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fhe bLllrubln plgments found ln hunan bl-ood serum

have been studled by neans of the reverse phase ehromato-

graph1c teehnlque" The teehnÍque ltself was found to be

effectlve only 1n the qualltatlve separatlon of the plgnents.

Fron the evfdenee of thl-s study, Lt ean be stated that there

are three dlstLnet b1llrubi.n pigments, onLy one of whieh

can be properly ealled b1l1rubln, the otber two belng of a

ndirectn actJ.ng natr¡re as Judged by thelr eoupLlng reaetlon

wlth dlazo reagento Evldenee ls glven 1n support of the

theory tbat dlreet aeting blllrubln ls attacbed to proteln

fn vlvoe and that thls complex lncreases tt¿e abtllty of the

plgment to reslst oxldatlon by exposure to aLr. It has been

demonstrated that greatly lncreased leveLs of b1llrubln 1n

the bocly are not alone responslble for the deve3.o¡rnent of

kernlcterus ln the newborn rat, and that other unloeown fae-

tors are the toxic agents ln this aondltlon.
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PANT Ï

TNIBODITCTION

Since the year L9L6, when HlJnan van den Bergh and

Mul-ler (L916) dfseovered that the dfazotlzatlon reactlon

eould be used to lndícate the presenee of two dlfferent
states of blllnrbin 1n bLood setrum,there has been â con-

stant search to dlscover the nature of these two or laore

fraetlons. f'he d.evelopnent of any new technlque glves fur-
ther lnpetus to thls ,"."ãh, and aecordlngly Cole and l,athe

(1953) adapted the chromatographle tecbnlque lntroduced by

Howard and l,fartln (19tO) ln an attenpt to se¡nrate serum

bLllrubln lnto fts eotsponent fractlorrso

Tbe solublllty of blllrubln 1n serum at pH 7.35 tras

posed a naJor problem, slnce 1n vitro ptrre b1llrub1n ls
only sol-uble at pH 8.o or hlgher. Tbe nature of the dlazo

reaetlon ln water and 1n aleohol, and the abtLity of btLl-
rubfn to remaln 1n solutlon at physlologlcal pH vaLues

seem to be elosely connected.. Ihe present study was câr-

rled out wlth a vlew to dLscovering lf the chronatographlc

technlque rJas useful for separatlng blllrubln fraetlons

and lf lt cou1d be used to elucldate the vexed. questlon as

to hors blll.rubln 1s carrled Ln the blood stream.

REIVIE!ú OF TEE I,TTERATURE

Ihe determinatlon of the structure of the bll-lrubln
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moleeuLe has been estabLlshed wlth1n the last twenty years,

due chLefl-y to the work of FLscher (1937) and of Lenberg

(191+9). Eaeh has approached the probl-em from a dlfferent
angLe. Lemberg was abl-e to synthesLze þ1llrubfn from haemin

1n 1935 and Fischer syntheslzed both blltrubin and blllverd1n

from slnpI,e pyrroJ-e compounds 1n L942

The aeeepted formala for blLlrubin as synthesized

by Flscher 1s a tetra-pyrroLe dl-carbo:cylic aeld havlng an

open ehaln strueture, The degrad.atlon of blllrubln by p€sot-

clnol fusLon by Fiseher (1931) has led to a firrther und.er-

standlng of the neehanlsm by whlch the nolecu1e ls able to

enter lnto couplfng reactlons wlth dlazonJ.um chLorfde.

Thls eoupllng reaetlon 1s of partlcuLar lnportance

ln blologleal chemlstry beeause 1t has been used to measure

the quantlty of blLirubln oceurrfng ln bLood. the .blJ.lrublr¡

fs capabLe of belng spllt at the centraL earbon atom and

beeause of fts asynmetrlcal nature¡ the two resultlng dlpyr-

roles w1lL be dlfferent. Thus one half of the tetrapyrrole

forms a dlpyrrole havlng a free alpha posltlon, whlle the

other haLf has no sueh free posltlon, lt belng fllted by a

nethoxy group. Because of the asymetry of the blLlrubln

molecule, the noleeuLe can spl1t at elther slde of the cen-

tral- CH, groupr md therefore for each of the tno active

dLpynoJ-es formed, there wlLl be an lnaetlve fotrm. The two

possible aetlve forms are shown 1n Flg. 1. These are neo-

xanthoblllrubinlc acld and Ísoneoxanthobll,lrublnle aeld 
"

The pheny1 diazonlt¡n ehLorlde can couple at elther of two
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free alpha posltlons. The resultlng azo plgnent whlch ls
used for neasurement ls thus a nlxture of two azo plgments

whlch dlffer only ln the positlons of the nethyL and vlnyl
sitle chaLns" These nlxed azo pf-gnents have not thus far
been separated.

The actlon of the dlazotlzed sulphanlllc acld 1s to

spLlt the tetrapyrroLle molecuLe and- rel-ease free alpha posl-

tlons and then to couple to forn the df.azonlt¡n saLt. Van

den Bergh 1n 1,9L6 utll-fzed thls chenlcaL reactlon to demon*

strate the quantlty of bfllrub1n 1n bLood serum. He foundn

hov¡ever, that ln nost cases slmple treatnent of the serum

wlth the diazotized aeld dld not produee the azo plgment,

but that Lt was necessary to have at least lÙll of al,cohol

present ln the reaetlon nixture before eoupllng took place.

By accldent he discovered that the serum of certaln of hls

patlents had a type of b1l1rub1n whlch was capabLe of under-

golng ð.Lazo eoupLfng wlthout the presence of alcohol. He

ealLed thls type of reaetlon wlthout alcohol, the ndlrectn

reaetÍon and that requlrlng al-cohol the illndlrecttt reactlon.

Sinee then there has been a good deal of specul"atlon

about the meanlng of these two types of reactlon and nany

theorles have been evolved to explaln why one blood serwn

can readf.Ly react whlLe another serun requlres alcohol or

at least aleohollc groups.

The theorles fal-l general-Iy lnto three groups. Ffrst
are the tbeorles that clal"n that bll-1rub1n ls actualLy of
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two different types. Secondly, the theory that ln some cases

catalysts are present 1n the blood whieh alLow blLlrubln to

couple dlreetly urlth dlazo reagent wLthout the presence of

aLeohol" Thlrdly, that Lndlrect bfllrrrbln Ls attacbed to

blood protelns or llp1ds Ln such a way as to prevent the

eoupl-lng wlth dLazo reagent, trhereas dlreet blllrubln has no

sueh attachnent" In the forrrer ease 1t 1s necessary to

break thLs attaehnent by usl-ng alcohoL fLrst before the re-
aetlon can take p3-ace.

In revle¡r1ng the Literature lt seens reasonable to

depart from a ehronol-oglcaL order ln favor of a dlvf.slon

along the llnes of the above mentloned three princlpal theo-

rles "

The flrst theory*-that bll-lrubln ls real-ly of two

qulte dlfferent types--ls suppæted by NaJJar (L952) who has

been able to crystallfze trvo dffferent forms of blllrubln
from serun. lhe crystals of blLlrubln obtalned from the

serun of cases of haemolytlc Jaundlce are wel.l- formed, flne
long needLes, wh1le those obtalned fron cases of obstruetive

Jaundlce are thlek, short and rod shaped. Najjar beJ.!.eves

tbat r,¡hatever the dlfferences ln blLlrubh, they are unrelated

to the nature of, the proteln whlch 1s eonblned wtth the ple-

ment" He clalms 1t ls posslbLe to ehange one form Lnto the

other by nanlpuLatlon of the pH and the temperature. IIe sug-

gests that dlreet actlng bf.Lfrubin ls a bl11rubin-metal-*

protein ternary eomplex and that the functÍon of aLcohol l¡
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the dLazo ¡peaetlon ls to catalyze the formatlon of thls

eonplex.

A recent report by Chllds (Lglû Lends welght to the

b111rubln-m€t&1. complex theory. Chllds elalms to have been

abLe to eonvert dlrect aetlng bl.llrubfn to the lndlreet type

by the additlon of a netal blncllng agent, Yersene (etyl-ene ,/"

dlanlne tetra acetlc acid). Slnce the only hnown effect of,

adding Versene ls ln lts netal bf.ncllng ab3.11ty, lt ls thought

to be an lndleatlon of the presenee of blllrubin-¡netaL ln serum"

fanaoka and ßosaka (1953) fn thef.r study on the na-

ture of dlrect and t¡dlrect bll1rubln conelude that the

lndlreet forn ls a dlbasle acld wtth free aeld radÍeals on

the proplonLa aeld sldo ehains whlle the dlrect ls the salt
or ester of the dlbaslc aeid.

Other expl-anatlons have been advanced to accorurt for
the two dlfferent reaetlons of serum. Kuster (1909) beLieves

that bLllnrbl¡ 1n serum 1s present as a keto-enol systemt

the keto type belng the more stable, slow reaetlng type founcl

ln haenolyttc Jarrncllee. The enol type ls found ln cases of

obstruetlve Jaundlee. The shift fronn keto to enol form ean

be aeconpLished by dLssolvlng the keto form ln dllute alkaLf

and then saltlng out with coneentrated alkall. ColLfnson

ancl For*reather (]"92û eonsld.er the direet blL1rubln to be an

al,kaIl salt, probabl-y the anmonlum salt, but perhaps the

sodlum salt. They claln to have been able to eonvert an

lndireet blllrubfn to a dlrect forn, by dl.ssolvlng b1L1rub1n



7.

1n dllute a1kaLJ- and preclpltatlng dlrect bll1rubLn out by

the addltlon of a concentrated. solution of the same aLkal1.

Other workers have not been able to conffrn thls work,

Garillkas (fg\Zl beLleves that the fact that both

forms of bll-lrubin are attaehed to proteinn ellminates the

theory that the dlfference beti¿een dlrect and lndirect 1s

attachnent or non-attachment to proteln. He shor'red that

dlgestlon of serum t*1th panereatln under optlnal conditlons

does not alter the lndirect or dlrect diazo reactlon. He

suggests that lndlrect b1l1rub1n may be a precursor of dlrect

blllrubin ln lts forrnatlon froin haemoglobÍn. The lndlrect

may st11-1 be attached to the globln part of the moLecule.

Hunter (1930) summarlzed the dlfferenees 1n proper-

tles of the two types of blLirubln. Ee concluded that b1Ll-

rubln, being a dlbasic acid, can occlrr as such or as a mono

or dlbaslc salt. At the pH of bLood lt ls most probably 1n

the form of the mono basle salt, sodium hydrogen blllrublnate.

In this respect he 1s 1n agreement wlth the hypothesls of

Colllnson and Fo¡qeather.

The seeond theory on the nature of the blllrubLn

dlazo reaetlons, 1s that a eatalyst ls present ln the blood

whleh ls capable of sLowlng d.o¡.¡n or of accelerating the

d.Lazotlzatlon of serum. Gray (1942) suggests that 1n regur-

gitatlon Jaundlce there may be a seeretfon lnto the blooil

stream of some rutlanown cataLyzfng faetor. The eataLyzlng

faetor eouLd change the natr¡re of the serlrm by maklng 1t
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more hydrophlLlc, and al-so alter the effect of the dfazo

reagent on the seruu¡. No such catalyst has so far þeen

found. Cantarov¡ 119t+h) aLso bel-leves that a cataLyst ls
present fn sertiln of patlents havlng obstructlve Jaundlce.

IIe has mj-xed sera from obstructlve and fron haenoLytfc Jat¡n-

dlee 1n various proportlons and bas found that the values

for dlreet blLlrubln are enhaneed beyond the sun of the two

components. K1atskln and DrtLl (1950) suggest that the rate

of diazo coupS-fng ls deternlned by the eoncentratlon of b111-

rubln ln the bLood and by unhrown ehemieal- and physlcal fae-

tors ln serum and not because there are variable mlxtures of

two types of blllrubln havlng dlfferent reaction rates. They

bave conf lrmed h¡nter 0 s work that btllrubfn in chl-oroform

does not reaet with the dlazo reagent whlle the addltion of

an extremely snall pereentage of aLeohoL eauses the reaetlon

to take place" Evld,ently the composltlon of the solvent 1s

of lnportanee, the alcohoL belng neeessary to produce a

nlscibLe L1qu1d slth the chloroform and the aeld dlazo re-
agent.

Barron (1926) r by addlng btllrubln in N/20 NaOH

(buffered wlth phosphate buffer to pU 8.1+3) to sen¡m, found

that a direct reaetlon was obtalned only 1f blIlrub1n leveLs

reaehed L6 ngn pêr cent or more. BeLow thls level the reac-

tlon was alvays fndlreet. Ile therefore assunes that the

dlazo reaction 1s dependent on quantlty. He theorlzes that

b1l1rubln on beÍng formed 1n the reticuloendothellal system
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1s promptly ad.sorbed on globuLin and 1s thus proteeted from

belng exereted by the kldneys, from rapld oxidatlon and fron
reaetlng wlth dLazo reagent. The dlreet reactlon occurs

whenever the surface teasion of bLood 1s lowered by substances

excreted fron the lLver. So far lt has not been possl-bLe to

convert an lndireet serum to a direet one by adding b1le

salts ln vltro, except by the additlon of very Large amounts

of salt. lhls does not ellnlnate lt as a posslbll-lty, how-

ever, because entfreS-y different condLtlons nây operate 1n

the body wlth enzJmes servlng to catalyze th.e reaetlon.

Ducel and. Ifatson (f9t+5¡ studÍed the reactlon rate

curves of lcterlc serum wlth dfazo reagent and came to the

concluslon that the blphasle nature of the eurve lndleated

the presenee of two d.ifferent types of blL1rubln whleh re-
acted at dlfferent rates. Klatskin and DrlLl (19t0) polnt

out, however, that the same type of blphaslc curve can be

obtalned from pure crystalllne bfllrubln.
0pposed to the bLood eatalyst theory are those hrork-

ers r*ho belLeve that blllrubln 1s somehow comblned wJ.th

protein and that aLeohoL or aLcohol groups are necessary to

rel,ease this comblnatlon and pernlt coupllng with dlazo re*
agent, Van den Bergh hinseLf (192L) was undecided between

two posslble explanatlons. He belleved lt ¡¡as possible that

normal eÍrcuLatlng blHrubln (later called haemobl-llrubln)

had a dffferent eomposltlon from blltrubln whlch had passed

through the llver cells (choLeblLlrubln). the other possi-
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bll1ty was that blllrubfn could be present Ln blood elther

ln the free state or Llnked wlth blood protelns or I1pids.

Martln (19\8) and aLso Gray and Kekr¡¡lck ç19h8) have

shown by eJ-ectroph.oresls that sone btLirubln aLways traveLs

wlth al,buuen and some wlth aLpha g1obullnr Do natter uhat

the source of the serum. They conclude that the blnding of

blllrubln to constltuents of plasna can have l1tt1e to do

wlth the dlrect diazo reactlon.

Wunderley and Reynaud (L95Ð have foundr by eLectro-

phoretlc nethods that bll1rubln up to the amo¡xrt of 5.7 mg.

per cent attaches ltself entlrely to the albumen fractlon of

blood and travels wfth 1t. When the level of blllrubln 1s

higher than thls, trsaturatlontr of the albumen fractlon results

1n blllrubin beconlng attached to globulfn' By addlng pure

bll"lrubin to the three globul1n fractlons, they were abLe to

show that the speetra3. absorptlon maxlna are affected dif-
ferently by the dlfferent fractlorts ¡ The naxlma are l-owered

most by the b1llrub1n belng attached to aJ-pba globulln and

least by beta globuJ-ln with gauuüa gLobu1ln belng nldway be-

tween these trrro 1n Lts effeet.

temberg and blyndhan (L936) have taken the vlew that

the dlrect aetlng b1llrub1n !s the one whlcb !s attached to

proteln and that the lndlreet fractlon 1s not so attached"

In an effort to resolve aLL these varl0us theorles

and to eome to soae understanding of the nature of the tr¡o

reactlons, Cole and Lathe (1953) tried to separate the b1le
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plgnnents of seru¡n on a reverse phase chromatographlc colunn.

They made use of the lnformatlon glven by l{nnter (1930) t

Sepulveda (1942) and others on the dlfferenee ln soLublllty

ln chloroform of tbe two blLlrublns. BY chronatographlc

methods they have been abLe to separate from serum three

fractíons, two of whlch are mueh more polar ln nature than

the thlrd, reacti.ng direetLy with the dlazo reagent" The

Least po1,ar of then glves an fndirect reactlon and 1s be-

lleved to be blltrubf.n, because of lts absorpti-on spectra

at mu 45OO whlch colncldes with that of pure bfllrubln.

These fractÍons have apparently no proteln l-eft after belng

treated wlth aleohol and almonlun sulphate, to preclpltate

the proteinr and the supernatant evaporated and applled to

the columno Tests which v¡oul-d have revealed as Llttle as

0.002 mg. proteln ln the eluate from these chrouatographlc

eoLumns have been entlrely negative.
' Thls nethod seemed worthy of further study and for

that reason the present work r,ras undertaken.
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Detafls of the_Method

CoLe and Lathe (1950) took note of the work of

Howard and l,fartln (1950) wherefn a reverse phase ehromato-

graphlc column was used ln the separatlon of fatty aclds.

In thls nethod a chromatographlc eolunn ls made of non-

wettabLe kleselguhr whlch supports a nonaqueous phase of a

two phase systen. The materlaL to be separated ls dlssolved

ln the more aqueotls and poLar phase and applled to the colt¡wt.

As the two phases flow past one another a separatlon of plg-

ments fs achleved. owlng to the dlffereat solublLltles of the

eonstftuents 1n aqueous sol-ut1on, Fractlons are collected

and ean be evaporated to dryness and the resldue reconstl-

tuted wlth water or bovine al-bumen solutfon to gtve posltLve

or negatlve dlazo reactlonso

PreoaratÍon of the colum

K5.eselgUlrr was treated accordfng to the dlrectlons

glven by Howard and Martln (1950). Hyflo super cel was

drted at lLOo ln the oven and when coolr was all-ot¡¡ed to

stand tn a desleeator contalnlng dlehloro dlnethylsllane"

The kíeselgp¡r was then aerated ln a fume chamber for tr'renty-

four hours wlth frequent sti33lng" The materlal was then
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removed and washed wlth nethanoL to a pH of 6.On Flnally

1t was drled ln an oven to ll,Oo ancl stored ln an a1r tlght
eontainer" The materlal- fLoated when placed. 1n a beaker of

water.

The phases to be used on the coh¡¡sr vÍere prepared

aecordlng to the method of CoLe and Lathe (1953). The sol-

vent system used eontained ehLoroform 2i voLs", carbon

tetrachlorlde 2f vols., absolute methanol 38 vol.s. and

O.O25 M phosphate buffer pH 6"0r L2 vols" The phosphate

buffers ïfere nade accordl¡g to the nethod of Ilawkr Oser and

Sunmersen (191+9). These eonstltuents vlere weLl shakent

stored overnf,ght 1n a separatory funnel- and separated " The

botton phase ls the statlonary, non-polar one and the top

J.ayer 1s the po3-ar moblle Phase "

The coJ-umns were made ready for use by nixlng 6 gms.

of kteseLguhr with I mJ-" of statlonary phase, 1/ m3." of the

noblLe phase were added rapldLy and the nateriaL tanped down

by means of a stalnLess steel plunger' The eolumn ltsel-f

\fas a 1.8 em. dlameter gLass tube, about 1i cnr. 1n length

and wlth a constricti.on at the bottom" the botton of the

coluwt was plugged wlth eotton r.¡oo1 to hold the klese}guhr '
(Figure 2).

the bl_ood serum to be fraetlonated was freed of pro-

tein by treatlng L voL. of serum wlth 0"L8 vols. saturated

(NH\),S\ and 2"1 voLso of 9516 etúlnanol. lhls rsas shaken and

aLlowed to stand one houl before eentrlfuglng and decantlng



Flgure 2
lhe Klese}guhr Colum



Ll.
the supernatant flutcl. fhe fLuld was tben drled fn vaeuo at

roon tenperature, and the resldue rltas re-dlssolved ln 2 ml.

of top phase and applled to the eolr¡ur. In the ease of

serr¡m fron cases of erythroblastosls, lt was not posslbLe to

get tåe rnaterlal lnto solutLon 1¡r the aqueous phase. In thLs

ease a snaLL amo¡¡nt of the kieselguhr was added 1n alcoho3.,

the naterlaL drLed and taken up ln the top phase.

ALl naterlaL belng eluted from the colrrm sas coL-

lected ln I mL" fraetlons. The speed of elutlon varled fron

coLunn to coluw¡ aecordf-ng to the amount of welght of fluld
placed on top of 1t. The best rate of elutlon !ûas about

L mL. ln four mlnutes.

The optlcal denslties of the eluates were read with a

vloLet fl'lter, Kodak #1 (nu 543¡ ln a Hllger speklçer Absorp-

tlometer. The optlcal densltLes ltere then plotted agalnst

rate of elutlon as absctssae. In sorae eases the eluate was

examlned ln a Uvlspek speetrophotoneter to deternine the

absor¡ltlon speetra ln ultra vloLet and vlslble llght.
Some of the eluates sere drled ln a stream of alr

at redueed pressure, redlssolved lf posslble ln water and

then used ln the dlazo reactlon. After deternlnlng the cllazo

reaetlon 1n vater solutlon, aLcohol was added to nake a flnaL

solutlon of l0f anct the lndlreet dlazo reaetlon was measured.

the dlazo reaetlon teehnique was that of l'faLloy and

Evelyn (1937), the dlreet actlon belng measured at one minute
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aecorillng to the nodlflcatlon of h¡ecl and l{atson (191+5).

f'he experlnental work ln the study of blllrubln can

be dlvfcled lnto six sectlons. the followlng detall of the

work ls representatlve of the resuLts obtalned from ?3 ex-

periments. 0f these 73, tnenty have been seLeeted for des-

crfptLon anct full- expl,anatJ.on. Each graph represents the mean

resul.t of several expertments" The slx sectlons are:

1,. A study of the llnftatlons of the technlque wlth
referenee to the effect of the pH of the medl-ar the presence
or absenee of proteln and other faetors.

2. [be use of the eoluwt 1n assesslng the nethods
for converttng one fraetlon of bll-inrbln to another whleh
heve been suggested by varlous autb.ors.

3. An attsmpt to dlscover substances ln the Þlood
whleh nlght be utLllzed ln ttre transport of blllrubln ln the
body.

4, Experlments deslgned to show nhether the nethod
can be used to separate adult frou f,etal benoglobl¡rs a¡¡d
bfllrubl¡rs.

,. The separatlon of three pignents on a speelal
þutanol*water phase system"

6. fhe atteinpted productLon of kernicterus 1:1 new-
born rats wlth a vletr to Lnvestlgatlng the plgnent 1n the
brain tlssue.

SECTION I

Ex¡erLment i

A pure solutlon of bltlrubfn ln chlorofom contalnlng

0.5 ng. of blllrubln was evaporated to drynessr then taken up

Ln 2 drops of 2fr Na6C0'. Materlal was then buffered to'é5
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pE 7"O wLth 0.2 M Phosphate buffer of pH 6.0. It was tben

treated with 0.18 voLumes of saturated ar¡monfun sulphate and

2. ! volunes of 95% ethanoL to paral-1e1, the teehnique for
deprotelnlzatlon.

The nixture was aLl-owed to stand for one hour and- was

evaporated. to dryness under reduced pressure at room tenper-

ature. The dry resldue was taken up 1n 2 ml. of top polar

phase and applled to the newly prepared col-untr¡. ïlhen thls
materlal had entírely sr¡nk lnto the kleselguhr, more of the

polar phase was added to the top, As the b1l1rubln mlxture

moved down the coh¡mr, tûro dlstinct bands of colour began to

separate out"

As the eluate came off the columr at the rate of

about 1 n1 / \ ninutes, lt was eollected ln glass tubes ln
l- nl"" fraetÍollso The optieal denslty at nu tl3 of each

tube was measured" These optÍcal densitles rrere then plotted

as ordlnates on lfnear graph papern and. the number of ml. of,

eLuate 'were pLotted as abselssae.

The resul-ts of thls separatlon are shown ln Flg. 3.

F1g. 3 shows that even pure lloffman La Rocbe bllL-
rubln wll-l separate lnto troo dlstlnct bands of coLour when

J.t 1s prepared ln this way ancl put through a kleselguhr

colu¡trr. fn a personal eomnrunJ-eatlon from G. H. Irathe, he

attrfbutes the appearanee of two bands of colour from con-

mercfal bfllrubtn to the presence of lnpurities 1n the nat-

erlaln
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Flgure 3

The Separatlon lnto tþo Fractlons of Pure Hoffman -Ia Roche BLllnrbl.n
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The two bands of col-our whlch were obtalned were

examlned spectroscopically to deternlne their absorptlon

maxlma, It was found that the flrst band- of col"our eluted

from the cohrnn (the fast band) had an absorptlon maxlmr¡m

at 2750 A,. The second and sLower novüag ba¡rd was fo¡rrd to

have Íts absorptlon maxfmrm at \5OO A whlch Ls the aecepted

peak for pure blllrubln.
The two bands of colour 1n the eluate vtere evaporated

to dryness and. then the drled naterlaL was dlssoLved ln water

and the dLazo test of Evelyn and Malloy Q937) vras appl'led'

lhe amount of material- present was too smalL to determlne

whether the reaetlon was posltlve or not. A posltive dlazo

test vras obtalned on the naterial fron the sLorr movlngt

larger band of pigment only after 50% bV vol-tme of ethyl

alcohol had. been add.ed.

Ex.pg¡:1¡nent 2

thls experlment ¡ras deslgned to shorr the effect of

adding pure bLLirubf.n to norma3., non-j-cterle hunan serum.

A pure solutlon of bll1rub1n ln chloroform eontairlng

0.28 mg. bll-lrubln vras evaporated to dryness, Thls was

dlssolved 1n 2 drops of 2% Na2C03 and then added to 1.5 nL.

nornaL serun. The flnal pH was 8.8. Thls preparatlon was

then preclpltated ln the usual way wlth amtonlum sulphate

and al,cohol, After centrLfugatlon, the supernatant fluld

was taken up ln 2 ml. of top poLar phase and applled to the
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col-umn.

1þo bands of pigments lnnediateLy began to separate

out on the column. The resuLts of readf.ng the optleal den-

sltles at mu 51+3 are shown 1n FLg" 4. once agaÍn the results

show that although onLy bll1rubln and nornal serrun haæ been

added to the coLumn, nevertheless tr+o ba¡lds of plgment were

e1uted., and the fast movlng band was shown to contaln pignent

whlch, on drylng, couLd couple dlreetLy 1n aqueous solutlon.

The sLow band contalned plgment whlchr otr drylngr eouLd not

be dlssolved f.n water and. whlch gave azoblllrubln only after

the addition of 5Of, bV vol-r¡me of alcohol.

The absorptlon spectra showed the slow band to have

a naximr¡m absorption about t+5OO A ruhfLe the fast band showed

a sharp peak at 2850 A.

The relative quantltles of fast and slow novlng

plgnents d1d not appear to be appreelably aLtered by the

addltion of sertiln to the solutlon of pure blllrubln.

Experiment- 1

The prevlous experlment was repeated but wlth the

alteratlon of the flnal pII of the solutlon of seruJlt from pH

8"8 to pH 7.O.

A blllrubin ln chloroform soLutlon eontainlng 0.28

rrrgn blllrubin was evaporated to dryness, the dry naterlaL

was taken up 1n two drops of 2ÍÃ NarAAa and then 1.5 nL' of

normaL, ñor-lcterlc sernn was added,. The soLutLon was then
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AddLtLon of Pure BL11rubln to a lÍorual Non-Lcterle

Blood Serum
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buffered to pH 7.O wlth 0.2 M phosphate buffer of pH 6o0n

.Anmonluur sulphate and al-cohol were used for preeipitatfon

of the proteins. Äfter centrlfuglng, the supernatant fluld
nras drled off r¡nder reduced pressure at room tenperature and

the resldue taken up ln 2 nl. of top polar phase.

In this experiment three distlnct bands of plgnent

appeared on the col-umn. The most polar and rapldLy novlng

band was eluted at about 12 mL, and a Less polar one at 15

ml, and the Least polar one at 20 ml. The mlddle band of

pf-gnent 1s llkely tbe Plgnent I descrLbed by BlLllng (L95Ð.

The snaLl- peak of eolour was too faJ¡t to study the absorp-

tlsn speetra or to determine lts reactlon to the dlazo re-

agent.

ExoerLment 4

In an effort to try to obtaln a larger ¡n1ddle band.

of coLour whlch would be concentrated enough to study ln the

spectrophotometer, Experlment 3 was repeated" The anor¡nt of

blllrubln used was d.oubl-ed, and A.5 mB" of b1L1rubln were

appl-led to the coLumn. The same nethod of preparation usLng

sodlum carbonate and normal serun was used. The pH was ad-

Justed to ?"O wlth phosphate buffer.
The nlddte band of colour whieh was to be studfed

falled to appear at all, as 1s shoun ln Flg. !. The J-arger

amount of blLlrubln used eaused. the two maJor bands of pig-

ment to tra1l one lnto the otherr and obscure the presence


