eggs shell (Dromanius
novaehollandiae) > & #jHH U 72 bilirubin & b IXe
UNOBMEBODRME% mass spectrometry Z{EH
LTHRE LTva. cofifsick s & bilirubin
dimethylester OFFR (D methylene bridgebS#FZIL
TzERIiTHiSE B 1 W B dipyrrolic fragment ion %
BRHELTWVW3. +72bb IXe O fragment ionidm/e
314, m/e300, L IXBlic ME D IXB (§) D frag-
ment ion % m/e374,m/e 360ICFRH T & 5437 DIF
NBEIZ /2 HEL, 2ED2 -5%THB L3,
197145588 57 b5 oxy-ferrihem @ IXa 8L O IXP
B% {4 bz EERiICE 5 B DOIBH A OHE 12
Xe B IXP Wit Lid s ic & { Bhit shac
& tetrapyrrole O FEE % & - 2B IC xR D HE it
BIZEHEBRZVELTWEY, Z25F 5L MA
HHDbilirubintd tetrapyrrole &2 £ 35860
Thad6H L EHEAT KXo USNOREESER
N5 5 ARMBTHI 6 bilirubin Xa LIStoy
E etk higEit 30 256, mass spectrum TER
M i BEER . (FEERE) & uvTFRANBCL

"¢ mean of two cases,

": mean of 4 cases,

& ez h, WEERS AT < bilirubin RBEOREZ
3 RIERHE 2 KT ERE O bilirubin @
KUEBRLIIRSICE DO pattern 227 3
ARG EA LGNS,

& T bilirubin dimethylester @ mass spectrum
TOMZRERIZ molecular ion 3 ZDHEEE %,
dipyrrolic fragment ion ORISR 2 FEEL
FETA2BOEEL L3, Tabbm/e3lds m/e
30013 Xe Bl X 0 IXy BIX b H3EL, m/e360&
m/e239i3 IX8 Bl L o IX6 Bk hEAET 5 6 DT
»3 (Fig. 2.). UdL7ads F—sitd k¥
bilirubin & ® @ bilirubin dimethylester ®N. m. r.
spectrum 3. 70p. p. m. KA SN S singlet® 6 H
BCHNBLIUFC. DTS LB X7 VHEIHD
carbomethoxy group 278 U T 3D T, m/e 300
X Fm/e314D fragment ion X IXa BIDEEZL I
HELIZSDEELALN S, FI2HEEBHID bilirubin
dimethylester G#% N.m.r. spectrum TIZRED
chemical shift BEEHF 3 DT, m/e3l4, m/e
300, it [Xe R4} EAEL 5 5. RRRETIZ stan-
dard & U TR B—ME(LZES bilirubin X
CRERAET, Gunn rat, REFESEIOETE
b A7 bilirubin OICIXA S HEDZEI32L, di-
pyrrolic fragment ion i m/e300% base peak &
U, m/e314, m/e227, icB% &+ ~TOHESR
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Bl mass spectrum iZ[A—DREER 2R U, 2D
BEREHR I Er-hT iz EA U mass spectro-
meter D4R EE & Nichol 5DZ hERA—Td
%M T bilirubin X LIS O REEEHERERID 5
mass spectrometer NEAZ COBECHIET 5
AEEME & L TR T E—icR{IURENE L 0 S
5 Ostrow 56" DAL bilirubin D4 2 2 FiZ lead
acetate DA F - 2EG IV T IV AL DT
»h, ERERED LBICIR diazo RSEEHE
otz itk biESRILIERVETO bilirubin IXe
UNDORME R LIz ERELLALL. BT
bilirubin dimethylester 8 #® T.L.C.ic& 3%
S EERESLETE TORMEDBRIDAIREM IKOWT S,
# bilirubin dimethylester ® T. L. C. TDINZKIX
iz o B, b REERRT SR 2 AH, 5%
{t# D mass spectrum i bilirubin dimethylester
ICHE B 72 fragment ion 378 b m/e 374, m/e
360, m/e314, m/e300, m/e239, m/e227, 7z &
HEDLNZNDT T. L. C. TOD IXe BILSNDDili-
rubin OEMEADEPEOAGE S BETES. LI
5Tk XY Gunn rat JBH A bilirubin® £
PEthIzid IXe BILINOD § DIIFEFELRVWEEATE
wkiicBbhs, FRFERRBEEZERTHO

X

ﬁ —_—

bilirubin {2\ T $ ZRFEHE T IXa BUHND
BHRZTFEELZVEWVWAS.

5 £

BB R bilirubin % Ostrow 5" DHETHHE L
Kister'”? ®FET L % bilirubin dimethylester
& U T.L.C. THHBEL, BHEEK mass
metry CEESE A ICTRIEL I6ER, ROK/SKR
21817,

1) & F& X Gunn rat JHH A bilirubin 12
Xa BILIANDEMEIZALED SRS T2,

2) SEFEBEEBENA bilirubin L2V TH
FAfT IXe BUANDEMEZ A LD ENT, TXT
standard & U TR EE—RIE(LZM bilirubin IXe
L EREORRER 2 L 512,

ReKDBICHII-> THRMT & - 7 BE/NEE
KRG, EEESET & - AR, WiEn
REICHEB 2 T & > LEBL — 2 - RRIFFRRS
e s —MEHRKSS CIREEZ BRI ZWIZIE
Wiz A H. Jackson EiSicES LT 9.
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Studies on the bile pigment
Part 2. Mass spectroscopic analysis of bilirubin IX
dimethylester in various liver diseases
by
Tetsuichi IZAWA

(The first department of internal medicine, Okayama university medical school)

(Director :Prof. Kiyowo Kosaka)

As almost no study has been made on the mass spectroscopic analysis of bilirubin obtained
from the bile collected from the patients with liver diseases and Gunn rat, it was attempted to
determine the isomeric composition of bilirubins by the use of mass spectrometry. Bilirubin was
crystallized from the bile by Ostrow’s method. Bilirubin IXa dimethylester was yielded by Kuster's
method from the commercial bilirubin (Daiichi pure chemical Co. Ltd.), and was purified by thin
layer chromatography. Photochemical natures of the fifth of six bands was coincided with that
of bilirubin IXe dimethylester. The following results were obtained ;

1. Mass spectra of bilirubin IXe dimethylester from bilirubin IX :No molecular ions were
obtained by our method. The base peak at m/e 314, 300, or 227 was found and these peaks were
derived from the cleavage of central methylene bridge of bilirubin IXa and IX7 dimethylester. No
peaks, showing the exsistence of bilirubin IXf and IX& dimethylester, appeared on the mass
spectrum at m/e 360 and 239.

2. Mass spectra of bilirubin IX dimethylester from various liver diseases and from Gunn
rat: Mass spectra of the bile bilirubin from various liver diseases and Gunn rat were observed
at m/e 314 or 300 as the base peak and there was no significant peaks showing other isomers
such as IX8 or IX& dimethylester. These findings coincided with that of bilirubin IXe dimethylester
standard.

From these results, the exsistence of other isomeric compositions except bilirubin IXa (IX7)

was not able to find in the bile of human being in health and various liver diseases.



