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ABS IRACT

Liver elices from normal rats and those suffering fron inflammation
ILt 14

for 8-72 h were incubated with L-leucine-*'c or D-glucosnmine- c .

The contents of albumin and { -acid glycoprotein in medium and in

extracts of liver were deternined using the quantitative Precipitin

technique . There was a net increase in synthesis of both proteins

when slices from control and experimental animals were used ' the

increase showing up in medium proteins. Slices from livers from

experimen+'al rats hacl a greater capacity for synthesig of CC--acid.1
glycoprotein and a lower capacity for synthesis of albumin than elicee

from control rats, the greatest changes occurring with slices from

2\ h experimental rats. Changes in synthetic capacities of liver

slices from experimental rate for albumin and O(_-acid glycoprotein
I

were alwaye acconpanied by large increases in specific radioactivies

of total ¡aedium proteins when liver slices wore incubated with
)t4

L-leucine- H and D-glucosamine- C. It is suggeeted that the increase

in specific radioactivies of nedium proteins following incubation of

experirnental liver slices with labeIled precur60rs is characteristic

of ihe response of liver to infla-nnation and reflects changes in the

synthetic capacit¡r of Liver for C( -acid glycoprotein and olher acute
I

phase serum proteins. Liver slices from normal rats were challenged

with various compounds in an attempt to induce the acute phaee response

of liver as seen by the rise in specific radioactivies of total medium

proteins. When significant changes in specific radioactivies in total

nediu¡n proteins were observed, medium and total liver extracts were

examined by the quantitative precipitin technique or radial diffusion.



-,
Bradykinin at B.Ox 1O M yieLded the orost signifrcant increase in epecific

radioactivies of total nedir:m proteins which was accoBPanied by a signi-

ficant increase in medium and tissue-bound Q( -acid glycoprotein; however
I

the content of albunin also increaseù Hormones at any concentration

did not show the induced changes in d, -acid glycoprotein and albumÍn
I

synt-hesis which are known to accoupany the acute phase responee and

which were obeerved wit,h experimental Iiver slices.
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JIITÌìCNUCTION

Structure ol Serurn Gl.ycoproteins

Gl.yc o¡,rote i-ns a ir' b¡r de f inition ¡:roteins tìra.t contain

carbohydrate groul:; s ',rith a rela.tively 1ov¡ number of sugar

residues covafently bound tc the polypeptiCe chain. Gfy-

coproteins constitute e, pro>r-Lmat,,:f y 4i,al, of plasma -r;roteins

b¡' r'rei.ght ( 1) ; serum alburnin is the onl;r ma jor serum protein

lvhich is free of carbohydrate (TA1'TE 1) (2). -(erum gfycoproteins

vary in carbohyCratc content ani in relative arnounts of the

suga,rs present. Common sugar units are N-acetylglucosatnine,

N-acetylgalactosamlne, galactose, mannose, fucoser xyloserand

N-acetylneura.minic acicl . Carbohycìrates are bond ed to the

peptio.e chain in th'': form of large oligosaccharicle units us-

ually via thc reiucing group of N-acetylglucosatnine to the

amii.e grouF of asparagine. Sequence of th,.: sug¿Jr units has

been deternlined in some cases by th,-'enzymatic Cegradation of

the glycopepticJe r,rith glycosiCases. In human o<r-acid 61y-

coprotei-n, terminal N-acetylneurami-nic acici is boncJed. to

galactose or ltl-acetylglucosamine aurì carbotr.ycìrat.e branches

occur at l{-acet¡'lglucosanline or mannose ¡esj-clues. I'iinor

variations olcur v¡ith serum glycoproteius as tc the sequence

anC l-ocalj-on of'th: cairoohydrate in the ¡:eptide chain. liuman

C(r-acid Elycoprotein cont¿ins about 1E0 a.mino acids (1) ¿.nd

five o]if;osaccharid e units; all of ":''hich are situated in the

N-termlnal third o f the molecule and attached, to a-s;,aragine.
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Biosynthesis of S erum Gl-ycoproteins

l'lost selrum ¡;l yco¡:roteins 'r''rith thi' e rcer'tion of the

X-Stof.,ulins are synthesized excl-uslvely in the liver (4);

the microsotne f raction o f the l-iv::r is the subcel-lul.ar

site o f synthesis o f al-t seirum glycoproteins that have

been stuCied to Cate (5). Possible mechanisms include: (A)

synthesis o f tìr,: protej-n ani carbohydra te units separately

a.nC ihen cc¡mbination at the site of forrnation of the peptiie

cha,in i.e. the ribosomes, (g) incorporation of thc, carbohydrate

groups af ter the peptide chain has 1,,: f t th, ribosome a.nci is

in the endopla.snnic reticulum, (c) combination of the a-bove

tv;o possibilitir-.s: with part of the cal'L'ohycìrate incorporated

in th,,r ribosOrne phase ancl th t,' re meind er af t er ref ease f rOm

the ribosoltìe. Serum glycoprot¡:ins seem tc f o1l-o'¡l thc thlrC

possrbility a.s su.Sgee;tr:i by the 'rpipel-ine" schcme of Iìedman

(6 ) Fig. 1. Sugars a.rc ad.cled step',,rise to the p,rotein part

of the molecule beginnin¡, at thtr ribosomc and continuin6 as

thc protein passes tÌirough its intracell-ular route. The

first eugiir, usually li-acetyJ-gtucosantine, is acc ed to the

incornplete pcpticìe chain clurinêi asscinbJ-y on rough endoplasmic

retiCulum, subseOttent Sugars a.r'e arJi.êcl cruring secr-etiOn via

the channel-s of the enioplasmic reti.cul.urnr and terminal N-

acetylneuraminic acicl is attached nainll'- in tire Gol gi complex'

Al thour"h af bumin is not a glycoJ:rotcin it seems tc travef

thc came secret ory route ancl can be loca'ue cì in thc rough and

smooth cn,ìoplasmic reticul-um. The synthr:si-s of the ol-i-

6oseccharirje units is controlled by the presence of the

aTrpl-opriat e gl ycosyl trans f erases ri'hich transer suSer
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molcculoô from nucleotiÕe sufi¿rr derivatives to the suit-

able glycopr-otein accetrrle¡ tnol-ecuIos. The suß¿ìr nucleotides

can al-l be cierived fron ¡;l,ucose; ti:c path,.';a¡' p¡ thei-r met-

abofism is shorvn in figures ?- and 3 (7). 'I'he j-ncorporation

of carbohycJrat,e onto lÌ,e peptide chain is nc-rt belj-eved to

be coded by RNA but seemfi to be fixed by thc-: amino acid

sequence of the polypoptide baclcbone of th,i gl),coprotein.

The anino acid.sequence rvhi-ch codes for tlLe attachment of

carbohycì::ate to polyl eptide has rt-'cently been rcfe,rred to

as the seqr.ron (8). The seo-uon for the ..-ierum type of qlyco-

J:rotein is al rcost certainl¡' the se eür:'nce ASN - X - SER ( fnn¡,

a seqlìence lrlL-i ch has been fcu.nd in the linl<age region of

many glycoproleins of thi: serum tyFe. It iei lihel,;'that

cthcr sequons r,,'i ) -l soon be recogniz.ed for g:l.yco¡-'rc,.teins

corrtainj-ne; otl.,er ty Fes o f caroohydrate chains .
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Fig. 2. Pathways for biosynthesis of nucleotide
Cerivatives of sugars found in

6-
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The Acute Infla,mma!o::Y ResJ:onse

Characteristic cha-ngt:s in plasma protein concentrations

are aJf-ìOCiatiìd t¡tit.h v¿ìrious infectiOus anc'l inflamrrtatory

processes (TAPIIl 2) (9). Froteins which increase in con-

centration Curin¡l thr: acute in i'l-¡ittnatory ljrocef:: s al:e ref erred

to as aculue phase rea.ctants. t'lost of thc acute ¡ha.se

react¿nts contain a significant arnount of carbohydrate and

are synthe si zed by f iv:r parenchynial c e11s. ConCitions und-er

ivhich acute Fhase rcactants have been'stucJied incl-ude loca1

inflamination (IO-12), therma.l or mechanicaf injur¡' (tJ-14)t

ma jor -surBery (l-r-16 ) and bacterial inf ection ( 11). Other

fe,ctors found to infl-uence the a.cute ¡;hase response as v¡e1}

as the riif f err::tce in stimuli are a8e, nut,itional factors,

genetic cjifferences due to scx or strain, anC previous ltistory

of the subjectri-.e. a second. stimulation'¡¡ilf bríng a greater

increase than thc first. variations irL r slonse of indi-

vidual acute phase reactants to infl-arnmation is believed to

occur in the }iver due to clilferences in the rate of

formation or stability of specific m-Rll[ or inclirectly by

hortnonal control . Holvever, there are conf licting reports

concerning th.. iml.:ortance of hormone,s ancj chemicaf mecj.iators

which may be rele ased at the s;ite o f i-n jury, ì-n the inductíon

anC regula'Lion of acute phase protein synthesis'

lvhile various methocls have been used in th:: stucy of

the biosynthesis of acute phase proteins, isotope Ìabelling

technÍques have shown the changes in pleslna concentrations

of acute pliase reactants ref'lect enha-nced synthesis'

luleasurement of incorporation of !recu.rsors l-al,el-1ed viith
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TABLE 2.

PROTEINS CF HU},1AN FLASI.IA SHCi.VIì.TG AI,TERED CO}{CEI,ITRATION
AFTER TRAUMA

CCNCE}TTRATION PROTETNS
CONCENTRÂTICNS. IN
FLASMA
(% ot Freoperative

Values )

Increased

Ilncha.nged

Decreased

Fibrinogen
Haptoglobin
0rosomucoi.d

C-Reactive Frotein
crr-Antitrypsj-u
siow p-s1obu1:-n

fnter c-g1obu1in
Conplement Cr3

Caeruloplasmin
Easily preci-pitable

glycoprotein

More than JO
other proteins

Thyroxine binding
prealbumin

q-Lipoprotein
p -t,ipoprotein
Transf erri-n
Albumin

> 200

206

> 200

) zoo

) 2oo

173

189

I22
r24

r40

69

77

7B

BO
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2 11,)H or '*C has yiclded proof of net synthesis of acute

J:hase reactants in vivo in response to experimentally

incluced infl-amme.tion. In viiro systiìms, such as the Ìiver

pcrfu,.ion tcchnique of Mill-er (I7-l-9) or the use of cell-

free li-ver suspensions, have also been cffective in in-

vestig;;t.ions of net s;ynthesis of acute phase reactantst

hol';ever limited v;ork has been donc: v;ith liver sì-ices r a

,¡;hol-e c e1.l in vitro system.

The trauma-induced s;ynthesis of pJ-asma fll.ycoproteins

in the j-iver i-s only part of the ¿cute lrhase res;pcnse of

an animal to injury. Glenn et al- (1f) proposed a general

scheme (nig. 4) r,vith the r'locaftt events l,eing prùmariÌy

rrciest,uctiverr yet neceí:sa.ry for the incluction of the rrsysls¡¡icrl

evcnts r,,'hich víere rtprotecti-verr and eventual ]y f i:ad to tissue

repair. vasodil-atíon and al-te¡ations i¡ l:l ood flow occur

inilatl],a.nrì erÈ followed i:y l-ocal- increases iu va'scul-ar

permeability ancj the l.ocal- nrigration o f neutrophil ancì other leu-

cocyte c el-l-s j-nto thc area o f tissue clamage. Contributing

to cellular clestmction at the site of tissue damage are low

molecular v¡eiPjht meCiators, such as Ìristamine anrJ. lysosomal

enzymes. The rcleace of lysosomal enzymes is leferr"d to

by iVeir,sman (eO¡ as tbe rrfinal comrnon patht';ayrr in inflamrnation

anrJ nay r.el resent a rttri¡gerrr ¡nechanism linking a variety

of injurics urith increased acute phase reactant synthesis'

AccorCing to Glenn et al- the locaf rcaction, by an unknoln

mechanism, stimul-ates thc:,.¡ist rnic r Ùponse. The aptr;rlximate

time sequence o f events; in the acut' pha.se protein response

in rats is seen in Fig. 5 (21). An intact ncrvous system
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is necessary f or tir : fult 6gy,'-1¡rptnent o f the ca r-]y stages

of inf l.arnrnation as thr, first ph:,se, i. e' ( O-2h) can l:e

abolishe d by d enerva.'ui-on or spinal section itr rats (?.?-) .

Theimportanceofintertnecjiatehumoraffactorslinking

the site o f in ¡iury anr] th e livcr ce}]- lva.s SLì;..ic- stec ini-tiaIIy

by Hombr-rr8er (?Ð ani sti}]- ren¿.ins tc be e]ucida.ted. Stim-

ulative factors have been rc-.ported in coi1nective tissue (24) 
'

blood of injured animals (lB) and several- tissue extracts;

however, subseciuent investigators have faifcC to confirm

lhep.r.¿senceofsrtchsttbstancesinblood(2i-?6),aniLtheir

involvementintheini'uctj.onofthcsystetnicrefjponse

cither circctl;'or inrlirectl-y via hormone ralease i-s specuÌative'

Primarily lhe sy sternic resll'cnse consists o f the in-

creasedsynthesisol.fibrinogen,haptoglobin,ccruloplasmin'

ancl oc. -acid ¿':lycoprotein and rJecre asecl synthesis of al-bumin
-L

a'd. transferrin. lierv proteins appear Íri rÈJri ironse to trauma

a.s uell; the 5 acute phase gtobulin in rats' the C-reactive

proteinsitrma'n,andtheC.xproteininrabbits.Stimu].ation

of the liver cell ic tìrou¡:,ht to occrir in three steps (27);

the initia] increase in cel]u]ar IìCrmeability tc arnino acids,

increese,' synthesis of m-RNA, anC finalIy the increase in

tlre proportion o i polyribosomes lvhich corr )spcnC-s to the

incre¿iserl iricorporation of Iabefl-ecl amino acicls into hepatic

p'r-otcins. T'h,: hypoth-'sis tiiat inc:'i'ased biosynthesis of

pla,srna protcíns nay be due to rrrecruitment of prcviously

j-nactir¡e cellsl es r,¡el-1 as adSllir-inal sl-imulat'ion of cel-1s

alrelCy i;n6:,,gecì -Ln the forma'tion of th':' acute pltase proteins

ha.sreceiveclíjorncsup¡'ortfromimmunofluorescel]tstucies



14.

( 2B ) , but is not widelY acce r,'ted.

Response of serum glycoprolcins to infl-ammation has

been studicd ì:y num,trous workers. Darcy (29-1O ) investi-

gated anOCl-acid glycoprotein in rat serum which incrc'ased

? fold durin6 turpentine-induced inflammation and lr-2) fold in

VJalker tumour-bcaring rats. 0ther t'¡orkers have isolaied a

numb,:,r o f acid glycolrroteins f rotn rat p]asma, lrhich cli f f er

in a:nino acid composition and. isoelectric points from human

orosomucoid and DarcyrsOfr-8lobu1in. l'leuhaus et aI (27)

showed a five f ol-d. incr ,ase in t4a-rt, cine incorporation

into the seromucoid, fraction a.ncJ decreased iucorporation

i-nto al-bumin in response to trauma. The seromucoid: fraction

contaj-ns at l::ast six g-lycoproteins including haptoglobin

and the 6¡.. gl-obulin of Darcy. Further incor'poration stuCies
I-

'¡rj-th Actinomycin D anC puromycin demonstrateC the de novo

synthesis of the ocf 8l-obulin. Actinomycin D acts on plotein

synthesis inrij-rectly by inhibiting synthesis of nev¡ n-RNA

aL thc levr:l- of the DNA de¡endant RNA polymerase, whil-e

puromycin inhibits protein s;rnthesis clirectly at the formation

of the FolyF.¿Ftide chain. Iniections of Actinomycin D uF

to 4 h after injury suppressedoc, globulin synthesis t'ith

no e i'f ct on albumin synthesis v¡hile 'puromycin inhibited

synthesis of both proteins. ccntrol of synthesis by Sene

activation or dere¡rression v¡ith a cli f fer¡:nt half -life f or

the spec j_ fic rn-RNA associatec ';;i th eaclt her:atic protein

was su.g.rest ecl .
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Chemica.l- luíeoiators of Acute Fhase Re::ponse

Chemical meCiators of ecute inflamrnation :atisfy thfee

main criteria;

1) induction'r,y the mediator of .some or ell si6;ns of

in f lammati on (nis. 4\ .

2) rolease of the su'Lrstance which is capable of inducing

inflnrnmation during an inflauuatory reaction.

1) reduction o f rel-ease b;- i'.-notvn anti-in f larnrnatory drugs.

The relative importance cf ch mical- mediators in inducing

the s;ystemic resrponse is unknov;n. DiRosa et al (,]1) pro-

posed, the appearance of chemical ¡sediators in three distinct phases

( pig. 6 ) j-n restlonse to carrageenin a.nd turpenline

infle.mmation. Complement was thought to be invclved through-

out thc res¡'orrsê.

}IISTAI.{INB

+ K]NINS

5-TTYDP0XY-
TRYPTAI'{TNE

CCI'{F],EME¡IT

fiout" a fter
in f Ia.mma tion

Fig. 6

lnitial relc¿rs:e of histamine and l-hyd.roxltryptanaine is

simul-taneous ,,vhich coul-d e:tplain the failure o f oth,'r i'iorkers

to im¡:licate ì:ist¿rnine and l-hydroxytryptamine as mediators.

Histarnine may be rel-easei from mast cell-s by pol.ypeptides

present in lysosomes or formeC by the action of histidi-ne

carboxylase. Incre¿:sed enzyme activiLy hits beren sÌrovln to

accomlany loca1 irrit¿:ticn, inf ecticn, and tr-auma (32) ,

Histarnine is ltnoi';n.tc pì-ay a major rol-e in all-er¡;ic type

FROSTAGT.ANDINS
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earl-y st¿8c o

, an importe.nt

of histanine ,
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it seems to bc'of minor i-ntportance in the

I acute inflatrmation. 5-hydroxytryptarnine

mediator in nice and rats , can ca.use release

and can potentiate bradykinin action in so¡xe

caseg.

Kinins arc ¡ç1-s¿r;ed' from plasma' by an entirely

OndosenousmechanismcIose}y]inkedtctlreinitiationof

blood clotting (Fig. ?). Kinins are a grouF of straight

chrinpoly¡'cptidesv;ithallmembersofth'';¿^.r'ou]-e':<hibiting

the nonapcptide sequence of bradykinin (Fig' 7) and

differing only in additional- residues at the N- or C-terntinal'

Bracykinin is thi,. most pr'omising kinin to s¿¡tisfy the

criteria suggested above for mediators of the acute inflam-

matory reslìonse. It can procuce inc:'i,ased loca.l blood- f Ioiv,

vasocif ation, incre'ased. vascul-ar pr]':cmeability, and pain (33) '

Normal- levels in the region of O.O? ne/nl of bradykinin (34)

ca,n be detected in human b100d and elevated level-s have been

reportec clue to trauma or disease (33r3r136) ' Kininases

r'¡hich normal.1¡'inactivate plasma icinins v;ithin l9 sec may

b,:inhibited].oca.llybytheacidenvironmentofinf]-arned

tí:rsüe resulting in va.riations in noirnal brecìykinin l-evels'

In guinea ¡'igs, acìministr¿tion of al-urn-precipited antigens

causecl tìrC }evel of bracìykinin in blood to rise ¡iiththe

peak occu"'tring I h after injection e'nd thcn to return to

normal levc.l-s (1?). Anti-inflaminatory dru¿1s can block

ef f ects of bra,:vhj-nin in guinea pigs. cortisol at physiol-

ogical- ]evels 4-B times that in norm¿:l- animals can inhibit

the rcl-ea e of l<inins from its substrate (i?) t but antiser-

ot-onin or antihistamj-nic drugs do not iiminish bradykinin



FRE-ACTIVE T]AGE}{,{N
FACTOR

E}TZYI.{E

PRE-TiAI,LIKREÏN

I7.

FACTCR

KALLÏKREINS
( found in tissue and

plasma )

iiTNINS
( Bra<lykinin* )

KTNÏNOGEN

r.*'q

INACTIVE P:PTTDE
ARGIi\TINE

tArirro Acid
S equence
of Bradykinin

-PRO-PRO-GLY- PHE - SER - PRO - FHE -

Fig. 7 Scheme for endogenous release of BraCykinin

ARG

1
nalC-termi

ARG

1
N-terminal



l¿i.

action. Bra.dykinin or its ¡netabolj-ties tnay be ta.ken up

by tissues since e.fter infusion of tritiated bradyhi-nin,

large amounts of racLiOactivity tt'eri.. founc in l<iclney and

ll-vcr \19).

Frostaglandins can be defined as nitrogen-free fatty

acids cìeri.¡ecL front prostanoic acid. The si:"1 primary proS-

ta¡llandi_ns Ers and Frs (PGE and PGF) differ fron each

oth r by the number of cìouble boncìs ¿rnC th':; substituents in

the Ç, f f , ancl l-5 positions in the chaj-n. ' 
'

L ROSTAI'l0I C

ACID

Fig. B

Frostagl.andins can indrrce vascular permeability,

vasodil-ation anC. pain sensitivity associ¿rted v¡i-th inflamm-

ation (40). T,ocal ccncentrations of FGE ancì PGF compounds

are in a Ilrecise balence as FGE| s are ¡otent vasodilators

and FGFr s are vê.soconstrictors. Tissues cc not a¡:pear to

sto:.e prostagJ.and j-ns there Í'ore relira se is equival-ent to

synthesis. I-rostaglancJin synthesis is inhibitec by income-

tha-cin and e.spirin in both cel-] free ¿ni sin¡lle cefl systems

at t_Ì-re l_cveI oi' prosta¿lle.n¿in synthetase (41r 42). Hydrocort-

j_sone is ine - f cctive in inhibition o f prostagla.r-idin

biosynthesis. Frostal,ìl¿nriins ìrave L,cen inil,ficated in

variati-ons in Cyclic Al'fF levels (\1) , in re6;uÌatj-on o f

histarnine rcl-ease frot'n mast cef.l,s au¡ '¡¡1tl increaseC pain

sensitivity to br:,dykinin (,!4) . PGEl increases synthesis

and refease of corticosterroids ancì pituitarY ACTH in rats

6
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and can reduce release of lysoeomal enzymes fro¡n human leucocytes.

The action of prostaglandíns form a paradox ; pronoting local

immune respon-ee and lnitiation of ceIl proliferation needed for

repair of injured tissue rvhile contributing to vascular

perneabiLity and pain production .
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HORMO}TAT REGUI,A-TION OF ACUTE FHASE

The inflanmatory process is self-]inÍ-ti'ng and its

control mechanism nay involve a series of resi,onses reg-

ulateC by the pituitary a.ncl the glanCs controlled by it.

Absolute requirements of certain hormones for the expression

of the acute phase response rÀrere suggested by liver

perfusion experiments of Milfer anC John (19). Normal rat

livers were perfused rvith mediun enriched rvith insuiin,

cortisol, bovine growth hormone, and an anj-no acid mixture.

Net synthesis of it" ptauma protéins, fibrinogen, haptoglobin,

crr-acid glycoprotein ando(2 AP globuì-in increased signif-

icantly v¿ith up to 10 h of perfusj-on. Cortisol was found

essential for enhanceC synthesis. Houever short-tern

perfusion stuCies by Gordon (45) suggested cortisol sign-

ifi-cantly reCuced the synthesis of alburnj-n, fibrinogen,

and transferrin. }l/einer and Coggshall (4r) had shown

cortisol- plus ti-ssue damage urerc necessary forcrZ AP globulin

synthesis i-n rats. Cortisol administration in rabbits (47)

increased fibrinogen synthesis, but large increases

observed nay have been due the chronic levels of cortisol

used.

l'îilIer and John (19) fc.und the presence of insulin

yieldeC maxlmal inouction of the acute phase proteins. In

agreement Neuhaus (48) found reduced. incorporation into

seromucoi-d fraction by diabetj-c rats in response to injury.

Insulin \Àras reported to facilitate the e.ssociation of

ribosornes and m-RNA and to stabilize polyribosom,::s in

perfused liver (49). Gfowth hormone has been reported to
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t/
rir€ìulate the t4C arnino ecid incorporation into protein

and serum albumin by Ko¡ner ( 50) anci to ¡:timulate fibrinogen

synthesis 2-J h af ter aclministration ( 51) . l,lillerts work

shov¡eC only a minimal effect of gro'r'rth hormone on albumj-n

synthesis anC no ef fect on thc: r.: ynthesis of thc acute phase

proteins r tuCied.

Recently Ko j (52) using a l_iver l.'JrfuLìion system and

conditions simi-liar to i'Ii11er reportecl the ac]Citional- hormones

harJ insignificant effects on lysine incorporation in plasma

proteins in normal rats ivhil-e in turpentine-in j cctecl ra ts,

hormone s r:nÌi¿nced synthesis. Koi maintains increases observed

b¡' l{i}1er af ter proJ ongecì pe r iusions \'/ere rlue to e I f ects of

the opr.ration proced-ure; the employed irormones only exerted

a ntocìerating influence on an already stimufeted fiver' Further

ï,,ork ivith hypophysectomized rats by Grifíin ancl l'Ii1ler (53)

confirmed. most acute phase proteins are sensitive to hormones'

The eliception ,À'as Cr a acid Slycopl'otein which i'¡as maximal-

in,l.iver from hypophysectomiz,ed rats ancl which r,vas not en-

hanced by hormonis. After hypophysectomy G., acj-d Slycoprotein

leve]-sr,,¡erethreetimeshiShertha'nnorma]-from2weeksto

J nonths after the operation. Thercf'ore, iituitar;r hormones

and endocrine secretions dependant upon then ere not an

absolute requirement fcr cr, acid gl-ycoprotein synthesis.

vilhil e a hormone j-s a clremical- messen8er procluced in

one place ancl clistributed in thi: bloocl to cist;:nt sites of

acticn, á_ì locar ho. mone ce.n be produceci i-u many loc¡tions

and. a.cts at th site of synthesis. This erran8ement implíes

a loca.I horlnone is at a concentration v¡hich woul.ti. be toxic
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if i';ide1y rJistrlbuted. Stuciies,;¡ith histamine and brady-

kinin rtl-ocal hormonesrf o-n regula tion of acute phase

protein synthesirì ere limited. Aclditions of Ïristamine

(0.016m1f ) or braCykinin (.0J5m1"1) to rat fiver ¡ricrosomal

suspen.sions significantly CecreaseC incorporation of label-1ed

l-eucine (rU) lnto seromucoid fraction but results vrere

founC to be erre.tic, presumably due to variabÌe contarnination

',,;ith albumin ancì pr rhaps othcr proteins (r4) . Hlstamine did
I 

',not significently affect incorporation of -tC glycine into

seromucoid- using a pcrfused rat liver systcm (rr).

0ther substances founC to infl-uence glycoprotein

synthesis inclucle phosphoryl choline, CDP-choline, Cibutyrl

cyclic Al'ÍP ancl Vitamin A. Phosl:horyl cl'roline stimulates

glycoprotein synthesis in vivo and in a l-iver slice system

(16-17 ) vith the e i'f ect being pH ancl tem;;::ra ture dependaint.

Hovever stimul-ation is thought to occur at the 1,,vef of

transfer of suga.rs on the car'l:ohydrate portj-on of the gly-

coprotein due tc inhibition of pyrophos¡hatases which lnactivates

the gDP-gal.actose complex. Cyclic AMF can medi-ete a

number of r¿rt -liver enzymes end in thc form of dibutyrl cyclic

AMF hae becn re1:ortecì t:,enl'rance itrcorporation of 14C-

6]ucosamine into mucins and intestínal g;l-ycoproteins ( rB ) .

Cyclic AMP I evels ìreve been f¡,utrcl to i.nflu.ence I,rostaglancìin

proiuction but the irnportance oÍ'this reÌationshi¡'is not

l',no',rn (43).
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INTRODITCTICt{ TCr F iì-'SqilT, 'rORK

Thc initial pLìrpoce of biosynthetic ',vork :. one in

this la'oorator.y vras to isol-ate a specj-fic acute pha.se ra.t

serum protein v;hich cou.l ri account for a la¡ge part of the

observed increase in protein-bound car,":ohydrate in serum

resul,ting from an in;ìl.ammatory conCj.tj-on. This lTas accom-

plished by s process invr-,lvinB quantitative fre,ctionation

o f serum by step,:;ise el-ution f rom columns o f cliethylaminoethyl

cel-lulose. The C.r-acid glycoprotein isol-ated v¡as,usecl in

snbseqr-t,:rrt stuCies on thc eífect of e,-:1'erirnr;utally incuced

in f l-arnm¿.tion on the mechanism o f biosynthesis o f a speci fic

rat prctein. It containeò t4.I7", cerl:ohydrate, ha.C:a

molecul-ar rveieht o f 4J000, an isoelectric point of 2.95

anc a secì,imtrntation coefficient (SrOrt'tl) of 3.3- Although

the human o(f-acid. glycoprotein has a r,:1i¿';htly highor car-

bohyirate contr:nt ( 7l+-4q") and e l-ower mol-ecular liei¿5ht

(j,1OOC - L',OOA) than the r;:.t protcin, it wer:r not unreasona-ble

to ar.¡sum,: that both proteins 1'joulC function in a rrimil-iar

tnanner r;ur"inp: the in f l anmatory Frocess, thus making a study

of thc,' rat cr-acid glycoprotein pa,rticulerly imlortant.

The a1¡Iication of a q'-rantitative pre ci¡itin techni que

to serum f rorn control- e.rti: el.perimental animals shov¡ed. thet

the protein uncler exalnination l''ras inCeed an acute phase

reactant, increasing significantly in conte-'nt as a res.:ult

of infla.mmation. Results involving inco::poration of label-l-ed

precursjors of íllycoFrotein biosynthesis into cct-acid

g1y copro t ein

serunÌ found

in vivo sug6est'rd thc i-ncre:aseC contcnt j-n

fo.l.1o';ring infl-a;rinaticn',vas ìlost 1ikely e>r; 1a-ined
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by an incri.-ased rate oi' s:ynthr.r,,is in c:.l.erimcntaI inimalst

Iath,.-r than a cìecree¡:ec rate of c:.''uabolism. sct'um al-bumin

.ï,as ;1so stuclieC since it retrlÌ-íìsentecì a protei-n i';hich did

not rcspond tc inflamnlation. The cont{)nt of qf-acicì glyco-

¡rotein in serum -Lncreased ¿:L'out sir: fotd at 48-72 h after

inCUceC lnflalnt;ta.tion, \'ihereas thr,' afl'umin ccntent renained

faj-rI¡, con-.tant, but dici sho'l'; a slight decrease al 24 Ìr

The acute phase rosÌ,onse to inrluced infl¿.lirntation is

thou¡ht to be L comple): process i'¡hiclt ma.y inl¡olve th.e reloase

of active subst¡nces fron thc s;ite of inÍ'fatllntrti-c¡n. . Tlhe l:ub-

stances mel/ acL iirec []y on the -ì.ive r cell oi^ inrlii'ectly via

a.rei'i-es of intt:rmeciia.tes rcl-e,?seri frotn oi.hr:r tisfìues. or

orE¿rns cau.si¡g an incrca:-.e in the proc'.u ction of ecute' phaire

reectants at tìr,rir s,,ite of synthesis, the microsomal fraction

of -Liver. Thc active substances Inust ga:i-n access to thc liv"'r

cel_I to stinlul-ate ],rotein synthcsis ancì :;ynthcsis of the ofigo-

saccharide s;iC.e cÌrains of the\-acid Í-11)'coFrotein' The precise

mechani-sm of this p:rocess anci -ulie id.entity of the a-ctive sub-

stances ere unkllc,V"n and furtht.r stui'ies \Ïere 'irected' tOt"'arcls

gaining this infortnation.

It a.pp,;ared thi':t ai;out 5 h were reCiuired. before l signif-

icant increa:.e in OCr-acid glycoprotein t','a-s iìetcctcd in microsome

rnat,::'ial, thus stimul¿tion probably comxnencclì i';i'uhin Lr-5 h after

in f la 'maticn ir: incluced-. The qt-aciC ¿l ycoprotein re¿chec a'

maximal cout¡'nt i¡t the Iiver ai-,out l2 h aft'er infl-¡rrit¡ation

¿.nd rïas secretcd. froln th::' liver t;y ura;" of' th " i ough and smooth

endoplasrnic reticu}um anC Golgi complci: anC shoi'¡ed utr'as a.n

incrcased blocc content, raaching a na:'imum a.t 48 h folloving
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infla.n¡nation' No si¡lnificant:;h¡:nges in the pcthrray of

secretion o¡ ocr-acid glycoprotein ';{e e observed' in ncrrnal

rats as com¡ared tc inf'Iamed rsts . In vivo studi-es iracl

provided, consiiera'l-r]'e inform¿rtion on tkie biosynthcsis of rat

o<"-acicl gl.yco¡rotein, 'cut they werr: not suitai'jl'e for studies
I

on thrr control. factoi's oÎ biosynthesis. cthr-'r or8ans could

be invol-vecl i;hich tvou-ì,ri complicatr': interpretlticn of results'

There..oreaninvitryliverslicesystemwasievel-opedto

gtuc].ycr--acicl8])coproteinanrìalbunlinbiosynthesisi-nfivers.?--'-.u -.I - (r

fr.om norntal. ra.ts anc those sufferin¿: froin in"ucec infl-ammation'

It i,;as }roped. that the }iver s]-ice systc.ia,;¡ou]-d beha.ve in

a similier manner to the -Liver in vi'¡o lvitl'r respect to syn

thesis and serretion of alìbumin ¿nd orr-acic Slycoproteint

namely, livers frorn ei: perimental a:rima1s '¡¡ou--l d have a 5re ater

ca¡acit.;,iortbrsynthesisofc('-acid6lyco1li:otcin.i'lhichis

Ì assed into e>:tracel-ful.ar meriiuln itr I.]ls:ati:r amounts tiian in

controls, ancì a. l.orvor capa.cit" for synthesis of a'l bumin r';hich

is passed into t]rc; rned.ium j-n ]-oi','er atnounts th¿n in controls.

Lttilizing labe.l leoì precursors of polypepticìe ani carbohyrìrate

synthesis: chenges in o(r-acic gJ ycoprotein ¿':nd ¡f bumin synthesis

in vitro co'l-cj. be deternined. quantitativel)-by ex¡rmination of

the contcnt ancj strrecific radioactivities of t'liese proteins in

intracclìUl-ar ertrl exlr¿cef .l.ular i'orm aS 
"{'1ì11- 

t.jsl qualltatively

by i-mnunodif fusion stuc:ies'

The sl.imu.l ation of rynthesj-s of ¿'cutr': Irh¿ri.e reactants such

as c(. -aci-d ¡; J ¡'coprotei-n in rei'ponse tc-' incltced inflanimation
I

isthouShtl,clbemec]iatecldircctlybyhumorelsubstances

releasecl from thr: site of tj-ssue cìantage or inijirectl-y by the



26.

rel-ease of secOndary effec'ror'; or horrnones froin Otircr sites'

In a.n a.tten'pt to Ceti:r'mj-ne the factors r'¡hj-ch can influence 81y-

coFrotcin synth,,'sis in vitro a.ncl thus, l',hich mey be responsible

for stimulation of ¿¡ctr.te phase react¿¡ts j-n vÍvo, the effects

of vsrious coilìpounds incfuc,i-n8 hormones, ¡r:ptides, ancl possible

chemical n:iecl j-ators o f the acute phase r3sponse 'ri ere studied

on rat -liv,:r sli-ces frorn nornlal animals. A fiver slice system

v/as chosen for these biosynthetic stucìies as it al-fovieci the

observation of nore conditions on the seme tissue than ¡¡oul-d

be iroi;:iir lc,i;jr-th the ¡-r erfused liver sJ/stem anc tvithout tlte various

complicati-ng factors accomlanyinâ the interpretatj-on of in vivo

stuCies. .attempts to Ceternine thc nature of the factors l'¡hich

ere ¡sFpensil.']e for incluction of ocr-acid ¡;lycoprotein s¡inthesis

anrj rcducticn o f a-l-burnin synth(.rÉiiÊ in resFonsri to iniury by

exa.rninat-.ion of r,oi-;eiì;1 ' canCicJatcs proveC unsuccessful, hov"ever

information 'ilas iìain'd on thc' effects; oi various hormones on

an in vitro whole cell sYstem.

T'he elti:rnate approach to the probl e:r rJ:.: s to iso.late

subst¿:nces fro:: ellpcrimenl-el- blootj,i.ê. 2', h r:fter inflanlmatíOn

,;¡hich ver.e not pl'esent in norinal- blooi or pI'oEent a't '-iffereut

leveIs allcì aid tl-,cse subst:¡nces -uC no:ix:1. -r'l-ices' This worl<

vr,;:.s ,ttr..mpte, iri llllen I'iorrison aud h¡r rct;u-ì-ts ers. r(jportcd

in hr,r l'{er;ti;rts thes-:is.
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EXFr¡ÐIl'í',; i'iT¡ Ï

Mat c rial-s

Radioactive Ccml,ounds

L-leu cine-4r5)H ( lOOomCi /n mole) , D-glucosa,nine-I-fl'c

hyclrochloride (55 nct/m mole), Âmersham Searfe, Toronto,

ontarioi Brldykinin-e [l-rrofine-J r4-u3(N)l triacetate

(34.¿ C/ml{), lrler,v ì!ìngland Nuclear, Bositon, Mass

Chemica.Is f or I iouid scint.i.lletion countin.g

2r!-diphenyloxazole (PPO) anC 1r4-bis-2-(l-phenyloxazolyl)

-benzene (POFOP) , Faclcarc Instrument Ccl. Inc. , Illinois;

Bio-Sol-v solubi jiz-er ( PBS-f ) , Feckman Instruments f nc. r Toronto,

0n tario. 
:

Proteins. f eptides ancl llormones

I]uman f raction ä, I entex f nc. , Iianhakee, I1-linois; Heparin

( sodium salt ) , ìrlutritionaf Biochernicals Corp. , Clevelancì, Ohio;

BracìyÌrinin, Feptide Institute Frotein Rer:earch Fottnclation,

Osal<a, Japan. Frostagì-a.ndins El(PGEl), E2(PGE2) and F2.((PGF2.()

v,'ere .gi f ts from Up jchn Co. , I{al-a.mazoo, I'iichiSan. Cry stalline

bovlne serun albumin, human serum albumin, N6r02I-¿i¡rtyryl

-t- |
acenosl-n e ) 2 -cycJ-ic rnonophosphoric acid (monosodium salt ),

insul-in (bovine pencrcas crystalline)r' a,cet¡'lchol-ine chl-oride

( crystel t ine ) , cytidine þ 
I iìiFhoslhochol ine ( crystall-ine monos-

oCium sa.ì t), ßomatatropin (STH) r Ê,rottlr horrnone, hyCt'ocorti,':ione-

2I-acetater Fhos¡,hor¡tl- choline chlorj-rle ( calcium salt), Ì:j-r',tamine

( free bass ) thyroxine ( socJium s¿rf t ) and vasoljressin ( antidiuretic

horrnone - Gynthetic); Sigma Chc;nical Co., 3t. T,ouis, i'Io.

Oth.er chemi-cals iyere obt¿rined as fo-l I ot',is: A6a.rose, Iloechst

Fha.rmaceutical-s iulontreal-, Qucbec; ì--,extran T70, Fharmacia ( CanaCa)

Itd., l4ontreaf ; Tubrol-V/f lakes \vere a gift from f mperial Chemicals
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Inclustri"s I,td., T:, 1-ack1e¡', Irlanchestur: rlni.land. Unl-ess otherrr¿ise

statec.l oi-her chemicars ¿ìnd reaßents',ycre of irnal.yticaf rcagent

g:rao.e obtaineC from Ìocaf .iuppli_ers.

Rat aLl'unin ,',ncl ca-acid glycoprotein anr' thcir corresponcing

antisera rlere r-'r'.)Iiercd as F,r-,rviousl-y d-escribec ( 59-61). Human

serum ,""as :-ur--p'liecì by the r,r/Ínnipeg Rh rnstitu,te; antiser"um was

prepareC e.¡ be Í'orr (19-6I) .
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Fhysica.l l,Íethods

li:tincti ons in th:' visibl e region of thr,ì f-ìI,lectruijl tïel:íì

rûeasured ,'iitlt a ilnicam SP 6OO spectrophotorneter. Iiear,;urements

of pl-l v¡ere naie rtith a Rarliomcter l"lodel 286 p H-meter. Iifea-sure-

ments of r"acjioacti-vity were deternnineC r:;itli a Fackard-Tri-Carb

scintiÌÌation s;pectrorneter ( rnodel 1i2O). Acueous sol-utions of

prote.in (up to.l¡ Ìnl solution containing 1mg protein) rvere

¡,Cdeo to 10 ml scintillation cochtai] containj-ng 0.7ií PFO, O.036%

FCFOP, ya)?( BBS-f and ÇOîi loluene. l"1i;1ures of JH ano f4C *"."

counted sj-rnulteneously with red ancl green chenncfs at pttlse hcight

settings of IO-lCOo civisions (6OYrl Sain) and 10c-l-ooo clivisions

(4.5% gain ) resi ectively. 
:

nfficiencies as r'l etennineC ivith stanCard lH-h"r,ndecane and

r,, 1 'lLt*C-hexadecane ':te:e Jli' anð 33",( for'H anc --C respectively, in

the red channef and O.O5o/, and 95% for JH und 14C tu.pectively,

in the green channel-. Cjuenching ,,ïas ter;tecj fc¡r us;inB the machj-ne

automatic e>:t¡:rnal- stanCard. \|irÍth fev¡ eilceptions thc¡ sta.niard

deviation of the net count rate v;as not Sreatcr than + 5%-
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Prep:iration cf J:,ure bra.d-ykinin

Br;,dyliinin triacetate ( 10 mS) fronn Sigma v;¡¡s rj j-ssol-veC in

about O.þ ml i,¡atcr ani streahed on a 40 cm oriSin on a 46 cm x

,? cm skieet of \'/hatman ,l'11't chrornatography i-'aper. Chromatogra¡'hy

\va.s for l-B h by rioivn',,rarc, devel.opm,lnt in freshJ-y pt'eparec

n-butanol-: acetic acid: r'i'ater ( 7: 1: 2 by vot ) at room ternperature.

Guide st¡ips (Zcm) )ïeIf:: cut f::ont each si-cle, air-drieC-, and cì''veloped

with ninhydrin (.2% in acetone w/V)(62) or vrith Sakaguchi sprays

(61) in o::cler to locate the bradykinin. The r':.Eion .of the chromato-

gram containing 'i:e bracJykinin ,r/as cut out ¿:ncj. eluted i';ith

4C mI r,¡ater; braclykini-n ìi.'as recoverccl by frceze-drying anC dÍs-

sol_ved in a l:uita.bl-e vol-ume of '"'¡ater for use. fn some exleriments
1
'H-l ubel-1ed braCyì'-'inin was useC as a ma-:ker.

Chenrical ltlethods

Frotei¡ v;as rrete¡mi-ned by tire nethod of Ioivry et al (6i,) but

n,ith modified reagerts end vo-lurnes as described by l'4i11er (6r) '

Crystalfine bovine serum albumin was ueed as standard .

Bradyl<inin t;as.Jeterlnined by the Saka6:uchi- re¿iction (66) as

describeC by Tomfj-nson (6?) but'r¡ith nodrfiecl reagents' The mod-

ified reagents were O.I%q- naphthol ín 95% ethanof , IC% lIaOH, anC

sodium hypobrornite (0.64m1 Br, in l.ocml 5% NaoH). The fo1lot'ring

relationl:hil-. ,¡,,as usec to ca,fcul..ate thc.'oraiy)<inin concentration of

an unkno',,;n so-ì-u.tion using ar6;inine (?r-?.OO u8/ml) as a ste-ndard.

i. e. ug/m\ ¿ìrginine = x 0.D. units

ug/ml ìrracìykÍnin = y.x O.D. units

The value of y cletermined i'rith pure bracìykinin was j = 2.O2.

Incorpora tion stuoie s v;ith a liver sl-ice system

Male hoocìej rats o f 3CO-120g booy wei5ht uíeÌ.e obt¿.ineC from



3L.

North American I,al;oratory Supplies, Gunton, Manitoba. Rats

xere rnaintained on a Ciet of Purina Laboratory Chorv anC tap

v;ater anC rtere starved for 16 h prior to sacrifice. Tnflammation

uas iniuced by subcutaneous injection of 0.5 mI oif of turpentine

Fer tOOg botry rvei¡,ht i-nto the dorso furnbar region (68) lr¡ h prior

to sacrifice. lìat¡-: usecl as controls received iujc;ctions of

steril e 0.15 M ltlaCl. At the appropriate tj-tnes th,:; rats were

kilted b)¡ e l-low on the head ancl unless othenvise stated livers

viere perfusei ,,.'ith col-d 0.15 1"1 ltraCl via th,: Fortal Vein anC were

then tran-ef erred to beal<ers containinlt col-d O.I5 If NaCÌ.

Slices \vcriÌ cut by hancl by a methoC similiar to that of

tiultin et a1 (69); th,,: pre-coolecì al-uminium t mpl ate ,had a groove

fmm,:,'ide and O.t6 mm deep (69r7O). Ioed 0.151'{ Na6I served as the

medium cluring preparaticn of the s;l-i-ces. Slices vrere t::ansferred

to beahers containini{ a volume of 0.1-5 l,i ltlaCl equal to ten times

the wet I'reight of tiie slices; the sl-i-ces viele viashed at 4oC with

gentle ag;itatiorr for JO rnin. The IIaCI sol-ution was then repla.ced

i';ith an equal vofume of iceC j-ncubation meclium anci l'¡ashed for

1) min; tl:e v.'ashin€; proceCur-e with ioed incubation mecium was

repeateo. The -Lncubation me di-um '¡;as as ciescribei L'y I'iarsh and

Drabliin (?l ) ani c on tain ed 77tnYi KCl-, J)nla N¿lCI , 52 .5mÌ'l NallCO, r

J .l-mM l'1gS0r, l-. JrnM CaCIr, 0. 6ml'{ KH2F04, anc 25nYi ¡;lucose i 2rng

of J enicillin G anC streptornycin sul phate ÌTele aicìed per liter

of nreclium. Fr:ior ti, trr;e th,, niedium v,'¿¡s staLurated l';ith 02 t COZ

(9525) anC sampl,es of 1-59 wet uieight slices ivere incubated unCer

a constant ffov¿ of OA + CC2 for 1-10 h at 17oC rvitt' 6cntl-e shaking.

Each f la.sk conta j-ned 5m1 incuba.tion medium per g o f slices and

0.lml of an L-amino acid sol-ution such that thc final concentration

of eac'r- amino acic vras approxlmately t,'¡ice thrt present in blood
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(?Ð; these concentrations (in ¡^ mo1es,/IOOinl-) were: arginlne,

44; aspartic acid, ?.6; threonine, 58; serine' 58; grutamic

ac1d, 3E; glycine, 86; al-anine, 96; valine' 40; methionine'

14; iscleucine, 18; leucine , 14; tyrosine' f8; phenylal-ani-ne'

16; prol.ine, 48; cyst'oi-ne , ? '6; glutarnine ' 38; tryptophant

11.B;histldinerfB;Iysinerg6'Foro-ua'li-tativestuCiesinvrhich

medium 1:r'oteins or extr¿cts of subceÌLular fractic¡ns from slices
l-l i, 'l

were examinecl by imntunccif fusion, 4¡rci t'-L'"t-] leucine or {p0i

o- F4tJ-gluccsamine vi erâ a<ideo per gram o f slices ' ernd the livers

rrtere not pe rfused prior to preparation of the slices ' Eor

quantitative vior.k 1O¡Ci l,-leucine -JH und l¡rCi D-glucosamine-

f4c *"." adc.lec per E sl_ices, together r:¡ith up to 0.2 ml 0f aqueous

solutionsofbracykininorothorcompoundsasoescribedinthe

Results section. After incubation, samplef:ì Yi€re chil-1ec anc 5 ml

oficedO.l5}l}TaCl-cont¿'rining20ml'{unlabellecll'ucineand

glucosariine ver"e adced pt: g slices. The medium tJ"as aspiratecl and

theinsofub}emater.ialri-:moved.bycentrifugationat]-0000rpm

(ff:OO gt.r)iot lO:,:in in a RC2-B centrifuge lnd stored at 'z}oc

until- required f or use. For qurlitati-ve i:ork liver v¡as: '-ub j ected

to subcell-ular fractionation ( see below) or for quantitative t'rork

fiverwase>,tractedintotoi,;ith],ubro1-Vibyhomogenizationas

oescribed belov¡.
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Extraction of liver sfices

A motor iriven Fotter Blveh ¡em type hornoge.nizer with

a polytetrafluoroethylene pestle rvas used for a-Ì1 homogenization

l roceCures. A Sorvall RC2-E '¡ras used for the prr:paration of

nucl-ear anC rnitochonCrial- f ractions f rom I ivr:r sl,ices. A Becknan

L, - ,O r'¡ith a no. 60I i anglr: head ','¡as used for all other sub-

celful-ar fracti-onation procedures. For the preparation of

extracts of su.bcel-lufar fractions of liver in qualitative l'rork

the -liver s.lices vere hotnogenized l'¡i-th 5 vol-urnes O.?llt sucrose

for JOs; the pestle was rotated at 2OOO rpm and about 17 up

ancl dor,in strokes [re]:e a ccompl-ished ( 60 ) . Nucl-ear anci ;ritochondrial-

fraction:ì rreriì prepared by centrlfuging al 2iOO rpm . ., 
(/!0gav)

f or 10 min anC E¿IOO rpm ( tOOOOgav) f or 1O min, res,pectj-ve1y.

The fractions were resuspended ancj gentl"y homogenized in JnI O.ZJM

sucrose per g slices used initially, follorvecì by recentrifugation

as above. The r,vashing procedure v/as rcpeated. luÍicrosome and

cell sap fractj-one were prepar"ecì from the 1O 000 gav supernatant

by centrj"fuging at 40 O00 rpm (l1J700eav) for Ç0 min. The

soluble celI sap fraction r,¡as rcrnovecl ancl thi,: microsomal pel-tet

fias;','asht.'d t.Ìlri:e times vrith 1.0mI volumes of C.25M sucrose p:'ior

to extraction i';ith Iubrol--'l/ as C.escribed below. For Cirect ex-

tract j.on o f I ivsr f cr quantitative \';ork- slj-ces lrerc susp€,nded in

ten times th^ir vo.l ume of U.i Tubrol-lV and homogeni:¿ecL ¿.rs rlc:.ccribed

ai.,ove. T'ht] T ubro-l -ï/ exi.racts \ïere centrifuged at 4OOOO

for ÇO r;iin tcrrr:rnove an)¡ insoluble mati,ria.l.

rpm ( r1)/oogav
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Isolation of Fr:otein íor ivleasürerß€flt of Radioactivity

Fol-l o,:;ins: Iabellin¿l lith T,-Ìeucine-IÌJ and D-g1ucoÉmine-
'tL

1-C'* r Frotein was precipitatecì from rnerJium an<i total Livr:r

homogenates by the ac'ldition of an eQüi',1 vol-ume of iced IOi((y7y 1

trj-chforoacetic acic cont¿ini¡g; J-o nM T-lr:ucine (71) and 2OmM

D-glu.cosamine (70) hyclrochloriCe. After s+.anciitr6 for I0 min eL

roorn ten¡-:crature precipitates vrrere col-l ectad by centrifuging at

2ooc rpm and thi:n washecJ rtrith 5%(v¡/v) tricìrl-oroacetic acid'

Frotein was thr:n ';,ashrd rvith ,?.0m1 of the fol-.loi';ing.r':agents;

once I,rith acetone O.llul l,iaCl (4: 1) (?4) , tivice lrith t:thanol-./eLher/

chlorofoi:m (Zz Z-:l) by volume, the first at SOoCfor 1þ rnin and

the seccnC e.t roorn tcmpera.ture for 15 nin and final-I;' tlvice 'r¡ith

ethcr. Alf protein samples were clried in air ¿-:nd cjisso,l ved in

O.2li I'iaOH anti ruitat-l e aliquots wer.: rcmoved for determination

o f protein anC ra.{lioac tÍvitY.

f mmunolo6i ca.l- i'le tho c.l s

For ou alitative studies Ï,ubrof e.r:tr¿.cts of E;ubceÌl-ul.ar

fractions v/erc concentr:ted trvelve-folC ;ii'uh concurrent dialysis

(68) against t,:¡o chan6es of O.15If iila0l containing 1!l I'ubro1; l-Oml'I

ca,ri_er leucine or ¡çlucosamine, as appropriate, i'lere F1e::ent

in the i-nitiat cìial-ysis solution, nediúm samrlce ivere treateci in

an icl entical l.vay ei:cept that sa.mples $'eriì concentrateC t"'renty-foId

and lubrol.-r,ti ivar.ornitted frcnl the dial-ysic so.ì.ution. For quantita-

tj-ve stuiies the meCiun sarnpl-es r/reiie aCjusted to loi!. tiith respect

to Iubrol--ïJ an(l r,r,'erc concentrated ten-fold by ul-trefiltration

agai-nrt 0.151{ NaCl containing 17á I,ubrol-'l/r 1Cm}'{ carrier ft'rucine

anC. glucos anine, eS aplrOpriate ¡ ÐYtt.. thcn a.gainst ti';o chinges Of
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0.15fl NaCl- conteininS I% T,ubrol--iv. The Lubrol exti-acts of total

liver r.¡jsÌ'iì concentrated ten fOl d es thc rneCium samplcs o

l,{edium *eam!l-c-s anc.l Lubrol--\v extracts o f subcel-fular

fractions wer.. examined qualitatively by ioublc ciffusion analysis

ccuplecì riith raclioautography as previously rlescribe a (75) ;

medium sampl.s ir;er:-. al.so e:',a.mined by imntunoe-l-ectrophoresis (19)

fol.l-owecì by rariioautograp'hy.

Forquantitative'i.ork,al.ouminancoc'-a.ciclSlycoprotein

in medium anrj extractç: ofl total liver v,'err: ieti;rminec by rarlial

imrnunodiffusion in antiboCy containin¡; gele; or by th'e quantit-

ative 1:recipitin technioue. The qua.ntitative precipitin tech-

niriue r,Tafì a moCi ficatiou of the oriSinal nlr:tltocl o f Simkin and

Jamieson (7O). l4ii:tures verc prepared (total vol-ume 0'|5m1)

conteining O.O:-0.2-m1 medium sampf es' C'2-O'15nL extracts of

,ìiver s t j_ces or up to loo ug a]bumi-n or /¡oug oct-acic 8ìlyco-

¡rotein;O.tþl'lNaClrlmMs;odiuma'zicieand4'?%lexlranTTO'
For meclium ;ncj total liver extracts human alÌ umin or hurnan

fraction vr enr: entihuma.n selum were addec ¿r.nrr thç mi;<tures vJel'e

incubateC at i1o C f or 4 ! r,rin ancl al,lov¡ecj tr.' l:tentr f or 24 h

aL 20C. The prrciçil¿lr:s weìrc rer'.ovecl by centr"j-fu6i-ng at

2ooo rpn for f o rnin anc,ì th: a ove prr,-ciiritation i'¡ith tlLe

human l¡rstt:ms ìr' s repeated. The super'ni'tants-; 1'¡ç¡r': incubatec

',,iith thc r.frtr,:opritte antiserum to al-bumin orcr r-acid ßlyco-

protein an¡ al-ìc¡.;;ed to stand 48 h et 20C. Th.i precipitates

rvhich fornnec 1,,,e¡c.. col-lect c as rn,,:ntioncc al: o\¡e and t';a s.jhed i'iith

O. Jml- O. ISf i NÌaCl ccntaini ne \% Dextra¡¡ T7O enr' th 'n three times

,.,;ith o.Jml 0.15I1,{ NrCt. Frecipitates ÌYero ':'issofved in o'5m1

of o. IN NaOIT ancl s,uital-. 1c vol-umes lver removed f or d'etermination
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of protein anrl raCioactivity (73).

Vlhen a rapid quanti-tative methoi for albumin was required

ivithout j-nf orrnatj-on on specific radioactivities, radj-al immun-

oC.if fusion wes employed. The method rvas based on that of Mancini

et a1 (76). Gels ltIere 1.0-1.lrnm thick and contained L% antiserum

to albumin, I?/t, a3a.rose (VI/V) in barbiturate buf fer pH 8.6 (16nM

sodiun Ciethylbarbiturate, lBmM sodj.um acetate, 2.2n14 H Cl).

Vlells of 4nm diameter,rrere cut.in the gel anC 10/À1 volunes of

standard solutions of rat alb,umin (25-I5}ug/nl) or concentrated

mediurn or total li-ver extracts v¡ere added anC dif i'usion allør,¡ed

to take ptace for 18 hours. The diarneter of the precipitin

rings was measured anC the albumin i-n the unknorvn \.vas deternined

from the Flot relati-ng the diameter of the ring to the logarithu

of the albumin concentration in the standard solution (77).

cr-acid glycoprotein could not be effectively determined, a-s most

samples contained less than 25 ug/ml-.
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RE,SUÏ.TS

Tmmunodiffusion Strtrries on t¡e F,io s-vnthe sis of ,¡.fbumin and

Gr-acj-d GlYcoprotein

Immunological stucies v¡ere done mainly by El-len lulorrison

in connection ]ith Ì-.er work on quantitative elbumin and cct-

acid.glycoproteinsynthesízecbylivers.licesanca'l]err:ported

brie f Iy belo.s f or sake o f completenese . Previcus in vivo studies

have shov¡n that the compLrnents of the microscme fracticn of

lj-ver 1.rjer. thc site of synthesis of the polypeptice. chains of

raL sel'utn albumin end, the pol-ype¡ticle anrl carbohycrate chains

of \-rcic g]ycoprotein (?,). These studies involvec reactii;n

of extracts of verious fiver subcel.l.ufar fractions t.lrith appro-

priate antiserum aftcr labelfing in vivo rvj-th 14c l-ur.ine or

glucosamine; raCioautography I'ta s subsequentl y e mployed to

cìetectracioa.ctivityinprecipitinlines.Thisprocecturervas

appl ied by }lIten },lorrison to medium proteins ancì to subcel].ular

fractions fron liver in experiments in L'ri:ich -l-iver s-l ices from

normal, rats anrl those suf f ering from inflammati on for 24-i+B h

were incubated for z-4 h v¡ith t4c lurcine, a precursor of

¡nthesis ot 14c gl-ucosarniner e procursor of carbo-

hydrate synthesis. Imrnunocl.iffusion ir-l agar gets with monospecific

antisera to rat al-bnmin anc rat cr., -acicl Glycopl'otein wc s used' to

cetcct a. l.bumin ancì oct-acic .qlycoprotein' relrl; ectively ' and

coupì cc \1,ith rarlioauto6r';phy thc observe rl l-ntirrl l-ecl preci¡itin

lines inrlica terl the pre jleÌ1 ce of nelvly nynthesizeC proteins'

Fofl-oil'ing incr-tbation r'.,ith labellecl amino acid and ¿lrecosaminet

the Tubrol-lv extractr--: of liver nicrosorne matcriaf yielded strongly

label-Iec precipitin I ines on reaction "r'ith 
antiserum to
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Crr-acid glycoprotein. Lubrol extracts of microsome material

aÌso yieJ-ded stronSly labell-ed precipitin Ii-nes on reec-uion t'ith

antiserum to sej-um albumin after amino acid incorp'oration, iri'ith

litt1e or no Ìabelling foll-ovj-ng incubation with glucosanine

confirming earlier iI vivo studies. These imnunoCiifusion studies

inCicated that Ij-ver slices from normal rats anC those suffering

i'rom infl"=mmation \'/er.e capable of incorporating labelled precur-

sors into \-acid glycoprotei-n_ani albumin synthesized in the

microsome fraction of the liver. Further stuci-es lvere carried- out

to determine if l-abe1led a.lbumin a.ndcr,t-acid glycoprotein could

be secreted into the extracellul-ar meCium as occurs in vivo

errTÐ. Follovring 1abelling v;ith 14c l-eucine or glucosamine

nedium proteins wer.e exe.mined by imnunodif fusion coupled. l'¡ith

radioautogralhy. Immunoelectrophoresis rvas useC to check that

the albumin anC C¡r-acid glycoprotein present in medium were

native serum rroteins a.nC. not intracellular percursors leached

from the liver cel-l- during the incubation. In all cases 1ab-

ell-ed proteins had iCentical electrophoreti-c properties as

compared tc the appropriate serun proteins. The presence of

puromycin at a concentration of 1O4tq in the incubation of liver

slices abol-ished labelling of precipitin lines in all cases

excert for faint labelling founr) in |ubrol extracts of micro-

sorÌe material upon reaction with antiserun to Ar-acid glycoprot-

ein followi-ng 14C glucosani-ne incorporation.
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Determinati,.,n of ,lontents of r, l-bumin anC C(a-ecid Glycoprotein

in T'otal l,iver ancl l,iedium Frotej-ns fc''Ilqi;ing._I_1_ç-B!_e.-!_ionji

T iver slices froìrt colltrol anc q]:Te rilnental A.nirnal-s.

Immunouiffusion stuclies clescribed above incica-ted that

I i-ver s'ì ices frcni control and experiulerrtal anim¿'"Is ivere capabl'e

of s,:;cretil,3 netive labetled serun ali;urnin antl C(t-acid Slyco-

pr.otein into ths in::ubation medium. These stuCies could not '

confirm i-f increa.sed net synthesis of both proteins occurred

or if livcr slices fr<,-tn e'perimental aninal"s c ul.d manufacture

a greater arnount of Otr-acid glycoprotcin than liver 't'.1'ices from

control animals as occurs in ,¡ivo (7r). The quantitative pre-

cipitin technj-que wac usecl in ¿rIl- ouantitative aseays ani \i'a's

;: pplied tc rnt=;Cium a.nd lubrol r?l<tracts of totel l-iver;'th:' latter

I'Je re exaninecl because im¡nunodi f fusion stuclies had shou:n the

fresence of' ..out{) labe.ll-ecl al-i'umin anr; Oq-acid 8ìlycoI-'rotein in

subcel l-u1ar fracticns of ìiver othe r th¿rn th{i microsome fraction.

The contcnts; of a]bumin (Fig. 9) ani cr-acid glycoprotein

(Fis. 10) in mecium increased iuitlt thc, length of incubation

n,ith r:cntrof ancl e-. perim ntal s-l ices. In c;'periments '¡ith Iivers

from Br12, ancl ?4 h exirerimental rats, tlrc ccntent of cr-acid

glycoprotein in rncdium r','as si8nificantly greetelr''hen compared

tocontrolr¡lic's.Er';nerimental-Ìivcrsficesfromanimalsit8

and ?? lt aftcr. incucecl infl-amrnation yielde c resur l*c s;imiliar

to o'r' ,,r,ì it'ht-[ y ¡;; eatr:r than thc contrcf va]'ues' Iir contr;s t 
'

contro.l. sl.ic¡,,s ¡'ielCecì the hi¿1hest c:ont cllt cl r:jelru'm I'rIbumÍn in

rneiiurn r;,rj-th crecrr,asirL5 amounts found ruith sl-ice:; from BrI2, a.nd

2Lt lr exp,jÌ imental- animaf s. Iìesul tr; ltort Lr\-7? lt e;iperimenta]

animals ';,'eri ai:ain similiar to coutrol values'
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llxpe:.imenta}llli-cesfromratsu¡:Lo?Lthafterinf].amrnation

appearedtosecrcteE:reatl.]ranlounts:ofoc'-acicìElycoprotein

and l-es;ser atnounts of a.lbuntin into mediun than control r:lices'

since prerrious in vivo studies had chov¿n that -l ivers f'rom

e>:perimental- a.nimals containecì a hi¡;her content of crt-acid

glycoprotein anr: a lower content of al-bumln (7')' the possibiÌ-

ity exists that lh c observed chanSes in m|cJium al-burrtin and

oc¿-acid gfycoFrotein v;ere qiue t'o ihe J'r:aching out of proteins

al'tlounts in tissue-bound form at thealready pre'':ent. i n cli f f eril'S aÏounts 1n tl-s

start of the e.; ce:li.-rr.,'nt rath';r' t'han changcs in tbe nel'¿ synthesis

of the prc,teins i:r qut:sticln. rn oI'{:ler to 1::þgl'ri that increased

me<iium al.buniin anrr oc',--acid 6Iycoprotein lrïas Cue tc tn,"t sed net

synthesis of these tr,io pr-oteins, the content of a].buntin and

form i

incuba

4 for

rats.

o!.acid glycoprotein in tis.;ue-bou'nd fo;:m in ]iver anc sofuble

:r rnedium },"ere iete':':'nineC foll'fo"''i:-g various times of

tion. Th,r rcsul-ts are pr-r:serrted in : eti-,iI in TAI'LES I anC

sl-i_ces froin e-1:;eriments wi-th control entr ?4 h e>:perJ-nental

There was a Crfinite i ncrease in mec: iunt a l-i';umin and

\-acid Slycoprotein as seen in Fi5' 9 enc:10 r';hili: there was

no clran¡re itr the content of'thc ti..:.;ue-bound' proteins

t,li¡ liver resul ting in a. ncii' increase of thr: proteins

iso-l atec. Rateis of synthe-cis of both ¡:rcteins are a.Iso sholvn in

TÂÞTE,S 5 and i¡; tiie clecreese observed v¡j-Lh incre'rsitrg timcs;

of j-ncubation inclicetes a 6raclual f oss irr the synthetic cei acity

of the l-iver sl-ices fcr bc¡tli ,r'cteins. contents of tissue-bound

alburnin and orr-acicl 6lycoprotein in control ancl B rl-2 rzLt r48 I arcl

?? h e;;perimcntal sl ices ani: the rates o í s;rnthosis o f these

proteins are seen irr Fig. l-l-. The ra.tes of synth;sis 1,res;ented

I ittL e o;'

¡re i.en t i::
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here ele tìrr. m,e .ins of incliviCual rates of synthe.lis cal-cu-ì ated

f or the 1 ,?- r1rl1 anC 6 h incubations. Frorn Fig. l1 it can be

seen thet tlir-: l;l,ices have the greatest capacit;' fcr sl"nthesis

of ccr-acid 6;lycoFrotein and th:' lot'¡est ca¡:i'city Í'or synthesis

of el.burnin l:.'hen Frr:par:ecl frotr l-ivers irom rats r:ufft.rrj-ug from

in f -ì-arnma ti on f or 2i1 h.

In a.1l th r,: above studies thc oua.ut j-tative precipitin

techniolte ti,a s use<j tc isol-ate a.lbutnin e.ncl Cr 1-aclcl Slycoprotein

frOm liver- extract¡; or rnecìium; sar,rpl 4-q ,.r,,eJîe Ire'Jrrecipitated

tv¡i-ce rl;lth a hrte rologous imnune systen to remove any non-

s¡ecific prccipitating matcrial.'¡'hich coul-r-l precipitate'i;ith

inimune com¡lcxes fortned by th'. raL proteins. The use of t',tro

heterlogous sr.¿stÊms has b'.en discur:seC ea"l,ir:r (?5r?B). It

vi¿ì.s shor'¡n in contro.l. e'periments usin¡: dansyl. .labe.l-lecl al'bunin

or cca-acid tll-ycoprotein that there vias ai ouL e 15% ]oss of both

protej-nr: lrorn total liver e:<tracts, but a negligible foss from

neclium proteins,IÌìi.n I,re-tr,recipitation vias u,sed." The v¿rl-ues

in 'l'¡.,.-Tlfs I anC l are corrected. for this I5?t loss. Radioactivity

to"s rrue to pre-preci-pitation r';¡: s l.ess tlian IC% of the vaf ues

obtai necì ri:ith rat ilnmune systems



Fig.9-

Effect of tirne of incuba.tion on content of afbumin

in rnediurn f rcm exr.i,(lrirrl(-\nts t-.ith livr.'r ¡'; I j-cc'-s f rc''r:t - O - t

control rats and - A -r B h; - O 't 12 h; and - Â-, 24 h;

e>:perimental rats. Each point rep]"tlscnts thr; uea.n from

1-6 experiments'
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Fig.10

Effect of tiäre of incubalion on contcnt ofol-acÍd

glycoprotein in mcclium frorn e>lperiments'rtith liver sl-ices

from - O - control rats and - A -, B h ; - tr -t 12 h ;anC'

- A -, ?-11 h e>,perimental rats. Eech p,linl z'epre. ents the

mean f rotn J-5 e)i.Ferilnents.



w
eg

hl
 lt

ve
r

õ o

æ
¡A

cr
d 

gl
yc

op
ro

le
n,

 p
g/

q 
w

el

{ (J
|

+
. 

L'
.:

N
)

(J
l

\
ì.

ñ

o

s c) \ s aN
)

+ s' I
(^

l

I I cb
s

s \-
 

(t
l

o)



TÂIìT,E J

Allbunin in Lir¡cr ani Þi:dium f rcn C crrtrcl. anC 7Lr h

Incubation T iver

Tinte h |r I

i,iecl-ium 1.'ctal

l¿t Ps
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7

l)

6

;,24 + 11
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ncubat,fon LLver

ILrne H Ug

CONTROL RATS (6)*

a1-Acld Glycoprotein 1n l.fver andMedium from Control and 24 h- Experfmental Rats*.

0

t_

2

3

4

6

Medium

ug

TBtB

77!6

BqrT

q1t7

7e!6

77!7

Total

ug

Ls!2

20+2

24!3

27+3

35r4

Net Increase

uc

7B

92

100

105

106

LLz

Result,s are expressed as 
.mean 

values * standard errors of the ,mean; 2 g lJ.ver slices were used per fl-ask, but results

arê given on the basis of I g sl-Ícesi the number of experlments performed. 1s given. ln parenthese3.

TABLE 4

Rate of synthesJ.s

vg/ e ltver/H

L4

22

27

2B

34

24H

L4

11

9

7

6

Liver

ug

E)GERIMENTAL RATS (4)

Medium

ug

290+18

287+L5 2813

289+14 4r!4

308-119 56!4

30s+15 75l:/

300+20 100+8

Total Net Increase Rat,e of synthesi

ug

290

315

330

363

380

400

ug ¡ig/g J-lver H

25

40

73

90

110

25

20

25

22

1B

\¡



Fj-g. 11

Effect of time after incuction of infl-anr:ation on

content of - O - albumin anC - a - C!-acid glycoprotein

i-n ti-ssue-bound forni in fiver ani. the mean rates of

synthesis of - O - albumin and - a - CXt-acid. glyco-

protei-n by liver slices.
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fncorpora L,ion of labelled ¡recur ors into 1'otal Tiver and

l,leiium Froteins auri into A lbuinin and Cç -A cid Glycoprotein

frorn l'ÍeCium anrì lÌ'otaf T iver f rom ControÌ anC ìi:-¡;crimental-

Aninla.l s,

Previous i-n vivo stuOies haC sholn a t,¡,'o folo lncrease in
4 lla

r:pecific raoioactivities of 'H l.eucine ancl '*C 6lucosamine in

O( -acicl ,q l.vcoprotein isof ats.C frotr l.iver nlicrosonl e material
l-

from e:perimr-:nt¿l- animals as comp:rred to controls. To deter-

ninc i f ;'ny ch,:nges 1n 1lìi ci fic raCioactivitics oc curred

luring synth,rriis of c1-acid g:l)'coprotein ¡nd al L'urnin ' i';ith

liver c.l-ic es , JH ]e ucine anrl 14 C BIucos annine wert ac'l.d ed to

thc j-ncubation fla.sks at the start of the ex1-'i:,r'imcnt. Tissue-

bound ancl solub.l r: al.buniin ancì Cr-acid 8ly coprotein anil total

mecìium anc l.i-vcr proteins wert isol¡rtecl at rrarious times of

incubation ancl speci f i c r¿'-cl loac tir¡ities o t 1H anc¡ r4c t'rere deter-

mined. Anincrease in the i;pecific raCioactir¡itj-es of JI{

.14leucine anC '-C filucos amine Ín Çr-acid 6Iycoprotein isolatad

from mecJium anC totaf l-iver extrects v¡es obi¡rr.vtri r;i-th in-

cre¿¡,.ing incubation time (fig. 12 ) . Incrresecl s¡:ecifi-c

radioactivities vrterc also observed in ocr-icid n;lycoprotein

i-so.l atecl fron mecJium and tota-L .l ivcr i't'ont ei:l eri[]ental. anirnals

when colttl.:arecl to controls; liver ril-ices from 21+ h e>'Fcrimental-

ani-mal,s sholi¡erl thc largest increases in rìf; ¿i¡1" rarlioactivities.

The ,rpecific raCioactivity of 1U.ì-eucin-'r in el,Lunlln isolated

from rner:iurn encl tota-l livcr ei tr¡ct:, a'l :;o increaseC i'¡ith

incubation ( nig. l3) , but val ues f'or ti:;¡.;ue-bcund ancl nleCium

albumin ïiert-. I o';rer in s:'perimental sl-ices ',¡h n compared to

controls. Specific radioactivities of iH an<' 14c in oc-' -acid
,L
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Blycoprotein an<r ltl in ¡l-bumj-n isolate<J frorn total liver

e:,.tracts v¡elo l-oivcr than r.-pccific redioactivities of thr¡ labe-

lled proteins isol¿ted from medj-um (fig. 12 anrì l3).

These resul tL; incìicate that there are significant cha.nges

in the incorporeition ol 1¿belled precursors into o<r-acid 8]y-

coprotein anc! ,ir.ì bumin in ,l iver sl.ices f ron crr¡-'erimental

anirnals .,,,,|1 i:)¡ cornl:arcC tO contrOls. Irf Cy¡ever. th('i ìle lvero Ia.rge

criffere.nces in r:pccific raclicractivities of JH ancl ]4C in"orpor-

ated into tota.,l mc,:'iutn proteine;. I'Jilh 6 h incubatlon there was

a.bcu.t a three fol cì increase ir-r s't ccifi¿ r¡iìioactir¡it)' of 
jH

]Lleucine ancì 'n C glucosarnine v;ith 2lt h e:l¡:c.:rirncntal slices as

com!:2¡sd to conlrol-s (tRn- E ,) - Intermetliate incrcases in

specific ra,lioactivity of rneclium proteins i'¡ere al-so Í'ouncj v¡ith

fiver s;l-ices B a¡C 12 h, lihile 48 aniì 7? I't e'r¡el'imr.rntal slices (not ahown)

$iere onI:¡ i'l ii,,1: t1;; 3-:'c¡ter than cOntrol-r. f ucrcaf;i::S ilì s;pt-'cific

racioactivities of iH ancl l4C in total -Liv.er ¡-'r'oteins from

e;tperirnental sli ces !ïerc not as signil'icarri; s Lhose found v¡ith

merJium proteins. These results are al.so ¡;ho',rjn in TABLB 5 in

terms of ,- .ratio cf r;pecific rai'ioactj-i'ities of meiium ancì' tota'1

livi:r proteins isol-ated frorn e>rperirnental Iiver elices to specific

radioactivities of th:t corresponding prroteíns isolatec frorn control

liver slices. q'hi-'- ral.io reprosents thc change irr lil í"i'íl(.rlìtlt

of labelIed precursor incorporated into proteins isolated' from

experiment¡I I ivcr slices ,';h.;n coml:arei. xith tht', amount of the

sane fabell-i:C irrecursor incorporat':d.vith contro.ì. l-'l-ices for th¡

same time of in¿ub¿:tion. An incr'e ase in thi-s ratio incic¿ltes

increase ci incorporation, while ir v¿rfue Ì¡-:sl: than One incJicates

CeCreased incCrpOratiOn as compart:d to contrOls. Incrr,'ased
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synthesis of q.l-acid glycoproteJ-n v¡as shoutr to be accom-

¡anied by large increases in specific racioactivitj-es of labe11ed

precursors in tot.al meC.ium proteins, therefore an increase

in specific ra.ii-oactivity of tote.l ¡neC.iun proteins or a tatio

value greater than one inCicates the increase in highly

labelled secretable proteins present. Thi.s observation is

consicìer'ed to be a characteristic response of l-iver during

the acute phase reaction and is used in subsequent studies as a

crud-e inCication that li-ver is synthesizing morec(r-acid

glycopl'otein r','hen challenged u¡ith vai'ious hormoneso



Fig. 12

Effect of incubation on specific raclioactivities of
7, ll+ ^.T,-l eucine-/II ancl D-glucosatrine-*-C in meclium and fiver

O!-acid ¡l-ycoprotcin from e:rperiments '¡'ith .liver sl-ices

from control- ¿--nrj 7Li h er:periinentel rats: -O- lttedj-um and

- O - livcr Gl-ocicl. ¡llycopt'otein from control, ri:ts; - a

meCiun anrì - 
^ 

- l-iver Ct-acid glycoprotein lrom 24 h

ei:, erimenta.l- rats. Sach point represents th; .ncan from

three sirp:'¡i¡¡snls.
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Fig. 13

trffect of tirne of incubation

ies of L-lcuc íne-II1 in medium anr)

p,:rj-ments u'ith l.ivcr slices from

inlcntaf rats; - O - mecl.ium and

control rats; - A - medium ancl

h e>:tirrimental ¡'a ts. E.:¡ ch point

three e)iFr:riments.

on ,'ìpçìci i'ic raclioa.ctivi'¿-

liver. afbumin from ex-

control- anci ?Lt h exFcr-

O - l.Íver cl.'bunin from

  - Iiver albumin frorn 24

reprer;entr.; the nl an from
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TAEIE 5

l-l I , rno ft'ur] nar.ol*ln" ,nao ,or"., ooorrrn "nn ,run. Froteins fromIncorp<,r¡ticn of L'HJ L cu.cine

>_r eri_ments r,;ithC cntr;l and E:ipirime ntal R¡ts ¿¡fter 5 h of I.ncube!io4

Tine After
Iniuction of
Inflammation

CCì]TR']

I
I¿

¿4

*l'ledium Frotein
-----------T-

/Ìa
t: tJ

Specific Radioactivity,nCi/mg Fr"otein

E]{ i ;RI Þ1Tii,]T !.L,/CCiI T? CI, I

11.1t1.9

23.ot? .3

30.5t3.r
t o.5ti.5

*Resul-ts ¿.rc exÌ'rrsseC s m ¿;n spccific redi. activitirìs f sLencìa¡'cl. errcrs of thc means, from

fou.r to si:.: e;,:reri:rents.

f Results ÐTe exi:rce sei i:: t.--r'ns of ti, e ritic oí the meân cí sie cific reil ioecti vities of

mccium enC liver proteins frc:n e-'¡erimental r:.tc tc th rnea.n of specific raLjioe.ct'i vities

of nediun ancl liv':r proteins f ro¡n contrcl rats. :

9 -5tt.o

tt, .5tI.5
lE.OJ2.C
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6.5tc.j
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7. Etc. B

9.1t1.2
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Effect of Various Hor¡nones on the fncorpora.tion of labelled

precursors into Tote.l necj,ium ano liver protei-ns

Significe-nt dj-f f eren ces betrveen eliperimenta.l and control

aninals vere obta.ined uith the liver slj-ce system using rats

suf fering fron inC.uced inflammation. A lov,'er capa-city of the

experimenta1sIicesfora1burninSyntheSisandagreater

capacity íor cr-acid glycoprotein synthesi-s was accompanied

by a la.rge increase in specific raiioactivities of labe}led

precursors into totel rnediun proteins. The increase i-n the

sFecific raCioactivities of total- rnedium prcteins could be

attributed. to increased anounts of highty l-abelled secretable

proteins such as crr-acid glycolrrotein. Biosynthesi-s of ? var-

iety of acute pha.se proteins studied with a liver perfusion

system by other ì'iorkers (I9r12r79) has iniicated that steroi-d

or peptide hormonss may be inr¡olved in the regulation of acute

phase protein synthesis. Therefore, liver slices from normal

rats t'/erii challenged '.,iith various compounds in an attempt tO

induce thc acute phase response as seen by the rise in specific

radioactivities of total- medium proteins. Fossible mediatcrs

of th: acute phase rsponse ivere aC.ded individually or in

combinations to the j-ncube.tion flasks. An increase in specific

rao,ioactivities over control- val-ues would be a crud-e indication

that the liver might be functioning in a sirniliar manner as

that observed in response to experimental infl-arnmation" Initial

studies consisted of tÌ:e incubation of non-perfused liver slices

j-n the presence anc absence of additional corpounds anC the

determi:^,ation of the specifJ-c rac'ioactivities of medium and

total liver proteins as presented in TABIE 6. Specific radio-



activitií.rtì ar.-. c'..¡r:tessccl in term.'.: ol' th

,4.

ratio oi' thc mt r n of

stecific ra,'j-oictiviticr; of nct'tn¡1. slices plus adclitions to the

ì"nean cf specific r¡'::icactir¡itics of norinr,il. ::lices. Slices frcm

control ra,ts; ancì ?4 h stressec.l anim¿'l,s';rithortt adclitionLì are

a.l.so r,rcí::erted es control-s. ^Si¡;'niíicant incr:; sc's iil sprcific

rac'l ioactivities cf l:ir:ilium proteins li' erc observecl r'.'itl, brldy-

kinin, thyroxine, cortisol end. prostagl.ancìin F2* and significant

decreasr:s in spccific racjioactir¡ities accontp''nied acl dilions of

¡rosta glancJins Erand B, ancì iiibutryf c AI,jF at thc concentr'¡.ttion,

l-evclu i¡rìicr t'__.C.
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.lfLeuclnr) eno lC Glucosatninr,' into loi.al M¡:dri¿ll q4t: Liv er

Proteins frclri E i,critncntc ,'.itÌ: Nornll Non-r' r'iuseo Lit¡ er

Slices aftcr 6 h of Incubation

SIJII CIFI C JìA ].1 C,A CTIVITINS

Ì1ÌiDilltí 1, p¡'r'üIN x x

3 I l.r*C
TCT]ÂI, T IVIR FROTXIN

3 lL
/1r + t¡t

rIw

CONTROL ( 1¿r )

EXJ r:;:IlriÍ'],;TAL

,?4h ( 14 )

rL.2!r., 7.6

34.?-!3.O ló.2

''l.J¡ o.B

l2.5 ! r.?

r.2 ! o.2

L.4 ! O.3

+

!

1.0

?.2

Eli FlilìIl.illlTT^ I /CCìri'iìOT +

ì"1Îl)TUl'l I'aOT'¡IN ! CTA I T IVTII I RCl. EI}.I

ADlliD COÌ.il:'Clll{D' t
1.H 14c 7.H 14c

BR.ADYI(ININ
tr

2.4*1'r¡- )v,(?)

_t,
1.2x10 *t¡(6)

-t,2.Lxlo rÌ,í(2)

PRO_q TAGT \liD'TÌ\T F2 c(

-qa.oxlo-/Ií(2)
tr

4. oxlo-/M( 2 )

6.oxto-5i,t(e)

1'I']YROX II'IB

l.Oxto-'t{(2)

CORl'ISCL

2.?xLo-'¡t'121

CCIITIiC l, z..lxtt.-?¡i
plus TIìYl?C'Tl'lll_q

1. Oxlo '1"t(2)

1. 05

I.5 L

r'ç)3

1. 0B

L.'B

o. Ja

r.ot
r.16

1.00

1. O5

I.3I
o. 19

o.9¿

1t,

r.r2

r_. r0

r. rB

o.6,

r. 16

r-. 11

0.91

I.L7

r.47

1.05

I. 16

0.4 0

Iov (

o.92

L.?' 1.. 16

r.45 r. l-1

1.34 1. l_6 1. 0B 1.00



A¡TG I C1'EII,S I¡I I T
E

1. 0xlC 'þ1( 2 )

BOVIlll GR0r.'¡l'll IiC' rl"lONE
_.)

? .JxrC 'ti( e )

ACTH - /1 units (2)

FROST¡.G I Aili)IlT E1

-q5.0x10-/Þi( 2 )

PRCSTAGI ,Allf Il'l E2

J.ox:o-'t"l( 2 )

DIBUTRYI c Al'lP

-qlxl0 'þl(?-)/
5xro-ot¡( e )

PHO,SFi] ORY L_ C]TCì T INE
-AJ.9xl0-"t{(2)

CDP-CTlCT I}'T'ii

?.6xto-5v(z) ,.rL
FIìCSFI1 0 RYT -Cir(lr IIIE

-Ai.9xLO "lu1 plus

CDP-CIIOT rrrE z.6xto-5vt(Ð 2.48 o.9f o.82

r. 06

0.90

o.67

o. 4e

0.40

o. 5¿+

o,93

3.30

1.06

0. go

o.67

o.4,

o.39

o.3,
ôqo

2.43

4 .00

f QtrJ-.\) )

o.77

aì on

'ì <1,

o.77

o -96

a\ q.q

T.26

I.?3

"t zaL. )a

o.70

o. B6

1. 16

o.?4

0. B0

1 AO
I o r-lO

1.09

o.5Lt

1. 1'

)K Resultr,; ere el:pre$sed es mrìan specific radioactivities I

,St¿¡nclai'rl errOrst Of the nleel'IS. The nutnber: Of r-XpcÎimentS

per,i'ormecl is in Parenthesgs.

fine.I concentration of aclrJeC compound in the incubation flask

Results are et:pr(lssed iti tcrnt:-. Of the rat.io oÍ' thc mean of 
'-1 
he

s;pecific ra,'ioactivities',r;ith normal .'ilices pJ.us ac'clitions to

the me¡n of'tllr; s;rrccifj-c rarjioactivitics i:ith nornlal liver

sfices.

f

+



Glycopr-otein in T'otal Iiv,:r anri l.'lediurn J:roteins fo.l.,l.o'¡:;iu

Incub¡tion oi li-ver Slices from0-ontro-l A nilnal-s

,6.

Ef fect of varioue I.Tormonrs on contents oLAfbunlin eryc c(-,-Acid

The riir"ferences bet"'¡een nornal s-lices ",tith anc. lyithout

acJciitiona.l ccrn¡:ounrì s wer'r not cr:¡ect:',:l to Ì:e i.rl; ¡:reat as the

Observccl cli f f ercnces betivr::ln. nornl 'l anc.l 2lt h el': l:rìllimL-ntaf slices

bUt at an iiltr.:l.mcCi¿lti-: 1:Vel. betl,¡een nOrmal. ¿:nt:, e:ipe:rim, uta1

sl.ices. If a s;ig,nific¿n'r, incrc.:¿rse or decrease in specific

raciioactivitie,.: in tot¿:I mctiiuln ¡rotsin'/ï¿rs observed, experiments

r'{ere r,;'FeateC r';it}i ¡, r:rlusec liverr; ¡:ni lnr.o.ium aur:' tot¡t l-iver

extracts ,.ye ï'e e >larninecl by the quantitative precipitin technj-que

or raoial Cif fusion to clete::nine the content of ocl-acld 8l.yco-

l. rotein anrr al-burnin ( tnql,ll ?) . The values in L'APT Ti 7 are ratios

of the Crr-acid Slycoprotein or albumin contcnt L''ith control

-sl-ices l,rith acl citions tr-r the q., -acid Elycoprotci-n or a."l-bu¡nin

content xith ccntrol sl,ices ';'ithout adcìitions. 'raC¡rhinin
tr

at B.O>l10-7M yieldcC a si-gnificant increa.se in specific reoio-

actj-vilies of tci¡.]. m'¡dium protc-in i';hich T"as acconpanÍecl by a

significant increase j-n medium and tir:¡;ue-bound O<a-acid gfyco-

protein. llovravcr, the content of albumin in Ìnectium anci total-

l iver extracts a,l so incrt:asecì , but not '¡., s ttluch a.€l tll e incre.î ses

in gç. -aciC gl-ycoprotein. A combination o f cortisol-, insulint
-L

anC eOntatrOpi-n at cOncentra'uion 1e;ve-l.s lj-miliar tO tilose em-

ployed by lf i11r,r (?9) yir:1cled an incr.-'i:,se in cr,-acid glyco-

protein content -i n meclium anrj in alirunin contc-nt in to bal Ìiver

extr.acts. Decrea.ses in rpeci-fi-c vs.tlioectivities of total- mec'ium

proteins observed 'rrith rji'butyrl c Al''lF ancì prosta6J'ancl'in E,

corresponCed to decrea-seci a¡nounts of Ocr-acid Slycoprotein in



medium and total. l-iver extracts. Corti':;o-l aur: histamine i'¡hich

had increased specific radioactivies of nediu¡c prcteins ¡ yielded results that

shou,ed no significant chanE-:e in cx.r-acid ¡;lycoprotein or albumin

cont':rnt iu mcliiurn. Th combi-nation of brai;rkinin and cortÍsol

¡--rovicìed rrn incr':asecì. f evcl of ccr-acid g.Ìyco¡:rotein in medium

ancl tota.l Livcr proteins I'rith littll: oI'no incrcasc in thc con-

tent of albumin.

The resnlts oLrservecl. i¡ith bradykinin appeareC to vary,iith

the conme¡cial i:ri;paration usecì , thu-re.io¡'c an attcmpt v¡¿is maCe

to purify Si6ma 'bracl;''kinin triacetate usirr,ç preparative paper

chroma.tography. l.'iorlifiecì Sakaguchi assay i';¿'s used to determine

the amount of purified ì:radykinin adcler:ì to tiLc incubation flasks.

[he eflect 3f brai;-kinin was:.hc','.'n tc be concentration cìepenC,ant

as seen in Fig. 14; and a-l -l iurther e;;perimcnts' oml:fo)¡ed the

purifiecl brai¡l<iuin preparatlon. Fìre.cìyliinln I cvel.s í'ouni to

yield thc'¡:reatert incrcases in specific r,i,'t,1oactj-viti-es of

medlurl ¡rr.otein (nig. 14) ancì correspcndj-ng increases in meiiium

anci tir,:sue-bcund o<r-ac1d 81)'coprotein ( FiS 15) v¡ei'e one fif th

of th:: l-lvels of comìnercial braCykinin emlll-oyeC originally. The

ratios of spe ciíic ratlioactivities ot JH-l cucine and 144 glrr-

cosarnine in ar-acid 6l-ycoprotein isofató¿ froln meiiutn anci total

Liver e:.: tr¡ctl¡ r.,ìro,vr-;C incrcesLìtì ovc',r contro-l-s; i';ith specific racl io-
'ì..

activity of "'H fnu-cinc in a.l.bumin sho,r.'ing ¡: decrcase es¡ecially

in tir,;sue-boun<l f'orm (fig. I6). These chanl'e;s 1:arallel- i.Lr c

changes observorl in r:pr.cific ra.'j-o¿.ctivities il'i.th c;rptlrlrncnta.l

slices, ho';'lever 
"l'r 

mignituC.c ol change is trot ijs large as

that observerJ 'i,i th the 24 h svi,L:rim€ntaI eÌices. Further studies

xith breci¡r]¡inin \Yerc Cone e.t valîious tirncs of incuÌ:ation i-n



trQ)\) .

order to cietcrnin': th:r tinc intrrrvaf l,.ctr'¡e,:11 , 'Jr.ìiti on of bracly-

]rinin anrr th.: ob-.¡r,:rvecj incrr.ase in specific radioa.ctivity of

medium p:'oteins ancì tli,: corre sponc)in6 increa se i-n nle C.ium ancl

tissue-bound CC, -acicì glycot;rotein. Control sl j-ces tiith a.ncÌ.t."--

't;i'uhout brecìykj-n-j n ::icÌ ei.1:crimcntal 2t h slices wei'i--' incubateC at

vai:Íous times bet'i;een 2-I0 h a.nd rr'lsults are presented in

Figs. 17 ancl -lB. Increases in spccific raCioactivities in

meclium f'Tct':,.ins cen be cìetcctecJ ¿,)fter l¡ h of incubation t';Íth
-,

1.44 x lO Þ1 bradykinin vith the largest incre¿ìses in.s¡ecific

::r at lee s;t lr h. jlesults are

m ¿rn froni t,io 3- 1'rtriments and

i;umin a.nC C(a-acid glycol rotcin

livcr e;it-r¡cts',hou,'e(l co:re.s-

racl io¿rcliviti es occurrin¡1 aftcr 6 h. An incr,:as;e inO(r-acid

glycoprotein is;olateci from total l.ivcr. e>:tr¡rcts ;t p:ars max-

iinal after 3 h ¿:nri ths; corresFoncìing increase in(r-a,cid Cily-

coprotcin j-n mcCium occurs aft

e:.:¡ressed as tlIr reti-o of tbc

l;i'ccif ic rar'ioac't.i vi ti^-' c I ',L

isol,.,tcd from mecìiurn. :ncl total

pcnrìing chnngcs.
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'Iilícct of Y,::ricus Ccmï:ounC¡ on thc Incor:'trìori:'t'iotr of [fU] Leu.cine

¿nC lt'lC J 6lucosamine into f otr'1 ltcCium Prctein an'.ì thr: Content of
o(. -A ci C lvcor'rotein ¡,nrl Al-l;urnin isolltccj .iriitri fl:d.ium rnrJ Jotal
Liver i:tr'¡cts irom Ëxleriments r':itli Control Live¡ Sl-icci; '':fter
6 n of Tncub:tion.

¡Ëegr{t. R"ii"""ti"itiesx
!-]bunin q., -acid Glycoprotein

-L-

Itled.ium Froteins l"ledium Total l.leCium l'ota1
lTver iiver

ADDIqD COI,"iFOLTI.ID

Contents +

7.,H ]L-,C

BRADYI(T}.TII\T B. OxTO-5I¡( 6 )

r. zxro-4li( 6 )

CoRTISoL 2. TxrO-51'f ( 2 )

ER¡.DYKïT\rIll 8 . Oxto-5tq

+ ccRT'rsoL 2. Txro-5lt(e)

I-lïsTAiÍrNE 5. ox10-6¡'l( z )

colrrscl 2'7*to-5u
IIISLITIN 0.2 units/m]
Bovine Growth lTormone
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ô qt \.EXFIRIIITIITAL 2¿rh ( 10 )

X Sl eCific rar'i-C,activiticrr are ellprefì$ed in tcIIns of th¡, retio of

the nleen ol::pecifi-c r¡dioactivities: of nolmal ;'lices plus

aCclitions to thi:. mr.-:an c,f thc spccii'ic rarìj-oactivitics of no,-mal-

s.l ic es.

{Contcntl; o [ ¡:l ;,ìun]in ¿,ntl C(r-aciC ¡i;l.yco¡rrott:in ere e:"pre;isecl in ternis

of tl-r , r";¡.tio o i' t,hq: cont,,:nt¡: of th.rr'; e p,rot:i-ns isc.l ¿ll.ecl from tned-

iurn aniì tot¡,. 1 Iiv r" wilh nortnal- rlice c pl u,s additions to the

contents o I lh, rìo Jìi-ctcj-ns iscl¿,f,r'cì lron¡ trtcr-'l ium anrj totil l.iver
','.'ith norna-l- Í: ,l ices':.

fhe nurnber of er:pcr.lncnts pcr.formed is i¡ l ¿'rrcnthese.s.



Fig. 14

Effect of bradykinin concentration on the specific

raclioectivities of L-leucin u-3u anc D-glucosamin"-l4C

i-n tota.I rneiium protein .:ith liver -sl ices fron control- rats;

- o - JH l"lrcine and - a - 14c ,tlr.osamine incor.pora,tion is

expressed as the ratio o f the mean of spL=ciflc raiio-

activities of medium proteins vith normal- slices plus brady-

kinin to the mean of the s¡ecific raCioactivities of

medium proteins v¡ith normal *slices, averaged fron tlo

experiments.
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Fig. 15

Effect of PraCyki-nin concentration on the contents of

albumin and Cfr-acj-d glycoprotein isolated from rnedium and

total- liver -,.¡;ith norr,lal liver slices; - D- rnedium:and

- I- total liver a.l_bumin and - O - mecìium anC -O- total

liver C(.r-acid glycoprotein. Results are expressed, in terms

of the ratio of the contents of thlse proteins isolated from

¡nedium anc total liver i,;ith normal slices plus bradykÍ-nin to

the content-s of these proteins i-sol-ated from mediu¡t and- total

liver with normal sl-ices from trvo experiments.
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Fig. 16

Effect of braCykinin concentration on speci-fic racìio-

activities of I-leucinu-JH in medi-um a-nd total liver albu-

rnj-n and- of D-glucosamine-l4C in mec.ium ani total liver

%_-,.cid glycoprotein v;i'uh norail- liver slices: - O -

medium anC -O- total liver C!-aciC glycoprotein; -U -

neCium and - r - total liver albumin. Results are expressed

i-n terms of the ratio of the specific ¡'aii-oactivities of these

proteins isolated from meoium anC total 1i-ver ivith norme.l

sl.ices plus braiykinin to the specifi-c raCioactivities of

these proteins isolateC from mediurn e.nd total liver v"ith
normal s1i-ces.
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Fig. 17

Effcct of time of incuba.tion on the specific rad'io-

activj-ties of T.-leucine-JH and D-glucosamin"-14c in t,otal

medium protein i';ith normal liver slices plus bradykinin

1,44xro-51,t; - o- JH l"rr"irr" an¿ - a- 14c gl.r"osarnine incor-

porationisexpressed.astheratj.oofthemeanofspecific

radioactivities of medium proteins I'rith norrnal- slices plus

bradykinin to the mean of the specific ra-cioactivities of

meciumproteinswithnormals]-icesfromti'¡oexperiments"
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Fig. 18

Effect.oftimeofincuba.tiononthecontentsof

albur¡in anc c[r-acid gtycoprotein isolated from nedj-un and

-q
total uith normal liver sLLces plus braCykinin 1'44x10'M;

-tr - mecium a.nd - l- tota-l liver albunin and - o - ¡redium

and -O- total l-iver Gt-acid glycoprotein' Results ai'e

expressed in terms of the retio of the contents in terms of

the ratio of thi' contents of these proteins i-solated fro¡c

med.ium ancì total liver i'¡ith nornal sl-ices Plus bradyki-nin

to the contents of these proteins isolated from nediun anC

total l_iver with normal slices from trvo experiments.



A
lh

um
in

 a
nd

-
s

i \ I C
I sl
rù

+ $ F
h \r
È o \ ìt

g¡
ì{ \¡ \ ìa U (È

eo
+

\
\-

, 
€

a

u-
A

ci
d

I \ t Þ

E
ly

co
p¡

'o
te

i 
n

- ao

o\ +



L\

DI;q CtrS 5I OIT

Immunocjiffurion.:tu¡iesshorved'thetthr:conponentsofthe

n]icrosomal frl.ction o1. fivcr are tlir: rniin sit<..-. cf syntht:rìir; of

Folyl:ptir-le anci carbohycl¡'rte ¡roieties of C(t-acid glycoprotein

end of pô1yp':+ptitie moieties of serunÌ al bumin ' These re€ìults

confirn ea:'-li¡:r in vivo stu'Cie s (?5) as well r's rcport:: by

Fet,:rs (t(.)) anil other uorkers (81) on the biosynthesis of rat

serum al.bumin. Fresent '.'iorh i,ith l.iver ¡;lices cìic sho'"r signif-

icant la'lieIIinS':;ith fr¿:ctions other th¡:n thc nlicrosome fraction

on rc.iction r,rith tnonospecific antiseruln to a-l l''utnin and o(t-acid

glycolrotcin. 1þi;rì€ oijserv¿ìtj-ons may be i:xplained by sOnle

disruption o I t}ir' nor"mal morphoJ-ogy of thr; live r ce}1. riu.r.in8 the

slj-citrg¿¡ncìilrcubltionprocedure.Fubsequcntfra'ctionationniay

haveyielrJed.apoorersepa.r.,.tiotrofniicr.osoma]materie.]from

other r:ttbce.l lul-ar iractions, 'rnC bh': pol;siL'ility al-so e>lists

thatthi'proteinl;und:-'rstucìynla¡rhevei;ouncltoothrsub-

cellular fractions during the isol-ation proceclurc' Inmuno-

dif fusion ancl imm¡noel-ectrophoresis cÌearly cemonstratec'l tha't

liver slices aîe capab]e of eecreting bcth proteins into

necìium, since l,otit el-LumÍn and Gr -acid g1 y co r t-otein isoleted

from rrretìiunl hav': iclenticaf el-ectrophorelic niobilities to corr-

eslloncing n:-'t.irre Serum ¡,r.oto-ì-ns. It it: ìino.':,tl that ti¡:l:ue-

bound lorntl; o I' bctii ¡'roteinr; havc i'i l''f eri':nt cl-ectrophoretic

nobifitics frorn thosre of cocresponCing sjeÌ'un proteins' (Jamier';on

J.c. Fi,rl-on¿ìf corrtnlunicatir¡n). ouantit;.tive ':tudies (T^F.:r'E f+4'

Fi8.9+10)indicateihenetincri,':'seoiì'lctlrprotcínsinrnedj.um

as a function of t'l-r" tinc of

chan.4e i.n thc content of tis

incubation 'r;ith no sig;ni f icant

:ue-bound O(t-acicì SlYcoProtein
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end e-Ibunlin I,r s nt in l.iver l'lices. I'h':lrcforeC(t-acid

t-fycol:rotcin ce.n bc classifiec. er; a Éjeru.ìn ¡rotein I'lhich is

!-;noi,,.n tc be syntÌresizcrj and secretcd by l-iv.)r r'l,ices. other

Ser1¡tïì prc'teins lliiich haVe i.rr,ìcn reFOrtcd Ín t.Ìií-' c;":ts gory in-

cfu,:le altu.min (82,8Ð þ-tipoprotein (8lr ), transferrin (85) and

total_ globular protei-ns, but in the case o1 transferrint

nedium pr.otcins 'øerc not examined separati.l;'. The pre ser,t 'u"'Ork

incluCed stui.ies on,l iver s:l-ices frotit uc,rrnal rats ant:l those

s;uffering frol |ur¡entine-inducetì inflanirnati-on for various

times. ,Resul-tr- froin cluantitativc stuiies shor,i'err =:-¡.,.i ficant

c'ii'ferences betli'een contror anc experiment:';] anintals i'rÌ:il-e

immunodiffusion stur:ies hac sho';:n Iittle quatitativc cliffcr-

encefj lue tc: iuCuced infl¡rnmrtion. Iiver sl'ices f'rora exFer-

imetrtel auima ls cO;l iaineC ¿,tei,Ll)r amounts of O(racid-Slycoprotein

and l0yer amount.ll of r]-bunin than liver' :r.lice'' from control

animalr; at th :-: tert of tht, e>'-p'':ritnent as ri:rported in vivo (7')'

Tiver s-Lices from e;.:r et'iniental anit¡als l¡ero c:tr'able of secreting

larger anounts ofo(t-acid gl-ycoprotein anil fo"'¡er emountE of

albumin into mcr.ìiu,rr as corrtpared to control s-l.ices, thus re-

-cul tingj in an incri:¿,sed uet synthesis of C(t-aciC gl ycoprotein

a.nlì e cecrlaso.i net :-:;'nth,:sir; of albur¡i¡r. I'hc gIe:rtest dif f-

erenCes boti';e,.rn t::.1-erimilntaf ¿;r ncì COntrOl. anilllal'': "Iiei'e Obscl'ved

aftc,r 2li h of Lnffamm¿tion. TLI ,.: l-ivcr sl.ice rì;7:5;¡"* aI;pears to

function in a rim1,1iar manner to l-iver in vivo (7rr78)'{ith

rosÌ ect lo si;,,¡l'-¡¡¡*cis ¿rttcr sr,'cr':lion of t; ;se.r'uít pr(rte'Lnst

al-bumin anc c!-acid ,glycoproteÍn. sirniliar chenges in syn-

thetic cal:acities of liver for oth"'r acu-te phase Slycotrjl"cteins

anC sei.um albunin ha,ve been reportcd t';itìl :turli cs u.sing the
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isofated r,crfusion technique of l'{if}er (86). IIo':;ever rat

].iver.s].ices:oîf,erasystemtliatal]-or'.'stheobserva.tionof

lnoÌ-econcitionsonthe¡ametissuethanisFossil-'lewiththe

¡erfused livcr.

Ïn thc Ì'r':'rlcnt i:tudy, the afilíruflt of a]-butnin synthesized'

by noi':na.l- l.ivi,r -cl ices r';as J6-66 ug per g ivet v;eight of tissue

per hour, cìer,,cnr.rinÍ on th e tilne o f incube tion ( f¡'nl f' 5) ' These

values are l-ov;er thin v¡.lue s rcport<:d by Fetrrrs (81); in the

l;re!;€rIce of Slucose and an amino ecid t:uJ:1;lcrn'jnt' a,value of

1C7ug!er8wetr.';ei,'.htpr:rhourwasrilporter'ìfor-ì-ivr:rsfrom

,-8weel<old'l/ir;tarratsfastedforlBh'Inadultrats'the

formation of' alburnin iva.s about 30% of that in !-B week,control

ra.ts ( B-' ) , aurl it shoul-cì. be noted a.cuIt hoocled rats vrere used

in ilre prr-.r,;ent :rtucìy. The contcnl of a-ì.burniu f cunc in l'iver

in contro-l rírts uas eì¡-rout 1?O ug per I ivet weif,ht of tissue

(T¡..'. R t) . This virlue is -ì.ot¡er th¡¡rr velues ri:Fortec in 1n vivo

(g7rB8) ancl in rrÍtro (,?9) stuclios. The lower values reported

in the ¡rresent i,,,or.li cou].c] be iue to lol.;S o f intrace]-1u]-ar

at bumin from clanragecl cel-Is on the surf¡.ce of t;'l ices cLuring the

exhau_stive ï.r¡sÌrin5 procerJure. lToirever', higher values rcported

byoth,.''rsniay.Lnc-ìucleresic]uafa]'but¡in'lrorrb].oorlpresentin

the'liver at th,i tiuii.: of cle¿:th t¡hiclr cculcl rr:ì11¿ìin bc'unC to

tis:sue nlat,rrii'-l-. 1lh,'. alnoul-ìt of e Lbulnin syntlrr:sized' by 21+ h

e:<¡,crim,;ntaJ. anlrnals i,as 6c?i of control. values (t¡IÌT,'i J) and

this cecr<:e:c i,j3,r.ì Ì,norc significant tli:-,n th': cÌian¡,e observec in

in vivo l'rork (6Or7rr7B) ' Irourever in in r;ivo experitn,.:nts the

largepoolo.ta].bumininì:'l'oodanr]otlrr:rl-.odyf}uicsnra.kesft

clifficult to asses-s cha'nges in al-bumin s)'nthesis clltantitativel-y'
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The amount of C(r-acid ,rlycoprotr:in synth:sizecl b)t normal-

s,ì ices r'¡as 6-14 ug Iìer g ',',tet r,;eigilt of ti ':sue per hour end

slices fron ?4 h e,',Tcri¡nantal- rats yielcìcC values'litÌ' about

a. three-foId incri:ar:e ovrr conlrol vr,l-ltes (TÀrTFì 4). lYith

?4 h g¡.¡1r¡i¡ronta] rat,r:, tliere '¡¡a¡s an incr'.-.¿:sc-' in s¡rccific radio-

actir¡ities of Labi:lIecl frtu.cino ancl Slucosainine 1n CXr-acid

glycoprotein is;clatetì fron rncilium ¿¡nd, total liverr âh' a.

decrca.se in specific ra¡.iioactivity cf labelleC loucine in al--

burnin isol-ateri frorn meoium anrl total I ir,'ir. I i' it 1,s assumed

that the po-1y1 cpticJe chains of al-i,umin inC OQ-a.cid g,lycoprotein

uti-l-i-zr: the same intrr. cef_l.u1ar pool of l-eucine molecules,

difíer--nces in fool sizes, pet'ticuÌa.rl,y in th': c¿ìsc oí leucine,

cou'l cl not ¿ccount fcr the ,iff erenceç i-n r':¡:ecific raiÌioa.ctivitie s

found in Gr-acid Il.l.)¡cof,rotcin ¿-.¡nr' aìbumin. th:rcforr:, s;tim-

uletion in i-ncorpc;ration of label.-Lecl compouncìs intoO(r-acj-d

gfyco!rotein an,l rer.luction in incorpor.:t.ion into al-Ì ulnin can

be colr,:l i':toC '.1'ith increase d synthesis of QÊ -acid glycoprotein
I

ancì rì ecr,ra:;eC synthi';sis of serum elirui'nin.

Specific radíoactivitltis of fabr:lIed lrrecursors in C!-acid

glycoprotein enrì a-l-iumin isol-atr,c' frol-rr toiel livi:r extr¿.ìcts

!ier'l alr.,¡ay.:i :lo','.'or ti:;in those of tho cohr,:.s¡:ontti'i6 rnccìiua

¡rotcins a.t al.l tj-incs of incubation (Fig. l? anr; f J). These

rr:suf t:.: ¡rrr-: ill a¿jre(ìmcnt 'r.'itÌ. re¡,ortr bJ' oth:rrs (B,r), in thc

ce.tìe :r,l -,.1 bur,',itri th,rt ¡:fter 2 h of i-ncub,.:tio of non-¡, erfused

or J.i.r-rleC .l-ir'¡'r' r:l.icir¡; lf1 ::¡c: rr,'es, oïì thc "vi:, iìC:e, atl cight-

f otd dif le:'cnce bei,":'eon st, ccifj-c rerlie¡c Livities of nieCium

albu.min ¡nrl ¡lbunlin Ìrlscnt in th,l liv.'r cefl. rov¿er stecific
I /,raCioa.ctivit;,' of *-'C-glucosa::nine label--ling of C(r-acid 5J yco-
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protein in toiaf liver extracts ca.n easily be explained as

intra.cellular o{-acid glycoprotei-n molecules are -<norvn to be

incomplete rvith respect to carbohycrate (Jamieson J.C. un-

published I'lork), therefore feler glucosanine resiCues are

present than in the completec extra.cellula,r protein. It is

more,iifficul-t to explain ihe lorver specific raCioactivities
7

of JH-leucine in albumin anc c(r-acid gfycoprotein .''hen isolated

from tote.l liver as comp,ared to neclium. rf it is assumed

that the intracefl-u.Iar prcteins ai'e sin¡,1e precursors of ex-

trace]l-ul-ar proteins, specific racioactivities of meCiunn albumin

woulcr be expected. to be lovrer at short p,.:riods of i-ncubation

anC to incrcase to the same values after longer periOds of

incubation as l-abe11ed. intracell-u1ar proteins are secreted

into extracel-tular mec.ium. I{o"'lever, the recults ciscussed above

c,o not fit this pattern, thus implying intracellular proteins

are not the direct precursors of the extrace'l fular proteins

in the systern studied.

There are a number of possible explanations for the obser-

vations C.iscussed above. As suggested Ì-ry others (89), there

may be tr.,¿o pools of alÌrumin and presumably C(r-acid glycoprotein

in the liver ce1l; one may be turning over rapidly, every /¡-)

minutes; this pool- v¡oul-c consist o f prote j-ns tc be secreted f ron

the cel-l anC would be mainly in the microsomal fraction; the

oth er pool- may turn over 5lesl y and 
"vcul-ci 

consist o í ploteins

found in nucle¡.r, mitochonCrial, or soluble fr¿clions upon sub-

fractionation of liver. If it is a.ssumed that serum albumin

andC(r-acid glycoprotein secreted from the l-iver cel1 are mainly

derived from the pool '¡¡ith a short turnover tlme associated
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v¿ith the nicrosonal fraction, it woul C be e.'ípecteC that med-

ium prcteins v¡cul-d have h:-gher speci-fic rrclj-oaciivitj-es than

intracellular proteins v¡hich rvould be the product of both

iools in the cell. Secondl,y, F,recursors of albumin have ^been

isolatecj from liver (89-91) anC it is thought the precursor

mol-ecules are formed slorvly and then converteC. into albumin by

the rernoval of e. peptide. The site of conversion of precursor

into albumin is suggested to be thc microsomal- fraction of the

liver aÌready kno',vn to be the site of synthesis of neü'1y formed

al-bumin. Thc molecular vreight o f th e peptide relative to the

albumin molecul-e ,,vould be insignifica.nt 'but it should be noted

that the peptide j-s not labelleC with leucine (91), the label-

1ed precursor used in pre:-'ent '.';ork. Thercfore slight Cifferences

j-n specific raCioactivities of albumi-n and its precursor v¡ould

be erpecte d.; the oegree of dif f erence ','¡ou'l cl i.epend on their

relative nloleculer iir.ej-ghts. The nature of the lnmune reaction

of precursor aIl-:umin with anti-a.lburnin is not knot'.rn a.n¡i i-t may

dif fer from alb,umin - anti-albumin re:rction lvhich was used to

construct the quantitetive preci-pitin curve. V/hether the

above argument may be used to explain observed d.ecreases in
1-H-leuci-ne inC(r-acid glycoprotein in tot¿l- fiver as compared

to meC.ium j-s ciependant upon the assumption that extracellula¡

O!-acid glycoprotein is formed by the removal of a peptide

from a precursor molecule; there is no evid,ence for this

assumption at the present tline.. A thj-rd possible explanation

for the obsez'vations Ci-scussed above is that livers contsined

residual a"lbumin a.nd Ot -acid. glycoprotein from blood present in

livers at death, even after p']rfusion of the wh.ol-e organ followed
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by washing of slices. Tt is lçnorr.,n that a-l ¡ur,rin has the

capacitl.J to bind tc cel-Is and othr:r macromol-ecules ( 92 ) and

it is possiblr albuniin may have bound- to tissue matcrial.

IIov,'ever other studies (82) with non-perfuseC and perfused

liver slices shor'¡ecl littl-e Cif'f;,.rcnces in r:p,.:cific raiio-

a.clivities of ¿rlbumin i-n ntediu:', anci -l.ivcr E;l i-ce.s ri'ith non-

i,crfttsei r,;.1 ices i'ihich riou.:l.rl hev,: conteineC ¡.¡ ì,argrr arnount

of residuaf blood as contpared to ¡rcrrfuscd fivi:r slices. Specific

raCioecti-vitics of mecìiunl a l-L,umin y;er-' sl iglitÌ;r hiilhcr lvith

pcriused r¡l.icesr Sli cific rar'ioacti',,¡ities of intracel:.1 ular

al.bumi-n werl erl i¡';ht1¡' higher: with perfusecì. r:rliauu ¡ ancì total

"st eciflc ra,'ioactivitics rTere sliElitJy lower in perfuseC slices.

Therefore a clrange, if :,ny, in r1'ecific re:'ioactivities of

a.l bumin due tc 1 b -r resence of residual al,burnin wou-l d be min-

ima1. Al-so it should be nc'ûecl that the rediochenical- purity

of serun aÌbumin se¡ari:teC by antibody Iirecii itetion frorn v;hol-e

l.iver h;,.s been quesi-ionc,.d by othlrs (9:,). A hiCthl-y labelled

impurit;,focalized, only in tirsues rvith thc ai-il.it;' to bind to

a.nti-albunin compleres v/as su6gìested sj-nce specific racioa.ctiv-

ities of albur:rin isolated b;" intrnunoprecipitation are a.J-'r.'ays

high:r than those cf a-'l-bunin isol atecì bi' rilctl:oCs rvhich yield

ra.rliocherni-caIly pure proteins. Therefo:'e si,'eci-iic raci-o-

activities cf intrecellular albumin ancjO!.-acid glycoprotein

may be .3ven .l ovrer t,h¡n values pre;enteC (Fi¿l . 12 ancì f 1). r,rlhat-

ever the c>:plnriation for thn loler spcci;ic rarrioacti"'ities

of intrace-l -l ul-ar' r.'roteins whln ccml:arecl tc cxt:.'acel--l--ular

proteins , j-t d oes not detract

supplied by the Present work.

from th'; vafual, le informaticn
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Frcm c-uantita.tive and incorporation stuCies C,iscussed

above it rvas sho\,jn that fiver sl-ices frorn experimentar rats
1t/ere capable of secreting larger arncunts of Gr-acid glyco-

¡rotein anC. l-ourer anounts of albumin 'r,'hicli corresponded to

changes in the synthetic capacities of Ii-ver for these protei-ns.

si-miliar changes in the synthetic capacities of river for
O!-ac1-d gtycoprotei-n, an acute phase reactant, anC serun

albumin ha.ve been reported b;u lyíitler (?9) to be induc:.d "by the

adii-tion of a hormone supplernent to the perfusate of ]ivers

isolatec fron normal rats. The effects of various hormones

on regul-ation o f protein synthesis, as nnerrtioned in the intro-

ductionr are cepencant upon the quality anc quantity of hormone

used ancl the e;<perimental coniitions employed, making confirm-

ation of results from present rrror)i with liver sfices C.if ficult

in some cases. Slucìies on the effects of va.-ious hormones

in vj-vo by.removal of glands ani. horrnone treatment are dif fi-cult

to interpret because observeC changes rnay be seconCary to

altered nutrition, radioactive precursor sp:cific activity or

other factors, not due to sFecific effects of ho¡mone studied.

The direct effects of hormones on plasna protein synthesis

by rat liver are few in number (19r 53r 79). Results frorn the

present stuCy i nCi-cate that the s¡inthesis of spe cific plasma

proteins b;,- liver cali be in fluenceC by a nunnbe.r- of f actors

incluCj-ng hormones anC. chemica] mediators released from site

of i-njury.

-qIn the present study, thyroxine at a l_evel_ 1.0x10 /M showed

increased incorporatj-on of labelleC pr.ecursors into medium

and. totat liver proteins; these results are in agreement with
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liver r.irfÌlsicì:ì stucji-e: at si::iiliar I r-'t¡cls of hoi-mone (51).

Synthesir of :.r rluìïb,:ir of .2cutc l hase T,r'ctcins :Lucluoing O(a-acid

g;]ycoprotc:in have been l:hoi;n to be res¡cnsivc-'to the thyroid

status of tlr: l.ivcr cìonor an'' tÌ:c aclCi'1.-ion of' tl.ryroxine to

th;: rrer iusat,-.. Thyro::ine is lnet¡,:i.'cl-iz-eC, and e>lcreted rapidly

by liver ¡ni can bind to r¿¡t ì.'la.sna proteins.;. tilr.,relo.'e Srcater

than ph¡, siological l-avel-s ( fO-7-f O-9m ) ï/ere emF]eys6 in Êr.sent

r'¡orlç. Thyror:inc a-l so sho',,red a ¡noclifying ef fect on cortisol

ection,ihicii ir; in agreement ,vith perfur:ion sturcìi-es .(13) that

adderi thyro;<ine piìrtialiy inhibit*. the eLfectiveness, of cortisol

stimulation. novinc growth hormone at a l:vel. of ?.3xlO-7tl

(5yS/mt) f ail rC to rh c,w any sil'ni f i cant e f f cct¡; on incorpor-
1 l/ration of 'H-l-cucinc ¿nri -''C-g:ì ucosamine into ¡nedium or tota.l

]iver p::oteinr. In v l vo expei:inients by I'lor"ner ( 50) had

reporteo grciltLi horrnones; coi: ll c activate ]4C-"^ir.o acid. incor-

poration intc pro';ein in Senc:ra1, an<ì serurl r l-bumin in particular

H o',.Tever p,:rfu r-i-on stuclics ( 19 ) shot'¡ecl littlc e if e ct of bovine

gro',vth hormone on inccr'¡oration of 14C-tysine i-nto liver

prctein or synthcsis; o r' f our lrlasma protci-ns stuclies. Plasma

concentration c f p,ro"tth hormonc in nale r¡rts is O .OJJ uglml-,

hor,rever the lcrr,est concentratlons found to e.'.ert effects in

vitro are in tlie range o.7-6ous/mr (94)' Adclitions of ACTH

a.f so shoucC T'r.r', ¡:,i-¡rni fic¿lnt chlnge in 'lncorporation of ,ì abelled

Fíri'ci:frrìorfl inio moriium nc¡ tota-'l 1iv':r prr,,teins. Cthl:r' studies

(95) in vi-vo h¿rì ¡;ho'.'¡n stimul-ation cf fibrinogcn synthesis

r';itir rep::atecì lergc rloses of ACTH, ho't,'ever small- c,oses; had

sho',r' n l.ittle effccts. Thi, ¡rcposeC r,:timu1a.tor.r effect. i'¡as

not thought, to be meCiatcc b;v tlic acrenaJ- gl-atld but it is
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not knov;n v¡hetjrcr th¡; hc¡'mone can act or thc hepatic cell

clirectl)- or ih':'oug,h ¡n indirect extra-a.drenal nii:chanism. The

eff'.ct of prosta¿:landit F2o. on incorporation into medium and

total liver pr"otein¡: ¿1.pcâred tr. be concentration cie¡,encìent.

T.or,¡ 1r've.l-s of prostaSlendin Fro showed no siÊlnificant ef fects;

stinufation of incorporation of labellecl precursors into

meC,lum prote-i.ns \(e.s rna>riltal. at l¡ . OxlO-51¡i encl hi¡r:her con-

centrations ceused decr,reses j-n incorporation of labelfeci

precursore in'.o ,"ncdiurn ¿lnC tot¡-l livcr Jjrcteins. At. cotnparable

level s pro.stagl anclins Ef anò E^ causeC. significant Cecrcase

in incoirpor:etion of JH-1*ucine anC 14C-gl.t"osanline into mediurn

and total l-iver" çr'otcins. Thc .l-evef s of prosta¿landins ern-

pl oyed in tltt,- pr. scnt iïor!( are coml:ar3'tjle to f çvell,s usecl

'r,ith ti';o ot.h' r in vitro syslents, liver cel-.ì- horno¿:c:nates (96)

ancl r.at rnast ce11 luspe nsions (c,'7) . 0p1,osite e.. iects of pros-

ta8;l-andit El ancì Br, anC prostag;lanCi-n Fro have been seen in

many s¡,'stems (96 t97) , ancl there seems to be e prcnìcribed

be.lance in focal- concentrations of ll ancl F compounds (¿r0).

The observecl ef f ccts o f prostaElandi-ns nta¡' have beeu mecliated

by cyclic Al'íP as it h¡:s been reported ( 96 ) tl:at p:rostaglendins

E, and E, havr: the at.ilit: to increase eCenyl c,vç1¿se activity

ancJ thus c)¡cf ic Al'íF leve,l-s in f ir,'e r cel-l s, bu t pr"ostaglanclin

Fao Coes not e f frct cyclic AÌ'íF Ievcfs. Cyclic Al'iF at lcveIs
'_q

of l.OxlO-/l'f '¡'rodu,cecì sianificant (lecrc¡:r.r:;er-r iil tho inc;orFor-
:, I i raLion of /H-l¡:ttcine aui -''' C-Eìl-uccsamine itrt.o mctlium anrj totaf

lj-ver pr.ctein. This resu.lt fair s to confirin rel,:u1tr,: th.:t cycì

-2, 
'l /'

Al'ÍF ( fo--'l'Í) can stimulate incorporation of --'C-6,Iucosamine

into 6l.ycoproteiu i';hich t'res fou.nd in intestinal- sl.ices from

IU



75.

rats (58). Cyclic Al'lF has bei:o f'ounrì to jnifucnce protein

synthet:i¡,r in a Varict;r' Of rry:t'.:rnS, bUt cfft,rCt.i ¿-::''e Ce]. cndant

upon tl:r: t,issl,te ancl the concentra'rion 1,-vel- ltsecl . CDF-choline

ancl ¡hosphoryl cþoline pro(ìuceC si¡;nifÍcapt incree.ses in

incorpOt'a'uior-, cf l¿¡bc-l-1eC. prccu::sOrs inli..- riiediutti encj totaf

liver prcteins, as rcirortecJ in r¡ivo and in vitro (55r57)'

Overal-f stimuletion of plasrna .";1yco1 roterl'r :;;Yntl", ls¡is and

reclu ction of l iviìr tr:igtycericìes v'eril rel'ortec' f or CDP-chol-ine

and CDF-choline plus phosphoryl choline aclCitions. Hot';ever

livcr i liceF l'.rn le obtaiued from choli n" deficicnt ra.ts in

Lr,,hich the tissu,t ','ou ld be nlol'c sensitive -f,or stimulation by

i,hosphoryl. clroline . CDI:-chof ine is lçnoi',n to r:1;imul-at,e Éll ycosyl-

tra.nsf erases by inhibition of tfDP-galactor,;e p)'rop hosphatase

activity (9S) ancl it i:i unl-iliely to be the 1:h;"siological

mc;chanisìn invol-vod in thc stirnul-atiou ofOCr-acid SfycoFrotein

s,ypthcsi:,; in reelìonse to irlfl-arnmation.

The observecl changes irr incor'!orltion of JH-l"rcine and

't ,,t+C-gl-.r"osemin.c into meclium ancl total liver J:ro-ueius were only

a crude inCicetion that the ,Ì-iver \ïes r{)s-r'onditr¿l as it l'¡ct-t-l C

curin.q thc âcì-rtr: inÎ}anrnatory resl-cnse. 
""th 

n ih o content

o f ¿¡l ì:umin ancì Gr-acid E-l-ycoprotein in 'ill edl-un end total- l-iver

extracts wer- e:<an:ineC, increi.rses iu s¡ccilic radioactir¡ities

cf nccj iun protcins nce<j not nece.'-:s,',ri, 1y colres,r:cncì to the

j-ncrc"se incr.-acid 6'licoprotein content ¿rnrr the cl ecreas:e
L

in al-burni-n cont,rlit obscrvecl r';itli thr-r fiv+r r'l'ices Í'rorn ex-

l erimenta.J- aninal.s. Th:' f r¡vels o f cortii-ìo-l' i'Jhich yicÌdecl

mocìerate incre¿:Éìeí,i in specific raiioactÍ'¡ities of medium

¡rotcins in ¡,¿¡fusco ani_1. non-rcrr'used livcr slíces li¡c,:r-; coÌn-
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parabl-e to lr:vcl-s of cortisol investi¡1atecì in ,'l 1r,'':.,r pr'rfusion

studies (79 r99). '-[he present work shorved no significant changeg

j-n a1-rumin anlì G, -acid glycoprotein content in ineciiurn or total

liver: âr(ì f¡ilccl tc confirm reportir b¡'GorCon ('99) that

corti sol sì-gnificant-Ly ;'eclu-ces synthesi¡; of albuinin, tr¡nsferrin,

anC oth',r f'la sna ¡rotc.Lns ¡ cI I,3'Ìro1.tr:r by l.Íi11er (79) that

cortif-rof T/es êi:isentia l f or th,, e nhanced synthc:.,is of acute phase

rroteins ¡tuc-lie¡;. In vivo ( 1,7) cortisol arlinini str¡tion cje-

¡re-ssed a.-[ L,unirr l¡rnthc.sis an.' stimulatecì ac]-ìtc 1:hasc ,protein

-syntl'ro.ris. Â possil-,1e e]-pfeni;tion ior tht r:ifference betuJeen

the prt.serrt v.'6¡ì¡ ¡rnir oth ,r :c¡orts, may be tbat thr.r langth of

the periusion e.'¡er'inent6 anir th¡' mcthocl of edtninistr¿'¡,tion of

the corti-::ol- clet,,;rlninr th: efíccts oi¡served. \'.'ith perfltsed

live'' -elices braiìykinin B.OxlC-51,t proiuced incre¡rses Ín specific

radioactivitie:; of mcriiunt proteins anri 3. corrorìponiìil¡, incr..ase

i-n amc;unts o f CX., -acid gl),coprotcin anrl al-burnin. Ilo',,rever brady-

kinin r,,,1 us corti¡;ol- at thr'': same concentrations as Ciscu.ssed

a.bove yielded about a 3C% incr,:ase in speci fic racrioactj-vities

of mecìium f rcteins vith s. cori:-'s1,:oncìing increase in the C(r-acid

6;lycoprotein content in medium antl total lj-ver e>;trírcts and

,';ith no siflnificant cìran6e in e.l-bu.min cdntcnt. Cortisol ',,rhen

aC.deC ivith .11;¡¡¡.6Ì yr<inin nartia ì 1y suppresser.l tÌ; e increase in

{-acid Sfycor'::otein content anrJ effectively su1:presseC the

incre¿r¡e in ¡, I bumin content i.n necìi-um secn vii-th add i tion of

braC:¡kinin ¡. 1onc. Co¡'tiso-l is ca¡al;'l c of prcventing the re-

fease of activ:,'l<inin fro:r: its Êubstrate in vitro (JB) at

concentration flvr:l-s conrpara'oIe to tl.iose em1.,l-oycd in tlre Fre-

sent stt-tcìy ¿¡nc it ha:; beeu sug¿:esti:d that corti-sol- a-n.u siniliar
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steroids exert their. enti-inf l ammatory ,,'f - ¡ct in part by

ç'r'.:r,,rntln¡th:riornietionofvrsoactivel<ininorbyanta6onizing

their ef f ccts. I,o',';eve i-, the mi:chanism by i'¡hich cortisol

coulC influonce tlrc' action cf brai;-Ìiinin alread.: ,r rerlcnt in

the rive:. s,l ice s¡isti-.:tn þ2¡-: yct to be proposeC. The resuLts

.,:,ith a. combinetj-on oi cortisol-, insuliu, aucj ¡'rol':th hc:'mOne

shoi.red a 2Oo¡l' incr:'ar,e j-n specific r¿dioacti'*1ties of meCium

proteins r,;hich colrresl'cnded to a 30% j-ncrosEìe in meCium C(t-acid

glycoprctein anr'l no change in nlediun elbunin' In pe.rfusion

sturries by I'ril-L.er (79) this cornbinatic'n of hormones at sim-

liar conccntr¡tion l-r vel.s p,rociuced incrr"asec l-cve.l-s of

albunin ,rntì Q(ì -¡¡cid glycoFrotei-n af tr'r I2 h cf perfuì;:icn '

Hoiiever after 6 h of p,.:rfusion v;ith l.ivÈìr rronors fast:ed for

lB h, only m¿¡rLlinal- increases in al-bunin end a:rout a 5OiL in-

cree¡ìe inC(r-acicl g;lycoprotein lvei'c rrjjrorteC i'r the perfusatc'

Oth r ',63'lç ' i th p,,'rfr"i,'-:erì l-iver by Koi (12) r{jPortecl thet af ter

4 h of perfusion, this ccmbination of l:ormcnes hac] insi8-

nificant effects on rclatirre lysine incorpor¿¡tion into alburnint

gerulopl.asrnin and seromucoid fractj-on. Rer¡ults af ter l ong

¡-eriocìs of incul¡¿¡tion are bejicveC to'-r]1i-rr'i l11| eifects of injury

inflictec cr.rring th,.: oL¡lration ancl isolation t.:'ocerlurc of the

.ì irrer. Ire¡ent. ,r,,ork sup¡:orts the rcports tÌl:'t [rormones may

influcnce th e:.. Jrrels:ion cf the 'livr:r rr-rsi:cnse to inrìuced

iufl.arlrnation, lio,i,,erier, th:: ¡rimary factor l;titnuìiti¡6: tirr,' livcr

ce ] ]. .,,o 1.'rotiuCc rncr]e acute pha.se rt:actants is lltil'l unknoÎjn

and ria-r, be rol c:e:'ecl f roili tht- site o f in jury'

His-;taniine , uhicìr is be l-ievecì to be irlr,'olved in tlr ': initial-

sta¡;es of ilrI ¿.cute inflatnmatory respons'cr p:coiìuced nrarginal
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increases in:ìFecific raclioactii'ities of l¡eCiurn proteins but

no si¡;nificant chan¡'; cs \,"eri) obscrved. in thi.'li:v:-l-s ofO(t-acid

¡,ì.ycoproteÍn ¡nrì in ni'::iiurn. These resul.ts crise.¡:ree;','itli other

report r: (Jt¡) t:'hicit h¡rc-' r,;ho',',n a i,:i¿lniLlicant rJecrr.,; se in -ì-eucine

incor¡:o::¡tion into al-'¡ullin ¿'itcl íll-o'L.uli11 fracticns',,iith

L,6xlO-)l.l histarnine. I{o'r;ever others (j5) hacl r,:,¡iorted th¿t

rith pcrfu.sed rat 1iver, nc sii¿:nificant :f fl',cts on all,'umin

tïcre obs,:rved i'.ith i-nfusion of histarnine at gr'ater concen-

trations th¿:n ti¡o¡.-e used in ¡,re:;ent lïorii. Frosta,Jlandins are

thouglrt tc l:e chernical. merìiatcrs of tlt,:: 1.,ç¡io6 23t'6 h after in-

f I:mmation (1L). llccr,-'ased :'pecific rarrioacti'.'ities of me dium

rroteil-ls ot:s¡:rverì r,.'i-th aCdition of pr:ostafll.¿ndin E, corres-

ponCecl ti,, iecrc; as,;'.:ci flìrcunt, l, of C(r-ecid ;5-1.;'coprotein in mc:tiium

anC al'out ¿ L¡Oll j-ncrease in all,.utni n cont,:',nt in morl ium. The

eff ct of p::ostagì-anrìin EZ seemeC de¡enC,::.rt u.pon the. protein

stltrì icd enrl th -:r,.. lo'¡'ir couI d nol be ,ìir:,ct--1.) corrcla.tei "'¡i-th 
a

:'neCiatecJ incrcaje ou rjecrcrase in cyclic AllP Ier¡cl-s. lTith

aCditions of cibut)tr1 cyclic Al{F, t)re decrease i-n cpecific

raii ioactivitic,: of mcCium p,:oteíns corresl ondeC to clecr'- ¡sed

¿mounts in mcCium cf th,, tvio ¡-,roteirrs s;tltrli.':r; aud p'os: r:ì-b1-y to

an ovcr¿r-l -1, oecrc- ne in protein sl¡nthcs,is. r¡istaminc: auci prosta-

gl anlliirr.l , ,t j.¡rc;+"'l )' or ilì"ir.'ct-1 .-l' j.,i' l-rr 1.'ìtì llt::L:.f ' c; cì,:i c Al'1P

lr vr l-;;, failed to inrìuce thc incre¿se in C(*acicì-¡ll,ycoprotein

contont i-n nlcdiurn anrì tot¡rl- Litr',rr protôin¡: a,:'ociabed with

thu ¿;cutr ¡har,, e: rlicl onse.

Initial, ',':ork '.iith non-perfus(] C l-iver :.i 
- ices shor';eC

bradykinin et e conccntration or't.zxto-4t't stimul-ated in-

croaser; in incorporation of labcflecl precursor$ into total
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nedium and, liver proteins in contraet r:;ith reports (r4) that

at a simi-liar level ivith rat liver rnicrosomal fractionr in-

ccrporation into the isolated seromucoid fr¡ction tras signi-

ficantly C,ecreased. VJith perfused, fiver slices bra.i.ykintn

aL a concentretion of B.OxtO-51"1 shoxed stimuletion of incor-

poration J-nto meC.iun p:oteins by 50-60% over controls, at

levels of bradykinin significently less than those employed

rvith non-periused sl-ices. This result may be attributed to

the removal of resiCual- bf ood which contains kininases vlith

the ability to inactivate bradykinin aCC.ed, by p';rfu-çion of the

v,'ho'le orga.n in situ. The commercial prcnaration of bradykinin

useC in these studies vías chenical-ly synthesi-zeC. and not

thi natural-Iy occurring peptide, ancl other workers (1O0)

have founc indications of poor synthesis or decomposition in

some cominercial prepar'¡tions of braCykinin. In agreement,

preþaratory paper chroma.tography Cid shovr a number of other

ninhyCrin positive spots v¡hich Cid not corresponC. to brady-

Ì.,ini-n ¡y Rf compa.rison. Therefore, possible contamj-nating

ma.teria.l or decompositi-on products coul d have decree.sed the

effective lcvef of bradyl<inin present in the incubati-on flasks.

Previous r,;orÌi 1'¡as r',.peated v¡ith th,: purj-fi-ed bradyÞ'inin pz'e-

par: tion, in orci.er to f inc optimum coucentra'"ions f or maxinnum

sti¡nufation of Gr-acid glycoprotein synthesls. Bradykinin

effects were shown to be concentration dependant v;ith op-

timum l-evels betv,'een I.5-2.OxIO-5M; level-s almost one-fifth

of those used originall;* lvith perfused slices. Lor,¡er than

optimum leveJs haC little effect on specific ra.ij-oactivities

of ned.ium proteins andC(r-acid glycoprotein and albumin
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synthcr;is. T-1igh.:r. 1:',,rç1r: pro,ìucecl lc:ss i;titnul,'rti-On Cf C(l-acid

g1).coprotrrin anrl r. li,qht decrlases in a.l,lurnin Iynth..;s:is; xhich

may be clur: tc¡ toi:ic ei'fects et hilh concentr¡,tion-s of braCy-

l<i-nin. Fhysiol ogical- l.eve.l s o f bracìyl',inin i-n ra.ts arc about

).5 ng/n1 or ]O-9pi in circul-¿ting blood, hovevr:r'elevated.

level-s have ;-: gcri Î:'unci uncì e¡' certain concitions anr.l variati-ons

in no:rmal -L vcls a.re tl:ought to exert re¡3ul.ator-y effects. The

level-s of brai;'kinin used. in the prosent,study a.re greater than

norrnal- ¡hysi,-, legisrf level s, ho',r'ever ther;e elevaterl l-evel-s

a'(pearer,j to be n,.ìcestjary tc rnaintairr thi: ef fcct of bradykinin

in thr,-. livcr s'"lice s;1,'stc:m. The actuel .levcl of biofogically

active bi acì;,hinin I rcjsent cìp ¡i; g tir e 'i ncubatj-cir o i' I ive sl ices

n,:y heve ber¡n ccn,..;ir,ì crab,ly Iess than thc vilu,:-: cl eti-.2'mineC from

chr¡nic¡l- arìr:ìc?ys bec¿usc of po-cs:ibl e rapid rìegradation cìuring

incubatlon. Ilor,lever, br:aiyki-nin at eny conccntr'¡tion stuCiecl

diC not ¡;hov th.: inrìu.ceci chan¡:cs in Ga-aciC glycoprotein and

albumin synthrrrìis r,,'hich e.rc kno:.';n to accoml-'any the acute pliase

resl-ronse a.nrl ,,'rJ'r ich are obscrved',v1th e;tperimental- liver s-l-ices.

Changes in ¡lburnin -.,:¡inth'':.;1s seemed tc r,arall e l- che.nges in

Ot-aciC 6lycoprotcin synthesis, al-thou¿;ir to a Iesser degree,

Ìro',vever- th,r r-:,.v-nthi-:tic calacity of .l ivnr, fcrr th,'r;e tt';o p::oteins

tvas .1.:finitcly moCifieci by the pr.'seltce of br¡.',.ì;,'i<i-nin. Resufts

of rr,, slfis r'. i.orctir¡itics o t 1ll-li:ucine ani, 1¿l g-¡lluco sanine

in G. -acid ¡l;, cotr rotr.in an:r of 3H-i .rrucine j-n al-l.umin iso-la{ ed
,L

f ron nroriiurrl an,, tolll f iv,'r e-'itractr; ¡,a rilll l: I thi: cl:cngc,'s

obse rvccJ '¡iitll or¡¡ntit:tive rcsul ts cliscu.r,L;eC al'ove . The sI-:ccific
7.

raCioectivity o f -H-Ieucinc in lne di u-m :'nrl tot::l Lir¡er al-bumin

reffect.s a rnucl: ¡:reati r c.lecr,.;a:;e in albutniii s¡'nth.'sis than
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vlas evident lron cuantitative stuCies, however at the bra-dy-

kinin concentration whi-ch yielded rn-ximum Cf-acid t-'ly-coprotein

incorporation of labe1led precursors, elbunin incorporation
7of /H-leucine increaseC to a va.lue only s1i5ht1y lot,'er than

controls. There \¡Ie,s the possibility that the chan8es i-nduced

by the aCdition of bradykinin r'¡ere not fu11y expressed C.ue to

the ti-rne requir':d to initiate these chen6es ancl. for increased

level-s of 6¡.r-acid glycoprotein encj for decreased, 1t,veIs of

albumin to show up il meCium proteins. Tinie course experiments

of braCykinin acticn shorved 3-4 h v/ere reo.uired before increased

specific radioactj-vities of meCium proteins a.nC lncrea.sed con-

tent of ç¡'l-acid glycoprotein in meCÍum anC total fiver lqere

significant. This fi-niing j-s in agreement urith l{iller (79)

that at least J h is required for enhancernent of acute phase

protein synthesis by his combinaiion of hormones. Howevert

with extended period-s of incubation, there vlas a decrease in

the ratio of specific ¡alioactivities of mecìium ¡rotei ns

isolated fron normal s-ì-ices plus brardykinin to specific radio-

activities of meCium proteins isolatecì from normal sl-ices.

Actual- specific ra¡'ioactivities of meCium pl.oteins isolated

from fiv:r. slices plus braCykinin were grea.ter than cont:'ol

values i.n all cases, as lt'ould be e>:pecteC. A possi'cIr' ex-

planatíon for this finclinÉ i¡-: th¿:t braCykinin may stimulate

the rate of catabolism of highly labe11ed proteins, specifica.Il-y

O!-aci-d glycoprotein; this effect ivould be more important

after long periods of incubation due tc the Cecrease in the

rate of synthesis of both albumin anCC(t-acid glycoprotein

r,/ith time of incubation, d.iscussed earlier (TABLES 3 and 4)"
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The meche.nism f or sti¡nul etion of C(r-aciC glycoprotein

synthcsis and possib]y forOra-acid glycoprotein catabolism

by braCykinin is unknov;n, anC whether these results can be

duplica,tecÌ in vivo is Coubtful- as kinins have a half-tifê

in circulating blood of 15 seconCs, being hyCrolzed by

kj-ni-nases to inactive peptiCes. Others (33) have sug6ested

that t,he activation of Hageman factor by injured tissue re-

sufts in the release of kinin r';hich is chemotactic for gran-

ulocytes, these cells in turn release mor': Ìiinin anC the tempo

of the lnflaininatory resFcnse is accelerated. '.Yhen iccumulated

granulocytes begin to Cisintegrate, destruction of kinin

exceeds generation and ì-nflammatory response subsides. These

changes in bradykj-nin leve1s correspond roughly to the changes

in the acute phase reacta.nts in the inflarnmatory response but

thsre is nc evidence that 'brad;'kinin di-rectly or iniirectly

incluceÀ these che.nges. The primary factor stimulating the

liver cell to prciuce nlorc acute phase reactants anC less

albunin i-s :. et to be identifi-eC anrj may still originate from

the sitc of the injury.

Although the factors v,'hich stinulate the synthesis of

O(-acid Alyccprotei-n in resr,onse to irflanmation were not
-L

i-Centified rclearly, the a¡proach useC in this :..tuCy was ','¡orth-

whi-le a.ni, prodr-;.cei sornc interesti:-g results. ft is hoped that

this initial study will provJ-de others with the sti-nuIus to

further investigete the acute phase response.ofO(r-acld gIy-

co;,¡sfafn and eventually leaô to the determination of the

factors responsible.
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