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Bil,irubin is knoi.rn to originate largely as a catabol-íc product

from the haem of senescent erybhrocytes (Snri-¡trishaj, Hawkins and- WhÍpp]e,

193f ; Har'rkins, Shribhishai, Robscheit-Robbíns and Whippte, 1931; Hawkins

and Johnson, 1939; James, Abbot, Norberg, Birkeland. and. Evans, L9r3)"

Until l-ess than twenty years ago there l,¡as no evid.ence for the existence

of other sources of bile pigment, although bilirubin formation from haem

precursors had. been suggested by l{hipple (fgef)" Bilirubin overprod.uction

was, therefore, thought to occur only in the presence of an accel-erated.

d"estruetion of circulating erybhrocybes.

In 7950 Lond.on, 'l{est, Shemin and Rittenberg and Gray, lrleuberger

and Sneath reported the isolation of labe1'1 ed. stercobilin from feces

vithin five to tventy da¡,.s follouing the oral aclministration of mf5-

glycine to humans" This consid.erably preceded. the loss of label from the

haem of cireufating erybhrocl.tes. The fabefl-ed- pigment cou-ld, therefore,

not have arisen from the d.egrad.ation of circul-ating haem" It l¡as found

to constitute el-even to tr'renty percent of the total stercobilin and. has

been variously designated as "Shunt" or 'ÌEar1y-1abel-l_ed1ì i:igment.

Cfinical interest in ear'ly-1abel-l-ed" pigment i.¡as stimulated- r^¡hen

it i'¡as shorm to represent at l-east forty percent of the bire pigment

excreted in one case of pernicious anaemia (London and. l¡iest " LgrO) and.

thirty to eighty-five percent in cases of congenital porphyria (Gray,

I'Ieuberger and. sneath" r95o and- London, I.Iest, shemin and. Rittenberg,

l-950a). A similar phenomenon r.¡e,s d.ocumentecl in thalassemia (Grinstein,

CHAPTER I
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Bannerman, Yavta and. I'ioore, L96O) " Subsequently, cases of hyperbifirubin-

emia of the overprod.uction type in the absence of a consistent des'ree of

shortening of the circul-ating erythrocyte life span have been attributed-

to overproduction of ear'1y-1abel-l-ed bilirubin ( Israels , Sud.erman and

Rif.zm¡nn I otro n¡ç] Israel_s anð" Zi¡urskv - 196?: Ari a.s - I q62: RÕhir!ru4¡¿r@rr¡) L2/, d,Itlr JirI'¿1tÌJli aIlO" L-p-net-J j L/v¿, ¿¡¡a.*v , -,--*nSOn,

Vanier, Desforges and Schmid., L962; Berend.sohn, Lor"nnan, Sunclberg and.

Watson, 196)+ ) .

Further delineation of the mechanisms giving rise to this bili-

rubin required the d.evel-opment of more precise techniques" It was vell

knovn (l.iatson " 1916) ttrat fecal stercobilin excretion r^¡as not an accuïate.

quantitative reflection of haenoglobin catabol-ism and- und.en¡ent variations

quite independ.ent of changes in haem catabol-ism" In acld.ition, bonel

transit time of the pigrnent and. difficul-ties inherent in quantitative

col-l-ection introd.uced" factors of delay and. variability lrhich obscured the

temporal and. quantitative l<inetics of the appearance of early-labelIed.

pigment. tl4ethods Trere required. to circumvent these d-ifficulties.

Bilirubin, the d.irect metabol-ite of haem, replaced stercobilin

in isotope d.eterminations as method.s r,¡ere d.eveloped- for its extraction from

bile (Ostrov, Hanmaker and. Schnid", 796L) ana plasma (Yamamoto, Skanderbeg,

Zipursky and Israels, 1965 ) . This vas easily ad.apted. to animal r^¡ork

through the use of total- bil-e fistula preparations (Israels, Skanderbeg,

Guyd.a, Zingg and. Zipursky, 1963) and- the use of human patients i,rith

bitiary drainage tubes follor.ling common d-uct surgery. fntravenous "puIse"

i n ì anLí nn nf f.lra nroerryqnr I qlro'l 1 ail ¡.¡i +l ¡14rIJs!;ufL/r1 ur urle }/ruuqrrvr e røvv_L-L€u vJIUII U- - replaCed" Ofal_ adminiStfatiOn
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Application of these method,s by Israels, Skand.erbeg, Guyd.a,

zíngg and Zipursry (196:) in d-ogs prod.uced several find.ings: l-abetled.

bil-irubin appeared in the bile vithin four to eiEht hours after the intra-

venous adminÍstration of 2-Clh-glycine and. attained. maximum specific

activity within twenty-four to forty-eight hou-rs. Ostror¡, Hammaker and

Sch¡rid. (tg6t) founa the peair excretion of rad.io-1abe11ed. bile pisnent Ín

rats to occur betr,¡een síx and eÍghteen hours folloi.ring injection of

label-led. Slycine. The appearance of 1abeI1ed. pigment follorved a sinilar
pattern in man (fsraels, Skand.erbeg, Guyda, Zingg and. ZipursXy, 1p63);

labell-ed bilirubin apÞeared in both d.ogs and. man before isotope va.s

present in the haem of circulatÍng red cel-Is or marror,¡ buffy coat.

subsequently, Yamamoto, skand.erbeg. Zipursky and rsraers (tg6i)

re¡orted the finding of a second peak of early-labelled. bilirubin in the

pl-asma of tr,¡o normal human subjects folJ.oving intravenous administration

of 2-Cr+-g1ycine" The first component (coroponent I) r,¡as detectable at

ninety mi-nutes and the activity increased to reach a peak at tr.¡elve to

tr'renty-four hours. The second component (component If) reached its peak

activity three to five days follor+ing injection. Yamamoto, Skand.erbeg,

Zipu-rsky and. Israel-s (lg6>) and- Ibrahim, Schi,rartz and ÌIatson (tg66) nave

produced. evid.ence that component Tf orobably begins on day 1, the initial
part of its procluction being obscured. by component I. The second peah

correspond-ed. in tirne to the maximar increment of rad.ioactivity in red

ce-l-l haem, r,rhen the red cel-ls that had previousl¡. incorporated. the fabel

I'rere emerging from the marror.¡. These observations implied a relationshÍp



betl¡een eonconen'ü II and. e:r¡,'-birrcno:lcsis,

Yr.-r::otc . Sl:r.n¡ er.be . " 7i n1:-¡s"--" er.ò. Is::e.e-l.s (lç,tii ) ano Ii',1"¿1"-", ,

Scilr¡ar',,2 a,no. 1¡/atson (L966) founci. tirat ihe c'::¡c¡'etion of earlv-labelleo-

bj firubin in bile fistul.a ccpts r,¡as ¡r.e.: ker-if;l' .j.el::essed. after the firs-,,

-r,I.¡erve ic t.,.¡ent.'¡-.iol-'.r :or;:l .;tcr.l:- Íol.lcr'¡il.r- tot:1 l-,oJ)- :i'-r'r:.ilitiion or

hr¡narf ¡qncfrrcì nrr *n Àanpacô ^?1/+h.folOieSiS. 'lhUS COïr]ÐOnen-u Ii in bj,l er:r) ./vr vùr ù:./ v

fell alonrl r"i-th a. clecrease in ',.he sl'ilihcsis of ci::cula,ti-n1 reo- cell h.a"e:"ir.

Is;':els . Si-a,rr-lcrbe::, Ouvd "., l-i.r:',. anC linur'sln' (1163) shoi¡ect 'l;liet cLen::es-

sicn oi' c::¡¡ihro::oj.esis i.n -n j-1e fistul-a 6ì¡c's r-1sfn: '¡11srr.'ì f¿¡ r'¡¡s sirr:ila..clv

folloi,¡ecl b..¡ Cepression of co::iponent -lI. Conversel;', in. t,he oi:csence o-íl

acc:-'l-e¡:a-i,ea ar.1 t,lcropoiesi-s foJ.loi,'in¡. l:elea'ueii. I;fe ecìin.' iir c-o.rs, nore

c'l ¡¡ai ìîê r.iâe rr+i I i2Ef fOf' bO';h C j.:.CUj-at j.níi lÌaet:.in , and. ea.r]-;rr-laÌ:elleO-

bi-l-in;lbin 't,ha.n i-n the norr:r.af . i:Lor,¡ever" -tile 'iler:cen-¡,e.,qe of i;he t''Jl:ecu,r'sot:

llcoli; c-iverted -tbrou.,sh ilie sh.u,nt, rrrÐ.s coriþâ,¡'ab-l-e to t,hat in norma.I rioqs

l- . - ^t^( Israe-l s , Ska.ncìerbeg, Ciur¡d,a., 7ír,gr, and Zipr-rrsk¡¡, _l.oh3 : I'bre,hir: " Schr.rai'tz

a.n,J i'iatsen, l-c,66). Connonert T r,r¡,s rs]2.f,ivsl¡r u.naffecteo bv th.is

llroceciu-re" This an¡lifiec tlie ea.r'liei: finc]i¡.rs of Gra;¡ ano Scot-,, (lg:g)

vho ha,d st-,ud-ied. stercobil in labet I inq und.e:i: similar e:<periinenta.l conditions.

.ïurther st,rtaj-es b;1' Isra,e1.s, Ya-te.rnOto, Si'.-a;rct.erbeg ancl Zj.i:ursk-y

l-^:+ \ " .. r-^/-\
( 19b3e ) ani Yarnaroio , S].:.ancl.erber¡ - Ziurrs.ri¡,r anci Israe-ls ( -1.065 ) su-¡coi:tecj

thè nul"t,ipJ-e o:'iain cf' ea.rlu--1-¡ç]leo bilirr-:.bin. These stud.ies enployed.

, rlr - t- -. ^-^\\-C-L'f del-ua-al.-rtj-nole1,'ulinic l,cic (d-el-t,a-.Â-l,A) as precu-rsor ne"te::ial in

nl¡.ce ¡f ,:;f;rsi.¡s. I-t, vas shor'rn tha.t -l-a,bellin¡r first ar¡ea:'ed. in the
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plasma bÍlirubin of human subjects i,¡ithin tventy minutes of íntravenous

injection a,nd that maximal activity r,¡as reached- by ninety minutes.

Aetivitv'Fel I slraz.nlrr to 1or.¡ lprrels et tr.rentw-four hours and. no second"

peak r,ras observed. Label-l-ed- bilirubin in bile appeared" more slovl¡r

and reaehed its peak at six hours. The oercentage of injected counts

appearing in circulating haem r,¡as nruch less than one percent. llhe

. r ^l)¡find.ins that 4-Ca+ delta-AlA is an efficient precursor of bil-irubin

but is poorly incoroorated into haemoglobin haem suggests that exogenous

AT,l\ r'e.ins aecess to the sites of ha.em swnthesis môre easilw in hena.tic

than in erythroio. cell-s. Although ALÂ is efficiently incorporated

into haemoglobin by lysed ::eticu"l-ocytes, it is less r'rell- utilized. by

intact eell-s (Vavra, I'la¡'s¡ a.nd- I']oore, t96h), suggesting that e::1/chroid-

cel-ls are relatively irnperneable to ALA (Scott, L95r). For these reasons,

r ^l/-t4-C-- oe-lta-AtA became the tracer material of choice in stu-d,vins: the non

erl-thronoie-t ic co¡iÞonent o.f shunt bilirubin. Several- possible sources of

shunt bil-irubin ma.r/ nor{ be consid.ered-.

COIVPONENT I (iTOI'J ERYTI{ROPO]ETIC)

r ) fr,r"o_y--.1 g{_-tjå1r1-u_ heg:fS! gil =r*}_1"_lggjge- _çglqþ! ","
rnrrno-l nhìn tho errtor-hromes- or¡toohrome oyiôsqe neror¿id¡se :nd tr''rrntn-l-;--"J.::Ï_.-.i?---i-'i-'--"--{-'i.'-"i-'i-"-:Y,":-.'.L"-"_:-11'*":'-:-.--'1i"-'--Y-:i?-:-2---v---'-Y-1i!::lL-"-2---Y::Y- "-.;Y""--

phqp_ç_.*qyJ_l-q_1_+!Sj- Ibrahirn, Sch',rartz anð- \,latson Qgeø) have observed that

^^d ^ r ^r)'about 2OT of the injected raC.ioactivity of 4-C-L+ delta-AlA e-oþea.rs in the

hi 1 o oarl r¡-'ì ahar lec1 bil]r'ubin of bile f is-r,uj a clogs . The Oì:served tu-rnove:i:



of l¿,.bel in-btre tissue he.er¡s of oo.q:s (Schr.iarbz anô- Carð.ína.L, IÇ6J) rras

consisten-r, trith 't,heir cont.ribu.tion of a, significant Þor-¿ion o:î tlte CIL

subseci.u-enth' allea::irrp. in bilirubi n.

llalf-life d.etenlrinations of liver ca,talase (Price, Sterli.ng,

Taran'l,ole., ila:''btey a.nd lechciil-, L962) , trlætonhane nyrroJ-asc a.ncl c;iio-

chronies P-\50 an-i b5 (Bei:lin ancl Sctrinke, L965 and Sch¡,licì-, Ì,larver end-

iie,'ninalrer , 1966 ) , i+hicir rrobabl-¡r represeni the bulk of r:.ticrl¡r turninE

over tissue ha,enonroteins in tire lirrer, revealeil vel-'r-es of thirtv hours,

a.bou,t one hour, less than tr,¡elrre holr.rs, and fir¡e d_ai¡s, r.es'pectively.

i"¡oGlobi-n, on the other ha,nd., althou-h it conteins about fi.¡e percent cf

the total bod"y po::phyrin (Drabkin, l-9Ì)+8) r+as founcl- to ha,r¡etoo long a,.

half-life (Theo::e]l-, ,3eznak, Bonnichsen, Pau-l and Aheson, f.9r1 ) to ¡e

consistent l+ith its actin.!: as a si,qìi..ificant sou-rce of earl..¡-la.belted

bil-irubin. These au-thors cbserved. that injected- ¡--59 1"¡¿s not signifi-

cantly ì-ncorpora.ted in'bo r'ri¡oglobin until- more than ¿ nonth follo-,.¡inq

in"iection, n:uch longer ihen the apÐearance 'cilue of shunt bj_ljrubin.

Thu-s, these ha.enonroteins, r.¡ith the exceotion of rr.¡reg]6bin. ma¡,. a-l-l have

a su.fficien-uly short half-life fo:: thell to function es ea.rly-labeffed

bilir'.rbin sou-rc-ôs. Conirlete quantitative data on the total- t,r;rnover

of these su-bsta,nces are not avai'lable; therefo.r:e, a final assessnent of

their role is not ¡¡et nossible.

protein s]'nthesis. There

tha.t the haem anC pl'oiein

2) Tu-rnover of free 1:aeln j-n a.ssociafion r¿ith tissue haeno*

is a consiclerabl-e bodr. of

::oi eties of hn,enoproteirs

indirect evidence

¡ro qr¡n*l¡aqi zorl



sepa,ratell/ end subseo.uenil;' *"=.rblecl . Insran anä I'linslor.r (1o(() suqgesteC

tha,t the "control roint" observed- in'uhe synthesis of bo-r,h the al¡ha and-'beta

chains of haernoal-obin ray reflect the insez'tion of the h.aen'¡rou-n du:'ing

oeÞticre cha.in ¡rorrth. Greení-'e.rd and- Ieiqe-Lson (lg67) form¿ that the ,,ajor-

ii;y of tr;.ctolhane n¡¡r'rolase in a,drllt ::at l-iver exists in a haer¡--free

inaciive form l.¡hich Ís activa.teci throu-gh he.erc-bino-j-ng in vir.o bJ. ind-i-rcticn

rrith tr¡,.ptonhane and in_-ç!ljg b;r the aäd,ition of foetal l-iver cel-I s¿rp

virich pr"esu:nabl-l/ contains avail-able þa.ey. (Gol cstein and 1inoz", ftì63).

Perhaps ''ulie most con.¡incinp- evid.ence for' 1,he sepsr.:.te s¡¡nthesis of hae¡n

e.ncr- anonrotein r.¡ere the linc'; jnrs b¡r 3a..tlioni. (tç66) e.ni letlcetti. Cclorbo

anr- .r-a.--lionrl (tg66) -uha.-u: a.) nç51 iri-'icl-l h.a<i been incorto¡atei1, b¡,'

'naf' i nrllônfi'Lô n¡'lr¡q¡¡'ac ¡'rq nni -ol e¡qed -llr¡ nlr-rnr¡rroin r.thi an l^nr.¡cr -J uaLu:uL,) uu irul., ,, -Vef , I./eS

shoi¿n io relea.se all- protein cha.ils: and b) in the Ðresence of chefaiinq

3.{erì-us r¡iiich :rre¡.¡ented Ìra,ei,. r;¡.rn-i;hes-i s, i:eticri1.oc.¡lsu re-la,j-ried. Ll:e a'itil ii.,t'

to s;r¡nthesize -t1-obri-rr r.¡hich r'¡r.s cr.ei;ecta,bl e b¡l SenhaCe,r ch::oirta.-i;o,îrenh;r.

Tf hrcn e:'is'cs it t-"ecel -ì.¿f n¡1-¡, as e. freq l:rol-e cLr.:Le . -íl:is rrtcli ety

rinh'i-. liç r¡¡pg,6r¡.iì"r a'rnool-n,'*¡ ri"¡lo-n-'¡ -¡rrirl ¡rlrþ6ligr¡ 'if n¡pgg11-ç ¡'_1L.v :L,-t)!t/. u<.J !v:rù...

sufficj.en't, q-u-antiti)¡, sr:s¡ Lto'l-ecules col,r.l-C contr',ibr:.'i.e to th.e 
"a11.¡-1abel-Led.

bij-irubin 
"

Tl:e cei'onst::p-r.icr i:¡¡ Pobinson Or.ren , Lrlocl. ard Sch':iC (f o65 ) 'ui:et

'uhe isolatecl- ¡e:'fuseC- ra.t l-ir¡er- ::eaciiJ-y i-ncorooi'ates ihe ::a.d,ioactivity of

!-C1)+ olette..-AlA or 2-Cl¿r rl-¡cine j-nr:o i,jre ea::l-¡¡-] a.be]l-ec- l:ili:"ubin i.¡as

ciiree-r, evicl.ence fo:r e:l-Lra.e::¡riÌr::oooieì;i c haeür s;v-nthesis. il.he -uine sequence

obserrrect re senir'l ed tha.-b seen l¡ith ..Þ:rly_o_ expe:rÍments. I,,t-ni'be , l;il lj a,ns,

Rotlrer aniì, Sha.fer (f965) cì.enonstz'e.ted tha-r, a susnension o,f ::ai li.¡er. ririio-

chon<jrj-a in cell sa,¡ coul d ned.iate the eonversion cf 2-ClL el-ycine to ha.e.m
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1), rl, -.tlr
C-L+ a.ncl. su-useq.L:entil' g-'-'r'6 and biliru-bin-Ca'f , The shori terr. tissu-e cttl'i,u-re

s-uu.cj,ies of Gra,nicx (196r) util.izing chicl' enìrr';rc liver cell-s suggested

tila,t active cr:oiein s-rrnthesis rnigh-r, be req.uirecl e,t a specific noin'¿: ea,rl.y

in 'rhe porph.¡'rin bios¡¡nt,iretic na.t1l,ie.y. Cu.ltured cÏrich fiver cefls r'¡ere

incu-bated, i-n the lrresence of ei'Lhe:r rllycine o:: d-el',.a.-AI"A a,niì- su-bsea-uentfl¡

examineci. for no:llrl.,)rr'in ffuorescerrce. Plr.T'onj¡cin anC- other inhibitors of

protein s¡lntìresis ,oreven-{,ed. the a.opeai'ance of f-l.uoresccllc.,-i onlt¡ iil -r,liose

cel_l-s noi -r:rorri.d_ed viih cì.elta.-AL,ri. ir;llying 'chat u-niil,caired. -orotein

synti:esis r.re.s essentiel io :.re j-n-uein ilel te-ALA syn'lhetase ac'cj-.¡ity in this

sys-ber:. Ilith aclr'et, cLe l.ia-AI-,A nornh;¡rin sl¡nthe sis cl:oceeical ilr a ::claiívefy

nornral fasl".ion in s_oite of ii,rairec rrotein s.'¡n-bhesis. Proto¡o:rah;,¡rin

ferrocìrel-etsse a.ctivi-r,¡' llÐ,s 1llo-u d.e;err,:inecL j-n thc s'¡steil .

The ::apio. convelrsj-on of i.n"ìec-bec;" label-Leci- n::otein-free ha,.ena-,,in

to bil-inrbin -!ngi_r,.g has been cJenolrs-ura.i;ed by Pa.ss, Sjch.r'¡az'tz and l¡ia.tson

(fq)+:), Lonoon (lg:O), a.nij. Sn;rds¡ and Schni.e. (lq6:). Snl'6.st and. Schrcid

(tg6=) r'ecove:'eil aboui seventy percen--t of the ha.eraaiin racl"ioa.ctivit;r

injected- into::a.ts as bile bilirubin r'¡iihin a fer.¡ hou-rs. Tbese finCinqs

conbincc stron¡}y sulr;es-r 'ullc c::is'cence of an e,'lt,.caer:¡throloictic rrathr,¿e.'/

in -,¡hich prot,ein synthesis is not obliqa.tory for the sl¡n-r,hesis of haer".

frorn its sinn] est llrecu-rsor a,nd its subseq_uent ca.tabol-ism to bilirultin

and. C0.

The::e a.re a nur.ber of retorts in the literai,u-::e clesc:::l-'bin¡¡

clinical or exÞerir'iente.l h¡rperbilirlrbinaernia.s r,rhich na;' be ou-e io



v̂

the turnover of I'redundant" free haem, A post surgica]. jaund.Íce occuríng in

humans has been reported. by severaf authors (Gachin , L962; Caroli, Champeau

ancl Desvignes, t962; and Pichlrnayr and. Stich, J!62). The syndrome consist-

ing of a lostoperative hyperbilirubinaemia extend.ing from about the first

to the third- postoperatì-ve d-ay has been correl ated r,¡ith the d.uration and.

severity of surgery and the storage tirne of transfused. bl-ood.. Conventional

l-iver function tests, whose results are ind.epend.ent of protein synthesis

l¡ere d-escribed as norrnal- in these patients. äarly-label-led bi.lirubin r,¡as

not stud.ied.. rn animals, I'lcl,iaster, Broun and- Rous (lgzl) observed- that

bil-e fistula d.ogs excrete an excess of bifirubin inmred.iately after surgery.

Further, it has been suggested_ that in some cases of primary

liwr-r disease- the'n¡¡norhilìrrrhin¡emiâ mrrr he qì--'lcqqt ín nqrf aqrrco¡î irrrt v¡¡e qu¿fasLrrlrq Ir@J vç cLU !s@Þ u I¿¿ P4I u uc4ùgu v,y

an overprod-uc+-j-on of ea.r1y-l-abel-l-ed. bil-irubin in the liver (Yamanotoo

Skanclerbeg, Zipursky and. Israels, L96r; I(alk and. liilchert, L9j5; ancl

Sied-e, I95T). In the tight of these observa'bions it is tentativel:¡

suggested that hepatocell-ul-ar hyl-rerbiliru_binaemia ma.]¡ result not only fronr

an irnpainnent of bil-irubin excretion, but in some cases may at feast in

part result from hepatic over.production of bilirubin.

Evidence aga.inst clisoroportionate synth.esis of haematin and.

apoprotein has recently been presented" b¡r i{arver, Tschudy and Perlroih

(1966). These authors have presenteci- evidence for a feed.back control

Itechanism ooerating to coordinate the synthesis of haen and aloenz¡,me for

ihe liver enzylne tryptophane pyrrolase. There is no evidence to supÞort

their contention that similar mechanbms may be operative in the biosyn-

thesis of the other tissue haemoproteins. Baglioni (tg66) produced. evid.enee
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that haen is not essential for globin synthesis. Greengard. and. I'eigelson

(lg6S) in r.¡ork preceding that of ivlarver's group (tg66) sta.ted that the

majority of tryptophane pyrrolase in adult rat l-iver exists in a haem-free

inactive form vhich is actíva,ted through haem bínding in vivo by ind"uction

r.rith tryntophane and. in vitro by ad.d-ition of foetal liver homogenate cell.

sap (Gol¿stein and I{nox , a963) . Goldstein and. i{nox (tg6E) furtÌrer reported"

tha'r, foetal- rat l-iver vas devoid, of tryptophane pyrrolase activity, although

it d.id contain the activator of the ad-ul-t apoenzyrne, i.e., probably haem.

CO},{PO1.{E}IT TI (ERYT}IROPO]ETTC )

1) Catabofism of erythrocytes and./or their precursors prior to

their release into the circulation. The find-ings of fsrael-s, Skanderbeg,

Guyd.a, Zíngg, and Zipursky (L9æ), Yamamoto, Skanderbeg, Zioursky ancl

Israels (lg6r), and Ibrahim, Schwartz anð. iiatson (tg66) established. a direct

relationship betrreen erythropoietic activity and component II of shunt

bilirubin. This inplÍed rapid. turnover of a fraction of the intramed.ullary

haem and/or haemog-l-obin. Destruction of a fraction of the bodyrs red cell-

precursors in an intramedullary site probably provid.es at least a signifi-

es.nt ¡ortion of this h¡ern moìetw. The absolute value of this fra.ction of

haem might reasonably be supposed. to bear a direct relationship to the

total number of cells in the erythrocybe precursor pool: hence the pre-

wìor:slw ôesc.riherl rel:tionshin of shunt bilirubin to stimul-at,ed versus

depressed er¡rbhrotoiesis .

The existence of pathological erythroc¡rbe precursors vith

increased. susceptibility to intramedullary destruction l¡ou-l-d cause an



increa.se in the fraetj-on of abortive haem synf hesis

bilirttbi-n. Such a neche.nis¡r i-s thou,rih'c io be c¡ei:ative in ¡ernicious
. I- . -^-^\enaerri.e (Loncon and. tlest, _r-950), conrenital ¡crnhyrie. (Gra..¡, iTeuberte::

- ^-^ \ | ^e.nrl Snea.i;fì, J-t):0), alld_ th.a.fa.sserie (Gr":i.nstein, lanncriran. Va.vl'a and" l.'oore,

1960)" Because th.e increased narlrorr erlrthro'C. actir¡it)'of ihese states

is not acconpenieci by a corrrrensurate in.cr:ee.se in ihe "d-esired," encì- nroduct,

nirnlll¡t'i n:; lr¡anr¡-'ln]¡in fha *az1¡1 ';ineffectil¡g grrrthrono-iesist: ha,S lfeenI vrau

a-lplicd. À simr:le ilfustra'r,ron is r:resen'beil to clarify -r,]:e rela.tionship

betr'reen norrnaf er¡r+-hroooiesì s - cc:rrcssed er"¡rthropoiesis . stinu-lated

erytirronoiesìs: ¡.oC. ineffective err.*,,hrocoiesis in Fi.-ui:e I (naEe ll-a),

¡¡hicl: consists of four flor'¡ cj.ia.cj:e?i:s. lror"izontell.l¡ a::ranceo oeoictinq,

respectivel;¡, the types of er¡r-¡i-lilopoiesis ind-ica.ted." The ;rrocess of

erythroi:oiesis is il-lustra-ueo in 'chree ''vert:l-ca.'l cornpa::trrrents" for ea.ch

'bl,.lle, consis'i;ini o:î: 1) il:e i.:er )recl1rsor" lrool I 2 ) tj..e intrarcedur lary

::ed- cell orecursor pool:referrec'r,o as eryihrobl-asis: a.nd 3) the r'þror1L:,cts'

r¿h:'-ch consis-b of shu,nt bili:rubin ancj cr'-::rcul,a.tin¡ ha,enogl-obin. The ¡ro-

Ðortl'-on of each cor:irajltr:'-en-u r,az'-r,iciratin.o in "ef'flcctive" cr.¡th: onoiesj-s

r'¡iih e- product of circr-rl-a.i,inq haeno,ql obin is unshadeC. i.¡hile the shad.ea

tloT'ii ons ::ep::eseni ineffecti-re e.c¡rthLroÐoiesis.

t_1

and. hence Ín shr-:lt

T'c is obyior-ts i.r tÌre firs'u -,irrce ti'¡es 9.f s¡.:-rL-¡or:oiesis (no:rral-.

ie¡r'essed. and s-bÍnllai;eo-) 'uhet 'bhe n::orro::tion of' -t,'r*^ to-bal- resrr.l-iin= jn

:i nef Îecli Vê el'r¡th¡n¡ni ao.' e i c i hg Sari,e a_-]-ihOi_rqlt -t he a_bSO1U'¿e a¡iOr-l.nt Of

shu:it bili::u.'orn procLu-cec. ya.rj-es rreat!-¡'. fn ineffec'r,ive e:r1;r'e111'opoiesis

the::¿'"tio is:revc:'secr., resuJtir.: in-bl:e nrecj.orinance of ineffective a,s

cpposei io effective "nf'oc-uct' ,
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2) Re-dun-dan_t_Igqg -lvt!Jle¡1s__qn_{/or t-oss of haem by erybhrocybe-*--.--.--

PrecJIF_oJ_s_ The nod.el- d.escribed. above rel ating erythropoiesis to shunt

bilirubin is compatible r,¡ith a rapidly turning over fraction consisting

of haemoglobin and/or haem. The present state of kno'.¡l-edge regard.ing the

role of free haen in bil-irubin metabolism has been d-iscussed in relation

to the non erlrthropoietic fraction. Haernolysis in _vivo_ is generally

regard-ed as an "a11-or-none" phenomenon in which consíd-eration of

intermed-iate sta.ges of impaired. membrane function is avoid.ed. rn

reality, the red cel-l- membrane rnay undergo various pathologic changes

in permeability preceding ultirnate d.estruction (r^ieed- and Reed, 1966).

These authors al-so sta.te tha.t red- cell fragnentation r.nay resu.l_t in

partial haer'roglobin l-oss r.¡ithout necessa::il;r inpf¡'inq imined.iat,e in vj_tro

or in vi_vg haemolysis. Both. of these mechanisms may be operative to

varying d-egrees '¡ithin the marror.r, possibl;r in no::mal , and. probably in

sor:le Dathologic types of erythropoiesis, fead.ing to ra.rricl catabolisr: of

the haemoglobin rel-eased-.

¡\
3 ) Loss _of ._hao-rl ?nd/.otÆ.gliogl.gb_i1r- fron e@

accomp?lrlrlng eët-rusion of the normoblast nucleus. This r.ras postulated. as

a lossible source ì:y Bessis. B:reton-Goriu-s and Thierl' (f96f ). lrie se¡slu5l'\.rs

data are available r.rith re¡lard- to the significance of this mechanism in

maramals. Ducks, hor.rever) are knor+n to have circulatin,q nucfeated

er¡rthroc;rtes r,¡ith a ¡attern of shunt bilirubin similar to that of marrnal-s.

including conponent rr (rsraels. t,lovah, Foerster anc. Zioursky, 1966).

From these findings i't is eviC.ent that nuclear ex-r,ru-sion by normoblasts
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ís nof. â. ¡r"êre.''uisite for the formation of comlronent fI of shunt bilirubin.

II{E}{ PRECU?,SOF.S AI]D OT}IER SOT]RCES

There is little information in the litere.ture to suggest that

bilirubin formation can occu,r in the absence of haem synthesis. Various

bil-irubinoid pigments are characteristj-c of fower forms of l-ife. In sor're

these have been found. 'r¡ithou-t knor,¡-n relati-onship to haems or haemoglobin

and have been believed to be forrnecl d-e novo. The best examtl-es of these

are the bil-irubinoid protein complexes knor.m as phycoerythrin and phyco-

cyanín knol¡n to participate in the photosynthetic processes of red. or bl-ue

f=- . -^z-\rnarine algae (I'Iatson, I9'o5)" The absorction of light by the red.-viol-et

pigment is mu-ch greater than tha.t of chl-oroohyll. The possibil-ity that

a haem is involved in this pathr.ray has been recently suggested but remains

to be definitel-¡¡ established- (itlichol-s and. Borograd., 1962 and O'hEocha,

t965).

There a.re inoortant objec'r,ions. in higher forrcs particularly,

to the concept of bilirubin formation in the absence of haem synthesis.

ft is believed that the proposed tetrapyrryJmethane intermed.iary betveen

nnrnhnhi'l innoen anrì lrrnnornirrrrirôoên ar¡n'lizoq ìrnmoÄiri.a]¡r llnnnoìr¡rlrlrr¿r¡vf">ur¡

a fraction of this might be oxidized) preventing cyclization and. giving

rise to a urobilirubinoid pigprent. However, accord.ing to recent conce¡ts

of uroporphyrinogen III forrqation by I'iathewson end Con¡in (fg6f ) and

llul-}ock, Johnson, l'{arkham and. Shar¡ (fg)B) a. compound. of this type rroul-d-

¡roÌrnb'l w I a.ek - i f the ri nr el ose" --L^+ *-^"r i L^ +L^ -^+L^r than!r vuov¿Ly !sui!, r+ -U r \lIléU v¿Uqlu UE UIfE óøl!lr@ ¿ @UIIç

the alpha methene brid.ge (Petryka, ilichol-son ancL Gz'ay, 1962 and. Pul-lnan
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and Perra.ul-l- , L9r9) . It is i¿ell knor¡n that the enzymatic formation of

bile piqnent from haem is due to loss of the alpha methene brid"se as

carbon monoxide (Petryt',a, lTicholson and. Gray, 1962', Pu-Il-man and Perrault,

'l g5g: ¿.¡¡j g j6s{¡onrr r oLo'ì flhi s j s hishlv snecific in nature. If aL) // ) vr @11u, L>/a> I . Illlu rù ¡rrE)rr4, u.pue

urobilirubinoid" pigment vere formed from tetranyrr]'lnethane, it should

be readily distinguishable from the bilirubinoid. rigment formed. from haem.

Moreover, the bilirubinoid of the red" aÌgae is of nine a.lpha type

(Leirberg and Bad-er, f933), pointing strongly to a haem derivation. 0n

the other hand, an unrubl-ished observation by Petryka (I'Iatson, L96r)

¡^..^^r À +r-ô+ ^^ø-ì v_'l a.bel l ed hi'l i-..,1-.rñ ^+ ;r^ñ '^-i'r ê fô-l l nr.rino in icgt,i6nI gV g@aÞ UIl4U çOI roy -Jovufrvu varrl UUllf, V¿ UUl"> uI¿ç r V¿JVIYllll f,I¡d ç

^ | ^l)r ^ ^rl'of 4-Cr+ del-ta-AlA: üÞoD. oxid-ation, yields a smal-l Ðroportion of a, C-Lq

l-abelled carboxy pyrrol l,ihich coul-d. not be oerived. fron bil-i::ubin 9,

nlnhn- This does not ¡rove tha.t this bilirubin isomer is not haem.-\JJ v¡rq¡r.

derivecl as bile nigrrreni forned. by the couplefl oxid-ation of haem in vitro

is a mixture of isoners rather than the highl-y soecific loss of the alpha

bri<Lge seen in vivo (Petryka, llicholson ancl Gray " :_962).

ft has not been esta.blished r¡hether the enz:wnatic conversion of

tissue haems is strictl-y specific as it is foz' haemoglobin. The finding

of a urobilirubin in bile r¡ould ¡rovide sienificant eviclence for the

synthesis of a. lrorohyrín-d.erivei. shun'r, l¡ifirubin b.rrnassing haern. In the

oresent state of knoi.¡ledqe" therefore" the formation of bjfe ¡icirnents bl¡

a oathr'ra¡r noi, invofvinq haem d.erira.dation r'¡or;-fd aÞpear unlikeh¡ but not

irnpossible.

Ai; this þoint, the available infornation inal,¡ be internreted as

indicatinc nultiple sources of oriqin for shunt bifirubin. llhe C.egra.datíon
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of haem of both er¡rthroooietic and- non er¡rth-ror:oietic nature â.TJþear to be

obli-qatory in the Drocess. The role of protein-association of these haens

i-s not established..

The prinary objective of the present investi3ations has been to

stud.,.¡ the non erybhropoietic fraction of shunt biliru'bin and its refation-

ship -to tissue haem s¡rnthesis und.er normal conditions and conditions of

altered. tissue haem synthes:'-s. Stud.ies have been carried out on

S¡ra.-lle-T)ar.¡l ew rats.



THE RELATÏOI{SH]P OF }ION NRYTHROPOTETTC SHUNT

BILIRIISÏN TO TÏSSUE JIAN'{ SYNTHESIS TN THE

LI\TNR A]TD KTD}JEY T}I ''NORIr'JAL RATSÍI

Schr,¡artz and Card-inal- ( f965) and- Sch¡+ariz " Tbrahínr and. lfatson

(t966) have stuclied- the rel-ationship of l-abel-l-ing of shunt bilirubin and-

non haemoglobin haems in l-iver, kid-ney and other tissues using )+-Cfa

d.elta-Al,A as precursor material in d.ogs. Robinson, Or.ren, Flock ancl Schnid

(tg6r) d.emonstrated. the d.e novo synthesis of labelled bil-irubin from

2-c1\ qfvcine o" Ir-cf\ del-ta-Al,A in isol-ated. ra.t l-iver prepai:ations in

the absence of erythropoiesis. These finclings have been confirmed in

unpublished d.ata obtained by Dr. ll. ltrovak in our laboratory.

The objective of -r,his series of exÞeriments was to establ-ish

the quantitative relationship in normal- rats between the uptake of radio-

r nt i rri lrr fzam i ¡ i onl a.l ),-¡14 -, - -øuurvavJ rrvru rrrJecleo 4-U-' del_ta-ALA intO early_labelled- bilifUbin and

c14 turnover in the tissue haems of liver and. kiclneys. The d.ata to be

presented. r,¡ere obtained in part with coll_aboration of Dr. lTovak.

CHAPTER IÏ

A. II\TTRODUCTTON

-Lb

1) General Comments. lvlale Spra.gue-Dawley rats veÍghing 300 -
)+00 grams ¡,¡ere used- throughout these experiments. They received. a norma1

laboratory d.iet and. r,¡ere permitted- free access to r,¡ater. fn arl- cases

B. I/TATERIALS Al[D METHODS
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the precursor material- used was \-Cll+ d.el-ta-AlA of specific activiiy

betr'¡een 2, - 30 rnc/mt'4 or .L, - .2 ue/ug¡n Intravenous Ínjections l¡ere

carried. out throueh the tail vein in a d"osage of l_ microcu-rie i.¡hich

contained five to seven micrograms. Subseqr-:-ent1y, anirnals r¡ere once

agaín permitted. a.ccess to food and, i,¡ater ad l-ib until termj-nation of the

experiment.

2 ) g+e_ Ç-o1_l_aq!jonls_ 0n the morninq of each exoel:iment , the

animals l¡ere fasted. for several- hours to facilitate surgery. The common

bile d-uct r+as easily exposed by means of a mid.line abdomina.l incision

and. ligated close to its junction r+ith the duodenum. After several-

minutes, dilatíon of the d.uct r'¡as sufficient to permit placement of a

small- transverse incision about .5 cm above the ligature, enabling

insertíon of a fine ¡olyethylene cannula into the comrnon duct. A fer,¡

minutes l-ater, vhen ad-equ-a,te bile fl-or.r through the cannula L'as e''¡ident,

a. lirra.tllre Ì,râ.s nlaCed afOUnd ft,þg rrrref irrc-f qlrnr¡^ the noint of inSeftiOnPvral u vr

of the cannula. The intral-u-minal- end. of the cannula l.¡as carefully

¡lona,l r.rì+hin +he COmmOn d_UCt itSelf anO r.¡aS rrrithdrâ.Ì,m â.n s.nnron1.iatear¡s rrøÐ rìf, uItuI ø\1!t GII aplJf v}J

distance if it 'ç'¡as found. to have ascended. to the l-evel of the hepatic

tributaries. The ligature lias then firmly secured to prevent fu-rther

changes in position of the end. of the catheter and. ensure total- co1lec-

tions. After haemostasis l,¡as accompl-ished^ the incision riras cfosed.

around the bil-iary catheter r.¡ith polyethylene or silh sutures. The

animal r^¡as then nfaced in a l-oose r"estraining cage and permitted 18 to

2li hours tc recover from the acu-te effects of anaesthesia and surgerl¡,
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Ether tøâ.s emnl ôr¡e(l ac the ana.eSthet,i e a¡=ent in a.l I ewnerir¡ents - fn SOne

cases, hydra.tion of the animals ¡,¡as supplernented I'ríth subcutaneous

injectÍons of sma.ll- volumes of normal saline. Al-though techniou.es of

strict asepsis Ì¡r€re îot empol-rrecr'., lu-rul-ent peritonitis r.¡as not d.enonstrated

in a number of ¡os+. nortem examinations ano. only a srnal-l- number of these

animal-s vere founci to ha.ve su-ture infections.

Iliehteen to tr,renty-four hours after completion of surgery the

general clinical- condition ano. bil-e fl-ov of the anj-mals r.¡as reassessed,.

Those l.rho appeareo. to be in poor condition or had- a fl-or^r of less than

0.5 cc per hour r,¡ere excl-u,d.ed, from the experiment. Such animals forrnecl

on I w ¡. smp I I mi nnri rrrr ñ'Ê f.hp f.nl- q I nrrmlror rrnrf a-nør,!rr¡v* ¿ v,r . .or nq surgerl¡ "

Injections of d.el-ta,-hl,A l¡ere carrieo- out in most cases. 'o¡ithout

anaesthesia althou-qh extreme irritability in a fei" animal-s necessitated.

-r,he use of l-icht ether anaes-r,hesia. Iiach rat received- one microcurie of

clel-ta-AlA by intravenous -r,a.il- vein injection. Coltections of bile r^¡ere

mad.e in semi-d.ar.lcness and -.¡ith a feir grains of asco:rbic acid in each

coflecting vessel- to þrevent oxid-ation of the biliru-'bin to biliverd.in"

Col-l-ectinc vessels r.¡ere chanqed at anpropriate intervals to l:erm,it

sequentia'l deterrnina-i-,ions of CIL incor¡oration ove:: a. Z4-hour period-

folloi.rinp: injection. At this tine, the exÐerirnent r'¡as usu-a1l¡r terinina'bed"

and the animal- sacrifìcecl .

The interr¡al bil-e samÞles col-lected- rrez'e imr,red.iately frozen

pending bilirubin extraction ¡.¡hich rrras alr.ra")rs carried. out vithin tl.¡o r.¡eeks.

fn a fer.¡ animals in l¡honi siighi haeina,tobilia r¿as observed, bile sampl-es

r'¡ere immediatel¡' centrifuged to remove red blood. cells Þrior to freezing.



3) Bilirubin extraction. PrÍor to bilirubin extraction, a

quantitative bil-irubin estimation vas perforrned- on each aliquot by a

micromethod. modification of the method. of ìliafloy and. Evelyn (f9gf )"

It{odification of the reasents rras as fol_l_ovs:

Reagents

Solution A: 3.0 errr sul-fanilic acid. d.issol_ved. in 15 cc
concentrated. liCl and. dil-uted to 1000 cc
r.ri *L À¡rrh'l rr ¿r ì Still-ed -.r¡ate1. .

Solution B: f% sod.ir¡n nitrite.

Diazo reagent: 10.0 mJ- of sol-ution A and- O.l nil ,
sol-ution B.

Diazo bl-ank: as in macro methocl.

l"4ixtures

I.2 mL absoluie rnethanol 1.2 r¿1 a.bsolute methanol-
0.2 nl d.iazo reagent 0.2 mJ- diazo btank
1.0 ml- d-Íl-uted. bilirubín 1.0 r¿1 d.iluted. bil_irubin

or bile or bil-e

PAocedure: ir{ix r.¡el-l anC read, at 5[0 mu, s]-it r,¡idth O.O! rnm,
ancl suitable sensitivity on Beck-man DU spectrophotoneter
after stand.ing for 5 minutes.

'lq

m^^+agÞu

Stand"ard. curves \'¡ere prepared with rreighed" amounts of commercially avail-

able bil-irubinx(Jend.rassik and Grof , f93B). Bil-ir.ubin eoncentration of the

bil-e in ririlligrams percent r.ras d.etermined. from the prepared, stand.ard. curve"

Bil-irubin r,¡as then extracted. and. crysial-lized- from each sample using

unl-abel-led. carrier crystalline or bile bilirubin l.¡here required by

the method. of Ostror.r, Hammaker and- Scirmid (tg6t). Fol-lor.¡ins the initial
* Nutritional Biochemicals. This material is completelv chloroform

soluble.

Blank
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crystall-izatíor') the bil-irubin r,¡as red.issolved- in chloroform a.nd further

purified" by alumíne. column chromaiography (Schl,¡artz and l^fatson, I9\2 and

fsraels, Skand.erbeg, Guyda, Zingg and. Zipursky, 1963a). The purity of the

resuftant crystalline bilirubin from contarninants such as glucuronid-e l¡as

suopo::ted by ihe d.emonstration (Israels, Shanderbeg, Guyda., Zingg and.

Zipursky, I963a) that it underl'¡ent no significant change in specific

activity after repeated chromatography on the reverse phase kiesel-quhr

system of Cole and La.the (fgf¡)"

The final pure bil-irubin Ì¡as once again redissolved in chloroforvn

and. bifirubin concentration quantita.ted. by the micromethod nodification

of the diazo reaction (,''lattoy and- Evellrn, I93T). Aliquots of 0.05 to

rt'ì trìrliðÞñhõ.'ere then nl¡ted in iì¡nliea.te a.t infiniie i,hinness andv. J lllrlrlÈ<a alrÞ tYuf v v¡rvrf p¡e,v uuvlrvv,eu sv

-t
counted to determine Cla activity in a l,Iu-clear-Chicago Gas Flov Counter.

Specific activity of the bil-e bilirubin r.¡as cal-culated. by correcting for

the a,mou¡t of adcled- "col-d-" carrier. I^Iith this information and. the bilirubin

concentration and volurne of each bile sample, the bil-irubin-Cl4 .*cretion

for each tine interval- r.¡as deterrnined anC. plotted. as a percentage of total

injected- isotope.

l+) tiaem determinq*tions. These animafs received- a tail veín

injection of one microcurie of d.elta-ALA, using ligh-t, ether a¡raesthesia

1.,'hen necessary. At suitable intervals u¡r to 2l+ hours folloi,ring injection,

groups of approximately eight anima,ls vere sacrj-ficed by a blor'¡ on the

head-. lJithin a períod. not exceeding five minutes, livers and kid.neys

l.rere removed, perfused vith cold norntal- saline to remove bl-ood., and-

frozen pend.ing haem extraction. This lras alr.rays accomplished. r,rithin one

r.reek of the exneriment.



Ii:l:etii a..Le.r_1,, e.:.t,e: ,r,h:.i¡inr:, t1-:e l-i.¡e: r.itC -=-ic--:rei,s of each ret

Ile:irÊ se)a:'a.tcl--r' hciloqen.izeil. in Lt - 5 \'ol'åres of cl.onble disi;i1l ed vate::.

first in a i'iarin.l i:]enCe:r ¡.ircl- fj-ne.Ii]'in a, Pc'i;t,-^: Ilveirjer ho:ro¡-en.izej:

ir.sing a teflori Ðes1,le. 0ne hr:-nclred. i¡ij.-l--'l-irra.r¡s of ca,nrie:l Ìi.a.eir:. in haer'rr.c*

:ilohir! nre¡â.recì î¡ç¡¡ l-ir.ll:al 'col,'¡cviii er',i,c bloc,ä i.¡¿:,s a.riciec'i, 'f,o ee.r:h. o.il the e,,bot'e

l:oinor-'enl.tcS ¿r.nrl ,la.er.t: ,¡¡e-s e:l'Li:a,ct.,ct by t,he rrre'r.hocl of l-,a.bbe a.nci. l:Iishid.a

t 1^-- \ ^\L957 ). Srreeific aeti.¡itt¡ oL' the ha.en isol.atei h-r '¿his ire-Lhoci- i¡as not

.r'l terer'l h.' ¡r¡i'i di ¡e i'ec-..¡s'1-,r'l f i ",a.-biOn aS CreSC::'ibori h¡. $ì.¡:'r j r T,n¡1çlç1- v -- ,i

" | -^-^\íti_-r. :_il.1;ïenDcr'- \ .l-!r)U J .

The haeili c4's't ¿r-l-s ¡¡e,re cl-isso],r¡ed in 0.1 ìT ]t]a,Oit aud- alj-o'o'cs of

I l,ii1ì,j rralil br¡ i¡ei ¡:h" r.'rore nl:ì,ed, :i¡r. c-rr:.1-.1ica.-Le at infinite iili,n,:eSS e.nd.'"-tt.'

colinteC. to d.e-te::rri*" ¡,1-l' ac-uirri-t.,¡ 'i n e. Iiucl-ea,r*Ciri-ea.!io Gas llow Counter:.

In thl'-s er,se. tìle ,Tr1ol-r-nt of er:ooi:enor,r-s h.aen 'presen-{. ti-r rilte s¡.'s';eìn a.nci,

t.here:1o::e, i-ts s¡eci.i'ic e.ci;^i..¡-i.''¿:.' coul.ô nc-i, be iete::rr'ineC . ilowerrer', -r,he

to'¡a'l -1.:lr¡er nonha.enog-l.ob:rn h¡ler:r is sir,a,l--L cor'rìiia.red. to -i:ire czt:{ier acl-cl.ecl"

0n ihe J:asr.s of -u.his a.ssrir.rtion - -Llre si:eci-fic acti ¡¡i -'ur,' of i:he 'i sol at,ed-

lr.a,er¡ r.¡a,s r.-r.sec1 to ealcu-late tlr.e tota.l.-lionil¿ì.erLoglobin haen CLl+ con-uent o:i

e?.cÌì organ. llesr:,lts r,rere ¡lott,ec']. ¡a,nd- exÐl:essecj. ä.s a fel:centaäe cf the

ì n i cntac' i qoJ-.n¡o a_t eaCh ÐOini in -r,:l¡e .

2L

f ) Þ,rlï:!,?"bçlÅe!'--¡_i}i.ffp'.llr_,_ Fiquile 2 is e- ba,:: ¡rranÌi. der:icii.nr.

tJ.e -tlercenta..:e of t,he in,ìecf.c.1 Cllt.r,"rr"ecl in r¡ile bi1r.ru-bin cl-rr.rin¡-:

-uhe tine j-n-uelr1¡il.ls ind-ica.ted follo-,¡in,r tire intravenou-s injection of one

nicrrocu¡rie of \-CI4 ¿sr 1"-p-¡l . The I'e.,:tical l- j.nes a.bove -t he centre of

C. RiiSULT-q
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each bar represent the standard. d.eviation ealculated. for a grourr of sÍx

rats "

Durinq the first hour, an average of 2.7 percent of the injected

counts r¿ere j.ncorporated.. Peak incorporation vas observed. in all- of the

six rats during the second. hour of collection. The biliru-bin isotone

content thereafter gradu.ally declined to a l-evel_ of about 0.33 percent

per hour betrr¡een the tr+el-fth and. twenty-fourth hours. The irercentage of

isotope incornorated over the totat tlrenty-four hour periocl vas calculated

as 22.J1 percent l¡ith a stand.ard- d.erriation of 0.!6 percent" Bil-e

bifirubin concentration and vo1ume excreted renained quite constant

throughou,t the tlrenty-four hour period_.

^\ t -'vê1' hnamq . I'r'orrT¡. 3 1^er¡rcqentc the nernan1;eoo nf inìoa*aÄa I !t-_v_ç_r tl¿srtiÞ ._ -c J_tju* _ ^_ _ s

Clr[ incorporated. in rat ]-iver at the þoints in time indicated. follol¡in,q

intravenous injection of l+-cfL d.el-ta-Al,A. The i{,s renresent the mean

values cal-cu-l atecl for the ra.ts in each group and the vertical f ines throueh

the Xr s represent the sta.ndard. d.eviations calculated from a number of

observations at ea,ch point. The number of observations mad-e i,¡ere: three

a.t one-nllert.er hnrrr^' qêIrên ef nnp-þ¿.'l f hollf : six n¡a1-, ¡.1- ^-^ +.,ô tlr¡ao¡¡vq¡ ? ouvçfr @u vtle. irúrf rfvkr i Ðr^ tr:dL:Il. d,t/ UlIe) UW_,

anc four hou-r"s: five at six hours; four at eight and. tr,¡elve hours; and

three and tr.¡o at eichf.een nnd tr.rs¡f,y-fOur hours. T'es¡ectively.

By fifteen minutes . 7., percent of the injected cou.nts had been

incor¡o:rated in he¡atic haem-. Pealç Íncorporation r.¡as observed. a,r one

hour. Fol-lo'."ino this, a rl_a.t,eau of isotoire incorpora.tion extended- to the

fourth holrr" fol-Ior.¡ed. blr a qracì-ua.t d-ec]ine to about )+.7 percent by the
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tlrenty-fourth hour. Thus at pea-k activity, liver haem contained about

tr,¡clrrc rrernent nf fho inianf.prì n^'--.+^ -^-'+ L-- -L--entv-forlr horlrs leSS -thanuY/çtrvç PçIUç1rU VI UIIç flf,JÇUUgg UVUIUÞ ) UUU UJ UlIurruJ-rvur rrvqrÐ

five percent remained.; seven percent of the injectecl Cf4 having apparently

been lost from heoaiic haern during the tventy-four hour period.

, - ^'iL .injected. Cr* into renal haem in the same r,ray that hepatic haem is d.epÍcted.

by Figure 3. The nurnber of observations maC.e for each point r.¡ere: seven at

one-quarter holr; fíve at one-half hour; six each at hours one , tT¿Io , three ,

four and" síx; and. three each at hours nine, tl¡el-ve, eighteen and. tr.lenty-

four. Fifteen minutes after injection, renal haem conta"ined !.1 percent

of the injected" activity. Peak incornoration r.¡as seen ar three hours at

r.¡l-'inìn ¡nin* *an ¡p7¡pnt of -"he i¡'iaa*a¿l ¡nrr¡to had been inCOfpOfated.}/v+rr v

A ør'arìrral deeline in eetiwitw r'ras then observed- to a, level of about three

¡o'¡nan* 'trr¡ *r.ranf-- F^"-- L^'.-^ mhrrs nt ¡e¡k nr.tivitw- rena.l hâ.em con-}JErUgllU VJ UYIçIIUJ-IUua llvuiÞ. Illurt cu lruaj! ouu¿v¿vJ, IUrrkr frGvl

ta.ined a.bout ten percent of the injecteo label but by tr.renty-four hours,

only'r,hree percent remained; seven percent of the injecied. label having

apparently been lost by rene-l- haem in the tvent)'-four hour period.

3) Renal haems. Figure h represents the incorporation of

Figure ! consists of superimposed cululative bar graphs plotting:

a) the cumul-ative excretion of injectea CfL as bil-:'-rubin; and. b) the

cr:¡nulative l-oss of Cll+ frorn the tissue haerns stud.ieo. The graph oepiciing

+-'^^.-^ u^^*- nlhttssue Ilaelû u'- loss is C.ivid.ed, into renal and henatic comlonen|s aS

i1l-ustra-r,ed-.

D. DÏSCUSSÏO}I
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f ì,percent of the injected. C'* l¡as excreted. as bil-e bilirubin. The loss of

all+ from renal a.nd he¡etin h¡ems over the same neriod a.nnea.reri to total-v -- ye¡rvs qlPuqreB u

onty 1)+.3 percent, or a difference of a.bout B.l percent.

One other feature ifl-ustrated- by FÍgure 5 is to be emphasized,.

Exa¡nination of the early part of the graph shol¡s that in the first hour,

l-abelled bilirubin had appeared- while the activity in both renal and-

hepatic haems r.¡as stil-l- r"Ísing. The greatest increment in bilirubin Cf[ vas

seen during the second, hour at a time vhen loss of a.ctivity from tissue

haems rtas stilf minimal . Foll-oi.¡ing hour three, increments in bilirubin
r I' r LCr* excretion alpeared to be aplroximately paralIeled. by loss of Cr+ from

tissue haems.

Figure 6 'ç"as constructed" in ord.er to more clearly illustrate

the relationship betr,reen l-oss of CtL f"o* tissue haems ancl the appearance

^o .,14 ^ ^r Lor u- in bilirubin. The increments of Cr* in bil-irubin and the combined.

loss of Ca4 from tissue haems r.rere calculated. for each interval . llaem loss

for each interval r.¡as then subtracted from bilirubin increment and. the

resultant value r,¡as ca,lcul-ated. on a r¡per hour" basis. Thus excretions of
. 'l)' r),1^-,'f .,'--..L-i* 

^J+olJ-j-ruor.n \,- in excess of lOss of Cr* from tissue haem a,re plotteO as

positive values r,¡hereas the reverse result in negative val-u-es " The graph

thus constructed- (figure 6) inCicates that d-uring the first six hours,

12.)+ percent of the injected. Cf4 r"co,rered- from bilirubin apÞears to be

"urìeccounted. foril by loss of Clh from tissue haems. Fol-lo¡.¡ing this time,

primarily negative values are record.ecì., as r¿oul-c1 be expectecl if the

relationship t¡ere such that the l-abel1ing of bil-irubin Ì,rere preced.ed by

Over the tventy-four hour period, approximately -r,wenty-three

o!,a+



quantitative loss of label from a uniforrnly turníng over pool of tíssue

ll4gllrÞ.

In order to interpre-r, the observed- relationship it must be borne

in nind that, as d.iscussed. in Chapter I, the tissue haem pool, unlike the

erythropoietic haern pool , is heterogeneous. As a result, turnover times

for the various cornponents d-iffer and. the values plotted in Figures 2 and.

3 are actually composites rêsu1-r,j.ng from simul-taneous synthesis and d.egrad--

ation of haems possessing different tu-rnover times. In vier¿ of this, it
ìe'lil¡alr¡ *Lo*'cme ]-oss of Cl\ frnm rrerrr r¡ni¡l'lr¡ trrrn'ínc nrrar Ìr,f ù lrÀçrJ urrÕu ùuIrE ruÞÞ ur v ** ¿ ey¿srJ _ 

" 
__ ,,aems occurs

during the early period.s of label incrernent but that this is overshad.oi.¡ed

by sinultaneous label incorporation in nore slolrly turning over haems.

Therefore, tlro artefacts are Ínherent in the recorded. observations,

particularly di.rring the period of haen-Iabelling increment: 1) ea.rly

loss of label frorn short-lived. haems is overshad.or¡edl 2) the observed.

values for peak labelling likel¡r underestimate the total ineorporation of
r )' r l,gr* into al-l- haems because of the prior l-oss of some Cr* from the short-

l-ived. haems "

In the light of these consid.erations, the bilirubin-haem

d.ifference observed- d.uring the first six hours may t,rell be only an anparent

ones und-etected. loss of Cfh f"o* shor-b-liveo haems contributing some or

al-l of the l-2.4 percent deficit. The 'oredominantly negative d.efl-ection

in the graph after the sixth hour is consistent i+ith loss of l-abef from

a fairlv r:ni form haem noo'l nreeeil inr¡ the â.nneâ.i^â.rÌce of this label- in

bil-irubin.



TH]] FEI,ATTONS}IÏP OF I\IOII ERYT}IROPOIETTC SHTNT BTLTF.[]3ÍN

TO TISSUE liAEtr;í SYNTHESIS IN LflrER A1\D I(IÐl'lEY

The second. chapter clocumentecl the relationship betrr¡een the
'1 lr+,.--^-,^- ^F ñrrtJL¡.r'l.uver er u- in l-iver and kidne]'haem and. íts appearance in the bile

bílirubin of norlnal rats. Further el-uciclation of this rela.tionship

required. observations und-er varying exÐerimental cond-itions d,esigned-

to al-ter ancl thereby further el-u-cid.ate the relationship.

.\1) Biliary obstruction. Biliary obstruction r.ras shown by

A.ronsen ancJ. llaeger-Aronsen (tg6Z) -uo result in a clepression of heptaic

catalase activiiy in ra.bbits and dogs. Although the exaet fraciion of

l-iver iissue haem exis-tinE as ca.tal-ase haemoprotein has not been d"etermined..

iíigashi and. Peters (f96:) using a combination of immunochemical and.

enz¡rmatic techniclues concl-uded that rat l-iver conta,ins about 1550 micro-

grarns of tissue catalase per gram l.¡et tissue rreight. Bonnichsen (19)+8)

es-t,imated. the average molar concentration of haem in guinea pig Ìiver

catalase as 3 moles of haen per mole of catalase. Extrapolating this

ra.tio to the rat yielded. a calculated value of about 13 micrograms of

catal-ase haem per qra,n of r+et l-iver tissue or about l-95 microÊratns per

â.Verp.ge fi fteen-oram l iwer- Tïsì-- ÈL j a t¡¡'ì11Ã 4h/i *ha *1r-i øÈrr-lrnrr-¡ han¡i.í os,vvrsÉv f rrvuuli-4r(4¡ rf vLÁ. uÐ¿¡¡É 91rrÞ v4f uç @Ilq vtlç ullJI u.y-IfuL

catal-ase hal-f-fife detennined. by Price, Sterlinq: Tarantola and- Rechcigl

(tg6Z), on" nay calculate a daily turnover of BO nicrograms of haen from.

this source, about 6.T percent of the total daily bil-irubin excretion.

CIIAPTER IIT

A. I}ITRODUCTION

26



27

Stotz (lçZg) ana Potter and Dubois (fgl+e) estimated. the con-

eenì..r¡tinn nf errt.oeJlnnroe n ¡nnthor nrran*.íiqfìrro'lrr r'm¡¡r*qrrt haarnnnrnfoinv¿ v?/ , (4rvur¡uf Yuorru¿uGUrverJ arl¡-vvr u@rI9 ¡r@qllvPrvuç¿rr,

in rat fiver. The valu.es obtained. ( 68 micrograas per gïaln r.iet tissue by

Stotz and 90 micrograrns per grarn i'ret tissue by Potter and. Dubois ) are in

reasonable agreement and yield- an average of 80 micrograms per grarn of

liver. I,/ith a mol-ar conceniration of one haem per molecufe of enzyme ancl

a mol-ecular r+eight of l-5,600 for the enz¡rme (Cohn and Ed.sall-, IgrO) a

liver cytochrome c haem content of about 3 rnicrograms per gram r,ret -uissue

may be calcu-l-ated". This is equal to about ti,renty-five percent of the

l-iver catalase-haem content. Turnover d.ata for these proteins rras presented.

in Chapter f.

i,lith these d.ata it seemed- reasonabl-e to implicate catalase as a

significant component of hepatic tissue haem. It r.¡as, therefore, und.er-

taken to determine the relationship of hepa.tic haen to shunt bil-irubin

in the þT'esence of biliary obs-r,ruction, a nla.noeu-vre lçnor.¡n to depress

hepatic catal-ase activi-r,y.

2) ilephrectomy. The turnover of Cla label in renal iissue haem

d-uring the tr'¡enty-four hours follor,ring injection of cletta-AlA as d.escribed_

in the preceding chaoter r¡râs âÞllroxir,rately eq.u.al- in magnitud.e to that of

l-iver. It t.¡as, therefore, d"ecid.ed to cieterraine the effects of ablating

this haen pool on the q.uanti-uative excretion of C14 in eariy bilirubin.

Complicating features inherent in this experinent vere d-ue to

characteristics of the norrnal- metabolisrn of d-el-ta-Al.n- in rats (Bertin,

lîeuberger and Scott , 1956 a.nil 1Ç56a.). Betr¡een one-thirrì and ti+o*thiros
. ^tL -.t5 -of in.iected C-* or lJ-/-l-a,bel1ed del-ta-ALA r,¡as recovered, in the urine ¡¿iihin

i.'lrree horrrq alro11f, half as una.ltered delta-ALA_. Bi'ì atera'ì nenhreetom.¡ in
'gvvgv('JrlvPlJrçuuvl¡I./
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elimina.ting this route of tracer foss should., theo-i:eticaIll¡, cause a Ðro-

longation of exposure of the rernaining haern biosynthetic tissues to injected

r. ^ l¿L4-C-- detta-ALA. The experirLents vere perforrned vith these qualifying

factors in nind.

3) Rad.iation. f srael-s, Ska.nd.erbeg, Guyda, Zlngs ano Zinu.rsky

(fq6¡) ancl Isra.els, Yamamoto, Shand.erbeg and Zipursky (1963) observed- an

increase in the specific a.ctivity of componen-r, f of -r,he earl¡r-f¿¡el}ed

bil-irubin in bile-fis-uu-l-a dogs folJ-owing 700 R of total body racliation.

The increasecl specific activity l+as seen d-uring the first ti"o d-ays

folIor+ing injection of 2-Ct\ glycine, vhile component ff r+as greatly
-l

red,uced. as l.ras the subsequent incorporation of Caa into circul-a.ting haem.

lilore recently, Gol-d,fed.er and l.llil.ler (lg6ï) d.escribed. alterations in the

subcel-lul-ar d.istribution of catalase activity in rTrouse tumors r'¡ithin one

hou:: foflor,iing as Ìittl-e as 50 R of radiation. This consisted. of a. shift

of catalatic a.ctivity from the mitochondria -uo the cell sap frac't,ion vith*

out change in total cyboplasmic catalase content at d.oses u,o to 10,000 F,.

The au-thors suggested- that rad.io-resistance is relatecl to the capacity

of organisms to transfer catafase into the sofuble subcellul-ar fraction,

presumably to eliminate the hydrogen peroxiCe qenera.tedL durinq rad.iation.

These effects of rad.iation on component f of bilirubin and

catalase promlted. a study of the hepatic haem-shunt bilirubin relation-

ship in raclia,ted rats.

1\ - /^ 
- 

\
4 ) Amr_no-trlazo]_e I,A.'r. /.

r-nta.'ì a.se ¡etiwitw is r¡.nìdlv reclu"ced

lTonaf i n

'bo about 'úen

renaf, but not blood.,

nereent of eontrol
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values fol-] or¡ing the intraperitoneal Ínjection of 3-amino-L, 2, h-triazol-e

(4.t. ) in rats (Heirn, Aoplernan ancL Pyfrom, Jgrr). i\,iargoliash, ITovogrod.sky

and- Schejter (1960) demonstrated. that this inhibition is d,ue to an

irreversible bincl,ing .,rith catalase. They al-so shor.¡ed that a reacti on

mixture of crystall-ine enzJrule and h¡'d,rogen Þs¡6¡ide could be inhibited.

by other substances r,rith a basi-c structure of N-i'iH-C(liH^)-R.
I

Since the mechanism of d.egrada.tion of the haem moiety of the

enz¡me-inhibitor coniplex r,¡as unl';nor,rn, it r¿¡as of interest to observe the

effect of A.T. administra.tion on the pattern of early-t,il-irubin excretion.

If conplex forrnation led- to enhanced d.estruction of the mol-ecul-e vith

re'lease of haerî. one rnis'ht exneet a. seeorrdnrw neak in bilirUbi-n-Cl4

excretion shortly after the injection of A.T.

c\ DL.enobarbital . Sci:mic1 , i,{arver and. Fiarnmaiçer (f966) reported.//

that treatment of Sprag¡ue-Dawley rats l¡ith phenobarbital- and" starva-,,ion

prod-uced. increases i.n: a) the incorporation of 2-C1! glycine into

early-1abel-1ed. bil-irubin; anc b) hepatic content of the microsoma]

cyiochromes, P-l+!O and. b5, by spectrophotometric d.eterminations. The

nitochond.ri.e.l c¡.tochrornes, catal-ase, ano- tryr:tor:hane pyrrolase rrere not

significantly altereo. The a.uthors concÌudecl that cl¡tochrome P-l+50 has a

half-life of less -r,han tr.¡efve hours, considerably shorter than that of

cytochrome b5 or catalase ancl that it is. therefore, lossibl.rr a ma.jor

sou-rce of component f of shunt bilirubin.

Granick (tg6>) naa previously noted that ¡henobarbital- a.dmin-

istraiion resul-ted. in d"efta-ALA s;,.n-,,hetase índ.uction. The possÍbility
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that the increase in early-bÍl-irubin labelling reported b¡¡ Schmicl and his

co-r¡orkers r,ras du-e to a non-specific activation of the haem biosynilretic

pathr'ray by ind.u.ction of delta-AlA synthe'case coulcl not be eliminated. usine

glycine as the DrecuJsor naterial . Therefore , )+-Cf L d.ttu.-¿LA r.¡as lrsed as

precursor inateria.l in our sys-r,et:l . riepatic nicrosomal cytochrone p-\50

cletenninations r/er€ Þ€rformed. in orrr laborator)' by Dr. jl . Schacter.. Both

bil-irubin anc- c¡rfsshz'onte experiments r,¡ere carried. out using .¡a.rious

phenobarbital dosage sched.rrles to C-eterrnine a dose-response reJ-ationshÍp.

6) 411;'lisolropyr acetamicLe (4. f .¿. ) . Treatment of rats r.rith

A.I.A. or its conqener, Seclortnio. (all:¡fisopropylcarba-'ricle). nas several

effects on the synihesis of hepatic haern and- haernoprot-,eiirs: a) ino_uction

of d.el.ta-Al,A synthetase (Granick, 1963) ; b) a.u,c¡rnen'r,a.tion of overall haem

syntìresis (scrunla, rigen a.nd- scilrartz, L95) anc. Lottsferd. r,e,bbe and

Al-d::ich, 196)-); and- c) inhibition of catalase s;in-bhesis (Sc¡:rrie., Figen

and. Schwavtz" 1955 and Price, Sterline, Tarantola, liartley ¿.ncl Peclrciql-,

f962). Robinson, Tsong, Brorrn and Sclunid (f-966) reþor-ued- that iniravenous

infusion of A.r.A. in a single sora,gu-e-Dar¡¡ley rat had nc si,';nificant

effect on the patte.rn of shunt biliru.bin lalel1ing folloi,ring injection
a l.o! Z-cln glycine. several featu-u'es of their d.ata, holiever, ma,|I be open to

criticisn. Firsil-y, the valu-e obtained. for the sinsle experir.nental ra.t

r.¡a,s actu-aI1¡. ¿1 the u.nper }ínit of the ra_nge cbserved in their control

a-ninlalsl secondl¡', their concfusion is based. on a sinqte observa-r,ion in

the presence of a rel-ati.¡ely larqe sta.nd.ard- erïoï in the control ,qrouþ:



thirrl'lv- .)n'1 v p.lrrr.íne prìrì' not celia-ALA rras ernployed as precursor material;ufrf r u!.y , vr¡¿r/ ñ!./ ç¿r¡u

on¡r rnrr¡f]r'lrr +ne biie cofl-ec-r,iOn intervals t,tere too greai (O - ¡.) hours,4!lU ,| vrrl.Y )

and. 3 . j - 60 ho¡rs ) to Oenict earll¡-bilirubin hinet1cs r+ith adequate

precision. I/iith these criticisns in mj-nd., it r'ras felt that fu-rther

observatÍons on the effects of A.I.A. on shunt bílirubin labelling r'rere

l.rarranted.

1) Gene"4*Cotgrej!år_ irfale Sprague-Dar+ley rats tteighíng 300 -

)+00 grams each vere enÐlo¡rs¿ throushout the follolring experiments.

errraayr¡ fnr lri'lo fiqtrr]qø i.rnoer ir,ianf.ions Jlile nnl-ìections. And"ÙL¿I ggt J f,ua urrs r , -* *--r rr-(Juu uavrru ) urlu vf vi¡v t

biliru¡in anC haerrr extractions, isotope conient de-berminations ' and.

calculation proceclu.r:es employeor. in thi-s chapter r¡ere -r,he same as tlìose

in Chap'uer TI . The variou-s na.noeur¡res used to inC.uce altera,-uions in the

r.elationships observed- in Cha¡ter If l¡ill- be d-escri'oed- uncier their

respecti ve headings.

2) Biliary Obstruction. Conplete extrahepa.tic biliary

obstruction l¡as established- in the fo'l for'rinq tnanner I the corrnon bile

d-uc-b r.'as exposed as in Cha.r:ter IÏ and. a tight, occlu-sive silk lina.tu-re

r,¡a,s r:la.ced a,rou¡d i*t just p::oxintaj -uo Íts insertion into the duodenum.

l-fter a fet¡ llinlrtesr d,ela.y rr,o assu-re eonl:1ete obst:lu.ction, the a'Ï¡c'J.omen

lias cl osect and, ',,he animal rep-Lacecl in its cage lrith access to food anct

-v¡ater a.d 'l ib u¡til- ternLinaJion of -che ex-periment. The probl-ern of

B. I\ÍATERIALS A].ID ì.,{ETHODS

31
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exeessi-ve bl eedi-ng irhich å.ïose d-u-r'ing the su-bsequ,ent oËerative procedure

to esta.bl-ish the bife fis-uula r'¡as elinina-r,ed b¡r -li1s sl-r-bcrl-uaneous injection

of 0.2 't,o 0"3 nilJ-igrams of Aqua Ìi;eoh..¡ton (vita-'nin l(1 ) in att anircals
L'

tr.¡entw-forlr horrrs fol lor.¡jn¡: -uh-o firsi olrerative nrocedure.

Iort;' to forty-eight h.ours follor.ring bile d.uct occlusion, bile

fistulae r,¡ere establ-ished. in all e,.nimals and- Ir-Cf4 clelta-Al,A injections

a.nci haem and- bil-iru-bin detenninations \.rere carried- out l¿ithin three hours.

The tr,rent.1¡-fou.r hour "recovery" period betr.¡een surpjeï'y a.nd ínjection used

in Chapter fI nas omitted, in ihis Eroup in ord.er to observe the acute

effecis of biliary obstruction.

3) Ne_Èlg"t,o::w:_ Ra.ts in this groun r¡ere sub,iected. to bilateral

neohrectomy and- bile cluct cannul-aiion at a. sincle operation throu-qh a

mid-line abdomina.l- :]ncisíon. The hid.neys r,¡ere fi::st exposed a.nd excised-

a.-f'ter ¡la-cin¡¡ e. r-i-Lr- ¡^-'L1 ^ ^iìk liøa.-ul¡re a.rornd. each ned.ic-l-e. The bile- -. UIU-ll u uu u¡iru Þal-- --.

fistula. r.¡as then establ-ishecl in the usual fa,shion. Beca,use of ihe linited

neriod nf viahì1ìir¡ of l-.hr.sr. nni*^r^ ^'^^"! +'-;-f.v-cix hollrs nost. **-**¿ U.Y Uf UllgÞç 4IIf,lll@-Lù 9 A'ÐVWú ÙIlIl w,Y -ÐI.â ÌrUu¿

npnÌrrenJ-.c'mr¡ dol ta-AT,A i n i eeì.,i ôn r.tâ.s a.'l Ì"-âtrs ea.rried OUt l¡ithin thf ee hOUf St vvr-ve

a.fter slrrserv- Bílirubin col-l-ections and- determinaJions Ì^/ere caïried oui

as in Chap'uer If .

bod"y irrad"ia,tion of either 700 or 1000 R. Groups of four to six anirnals

r.rere placed- in a caroboard container of convenient size to faeilita-r,e

aci.ninistraiion of the re-d"iation. ;i-ra¡¡ closage r.¡as d.elivered b¡. ¿.

l+) Racliation. The ra.ts in this group r.rere su-bjected to total
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i'trestinghouse Qua.droconclex d-een -r,herapy X-ray unit util-izing a filter of

I nil-lirneter copper and I nitl_imeter alu-minum. Tube-surface d"istance

employed i,ias 1l-2.5 cm l'¡ith a surface dose rate of 20.1 R per minute. Both

d.osa.ge levels consistentl¡r causec Ieul-,openia. ard thr"onbocytopenia. colnmenc-

ing fou.r d.ays folloi,iing treatnent but a't the terrnination of a, ten dav

observation periocl of several- animals, only the 1000 R d-ose r,¡as observed-

to be lethal.

Bil-e d.uc-u fistu-l-ae l¡ere esta.blished in qrours of the animals

receivins 70o .Q at rlaì l' inf orrrals front one to seven dn.-¡s fol I nr,rvv rL uu uu/rar) r¡ruer vd,l_S _Ll'OJtL OIÌe UO L_. _-- _*__,¡l_ng

irradiation. OnIy a fer.¡ anirnal-s received 1000 R and al-f of these urrd.er-

'"¡ent bil-e fistul-a surgery on the first day folloiøing irra,d.iation. Once

again- the tt.rent¡r-f6ur hor-lr t'recovery" period- betr.¡een Surqeï,f and. cLeli;a-ALA

Ínjection r¡as omitted in ord-er'ro observe the acute effects of the pro-

ceciure. llaem and. bilirubin isolations r.¡ere carriedL out as in Chaoter II .

There I¡as no gross clifference bet¡+een these a,nimals ¿ncl the con'r,rols r¿i-r,h

1^øaç'¡ì ì-n nncl. crr¡æi ao-l i-¡'Pa¡+i -v uua Êif,uúf llll-trjUUIL)n.

,) 4*i_ryolfiazote (A.L ). Biliary fistula.e rr¡êre ests.bt-isheC..

Fol-lol¡ing e 'r,çent..¡ to ti.rent,¡'-four hou.r "recoveryr; period.: one microcu-rie

of )+-Cia delta-AlA ,.¡as injeciecL intra.venously and. bile col-leciions l¡er"e

beeun. 3-anino-l-, 2", L-triazol-e (lO mg/nt in norrnal- saline) in a dose of

one qrarû per kilograin l.ras injecterl- su.bcu-taneously exactly tr.relve hou.rs

after" injection of the tra.cer. Bite ¡¡as collecteiL at hourly in-r,erva.ls

for three hours after A.T. injection -r,o Þennit precise observations to be

mad-e. Su.bsequent coll-ections r.¡ere inade a-u the lrsual in-',erva'ls. liaem



d.eterrninatíons r.¡ere not d,one in this series.

6) Phenobarbit,al-. Grorr.ps of rats i+ere given five consecu-tive

¿aily subcu.¡aneous injections of sod.ium phenobarbital ra-nging in d-osase

fron z,ero rnilligrans Ðer kilograr¡. per ciay (controls received sal-ine) to

ei ghtv rnilli ÊTarn^ -^* 'r-.;1^^%^F -^pr rl¡rr. A nrÏ¡haf Of the a.nime_Is -rlefe
vrFr¡¡v.y rjrr!r-ri-ìr uri Ð +JgI Mlu<r alr .lrEI ua.y ô J1 llu¡rve

d.eprived. of food from ihe fourth c1a.v of injection onr+ard. 0n the sixth

d:w hile'fistul¡.e r.¡ere esta.Ì:lishecl- in al-l- animals and a siz;th dose ofue!. t

soclirm phenobarbÍtal rvas administered folfor.¡ing recovery fron anaesthesia.

Either one nicrocurie oi l+-ClLt cl,el-ta-AT,A, or ti.renty or one hundred

rnicrocuries of 2-ClIf ¡:lycine i¡as injectecl int::a.venously on the seventh

cla1r and. bil-e collections and. biliru.bin extraciions \,nere carriecl ou-t "

l\ second- group of rats sinilarly ireatetl l¡ith sodium phenobarbiie.l-

r,¡ere sacrificecL on the sirth dal¡ l¡ithou-t bile fistul-ae. Deter.'itinations of

hepatic cyiochrone P-\50'r.re:r'e carriec out in ou.r laboratorX bl'Dr'. B"

Scha.cter usins the rrrethod- of Onura,. and- Sato (fg6Ll)"

2lt.JT

Three other aninals rrere riven 80 rrilligrams r:er kilograr: ner C.ay

of nhenob¿.rbiial for five cla¡¡s ano. cìeprived- of foocl fron d-e...,. four onr'¡arcL.

On 'cl¡e sjxth dp.'r thôrr reeoirrec nns nicrocurie of )l-CI'l Celta-ALA inì;ra.-

venousl-v- a.nd- r.¡ere sacrificeCt one hour f¿.ter. Hepa.tic haern incorporation at

nna hnrrlnneì:'inio¡tiô¡ r,râq rjetcfnined.
Pva w LrL.J

-\ | " \'/ ì n ¡1.¡j jq6n1-¡¡r¡-l eeo!.3¡ill6 (¡-.I.4. ). TheSell -!rÆ

2 ¡rarns per liilogren of A.I.Â. (toO nq/rr} in rronylene

d-ivicied subcutaneous iniections over a terioü of five

Injectíons of eo-¿ivalent p-nounts of prcn..¡l-ene .elycol

e.ni ri--g-l-s ./,¡ere qiven

- -\ .
s_Ll¡coI / :ì.n Ien

;^,"., ----ì ^- +^ -,,-u.a.Y s r)r'rLlf. u(J b uil(el'l¡.

alone in control
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ãníÍÌals i:roauceó no defeterioi,r.s e:[fecis. Tn,ìecti-ons of delt:.-ALA. i'¡ere

ca.r::ied- or-rt i.¡iihin a fer.¡ hou::s of the esia.bl-is1u''ent o:l bile fistu.lae anc-

ì;i.lirubin cl-eter:nina.tions l'îelr€ rlerfo::med. as in Ch.a;p-ue.r- .LI.

T) !il,i a,r:¡ Obstru-ction .

a) $l._i_fggtq.._ Figur"e 7 (naqe 35a) consists of tvo stmerim¡osed-

ba,r gra,phs comparir.o': L-Cl 4 cielta-AIA incori¡ora,t,ion in the con'r.l'ol anirnals

of Cha¡ter II (she,ded) anC the bi1.ie.::1' obs-r,ructeC. anima.l.s (unshaC.ed).

The a-bscissa ïeÐresents hours after isoiope in.iection ano, the or:diita.te,

ì',he nereentpre of irie.r.1-,ed r:l.rj'io¡ctir¡it,v e;-cretcd ¡er hou.r in T'il.e

C. RESULTS

bi.l-irubin. 'ltle ve::tic¿r-l- l-i.nes t,hrou._ih -uh.e his'rograi;i bai:s ret:resent th,e

sta.ncla.:r.d- erroris ca.l-cu-lateo. -frol¡ at leo.s''. si:: "br.:1.i.:..r.r. obst:'ucted-"::".ts

fo:: each. bil-e collec-,,i ctl in't-e::val,.

lurin,î the first t¡+o houi's, isotolle incorno::a.tion in the bili*

rubin of contr.ol- r'ats significa.ntJ.y e:.ceec.lcd- -uha-,. of bifia::i' o'bstlrllcted-

rp--us. Su.bseo_u.en'r,ly a.no nÐr'ticu.l-trl-.' í'rcr^ the seconr'l to thc 't,rrelfi,h hou:r',

riru-ch rore isotope l¡a.s incotipo::ated 1nio the -bil j.rr"rbin of bilia.rt¡ obsi:ructed.

rats tha,n ir. contrcls. It r^¡ill be rece.llec tha-t -,,he t¡.¡enty-fou-T hou-lî

tota,l inco:lçora.t,icn of the control aninal-s I'¡as 22"7I percent r"¡ith e.

stand-a,rC eïror of 0.96 percent. 'I'he hiliarl¡ obstructec rats incornoratecl

,?-".LL t 13.5 percer-..i j-n tr.¡entr.-rlou-ï hou-rs. The c.iifference obserr.ei. ¡'¡a,s
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sjp:nii.iea.nt jrr¡ the StuOent t' i"est ao u. _'l_elrel of P <.01-.

il,,ire tota.l i¡,'ent..¡-fouu hour bilÍ::ubin ei{cre-Li.o1ts ríere caiculateCl

fron -i,he bile volurles a.ncl. bitirubin colÌcentl:a,ticns and I'rere founCL -uo be

in 'r,he control- a.nd. biliai:..¡ obst::uc',.ed. !.ïoLlps: ïespec't ively: 1.28 t 0.3i

nil-ligrarts a.nd- L.0t * O " 
gll nilli¡¡ra:ns . ähis cliffcrerrce lle-s si';ni ficant

to a.'l evel of P<.01 bt'ihe s'uu-d-ent T'uest. Ti:ie biliru'bin excretions

1;r€ïe CorfÐarable in ihe 'üI¡o qrou-ps a,f-i;e:: the 'cr'relfth. hou.i:, su¡'¡:estinq

thab the bi.l irubin loacl retair:eC 'Ìr¡¡ ihe biliarl.¡ cbsti'.'u.cted- rats i'ras

cleared in the fir"st' tt¡efve l:ìor-l.jrs.

b) Haç¡U ltigures 0 a,.¡.rr 9 (¡rage 36a) d.ei:j-ct isotole incorpora.tion

into hepa,iic a.nd.:renal lta.eru,. Tl-l.e a.trscj-ssa:i.n boih cases ue¡resents holr-rs

after in-i eetion of [-çllr Ce]--be.-Al,A, anc,l the orc"l-i-na';l,e is the rlel:cent of

|njected. j^sctote:lneo::1,.o.-raiei. ini-,o ha.e:l . The shaded. a,r:ea-q in -bc'r.5,E.r:ir,plts

relt:eseni- -r,h.e cont-¡16'l r¡¿ 1 1r,3g Þl.u-s oz' ninlls oite stancl:t-trc,'l d.eviat-rlon . i " e . "

tire n.o::r¡,a1. r¿r.nre . ll¿:.cit ]i ::e.J:resents one 'cest ar:j-tie',1-.

,Ii,qrire B shor.¡s a. sÍqr:¡i.:ficant clee¡:e{¡,se in incci'r,.oraiiorL in -¿he

be¡:a'tt'c b.a.eil of biJ-ia,r'y obsti'u-ctee a.nirlal-s. The .{?s in i-¡icul'e Ç shorE

a ¡:-i-gh ii.e:-.r.ee cf va.r'ia,biiì.i;.y'b,,r--l on s*u¡:i;i,stica.l- ana-l¡,-sis (S-¿uc.en-'¿1s T

test) the¡r j.ç nct, d j.fíer si,i5i:rificr.nthr froi:r the nolir¿L-l- r:e,nge.

^\'¿ ) l'lepllrecro-il¡.

i¡i ^Ì lÌ^1s

r' ^l Ir
I jì; e C-u C C'. ?.S ¿+- L---

cl .-n 2a,,__\/ ue JL-

t-ü l. lJ .a-i :! _r

(i:a.qe 36¡ ) ::ep::eseni tl:e pe::ceffi: c:f cou-n'us

r,¡hicir aÐllea.red in the bi, riru"ltin of ane¡¡:cic
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Tl.-us. As before -.,he abscj.ssa represents hours after injection and the

or¡]inate^ the ¡p-rnonf nf inionfa{ Counts incOrpOratecj, intO bile bili1qbinvr v-!rr(.. uL 9 u::L vLr

per hour.

The resu] ts shor,¡ a maïlied d-egree of va::iability in both pattern

a.nd. tota] incorlroration. Trip,ures 3-l and 2B ha,ve tlren-by-fou-r hou.f incorp-

orations of 60.38 percent and 9ô.5 rrercent,.resnectivel¡r-. Figu-res 29" 30

a.nð 32 incorporaiecì 37.) rercent, 32.37 r:ercent and 3)+.59 percent-

ro<nonti r¡o_l ¡r

^\J ) -tia01a.¡1on.

(nages 37a.-c) represents tÌre bilirubin-iso'uolie incorporation for a. sinçl-e

rat r.¡ith nez.cent isotope incorirora.tion rer:resen-ued. on the ord.ina,-r,e and,

hours afier injection or: the abscissa. Figure 16 renrodu-ces ihe control-

valu.es of Chantei: ff. The::acliation d.osage and- ciay of su-rqery and isotote

injection are indicatec, for eacir qrouÌ; of a.nimals: Fisures 10 - l-3, four

rats- 700 R, operated and in.jectecl first day after rad"ia.'r,icn: Fiqures I)+

¡n¡î 'lE fr.'n -¡qtq lOOn P firqt r'l¡i¡: FitÌlrres'l 7 to lQ- tlrree ra.t^ 7^/ì Þ
f -,,- lvvv a!, r!r,

second Cayl Figures 20 a.nd. ?.L, tt'ro ra-ts, 700 R, third, d.a¡r; Figures 22 anð-

23. it+o i:ats, 7OO R, fou-rth dalr; Fi¡,ures 24 and 25, ttro ra.rs, 700 R, fifih

clay; Fiçures 26r one rat, 700 R, seventh d.ay.

l-n obvious cheracteristic of tire gralhs i¡as the high oeFree of

t¡ario'r¡i1i*rr ÂlSO Seen in mOSt Of the anif'¡alS I.¡aS An appa,fent d-eCreaSe inV@J- IúUIII U.Ï . -fa!Ðv oLUlr

iso-bo¡e incorpora.tion cruring the fi:r:st one or tvo hours e.fter injection.

This effect -y¡as cl-earl1r seen in ten of the fiíteen rats ancr in five oÍ' the

six z'a.ts injected. on clay l- after radia.iion. The firs-,, i^.ou.rrs incorporation

a) Bil-i.rubin. Each of the bar gra.phs in Figures 10 - 26
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in th.ese ani-i-ie-ls i.¡a.s 0.75 t- 0"33 lerccn.t cf 'l,lre in.iecteci cou,n',,s, 'r'¡h'ile in

ccnir.ol ¡.n-i.lrta].s i-'. "'re"*c 2,-ae ! 0.87 rerceni" Thjs ciiffeuence r,ii:.s si-¡¡ni,fi,-

cant to P40.01 , 'Ihe tc-r.e.-l- -ulien'i,;'f-fo¿r hcu-r ineo.r'oora.t¡,on in ihese

anill.a.l s r.¡a.s al-so cluite val'j-ajr,l-t-. blú ave:rageC -:19 .--.r:i:cen-1,, a :rLcd.err,'i,e

inc-re¿r,se o¡¡a-r -uli.e contr:o-1, neeT-ì-.

b) Igglr_ Fi¡'ure 27 (rag-^ 3lla) cjer:j-cì,s ,¿he leircen-r, of in,iec'r,.,:d-

iso-r,oÐe incorpor.a'ceii, j-tttc Ìrepa-bic a.n.l Tene.l- l:le-e;:, Ojl::e.ts qjr¡çn 1000 R of

r.aci-j.aii on a,:rd inj ectecl. ,r¡iti-r. ci:e itj,crocu-rie of L -Cl 
It .,":i t¿r.*ALA tl--,e fii'st

d.r.;'r aft,er r¡,C-i.ation. Tbe o-r'ilina,-,-e ,'i:epresents r:el:cen-r, of i.n.i ectecl ccu-T¡1,s

i ncor:cora'r,ecl a,nc'Ì. 1,he a.bscisse. C,enotes the hou.::s rfj;e:r ir j ectr.cn . Lle.l-'.res

fo:r l-rl.r.er ]rae:l a;:e relresentei b,',r,! a.nd. l'.icine¡¡ ltaeLt. b)t 0.

-Tn the a.nina.ls si'u-il iec, helatic ha,en incol:Ðora.tion I'Ia,s

r.rr:clianqeci.,¡hile:r'ena] lta.er¡ inco::po::aiion n:i; hou.r one i.n ttro rats r,'as

2J ne-rcen-u ¿lnrJ- 2! ire.rcen-i,, íì,1-ros't i¡li-nl.e the r¡¡:.1r-res in control- anin"".-i-s"

F,y -uhe-;r¡elf-¡h bou.r,-ühere r;râs flo cl-iffele-nce bett¡een contro1 anü r"e.Cia-beil

renal ha.elns .

r \ ^ /" - \4I irul.lr IJo-tT]e-Zo-Le \A.'i-. / .

Figu-::es 36 to LC (.lla¡,:e 38b) delic'b iso*r.oÐe j-ncoi:poi:ai;ion in bile

bil i::ubin in illis r:l:oull of ani,nal-s. Orclina.tes anci :.,bsci ssa(ì a.ie a,s

I'reviou-sll,' d.esc:libeo and. the a.rror".s iniLi.cate th.e t,i:iLinq of the su-bcutaneous

iniec-r,ion of l- tri¡,:ttl/ql'r of 3-e;nino-l- - )-' ì+^-tria'zof-e in eaeh anina.l "

Figu-::e Ll .l:elresenis a. con',,rol- â.nl'-i¡¡..1- j,niected r¡ith an eo-uil/-al-ent rrolu.ne

of 0.9 percen'b safine" Al-tiror:-qh rriini¡ia,l increa.ses in bili::ubin-isotole

co.nten'c ap¡eareci iotl-or,¡inq a-nino-iria.zole j-n evel:i' a.ninal , the ti¡rinq of
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i,hese íncreases r,¡es va.r':'-able and- a sini j ar effect '¡a.s observed. ín the

control a,nina L.

-\5 ) Pl:enoba.rbite.l.

a,) F¿-f_:gÉ:U. Bil irubin-i-soto¡e incor¡o::a.tion fror. injecteo,

^ ^l ILc!-Çt gr-ycfne :-s sho-vrn in FÍ¡¡ure )+2 (pase 39a.). The ord-inate re¡resents

the tercent of injected radioactivitl- incorTorated durinq a tr.¡entlr-four

hour ¡eriod.. The a.bscissa. d,eno-bes phenobarbite.l d.osage in nilJ,iEra:rts

r:er ]iil-oqr,î.ïn Ðel:' clay. 'F;iach ,{ rer::esents a rai r.¡h:l-ch i'¡as fecl throughout

the e:<periment. The open sc_u-¡.res repl'esent r.ats sta,rved from the fourth

de;' o¡ injeetion onval'd-. tr;/here no subsc::iots are shol.rn the gl;¡cine iLose

Ira.s .-ul.r€ñtl¡ nicrocui:ies . !i'he su-bscrit'b "100" indicaies a gl;ycine closerge

of one hunc,r"e<L r,icroeu¡ries.

Itlo significani inci'ea,se in iso'Lor¡e incor:pora.tion !,¡e.s þroducecl.

in anir'ial-s receivinp: tl:e "reru-Iar:'' 2O nicrocrrrie :1;rcine dose ei an;r level-

of phenobarbital . One s.niroal- in the E0 rnil-tisram lhenobarbital gl'otlp

r,¡hich received l-00 äricrocrlries of ql.r,r¿i¡e shor.¡ed. a ina,rhecl íncrea.se iri

incornoration (0.23 percen-r, : con-r,rol- r'a1u.e of O.OB pe:ccent) ¡u-t ttris

obserr.atì oTÌ irrâ,s no'r, conrîinnecl. in a second erperirnent. There r¡ie,s rro

sipinificant clifference be-uveen "fed'' and "sialrvecl" animal-s in the "regulai:''

?rì

tracer d"ose qrotrp"

Several- other e,nirä.a.ls recei--¡ed. one ni crocrrrie of )+-Cl 4 d.el-ta-

ALA rather -uhan glycine r.¡ith ihe results il-l-us'',ra.ieo in Table f (paqe l.to).





Dosaqe of

Phenobarbita.l

0

6o

6o

OU

BO

8o

TABLI T

Ied. or Starved

iio siqnificant j-ncrease-i n isoiole ineo::por¿-,,j.of rïre,s irld.u-ced even by the

'i er¡cst nlreno-ne.r'ilita-l iose.

lira.ble II (oage Lt) shor'rs the tr.¡ent,¡r-four i:ou-:: 'bi1e-bilirubin

e:lcretions for the ani-'l¡.als cl-escribec rn Fi3u-re )-12 " l:iost a.niütals e>lcre-ceci

sìr'ni'¡'ie¡ntlr¡ ïoÍ'e nili.::u-0in ihan th.e coniL:ol- valu-e o:ll 1"2 t,o 1.3 r¡i}]i*

g,rarlls Þer tl.rent-v-four hou::s (Cha.rter fI). A considerable cl-e¿¿ree of

va.ri a.'bi I i tr¡ r¡a.s seen i n these i:esi:-l-'bs .

fed

f ecl-

+^¡I gLr

st a.::veci

f ec-j

si; a.rved-

^1'¿4 nour rsotoÌle

fnco:::roraticn

LrC

- \ - - 
\ -.. I ^ | ^^ I -b) C¡r-uochl.orrre P-,li50. Ii:u.re lt3 (nal'e 391 ) c,erricts iota.l heoaiic

c-.,¡toch::one P-L)O content as a fi;.nction of nh.enobarbiial d-osaEe i.rhich is

represen-ued on the a.bscisse. The orc-ina.te d.enicts rnil l-j,nicrou;.o-Les of

crrtochrorre P-l+50 ¡s--1 -l.i rre:: " ii I s represent fecl ::ats and. chech r'arlçs . ra,ts

cì-eprived- of foocl fro:l the fou::-i;h àay of in.jection orll,¡o.rd. A l-inear increase

of three- io fou-r-folri over control levels r.ias croduced. a,t e" d.ose le.,.el-

of for-r,1.. nill-iEra:ns. The effect irrodr:cecl at hj¡'her levels r.ras ve"z'ia.ble

2t "9aî[

?_B.i\i¿

?r.BBir,

2" 72cl

30.627,

2.8 "82%

ancl siror.¡ecì no further increases. Fooc de¡rivaiion hacÌ no consisient effect.



Phenobarbital
Dose

Ti¡tEttlTY-FOUR HOUR SILIRUBIiI EXCR,UTIOi'I

0

0

0

0

)+o

40

6o

OU

6o

OU

6o

6o

6o

6o

8o

BO

BO

BO

BO

8o

BO

BO

TAtsLE T]

Tracer and" Dose
in liicrocu.ries

o t 1¡êf nê 2t I

oflrêìnê )Il

crtl¡a¡lnê t{ltl

delta-AlA" I

Starved or
Fed.

ol'r¡nina

ol r¡r'i n c
a-r/ - ¡¡¡ e

o-ì rrai no

clr¡nino

c-l rrninc

r"lrrr,ine

olr¡oine
a)*t/ - 

t-- 
"

clefta.-ALA

-Ê^ ¡rgu

f ed-

starved

fed

fed

fed

fed

fed

fed

starved

^ + ^ --.^.tÞuaa vgu

f ed.

fed-

s-barved

fed-

starve<J

sta,rved.

starved,

starued.

fed

stan'ed-

)+1

al. .¿+-.nou-r öt-I]-ru oln

20

2C

20

20

20

20

20

I

$¡_"juj_i_o_"* .--

r"96

- t-t"4)

J. 5¿

r.ro

2.OO

r. \9

1" 80

2.32

2.08

1' 93

1. T1

-L. oo

17?

2 10

2qo

2.62

'r 07

-1 . öt)

cÁz

2"30

.. >+

l-. b4

delta-AlA l-

o'l ¡rnìna

ø'l r¡a ì n o

olrrninp

rl r¡ni no

20

20

20

20

g].].cine 100

,gl ycine 100

crel-ta-ALA I

defta-AlA 1



c ) Læf-: f sotope incorporair'-on into hepa'tic haei:l in tirree ra.ts

r,¡hich ha.d. ::eceir¡s¡ì ç'i ¡rl1'¡1r :riJ-l-i¡r'a.rrrs t.^r li.íloq::am i,.er Ca:y o:f phenobarbital

fo:.'firre cia¡rs ancl" ¡,¡ele d-epr:ived. olÎ food- fron',,1a¡¡ four onr¡a.¡'cls l¡a.s cieter-

nined. orle houi: a.fier int,ravenou-s injection of one nj.crocu-::ie of )+-Cl't U.rro-

ALA. !'he obse::veo vi'-lues r.re11 : l-6.65 oer"cent,lLi.L! nercent ancl, l-2.B5

oercent , or a rnean of I5.31 pe::cen-b compared t,o the control rlee.n of fl .9,

a d.ifference r.¡hich r'¡as sir:nific¡nt to P {.05.

a\ | ^ \
o / 4¿f;i+ I elrg_]rylqç_eljIiuj e_(ê._f:a:_/_-"

jtÍorta,litl'rate in the aninals recei.ving A.I.A.. r.¡as at -l-ea.st fÍftl¡

percent prior io su-::ger;v'. Syrirptot"s such as i.reisht loss of ten to tr+ent1r-

five ne:rcent of totel. r,¡ei¡ht, letirargl.'- 4norexie." constioation, ai'rd a

p¿rtial flaccicr ¡a.ra.T¡l-ep-'ie l.rere common-ly observed. in treatect animals. CnJy

those animal-s i.¡hose b-Ll,e :flluoresced- stronql.¡ in u"1tra.violet licht r,¡ere

' ^lL / r^ \in.j ected r¡j-th ll-C'- .lelta-I.L,A. Iiçures 33 bo 35 (re.ge ¿l2a) ill-us'brz,ic

observations fron 'r,hree such an:î,ira,Is.

L!¿

The nean trient;r--folir irour bil irubin-isoto,oe incori:oration in

these ralus r.¡as 2-\.3T percent. not significa"n-r,1y clifferent frorn contro-ì-s.

lior,¡ever, fror hours içelve to ti.ietli;¡'-four nean incorÐora-,,ion in corlbrol-s

i¡as 0.35 percent l-.e:r hou-r'a.nd- j-n treated, ra-ts, 0.11- i:e::ceni per hour--

a Cifference rr¡hich is signifi-cant to P (.01.

of: r)

The effec-us observei. in. the biliprl¡-obs'cruciecl group consi s-ued

a. marked increase in toiaf bifirubin-isotor¡e incorporabion over

Ð. ÐISCUSSIO}ì
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the i;ota.l tr,¡enir'-four hou-r period althouqir tiris r,¡as d.ecrea,secl over the

first tr,ro hours ; 2 ) a narked increase in bilirubi-n excretion du¡ring the

first ti¡el-ve hours after refief of obstruction: and" 3) a ma::lied d-ecrease

i n he¡ati c haer-i sotone i ncornoretíon"

The decreaseC. incorporation seen in the first tl,ro hours may in

part be d.rle '¿o oilution vith the large pool- of unl-abel-leC bilirubin retained.

durinq the period. of biliary obstz'uction. This pool apnea.rs to be c'l earecl

lrrr f.he tr.¡plfth horrr'flollor,¡ins relief of obstruction as evi-d.enced bvv.l

normal bilirubin exc'etion from tr.¡elve to tr,rent.r¡_four hours.

The d"ecrea.se in hepa-uic haem incorlrora.tion a.ccompanied- by the

increa.sed. -nilirubin incor¡oration seems to present e parad-oxica.l- dis-

sociation. Ì,.4echa.nisms r"¡hich coufc- a.ccount for this vilI noi,¡ be consiclered.

A d"ec::ease in observed hepa.tic he.er;i-.isoto¡e incorporaì;ion night

be assccíatecl vith: 1) decreased ava.ilabili-t¡¡ of iso-{,ope to hae¡n-

synthesizinc" sites: 2) rlecreasecl ahility of haerr"-synthesizinE sites 'uo

incorporate isotone, i.e., 3. crysfunction of lta.em synthesis: and 3) a.

sr¡.a.J-l rapídly turnin,g over pool of haems such that the isotoÐe content

obserr¡ed at any Þoint in tinie is loi.¡.

It is possible tha.i oecrea.sed hepatic bloocl fl-o'¡ accornna.nying

bil iary obs-r,ruction mighi bz'ín5 about a. reo.uction of the avail-a.bilitl' ef

blood-borne isotope to haern-s)¡n-t,hesizing sites (Szabo and ilaÊ:rar, t963).

-Fln¡.iorror ì-.1ra ireorrorjr¡n¿mi es of ¡. liVef in the fifSt fe1.r [OU1.S fOl-l-Olling:¡vt,v lv4 ,

relief of obstruction a-ï'e not r'rell- linor"m anC- it is possibl-e that a

rea.ctive hepatic h../pera.enie lna.:r be in ÐroËress at ihis tine brin¡:inc a.bout



an actual inerease in heoa-r,ic :lsotote deli.¡ery" Tiris hylothesis ís

crrn'n¡r*o¡l l.rr +l¡a rel c.i,ive'jr¡ norr¡e.f- ::fVC jn_o ineOfnOratiOnS h-¡ hena,tiC

Þ::otein observed, in Chapter IV in sirnilarl)' -orenareCr re.ts. These Ilossib-

ilities nust be considerec in the -Light of the o'bserr¡ed. inc:rease in

bilirubin isotone incoi:Ðolation aird tne concept tha.t hepatic haers con--

stitu'ce a. source of shu¡rt l:ilirubin.

Biliar¡- obstr"uction is knoi,¡n to be accorrÐaniecl bl¡ such biochenica.l-

eviclence of heraiic d.:¡sfu-nction a,s elevated. SGOT ancl allla] ine phosphaiase,

a.nd eventu-a.1li,'. distu.::bances in senrm protci-ns (Zoll-ineer, Britt. llllison

and. 1¡Iil-lians, 1963). The ciecreased- lleÐatic cata,le.se concen-r,r'aÍion

referred to in Char;ter T is consistent .r,rith ihe obserr¡ed, i-ecrea.se in haeäi

slinthesis. A concuz'::ent iirpa,i ¡trent of anopro-,,ein s1'nthesi s is al.so nossible

in vier" of ihe ¡-ieneral hepa.tic injr,r:ry. llhe nossibifi".i. or' a. sma,l l-I very

:ranict lir rLurnj nrr cver rool of iraemoÐro-ue-i ns in a. fiver i:ecover:lnri fror:t

bil-i.ar..¡ obs'ut'uc'cion is corr¡-.atible with -bi.re obse::vec1 increase in bili::ubi.o*

isoto¡e content. llor¿er¡eï.j lre ha,ve eviC.ence neither -t,o corrfrlrn nor reject

this icos sibil,it:v'.

J,)r

Tl:.e irrcrease in bil-irubin--i sotole conteni nl-ls'u Ð"r:ise either from

hepatic or er:trahej-re't-ic ha.ern sor:rces. c:L' Þoss'i bl-.,¡, 'b]' an al-ternate Þafh.'ra,;t

f::om. he,em precu-rsors, Since ihe I a.tter tr'¡o rossibil-ities have l-.een

d.iscussed, in Chalter f a.nd- are no-t cli::ect11' rel-atecl to the conie:';t o:f

this cba¡tei:" further comrnent ¡.¡i11 be confi.neo- to the first possibitity.

If treoatic haems are indeec ihe soulîce for ihe inci:easecl- bilÍrubin

I ¡bel I i nr" ^ there a:le tr+o nossibl..e mechanisms : a. ra.¡r'-o ìr¡ iu¡rninp.- ove-r

Iraemolro-,,ein poo-l- ) or n. rapioly tu:cning1 ove:r: lrool of free haer¡ if apoproteín

synthesis is ctisproportiona';e}¡r irc.nai::ed.. Both situ,afions are coTnÞatibl-e



with the observecl, clecrease in hepa.tic haen*isoiorre content: hence a.

d.istinction cannoi be nade bet"reen them r'¡ith this information.

The irraclia-r,ei1. re'r,s Ðrovid"ed ti.¡o si;nifice-nt finclings: 1) a

siqnifíca¡t iiec::ease in bilÍru.trin-iso'r,orle incor''ool:ation d.uring ihe first

hour particuJ-ar1-r, eviclent in those obsez'ved- soon af.i;er irra-dj-ation; and.

?-) a rnari<ecl inci:ease in the observed concen-r,ration of isoto¡e in renal

h¡r.mq rillrinr !r lra ^^-lrioçrrrù uu _LIlL" vllg g@r Ji)' ¡Jv4 Ð o,I (,Lr

iiither an impairment in biliru-bin s¡rnthesis or its excretion or

an enhanceinen'r, of bil-irubin d.isposal by another oathr.ray could acconTlt for

l-.hr- 6¿"nrpssion o'i:SerVed. in the first hOrr_r. SinCe the arrsntìtrr nf bi.li-v¡:v v-ver! vr vlt

rubin excreted- is not d,ecreasecl du.rin¿ the first hour, e.nd, isotope

incorporation is not decreased- a,fter the first hour, a iLefect in the

excretion of forneci bilirubin is unlii',el¡¡. This leaves the possibilities

tha,t either: 1) ',,he forrnation of -t,he sou.rce of a. ver]¡ early frac-r,ion

of conponent r he-s been eepressed: 2) the cata.bolism of onl1r this fraction

to bil-irubin has been innaired: 3) a.n e.lterna'ue De*r,hlray of bil-irubin

ilisposal mair pa.rticipa-,,e. A clistinction betlreen these possibiliiies

cannot be nacle on the basis of the infortation at hand.

Tire grea.t increase in rcn"l ha"em isotope incorporation is

rel-ated. in time to the decrease in bilirubin labe]ling. Lenberg (1961)

stateC- that a significant portion of renal haem-s are of the "a" rather

r.l¡cn nynr-^h^F-r.,"yin *r'na -r* ic not hnor.m r.¡irether the catabol-ite of these

haeins is bilirubin. If it is not" one wou-l-d. exnect to observe an inverse

rel-ationship betr,¡een the arrìount of isotope entering these haem.s and. that

entering bilirubín.

As to the nephrectomizeo rats, these animals u¡d.er¡,¡ent tire rnost
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1,vct¡mat.in c:rpæi^al þrocedure a,ncl the t,r,¡pntr¡-'Forlr horrr':reeôver¡rl:ncrinrluJ __.rvua r¿v(¿t r uuvvçf j _ __ __ -

betr,¡een slrcery and injec-r,ion r.¡as onitteC.. Oi.nission of the "recovervtt

nerior-l 'tr¡.s âssôr.'i¡.ted r'¡ith p hioh dorr,-e nf r¡¡rio'njli+.' in Ä^r+-rrsÐ o.ùÐvu . *^ -cu jrr u,y .r, ,.=ar--ALA

incorpore"tion into bilirubin. Hor.¡ever, these studies did esta,bl_ish

cl-ear1y -r"hat e.bunCani shunt bitirubin is ..rroducecl in the absence of rena,l

ha,ems.

fncreased. lorphyrin fluorescence in bil-e anC s¡,_,:rptours coj.û]la.ïa.bl_e

io ihose seen in clinical human hepatic Þorphyria liere observed. in the

.{.1-.4.-treated rats. The onl¡r consistent change in bilirubin-isotope

incorpora.tion l¡a,s a ciecrease be-r,ireen the tl.¡elfth ani. ti,¡enty-fou-rth hours.

One ¡ossibfe tneche.nisn deserves ìnention l¡ith ret¿a.rcl. to -t,his observation.

rt -v¡as s-ba.-r,ed in Ciraoter I tlra-b caia.lase has p,. half-l ife of about thirty

horrrs. schr¡rid., Figen a.ncì schi¡artz (lgr])) ha.,,-e shoi¿n 'chai 'che helaÍic

content of i;his enz)¡rre is d.er¡,r:essed, in "cne¡rical lorphyrÍa' . f ,f caialase

turnover con'r,z'ibu.tecr a. significl.nt por:'uicn of 'che shu1lt -bilii:ubin frac't,ion

beti'reen the tr"¡elft,h anc-l ir.¡eni.'-Í'ourth hours, ihi-s observa,-r,ion v¡ouId. be

ezplainecl . The increasecl- tota-.]- hepa'r,ic haer;t synthesis in these ani-¡tals

i'¡-r-r-^ lt--ñ-.^ ^*¡ T^4J-^¡^1 s ¡¡1¡ \ :-- r'\!cj,uuç t rLð.rlav,<L ¿nd Lottsfeld, 19bl) in the 'presence of i;his sh-lrnt bil-lr.ubir-r

Ða'r,ierr suf,í.tests a.n hepatic Ìre"en-bil-i::ubin cii-ssoci"ai;-lon',¡hich is or..nos¡lte

to tha.t seen Ín the "bilj-ary obs-r,ru_ctecL" groLrÐ.

As to the a.inino-triazol-e exrrel^inenis, i'u lrtLst sir:tply be concluc'.ed

that uncier' 'fite cono.itions of ou,t' exlrerií.ent the ina,c-bi¡¡a.i::t'_on of catale,.se

b)t A"T. liao, no consistent, obserr¡abl-e e-flfec-r, on shLrn-u birirubin.

T'he observa'cions in phenobar-bital-ti:eateo_ ra.ts have been

partia.llv anaì-yzed. urrcie.:: "Resut'ts"" These aniira.rs shor,¡ed: 1) a partia.l_l_y
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close-rel-ated. increä,se in he1.¡¿i" cJltochl:or(1e P-L50 content to three- to

four-folo. a.t D..level of fort;' lni-l-].ir:rars neï lliì-opra-r per C,ay: 2) no

s j snì fi c¡.nt i nerea,se in bil irubin-isoione incor'Tloration exceÐt in one

rat q'j.ven one huncired- nicr"ocuries 6'{l ¡_ilycine: and 3) va::iations in a.bscfute

bil-irubin excreiion) qenera.ll".r hii-her t,han control anilra.l-s" T'hese findiw,s

are a.rieinst the hypoi;hesis oi Schnicf (1966) tirat shrmt bifirubin excretion

is cl-osell¡ related to cytochrone P-)150 turnover. ft, r¡oul-cr eDDeeï'tha-r, a.

rìireci rclationship beti,reen induction of cyiochrone P-)l50 anC. shun-u

bilirubin enhancernent is rlrod,uced orlv occa.sionaj-l¡¡ in the ¡resence of a

su'ora-tl:ace:r C-ose of g};rcine. The rnechanisn of such a phenonenon Ís

u¡certa,in but may be rel-ated to the observation of Gra.nicl.; (tg6>) tna.t

phenobe,rbita.l induces ctel-te-ALA syntheta,se a.s ¡.relf a.s cytochror.e P-450,
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Thus far i'r, has been esta.blisheC. that: f-) the i-so] ated- per'-îu-sed

ra,t ii"ver is capabl-e of incoroor¡ì-.inr'l¡hello^ 4e-Lia-ALA or. gl;¡cine in'to

bile bíl-ii:i-lbin (Robinson, O',.ren, F-l-ock and- Scharicl , )965); 2-) rat l-ir.er

rnitochcnclria e-,"nd. cel-1 sa.¡ inctr-ba,'r.eC. in 0.3 i'i su_crose aï.e ab'le to incorp-

ora,te la.be1-l-ed. qJ-;,'cine ir:r,o bil-irubin a.nd. ca::bon rronoxioe (lli-ue^ ',/i-Ll.ians.
.Rother 

a.n<i fjhafey, L966) " (Ti-iirs henatic scu-r:ces consistins of ha.eÍro*

rr:rotein- tra.er'' a.ntt.f or he.elrr ]l::ecu.rsors are a. sou-ïce of shunt bitirrL,bin. )

3) fn bi-l iary obstr:uction, fa.belling of shunt -bil-in.lbin is inc.r:ee,sed rrith

reouced. irerre.-bic h¡.en label_lin'i: ):) ¡..f"4.-treatect rats s¡rnthesize hepatic

haen at an inc::ea,sed. r.ate (i,a¡¡e, Hana;.ra. anc Lcttsfeld-" f_96]) but shor,¡ no

increase in shu-nt bilirubi.n'le,bel-l-inq (cha.pt,e:r rrr). .¿- sinil-a.r rel-ation-

ship t'ias C-ocunented. rn rhenobarbital-treaiecl rats j-n Chanter IIf ; a.nd

,) a. rnai:.itec-. l'-nerease in sr¡nthesis of a haernoÞrotein, cy-uocjlrorne P-l+50

encj a. sinnrfj.cant increase in lteoatj.c haeirr s;ynthes-î s coul.d be nrod,u.ceo

r'rith no siqni-fica,n-r. chanqe in shunt bil-irub¡ln. ilo cl-ee,r cut hae¡n-

bilirubin relaiionsl:ip coirlcì. be fomir:.lated f::om the e,'trove finct.ings.

CHAP EP, TV

4" IIITRODI]CT]Oì'T

lr2.

_*._'f9*ro rat

bili.rubin

iia.em. bilirubr;n ar"ncì, p¡6f,sin s¡rnthesis t¡ere stuC.iec. in a.n in
'l i tn- orrc-{- a* ---.r the 1" el-a-r,iOnsþin hcf.r.rcan n-¡nf.ai n ^ haen a.ndurqulvllÐiir.v vgutycgl: -¡JrvugI-

s]¡nthesis r¡ras cfocumen'¿eC. 3iliar:r obstruciion ca.u,sed the ti.ost
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nar'liecl afteration ín -r,]re shunt bifiru-bin-he'pa.tj-c ireeiri ::ela,tionship

obserl'ed- in Chapter III. ft r¡as. there:Îore, of inter"est to deternine -the

sta-r.Lls of hepatic nrotein s¡,rn-,"hesis rmder these cond.itions. Fur'uher.,

injec-bion of c1elta-LlA r¡ithin ',,hree hours after esia-ol-ísirr:eni of bil-e

fistulae in Chapter IIf ¡"¡as usually associated. rri-r,h. a r¡ariable rise in

bilirttbin-isotope content. Determinati on of the bilíz'u-bin:haem:protei-n

::elationship untler these cond-itions l.¡a.s" the::efore, ca.TTied. ou.t. tr'inally"

the relationship of shu-nt 'bilirubin. a haemoprotein (c)'tochrorne p-l+50),

to-r,a.l haem synthesis, and tota-l- ¡rotein synthesis r'¡as deternined. in ::e.ts

Êiven cl.clohexinid.e, a lçnor¿n inhibitor of nrotein synthesis (Ennis anc

Ir1lÐ].n" l.YO¿Ì/.

l) In vt_¡lto s-tu_c."1 es .

The livers of norlral Srrraau-e-Da.r.ile;y rats kílled b1' a. blor,¡ on

the hea-d i¡ere inrned-ia.tely exci secl a.nd -perfuseC i,¡ith sterile ice col-C.

0.p percent saline -r,o r€flove resíd.u.al blood. They r.rere then immecliately

horr.ogerr.izecl in fou-r volurues of O.2, tî su-cl'ose ¡.¡ith a Potter-nvehjen

honoeenizer u-sin,-. a. teflon 'cestl-e. The hon.or:enete containeC very ferr

in-r,a,ct cell.s ancl r^¡as rna.iniained in an ice ba-r,h throughou-t the cnsuinq

proced.r-lres. Prior io incubaiion one microcur:ie oi [-Cf4 delta-ALA r.¡as

add.ed. to the homogenate -¡hich r.¡a.s then ciivided into eighi al-iq,uo-us of

fifieen ¡rillilitres each. llhese r.¡ere incu.bated rn a shaker bath at 3-loC

for varying periods of 'uine renrÌintr fron five to ninety r',inu-i,es. After

incubaiion each al:'-o.uot l.res relloved frorn the shairer ba-th and- quicirl¡r

B" I"IATERIALS A¡ID iliETliODS
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froz,en hw irrrnersion in lnethairol ai -LOoC. T'he fjrov,en nlinr:nts 'r.rere thenv!vlf, v,J]v

storecl in a freezer penclinp: haen a.nd bilirubin ex-ura"ctions r'¡hich r.rere

alr.rays carried- out within one r¡Ie€k-. Ase¡tic technique r.¡as useC. throuqhou-t

the ejcove Droced.u.res.

Ai the tÍne of e;{-ul:ac-uion, each aliquot r{as thar.,reci but hept in

an ice ba.tir. Each aliquot r,¡as subdivj"cleo. into t',¡o equal fractions for the

extrac'r,ion of haerl ancl bil-irubin. Iiae:n t.ras ext::acied, bv t'ire me-uhod. of

La.bbe and- IIishiCa. (1957)" ïo facil-iiat,e bilirubin e:,-b::ac'bion particula.te

nater-i a".l l,ra.s T"enrovecl from the hoi:rogenate" To accollplislr. ttris the bil-irubin

alicluo-r,s .r,¡ere treatecr .,'r-itll a Bronir'el] tsi-osonili sonicator for one rninute

each at r¡1-iich iiile no intact cell-s:i:er:rained-. Thev r¡ere ihen stun in a

col-ci centrifuge at lOrO00 rpn for ten i:lj-nu-res a.i \oC. Ä.ccordinrto
. l-.-aa\ Õ-,:rerns'cein- Fen Ìzzer, Ca.rtner ¡^nc-l. .A::ia.s (:l 'Cl'ùl-), OJ - 9C ¡ei:cer:t o.î 'l,h-c

hepaiic intracellular bil irubin is loca.teiì in 'bhe solub'l e a,ncl :¡.r'-crosorna-l

frac't ions irhich r.¡cre not secìi1¡s¡1.c1 brr this treå.-r,rleTj1,. Bil-i.r:ubin

extrac'ci.on r.ra-s, iherefore " c¿r.rr:ieol ou-', fron 'i;he su-Dernata.nt. Cjai:ri.ez'

rnate.ria.l- r,ras rlsed. ri-n the ex-b::ac-bi-on o.î bo-bh l-',aen and. bilii:u.'oin and che

srlrsi.l.ì--.zecl lrocj.rl.c'ts -'rere platea ancL corrnied-. TLle specific a.ctivit;;r of

r,jre ha,elt ano- bilirubin r'¡as cl,etezriined and, the io'ca-l- arirou:it of raclioactivi-r,.-r.

in bo-bh haen e"nd bi,l-iru-bin in each al,-.lou.ot ,'¡as c¡-l-cu--r-a-r,ei Ìr¡* rcu-J,-ui_olf ing

its soecific ac'civi-t¡. þ¡. the alrior:¡t cf ca.::::ier':rhiclh Ìra,ä been add,eo.. These

calcu,Ier.-,,ions I¡el1e baseci on the assu:¡.ption -r,11¿1.'r, encop:enou,s hepa'cic haen

and, biliru.bin contents r,¡ere v€rll sx'Lâl'l conpa.r'e<J. to -uhe arnourLb of ce,rr:ier

ac.clsa', The a.licr.r.r.oi rac] ica.r'tivit¡¡ conter.t i.¡es then ::'ultir.¡lierì" bl,. tre

tote] nr:-rber of ¡liouots-L,o r.ielcL the -uotal he¡atic haer or bilirubin CfIf



incornoration for ea-ch, se.m.cl-e"

To stu.Cy nro-r,ein sl,. nthesis - ten r,i crocu.ries of }-CLL| '-:lycine

i.ias adci,ecl to ea.ch 18 mil-lilitre aliquot of an id-en'uical liver hotnogenaie

foz' incubation a-u 3ToC. a¡ e.liouot r'¡as incu.batecl for fBO ninu-t,es ìn a

shaker bath and protein.n¡a.s then extra.cteiL. Ten volurnes of 1"2 percent

HCI Ín ace-cone r¡rere aC.cl-eci to the hono5:enate and the ,3lobin orotein

extraction n.etl:ori- of Kassenaer,l'lortefl anC. Lonclon (f9rT ) r,'as then used- to

extract a,nd, isolate protein. The por,¡dered nrotein procluct r,¡as plated in

l-00 ¡rilliflrarìr ou-antities and raç,.ioacti.vity r.¡a.s cou-nted in a. iiucl-ear-Chiceqo

Gas Flor.¡ Cou¡ter'. A correction-fa.ctor curve for self a.bsorbence r.¡as

r'lo-ì-aminod hrr enrrnf.ìnr nl ¡rrnhci.q r:ont¡ininq I to 2OO rni I I i srâ.r1S Of nf'OteinV'u w\-J::lfr:9v' vJ

anc. this r.¡as a-p'olied- to'uhe ca,'lculations. Results lrere exÐTesseci as colats

r:er tninute per ni-llir:rar of hepatic Ðro-r,ein.

2) åe$__g¡gg_iSaLtve,uire,_egÊ_!¡*r:eqi_p::_tg"c!:g!_-

a) Acute sur.3i"_çl_Jgglglg..- Tire effects of acute surgical

trauma on herratic rrotein s:lrnthesis , heÐatic ha.em, and shu-nt bil-irubin

s.'ni.hesis 1rêTê i*--^^+.i --+^; ì--- -i--ì^^+-'-^ -^+^ .'-+-^--^-^"-f -- ---i+r^ eitheror) riui¡Lùro ï;uru rllVgÞU1È.ø.Usu u.Y IIl..JsUUf1IÈl ad,uÞ f iluI4vsrlu4ÞIJ u/Jurl

one ¡ricrocurie of L-Cfl' clel-te,-AlA (for haen and. bilirubin incornoraiion)

or 20 microcuries of 2-Cll! ql-),cine (for hepa',.ic ¡rotein ineorporation)

r.¡ithin tr.ro to three hou-rs after the esta.blishment of bile fistul-ae. Bile

col l-ecti-orrs lrelre carried- ou.t in 'ur,¡o ra.ts and- he¡atic haen and- pro'uein

deter¡ninations Ì¡rere ca.TrieC. ou-t on the fivers of tL'o and, four ra,iso

rescectivell., excised 90 lrinu-ues after tracer injection.

5'l

b) Surgery pfus recol¡ery. jìr'aÌ-* Þ-+ô r.r^-¡^ no.*ì'f 'lol f r.ranf rr-!!<l:U I4Uù tvElg lJgaL:rIUUgU Uï/E¡IVrY'
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four hours to "recover" in rest'':ainin; ca1es follor.¡inq the establisþrent

of bile fistulae. Five of these aninal-s -,.¡ere then in.iected ¡.¡ith l+-CI'+

-¡oelta-l-LA (for biliru.bin or hepatic ha.em stu.cries) and three received 2-CI4

glycine for protein d"eter¡¡.inations. Bil-e se-mÞles r'¡ere aqa,in coll ecteci for

ti.renty-fou-r hours in blocks ancl ihe l-ivers of four a.nd- three ra,t s,

respec-,,ivelr¡^ l,¡ere excised- 90 minutes after tne t::acer injection for haen

and- protein extractions,

c) n:Ugnl*o!çtlgçtl-gI:* The corrmon bile du-ct r,,¡âs exÞosed and-

ligated in three ra-us a.s c.escribecl- in Chanter III. ?he abdorlinal incisions

r.¡ere then suiurecl and. ihe a.nin-als r,¡ere returned to iheir caqes .øith free

access -r,o fooC. and r¡ater. The bile d.r-r,c-r,s r'rere reeannula,ted. fortl--el',ght

hou:'s la-r,er and 2-CfL ø'l yci-ne r.ias injecteo intravenousl;¡ irithin tlrree hours

nf srrrçrerrr. Tii natrr mi nrr'req I ::.or th.e a.ni.ral s -u¡er-e 1.:ì I I eri bv a. bl-ov on.uv. vi)

the head a.no- their l-ive:ls -..¡ere eLcisecj. for hepa.tic I'rotein ceter'::linations.

Cytochr:oni.e p-)+50 c-rreterrni nati on.s i¡er:e carrieC or-rt in fou-r sir:rila.r'ly

nre¡a.reri ra-l-.s r,ri'uh no tre.eer iniections. lia.em and. bifi::u-bin cleterrninations

:.n this st¡s-Len i.¡ere c-escribeiL r'-n Clia.pier IIf .

3) Innibition of Ðro-uein

All anina,ls in this siu.d.l¡::ecej-.¡ed l- ¡ril-ljrr€r r¡er llj. locra:lr oÍ

cl'clohexil-nic-e in an 0.9 lerceni salíne sol¡,:tion ai a" concentra,tiorl. of

I .nilligrern ler nil-l-ilii:r'e" In fi.ve rats bile fistulae r'¡ere esiablishec"

tr'ient.¡-forrr hor¡r^ --'i ^'- +^ ^'-^-1 ^hex:l-ni.oe a.o:ninis'r,ration. The :cats r,'ereurrç.rrur, -rvul :-vlr., ù rJa f,L.! uv ç,y u4v

-rì-.en given one r4icrocu-ïie cÍ L-ClLl c..el.-'a.-ALþ- ic-ura.tenousl¡, eíther'l- (3 r:ts)

^ - J^ l,- , \ 'cr 2-I/2 (2 rrts ) 1:ou-s follc:¡inr c:,.c1-ohe>:ir,:idc ancl -cil e r'¡e.s collecteo in

-..-+t^^^ì -è,yrluLlçÞaÞ fIl vavo hr¡ nr¡n-1 nhoyimi io



bl cct'-s for tr.¡enty-forrr hours. i:icht rats . sinii a.i:]y nrer¿r:ecr- e.nd ¡iven

cyc'l ohe;t'iriie 'i;r'¡ent.'.'-:Îour" lLou:cs af be.r es-uabl-isìrt::cnt of íi stul ae, l'ecej-veri

- -r), r -,llr r ^ r /^ ieither Z-Ct'* ¡'1r'crne o:.4-u* crelt¿L-,Al^" either I or ?--\/2 hou-r-s'oos'u

cl¡c1ohe:.j.:u'ide -r,o fiete::n',ine inco::i:oraiion inio r:rotein enö. hr.ent- i"espectivel-¡'"

These airinals i.¡ere sacríficec 90 ninutes foll-or.¡inl p;l)'cine o:: delta-AlA

i n i eet j on a.nc] he¡a.ti e ¡roteì n or haeil r.ras e);-uríì.cteC. Isoiope incorpor-

a.tion into the Ìre1:atic protein of three cont,rol a.rri-nals noi Í¡iven cyclc-

hexinid-e r.ras also d-eternineC" 90 rninutes after 2-CL4 ßf).cine injection,

Fina.lh." the effect of cycl-oheximr'-c1e sr.ecifiea.lly on the henatic

content of the haeraoprotein c¡rtochrore P-h50 r.ies deteflr.ineä. A series

of rats r.rerc c'iven 60 lritti-cr::'.s oer Liloiren Ðer dey of ::henobarbitq.-L

for five ci.a-r'5 ¿o inouce a. hish le¡¡el of hera-ric cy'bochror're P-410. 0n

the sixth cla.¡ each ani-na.l except one con-trof i.¡as given 'l rnil-ligrern per:

kilo"ran oJ' cl¡cl.ohexinide slrücì.r.-uâncjous.l.y. Start j nq ¿t tt-e ti"re of

cyclohcxirnjie injection e,ncr. a'c hou.r:l.-:¡ in-r,ervals tirereafier to six hou.i:s.

rats r,¡ere f,ivcn 20 ::ricrocu.rics of 2-Cla gl1,'cine intrrvenously. Xach rai;

-,¡a.s krl lled bv a bl-or.¡ on ihe nea,ri. one hour after receiving qlvcine" and.

i'ts liver f.ias horl.osenizecL in ll vol-umes cf r.¡a.ter, anci c]j-vicled- into.biqo

o¡ri¡'l r'l i ¡rrnJ-q l"o:. -bhe äe|errnj-nation of prOtein incO::po¡ati on anf_

cytochrorne P-450 conten'r.. Hepa.tic cytochrore P-¡t50 level-s r.¡ere o-eterrnined-

in forrr control anirirals and" ih::ee ct¡cl-ohe;rirnid"e*treated a.nima.ls r"¡ho haiL

not -received. nhen.obarbi-r,al- to de'cerniine the sensitivity of the u-ninclu-ced-

irqor¡nn-¡nf.ai n i.n arrnl nhor:inri de --rÉu, :v vr vv v¡)

53



tt In vitro studies -

The resuits of a typicat expe::inent are seen in ligure )+)+

| -\ \ .^,(page 54a).. The sofirJ line cJeaicts ihe lercent of injected radioaetivity

incorporated. into haen d.uring tne incu-bation. The lrrok-en line re¡resents

the' inenrnnrpti^n of ClIl irrto bilirubin in the Sene lrononen¡.j-,e- The¡rvrr_vtrv¡¡uvv.

respective scales are describecl on the orðina.te.

Raclioactivíty appea.red" L:apid-ly a.nc1 rn a]most rraral-Iel- fashiol:

in both fraciions. The haern C1tr content exceeded that of the bilirubin

by a. fa.c-r,or of at least ten in al-l aliouots " Pee,"k incorporaiion for both

fra.ctions l¿a.s attainecl at thirty ninutesr iircr-r-bation and. this was foll oved

?rrr q ¡] aroo¡r mhat bil-irUbin inCO::ÞOr.atiOn values T,¡ere TrO,ú a COntanin-

eiion artefac-u rrlas shor,lm in a sjr.ilar erÞeriment rrsinq Ine59 as tracer'"

in l¡hich the bitirubin-haem incorÞora,tion i:a.tio r,ras one-hulclreoth of

tha.t observecl u.sing \-C14 delta,*AlA. An id.entica.l- homogenate incu-bated

^ ^rLr.¡ith 2-C-' gfycine yieloecL insinnificant protein ra.dioactivity of only

2.8 cpn/ng1Ì at three hoursr incubation time.

C. RÏ]SULTS

-l

Acute surqical trarma and biliary obstruction.

\ -- / --\ -.a) lte.en. Ta.ble III (oage 55) fj-sts hepatic protei-n hepatíc

haem, and shu¡t bilirubin incorÌroration in these a,nimals. '-Control A;:

refers to rats l.rith no bile fistula.e. Tire value for irepatic haen in

this g::ou-p l,'as obterinei. fl:oiû Cha¡ter II. "Con-urol B" refers -uc four

rats observed- tr¡enti¡-four hor-rrs after "the esta.blishnent of bile fistula.e"
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The obsei:vations for he¡atic haen in biliary obstruc-,,ion irave been obtainec

'Prnrr fì1¡qnio-¡ TTT rFr'^ -¡ô+ - 'ì - ; r' ^l l+r,1v :GuÞ rr!., -cted r.¡ith 4-C-' d"elta-.A-LA ',.¡ithin 'uhree

]rours of esta"blishnent of bile fistu-Iae had- a. mean haen incorpora"tion of

-Õ7ö lrercent of con-r,rol "4" and 92 Ðercent of control 'B' . Four anircals

injected tr.ient,y-four hou-rs post surlery sh.orieC 85 percent of control :Ài:

hae:r. incornoraiion. There r.¡as overlap betr.reen the ihree groups and,

differences r.rere not statistica-11¡. signi:flicant. T<¡ facilitate co¡rparisons,

control "8" tr¡Ð-s hereafter adon't,ed- as the sia.nd"arcl control systern except

l¡here ind-i ca"t ed- .

b) !ry"]-qfn. Ta'b1e IrI incl-icates that hepaiic protein synthesis

inroediatel¡r follo-,n'ing su::geï]r r^Ias 88 percen-r, of control "4" ancì lf percent

of control ".8" in fou.r ::a'cs. It r+a,s qf'ea.t:l-.-'/- l].ncïea,secl. in -l-lr-z:ee ra,is

(cont:lol ' l" ) tr.¡cr.'c"¡'-'[ou.:: l-iotr..r-s ,r,'r"tez' s1r j"'erv to 250 ¡e lcrn't c:tr ccn'LL:ol. "¡tt ,

In three re,ts -rri-th biliarl' obs-i;¡ructi.on t,here r¡iä.s irìo impainneni oil p::o-,.ein

s¡rnthesis r.iiti' a- irean r¡e.lue 165 ¡erceni oJl control '4" ani consicrel'p.b-l e

over-Lan i¡ith con-t,l:ol tt.B" 
.

c) 3j.lirubin"_ Bilirubin ra¡terns in bil-iar-\r obsrï"uction r.¡ere

d,escri-bec in Che.pter fTI. Table fII shorrs -uha.-L there r'res a. slir¡ht increase

to l-2-L percen'u in total trrent¡,r--f'o1u1 hou.r iso'l,ope incor¡roration into the

bil-irubin of t-,Eo rats i.¡ho leceivecl, h-ClL cl elia-ALA. ir.¡:eij.iatei-y a.ftez'the

establisÌlnen-t o-1 bile fistulae. The rattern of isotope jncorporation

in these ra,-,"s ì,/as inocì,era.te1.ir incr:easecl beu'¡een hou-::s I anct.3. The oa-btern

i.¡as not otherr.¡ise a.l-tered- from norrnal-.



i\i ) Ila.enorrroteii:. Cl-bochrcne

ra,ts r.¡ere signì fica.nfl-y ::ed-u.ced to 50.5

in Table IIL

3) fnhibi'r,ion of pro-r,ein synthesis in

a) Iþ€I-_ itleither iracer intei:vaf resu-l-t,ed" in significa.nt

inhibi',,ion of haem incorporaiion. The mean va,Iues r.rere 96 percen-u in

tr,¡o rais in.jected one hcu-;r afte:: cycloher:imiC.e a.n-d BT rercent in three

rats injected. ?-f l? hours rfter c;¡clohe:<ir.iCe. Results are expresserl

a.s percer'lt of control "81' .

'\b) Hepatic protein. Tn tr"¡o a.nimals v¡hich had. bile fistu.fae

5T

^ 1. --^P-ti50 levels in -,,he obsit'u.c-r,ecj

pe:rcent of conti:o:l- ".4" a.s shor,¡n

estabtished -ulrent,'¡-fou.r honrs previorr,sl)¡ p.ncL recr-.ived C.el-ta-ltlA 2-L/2 hou-rs

afte-- cvel ohe>' jri rie - nrotei n i neo:noretion i,¡es reciucecl. to lL nereent of, .Y_ _

control "8". One i:at received r-Jycine onl¡r t hou:: e-rter c¡¡clohexiilide

and sho',¡ed the p-:reptes-u d.eg::ee o:1 pro-r,ein inhibition: 6 lerccnt of

control lJ .

vivo b..¡ cycl ohexinid.e 
"

\ ^.c) Bilirubin. ltJo z'e<i-uction in bil-irubin incorÌrora,tion r,ras

seen in anirnals',shich:receÍr¡ed. clel-r,a.-AlA eitheL:1or 2-L/2 hours a.fie:r

er¡el ohe.¡i-,ri de - îhe ¡at-"ern of ili I i rrrni n -ï ncnn-¡nf :.tiOn in theSe f ais diC

not ai ffer si p.'ni fi c¡.ntlr¡ fror, nolr.na.l .

-\ I 
-,) ) liag¡go:o-t-e:ln. Fi,cuïe 45

.- I 
-^ 

/ - . - - , \cl/rocnrone -t'-/-r.>u con.¿en.Ú \ sollct J_r ne /

incornor:ation (b::olien line) in ra.ts at

I 
-- 

\ .(nage 5Ta) shovs henatic
rL

anci hepatic p:rotein 2-CL+ g}¡¡cine

variou-s tí::res after c¡¡cloheximide





-Ô)ü

aCnini-stration in Ðhenobarbital-',,:rea-ted, :rats. r-r-e.ch poinrt r€ïJïÊsBnts a

sinrle rat. Pro'cein. incor¡o.ra--|ion r.¡a.s lorrest one hour trost c;rrcl-oheilinic;-e

r'¡iih a -l-e'¿el- of a.bout l0 percent of con'urol "A-". Thereafter'" it increased.

slovJ-y to 70 perceiri; of norca.l 1¡¡,r si1: noLì.rs. 4sthe ra-i:e of proteìn

cie¡:rac-atron exceedeil. -b,ïrat of pro-uein syn-,,1_resis, c1.+;6ghrome p-1150 content

fal I reni d'lrr *n i-Lg naCLir at fOUrf hOUrS C.-;.iJ then jte..¡n -eeowp-¡-i nrltJLvJJ uu : uÞ I:úL|II --U :ULl¿- l.].r-)|.lf'lj i,.i!J LIjgI; -. _"_ , ._ *,_1 .

Ta.bl-e III incÌica.tes -r,ha,t -r,he c¡"uochLrorne P-L5O of uninC,uced, refs r.ra,s atso

sei.sít,i-rre to ct.cl ohe:;iriie.

Tte _q_r.r-esij.on of i;he ie1¿_:,tive cont::ibu-,,i-or:s cf hei_.a.tic "fîee

h¡,efl" '\¡ersus prctcin-a.ssocia.ted hacr,. i n t,he evol u.t'i on of e au:1¡r-1,abe1l,ed-

bi,lirubin l-ecì, to iire e;i'perinen'bs describeC" l-dea-L-l-;¡ su-ch a ¡robtem :vouf-cj,

have been .resolvecl b;;r s¡1¿.uinî '1:jle ::eleiior_rship of ea.rl.¡.-la.bel,t ec..

bili::ubin to fl¡:ee l¡a.er'¡ a.ncr ,rrróiein-.-i¡orr,nd haerr.i unde:: tra.L:ior-is ccndi,cions.

thereb;. esta.blisÌ:in,cthe rol-e of each haerir fo::r¡. as a ri¡--nent scur:ce.

T:.¡c fa.ctors irhich ¡:levented. su.ch a. cl.efj-nitir¡6 girrc-rrr i,rero i.ho trar.s¡9-

reneit'¡ of haenocrotein ror:uletions pe.:'ticrrJ-ri:l-¡,- r.¡ith re¡arc to he..lf-_Life.

and- the l-a,ck of a. nethoiL tc obtain ¡LLre r ncn-a::iefa.ctu-al tì ssu.e extr.a.cts

of free haen a.nd haeraoproiein, resirec',,ive_l-..¡.

ll . DISCUSSIOiT

The fi-rst ste¡ r.¡as the demons-uretion (pl:qure 1+Il) tnat tissu-e

haerl ancl shu-nt bil iru-bin sr,'nthesis nroceei.ec', in an in vitro sl¡sten ir'hich

r.¡a.s incacabl-e of sunpo-i:tinr¡ ¡:rotein s;intlresis, llnd_er ,chese circumsia,nces.

ihe possibitity tha.-r, ner.¡l-y slrn'¿hesizeo. ha.er. beca¡e a.ssoc-i a,ied rviih

previousll¡ fo-rrned:.1¡o¡rotein coi-r-l-o- not be rr;leo out; hoi.rever, Figure )+5

and Table Iff shor,¡ 'uhat the l-evef of the haernotrotein cvtoe?rrome P-\50



fe-l-l- simulianeol¡s-l-¡¡ rri-uh, seneral- he-oa.tic protei-n sl'nthesis,

vivo, S.l'nchronou-s ha,cn ?ncì aìloÐro+,ein syn't,ì:esis irei:e -uìtus

for normaÌ cor,rponeni f shu-rrt bilii:nbin synthesis. itr-tor" i.¡as

cvtoehrorre P-l50 conten'r, e.n ii'oorta.rt fa.cto:: in rlete- r,;ì ¡i nr
'/v

prod.u-c-r,ion.

The resu.lts of -t,he protein incorporation exjleriïrents r"¡ere

intei:preted r.¡ith cognizance of the non-specificity of the nethod as an

indicator of haenr. aÞoÐrotein. Protein incornoration in 'che obstructec

rats ciid, not iriffer siqnifj.cantly from that in eontroJ- grouÞ "8". There

r/¡as no consis-l;ent correlatíon betr.¡een ''¡:rotein synthesis" and either llaem.

or bil:lrubin incorporatíon r+hen all the in vivo s.ysterl.s r,y-ere conpared..

Conparison of the Ta.ble IfI parareters for the obstructeiL ra.ts r'¡ith those

for contz'ol qrou-rr "8" srli:gestecl an inverse re^Lationshi,o betveen bil-iru.bin

and l:laen incorporation; a::eiationship not notecl in a,n..r o-r,her e;<perimenta'l

qi:ouþ.

5c)

at lea.st iq

not orerequisite

he.catic

shunt bi-j iru,b:'.n

Variations in bilirubin incorpo::a-,"ion in ser¡eral qroups of rats

d.escribed. in Charter IIf r¡hich r,¡ere in.ìectecl .,¡ithin three hours of

establishnent of bÍle fistula.e ha.ve been notecl . Ta-i-.]-e IIf shc',,rs that the

increase in bil-irubin incorpo::ation in rats observed the da;. of surgery

r.¡as tluch l-ess than'uhat in the rats "¡ith o'bstru.ciecl .bil-e ducts. Fur-r,herrore-

pro'bein-isotope incorooraiion r.¡as mu,ch less than in control grou-t: rìB:Ì.

Thu.s e. threefold. d.ecrease in heoaiic protein incoroora.tion i¿ith no

significa.nt chanee in ha.em incorpora,tion r.¡as seen in the presence of a

mininal increa.se in bil-irubin incornora-r,ion.



Finally, Te"b1e Irf shoi,rs haem and bilirubin s¡¡nthesis in a.

q¡rqtcn dac'íoneê qneaifinp'llr¡ fn inhibit D1.Otein Svnthesis fi_e_. inrJJr.lvr¿çuru \Jis!

cyclohexi¡nicle-treated rats ) . As in the aclr.te suï[e]:],¡ and, obstructei.

oro¡rls no si'nrrle re'lptì¡nshin jrrtt¡een bil-irubin n.ncl ¡rotcírr cy¡,¿,r.^--í^

elxet:ged-.

Figure 45 and. Tabl-e III il-Iustrate that the l-eve]. of the haerno-

protein" cytochrone P-)150 is d-irectlir relatecl to nroteir: synthesis. The

constanc¡¡ of coïÌrponent I bil-iru.bin fornatÍon in -,.he face of these qross

chan(es in to-r,al- protein synthesis and cl¡tochrone P-Ir 50 content are stronc

evid.ence for the inriependence of its forniation fror¡ these lossÍbl-e

intenrrediaries. Iu-r'ther evrl C.ence rl-s the dissociation of biti::ubin-]abe_l_lins

ano cltochrone F-lr 50 conrent in bilian¡ obstruc-r.eci ::ats.

The possibii-it;¡ thl.t, c-;¡tocllro"ne ?-ir50 con-r,ribu'çes io bilirubin

in a ririnor l.¡a.y such thai its e] inina'¿ion r.¡ou,lci- not be eetecta.bl-e ìn ove::a.1.,.1-

colrrllcnent f xirietics itas not ruleci. ou.-b bl¡ these::esults. In this rep:ard-"

one r:ìa;¡ calcu-'laie -uite eynecberl bitinr.bi-il.¡icli ojl c..l;och.:lone P.-)l5ij

6o

tLrrnoter u.iilizin¡r the values for': noncal Ì:epai;ic c)¡iochrome P-Ì+50 content

of 25D rnil-Limj-crornofes per liver (ligure Ll), maxinal enzl,rirc hal.f-life of

12 hou::s (Schnid - r'ia,rver airrl lia¡..rc.¿Lüer, l-966), a,nd 'ulle noleci,ilar iieight

of bili::i:¡in of lelt.6r. l-ssu¡,inii 11o reuiil-jza,tion of the lLaerr noie'L;yr,

these val rLes Eive ri.se to ¡, bi I iruirii-r yi-elr' of 0.I l^6 rilliqreJns lrerl

¿.1. r24 hou-rs, o:l e.bou.'c l0 ¡ercent of 'uire to'r,ai dl,illr bi] irr-rbin e:ic::eiion,

enouqh -uo eecount for al-ntos-u the entire ea.::}'-la.Ì:e-Lled- pigr:ent" Fr-r,:rthe::'-

noreì i.f one consid-ers the tna.xilirt:-¡i Dossible,,¡ie-l-ri- in a pi-ienobarbit,al--



6t

'¡reateo- a.ni.lial (f5OC rnill-í:riicror:o-l-es -Der l.ir¡eLr. f i.gure ll5) ancl. a ira,-l-f*1ife

of 'tl"rc hou-r's (Fi¡i,,r-z'e L5) tne pz'o.l ec',,eii-tr.¡eni,r'-fou-:: hou-i: b-il-j.::r.:.1-.in ).ielal

(a.ss',.urin¡: no reutiliz¿¡.tio:r) l:econes 5.216 nl1,1j-¡:rans, i:u,ch e,:ireater -r,har:

ti-..e bil:lrubin exc¡:e';ioä observecl, in an;'r a,niära.l . -t-b i¡u.s-¡ be conclu-cr.ed-.

* navar¡-.'a r'È4+ th.e ha.ern froi:,. th j-s sor:,rce j.s ei t,her' I a.re e l.r¡ reu-uil_izei_ ot:'¡ rururvlll i.i¡¡^v_

cle¡¡:rari.eiL thror.:.lit a. olifferent r:ai,h.uia.;r.

The obser",reil. ].¿r,cli of effect of a -reo.u-ciion in hela;bis ç1ri6çh¡çrrs

ñ I -^P-¿ii0 content on co:'Foncn'L I of e:e.::l;,'-l.e.jre1ler: bili.¡'.,r.rriir sul.qests the'ü

d.e¡,r:rað¡:.',,ion of er¡en r¡ecl,' raciFl.¡ r,urriin,q-ovel: li¿--,clio'proi;ei.ns r,:a,l¡ be

r-e"l r-|-irro-Ì r¡ rrr¡i¡rrr9¡f ¿¡¡N j-n the eVO],U-,,iOn Of 'Cjre COrt.nCne¡t I r¡ea,li, The

iit,¡ossibl.¡ h:i ..'¡ bil,i.r:ribin yi el cl c¿licur.la.tec.i for i;het -llrollosecl C-i,::ec-t.

r,:.e:,ra.t-a.iion of c;i+uoclr.ror'1e ?-ll 5C haelr to b:i.li.rl:¡l'-:r ::c¡lnfc,ì-ces -L.hj-s thesis.

Ilhe îc'-ei.ioin:: cbsei:r.ations refi¿ì'11rì.in¡: cir-rocjr::orle l-1:5:l i'i',- alr.-1..i ecqlr-a.li¡r

'u o otile:: slio i't --'1.i-¡¡e ii ii a.el ol-.,ro'i; e i. n s,



ei'v-LhroÐor'eti c a.ncl non er..¡thl'onoi-etic corrl'Ðonents ha.s accrued, since L954.

The pathor:enesís of clinica.l h..¡perbil iru-bine.eilia.s of botl'. er¡¡th::or:oietic

a.nd henati c ori oin has been linlçsd r,¡ì tÌ: tÌiis f¡:ac-bion " i''iore recen-rl.¡ -

i-nteres-t, in the non ervtJ-rronoie'cic con'Ìronent of ea.rl;rt bilirubin and i-ts

o::i.'ins ha.s r:ou-ntecL. lhr. *-cst lil-,c,].1r sou.f'ces "ihieh ira.ve eii:c:::cr.l. fror:

z'ecent stu.d-ies :"¡ere the ra.r:ic.l;,r -uurnin¿ over tissu.e haer4s of liver anC.

kidney. Tlre oirjective of tne curreni ir:vestigation r,¡as 'uo ci-ocu:nent the

relationsliip bet-'reen rena] and, hepatic tissue ha.en tui:nover anal non

^--,.r,rr-^^^.i ^ì-; ^ -hun',. bil ii:ub j n anrJ. rj-elj_nea.re n:cre s¡eci,licall rr -ch.e n¿t,tu-lregI,)' Ulll UTJUACL,-LU ù-lklç Ul:f,-. grf J.tI C,j.:\/. \ru!-r-.¡.lu¡..

cf -bhe bi li:rubin llrecrr.rso:{'s .

Knol.ileC.ge concerninfl -r,he ea,.rl¡r-l abell ec1 bilirubín a.nd. its

DISCUSSIO]'T .AlilD COI'TCLUSï0ï'IS

CÌîAPTER V

The ::el-a¡icnshirt r¿hj-c,r: .ne1'¡1r:d be-lçeen tlre eort't¡irrecl iurnovelr of

::eircl- -nc hece;Lie hr,l:.s anri -rhe s'¡n-r,hesi.s o F sllun'¿ bl l.i.r"-¡-bi-rr su-qes'¿ei ihe.t

t,hese sourîces coìr] d ,qive ::-r-se -r,o nost o:' e.l-l of the notl e::"'-,,1:lopoietic

corni:onent . IIor¡ever, the fi.nd-ings tha,t neitl:er iire e..bsence of rena.l haerc

tr¡'novel in a-ne.ohric rar.s, nor tLte -i:eat-J.;r Íncrea.sec"l renaj haen 'uurnover

in ra,cl.iatecrL uats vas ref-l-ectec"j- i n ea.r1 :Ì bili:rr:bin I e,Ðell j nq miniiri zeq-.:- the

inportance of this orgen es a. soulrce an"al. d-irected atten.tion tol,¡a,r:r-'ì ihe

live:'. The prevj-ou"s finiin5s tirat the lsole.tea pe.rfused, li.¡er: atrc- lil.er

räiiocnond,:':ial- suspensions coulii con¡¡e::-t the sitiilest tlrecu-i:sol:s'r,o

biliru.bin s-,,ren{rhenec-i the feelinq tha.t the }iver i¡¡s the i:riinar';¡ souïce

fo:: the non er¡ithro¡oie-r,ic co¡rlroneni.
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tu-r'nover ancl shu-nt bilirnbin su,qqesteC. an invei:se L:e-Lationshir 'beti'¡een tJ:e

i.rro i n l¡i I i :rr¡ obstL:u.ction. In rats -r,reated. t¡ith A.I "A " or lhenobe.rbitaf 
".1 vvv

su-bsta.nces previousl--v shor^in-co cau-se e.n íncl:ea.se in tot-l haen syntliesis,

con'mìensu,ra,te qu-antita.tive changes jn bilj.rubin l-abellinr.i "¡s¡" ttn'u

observed-, liol.¡ever" these cbservatior'ls r.rere obr¡i-ousl-l¡ ina.<leou-¡.te as the

ba,sis to fornu-late a cornnleie haem-bilirubin rela.tionshi¡.

Subsequent stud.ies on the relationslli'p bei','¡een hepaiic haern

The possible sources for comÐonent I shunt bil-irubin in tire liver

incl.uc-Le haerrrol¡::oteins, free haem, e.nci lra.err rrecursors. Tha-', component I

nr¡r¡ hr- frrrthcr sub.livid.ed. into a.t l-ea.s'b tr,ro subcor"rnonents r.rith resa.rri to

ì+^ ^-;-;* .ì^ ;*¡'t ieo b.¡ the oi-flfer.entia.l effec.Ls of r.nrìolls a.rents onIUù VJ I I:l Iù ¿fll-v-.!Lv ¡./,/ lgIgtlUf,C,! çllgLUo uL ! C,l- lvu-J .r,qu

r/¡hat aÞpear ro b-- a lrer.r early (o - : hou,r's) ano a l-ater (6 - zL+ hours)

r;hase of earl-¡' bilirubin labellinr-'. The effects of -a"I.A. in blockins

hena.tic s:rçr'l r.ss s;ynihcsis .t 6 s1Lrr.ltp.neousl-r' red.r_rcin¡; bjl-ir.ubin _l_a.belfi.na

rl¡-¡inr. the SeeOnÄ nhoqo in¡'l v l''naf g¿'i:¡.1-aSe a.nd.'nossihly ¡thr-.r" ha.et,tOnfOteinS-' ''.--:

r.¡ith simila.:: ha,lf-fives rrai' be inportant Lìrecuf'sors of ihis sr;-bcomponent

of ihe r:igrnent. 0n the othe:: hanc, tire lack of corlelat'ion bci"¡een

hetp..tic l-evel-s of clrfesl-rror.-e P-!50 ind tr;rntoohane n¡rrr:olase rrith very

oâTlì¡ 'hi I irrlhin-'l phel I in¡- sl;:cpq¿- r1-r- rL- -'^--- rtnicJl..r ¿uUTr.in,f,-Oïci:
LLlr -Lrl u !, _--ç! !Þ UII- ! Uilç V cl..Y

ha.enoprotei,ns r',a¡r be of -Lesser silnificl.nce in the evolu-tion of the vertr

ear'ly subcoinl--onent. Tìris h¡,-pothesis is re-info.cecl by the obserrrecl ia,cLc

of effect of c;¡cl.ohe;rilr.icle on the very ee,r:l ;¡ su-bconronent. These finclir:as

favour' -uhe irplica.'r,j-on of the non-Þrotein sources, free haen a.nd-/or haen

n?êcrrrqô?q rq ?roino nf lr¡ inr imnort¡r.co ìn 'rrerrr r=¡¡rlr¡ bi I irrr'hìn I ¡.^al I ineua gLu! Ðv: o.

Although it ai-.pears lil:ely th:.i biliru.bin nroC,u-ctioll ïeo-uires heen as a



6\

su-bstrate, tlte ranicl conversion of Protocorrbyrin IX io bitj::ubin has treen

d.enonstrated bl¡ fbrahii:,, Schr,raz.tz and. llabson (fo56): h.or.rever, l-abellecì haen

also aopeare<i very raniol.r¡ sugrrestinr th.at it ni¡ht, ha.ve a rol_e as an

intern:ecliarf in this experinen-L " Thus- from the preseni investigation"

it enpears li1:e11' tha'r" non ery'chrol:oictic sllu,nt bil-inùin crises nriir:a,ril¡'

frnn iro-cr-ia cnrr¡ggg. 0f ,¿he 11.¡n -ona-*l¡r 'rnlì-ea.-bed- SUbCOiiCOnents- -rhe!r vJ J u-fu

later a.ppee.rs -uo erise -l arqell¡ fror¿ the turnove:r of haeroproteins ¡,¡ith

half-l-ives sir'iilar to catalase: the lrerlr eaf'ly su-bcor:nonent is proba-bl-'r

larqeil' d-erived from the ranid turnover of free ha.en or haert precutîsors 
"
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