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ABSTRACT

Liver slices from normal rats and those suffering from inflammation
for 8-72 n were incubated with L-leucine-lAC or D-glucosamine—lac .
The contents of albumin and.cg.—asid glycoprotein in medium and in
extracts of liver were determined 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

experimental rats had a greater capacity fdr synthesis of Cxl—acid
glycoprotein and a lower capacity for synthesis of albumin than slices
from control rats, the greatest changes occurring with slices from
24 h experimental rats., Changes in synthetic capacities éf liver
slices from experimental rats for albumin and O(l—acid glycoprotein
were always accompanied by large increases in specific radioactivies
of total medium proteins when liver slices.were incubated with
L—leucine—5H and D-glucosamine- C. It is suggested tha£ the incresase
in specific radioactivies of medium proteins following incubation of
experimental liver slices with labelled precursors is characteristic
of the response of liver to inflammation and reflects changes in the
synthetic capacity of liver for & -acid glycoprotein and other acute
phase serum proteins, Liver sliceslfrom normal rats were challenged
with various compounds in an attempt to igduce the acute phase response
of liver as seen by the rise in specific radioactivies of total medium
proteins. When significant changes in specific radiocactivies in total

medium proteins were observed, medium and total liver extracts were

examined by the quantitative precipitin technique or radial diffusion,



Bradykinin at 8.0x 10 M yielded the most significant increase in specific
radioactivies of total medium proteins which was accompanied by a signi-
ficant increase in medium and tissue-bound QC -acid glycoprotein; however
the content of albumin also increased.Hormonei at any concentration
did not show the induced changes in OC -acid glycoprotein and albumin

1

synthesis which are known to accompany the acute phase response and

which were observed with experimental liver slices.



INTRCDUCTION

Structure of Serum Glycoproteins

Glycorroteins are by definition yrroteins that contain
carbohydrate groups with a relatively low number of sugar
residues covalently bound tc the polypeptide chain. Gly-
coproteins constitute evproximately L43% of plasma proteins
by weight (1); serum albumin is the only major serum protein
which is free of carbohydrate (TAPTE i) (2). Sergm glycorroteins
vary in carbohydrate content ancd in relative amounts of the
sugars present. Common sugar units are N-acetylglucosamine,
N-acetylgalactosamine, galactose, mennose, fucose, xylose,and
N-acetylneuraminic acid. Carbohydrates are bonded}to the
peptide chain in th= form of large oligosaccharide units us-
ually via the recucing group of N—acetylglucosamine to the
amide group of asparegine. Sequence of the sugaer units has
been determined in some cases by th: enzymatic degradation of
the glycopeptide with glycésidases. In human ql—acid gly-
coprotein, terminal N-acetylneuraminic acid is bonded to'
galactose or N-acetylglucosamine and carbohydrate branches
occur at N-acetylglucosamine or mannose residues. Minor
veriations cucur with serum glycopro?eins as to the sequence
and location of the carbohydrate in the peptide chain. Human

.Cil—acid glycoprotein contains about 180 amino acids (3) and

five oligosaccharide units; all of which are situated in the

N-terminal third of the molecule and attached to asparagine.



TABLE 1

PROPTRTIES OF SOME HUMAN PLASMA GLYCOPROTEINS

FROTEIN MOIFCUTAR ISORIECTRIC SIAIIC ACID TQTAT. PT.ASMA RIOTOGICAL
WWIGHT - POINT (g/lOOg) CARROHYDRATE CONCENTRATION FUNCTICN
(g/100g) (mg/100m1)

PREALRUMIN ‘ 61,000 b7 0 0.5 28-3%5 BINDS THY-
ROXINE

OROSCMUCOID

«Ii—acid

~glycoprotein) 44,100 2.7 12.1 Ll.h 75-100 BRINDS PROGES-
TERONE; CTHIER
FUNCTIONS?

O&—,LIPOPROTEIN

(HDL,) 195,000 5,2 0.3 1.5 217-270 TRANSPORT
| | 4 1IPIDS
X -ANTITRYPSIN 45,000 4.0 3.6 12.4 210-500 INETPITS
TRYFPSIN AND
CHYMOTRYFS IN
TRANSCORTIN 3.2 14.1 7 BINDS CORTTCOL
TEYROY INE- |
RINDING . ~ .
GLOBULIN 40-57,000 4.0 C1-2 RINDS THYROXINE
HAPTOBLOBIN 100,000 o1 5.3 ©19.3 ~ 30-190  BINDS HAEMOGTLOBIN
CERUTOPTASMIN 160,000  L.4 2.4 8.0 27-39  ROTE IV METABOLISM
| | ' OF COFFPER
5, -MACROBLOBIN 820,000 5.4 1.8 8l 220-380  ANTI-TRYFSIN

ACTIVITY BINDS
INSULIN

4



Biosynthesis of Serum Glycoproteins

Most serum glycorroteins with the exception of the
¥-glotulins are synthesized exclusively in the liver (4);
the microsome fraction of the liver is the subcellular
site of synthesis of all serum glycoproteins that have
been studied to date (5). Possible mechanisms include: (A)
synthesis of tuec protein and carbohydrete units separately
and then combination at the site of formation of the peptice
chain i.e. the ribosomes, (B) incorpofation of the carbohydrate
groups after the peptide chain has l:ft the ribosome and is
in the endoplasmic reticulum, (C) combination of the above
two possibilities, with part of the carbohydrate iqcorporated
in the ribosome phase ancd the remainder after releése from
the ribosome. Serum glycoprotsins seem tc follow the third
possibility as suggested by the "pipeline" scheme of Redman
(6) Fig. 1. Sugaré are added stepwise to the protein part
of the molecule beginning et the ribosoms and continuing as
the protein rpasses through its intracellular route. The
first sugsr, usuelly N-acetylglucosamine, is added to thé
incomplete peptide chain during assembly on rough endoplasmic
reticulum, subseguent sugars are added curing secretion via
the chennels Qf the encdoplasmic reticulum, and terminal N-
acetylneuraminic acid is attached mainly in the Golgi complex.
Altrough albumin is not a glycoprotein it scems tc travel
the same secretory route and can be located in the rough and
smooth cndoplasmic reticulum. The synthesis of the o0li-
gosaccharide units is controlled by the presence of the

arpropriate glycosyl transferases which transer sugar



L

moleocules from nucleotide sugar derivatives to the suit-
able glycoprotein acceptor molecules. The supgar nucleotides
can all be derived from glucose; the pathway of their met-
abolism is shown in figures 2 and % (7). The incorporation
of cerbohydrate onto the peptide chain is not believed to

be coded by RNA but seems to be fixed bty the amino acid
sequence ¢of the polyrertide backbohe of the glycoprotein.
The amino acid sequence which codes for the attaechment of
carbohydrate to polyrepticde has racenﬁly been refarred to

as the sequon (8). The sequon for the serum typre of glyéo—
rrotein is almost certainly the secusnce ASN - X - SFER (THR\,
a sequence which has been fcund in the linkage region of
many glycoproteins of tho serum tyre. It is likely:that
other sequons will soon te recognized for glycoproteins

containing othsr tygres of carvbohydrate chains.,
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The Acute Inflammatory Response

Characteristic changes in plasma protein concentrations
are associlatsd with verious infectious and inflammatory
processes (TAPTE 2) (9). FProteins which increase in con-
centration during the acute infilemmatory process are referred
to as acute phase reactants. Most of the acute phase
reactants contain a significant amount of carbohycdrate and
are synthesized by livsr parenchymal cells. Conditions under
which acute yhase rcactants have been.studied include local
inflammation (10-12), thermsl or mechanical injury (13-14),
major surgery (15-16) and bacterial infection (11). Other
factors found to influence the acute phase response as well
as the difference in stimuli are age, nutritional factors,
genetic differences due to sex or strain, and previous history
of the subject,i.e. a second stimulaﬁion will bring a greater
increase than the first. Variations in r sponse of indi-
vidual acute phase reactants to inflammation is believed to
occur in the liver due to differences in the rate of
formation or stability of specific m-RNA or indirectly by
hormonal control. However, there ars conflicting reports
concerning th: importance of hormones and chemical mediators
which may be released at the site of injury, in the induction
and regulation of acute phase protein synthesis.

4While various methods have been used in the study of
the biosynthesis of acute phase proteins, isotope labelling
technigues have shown the changes in plesma concentrations
of acute phase reactants reflect enhanced synthesis.

Meazsurement of incorporation of precursors latelled with



PROTEINS COF HUMAN PLASMA SHCOWING ALTERED CONCENTRATION

TABLE 2.

AFTER TRAUMA

9.

CONCENTRATICNS IN

CCNCENTRATION PROTEINS FPLASMA
' (% of Preoperative
. Values )
Increased Fibrinogen > 200
Haptoglobin 206
Orosomucoid » 200
C-Reactive Protein 2 200
Ql—Antitrypsin. Y 200
Slow P-globulin 173
Inter x-globulin 189
Complement C'3 122
Caeruloplasmin 124
Fasily precipitable :
glycoprotein 140
Unchanged More than 30
other proteins
Decreased Thyroxine binding
prealbumin 69
X-Tipoprotein -
P -Lipoprotein 77
Transferrin 78
Albumin 80
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5H or th has yielded proof of net synthesis of acute
rhese reactants in vivo in response to experimentally
incduced inflammation. In vitro systsms, such as the liver
perfusion technique of Miller (17-19) or the use of cell
free liver suspensions, have also been cffective in in-
vestigations of net synthesis of acute phase reactants,
however limited work has been done vwith liver slices, a
whole cell in vitro system.

The trauma-induced synthesis of ﬁlasma glycdproteins
in the liver is only part of the acutevphase response ofl
an animel to injury. Glenn et fl (11) proposed a general
scheme (Fig. 4) with the "local" events being primarily
ndest uctive" yet necessary for the induction of thé nsystemic”
events which were "protective' and eventually lead to tissue
repair. Vasodilation and alterations in klood flow occur
initally and are followed bty local increszses in vascular
permeability end the local migration of neutrophil and other leu~
cocyte cells into the area of tissue damage. Contributing
to cellular destruction at the site of tissue damage are low
molecular weight meciators, such as histamine and lyscsomal
enzymes. The releace of lysosomal enzymes is referr=d to
by Weissman (20) as the "final common pathway" in inflammation
end may reyresent a "trigger" mechanism linking a variety
of injuries with increased acute phase reactant sybthesis.
According to Glenn et al the local rceaction, by an unknown
mechanism, stimulates the zyst mic r sponse. The aprroximate
time sequence of events in the acut. phase protein response

in rats is seen in Fig. 5 (21). An intact nervous system
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THE "INFTAMFATORY FROCESSM

DAMAGING AGENTS

Antigen-antibody reactions
Chemical-physical irritants

Pacterial infection
Trauma

(1) Others

T.OCAL RWACTION

Venular diletion
Slow venular flow
Increased blood viscosity
Endothelial leakage
Erythrostatis
Flatelet aggregation
Thrombus formation
Fibrin accumulation
Neutrophil and lymphocyte
accumnulation
Leucocyte and platelet
brezkdown
Release of cytoplasmic
and lysosomal enzymes
Release of =mall molecular
weight mediastors

N\

FROMOTIVE AND CONTRIPUTORY?

(?)

(3)

OVERATT, FROCESS

(6)
CEII. DEATE AYD NECRCSIS
LEAKY MFTMRRANES
Fig. L.

SYSTEMIC REACTICON

Increased body temperature
Fain
Granulocytosis and
Tymphocytosis
Incressed Fibrinogen
Increesed C-reactive protein
Increacred o= and p -globulins
Increased @X-glycoproteins
Decreased Albumin
Decreased serum iron
Increzsed serum cojlrper
Increased mucoproteins
Increased glycorroteins
Increased pituitary and
adrenal function
Increased gamma-globulin

(4)’///’/’
FROTRCTIVE AND INEIRITCRY?

(5)

RESTITUTION

Schematic representation of the inflammatory process

The numbers in parcnthesis describe the orcder in which
the events are believed to occur
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is necessary for th: full develcpment of the early stages
of inflammation as the first phuse,i.e. (0-2h) can te
sbolished by denervation or spinal section.in rats (22).
The importence of intermediate humoral factors linking
the site of injury and the liver cell was suzegested initially
by Homburger (23) anc still remeins to pe elucidated. Stim-
ulative factors have been reported in connective tissue (24),
blood of injured animals (18) and several tissue extracts;
however, subsequent inveétigators have.failed to éonfirm
the presence of such substances in blood (25-26), and their
involvement in the inducticn of the systemic response
cither dircctly or indirectly via hormone release 1s speculative.
Primarily the systemlc response consists of thé in-
creased synthesis of fibrinogen, haptoglobin, ceruloplasmin,
and.di—acid glycoprotein and decreased synthesis of albumin
and transferrin. New proteins apbear in response to trauma
as well; the dé acute phase globulin in rats, the C-reactive
proteins in man, and the C-x protein in rabbits. Stimulation
of the liver cell is thought to occur in three steps (27);
the initial increazse in cellular perMeability toc amino acids,
increase’ synthesis of m-RNA, and finally the increase in
the proportion of polyribosomes which corr-:sponds to the
increased incorporation of labelled amino acids into hepatic
proteins. Th: hypothesis that in rezsed biosynthesis of
plasma protcins may be due to "recruitment of previously
inasctive cells" as well as additional stimulation of cells
already engaged'in the formation of the acute phase proteins

hes received zome supprort from immunofluorescent stucdies
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(28), but is not widely accepted.

Restonse of éerum glycoproteins to inflammation has
been studicd by numerous workers. Darcy (29-30) investi-
gated anczl—acid glycoprotein in rat serum which increased
7 fold during turpentine-induced inflammation and 15-20 fold in
Walker tumour-bearing rats. Other workers have isolated a
“numbor of acid glycoproteins from rat plasma, which differ
in amino acid composition.and isoelectric points from human
orosomucoid and Darcy'sczl—globulin. ﬁeuhaus EE é} (27)
showed a five fold incr.ase in lqc—glyéine incorporation.
into the seromucoid fraction and decreased incorporation
into albumin in response to trauma. The seromucoid: fraction
contains at l=est six glycorroteins inclucing haptoélobin
and thecrl globulin of Darcy. Further incowvporation studies
with Actinomycin D and puromycin demonstratec the gg nova
synthesis of theccl globulin. Actinomycin D acts on prbtein
synthesis indirectly by inhibiting synthesis of new m-RNA
at the level of the DNA dependant RNA polymerase, while
ruromycin inhibits protein synthesis directly at the formation
of the polypertide chain. Injections'of Actinomycin D up
to 4 h after injury suppressedcnl glohulin synthesis with
no eif ct on 2lbumin synthesis while 'puromycin inhibited
synthesis of both proteins. Control of synthesis by gene
activation or derepression with a differcnt half-1ife for
the specific m-RNA associatecd with each hevatic rrotein

was suggested.
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Chemical Mediators of Acute Fhase Response

Chemical mediators of acute inflammation c¢atisfy three
main criteria;
1) induction by the mediator of some or 211 signs of
inflommation (Fig. 4Y.
2) release of the substance which is capable of inducing -
inflammation during an inflamwmatory reaction.
3) reduction of release by «nown anti-inflammatory drugs.
The relative importence of chamical médiators in inducing
the systemic response is unknown. DiRosa et al (31) pro-
posed, the appearance of chemical mediators in three distinct phases
( Fig, 6 ) in response to carrageenin and turpentine
inflammation. Complement was thought to be invclvéd through-~
out the resronse.

HISTAMINE _
— + ______’u__—_KININS-—————}4_-PROSTAGLANDINS-_’

5-HYDRCOXY-
TRYPTAMINE
— COMETEMENT >
1 1
gours after 1z 2z 6
inflammation
Fig. 6

Initial relesse of histamine and 5-hydroxytryptamine is
simultaneous which could explain the:failure of oth+r workers
to implicate histamine and 5—hydroxytryptamine as mediators.
Histamine mey be released from mast cells by polypeptides
rresent in lysosomes or formed by the action of histidine
carboxylase. Increzsed enzyme activity hes been s'own to

accomrany local irritsticn, infecticn, and trauma (32).

Fistamine is known .tc¢ play a major role in allergic type
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reactions but it seems to be of minor importance in the

early stege of acute inflammation. 5-hydroxytryptamine

, an important mediator in mice sand rats , can csuse release
of histamine , and can potentiate bradykinin action in some
cases.

Kinins are released from plasma by an entirely
ondogenous mechanism closely linked t¢ the initiation of
blood clotting (Fig. 7). Kinins are a group of straight
chain polypeptides with all members of the groupquhibiting
the nonapeptide sequence of bradykinin (Fig. 7) and
differing only in additional residues at the N- or C-terminal.
Bradykinin is the most promising kinin to satisfy phe
criteria suggested above for mediators of the acuté.inflam—
matory response. 1t can procuce incressed local blood flow,
vasodilation, increased vascular permeability, and pain (33%).
Normal levels in the region of 0.07 ng/ml of bradykinin (34)
can be detected in human blood and elevated levels have been
reported cue to trauma or disease (%3%3,35,36). Kininases
which normally inactivate plasma kinins within 15 sec may
be inhibited locally by the acid environment of inflamed
tissue resulting in varietions in normal bredykinin levels.
In guinea 1igs, administration of alum-preciyited antigens
caused the level of bradykinin in blood to rise with the
peak occurring 1 h after injection andé then to return to
normal levels (37). Anti-inflammatory drugs can block
effects of brasykinin in guinea pigs. Cortisol at rhysiel-
ogical levels 4-8 times that in normal animals can inhibit

the relez e of kinins from its substrate (323), but antiser-

otonin or antihistaminic drugs do not ¢iminish bradykinin .
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FRE-ACTIVE FAGEMAN > ACTIVE EAGEMAN

FACTOR ’//////// FACTCOR
ENZYME
"”””’,a INTERMEDIATES

PRE-XALLIKREIN —p KATLIKREINS
(found in tissue and
plasma )

KININOGEN » KININS
(Rradykinin*)

“ ﬁﬁﬁ
W

INACTIVE PRPTIDE
ARGININE

;Amino Acid
Sequence
of Bradykinin

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

N-terminal C-terminal

Fig. 7 Scheme for endogenous release of Bradykinin
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action. Bradykinin or its metabolities may be taken up
by tissues cince after infusion of tritieted bradykinin,
large amounts of radioactivity wers found in kidney and

liver (39).

Prostaglandins can be defined as nitrogen-free fatty
‘acids derived from prostanoic acid. The six primary pros-
taglandins E's and F's (PGE and PGF) differ from each
oth r by the number of double bonds an@ {he substituents in
the 9, 11, =nd 15 positions in the chéin.

CCCH

1C TROSTANOIC

ACID

Fige 8

Prostaglandins can induce vascular permeability ,

vasodilation and psin sensitivity associated with'inflamm—
ation (40). Tocal concentraticns of PGE end PGF.compoﬁnds
are in a rrecise balance as PGE's are rotent vasodiiators
and EGF's are vasoconstrictors. Tissues ¢o not aypear to
store prostaglandins thereiore release is equivalent to
synthesis. Trostaglandin synthesis is inhibited by indome-
thecin and aspirin in both cell free'enﬁ single cell systems
at the level of prostaglancin syntheﬁase (L1, 42). Hydrocort-
" isone is ine ‘fective in inhibition of prosteglandin
biosynthesis. Frostaglandins heve Lcen implicated in
variations in Cyclic AMP levels (43), in regulation of

histamine rolease from mast cells ans with increased pain

censitivity to bridykinin (44). PGE, ilncreases synthesils

1

and release of corticosteroids and pituitary ACTH in rats
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and can reduce release of lysosomal enzymes from human leucocytes.,
The action of prostaglandins form a paradox ; promoting local
immune response and initiation of cell proliferation needed for
repair of injured tissue while contributing to vascular

permeability and pain production .



20

HORMONAT. REGUIATICN CF ACUTE FHASE FRCTEIN SYNTHESIS

The inflammatory process is self-limiting and its
control mechanism may involve a series of resionses reg-
ulated by the pituitary and the glands controlled by it.
Absolute requirements of certain hormones for the expression
of the acute phase response were suggested by liver
perfusion experiments of Miller and John (19). Normal rat
livers were perfused with medium enriched with insuiin,
cortisol, bovine growth hormone, and an amino acid mixture.
Net synthesis of éhe plasma protéins, fibrinogen, haptoglobin,

cxl—acid glycoprotein andoc., AP globulin increased signif-

2
icantly with up to 10 h of perfusion. Cortisol was found
essential for enhanced synthesis. However short-term
perfusion studies by Gordon (45) suggested cortisol sign-
ificantly reduced the synthesis of albumin, fibrinogen,

and transferrin. Weimer and Coggshall (45) had shown
cortisol plus tissue damaée were necessary forcx2 AP globulin
synthesis in rats. Cortisol administration in rabbits (47)
increased fibrinogen synthesis, but large increases

observed may have been due the chronic levels of cortisol
used.

Miller and John (19) found the presence of insulin
yielded maximal induction of the acute phase proteins. In
agreement Neuhaus (48) found reduced incorporation into
seromucoid fraction by diabetic rats in response to injury.
Insulin was reported to facilitate the association of

ribosomes and m-RNA and to stabilize polyribosomcs in

perfused liver (49). Growth hormone has been reported to



21,

rogulate the qu amino acid incorporation into protein

and serum e2lbumin by Korner (50) and to stimulate fibrinogen
synthesis 2-3 h after administration (51).’ Miller's work
showed only 2 minimal effect of growth hormone on albumin
synthesis anc no effect on the cynthesis of the acute phase
proteins ctudied.

Recently Koj (52) using a liver yerfusion system and
conditions similiar to Miller reported the adcitional hormones
had insignificant effects on lysine iﬂcorporatioﬂ in plasma
proteins in normsl rats while in turpehtine—injocted raté,
hormones enhenced synthesis. KoJj maintains increases observed
by Miller after prolonged periusions were dJue to erfects of
the oprration procedure; the employed hormones onlyxexerted
a moderating influence on an already stimulated liver. Further
work with hypophysectomized rats by Griffin and Miller (53)
confirmed most acute phase proteins are sensitive to hormones.
The exception was(xl acid glycoprotein which was maximal
in liver from hypophysectomized rats and which was not en-
hanced by hormon=ss. After hypophysectomy(Il acid glycoprotein
levels were three times higher than normel from 2 weeks to
2 months after the operation. Therefore, pituitary hormones
and endocrine secretions dependant upon them are not an
absolute regulrement for(xl acid glycorrotein synthesis.

While a hormone is a chemical messenger produced in
one place and distributed in the blood to distznt sites of
action, 2 loca! ho'mone can be produced in many locations
and scts ot th: site of synthesis. This errangement implies

a local hormone is at a concentration which would be toxic
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if widely distrivuted. Studies with histamine and brady-
kinin "local hormones™ on regulation of acute phase

prrotein synthesis are limited. Additions of histamine
(0.016mM) or bradykinin (.035pM) to reat liver microsomal
suspensions significently decreased incorpéretion of labelled
1euciné (54) into seromucoid fraction but results were

found to be erratic, presumably due to variable contamination
#ith albumin and prrhaps other proteins (54) , Histamine did

4 elycine into

not significantly affect incorporatioﬁ_of
seromucoid using a perfused rat liver system (55).-

Other cubstances found to influence glycoprotein
synthesis include phosphoryl choline, CDPF-choline, dibutyrl
cyclic AMP and Vitamin A. Fhosrhoryl choline stimuiates
glycoprotein synthesis in vivo and in & liver glice systenm
(56-57) with the effect being pH and tempsrature dependant.
However stimulaetion is thought to occur at the l:uvel of
transfer of sugers on the carhtohydrate portion of the gly-
coprotein due to inhibition of pyrophosyhatases which inactivates
the yDP-galactose complex. Cyclic AMFP can mediate a
number of rat liver enzymes and in the form of dibutyrl cyclic

b,

AMP has been rerorted tu enhence incorporation of
glucosamine into mucins and intestinal glycoproteins (58).
Cyclic AMP levels neve been found to influence rrostaglandin

procduction but the importance of this relationship is not

known (L43).



INTRODUCTICH 7O PRTS™VT WORK

The initisl purpose of biosynthetic work cone in
this laboratory was to isolate a specific acute phase rat
serum protein which could account for a large part of the
observed increase in protein-bound carbohydrate in serum
resulting from an in lammatory condition. This was accom-
rlished by 2 process involving quantitative fractionation
of serum by stepwise elution from columns of diethylaminoethyl
cellulose. The<x1—acid glycoprotein isolated waé.used in
subsequent ctudies on the effect of ei}erimentally'induéed
inflammatior on the mechanism of biosynthesis of a specific
rat protein. It conteined 3%4.1% carbohydrate, had?a
molecular weight of 43000, an isoelectric point of 2.95
and a sedimentation coefficient (SEO,W) of 3.%3. Although
the human(ll—acid glycoprotein has a slightly higher car=-
bohydrate content (54_hq%) and a lower moleculaf weighf
(23000 - L3000) thsen the rat protein, it was not unreasonable
to arssume that both proteins would functicn in a nimiliar
menner curing the inflammatory process, thus making a study
cof the rat(xl—acid glycoprotein particulerly important.

The arylication of a quantitatiﬁe precipitin technique
to serum from control and experimentel animals showed that
the protein under examination was indeed an acute phase
reactant, increasing significently in content as a result
of inflammation. Results involving incorporation of labelled
precursors of glycoprotein biosynthesis intofxl-acid
glycoprotein in vivo suggested the increased content in

serum found following inflammaticn was most likely exylalned



by an incressed rate of synthesis in crperimental snimals,
rather then a decrecned rate of cztabolism. Serum elbumin
was =1s0 studied since it reprosented a protein which did
not respond to inflammation. The contont ofCXl-acid glyco-
protein in serum increased abtout six fold at L8-72 h after
induced inflsmmaticn, whereas the albumin content remained
fairly constant, but d¢id show a =light decrease at 24 h .

The acute phase resjponse to induced inflammation is
thourht to be o complex process which may involve the relcase
of active substances from the éite of inflsmmation. The sub-
stances may act directly on the liver cell or indirectly via
a series of intermedistes rcleases from other tissueshor
organs caucing an increase in the procduction of acute;phase
reactants ot thoir site of synthesis, the microsomal fraction
of liver. The active substances must gein access to the liver
cell to stimulate protein synthesis and synthesis of the 0ligo-
saccharide side chains of theOi—acid glycoprotein. The precise
mechanism of this process snc¢ the identity of the active sub-
stances are unknown and further sturiec were rirected towards
gaining this information.

It appuered thet about 5 h were required btefore ¢ signif-
icant increace incxl-acid glycoprotein was detected in microsome
matrrial, thus stimulation probably commences within 4-5 h after
inflavmaticn is induced. The<xl—acid glycoprotein reached a
maximal content in the liver atout 12 h after inflammation
and was secreted from the liver by way of ths rough and smooth
endoplasmic reticulum and Golgi complex ancé showed up as an

increased blocd content, resaching a marimum at L8 h following
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inflsmmation. No significant chrnges in the pathway of
secretion ofcxl—acid glycoprotein we e observed in normel
rats as comjared toc inflamed rats .. In vivo studies had
rrovided consicerable information on the biosynthesis of rat
Cxl-acid glycorrotein, but they werec not suitable for studies
on the control factors of biosynthesis. Cther organs could
be involved which would complicate interpretation of results.
Thereiors an in vitro liver slice system was developed to

study o, -acid glycoprotein and 21bumin biosynthesis in livers

1
from normal rats and those suffering from infuced inflammation.
It was hoped that the liver slice svstem would behave in

a similiar manner to the liver in vivo with respect to syn-

-acid glycoprotein,

thesis and secretion of albumin and 0&

namely, livers from experimental aaimals would have a greater
capacity for the synthesis ofcxl—acid glycoprotein.which is
rassed into evtracellular medium in greater amounts than in
controls, and a lower capacity for synthesis of ajbumin which
is passed into the medium in lower amounts then in controls.
Utilizing labelled precursors of polypeptide anc carbohydfate

Synthesis

-

changes incxl—acid glycoprotein and albumin synthesis
in vitro could be determined guantitatively by exemination of
the content ané specific radiocactivities of these proteins in
intracellular snd extracellular form as wsll 85 qualitatively
by immunodiffusion stucdies.

The stimulation of nynthesis of ccute phase reactants such
ascxl—acid glycoprotein in response te incuced inflammation
is thought to be mediated directly by humoral substances

released from the site of tissue demage Or indirectly by the
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release of seccondary effectors or hormones from other gites.

In an atterpt to determine the factors which cen influence gly-
coprotein synthesis in vitro and thus, which may be responsible
for stimulation of scute phese reactants in vivo, the effects

of verious compounds inclucing hormones, prptides, and possible
chemical mediators of the acute phase response were studied

on rat liver slices from normal animels. A liver slice system

was chosen for these biosynthetic studies as it allowed the
observation of more conditions on the came tissue than would

be possible with the perfused liver systen anc withopt the various

complicating factors accompanying the interpretstion of in vivo

studies. Attempts to determine the nature of the fa;tors which
are res=ponsintle for induction of<xl—acid glycoproteiﬁ synthesis
and reducticn of albumin synthesis in response to injury by
examination of rossibl: candidates proved unsuccessful, however
information wss main-d on the effects of various hormones on

an in vitro whole cell system.

The alternste approach to the problem wis to isolate
substances from experimentsl tlocd,i.e. 2~5 h =zfter inflammation
which were not present in normal blood or present at ¢ifferent
levels and acd those substances to norusl slices. This work
wis ettemptes by Rllen Morriscon anc her results are roported

in her Mester's thesis.
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EAFRRIMUHTAT

Materials

Radiocactive Comypounds

L-leucine-q,55H (1000mCi/m mole), D—glucosamine—l—luc
hydrochloride (55 mCi/m mole), Amersham Searle, Toronto,
Ontario; Bradykinin-2 [I—Proline—},q-HB(N)] triacetate
(34.2 C/mM), New Englend Nuclear, Roston, Mass.

Chemicals for liouid scintillation counting

2,5-diprhenyloxazole (FF0) and 1,4—515—2—(5—phéqyloxazolyl)
-benzene (PCPOP), Fackesrd Instrument Co. Inc., Illinois;
Bio-Solv solubilizer (PBS-3), Reckman Instruments Inc., Toronto,
Ontario.

Froteins, Feptides and Hormones

Human fraction'ii, Fentex Inc., Kankakee, Illinois; Heparin
(sodium salt), Nutritional Piochemicals Corp., Cleveland, Ohioj;
Bradykinin, Feptide Institute Protein Research Foundation,

1 apan. ‘rostaglandi E E g 3
Osaka, Japan Prostaglandins “1(PGE1)’ ~2(PGE2) and Fai(PGFE&)
were gifts from Upjchn Co., Kslamazoo, Michigan. Crystelline

l—dibutyryl

bovine serum zlbumin, human serum albumin, N6,O-2
adenosine 3‘5‘—cyclic monophosphoric acid (monosodium salt),
insulin (bovine pancreas crystalline), acetylcholine chloride
(crystalline), cytidine 5‘ diphosthocholine (crystalline monos-
odium salt), somatatropin (STH), growth hormone, hycdrocortisone-
Pl-acetate, vhosvhoryl choline chloride (calcium sa2lt), histamine
(free base) thyroxine (sodium salt) snd vasopressin (antidiuretic
hormone - synthetic); Sigma Chemical Co., &t. Louls, HMo.

Other chemicsls were obtained as follows: Agarose, Hoschst

Fharmaceuticals Montreal, Qucbec; Dextran T70, Phermacia (Canada)

Ltd., Montreal; Tubrol-Wflakes were a gift from Imperial Chemicals
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Industries T.td., Plackley, Manchester, Tnslsand. Unless otherwise
stated other chemicals and reagents were of analytical reagent
grade obtained from local suppliers.

Rat albumin and<x1—acid glycoprotein end their corresgonding
antisera were prepered as previously described (59-61). Human

serum was ~urplied by the Winnipeg Rh Institute; entiserum was

rrepsrecd as beforo (59-61).



Fhysical M=zthods

Wyvtinctions in the visible region of the gpectrum wersa
messured with a Unicam SP 600 spectrophotometer. Measurements
of pH were made with a Radiometer Model 286 p H-meter. Measure-
ments of radiozctivity were determined with a Fackard-Tri-Carb
scintillation svectrometer (model 3320). Acueous solutions of
rrotein (up to .4 ml solution containing 1 mg rrotein) were
edded to 10 ml scintillation cocktall containing 0.7% PFO, 0.036%

14

FCFOP, 10% BBS-3 and 90% toluene. Mirtures of 3H and 'C were-

counted simulteneously with red and greeh channels at pulse height
settings of 10-1000 divisions (60% gein) and 100-1000 divisions
(L.5% gain) resvectively.

7 .
Tfficiencies as determined with standard )H—hexadecane and

1k 3 14

C resypectively, in

1y

H and

3

C-hexadecane were 37% and 3%3% for

the red channel and 0.05% and 55% for “H and C respectively,
in the green channel. Guenching was tested for using the'machine
automatic extsrnal standard. With few excertions the stancdard

deviation of the net count rate was not greater than + 5% .
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Prepsration of pure bradykinin

Brodykinin triacetate (10 mg) from Sigma was dlssolved in
about 0.5 ml watcr and streaked on a 4O cm origin on a 46 cm X
57 cm sheet of Whatman 3MM chromatography raper. Chromatograrhy
was for 18 h by downward development in freshly prepared
n-butanol: acetic acid: water (7:1:2 by vol ) at room temperature.
Guide strips (2cm) were cut from each side, alr-dried, and duoveloped
with ninhydrin (.2% in acetone w/y)(62) or with Sakaguchi sprays
(63) in order to locate the bradykinin.j The region of the chpomato—
gram containing ‘he bradykinin was cut out and eluted with
LO ml water; bradykinin was recovered by freeze—dryihg;and dis-
solved in a cuitabhle volume of water for use. 1In some exleriments
3H—labelled bradykinin was usec¢ as a marker. :

Chemical Methods

Frotein was determined by the method of Lowry et al (64) but
with modified reagents and vb]umes as described by Miller (65).
Crystalline bovine serum albumin was used as standard .

Bredykinin wss determined by the Sakéguchi reaction (66) as
described by Tomlinson (67) but with modified reagents. The mod-.
ified reagents were 0.1% - naphthol in 95% ethanol, 10% NaQH, and
sodium hyrobromite (0.64ml Rr, in 100ml 5% NaOH). The following
relationchip was used tc calculate thc:bradykinin concentration of
an unknown solution using arginine (25-200 ug/ml) as a standard.

i.e. ug/ml arginine = x O.D. units

ug/ml bradykinin=y.x C.D. units
The value of y cdetermined with pure bradykinin was y = 2.02

Incorporztion studies with e liver slice system

- Male hooded rats of 300-320g body weight were obtained from
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North American T.aboratory Suprplies, Gunton, Manitoba. Rats

were maintained on a diet of Purina l.aboratory Chow and tap

water and were starved for 16 h prior to sacrifice. Inflammation
vas incduced by subcutaneous injection of 0.5 ml 0il of turpentine
rer 100g body weight into the dorso lumbar region (68) 24 h prior
“to sacrifice. TRats used as controls received injections of
sterile 0.15 M N&Cl. At the appropriate times tho rats were
killed by a2 btlow on the head and unless otherwise stated livers
vere perfused with cold 0.15 M NaCl Xl§ thc portalzvein and were
then transferred to beakers containing cold ¢.15 M NaCl.

Slices were cut by hand by a2 method similiar to that of
Hultin et 21 (69); th: pre-cooled aluminium t mplate.had a groove
7mm wide and 0.36 mm deep (69,70). Iced 0.15M NacCl éerved as the
medium during preparation of the slices. Slices were transferred
to beakers containing a volume of 0.15 M NaCl equal to ten times
the wet weight of the slices; the slices were washed at QOC with
gentle agitation for 30 min. The NaCl solution waes then replaced
with an equal volume of iced incubation medium and washed for
15 min; the washing procedure with ided incubation medium Qas
repeated. The incubation medium was as cescribed by Marsh and
Drabkin (71) ané contained 77mM KCl, 3%mM NeCl, 32.5mM NaHCOB,

%.1mM MgSOh, 1.35mM CaClZ, 0.6mM KHZPO and 25mM glucose; 25mg

4!

of yenicillin G and streptomycin sulphate were added per liter

of mecdium. Frior tov use th. medium wes saturated with O2 + CO2
(95:5) and samrles of 1-5g wet weight slices were incubated under

a constant flow of 02 -}--CO2 for 1-10 h at 37OC with gentle shaking.
Each flaesk contained 5ml incubation medium per g of slices and

O.1ml of an L-amino acid solution such that the final concentration

of eact amino acid was approximately twice that present in klood



(72); these concentrations (in }Amoles/lOOml) were: arginine,

LlL; aspartic acid, 7.63; threonine, 58; scrine, 58; g'utamic

acid, 3%8; glycine, 86; alanine, 96; valine, L4O; methionine,

14; iscleucine, 18; leucine, 3L; tyrosine, 18; rhenylalanine,

16; proline, 48; cysteine, 7.6; glutamine, 383 tryptophan,

1%.8; histidine, 18; lysine, 96. TFor gualitstive studies in which
medium proteins or extracts of subcellular fractions from slices
were examined by immuncdiffusion, LyaCi L—[FQCJ leucine or 4uCi
D—[?ucj—glucosamine were added per gram;of slices, gnd the livers
were not perfused prior to prevaration of the glices. For
guantitative work 10uCi I-leucine —BH and 1uCi D-glucosamine-

140 were added per g slices, together with up to O.Euml of aqueous
solutions of bradykinin or other compounds as described in the
Results section. After incubation, samples were chilled and 5 ml
of iced 0.15M NaCl containing 20 nmM unlabelled 1-ucine and
glucosarine were added pur g slices. The medium was aspirated and
the insoluble material removed by centrifugation at 10000 rpm
@5500 gav)for 10+in in a RC2-B centrifuge rnd stored at -20°¢

. until required for use. For quslitative work liver was cubjected
to subcelluler fractionation (see below) or for guantitative work
liver was cevtracted 1in toto with Tubrol-W by homogenization as

described below.



Bxtraction of liver slices

A motor cdriven Fotter Elvehjem type homogenizer with
a polytetrafiuoroethylene pestle was used for all homogenization
rtrocecures. A Sorvall RC2-B was used for the preparation of
nuclear anc¢ mitochondrial fractions from liver slices. A Beckman
L5 - 50 with a no. 60I'i angle head was used for all other sub-
cellular fractionation procedures. For the preparetion of
extracts of subcellular fractions of liver in qualitative work
the Jliver slices were homogenized with 5:volumes 0.25M sucrose.
for 30s; the pestle was rotated at 2000 rpm and abtout 17 up
and down strokes were accomplished (60). Nuclear and mitochondrial
fractions were prepared by centrifuging at 2500 rpm.;(750gav)
for 10 min and 8400 rpm (10000gav) for 10 min, res?ectively.
The fractions were resuspended and gently homogenized in 5ml 0.25M
sucrose per g slices used initially, followed by recentrifugation
as above. The washing procedure was repeated. Microsome and
cell sap fractions were prepared from the 10 000 gav supernatant
by centrifuging at 4O 000 rpm (113700gev) for 90 min. The
soluble <cell sap fraction was removed and ths microsomal péllet
was wezshed three times with 1.0ml volumées of 0.25M sucrose prior
to extraction with Tubrol-% as describetd below. For direct ex-
traction of liver for quantitative work slices werc suspended in
ten times their volume of 1% Tubrol-W and homogenized as described
atove. The Tubrol-¥ extracts were centrifuged at 40000 rpm ( 113700gav )

for Q0 min to remove any insoluble material.



Isoletion of Frotein for Measurement of Radioactivity

Following labelling with L—leucine—H5 and D-glucosamine-
l—Clq, rrotein wes precipitated from medium and total liver
homogenates by the addition of an equel volume of iced 10%(W/V)
trichloroacetic acid conteining 10 mM I-leucine (73) and 20mM
D-glucosamine (70) hydrochloride. After stancding for 10 min at
room temperature precipitates were collectad by centrifuging at
2000 rpm and then washed with 5%(W/V) trichloroacetic acid.
Frotein was then washod with 2.0ml of tﬁe followiné,reagents;
once with acetone 0.1M NaCl (L4:1) (74), twice with ethanol/ether/
chloroform (2:2:1) by volume, the first at 5OOCfor 15 min and
the second at room temperature for 15 min and finally twice with
ether. All vrotein samples were dried in air and disgolved in
0.2N NaOH and suitatle aliquots wer: removed for determination
of protein and radiocactivity.

Immunological Methods

For cualitative studies Tubrol extracts of subcellular
fractions werns concentrsted twelve-fold with concurrent dialysis
(68) against two cnanges of 0.15M NaCl containing 1% Lubrolg 10mM
ca-rier leucine or glucosamine, as appropriste, were present
in the initisl dialysis solution, medium sam:les were treated in
an icdentical way except that samples werso concentratecd twenty-fold
and Tukrol-YW we: omitted from the dielysis solution. For quantita-
tive stucdies the medium samples were adjusted to 1% with respect
to Tubrol-¥ and werc concentrated ten-fold by ultrafiltration
ageinct 0.15M NaCl containing 1% Iubrol-¥, 10mM car;ier leucine

and glucosemine, a2s appropriate, znd then against two changes of
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0.15M NaCl contesining 1% Tubrol-W. The Tubrol extracts of total
liver were concentrated ten fold as the mecdium semples,

Medium samplecs end Iubrol-¥ extracts of subcellular
fractions wer. examined gqualitatively by double diffusion analysis
ccurled with radicautography as previously described (75);
medium sampl-s wern also examined by immunoelectrovhoresis (59)
followed by radiocautogravhy.

For cuantitative work, albumin and(Il—acid glycoprotein
in medium and extracts of total liver wérc determihed by radial
immunodiffusion in antibody containing gels or by the quaﬁtit-
ative precipitin technigue. The quantitative precipitin tech-
nique was o modification of the original msthod of Simkin and
Jamieson (70). Mixtures were prepared (total volumeuo.q5ml)
containing 0.0°.-0.2ml medium semrles, 0.2-0.35ml extracts of
liver slices or up to 100 ug albumin or;qougcxl—acid glyco-
protein; 0.15M NaCl, 1lmM sodium azide and 4.7% Dextran T70.

Tor medium =ncé total liver extracts human altumin or human
fraction VI 2n¢ entihumen serum were acddec and the mixtures were
incubated at 3700 for 45 min and allowed to atend for 24 K
at 200. The precipitates weve reroved bty centrifuging at
2000 rpm . for 10 min enc¢ tho a ove precipitation with the
human systoms wis repeated. The supernsztants werea incubated
with the srproprizte entiserum to 21lbumin orcxl-acid glyco-
protein and sllowed to stend L8 h at 2°c. The precipitates
ﬁhich formed were collect d as mentioned akove and washed with
0.3m1 0.15M NaCl containing 4% Dextran T70 anc¢ th-n three times
vith 0.3ml 0.15M N=2Cl. Precipitetes were dfissolvec in O.5ml

of 0.IN NaQH and suitalle volumes wer removed for determination
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of protein and radioactivity (73).

When a2 rapid quantitative methoc for albumin was reguired
without information on specific radioactivities, radial immun-
ocdiffusion wes employed. The method was based on that of Mancini
et al (76). Gels were 1.0-1.5mm thick and contained 1% entiserum
to albumin, 1% agarose (W/V) in barbiturate buffer pH 8.6 (16mM
sodium diethylbarbiturate, 18mM sodium acetate, 2.2mM H Cl).
Wells of Lmm ciameter were cut.in the gel and 10,;1 volumes of
standard solutions of rat albumin (25-150ug/ml) or concentrated
medium or total liver extracts were added and difiusion allewed
to tzke place for 18 hours. The diameter of the precipitin
rings was measured anc¢ the albumin in the unknown was determined
from the plot relating the diameter of the ring tq the logarithm
of the albumin concentration in the stendard solution (77).

C

1

samples contained less than 25 ug/ml.

-~acid glycoprotein could not be effectively determined as most
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RESUITS

Tmmunodiffusion Studies on the Piosynthesis of Albumin 2nd

Crl—acid Glycoprotein

Immunological studies were done mainly by Ellen Morrison
in connection with her work on quantitative elbumin andcxl—
acid glycorrotein synthesizecd by liver slices 2ncé are reported
briefly below for sake of completeness . Previous in vivo studies
have shown that the components of the microscme fracticn of
" 1iver wers the site of synthesis of thefpolypeptide“chains of
rat serum albumin and the polyrertide anc cartohydrate chains
of O&-ecid glycoprotein (75). These studies involved reactiun
of extracts of verious liver subcellular fractions w%th aprro-

14

priate antiserum after labelling in vivo with ¢ leucine or
glucosamine; radioautography wss subsecuently employed to
detect radioactivity in precipitin lines. This procedure was
applied by Ellen Morrison to medium proteins and to subcellular
fractions from liver in experiments in which liver slices from
normal rats and those suffering from inflammetion for 24-48 h

. " RIS . .
were incubated for 2-4 h with ¢ leucine, a precursor of

14

polypertide synthesis or 'C glucosamine, & pPrecursor of carbo-

hydrate synthesis. Immunodiffusion in agar gels with monospecific

antisera to rat albumin anc¢ rat al—acid glycoprotein wess used to

detect albumin andcxl-acid glycorrotein, respectively, and

coupled with radioautography the observed 1abelled precipitin

lines indicated the presence of newly zynthesized proteins.
Following incubation vwith labelled amino acid and glwcosamine,

the Tubrol-W extracts of liver microsome materiel yielded strongly

labelled precipitin lines on reaction with antiserum to
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Cxl-acid glycoprotein. Tubrol extracts of microsome material
also yielded strongly labelled precipitin lines on reaction with
antisérum to serum altrumin after amino acid incorporation, with
little or no labelling fdllowing incubation with glucosamine
confirming earlier in vivo studies. These immunodiifusion studies
indicated that liver slices from normal rats and fhose suffering
from inflsrmation were capable of incoréorating labelled precur-
sors into Gi-acid glycoprotein anc¢ albumin synthesized ?n the
microsome fraction of the liver. Further studies were carried out
to determine if labelled albumin andcxl-acid glycorrotein could
be secreted into the extracellular medium as occurs in vivo

(75,78). Following labelling with 14

C leucine or glucosamine
medium proteins were examined by immunodiffusion coupled.with
radioautograrhy. Immunoelectrophoresis was used to check that
the albumin and.ai—acid glycoprbtein present in medium were
native serum rroteins and not intracellular percursors leached
from the 1iver cell during the incubation. In all cases lab-
elled proteins had identical electrorhoretic proyperties as

‘compared tc the appropriate serum proteins. The presence of

-4

puromycin at a concentration of 10 "M in the incubation of liver

slices abolished latelling of precipitin lines in all cases
excert for faint latelling found in ITubrol extracts of micro-
some material upon reaction with antiserum to ai—acid glycoprot-

14

ein following C glucosamine incorporation.



39

Determinaticn of Contents of flbumin andcxl-acid Glycoprotein

in Total Tiver and Medium Froteins following Tncubation «f

Tiver Slices from Control end Gxperimental Animals.

Tmmunodiffusion studies described above indicated that
liver slices from control and experimental animals were capable
of secreting native labelled serum albunin andcxl-acid glyco-
protein into the incubation medium. These studies could not.
confirm if increased net synthesis of both proteins occurred
or if 1liver slices from e perimental animals c-uld manufacture
a greater amount ofcxl—acid glycoprotein than liver slices from
control animals as occurs in vivo (75). The quantitative pre-
cipitin technigue was used in all quantitative assays and was
zpplied to mecdium and Tubrol extracts of totel 1iver{ the latter
were examined because immunodiffusion studies had shown the
rresence of <ome labelled alivumin and o%—acid glycoprotein in
subcellular fractions of liver other than the microsome fractione.

The contents of albumin (Fig. 9) andcxl—acid glycoprotein
(Fig. 10) in medium increased with thc length of incubation
with control and erperim ntal slices. In experiments with'livers
ffom 8,12, and 24 h experimental rats, the content ofcxl—acid
glycoprotein in modium was significantly greater when compared
to control slic-s. FEurerimental liver slices from animals 48
and 72 h after induced inflammation yielded results gimiliar
to or nlirhtly greater than the contrel velues. In contrest,
control slicee yielded the highest content cf serum =2lbumin in
mecium with decreasing amounts found with slices from 8,12, and
24 h  ewpurimental animals. Results from L3-72 h exrerimental

animels wer: apain similiar to control values.
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Txverimental slices from rats up to 24 h after inflammation
arpeared to secrete greater amountes ofcxl—acid glycoprotein
and lesser amounts of albumin into medium than control slices.
Since previous in vivo studies had shown that Jivers from
experimental animals contained a higher content ofcxl—acid
glycoprotein anc¢ & lower content of slbumin (75), the possibil-
ity exists that the observed chenges in modium albumin and
Oﬁ—acid glycoprotein were cue to the leaching out of proteins
already pre=ent in\differivg amounts in:tissue—bound form at the
start of the evperiment rathar than changes in the new synthesis
of the proteins in question. In order to show that increased
medium &lbumin anﬂ(Xl—acid glycoprotein was due to increased net
synthesis of these two proteins, the content of albuﬁin and
Oi—acid glycoprotein in tissue-bound form in liver and soluble
form i medium were detevmined following various times of
incubsztion. Tho results are presented in ceteil in TARLES 5 anc
L4 for slices from e periments with control an¢ 24 h experimental
rats. There was o dofinite increase in mecium alhumin and
Oi—acid glycoproteln as seen in Fige 9 anc¢ 10 while there was
1ittle or no change in the content of the ti<sue-bound proteins
rrecent in the liver resulting in & new increase of the proteins
isolated. Rates of synthesis of both proteins are also shown in
TAPTRS 3 and 4; the decreese observed with incressing times
of incubation indicates a gradual loss in the synthetic caracity
of the liver slices for both @roteins. Contents of tissue-bound
albumin andcxl—acid glycorrotein in control and 8,12,24,48, and
72 h experimental slices anc the rates of synthesis of these

proteins are seen in Fig. 11. The rates of synthssis presented
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here are the meens of individual rates of synthesis calculated
for the 1,2,3,4 2and¢ 6 h incubations. From Fig. 11 it can be
seen thet the @lices have the greatest cépacit; for synthesis
ofcxl—acid glycoprotein and the lowest capncity for synthesis
of 2lbumin vhen vprepared from livere from rats cuffering from
inflammation for 24 h.

In 211 tho above sfudies the guantitative precipitin

technicue was used to isolate albumin end & ,-acid glycoprotein

. 1
from liver extracts or medium; Samplosiwere pre-yrgcipitated‘
twice with a Hcterologous impune system to remove any non-

specific precipitating matcrial which could precipitate with
immune comriexes formed by th: rat proteins. The use of two
heterlogous systems has buoen discunsed earlier (75,78). It

w2s shown in control evperiments using densyl labelled albumin

or aﬁ—acid glycoprotein that there wes ahout a 15% loss of both
proteins from total liver extracts, btut a negligible loss from
medium proteins when pre-precipitation was used. The values

in WATT®ES % and L are corrected for this 15% loss. Radioactivity
oA

loss cue to pre-precipitation wos less than 10% of the values

obtained with rat immune systems.



Fig. 9.
Effect of time of incubation on content of albumin

in medium from experiments with liver slices from - O -,

control rats and - A -, 8h; -0 -, 12 h; and -4 -, 24 h;

experimental rats. FEach point represents the mean from

Z-6 experiments.
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Fig. 10

Tffect of time of incubsation on content ofo&—acid
glycoprotein in mecdium from experiments with liver slices
from - O - control rats and - 4 -, 8h i -0 -, 12 h j;and

- A -, 2 h experimental rats. FEach point reprecents the

mean from 3-6 exyperiments.
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TADIE 3

Albumin in Liver and M=2dium frem Cortrcl

and 24 h

Evrerimental R z2ts

COMTROT. RATS (6)F 24 H . RYPTRIMTNTAT RATS (1.:-)*
Incubaticn Tiver Medium Total Net Rate of Tiver Medium Total Net Rate of
Increase Synthecis Increase Syathesis
. - o/ o : , .
mneh  wEpEpS S T S t (o
0 Z2%+11 - 223 - - 24b+15 - 2L - -
1 211412 7845 389 66 66 SL1+12 38l 279 35 35
2 315+19 112:14 k27 104 52 2L6+17 5546 301 57 29
3 213+£18 170&£12 483 160 53 256+16 got8 336 92 31
L 218416 18u+12 502 179 L5 250+19 8&t8 328 gl 2L
b 31G+15 225*19 Sih 221 26 2L8+16 130+11 378 124 22
¥ Results are cvpressad ss mean velues + stondard errors of tres mean; -2 g liver slicesg vizre
used 1+r flask, tut results sre given on tho basis of 1 g slices; ths numbzr of exper-
imente p-riormed is given in yarcntheses.



TABLE L4

' *
ay1-Acid Glycoprotein in Liver and M edium from Control and 24 h. Experimental Rats .

* *
CONTROL RATS (6) 24 H  EXPERIMENTAL RATS (4)

‘ncubation - Liver Medium Total Net Increase Rate of synthesis Liver Medium =~ Total Net Increase Rate of synthesi

Time H ug ug ug ug | ug/g liver/H ug ug ug ug rg/g liver H
0 78+8 - 78 - - 290+18 - 290 - -
1 77+6 1542 92 14 14 287+15  28+3 315 25 25
2 80+7 20+2 100 22 11 289+14  41+4 330 40 - 20
3 81+7 24+3 105 27 9 308+19  56+4 363 73 25
4 79+6 2743 106 28 7 305+15  75+7 380 90 22

6 77+7 35+4 112 - |34 6 300+20 100+8 400 110 18

*
Results are expressed as mean values + standard errors of the mean; 2 g liver slices were used per flask, but results

are given on the basis of 1 g slices; the number of experiments performed 1s given in parentheses.

og-‘q



Fig. 11

Effect of time after incuction of inflammation on
content of - @ - albumin and - A - Cﬁ—acid glycoprotein
in tissue-bound form in liver and the meén retes of
synthesis of - O - albumin and - A -CIl—acid glyco-

rrotein by liver slices.
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Incorvoration of labelled precur ors into Totzl Tiver and

Mecdium Proteins and into Albumin and(xl—Acid Glycoprotein

from Medium and Total Tiver from Control and Wnperimental

Animals
Previous in vivo studies had shown 2 two fold increszsse in

3

specific radiocactivities of “E leucine and 140 glucosamine in
Oi—acid glycoprotein isolated from liver microsomé material
from experimentsl znimels as compared to controls. To deter-
mine 1f #ny chaonges in spscific radioactivities ocdurred
Auring syntheais of ai—acid glycoproteih'and 2lbumin . with
liver clices, 5H leucine anc lL"C glucosamine werc added to

the incubation flasks at the start of the expﬂriment.: Tissue~-
bound and soluble albumin and<xl-acid glycoprotelin anﬁ total
medium and liver proteins were isolated at various times of

Z

. . . o . N % 1!
incubation and specific redioactivities of “H and *C were deter-

3

mined. Anincrease in the specific radioactivities of “H

14

leucine and C glucosamine incxl—acid glyvcoprotein isolatad
from medium and total liver extracts was observed with in-
creasing incubation time (Fig. 12) ., Incrocased srecific
radioactivities werc also observed in<xl—scid glycoprotein
igolated from medium and total liver irom c¥yerimental animals
when comrared to controls; liver sliées from 24 h exporimeﬂtal
animals showed the largest increases in sprcific radioactivities.
Z

The zpecific radioactivity of “H leucins in albumin isolated
from me<ium ond totel liver estract: also increessed with
incubation (Fig. 13), but values for tissue-bcund anc medium
albumin were lower in evperimental slices wh n compared to

. ”

C inoc,~acid

Z
controls. Specific radioactivities of “H and 1



L8,
glycoprotein and 5H in »lbtumin isolated from totel liver
extracts were lower than specific rzdiocactivities of the labe-
lled proteins isclated from medium (Fig. 12 and 13).

These results indicate that there are significant changes
in the incorporaiion of labelled precursors into<xl—acid gly-
coprotein and¢ =lbumin in liver slices from exrerimental
animals when compared to controls. However, there werc large

Z 14

differences in specific radicactivities of “H and C incorpor-

ated into total mecdium proteins. With & h incubation there was
about 2 three fold increase in specific radioactivity of "H

. .14 . . . . .
leucine and ¢ glucosamine with 24 h experimental slices as
compared to controls (TAPTE 5). Intermediate increases in

specific radiosctivity of medium proteins were also found with

liver slices 8 and 12 h, while 48 2nd 72 h ewperimental slices (not shown)

were only rlightly g@eater than controls. Increacscs in specific

AN

radiocactivities of “H and lL*C in total liver proteins from
experimental slices werc not as significant s those found with
medium proteins. These results are also shown in TABLE 5 in
terms of = ratio of specific racioactivities of mecium and total
liver proteins isolated from experimental liver slices to specific
radiosctivities of ths corresponding proteins isolated from control
liver slices . . Thi~ ratio represents the chenge in th - emount
of 1abe11ed precursor incorporated into proteins isolated from
experimental liver slices whun comparec with the amount of the
same labellad precursor incorporated with control slices for the
same time of incubation. An increase in this ratio incicates
increased incorporation, while a value less than one indicates

decreased incorporation ss compared to controls. Increased
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synthesis ofcxl—acid glycoprotein was shocwn to be accom-

ranied by large increases in specilfic raciocactivities of labelled

precursors in total medium proteins, therefore an increase

in specific racdiocactivity of totel medium proteins or a ratio

value greater than one indicates the increase in highly

labelled secretable proteins present. This obser%ation is
considered to be a characteristic response of liver during

the acute phase reaction and is used in subsequent stud%es as a

crude indication that liver is synthesizing morecxl-acid

glycoprotein when challenged with various hormones.



Fig. 12

Mmffect of incubation on specific radioactivities of

14

2 .
I-leucine-"H and D-glucosamine-"'C in medium and liver

Oﬁ—acid glycoprotein from experiments:with liver slices
from control and 24 h experimentel rats: -O- medium and
- @ - 1ivercxj—acid clycoprotein from control rets; - A -
medium and - A - liver'Oﬁjacid glycoprotein from 24 h

evrerimental rats. Tach point represents the mean from

three exp=riments.



(Y) ouwif vonpgnou;

[

9 6 ¥ ¢

| o

S b & 2

)

SPECIFIC /‘?AD/OACT/V/T/ES,
nC; L-LEUCINE-3H /mg a,-Acid glycoprotein

n H D
O @) O
O @) O
N n | |

D ~

N

S

- Q

S

M

¢

N

I

N

%)

S

n

§

N

S

1))
| 1 L
nN H (0)]
o @) @)
O @) O

SPECIFIC RADIOACTIVITIES,
nC; D-GLUCOSAMINE-?C/mg a,-Acid glycoprotein



Fig. 13

Bffect of time of incubation on specific radiosctivii-

5

ies of IL-leucine-H" in medium and liver albumin from ex-
prriments with liver slices from control ané 24 h exver-
imental rats; - O - medium and - ® - liver slbumin from
control rats; - A - medium and - A - liver albumin fron 2L
h  experimental rats. Toch point represents the m.en from

three experiments.
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TARIE 5

l . .
Incorporation of [3&} Leucine and P*é} Glucosamine into Total Msdium snd Liver Froteins from

\
Evzeriments withC ontrcl and Evporimental Rats after 6 h of I.ncubetion

Specific Radioactivity,nCi/mg Frotein

EXT "RIMTNTAL/CCHTRCL +

Time After

Incuction of Medium Protein® Liver Protein™ Medium Protcin Iiver Protein
Infli?iaﬁlon 5H 1#0 5H 1bC BH _1“0 jH IMC

CCMTRCT 11.5#1.0 9.5£1.0 £.5¢0.5 1.0+£0.1 1.20 1.00 1.00 1.00

8 23.0¢2.% 14.5£1.5 7.1+0.8 1.2+0.1 2,00 1.52 1.09 1.20

12 30.5¢3%.1 18.0+2.0 7.840.8 1.3+0.15 2.65 1.90 i.?O 1.30

2L LO.5+3.,5 29.5+2.C 9.1+1.2 1.8¢0.15 3.52 3.11 1.40 1.80

¥Results are exryressed s m sn specific radi:activities £stendard errors of the means, from

four to silx exreriments.

s

t

bt

+ Recults are exyre: ¢ in terms o

0

S

¢}

2 retio of trhe mesn c¢f sracific rediocactivities of
mecium end liver proteins from e perimental rats to th. mean of specific racdioactivities

of medium and liver proteins from contrcl rats.

*2s
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Effect of Various Hormones on the Incorporation of labelled

precursors into Total medium aznd liver proteins

Significant differences between experimental and control
animals were obtained with the liver slice system using rats
suffering from induced inflammation. A lower capgcity of the
experimental slices for albumin synthesis and a greater
caracity forcxl-acid glycoprotein synthesis was accompanied
by a large increasse in specific radioactivities of labelled
precursors into totel medium proteins. The increase in the
specific radioactivities of total medium proteiné could be
attributed to increazsed amounts of highly labelled secretable
proteins such as<xl-acid glycorrotein. BRBiosynthesis of a var-
iety of acute phase proteins studied with a liver perfusion
system by other workers (19,52,79) has indicated fhat steroid
or peptide hormonss may be involved in the reéulation of acute
phase protein synthesis. Therefore, liver slices from normal
rats wers challenged with various compounds in an attempt to
induce the acute phase response as seen by the rise in specific
radiocactivities of total medium proteins. Fossible mediatcrs
of the écute phase r sponse were added individuelly or in
combinations to the incubation flasks. An increase in specific
radioactivities over control values would be & crude indication
that the liver might be functioning in a similiar manner as
"that observed in response to experimental inflammation. Initial
studies consisted of the incubation of non-perfused liver slices
in the presence and absence of additional cogpounds and the

determisation of the specific racdiocactivities of medium and

total liver proteins as presented in TARIE 6. Specific radio;



activities arc evpressed in terms of th- ratio of the mesn of
stecific rastioactivities of normal slices plus additions to the
mean cf specific ra‘icectivitics of normal ¢lices. Slices fronm
control rats and 24 h stressed animels without additions are
also presented zs controls. Significent incre ses in spoéific
radiocactivities of medium proteins werc cobserved with brady-
kinin, thyroxine, cortisol ancd prostaglandin Fam and significant
decreases in specific radicactivities acpomp“nied additions of
prostagléndins F,end E, and cibutryl cAﬁP at the cdncentration-

1 2

levels indicoted.



TAPTE 6

Tffrct of Vorious Compounds on the Incorporztion of

55

7z

JH

. 1 . . . s
Leucine and qc glucosamine into Totel Medium and Liver

Proteins from E v erimente

vitl: Normzl Non-v

riuseg Liver

Slices after 6 h of Incubation

SPRCIFIC RADTOACTIVITIRS

MEDTUM T ROTRIN

L3
TCTAL TIVRR FROTEIN

Sy g 3y the
CONTROL (1) 11.2¢41.5 7.6+ 1.0 . 7.5% 0.8 1.2+ 0.2
EATTRINPHTAL 34.2+3.0 16.2% 2.2 12.5% 1.2 1.4t 0.3
,2lh (14) :
By PERIMONTAT/conTROL T
MELIUM FROTTIN TCTAT. LIVTREIROTWIN
ADDWD COMPCUND T on the Sy e
BRADYKININ
2.4X10-5M(2) 1.05 1.03 0.92 0.91
1.ax10‘4M<6> 1.62 1.56 1.27 1.17
2.x10"Hi(2) 1.03 1.00 1.52 1.47
PROSTAGTANDIN F, o
2.0x1072M(2) 1.08 1.05 1.10 1.05
4.0x10”5M(?> 1.38 1.31 1.18 1.16
6.0x1077M(2) 0.38  0.19 0.65 0.0
THYROXINE
1.0x1077M(2) 1.25 1.16 1.16 1.07
CORTISCL
2.7%1077M(2) 1.45  1.11 1.11 0.92
CORTISCT. 2.7x10‘5m
plus THYROVINE .
1.0x107"M(2) 1.34 1.16 1.08 1.00



ANGICTENSIN IT

1.0x1077M(2) 1.06  1.06 0.77 0.70
ROVIN® GROWTI HCMONE

P.3x16“7M(2) 0.90 0.90 0.90 0.86
ACTH - L units (2) 0.67 0.67 1.34 1.16

FROSTAGTAMTIN El

5.0x10'5m(2) 0.48 0.45 0.77 0.2L
FROSTAGTANTIN

5.0x1077M(2) 0.40  0.39 0.9 0.80
DIBUTRYT. ¢ AMP

1x1072M(2) 0.54  0.35 0.58 ©0.54

5x10'6M(2) 0.93 0.89 1.26 1.13

PHOSFHCRYL-CHCT INE .
5.9x10—6M(2) 3.30 2443 1.23 ©1.08

CDP-CHOT INF,
7.6x1077M(2) 5.11  4.00 1.32 1.09

FHECSFEORYT.-CHQT INE
3.9x10’6M plus
-5
CDP-CHOT INE 7.6x10 “M(2) 2.48 1.85 0.91 0.82

% Results are evprecsed as meen specific racdioactivities *.
Stenderd errors of the means. The number of experiments
performed is in parentheses.

+ final concentrztion of added compound in the incubation flask
¥ Results are expressed in terms of the ratio of the mean of the
specific ra<ioactivities with normal slices plus acditions to
the mean of the specific radioactivities with normal liver

slicese.
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Tffect of Various Formoncs on Contents of Albumin andcxl—Acid

Glycoprotein in Total Iiver and Medium Froteins following

Incubation of liver Slices from{ ontrol Animals

The differences between normal slices with and without
additional compouncs wer: not expectsd to be as mreat as the
observed differences between norml and 24 h erperimentel slices
but at an intermediste lavel between normel and experim-ntal
slices. If a significant increcase or deprease in specific
radioactivities in totzl medium protein‘was observéd, experiments
were repeated with porfused livers 2nc mﬁdium anc¢ total liﬁer
extracts were e vamined by the quantitetive precipitin technigue
or racdial diffusion to determine the content ofcxl—acid glyco-
rrotein anc albumin (TAPIE 7). The values in TARTE 7vare ratios
of thecxl—acid glycoprotein or albumin content with control
slices with additions to thecxl—acid glycoprotcin or albumin
content with control slices without additions. Tradykinin
at 8.OX10_5M yielded a significant increase in specific radio-
activities of totsel medium protein which was accompanied by a
significant increase in medium and tissue—boundcxl—acid glyco-
protein. Towsver, the content of albumin in mesdium and total
liver extracts also incrcased, but not es much as the increcses
incxl—acid glycoprotein. A combinationm of cortisol, insulin,
and somatrorin at concentration levels cimiliar to those em-
ployed by Miller (79) yielded en incresse inocq-acid glyco-
frotein content in medium end¢ in a2lbumin content in total liver
extracts. Decreasses in specific radiosctivities of totsl mecium
proteins observed with dibutyrl ¢ AMF and prosteglandin Ea

corresponded to decreased amounts of<xl—acid glycoprotein in
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medium and total liver extracts. Cortisol and histsmine which

had increased specific radiogctivies'of medium prcteins , yielded results that
showed no significant change in(11~acid glycoprotein or albumin
content in medium. Th  combinetion of bradyvkinin and cortisol
rrovided &n increased level ofcxl—acid glycoprotein in medium

and total liver proteins with 1ittle or no incrcase in the con-

tent of albumin.

The results observed with bredykinin appeared to vary with
the commercisl preparation used, therefofc an attempt.was made -
to purify Sigma bradykinin triacetate using preparative pafe
chromatography. Modified Sakaguchi assay vweas used to determine
the amount of purified bradykinin added to the incubation flasks.
flhe effect of bradykinin was shown tc be concentration dependant
as seen in Fig. 143 and all further experiments emyployed the
rurified bradykinin preparation. Bradykinin levels found to
yield thc_greatest increases in sypecific radioactivities of
madium protein (Fig. 14) and correspcnding increases in medium
ané tissue-bound al—acid glycoprotein (Fig 15) were one fifth

of ths lovels of commercial bradykinin employed originally. The

5 14

ratios of sprcific radioactivities of “H-leucine and C glu~

cosamine in Gﬁ—acid glycoprotein isolatéd from mecdium and total
liver extracts showed increases over controls with specific radio-
activity of aH loucine in elbumin showing & decrease esyeclally

in ticsue-bound form (Fig. 16). These chenpes parallel the
changes observed in specific recioactivities with exrerimental
slices, however thz megnitucds of chenge is not as large 2s

thzt observed with the 24 h expurimental slices. Further studies

with bredykinin weres done at various times of incubation in
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order to detsrmine th- time interval betwecon ~ddition of brady-
kinin and the observed incroase in specific radiocactivity of
medium proteins and thz corresponding increace in medium and
tissue—bmnuiogjacid glycoyrotein. Control slices with and
without bredykinin and exrerimentsal 24 h slices werc lncubated at
various times between 2-10 h and results are presented in

Figs. 17 and 18. Increasses in specific radiocactivities in
medium proteins can be detected zfter 4 h of incubation with
1.44 x 10— M‘bradykinin with the largest increﬁses in specific
radioactivities occurring after 6 h. An increase incxi—acid
glycoprotein isolated from total liver extrocts svrprars max-
imal after 3 h znd the corresponding increase:hlogfapid gly-
coprotein in medium occurs after at least 4 h. Qesulfs are
e¥rressad as th» ratio of the m an from two exyeriments and
sracific racdiloactivities ¢l =litumin andcxl—acid olycoprotein
isolnted.from medium znd total liver extrescts showed corres-

ronding changes.



z
Trfect of Ysrious Compounds on the Incorporstion of [’i] Lesucine
]
and —1!C] Glucosamine into Totol Medium Protein and the Content of

o&—Acid Glycorrotein ond Albumin iccleoted from M2dium and Total

Liver Extrocts from Experiments with Control Liver Slices = fter

£ h of Incubstion.

Specific Radioactivitiest Contents T
Albumin oi—acid Glycoprotein

Medium Proteins Medium Total Medium Total

Z 3 n | =)

ADDED COMFCUND H the [iver Liver

BRADYKININ 8.0x1077M(6) 1.58 1.49  1.60  1.19  1.74  1.65

1.2x10"”M(6) 1.2 l.24 S 1.12 1.3%2 l.22 1.37

CORTISOL 2.7x1072M(2)  1.31  1.22 113 1,02 0.98  1.00

ERADYKININ 8.0x10 M
¥ CORTISOL 2.7x1077M(2) 1.39  1.28 1.01 1.06  1.22 1.3%0
HISTAMINE 5.0%x10°°M(2) 1.22  1.09 1.04 1.48  0.89 1.13

=
CORTISOL 2.7x10” M
INSUTIN 0.2 units/ml
Bovine Growth Formone

2.2%x10” M(2) 1.23  1.16 1.00  T.85 1.33  1.02
FROSTAGTANDIN E

3.0x1077M(2) 0.77  0.79 1.42  1.20 0.80  0.80
DIFUTRYL ¢ AMP

1.0x10"2M(2) 0.81  0.69 0.81  1.06 0.78  1.00
EYERRIMNTNTAL 24h (10)  3.17  2.25 0.62  0.52  2.59  L.50

¥ Srecific radicactivitics are evpressed in terms of the ratio of
the mean of specific radiosctivities of normal ~lices plus
additions to tho mean of the specific racdiosctivities of normal

slices.

-fContonts of 2loumin and qi—“cid glycoprotein ere erxpressed in terms
of th~ ratio of the contents of those pretesine iscleted from med-
ium and totsl liv-r with normel <lices plus additions to the
contents ol th ce proteins isclated from medium and totesl liver

with normal =lices.

The number of s¥periments performed is in perentheses.



Fige. 14
Effect of bradykinin concentration on the specific

3 1k

racdloactivities of L-leucine-"H and¢ D-glucosamine-

in total mecium protein with liver slices from control rats;

5 -A-JAC glucosamine incorporation is

-@®- “H leucine and
expressed as the ratio of the mean of specific radio-
activities of medium proteins with normal slices plus brady-
kinin to the mean of the specific radioactivities of

mediﬁm proteins with normal slices, averaged from two

experimentse
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Fig. 15

Effect of Eradykinin concentration on the contents of
albumin andcxi—acid glycoprotein isolated from medium ang
total liver with normal liver slices; - O- mecdium and
- B- total liver albumin and - O - medium and -@ -~ total
livercxi—acid glycoprotein. Results are expressed in terms
of the ratio of the contents of those proteins isolated from
medium and total liver with normal slices plus bradykinin to
the contents of these proteins isolated from msdium ané total

liver with normal slices from two experimentss
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Fig. 16

mffect of bradykinin concentration on specific radio-
activities of L-leucine-BH in medium and total liver albu-
min and of D-glucosamine—lqc in medium znd total liver
O&-scid glycoprrotein with normrl liver slices: - O -
medium and -@- total liver O&—acid glycoprotein; -0 -
medium and -m@- total liver albumin. Results are expressed
in terms of the ratio of the specific radiocactivities of these
proteins isolated from medium and total liver with normal
slices plus bradykinin to the specific radioactivities of

these proteins isolated from medium and total liver with

normal slicese.
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Figs 17

Bffoct of time of incubation on the specific radio-
‘activities of L—leucine—BH and D—glucosamine-lqc in total
medium protein with normal 1iver slices plus bradykinin
1.44x10—5M;-.-3H leucine and - A- ke glucosamine incor-
poration is expressed 2s the ratio of the mean of specific
radioactivities of medium proteins with normal élices plus
bradykinin to the mean of the specific radioactivities of

medium proteins with normal slices from two experimentse.
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Fig. 18

Effect of time of incubation on the contents of
albumin andcxl—acid glycoprotein isolated from medium and
total with normzl liver slices plus bradykinin 1.44x10-5M;
-0 - medium and - M- total liver albumin and - O - medium
and -@- total 1iver(xl—acid glycoprotein. Results are
expressed in terms of the restio of the contents in terms of
the ratio of the contents of these proteins isolated from
medium ancd total liver with normal slices plus bradykinin
+to the contents of these proteins isolated from medium and

total liver with norm=l slices from two experimentse
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DISCUSSION

Immunociffurcion stucies showed that the components of the

)

microsomal froction of liver are the mein site of eynthernis of
rolyrerptide and carbohydrate moieties ofcxl—acid glycoprotein
2nd of polypepticde moieties of serum albumin. These results
confirm earlicr in vivo studies (75) as well ¢s rcports by
Tetars (80) and other workers (81) on the bilosynthesis of rat
serum albumin. Fresent work w=ith 1iver_slices did show signif-
icant labelling with fractions other then the microsome fraction
on recction with monospecific antiserum to &lbumin ;%dcxl—acid
glycoprotein. These otservations msy be cxplained by some
disruption of the normal morphology of the liver cell c¢uring the
slicing and incubation procecdure. Zubseguent fractiohation may
have yielded a poorer separ~tion of microsomsl material from
other cubcellular fractions, and thr possibility elso exists
that the proteins under study may heve iound to oth r sub-
cellular fractions during the isolation procecdure. Immuno-
giffusion and immunoelectrophoresis clearly demonstrated that
1liver slices are capable of secreting both proteins into

medium, since btoth albumin andcxl—acid glycoprotein isolated
from medium have identical electrophoretic mobilities to corr-
esponding nrtive serunm rroteins. It i; known that lissue-

bound forms of beth proteins have cifferent electrophoretic
mobilitics from those of corresponding serun proteins. (Jamleson
J.C. perronal communication). Ouantitstive studies (TARTE 344,
Fige. 9410) indicate the net incrocse of beth proteins in medium

as a function of the time of incubation with no significant

change in the content of tismue—boundcxl—acid glycoprotein



end zlbumin pres nt in liver slices. Thereforecxl—acid
glycoprotein can be classified es a serum rrotein which is

known to be synthesized end secreted by liver =lices. Cther
serum proteins which have ucen reported in this cotegory in-
clude 2ltumin (82,83) p-lipoproteln (84), transferrin (85) and
total globular rroteins, but in the case of transferrin,

medium proteins werc not examined separataly. The present work
included stucdies on liver slices from normal rats ancd those
suffering fro» turpentine-incduced inflemmation for various
times. Resultsz from quantitative studieé showed siggificant
differences between control and experiment=zl animals while
immunodiffusion stucdies had shown little qualitetive differ-
ences cdue to incuced inflammetion. Tiver clices fromiexper-
iments1l animals conteined grestor amounts ofcxlacid-glycoprotein
and lower amounts of szlbumin then liver =lices from control
animals at th stert of the exporiment as reported. in vivo (7%).
Tiver slices from exterimental animals were cepable of secreting
larger amounts ofcxl—acid glycoprotein and lower emounts of
albumin into medium as ccmpared to contreol slices, thus re-’
sulting in an increcsed net synthesis ofcxl~acid glycoprotein
and = decrsased net synthesis of albumin. The preatest diff-
erences betweon evyerimental snd control enimals were observed
after P h of inflammotion. The liver slice system appears 1o
function in 2 rimiliar menner to liver in vivo (75,78) with
resrect to synthesis end secretion of the two serum proteins,
albumin and,O%facid glycoprotein. Similier chenges in syn-
thetic caracities of liver for othsr acute phase glycorprctelins

and serum albtumin have been reported with studics using the



isolated perfusion technique of Miller (86). However rat
liver slices offer a system thet 21lows the observation of
more conditions on the same tiscue than is poesible with the
rerfused liver.

In the ypresent study, the amount of a2lbumin synthesized
by normal liver slices wes 26-66 ug per g wet welght of tissue
rer hour, depending on the time of incubztion (TARIE 3). These
values are lower then velues reported by Fetors (83%); in the
rresence of glucose and an amino acid sﬁpplcm@nt, alyalue of
107 ug rer g wet weight per hour was reported for livers from
5-8 week old Wistar rats fasted for 18 h. In 2dult rets, the
formation of albumin was about 30% of that in 5-8 week .control
rats (8%), and it should be noteé acdult hooded rats Qere used
in the present =tudy. The content of elbumin fcund in liver
in control rats was atout 320 ug per g wet weight of tissue
(TAPTR 3). This value 1s lovier than velues roported in in vivo
(87,88) and in vitro (59) studies. The Tower values reported
in the present work could be due to loss of intracellular
albumin from damaged cells on the csurface of slices during'the
exhaustive washing procedure.  lHowever, higher values reported
by others mey include residual albumin' from blood rresent in
the liver at the time of death vhich could remain bound to
tissue materiel. The amount of albumin synthesized by 24 h
exyerimental enimals was 60% of control values (TARIN 3) and
this decroa:e was more significaent than thn change observed in

in vivo work (60,75,78). Fowever in 1n vivo experiments the

large pool of albumin in tlood an¢ other body fluids makes it

difficult to assess changes in albumin synthegis guantitatively.
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The amount ofcxl-acid glycorrotein synthesized by normal
slices was 6-14 ug per g wet welght of tissue per hour and
slices from 24 h exrerimsntal rets yieldcod values witl about
a three-fold incrasse ovoer control values (TARTIW 4). With
24 h exyverimental rats, thers was an incresesse in specific radio-
activities of labelled leucine aﬂd glucosamine in(xl—acid
glycoprotein isclatec from medium and total livasr, zn- a
decrease in specific radioactivity cof labelled lsucine in al-
bumin isolated from medium and total li?ar. I: it is assumed
that the polyjertide chains of zlbumin and O%—acid glycopfotein
utilize the same introcellular yocl of leucine molecules,
¢ifferences in pool sizes, particularly in thco case of leucine
could¢ not e2ccount for the “ifferences in gpecific raéioactivities
found in(}i-acid glycorrotain and albumin. Thi:refore, stim-
ulation in incorporation of labelled compounds intocxl—acid
glycoprotein and reduction in incorporsticn into z2liumin can
be correlrted with increassed synthesis of ® -gcid glycoprotein

1
and cdecrrased synthessis of serum alitumin.

Specific racdicactivities of_labclled precursors in.O&;acid
glycoprotein and altumin isolsted from totel liver extracts
wern always lower then those of the cofrosronding medium
rroteins at 21! times of incubation (Fig. 172 and 13). These

rcsults arn in agreement with report: by othors (82), in the

o

case of ~lbumin; thot after h of incubstio of non-rerfused
or voriured liver slicoes thore wes, on the cvorape, anvcight-
fold differcnce between syecific redioactivities of medium

albumin an: slbumin vrecent in the Jiver cell. Tower srecific

14

radiocactivity of C-glucosamine labelling ofcxl—acid glyco-
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protein in total liver extracts can easily be explained as
intracellular O%facid glycoprotein molecules are xnown to be
incomplete with respect to carbohydrate (Jamieson J.C. un=-
rublished work), therefore fewer glucosamine resicdues are
present than in the complated extracellular protein. It is
more difficult to explain the lower specific radiéactivities
of 3H—leucine in albumin end O&-acid glycoprotein when isolated
from total liver as comgpared to medium. If it 1s assumed
that the intracellular prcteins are simple precursors of ex-
tracellular proteins, specific radioactivities of medium albumin
would be expected to be lower at short poriods of incubation
and to incresse to the same values after longer periods of
incubation as labelled intracellular protelns are secreted
into extracellular medium. Fowever, the results discussed above
do not fit this pattern, thus implying intracellulsr proteins
are not the direct prescursors of the extracellular proteins
in the system studied.

There gré a number of possible explanations for the obser-

vations discussed above. As suggested by others (89), there

may be two pools of altumin and presumably(xl—acid glycoprotein
in the liver cell; one may be turning over rapidly, every L4=-5
minutes; this pool would consist of proteins tc be secreted from
the cell and would be moinly in the microsomal frabtion; the
other pool may turn over slowly and would consist of proteiné
found in nuclesr, mitochondrial, or soluble fr&étions upon sub-
fractionation of liver. If it is assumed that serum albumin

andCXl-acid glycoprotein secreted from the liver cell are mainly

derived from the pool with a short turnover time associated
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with the microsomal freoction, it would be expscted that med-
ium proteins wouldé heve higher specific reocdiocactivities than
intracellular proteins which would be the product of both
vo0ols in the cell. Secondly, precursors of albumin have _been
isolated from liver (839-91) andé it is thought the precursor
molecules are formed slowly and then converted info albumin by
the removal of a peptide. The site of conversion of precursor
into albumin is suggested to be the microsomel fraction of the
liver already known to be the site 0f synthesis of newly formed
albumin. The molecular weight of the peptide rélative to the
2lbumin mclecule would be insignificent but it should be noted
that the peptide is not labelled with leucine (21), the label-
led precursor used in precent work. Therefore slight differences
in specific radioactivities of albumin anc its precursor would
be expected; the degree. of difference would depend on their
relative moleculer weights. The nature of the immune reaction
of precursor albtumin with snti-slbumin is not known and 1t may
differ fronm alEumin - anti-a2lbumin reaction which was used to
construct the quantitative precipitin curve. Whether the
above argument mey be used to explain observed decreases in
3H—leucine incxl—acid glycorrotein in totel liver as comrared
to medium is dependant upon the assumption that extrazcellular
Cxi-acid glycoprotein is formed by the removal of a peptide
from a precursor molecule; there is no evidence for this
assumption at the present time. A third possiblé explanation
for the observations discussed above is that livers contzined

residual albumin and<3q—acid glycorrotein from blood present in

livers at death, even after perfusion of the whole organ followed



by weshing of slices. It is=s known that zlbumin has the
capacity to bind to cells and other macromolecules (9?) and
it is possible albtumin may have bound to tiésue material.
However other studies (82) with non-perfused and perfused
liver slices showed little differcnces in spocific racdio-

activities of zlbtumin in mediur 2nd liver slices with non-

erfused slices which woule have conteined a larger amount

]

of residual blood as compared to perfused liver slices. Specific
racdioactivitics of medium albumin wereo élightly higher with
rerfused slices, spocific racioactivities of intracel]u1ar-
2lbumin were slightly higher with perfused =lices, and total
stecific radiocactivitiecs were slightly lower in perfused eglices.
Therefore 2 change, 1if »ny, in svecific raﬁioectivitiés of
2lbumin due tc th  i1resence of residu=l albumin would be min-
imal. Also it should be ncted that the radiochemical purity

of serum albumin serarated by antibody preciiitation from whole
liver hes been questioned by othors (93). A highly labelled
impurity localized only in tissues with the atility to bind to
znti-albumin complexes was suggested since spescific reacdicactiv-
ities of albumin isolated by immunoprecipitetion are always
higheor then those of albumin isolated by methods which yield
radiochemically pure proteins. Therefore specific racdio-
activities of intrascellular albumin andCKl—acid glycoprotein

may be aven lower thon velues presented (Fig. 12 end 13). What-
ever thoe evplanation for the lower sreciiic racdioactivities

of intracellular proteins whon ccmypared to extracellular

proteins, it does notdetract from the vzlualle information

supplied by the present work.
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Frcm guantitative and incorrporation studiess discussed
above it was shown that liver slices from experimental rats
were capable of secreting 1argef amcunts of‘oa—acid glyco-
rrotein and lower amounts of albumin which corresponded to
changes in the synthetic capacities of liver for thése proteins.
Similiar changes in the synthetic capacities of liver for |
O&-acid glycoprotein, an acute phése reactant, and serum
albumin have been reported by Miller (79) to be induc=d-by the
adcéition of a2 hormone suprlement to the perfusate of livers
isolatecd from normal rats. The effects of various hormones
on regulation of protein synthesis, as mentioned in the intro-
duction, are dependant upon the quality ané quantity of hormone
used and the experimental conditions employed, making confirm-
ation of results from present work with liver slices cdifficult
in some cases. Studies on the effects of va+~ious hormones
in vivo by‘removal of glends anc hormone treatment are difficult
to interpret because observed changes may be secondary to
altered nutrition, radiocactive precursor spscific activity or
other factors, not due to specific effects of hormone studied.
The direct effects of hormones on plasma protein synthesis
by rat liver are few in number (19, 53, 79). Results from the
present study indicate that the synthesis of srecific plasma
proteins by liver can be influenced by a number of factors
including hormones and chemical mediators released froﬁ site
of injury.

In the present study, thyroxine at a level 1.0x10-5M showed

increased incorporation of labvelled precursors into medium

and total liver proteins; these results are in agreement with
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liver rorfusion studies at similier levels of hormone (5%).
Synthesis of 2 number of acute rhase rrcoteins incluéingcxl—acid
glycoprotein have been zhown to be responsive to the thyroid
status of th: liver conor an: the addition of thyroxine to
tha veriusets. Thyrovine is metsvolized and excreted rapidly
by liver and can bind to rat plasma proteins, therefore gresater

=7_107%

than physiological levels (10 M) were employed in present
work. Thyroxine also showed a modifying effect on cortisol
action which i3 in agreement with perfuéion studies £53) that
added thyroxine partially inhibits the eifectiveness of cortisol

7M

stimulation. ™Rovine growth hormone at a level of 2.3%x10"
(EFg/ml) failed to show any sipnificant effects on inporpor—
afion of 5H—leucine and lL{'C—glucoxsamine into medium o} total
liver proteins. In vivo experiments by Korner (50) had

14

reported growth hormones cculcd activate C~amino acid incor-
poration into protein in general, and serux clbumin in particular.
Yowever verfunion studies (19) showed 1little effsct of bovine

14

growth hormone on incorroration of C-lysine into liver
preotein or synthesis of four plasma proteins studies. Plasma
concentration cof growth hormone in male rats is 0.055 ug/ml,
however the lowest concentrations found to exert effects in
vitro are in the range 0.7-60ug/ml (94). Additions of ACTH
also showed no =zirnificant chenge in incorporation of labelled
rarcursors into medium nd total liver proteins. Cther studies
(95) in vivo had shown stimulation of fibrinogen synthesis

with repsated large doses of ACTH, however small doses had
shown little effects. The proposed stimulatory effect.was

not thought to be mediated by the adrenal gland but it is
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not known whethor the hermone can act oz the hepatic cell
directly or th»ough ~n indirect extra-adrenal mechenism. The

eff-ct of prostaglandin F2 on incorporation into medium and

o
total liver proteins srpeared to be concentration dependent.
Tow leovels of prostaglandin FZQ:showed no significant effects;
stimulation of incoryporation of labelled precursors into
medium proteing was maximal at M.OXIO_5M; and higher con-
centrations ceaused decraases in incorporaetion of labelled
precursors intc medium and total liver pfcteins. Atpcomparable
levels prostaglandins El and EE cauged significant decreasé

1y

in incorporation of 3H—leucine and C-glucosamine into medium
and total liver proteins. The levels of prostaglendins em-
rloyed in the prosent work are comparatle to levels uéed

with two other in vitro systems, liver cell homogenates (56)
and rat mast cell cuspensions (97). Opposite e:slects of pros-
nd EZ’

many svstems (96,97), ond there seems to be 2 prescribed

taglandin El

)

ené¢ prostaglandin F?a:have been seen in

balance in local concentrationsAof B and F compounds (40).

The observed effects of prostaglandins may have been mediated
by cyclic AMP as it has been reported (96) that prostaglendins
El and E2 have the altility to increase adenyl cyclase activity

and thus cyclic AMP levels in liver cells, but prostaglandin

F does not effoct cyclic AMFP levels. Cyclic AMP at levels

2«
-5 . C s . .
of 1.0x10 “M rrosuced significant decreases in the incorpor-
. 3 . . 14 . . o .
ation of “H-lzucine anc C-glucosamine into medium anc total
liver prctein. This result feils to confirm recults that cyclic

i i B
AME (107”M) cen stimulate incorporation of 1¥C—glucosam1ne

into glycorrotein which wes found in intestinal slices from
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rats (58). Cyclic AMF has becn found to iniluence protein
synthésis in =~ variety of ay:tems, but =ffects are dersndant
upon thre tissue and the concentration lsvel used. CDF=-choline
and phosphoryl choline procuced significant increases in
incorporation of lebelled precursors into medium and total
liver proteins, as reported in vivo and in vitro (55,57).
Overall stimulstion of plasme glycojrotein synthosis and
reduction of liver triglycerides wers repbrteG for CDF-chcline
and CDP-choline plus phosphoryl choline‘édditions.;ﬂpwever
liver slices were obtained from cholins deficient rets in
which the ticoue would be more sensitive for stimulation by
yhosphoryl choline. CDF-choline is known to stimulatg glycosyl
transferases by inhibition of UDP-galactose pyrophospﬁatase
activity (98) and it is unlikely to be the physiological
mechanism involved in the stimulation ofcxl—acid glycoprotein
synthesis in response to inflemmation.

The observed changes in incorporsztion of 3H—leucin'e and

14, : s 2 ; : rotad ,

C-glucosamine into medium ancd total liver proteins were only
& crude indication that the liver wes resvonding as it woulé
during the acute inflammatory respcnse. Wh-n the content
of altumin and.O%jacid glycoprotein in 'medium end totel liver
extracte wer~n examined, increases in scpecific redicactivities
of medium proteins nced not necessorily correspond to the
incre-se incxl—acid g'vcoprotein content and the decreace
in albumin content observed with the liver =lices from ex-
rerimentzl animals. The levels of corticol which yielded
moderate increases in specific redioactivities of medium

vroteins in perfused and non-rcriused liver slices wero com-
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parable to levels of cortisol investigated in liver prrfusion
studies (79,99). The present work showed no significant changes

in alvumin and Oﬁ-acid glycoprotein content in medium or total
liver, and f{ailed teo confirm rerorts by Gordon ($9) thet

cortisol cignificently reduces synthassis of a2lbumin, transferrin,‘
and othar vlasmsz proteine, or revorts by Miller (79) that

cortisol wes essentiel for the enhanced synthesisc of acute phase

rroteins stucdies. n vivo (.7) cortisol administrstion de-

rressed albumin synthesis and stimulated acute phasé.protein
synthesis. A possivle evplenation for thc ﬁifference‘betwéen
the present work and othor reports, may be that the length of
the periusion experiments an¢ the method of acoministraticn of
the cortisol determine the effects observed. With perfused

5

liver slices bradykinin 8.0x10 “M produced increases in specific
radiocactivities of medium proteins anc a. corresponding incr:ase
in amcunts of<1i—acid glycoprotein and albumin. However brady-
kinin plus cortisol at the same concentrations as discussed
above yielded about a 30% incrsase in specific redioactivities
of medium prcteins with a corresponding increase in thecxl-acid
glycoprotein content in medium and total liver extrocts and
with no significant change in albumin content. Cortisol when
added with rradyinin vartizlly suppressed the increase in
Oi—acid glycorrotein content and effectively suppressed the
increase in ~lbumin content in medium seen vwith additidn of
bradykinin »lone. Cortisocol is carakle of preventing the re-
lease of szctive kinin from its substrete in vitro (38) at
concentration levels comparable to those empleoyed in the pre-

sent study anc it hes been suggested that cortisol and similiar
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steroids exert their enti-inflammatory e=fiecct in part by
rroventing tho formation of vasoactive kinin or by antagonizing
their effccts. lowever, the mechanism by wnich cortisol

could influence the action cf bradykinin slready vrecent in

the liver slice system has yet to be rroposed. The results
with 2 combinetion of cortisol, insulin, anc¢ growth hormone
showed a 20% incrrare in specific rediocactivities of mecdium
proteins wrich corresycnded to a 20% increase in mediumCIl—acid
glycorrotein and no change in medium e2lbtumin. In perfusion
stuﬂies;by Miller (79) this combinaticn -of hormones'at sim~-
liar concentration lcvels produced increased levels of

21bumin sndcxj—acid glycoprotein aftsr 12 h of perfusion .
However after 6 h of perfusioa with liver cdonors fasfed for

18 h, only merginal increceses in albumin and avout a 50% in-
crease inCXl—acid glycoprotein were reported in the perfusatec.
Oth.-r work with p-rfused liver by Koj (52) reported that after
L h of perfusion, this ccmbinestion of hormones had insig-
nificant effects on relative lysine incorporation into albumin,
ceruloplasmin andé seromucoid fraction. Results after long
reriods of incubation are velieved to chow the elfects of injury
inflicted during the operation and isolation procedure of the
liver. Fresent work suprorts the reports thrt hormones may
influence th- ewprersion of the liver res:onse to incduced
inflammation, however, tho primary factor stimulating the liver

roduce more acute phase reactants is otill] unknown

(¢l
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and may be relcared frow the site of injury.
Histamine, which is believec to be involved in the initial

steges of the acute inflammatory recsponse, rroduced marginal
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increases in cpecific radioactivities of medium protesins but
no significant changes wers obvscrved in the levele ofcxl—acid
glycorrotein 2nd in mecdium. These results disagree with other
reports (54L) which had shoun a significant decrorse in leucine
incoryroration into aluvumin 2ncd¢ globulin frectiocons with
l.6xlO_5M histamine. However others (£5) had rocported that
with perfused rat liver, nc significent eff«cts on albumin
were Observed with infusion of histamine at greater concen-
trations then thoee used in present work? Prostaglégdins are
thought tc he chemical mediators of the veriod 2%4-6 h after in-
flzmmation (31). Decreesed rpecific radioactivities of medium
rroteins okserved with addition of prostaglandin E2 corres-
ronded to decresased amcunts of'oa—acid glycoprotein in medium
and avout a 4O% increase in allumin contoent in medium. The

eff-ct of prostaglandin B, seemed derendsnt upron the protein

2
stucdied 2nd therofors could not ve diructly correlated with a
mecdiated increase or decrcase in cyclic AMP levels. With
additions of dibutyrl cyclic AMF, the decrease in specific
radigactivitices of medium proteins corresyonded to decrcased
smounts in medium of th- two proteins studies and poscibly to

an overnll decre-se in protein synthecis. WFistamine and prosta-
glanding, ~ircctly or indiractly by influ neilnp cyelic AMP
levels, failed to induce the increase:hloggcid—glycoprotein

content in medium and total Jiver proteins anrociated with
thz acutz rhese rasyonse.

Initiel work with noﬁ—perfused liver #"ices showed
bradykinin et & concentratiocn of‘l.leO_uM stimulated in-

Creases in incorporation of labelled precursors into total
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medium and liver proteins in contrast with reports (S54) that
at a similiar level with rat liver microsomal fraction, in-
corporation into the isolated séromucoid frection waé signi-
ficantly decressed. With perfused liver slices bradykinin

5

at a concentration of 8.0x10 “M showed stimuletion of incor-
poration into medium proteins by 50-60% over controls, at
levels of bradykinin significently less than those employed
with non-perfused slices. This result mey be attributed to
the removal of fesidual blcod which contains kininases with
the ability to inactivate bradykinin added, by pszrfusion of the
whole organ in situ. The commercizl preparation of bradykinin
used in these stucdies was chemically synthesized and not

th= naturally occurring peptide, and other workers (100)

have found indicatione of poor synthssis or decomposition in
some commercial preparations of bradykinin. In zgreement,
rreparatory paper chromatography did show a number of other
ninhydrin positive spots which did not correspond tc brady-
kinin by Rg.comparison. Therefore, possible contaminating
material or decomposition products coculd have decreased the
effective level of bradykinin present in the incubation flasks.
Previous work was rzpeated with the purified tradykinin pre-
rarction, in order to find optimum concentrstions for maximum
stimulation of‘Oﬁjacid glycoprotein synthesis. ZEradykinin
effects were shown to be concentration dependant with op-~
timum levels between 1.5—2.Ox10_5M; levels almost one-fifth

of those used originally with perfused slices. Lower than
optimum levels had little effect on specific raciocactivities

of medium proteins andcxl-acid glycoprotein and albumin
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synthesis. Pigher 1ovels procuced less stimulation of (xy-acid
glycoprotein and clight decreases in albumin synthesis; which
may ke due to towic effects at high councentrations of brady-
kinin. Fhysiologicel levels of bradykinin in rats arc about

0.5 ng/ml or 10_9

M in circulsting blood, however elevated
levels have ueen found under certain concditions and variations
in nermal 1 vels are thought to exert regulatory effects. The
levels of bradykinin used in the present study are greater than
normal physinlogical levels, however these clevated levels
arpeared to be nncessary tc meintein thoieffect of bradykinin
in the liver clice systom. The actual level of biologically
active bradykinin rresent durirg the incubaticn of 1iyer.slices
msy have teen considerably less than the velue deturmined from
chemicsl assays becauss of possible repid degradation during
incubation. Wowever, bracdykinin at any concentration studied
did not show the induced changes incxl—acid glycoprotein end
2lbumin synthesis which are known to accompany the acute phase
response and which are observed with experimental liver slices.
Changes in altumin syntheosis seemed tc parallesl changes in
Oﬁ—acid glycoprotoin synthesis, although teo a lesser degree,
however the synthetic caracity of liver, for th-se two proteins
was Jefinitely modified by the prosence of bredykinin. Results

s : 4 . . 1k . .
of svecific ro ioactivities of “H-lecucine and ‘C-glucocsamine

<

i

7,
inCXi—acid glvcorrotein and of “H-leucine in aliumin isolatled
from medium and totrl liver extracts perallcl the changes
observed with ocusntitsztive results discussed akovse. The specific
2

radiocactivity of “H-leucine in medium rnc total liver slbumin

reflects a much greator decroeace in albumin synthosis than
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was evident from cguantitative studies, however at the brady-
kinin concentration which yielded mﬁximumcxl—acid glycoprotein
incorporation of labelled precufsors, albumin.incorpdration

of 3H—leucine increzased to z value only slightly lower than
controls. There wes the possibility that the changes induced
by the addition of bradykinin were not fully expressed due to
the time requirsd to initiate these changes anc for increased
levels ofcxi—acid glycoprotein.and for decreased levels of
albumin to show up in medium proteins. Time course experiments
of bradykinin acticn showed 3%-4 h were reguired before increased
specific radioactivities of medium proteins and increased con-
tent ofcxi-acid glycoprotein in medium andé total liver were
significant. This finding is in agreement with Miller (79
that at least 3 h is required for enhancement of acute phase
protein synthesis by his combination of hormones. However,
with extended periods of incubetion, there was a decrease in
the ratio of specific radioactivities of medium yproteins
isolated from normal slices plus bradykinin to srecific radio-
“activities of medium proteins isolated from normal slices.
Actual specific racioactivities of medium proteins isolated
from livsr slices plus bredykinin were greater then control
values in 211 cases, as would be expected. A possible ex-
planation for this finding is that bradykinin may stimulate

the rate of catabolism of highly labelled proteins, specificaly
Oa—acid glycoprotein; this effect would be more important

after long periods of incubation due to the decrease in the
rate of synthesis of both albumin andcxl-acid glycoprotein

with time of incubation, discussed earlier (TARLES 3 and 4).
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The mechahiém for stimuletion ofcxl—acid glycoproteiﬁ
synthesis and possibly forcxl—acid glycoprotein catabolism

by bradykinin is unknown, anc wﬁether these results can be
duplicated in vivo is doubtful as kinins have a half-1ife

in circulating blood of 15 seconds, being hydrolzed by
kininases to inactive peptides. OQthers (33) have suggested
that the activation of Hageman factor by injured tissue re-
sults in the release of kinin which is chemotactic for gran-
ulocytes, these.cells in turn release more kinin andé the tempo
of the inflammatory resronse is accelerated. When sccumulated
granulocytes begin to disintegrate, destruction of kinin
exceeds generation and inflemmatory response subsides. These
changes in bradykinin levels correspond roughly to the changes
in the acute phese reactants in the inflammatory response but
there is nc evidence thet bradykinin directly or indirectly
induces these chenges. The primary factor stimulating the
liver cell to procduce nmnore acute phase reactants and less
albtumin is yet to be identified and may still originate from
the site of ths injury.

Although the factors which stimﬁlate the synthesis of
Oi—acid glyccprotein in respvonse to inflzmmation were not
icdentified,clearly, the approach used in this study was worth-
while an¢ produced some interesti.g results. It is hoped that
this initisl study will rrovide others with the stimulus to
further investigate the acute“phase response.ofcxl—acid gly-
corrotein and eventually lead to the determination of the

factors responsible.
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