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ABRERNBET®BRER

ERHTRE®ICHET 5 HR

%

A

Pyridine-hematin X OV EHH BFERPTHEH O
Chromatography & X % & &

RILKZEZME—NBHE (FE: DR E R

g

¥ -

(R34 48 A7 BXH)

19304 O. Warburg & E. NegeleinD) 3% &
V) 5% 7- hemin % pyridine KIZIERR L, cystein,
glycerinaldehyde, hydrazin ZHDBLFA*MZ, 7
FEEREZERIET, 280 0E%LE, “grinnes
Haemin” &4Z L TLUR, BBREATCOMEBRE
D EH BRAEREBROTITHZ DMIC OV, £0
#% R.Lemberg?® {32 D DA, Biliverdin-dime-
thylester & B 5 (b RUEBORE—FF LI OEK
3t ZBohit LT, CipHaOsN4 - Hel - Fecls
O FR%2E5Z 2. FK H Fischer & H. Libo-
witzkyd), G. Barkan® Z|{z X U hemin IZ 5 1M
BH# L l-ascorbin B RUAFRLEZANTEH &
FERBEMERIN, ARTHEAERELEE
REEOD RUEBFOHZC RO THFELSED S
hTHh3s,

MBHRDEHAHE~DOFRBHEEYII, cholegro-
bin, verdohemogrobin (R. Lemberg)8), pscudohe-
moglobin (G. Barkan)® % O & HTEIINTIS
B, THE DS DI biliverdin D=MH I ICE
# globin OEEA LIcbDEhL LT IYEE DR
BHIER LB Sh T 5, 192548 G. Barkan® (3,
BT 0. 4% DEICHiBE A X THMES 5 ion R
BDHBHT LABY, T % “leicht abspaltbares
Bluteisen” 5@t gk & FFFRL, ZhsmeEHLD
BHER~OHR B HEDICHRT 5 &R~
R. Lemberg® O XFHFEBILBENTEALH .
HELCOMBOKAERE LB N IL, choleglobin &
Uz 0BUMHEOEREMS Eic, BIEFEHRED
bhITE S,

CNFORREESHICT 512017, KHEBEY,
FEO, gD, MED $2, cohBEmo

MniEREE, SREANTHSMSHADLETH%D
HE@m&L DiBK L, column chromatography (T X
el BELT, ToREREOHICLE
7:DT%H 555, Rhodankali, @-a’ Dypyridyl R{¥
o-phenanthroline ¥:{C X 1) Pulflich YEEZ A
THEERZT 2120, B&D bigmLicml,
FEBRICIEB D pH RUMBKRDOEBEREET 512
»HiC, AR DBREIARTRTHDI, £ TLh
FOREAMES 1-HEBIBRGHERN T Feb %
BHFELTERL, coRBicgidENzIsCE
Izt

KBRS LT, ROCENEMEIRE Sk
HRR D, Fe¥-cls MBI LERITS HKTHRR
LcbDAB#ERE D EA LT, Fe ERRMMRK
%, XD SHE hemin ZFH L,

Fio#k & LT, 20% pyridine %% 20 cc T
Fef $E3% hemin #5555 mg £ ¥ LT 1-ascorbin
B 100 mg AfEMAX¥, BRIEBER 38°ClEEWS
KREL, FIGHE®%, 1, 2, 4, 8, 16 RU24kKATIC
RIS DR 5cc 2D, TDHK 4D % column
chromatography % f7-27z, chromatograph WEH
& LT3, Brockmann ¥iE#: alumina ZFEFH L,
##EFAT alumina hiC RO BN T LERRALT
By, REERBEROED 10em &L, EBEX
& LT3, K, ether, chloroform, methanol, pH
7.1 M/15 Soerensen B B& ifi AT E A MR L1cds,
HBLGREESROBICGEL, FRISKTIRTN
T4EEDH LA, RUEBOHELBORRNE
EHREEBEIERNAEXCT, RERORIRURE
%O ROREHOMAFICKY, WEENITIED
&3 &Lt RORBHRASENY, KORE
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Bl BRMAZE LTI OBMANTNEET 512D
i, CORMZNSUTHLEEH FTRE UTERK
TARICL:, COBEERTREREORS, EAlO
BRUBHRMSEERE L, B&HE 10cm, R
HE 10cc ZREL, TORBTELBBER2ATH
THRBZEFEIND T EAREDI,

£ UTYEM L 7- KIS Bfid48 D column chromato-
gram i3, HF1IRRT L THo /. BIBRISE

Fig. 1. Comparative Diagram of Hourly Chro-
matograms and Effluent of the Resulting Solu-
tion of Pyrine-hematin under Influences of
1-Ascorbic Acid and absence of oxygen.

xmfdlato- lbr, ehrs,  lhre, 8urs,  16hrs, 2lhro,
: H = o e

bos

I

RIS quiltivl 1 X STRG peiios i

WO O O O @B o E

&fflu- Colour- Colour- light Llignt 1ight licht - yellowisn
ent lees less yellow yelilow btrown brown brown

m greyish white
reddish brown

1ight greenioh brown
[: 1light tow

@ dark green

:‘ yellowioh white
1ight reddish brown

] light ycllowish green
[j green

] dark greenten trown

% EmEDKE, F18, RERUREEO4ELE
», “RABBIILBETH O, B1EOKAEEE
i, 2EEENREEERICEL, B2EOREERE
RS 1 B TREEEZR L TRAESRE LY,
BUS 2 BRI I 3B S, BicKs 8 BRIA %
REESEEEEY, KSREECRERON %D
SHF L. E3IB/ORBEREIRIKRECOBRICE
FBRBICBBER LT, HTETH 548,
BEMICRBICREEESE L, KG 8 BEENRE
BEEARL TEEERET Ui, B4 BRHENC
BRERICRERREE LTAD ST AT 208
DEEBER LAY, CNABERE LTRRLE.
BERRCELEY 1 R CREETS DI,
FUS 2 BB Ic 3k&a sy, BBNICERaREE
B ERASED Shiz.

ZCTCChEORGKRICKT, G Barkan Q5%

b= -

WS OB, DEIC L BREOB S AR L LS
ELUTOERARS 1. COBATEMHLT L
VHMELELYT, OBK FEETLESC
EDHIONTEY, BREAICHNSSHLEBEC X
BHUEELEL OO, HEBZRE CNEEEL,
G. Barkan® KU R. Lemberg® [3EE L7,
WTERd sme, BRERNECH D, Fei
Dl FEMKILEET ADTH 505, alumina P
WEBEZDE TBUKILT 5 C LRREDID,
13 { BWEBOKBBEEICD X BEERTT 3
e L, MLEEEBEINIBE L, 0c
HEAEMZTEEBREL, ErbaE Ui Eigico
x, AR, 0.4% CHBERMERSER, HECK
WAL RO RS B R U 54 8k R R
E LT,

REBRB1IE, F2RICRTML, BlECK

Tab. 1. Experimental Error (1)
Deviation

Sample Counts (%)
1 88098 - 0.4

2 89933 1.6

3 88114 — 0.4

4 87971 — 0.6

Mean 88529

Fig. 2. Hourly Total Iron Amounts

1¢2/4 8 16
1st Band
- e 2nd Band
............ 3rd Band
———— 4 th Band

kil -Iron remaining in the Column under
ionic Combination
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04, WOTHEIBETHY, AR SEMERICH
D, EEENTEICE Lok, F2EICRNT,
ERMIC RO D—RAL D, FIS16RHE TRIEEIC
#ELr. ChitRLTE4ETE, 4REEETR
ﬁw%ﬁb,cnéﬁﬂ&bfm%@ébbﬁwﬁ
A Eo2BA L. COBSER hemin D
count &JIE DR count & DI, BbHE®BK T
B TICRERNICA A Y RADT TEOILHRESE
HELRDTHSE, B2 BHEIC—REICED
& IPSMIEICEE L, PULARRBICIIT2%IC
F L. #RT A Fe® Bt ®EXD, AhD
B BORESENH 2P AETRH 50, B
Kk AFETH L. BEBEFRICDEBKEERYD
THBE, FBEMCHET 2MEABAD oL,
KIS0, 4% DE\iTIEBEA A, 38° CHa/RtE
IC16RSFIIGE Lok OFTB S oS EZRIE L, 8
$BICHT IEAFRTEDT E, H2FE, RIRC
AT, F2BHEMNICIEE L TRISI6NHET
BITEMICGET AL, B4R TS, FIGHE
#IDH2FOLNOMINGE bET A EMEAERL,

Tab. 2. Experimental Error (2)
Sample NO]t'syE?;]ttT::ed Extracted By Ether
1 19726 15875
2 19383 15995
3 19515 15235
4 — 16139
Mean 19541 15811
Fig. 3. Amounts of Easily Split Off Iron
%
100
kW
w0l
m;
el
D
o/
7
» i
i
10 y’,
12 U 8 16 &
1st Band
wwsmnensenes== 2 nd Band
eeerearnas 3 rd Band

e 4 th Band

WS ZZ Ubode, RBH2 BIIRS16kR
SDHELBOENICERT 505, BET BICEEDS
T, L, EI/IHTH, ShiFIcBBRNT
13, B4BICPITITERD OBEERTDTH B H,
R E A E LU, RS ENE DI,
HEREVARO R EVELERT I HNENS DD
DEBEbLNSD,

Sk e, 0.4% ICHiBRANERHKZIRUFE
HESRBEARBRIT T 5 &, 84, 5 6 TRUTR
T, ZEMICZIZETERELED DN, BiCS
DB ZIBNERFE L., B3 —EDE

Fig. 4. On the 1st Band, Relation with

Three Sorts of Iron and Biliverdin

»)o.2
12 4 ] 6 -]
Easily Split Off Iron
---------- 0.4 % Hel
Free Iron
.............. Biliverdin
Fig. 5. On the 2nd Band, Relatino with

Three Sorts of Iron and Biliverdin

Easily Split Off Iron
0.4 % Hel
Free Iron
----------- Biliverdin
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Fig. 6. On the 3rd Band, Relation with
Three Sorts of Iron and Biliverdin,

<
100 1.0
%]Jo0.5 -
€0]o.€ e Pooeeeeen. -
Ylo.k ."-,-"'
i P,
wlo] TNl
./o ......................
12 4 8 16 24
Easily Split Off Iron
----------- 0.4 % Hcl
Free Iron
=ssssssesennne Biliverdin
Fig. 7. On the 4 th Band, Relation with

Three Sorts of Iron and Biliverdin.

L

00Q.0

6o]o.g] § 3

: "‘ ................ ...,
wfosf T *
>|o.2

12 W [ 16 24

Easily Split Off Iron
0.4% Hcl
Free Iron
-------------- Biliverdin

FWNEDONT LD/ KEBRRIHILIT
column chromatography T4 8 LA 712 DDKIE
BEKICDONWTIT 21 bDTH D05, BIEROKTE
MR FICRBENICA A VRO EE O ERD
NnagLitic, ELOMEERTICLTS, 0.4%
IR EE VR N % 8k B & Skt & DR —E DBk
ZADT, HEBEOITEL SN ERT
&3, ABEELZELTHALCOMREELNS.
XIC M. Engel!® RUEZEXIW OFERICHEN,
ERERIVEE G & s M5 L, 33%EEEE 15 cc TRk
Ly ThicEBYE3g * A ICEME 1, ether

-,

THIH L, ¥ L7 ether 2 BAK T LR
fotk, 10%EEE & FICIRE U T X /o biliverdin %
Rl LrcEL, B5FK, ¥4, 5 6, TRICEY
m 782t AHEIBCRTRAL CRERDRED
Dfcds, OEBCRTIHRTSREEZLET S
thiRdsZ ohic. MUTHLBCEIEL, ®OT
H2fE, HWIWMOIEEIIOT:,

REXD LT, B1BEHEREND, Sk
135 243, biliverdin ZHIH LE 3D Eh D
#ETIE, NERIBOBICET Lok, R
|2 verdohemochrome %*iEN5HBEM TH 5 HAREY
THs, H2BIRTE, RSoHORBICNT 24
WHEORELHHEL Y, BREICSKEROBTY
HA~DZEBEEBENZ SN L, #3, $4
iR T}, S 03 Cligt DR 51y
HOoHEDIEDOTHBZ 055,

DL 3BT, BRHUBRIIRIEZICLTS,
RTHDRSKETEH L, SEBSK D protoporphyrin
SHREEYI biliverdin TH % L5 3, LT
Souek D E & biliverdin IS EOMici, ¥
FTRGRSED o isho k.

Eit& 5 8B D SRR E KD 7, &R
FREE B L, HBKEME CTHask Lok
{C2> & Beckman (D Recording spectrophotometer
Model D. K. % M LTI A 8K LR,
B/, 53 EICIIER DU R Z R A 1S
mULTH2, FLBNTE, F8, FIRKRY
mE iRz ohic.

F2RCNTIY, FIGHERE 610 mp ([CHRUUEKR%E
2, FIG1KHEEBIC CoBRRPLPEALL,
BUG 2 BE A% HK Ui, CORISHEBRY 18
MEB D # %, sodium dithionite FUEFHENE
TBLUEMT S L, 557Tmu RY 525mp ©27
OUURE RS BH oo, BEOTHE2ZEICI
R. Lemberg® 0 ZHil5) Hsigf L, BiICHEMED
%8 pyridine hematin X 0 JBH-GBREFRFHEDR
FOBRIT, Silicagel Y& # & L 7z chromatography
THRIGEKICDHED I, FBEELYFERREE
Fl—#'H L*#2 5 1, pyridine hemochromogen 73
Z% pyridine hemichromogen O W & L - b0 LR
bns,

54 AR BRI AR I, BUGTE% 660, 530,
500 mp D 3 DOWUUEK AR W 2. B 1| KB
iZid, 660 mp DIEKIZ P REEBRMCHELT
656 mp L15D, # Mk COBRLBRDLNT, KB



B g & 2 RBREAIEH BRERDATEY BT ZH% 6325

Fig. 8. Absorptious Curve of the 2nd Band

Hemin dissolved in

E N/10 NaOH
1.0 Immediately
0.8 lhr.
0.7 2 hrs.
0.6
added to 3% NaOH
0.5 and Sodium dithionite
(Immediately & 2hr. )
0.4
0.3
021
0.1
0,051
80 00 600 5% 500 G ma
Fig. 9. Absorptions Curve of the 4 th Band
E
1.0
0.8
0.7
0.6 added to 3% NaOH
and Sodium dithionite
0.5 (1 hr)
0.k Jmmediately
1hrs.
0.3 \ 4 hrs.
24 hrs.
0.2
0.1
0.05
80 700 €00 5% 500 Y50 mp

IR &8 L, RISKRHOE
3 &F:iz, pyridine verdohemochro-
mdgen (D 656 mp D B — IR K
&30, RISOETRBEMIELA
1cbDEEBI OIS, BBRIS1E
RIE8 % & V), sodium dithionite J%
U ETRETE®R I ¥ 5 L,
650 KU 554 mu HSZ LT,

BFEHIT D & BB R AR D 723,
] % 4 38 4 5 WUBE R EZBD T,
sodium dithionite i UF 7 #k B IC
L 2 BTEHRICRTHELRED S
hizmote,

MU L2 % & U T R. Lemberg?
DS 639 mp YH, FHID O
5 630 mu HHEIRICEDZIEPD
7. 13 column chromatography
A1y, BERRIESFICKREE
B, XBEEOLBSHICELT
FEhBEXOEAFLBERMINEOT,
RHBLAZE»DIbDEBbn 3,
biliverdin WX BEERICET 5 Xt 4
BB DE4E £ D, M. Engel K
UkHDFTEICHMY, 10%HEEERIC
il N BRERORE i RE R
HTH5E, 655mu ik PUEA%E
BT AHRMEZ oM. TOHEER
H¥#IZ, sodium dithionite D—JJ4
EMATRIET 2L, BRLVESR
ICE L, gmelin B, aleohol % i
A 18D diazo XS T, aldehyde
FUG R schlesinger B3
Holk., -ODTcoHRBARE
bilirubin T, BLAIOFBAHKIT
biliverdin T&k 5.

P Lkic X pyridine-hematin X
DEHERE~DSRIEESIZ, &
& protoporphyrin @ SMEEEH & D
$LEEIC, pyridine BSERAL L TV 3
CELI3FEETH %55 column chro-
matography I X AEEALP BIHDIE

4 BRI ICI3 500 mp, B 24 B RHICIE 530 mp R, BT AT 2SO RO O R
DERDR4MEL, 656me DEROLHBROL.  SHoOMEATIL HLOBRBOLONIEINT
BS54 BIC R T3, R.Lemberg® i L7- WBTEMbhA,

657, 530, 498 mu D protoverdohemochrome D
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1. EEkHE

1.1 HrisEsk

BU#EL, HK[E Oak Ridge National Laboratory
DA XN Felbely DEFERK A HRALE.
Fe¥ JABPIA2.94ET, BBLTRELSEIMITE
MnS (273, ZOBKETFHET 5.9KV OFH
XBDHZHRHT 3.

1.2 Hdgkks

EHTELUTERT 58, REBRICRET S
#HEOHRHEM 3 YV b A, Vosburgh %18 O
TEERE L, BIBRBRICGERORMERE A T
ZRHEL, th%x 20cc O BNIEEBICHERL TH
wRsticE v, BIXEROD isopropyl ether &kiT
FKOWRELT, TR % ether BIBTSH,
XT 0.1 NizEE 20cc = NX THUKREL, D
HEEREICBT I,

1.3, MHREDORAR

hE 2.0~2.5kg D HEH T REBY, LEH)IIC
S DEKRERE kg 15¢cc DM % 3 BRFTEE £ K
L, EAEMEEIEIE $BELTHRERE kg
0.05mg @ Fecl3 £ 1EEHEL LT, ThiaT
¥ 20cc DEEMARKTHERL T, HEicED
HE Rk oEH L, LB®ROFERICIVEMRL,
Fe¥ EHFRMBRTMRZ Z 1.

1.4, f4tE hemin O FKL

Fe¥ EmEAIHKRID, D oFEcH
BB,

1.5. hemin ORHAICEET 25

hemin D specific activity {3 & M3 & FEERICHT
HATHY, NEBEEXELDOOTH B0, HC
CZDEIHEE L, AEBRICHRA L 72 hemin £
1 mgld, 35 42,428 counts/10 min. TH D7,

2. PO

EROBFBETHES L 72 FeSEH hemin #5535 mg
A N/10EH#PH 1.0 ce IZEMUI-H D, pyridine
4.0cc 2 pH7.1 M/15 Soerensen % B i £ 1 i
9.5 cc ITMA b DRUEES 1-ascorbin B 100 mg
ZZ&AK 1.0cc ITHEM L, N/10 Bk g 4.5¢c
ThHILI:SDELRL, 28 20cc OFISHKEE
VD, TNITTiB) paraffin 2 EFEL THES 38°C
EREICOEBROTIIREL, PICKHBES, 1,
2, 4, 8, 16, 24K [ 1% ICT, EBRMBICRIGK
P OERELIHE paraffin 2R OWTHRKIEHK S

&

il

L.

3. chromatograph W& FEtis:
HEBEZD, FRB® oFEH, AZE1.0cm,
B 25cm OHEMETFED—miC IRISMBER LD,
20 LickEFE UT Breckmann B34 alumina
A—ROB XL BL S, PERFALBREED
WE%E 10em &L, BREFORKGIAL TR,
5, 10, 15, 20cm D4 FIC D XRFFL1H, %A
H4 ERERBKT, T L THREENITILED
A9, XEHCERMAE LRCOMMEIThEE
28,5, 5em T EBBICRESITHD, 15,
20cm TRETEZLYD, 10cm &L LTESBROE
BEHIEERL, F4EERTHRE LUTERRT 25IC
U1z, 8K UTEBR L - RBHEIC, £ TEBKER
LTeEMBRD, b oREEBE L 2% Kok
5.0cc AFALTHRARTOZTHREL, KiSHM
LEME XN S5 EEBIC 7.1 M/15 Soerensen HiEE
R 10cc £ EBERIE L THEE chromatogram
ML,

4. REFE

4.1. Dbiliverdin OEEE

M. Engelld RUKHD OfFEiC kDT,

4.2 BURSHRIET

Beckman (D Recording Spectrophotometer Model
D.K. Tk,

4.3. HEEE®

o-phenanthroline ¥ 1Tk v, HBEKRE® DAk
L,

4.4 SOMEEEE

G. Barkan U Walker!® OJFiic#a /.
4.5. Fe FEH:

Peacock?0) I TFIT Vosburgl® (T # U TLLT DM
 frof-.

4.5.1. EHEK{E

ARl A Kjeldahl flask 23R D, T 41IT carrier
U T2mg OIFREHHEIB 2 SEMA T, WM
Bt 3.0cc &7umyBt 1.0cc & T 55 & MELTK
ZERE LIk, BN TBELEMEEHE LIILY
fcky, 60%BHEREEEL 5 S OMENA T E
F3~5HMMAT L, ARRBHAEPLIY
KILEET L1,

452 BIRESE

LD Fe¥ i3, FOXBROHEBRGT LD
T, RELACRRERILT 57-0ic, #FAREICE
K[EEETORET 5. FESic, AFITENER
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ESELERAL, SRR THHRLTRKS 2/ —
WEICERAT 2HREE 2 ~3EITOT, TRICHE
Eo-bDEBERLL.

Lk Kjeldahl flask thdK{tii%, Z& 100cc
DELEBEIC 0.INFETHR OB LK, NEE
BEICTRD ONEBEAMIMAL THBETEINLN
5% THY, BTAIC flask TOPEBLEST
LBAEIFMEIC 25¢cc 1L, £D 0.1ce 2 Y
o-phenanthroline YETHEL R E L T, B2EH
S5mg L85 X HICEIC carrier ZNZ 1. RINT
WIELTIH S 28% ammonia ;XK THRILT, B8
DOKEILE 2 OERRUEBMAEIED, BLOBLT
TEEEHUIE, BELMIC 6NIEE 3.0cc %
MATHER LI, RIBSERIICOEREBL,
BERICHER ISR 10cc O ether T2@EBKEDOTH
BRHCMZ, RARBLTE DI % ether [F
WCRIT X4 1. TO ether [BIC 25cc DfafEE:
TYvEZYLEMATIREL, BUEECOBEILHE
Ta3¥NE FHEEBED S ether FERVLTESR
FSHITH® L T, selenium rectifier % LN 8 Volt,
200mA, 4KMEE LEARIICSHEES L. &
FnW gk hid, BERBICOVWTHRELE
EFEUIER BEULOESTTEBRMIL4E
FHTxRATH 3.

4.5.3. ERBZECBT I
Geiger-Miiller 8 T AIBICEE L, count %}
ERBRBEL ORI, LicHEN QW BEWEL
12&TATH Y, HROmM < Fe¥ JUE LD
L0, BHIKIL, BRESSOBEMISRIEENES
BIcHiC, EBRRELICTRD OBENNZDTIZ
RS fiEhdH 5, CORBEELRT 5k
TUTOWL FREREEML 12,

B 5 ¥ hemin £ 5 20mg A N/10 & #: ¥
Scc ICBRL, TD% 1ce k54D 4 DD Kjeldahl
flask it &y, BHKILBEE S LTV Geiger-
Miller HEETHELF R IR, F1FORTM
{1IE2f, BIBBREIR2.0BLUTER D BRAETE
KB THD T ENDhOT.
ULEFHERD.S LT, HENOW OFEc
VWRBKEBHET o/, BLRROBSESET, XK
BB 2 OZRRAME 152 £ CRARRIELTT
ik, TOW®MAE 3M FHE Scc WERLELOD
%4 —H28% ammonia THRIL, BEBHRLM
BLAMEL EEETE LT 3M BBk 0.5cc 1K
fRL, BOMEBEYN 1 & AERERE ammonium KK

5 LDEK 0cc LEACBIESET>. LbL
ERE LREMSKELD, BEBRBCKBEAZR
¥, BHSHICEDIRELICRIMDD 5 2 bbb
te. TZTZORRAZER LR CORBRITH
BIEEAE AR Lo hicbRRE &Y, ERo
HETRESREL 5 T &b D, Vosburgl®
OFEICHEL TH—HBRIELIC ether I ZMZ 5
zEicltz.

Z T COWMBEMERHOBOERBEMRETT 5 Eik
TROEBEZHEAL ., IEKEHER R hemin
40mg 2LV, N/10 A4 # £ 10cc ICTEREL,
ZDR lce ZFI4& D Kjeldahl flask T & v, &
WKL L, % O EIT ether FIHZTTVY, FKRDER
BicchE2ThoTHBE L ERIE 2 RicrTml
5o,

CNEVHEREELRDTH B ELI9E THDT-.

3.5.4  BURBERIED

D Eom LTA Sh i SEEALERBICAN
TREL, —HOEBRRIBHNEORELZEREL TH
—RICAIEZETT O, REBITIIMP IHES Geiger-
Miiller H¥EEIR2RAGFEHL, RE B 7 mm,
B304 L1,

5. RIS# D chromatography & B4 D

chromatogram

ERREH 5.0ce 2 Y, column ITEALT
HACBESE, 28BELREI LELICERTE
LT 7.1 M/15 Soerensen #ELiE B # 4 10.0 cc
FEAL, chromatogram Z{EB L7, iR 8§
1 BREMEMNRTHTEE LTERLUIY, BER
I 2 RRERRICINT, RTEOHBRLEIERBRTY
EEBAOBEREZ I,

KIS &R M8 @ chromatogram (35 1 RIiTRT
< Thot, b4 BicoBL, RISEEMEIC
REROCRUESERIT UL,

6. ZWERBICBET 2

6.1 SBXOHIEVREBOBRE

BREBEEEZSHAHL, K4 30ce DERKE M
Zo W7 ABTICRELUTHEHET, SELok
Lic EfEic2&, UTORFERECHEEZNE Lk
FHEmZ 1.

a) REFXYORE

LROTFEC LD BB LI B D 5.0cc %1RD,
Kjeldahl flask TR IKIL L BRE & T\,
Geiger-Miller HEETRIE L ERIZ, B3 H,
H2Rom THoe. FHAMERER Uik
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Tab. 3.

=%
]

Total Iron Amounts.

n

—

]

C : Counts.

immedi-
ately

1 hr.

2 hrs.

4 hrs. 8 hrs. 16 hrs. 24 hrs.

C.

%

C.

%| C.

%| C.|%| C. || C. || C. | ¥

720] 1.3
23478144 .2
1878| 3.5

480
16974
1806

420
16032

0.9
32.0
3.4

2 EHH

9832,18. 5 11344J21 .3

J

2538|
20412)38 4 21372140 .3

108 0.2| 168|
3870 7.2
1056( 1.9

11990‘22. 6

0.3
4020 7.5

942 1.7
9362117 .6

258
6972/13.1
1164 2.1

18364134 .6

150/ 0.2 0.4
8754/16.5

750 1.4

0.7
30.2
4.7

Total counts

35908(~Q_‘30604| [39404

26758 14492

31026} 17024

Residual counts in
column

17128@2.6,22432#2.3

13634#5.7

22010#1.5 2627849 5 36012%8.0 3854472.7

Effluent

hemin @ counts XN T A HS4ETRLUI-UER LT
B hemin #ER1Img |31 42, 428counts/10min.
ThHot).
®|1, HIBCHT, FEREEIVERLERL,
BRNZEAZD A2, B2LRIIRICHEK4.2
KN LI BRI L, BUS1685 R T BB
IHEL, URRMEEFEOZELZADIE»D, He
BT, RISE%S2BEOZNOLIITH N
18.5% TH ot Kit4 BB ISR EICEL
THIZBORSEREIGES &, U 50013t
BERLOOBA LIz, XA L 72 hemin count
L BUTERR count & D ZE, BN B K T E ¥ 9E
alumina HHC ion FES D I T ORPSHAEFELER
HTHBE, 2HEEFIPLPRD L USNIB IR
RPENCHEB L, KUG 8 B THB0%IcE L, Fn24
B¥RCId72.7%10E UTe. SRERBMOREZERD,
EH alumina @ F 3 TORBEKIARER 12D,
Fe% ot FHOWNAEZE M 3 11id, alumina iC
REI LTI TORRENEREDD, cDE
BAERCE 5REIIRTETH DI, FeP Dy %
HAThECOMERRRSNE b DEBbN 3,
b) G LD ORE

KBS 5.0 cc Z4F 1, Barkan KU Walkerl9
DHEICHED, TNIC1.2% B 2.5¢cc AMA,

‘ _ ‘ ~| - l- [ 168l0.3’ 194}0.3

324

0.6| 1138}2.1 1558]2.9

38° ClaRMIC16R RO E %, 20% =R 1LEE®E 1.0ce
EMATEBMERIEEL, BRLAELZFEVEHK
1, BEHEEEToLb0A2558& L L. 20
HRIIFE4FE, B3N RTEDTHOL.

B2 BTN TR FIRE]9.0% OE{EAR L f b,
EEFHNZHNE LT, RUSI6RERIC B D BigfiE73.6%
ZRL, DIG24EMHE & A EOEZR DL MO,
FABMINTE, FUcEBLDEEEZRL, Bk
BRICERSOEXBDIEH O, B, FIFH
THEEARL, SBMCARD OEBHED N
305, REENDHBRRFELOBREELZERTNHE,
ZOWHEAE®RT I ADIIFEHEEL ONS.,

¢) O0.4FITHEERME®SER LD OBRE

KIBBERK 5.0ce 2RV, Thicl.2%EEE2.5¢c
%Mz, 1685R] 38° ClaRMICE T AHELC, E
HIC20% =Hil Bi B 1.0cc ZMATHRBL, EHK
LELEEMKL, BRESLUEREIRSZOWMS
THotz. TOEARIE count & BB count &
DEFHETRUI.

d) EEHKE LD 0K

KR 5.0 cc 248D, chic1l.2EHEBEORY
WK 2.5ccaMi, 20%8 = LEEEA 1.0 cc IF
%GR L, MKARERVEHKL, BRESE
TORIE L7z count ELIB#E count &) FHRT

Tab. 4. Amounts cf Easily Split Off Iron. C: Counts
w Immediately| 1 hr. 2 hrs. 4 hrs. 8 hrs. 16 hrs. 24 hrs.
Banp R cC. ! % C. | % C. | % C. | % C. | % c. | % C. | %
I 396 55.0| 348 72.5 258 61.4) 108 72.0) 240 93.00 72| 66.6| 138 82.1
I 2130 9.0 2682 15.8, 2808| 17.5 4080 46.6) 3444| 49.3| 2850 73.6/ 2850/ 70.9
il 954 50.7| 1722 95.3) 1836 72.3| 708| 94.6] 1140, 97.8) 912! 86.4] 918| 97.5
v 12864| 87‘21 13554| 83.6 25302l 86.7| 25326, 82.9| 22872 91.4] 16092| 80.6| 19038| 94.7
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5.

Iron Amounts added to 0.4% Hcl immediately.
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C : Counts

Time

Band

Immediately

1 hr.

2 hrs.

4 hrs. 8 hrs. 16 hrs. 24 hrs.

C. | %

C.

%

C. | %

C. | % C. | ¥ C. | %

90
1092
840
10632

12.5

4.6
44.7
72.0

Tab.

132
1650
1080

12834

6.

27.5

9.7
59.8
79.1

Amounts of Free Iron.

162 38.5
1776:11.0
948 37.3
239281 82.0

30! 27.8

2076I 53.7

894 84.6

120
1788
588,
15798

71.4
44.5
62.5
78.7

60.0
2250| 25.7) 2130,
468 62.4; 702 60.3 i

203345 66.5| 21174| 82.2 14430l 72.3

210/ 81.3

30.5

90

C : Counts

Time

Band

Immediately

1 hr.

2 hrs.

4 hrs. 8 hrs. 16 hrs. 24 hrs.

C.

%

%

C. | %

C. | # ‘ C. C. | % C. | %

%

246|
618
654

34.1

2.6
34.8
76.3!

11262i

AT EE6EOWML THor.

GBS E, 0.4 % ICHERIRINE RS, sk
BEDO=Flco%, RBIICHEBEREMZ 5L H4,
5 6, 7T Kom{ tHot-.

6. 2.

222
1488
1218

12558

46.2
8.7
67.4
wq

162 38.5
1908| 11. q
1536| 60.5

23946l 82. 1;

biliverdin BiC & 5 EWMEBOKT

EEE B L, 33%KERE 15cc THMEL,

BEEERR
THItE U CEBAK TR, 10%HiEk L 3

3gr AELWEMEH, ether 30ce

LICHR

BLUEBARLERBRBEICEITEY, Pulflich O
FERCTRELI &R, B7FH, $ 4,5 6, 7

RlizcaRd L 15o1,

NIT oo,

EERETEHMBMB L SN,

ENEWIBIZIIANAEERDS

MO EBICIR T4 ~T4 BKHE

DL B MHIKIC

sodium dithionite O— JJLZMZ THBIL T % &,

HBRIVEGIZZE U, Gmelin K, alkohol %
Z 1D diazo GG # T, aldehyde RIS RU
Schlesinger R G E#ETH O .
4 3 bilirubin T, BICHIOE B 4 F(2 biliverdin

wHoTIoER

Th 5.
Tab. 7. Biliverdin yields from separated
Band. mg %
\Ti\me Im- I
medi-| 1hr. |2hrs. [4hrs. [8hrs. |16hrs. [24hrs.
Band \ |ately ’
I ol ol. osel 0 ‘ ol o o
i 0 10.2150. 308|0 4420 292 0.2730.213
1§ 0 i0.107)0. 146’0 26110 204!0 0870.052
v 0.31910.669'0 789|0 942'0 497/0.497|0.423

64 0,
33.1 1908
77.6 990
80. 3\ 21600

60} 55.5
1752 45.2
984 93.2

16338| 81.7

78| 30.2 126
27.1
85.0

86.5

75.0
2196] 54.6
750, 79.6

16380| 81.6

96|
2904
582
oasad

|
i

6.3. WRUNhARIC & B BWER OB

BNEE DB LI2%, HBKTERET
D1 ¥ 17D %, Beckman () Recording spectro-
photometer Model D. K. € X YU % i =ta
FEmA i,

1, F3ECHRTII, WHHRIIAD SN idh
2.

FZBIIATIY, WSHRTMethigdBz oh
fo. BNSEISER 610 mu [ZEHRARZR D 1208,
FUS 2 BERE A REE LI, CORICERRU 1K
[MHEA &, sodium dithionite JX P &f M ETE
TEtEE L5 &, 557mu R 525mp D220
AR R A D 51z, —F hemin % N/10 Ff
HEWE ISR U TR R 2 < &, 610 mp (TR
RBAR %Y, L icHEe Uk,

BARRTE BIBicRT M, RIGE®R
660, 530, 500 mu D 3 D D WUUERZB DI,
FUS 1 i LT 660 mu DRERARIZPDEEERNC
BELT 656 me L1320, BT OERHSAD LN
fo. XRG4 R B icid 500 mp 23, RIS2484R
Bicid 530 mp DAk 4{H%k L, 656 mp DX
DHMFRDI. BEFIS1IKBMELLD, sodium
dithionite RUFITHEYE TRITEM & ¥ 5 &, 650
KU 554 mp DEAHRD ST,

BFBIRIC D SRR Z R Do hs, MEEET 5
WK % i 8 3%, sodium dithionite JUSH Y
FIC L BT SEICRTOE IR St ho1e,

Ric4 B 48 X, M. Engell® FU ik
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H#1O OFET, 10515 BB ichhh Sh - HRER
OB ERDTH 5 &, 655 mp ICRIREARZ
BT oA o,

# ®

Fe® jE:# hemin %20% pyridine /K AL,
BERFEERD T IC 1-ascorbin BREIEAZET, &
R3O RIGHKIC DX column chromatography %
TV, 2BIUZ 1o EREBOKBEEBIC DUV TREY
=i, UATOmREZI.

1. BUSEBM4E O chromatogram [3#154 8
KAEL, R4BELESERICLE, MULTHS
BRE4«DRB I DL LT, REENICHDIT
FTHE UTER UL,

2. BERIERMEREBICRTR4RIERIC
Uteds, KTHBMETICREENICS 4 Y REEDE
TEAEMFEAL, KISETEHICTORIIEAL
7.

3. F1EORHKBEIEMTHBERICHYD, €
DORESI 58 TH Dz, biliverdin [IHHA
BT, BT ARRRMSZ Shilh DTk,

4 F22EIREBROSRMIBLLZHLC, S
BESE I3RS IC IR L, biliverdin DI 4 B4
BERAE U, BRdRICRTE, SERRY
18R 610 mpe DY UKE K % & ¥, pyridine-
hemochromogen J3ZE pyridine-hemichromogen %
EIhThaidbnr,

x =
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Studies on Intermediate Products of Bile Pigment Formation
Utilizing Rapioactive Iron in Vitro.

Part 1. Chromatographic Studies on Intermediate Products
from Pyridine-hematin to Bile Piment

By
Koji Kikkawa

From the First Department of Internal Medicine, Okayama University
Medical School (Director: Prof. Dr. K. Kosaka)

Traceable Fe 55 hemin was dissolved in 20% pyridine water solution, then 1-ascorbic
acid was reacted in absence of oxygen. Column chromatography was observed on the reaction
mixture of each reacting time. Studies were made on the water solution of the divisible
absorption layers and following deductions were obtained.

1) Hourly observations of chromatogram were always in 4 layers and their respective
colors and distributions ware different. Additionally the fouth layer, due to the failure of
retaining it in the absorption column in spite of various manipulations attempted, was collected
as a gravity flow effluent.

2) Distribution of the total iron was different with respective layer and reacting time,
but there was iron which would not dissolve in water due its remaining in the absorption
column unber ionic combination and with increased with the reaction progress.

3) Total iron in the first layer was very small i.e. traceable degree and the greater
part of it was easily split off iron. Biliverdin was undetectable therefore absorption curve
worth mentioning was obtainable.

4) Conversely with the hourly decrease of total iron in the second layer, easily split
off iron increased with the reaction progress. The amount of Biliverdin was highest at the
end of four hours. In the absorption curve the psak absorptions of 610 mu was observed
right after the initiation of reaction and after one hour which was believed to be due to
pyridine-hemichromogen being absorbed.

5) Total iron of the third layer was exceedingly small and most part of it was easily
split off iron. The quantity of Biliverdin was highest at the end of fourth hour. Absorption
curve was not obtainable.

6) For the fourth layer total iron showed the psak at the end of four hours but the
value for the easily split off iron was relatively high throughout and little deflection was
observed for all reaction progress. Biliverdin content was highest in this layer and highest
at the fourth hour. With reference to the absorption curve at the initial reaction stage 3
maximum peaks of 656, 530 and 500 myu were observed. This was parallel with protoverdo-
hemochrome. With the progress of reaction this was equal with the 656 mu of pyridine-
verdohemochromogen.

7) The quantity of easily split off iron, that of ron just after the addition of hydro-
chloric acid and so called free iron was parallel but value of easily split of iron content
was higher throughout. Moreover the quantity of easly split off iron and Biliverdin quantity
did not show parallel relation to each other.

8) Permeating liquid could be observed after 2 hours reaction. The colour of the liquid
was light strow at the begining and as the time elapsed brownish tinge increased. Also the
quantity of total iron increased with time lapse but notable absorption curve was not ob-
tainable. Presence of Biliverdin could not be proven qualitatively.




