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ABSTRACT

Under conditions requiring rapid growth of liver cells such a3} o-zur

in rat liver regenerating afrer partial hepatectomy and in hep.zoma
tissue, “ctivities of urea cycle enzymes would be expected to drop

for several reasons, Firstly, certain intermediates of urea simthesis
are als> required Eor polyamime and pyrimidine biosynthesis and secondly,
littie amino acid catalysis would be expected ta occur since #'-ino acids

should be conserved {or the synthesis of new prateins.

The effects of varving diatary protein content and hormone stimuli on
the activities of urea cycle enzymes were tested in control and regener-
ating rat livers as well as in transplanted hepatomas and the livers of

the transplant host auimals.

A circadian rhythm L revealed a tiue-d d Lor inducibility

of urea cycle enzymes by glucagon, [Hence all experimental animals were
maintained on an '8-16' controlled lighting and Eeeding regime and sac-
rificed at 10:00 hours. The rats also showed an age-dependent inducibility;
enzymes were inducible in 28- but rov 35-day old animals.

A time-course study of changes of activitles of urea cycle enzymes in
regenerating livers shows that the lovels of activity drop immediately
after partial hepatectomy, reach a wminimwn aL four hours and return to
control values by 24 hours in animals maintained on a 22% protein diet,
Actinomycin D and cordecepin, both inhibltors of tramscripLion, prevent
the initial drop in activity and produce an increase to levels above the

controls at six and ten hours postwoperatively.

In rats maintained on 0% or 10% protein diety there is an initial increase
in activity afler the operation with o drop bocoming evident only at 15
tours and & minimum meagurved al 18 hours. The levels return to control

values by 24 hours pogtoperatively,




After operation in rats maintained on a 75% protein diet, there is
an initial decrease in activity and the activities return to control

values by 12 hours.

In animals bearing transplanted hepatomas the activilies of the urea
cyele enzymes in the hosi liver are significantly less than those of
nontumour-bearing controls in rats waintained on all diets. The
activities in the hepatoma tissue were more dramatically decreased
than those of the host livers. The urca cycle enzymes are responsive
to dietary protein levels in all liver types with the hepatome being

the most responsive to diet.

Gontrel livers of normal nontumour-bearing 35-day old animals are

not responsive to hormonal stimulus, irrespective of the dietary
protein content. The hormones tested included P-methasone, glucagoem,
B-methasone plus glucugon, and dibutyryl cyelic AMP.  Surprisingly,
both host livers and hepatomas from rats of the same age proved
sensitive o all hormones tested. This incucibility was indeprmdent
of dietary protein content, The fact that emayme actwvity in the
livers of animals bearing transplanted tumours is inducible whilst
thet of control animals is not, suggests the possible existence of

a humoral substance responsible ‘ot urea cyele enzyme inducibility

in tumour-bearing animals, This postulate was tested by injecting
normal animals wilh plasma {or plasma plus glucagon) derived from
tumour~ or nontumour-bearing rats and comparing the inducibiliby in
all groups of animals including both injected and noninjected controls.
The animals injected intraperitonealily with plasma from Lumour-bearing
animals showed a decrease in urea cycle enzymes compared with controls,
and plaswa plus glucagon injected animals show inducibility above

control values. This experiment would seem to support Lhe hypothesis.

A semi-predictive, interpretive mathematical model is presented which
descrihes the activilies and betiaviour of Lhe ures cycle nzymes i

normal, host and neoplastic rat iiver
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RODUCT LON »

1.1 71 URBA JYOLE t

The wajor end product of nitrogen metabolism in man and other ureotelic
vertebrates is urea (Cohen and Brown,l960).  Urea results from the
detoxification of ammonis which arises from dcamivation reactions with~ '
in the liver., Krebs and Henseleit (1932) dewonstrated that the
synthesis of urea cccurs by a cyclic series of reactions and involves
the sequential action of five enzymes (sce Lig. 1), The Liver is the
wajor site of urea synthesis although a small amounl of activity of
some urea cycle enzymes is found in the brain and kidveys, small
intestine and pancreas (Yip and Knox, 1972; Szilagi, 1973) and in
white blood cells {Reyero ot al, 1974).
Ammonia is toxic to the central unervous system even in low
concentrations. Land animals had to possess a mechanism Lor its
detoxification early in their evilution, as sooun as the supply of water
became limited {Cohen and Brown, 1963).
Ornitihine is an intermediate in urca synthesis, being the
product of ornithine transcarbamylase (0TC) (£.€.2.1.2.2.) action
(Grigolia and Cohen, 1951). It is 4lso au intermediate in several
other metabolie pathways which inciude polyamine synthesis via oxnithine
decarboxylase (0DC) (E.C.4.1.17) (Williams - Aslwiar o 1972) and
trangamination by ornilhine amino transferase, (0A1) (£.C€.2.6.1,13) to
glutamate-¥ = semi=aldehyde on the voule to wlutanale and proline biosynthesis
{Sanade gt al, 1970). '
Carbamyl phosphate and aspartate, both intermediates in urea

al,

synthesis are alse intermediates in Lhe formation of pyrimidines
{Ferdinandas gt al, 1971). Therefore, alterations in urea cyele
enzyme Levels during conditions of rvapid growth as exist in regenevating "
rat liver after partial hepatectowy, and s hopatomas could allew For

Lhe channeliing ol ornithine, carbamyl phosphate and nspartate to

polyamine and pyrimidine biosyuthesin Lo aflow Lor cell proliferation.
It is of interest therefore to study the possible allerations of urea
eyele enzyme activities wnder these conditions. By varylng dicrary
protein intake aud hormounl stimuli it may be possible to deterpine
the regulatory mechanism operating in the cowmteol of urea eycle enzyme

activities and their possible relationship to proliferation processes.
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The present thesis deseribes experiments to study the effects of
these variables.

1.2 THE UREA CYCLE ENZYMES

1.2.1  Carbamyl Phospl Synthetase {E.C.2.7.2.5. ATP 3 carba~dte

ferase (

lating) )

Mammalisn tissue contains two distinck CP$ isozymes, CPS I and
CPS II (Iatibana andShigesada, 1972}, CPS I catalyses the formation
of carbamyl phosphate from ammonia and bicarbouate, The overall
reaction is irveversible (Metzeuberg e al, 1957), requires two moles of
ATP (ibid) and e cofactar N-acetylglutamate (Gzisolia and Cohen, 1952 ;
al, 1957).

CPS I is found in the particulate [raction of the liver of

Metzenberg ¢

vertebrates (Grisolia and Cohen, 1952), mostly in the mitochondria
1965) .
Acetylplutamate acts es an allssteric effector by altering the con~

with some nuclear activity being exhibited (Mora et al,

formation and association of the enzymic subuniis (Gutbohrlein and
Knappe, 1968). Tha content of acetylylutamate varies with varying
protein diets and is believed to be under a positive Eeedback regulation
by arginine (Tatibana and Shigesada, 1972).

The major function of CPS I is believed to be for the provision
of cavbumylphosphate for urca biosyuthesis (Jones, 1970), bocause
it is limited to urecteles which are unique in excreting urea as a
breakdown product of protein and as it oceurs In high levels in the
livers of ureotelic verktebrates (ibid), CPS f is located in the mito-
chondria where Lhe second enzyme of urca synthesis, ornlthine trans-
carbamylase, is also found. Its activity varies with alterations in
diatary protein coutent, and increages alter birth at a time when urea
is first synthesized (ibid

The molecular weipghts of the lwa isuzymes have been determined by
sucrose denaity gradiant contrifugation ¢ that ol CP8 T wag [ound to be
316 00 * 42 000 daltens aud thakt of CPS§ IL was Lound to be 160 000 H
10 000 daltons (Virden, 1972), Shephard (1975) detetmined the molecular
weight of CVS I by gel Piltration and found it ta be 290 000 daltoms.
Immmological studies suggest thot CF$ I and GP§ II are discrete pratains
(Virden, 1972 ;N akanishi, 1968) baving different kinetic properties
and differcut cofactor requirements.
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PH optima were determined by Marshall ot al, (1968). Kinetic studies
and Michaelis Conskants have been done by Kerson (1969) and GuthSrhlein
and Knappe (1969) and earlier studies were reviewed by Jones (1965). The
Km values of ammonia and bicarbonate are 1,1 mM and 5,3 nM respectively.

The mechanism of the reaction is believed to proceed by three distinct
steps depicted in the following equations (Anderson and Meister, 1965;
Jones, 1965).

E + HCD; + ATP ~~——-—3 E-carboxyphosplinte + ADP ( 1 a )

B te + NI, E-carbamate + PL ( 1 b )
JF-carbamate 4 ATP ———— [ + carbamyl phosphate + ADP ( L e )
_

Later studies by Chabas et al. (1972) led to the suggestion that Five con-
secutive steps are invelved with acetylglutamate phosphate, a possible
intermediate as follows;
E + acetylglutamate ———> FE-acgiu
frmme—
+ ATP 2a
E.2-acetamido-glutaric anhydride 4

ADP + Pi
][ 11003

E. or —Na-ncelylulutamnca mixed earboxylic-
carbonic anhydride
'
][ + Nl|,‘

E. ascetylglutamale . carbamate
+ ATP

ADP ) E.acctylglutamate + carbamyl phosphate

1.2.2 Ornlthine Trangcarbamylnse
fec 2.1.3.3 cn‘r"b‘a‘“m'y‘ip!‘h‘osplmLe-L ornithine carbamyl trnnsfmsej

COTC)
This enzyme catalyzes the sscond step in the ornithine eyele. It
18 found in the particulate Fraction of liver celis of all ureotelie
vertebrates (Brown and Gohen, 1959), Tt wag [irst purlfind by Relchard
{1957) as well as by BurnelLt and Cohen (1957).  The pll eplimum of bovine
OTC was determined by Marshall and Gohen (1972) aud found to occur ab pH
8,5. Snodgrvass (1968) found that Lhe apparont
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Rm For ornmithine decreases with increasing pli in the vange 6,2 ~ 7,9.
Snudgrass (1968) suggested that the ionic species witl net zero [
charge is the active species or substrate and probably also the

inhibitor. Marshalland Cohen (1972) have confirmed these observations.
The zwitterion or active species constitutes only 10Z of the species

with net zero charge (ibid). OTC was found to be a trimer of three
identical subunits, the molecular weight of the multimer being

108 000 daltons {(Reichard, 1957).

Studies on substrate activation and inhibition revealed chat
01C is stimulated by ornithine and cevbamyl phosphate, while OAT is
inhibited by these substances. OLC is also activated by« -ketoglvt .xzte
while OAT is juhibited. It i suggested that »-ketoglutarate may be an
allosteric ligand for OIC (Shimgayashi, 1972).

Cytachemical (Mizutani, 1968) and clectronmicroscopie studies
(Mercker, 1969) have demonstvated that OIC is located in the mitochondrial
matrix of rar and mouse liver swd kiduey cells,

1.2.3  Argininosuccinate Synthetase | EC 6.3.4.5. L-Citrulline :
L-aspartate lyase (ANP)] (A8

ASS is the cytesolic enzyme involved in the conversion of

eltrulline to argininosuccinate by the addition of aspartate. The
kinetics of the reaction were determined by Rochovaneky and Ratner
(1967) and this work together with earlic studies by the same authors
(1961) led them to postulate a two step ro-zkion as follows

ANP-citrulline

N
[+ citruttine + wgmed” et Ef// (2)
I
\Ngl’l‘i
Adp-citrulline ~
+ dspartate = E + nrgininosuccéfnte (26)
Ml 4 MghPi o+ AMP
The wate of the reaction in greatly dependent on pit i the optimum pil

in the forwerd direction is £.7 and in Lhe reverse divection lies at
pll 6.0 (Petrack and Ratner, 195b).
ASS has a2 molecular weight of 175 000 daltons, being a tetramer '
of four identical subunite, each of 45 GBC daltons with two pairs of
dimers being zrogslinked by disulphide bonds (Ratnew, 1973?. The

: 4 =y
enzyme shows on absolute requirement fou Mg™  sinee Mg ATPY is the
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active form of ATP ( Raluner, 1973 ). The enzyme is highly
specific with only the natural isomers of agpartate and citrulline
being active (Rochovansky and Ratuner, 1962;1967).

ASS is believed to catalyze the rate liciting step in the
synthesis of urea, its activity being 300 fold less than that of
arginase (McLean and Gurney, 1963). In general the afEinity of the
enzyme for its substrates is not alfected hy changes in AIP
concentrations, but a reduction in coneentration of either citrulline
or aspartate inereases the affinity of the enzyme for the second

substrate when present in low concentrations.

1.2.4  Argininesuccinate lyase(E.G. 4.3.2.1 L-argininosuccinate

arginine lyase) (AL)

AL has been shown to catalyze the reversible couversion of
argininosuccinate to arginine and Fumarate (Ra*ner and Petrack, 1951 ;
1953). The number of binding sites for argininosuccinate as determined
by equilibrium dialysis indicate that at high urgininesuccinate
concentrations there are four binding sites and that at low concentrations
there are two (Ratmer, 1973). Arginine shows similar binding patterns
(ibidy. The maximum of four binding sites agrees with a tetrameric
structure with cach wonnmeric subunit having its own catalytic site.

The enzyme has been found to be a tetramer of four identical
subunits, the molecular weight of the monomers being 50 000 daltons
and that of the Letramer being 202 000 daltous {lLusty and Ratner,
1972). Studies on subunit association and equilibria were carried
out by Schultze pt al, (1970). The datu agtees with the arcangement
of monomers with their centres of mass at the virtices of a
tetrahedron (Lusty and Ratner, 1972). The kidney end liver enzymes
have identical mnlecular weights and oligomerie structurcs suggesting
that they are the products of one geme (Schulze et al, 1970).

1.2.5 Argiuase (BC 3.5.3.1 l-arginine urcahydrelise

Arginase is the most abundant of the urea cyele enzymes and has
the greatest tursover tate of the five, Gasiovowska et al (1970]
demonstrated that arpinase consisls of two separate isozymes one
with a pil optimum at pil 9,5 and one with a pll optimum at 7,5, Only
the former is found in the liver but both are Lound in the brain and
kidney. Later studies by 'lertzEeld and Raper {1976) have identified

three isozymes by polyacrylamide gel clectrophoresis. lsouyme I i

found in all extrahepatic tissues with Lhe excoption of the
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submaxillary glands, isozyme II is found in the Liver and the
submaxillaries and isozyme IIT is found in the kidney, int stine
and pancreas.

Glass and Knox (1973) showed by molecular weight determinations
that the two isozymes Found in tue mauwmary gland differ chemically.
Liver arginase is homogencous with respect to moleculer weight, being
a tetramer of identical subunits (MW 30 000 daltons) (Wirch gt al,
1968) whereas mammary gland arginase contains two components of MW
94 000 and 42 000 daltons.

Mora et al (1960) reported differences hetween arginase from
ureotalic and uricotelic species. Far chicken and lizard arginase,
4 molecular weight of 276 = 278 x 10° daltons was reported
{ ibid. ). Hirch - Kolb and Greenberg (1968) calculated the molecular
weight of rat liver arginase to be 118 000 daltons. SDS-Polyacrylamide
gel electrophoresis gave a simple protein band suggesting that
the subunits are identical

Inactivation of rat liver arginase occurs at low pli at 0°C
(Hogoyama et al, 1971).  Reactivation occurs in neutral buffer in
the presence of Mn?*. Acid pHl resulls in dissociation of the
multimer into subunits of MW %4 000 daltons and 32 000 daltons at
pH 4,0 and 2,0 respectively.  Four molns of dn’' are required per
mole of arginase for maximal activity (Kolb gt al, 1971) and acti-

vation occurs by a conformational change in the multimer structure

1.3 DEVELOPMLNT AND REGULATION OF 'TUL CAFACITY TO SYNTHESIZE UREA

1.3.1 Foutal and neonatal development of the urea eycle

The capacity to synthesize urea depends on the activity of the
rate limiting enzyme argininosuccinate synthetase which is datectable
only on the l4th day of gestation ( Raihd and Schwartz, 1973). Much
work has be. done on the development of the urea cycle cuzymes in
general (Kenney and Cohen, 1959; With# and Schwartz, 1973; Miller
and Chu, 1970) and of arginase and OTC in particulsr (Schuit and
Dickie, 1973; Illenerova, 1966; Greengard gt pi, 1970; Bradley, 1973).

In tats, urea cycle enzyme activitics are measurable only four
days before birth at the same Lime that the metanephric kidney becones
funceional (Cohen, R#ihd and Schwartz, 1973; Kennan and Gohen, 1959),
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Thereis arapid rise one day before bireh and the acrivities remain at
this Jevel until the third postnatal week when on about day 16, there
is a very sharp increase in urea cycle enzyme activities reaching the
adult levels by day 28. The second period of rise coincides with
weaning (Greengard gt al, 1970) and is probably corellated with an
increased protein consumption. Oa day 14 postnatally, the eyes

open and the rate begin to eat solid Food for the first time and are
thus cxposed to a greater variety of protein.

Argininosuccinate synthetase (ASS) and argininosuccinate lyase
{AL) activity havé been detected by day 18 of gestation (Kennan and
Cohen, 1959). Arginase activity has been detected by the eighth day
of gestation and is distributed throughout the foetal cmbryo. By
the 12th day the levels in the liver increase and on the 16th day
the activity increases in the foetal kidney (Bradley, 1973).

It is thought that the thyrvoid and glucocorticoid hormones
successively promote the develommental formaticn of urea cycle enzymes
in the late foetal and late sucklin, periods respectively since the
thyroid gland begins to operate on day 16 of gestation coinciding
with the first appearance of urea cycle enzymes, whilst the pituitaxy
snd adreno-cortical activity incresse by the 1l4th postnatal day
{Levine and Mullins, 1966) at about the same time as the second rise
of urea cycle enzymu activiLy occurs.

Adrenalectomy on the L2th postnatal day provenes the aceumulation
of arginuse, (Creengard gt al, 1970) reinforcing the belief that this
rise is influenced by glucocorticoids, An intraperitoneal injection
of fhiydrocortisone (25mg / 10 wl) {but not thyroxine} beiween days 5-8
postuatally results in the rapid increase in urea cycle enzyme
activitics within 24 hours. A single injection of thyroxine
(3mg / foetus) (but nat hydrocortiscue) cuhances the prenatal develop=
ment  (Greengard pt al, 1970).  After the 28th posthalal day the urea
eyele enzymes are not inducible by a siugle injection of hydrocortisone;
rather, they require at least 3 days of injections to obtain a signifi-

eanl induction (MelLean and Gurney, 1963).



1,3.2 Repularion of urea synchesis

Alanine is metabolized more readily than any other amino acid
in the liver. The main step in metabolism is the transamination with
oxoglutarate, the carbon skeleton Forming eitler glucoce or lactose
and the amine nitrogen going Lo urea or ammonia

In the ornithine eyele, half of the ure. uitrogen must be
supplied as aspartate, the other half as carbamyl phosphate

(Krebs ot al, 1973) according to scheme 1.

Scheme 1 e
ANINO AGIDS J
$ oxoglutarate
| glutamate
| i
7N
oxaloacetate ¢ NAD+
it |
aspartate waDL,
+
MU + oxoglutarate
crs 00, + ATP

carbanyl phosphate

The fact that supplics of aspartate and catbamyl phosphate are
comordinated requires some kind of Locdback control regulating whether
plutamate undergoes transamination to asparlate or dehydrogenation to
forn amwonia, and whether ammonis forma carbamyl phosphate or
glutamine,

1f [ree ammonia in the nitrogen source, then carbamyl phosphate

and aspartate arederived from il according Lo Schew - 2
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Scheme 2 R
+
|
Goil . ",
Nanil, o ops TN wco, + ATP
\
r Y
oxoglutarate Carbamy) phosphate
+
N
glutarate
oxaloacetate I\e(_ks
aspartate

The free ammonia could be derived Erem glutamine or asparagine,
the amino groups of adenine, guanine and their derivatives and the
degradation products of all @ =keto omino acids. Additional free
ammonia ean arise by the decomposition of urea by bacteriaj this ecan
account for the metabolism of up to 20% of the urea Lormed (Krebs
et al, 1973).

The fact that alanine can be metabolized to gluccse by deaminat lon
£ollowed by pluconeogenesis or to urea via Scheme 1 shove and that
glucose and urea are formed in equal amounts as the products of
metabolism of alanine requires that there are cquivalent rates of Eiux

of malate and aspartate from the mitochoudria and cqual rokes of f£lux

af these metabolites throuph mi ial plutemate
{GU) and ehetoglatdrate dehydrogenase ( @KODI).

Since plutamate can be formed from alanine and since NADH and
ammoniz can inhibit  deamination of plutsmate by GOl and stimulate its
transamination by aspartare amluobransferase, the regulation of urea
and glucase production £rom alonine via plutamote iv the mitochondria
depends an the mitochondeial ratio of NAMI/NADY due to rouctions
involving both GDU and @ KGDH. 1Lntoractious invnlving thesu enzymes
regulate the flux of metabolites deross Lhe mitochendrial membrane by
regulating the steady state metabolite levels (Willismson et al, 1974),
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Tatibana ek al. (1973) assume Lhat acetylglutamate levels serve
as a regulator of carbamyl phosphaie synthesis and Lhat the role of
arginine is that of positive feedback rvegularion., This is shown in
Scheme 3. Acetylglutamate levels approximately double in livers of
rats maintained on high protein diecs, parallel with increases in

CPS activities and urea synthesized (Sangduk gt al,, 1972),

Scheme 3
Mitochondrlon 1 = acetylglutamate
2 synthetase
2 = CPS
NHy +CO,+ZATP ~oewy  carbanyl phosphate
3 = om
3 | ornithine e = AL
5 = ASS
acetylglutamate 6 = arginase
arginine ":)T L
acetyl CoA + glu citrulline
fomarate asp
arginine e-..:l»_ argininosuccinate FZ— citrulline
6 5 4
urea ornithine

lrea synthesis is initiated in mitochondria by the action of
CPs in forming carbamyl phosphate. Carbamyl phosphate is relatively
unstable (Bhigisada and Tatibana, 1971a; 1971b) with a half life of
40-50 wins ut 37°C and Lhis necessitates iLs rapid conversion to
citrulline which is ensured by high concentalicns of both ornithine
and the transcarbamylase, OIC.

Arginine ecan increase the maximum aceLylglutamale synthelase
activity six fold and can stimulate Lts synthesis ten fold in the
mitochondria (8higesada and TaLibang, 1971a), AL sub-optimal
consenbrations of ornithine, CPS is not fully aclive. An incradse of
ornithine eoncentratlons in a celi causes activetjon of CPS by

raieing in the first instance the steady state concenfrallon of

i
i
|
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arginine which in turn increases the concentration of acetyl
glutamate thereby activating CPS,

Control of the amount of carbamyl phosphate synthesized is
very important since ammonia is also converted to pyrimidines and
glutamate and via glutamate to all essential amino acids, for protein
synthesis, Ammonia is also important in the maintenance of
mitochondrial redox systems since it is a key cemponent of thase
systems (Williamson, gt a1,1967), Therefore it is important that
certain ammonis reserves ave always available for maintenance of
mitochondrial rodox Systems. A further control mechanism ensuring the
coordinated synthesis of carbamyl phosphate is that of feedback
inhibition uf CP$ by carbamyl phosphate and aspartate and closely

related substances such as glutamate (Krebs ot al, 1973).

1.3.2,1 Dietary effecls ou urea cycle cnzymes
Schimke (1962) was the First to show the camcerted regulation

of an entire pathway, namely the response nf urea cycle enzymes to
increased protein intake. AlL the urea eyele enzymes were measured
and it was Ffound that activities of all five of the enzymes increased

in a coordinated manner directly proportiomal ta the protein intake

and to the amaunt of urea The i and in
enzyme activity were due direckly to chasges in absolute amount of
enzyme protein,

It was found by Doesthale and Tulpule (1969) that the ackivity
of urca cycle enzymes depended both on quality and quantity of protein
intake, Vegetable protein d1s of a lower quolity generally than
animal protein and animals fed on a vepetable protein diet have
lower: urca eycle enzyme ackivitics than those fed on an cquivalent
diet of animal protein.

Starvation rasults fn the catabolism of less essential mela-
bolites and the preservation of eosentinl metabolic components Lox
the mainktenance of 1ife. Generally, slarved animals show increased
sluconcogeneais (Mordlfegt al, 1965; Gaswani and Chatagner, 1966),
decreased levels of RNA and protein {Schimke, 1962) with ribosomal
R¥A and proteina desressisg in parallel since they have similar
talf lives, There is a drop in blood glucese (Froedland and Szepesi,
1971) with o drop is dnsuiin.  The latter wllows gluconeogenrsis to
proteed pince insulis is antagonistic to glucagon which stimulates



gluconeogenesis. In starvation there is an increase in glucagon

for glycogenolysis and glucocorticeids For glucomsogenesis (Olsen,

1975),  The L f pathway, gl gevesis and the tri:
catboxylic acid cycle are maintained preferentially for the production
of energy and Formation of glucese.

furing stavvation the activitics of wrea cycle anzymes increase
although there is a 30% drop im foetal liver cnzymes and urea excretion
increases. During [mating for four dags, the urea cycle enzyma
activities incresse two-fold, and after 7 days of fasting they have
risen approximately four-fold  (Schinke, 1962).

Purification of arginase and 0TC, Eollowed by immunological assay
showed that increased activities ave due divectly to increased
content vf specific proteins (Schimke, 1962a; Schimke, 1964},

Under conditions of protein deprivaticn, there is a shifc in
enzyme activities for the conservation of the amino nitrogen and
esgential amine acids. Energy requirements are derived from dietary
carbohydrate., It has been shown Lhat therc ig a drop in the arount
of urca excreted with a concomitant drop in urea cycle anzyme
activitios directly proportional to a decrease in the absolute amount
of enzyme proteins (Schimke, 1962b). Arginase activity has been
shown te dectease on 4 zero % protein dict resulting in the
conservation of arginine for protein synthesis (Waterlow and Stephen,
1968) . The amino acids released by protein catabolism are more
efficiently rcutilised For protein synthesis in the vital tissues such
as the liver at the expense of less important tigsues such as the
muscles, Amino acids entering Lhe liver are incorporated into new
protains xather than desminated to produce wrea  (Deoskhale and
Tulpule, 1969},

When rats arc maintained on a high protein dict, urea exeretion
increases as do the levels of the urea cyele cuzymes themselves
(Schimke, 1962a), There is no nocessity to save the amino nitrogen
su for most amino acids catabolized, the ammonia released will be
excreted as urea,  Ashida and larper (1961) olso showed that with an
increase in protein intake there is & concomitant inereose in arginase
activity,

LExperiments in Loreed feeding of differenl amino acids Lo rats
have shown Lhat tryptophan is the most evEfective in inereasing urca
cycle enzyme activities without increasing the amount of urea {n the
plasma or the urine (Muvamatsu awd Nakagawa, 1971). Phonylalanine,
leucine, threonine and methionine also fucrease the utea cycle enzyme
activities buk to a leaser extent than tryptophan while histidine aud

{
i
'
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lysine cause a drop in the activity of arginase. The differcnt
enzymes of the urea cycle respond differently to these amino acids
with OTC responding least. Waumemacher gt gl, {1975) postulated

that the availability of amino acids in vats maintained on different
protein diets regulates protein synthesis by affecting the number

of ribosomes available. On low protein diets there would be an
inhibition in che synthesis of new ribosowes. Tryptophan may
regulate protein synthesis by regulating the number of polysomes
aggregated.

Srhamke (1964) and Szepesi and Freedland (1969) have shown that
the diet effects occur through altered rates of synthesis and
degradation of the cnzyme protein, Using incorporation experiments,
they found that in starvation and cheages Erom high (702) to low
(8%) dietary protein content there was an increased rate of degradat~
ion together with a decreased rate of synthesis resulting in an
overall drop in the abs .ute awount of arginasc. The half life of
the enzyme changed Ffro'. £ive to three days thus reaching the new
steady state in a shorter time.

When rats were changed from low (8%) te a high (70Z) protein diet
there was a two-fold increasc in the synthesis of arginase enzyme
protein with litrle change in the rate of degradation. When rats
were changed from a 90% protein free Lo a casein dicr the half life
of arginase changed to one day. In all cases the hall-life returned
to five days once the new steady stale was altained,

Das and Wateslow (1974) found that when rats were changed from
2 high (154 g / kg) to a low (40 g /kg) casein dict all five of the
urea cycle enzyme activities dropyed reaching the new steady state
within 30 hours. They calculated thehall 1ife ol the onzymes to be
in the ovder of seven hours which is shorter than the values Lound by
other workers, The main difference between Lhe work of these authors
and thone proviously meskionred is that Bay and Walerlow conducled
their experimenls such thal their animals were (rained to a fixed
Ieeding and Iighting regime vather thae ad Jib fveding. Tnis might in

some way alter the measuresents of hall-tife values.




.

1.3.3  gircadian_rhythms in enzyme activities
Wurtman (1969) has reported that ad lib. feeding of rats

maintained on a 12-12 lighting regime (12 hours dark and 12 hours

light) results in large daily oscillations in tyrosine aminotrans-
ferase activities (XAT). In vive free tryptophan concenLrations
increase by 50% several hours before the inercase in TAT is observed,
Omission of tryplophan from the diel vesults in Lhe complete extinction
of TAT periodicity. Tryptophan concentrations io the plasma vary

with the tima of day, with feeding paklerns end dietary protein intake
The rate of uptake of amino acids is influenced hy steroids and insulin
both of which show circadian rhychms and so may generate rhythms in
amino acid concentrations. Glucororticoid levels peak two hours
before the onset of darkness (Wurtman and Aselrod, 1967) and TAT

peaks at about five hours after the ouset of darkness, showing a
four-fold increaso in activity compared with levels measured during the
Llight period. When rats are maintained on conlrolled feeding regimes,
the amount of light they are subjectvd to cach day is controlled and
way very from one regime to another. Un these regimes they are fed
for a fixed period of time, the tire at which they are fed buing
constant from day to day. 5o for vzampie, a'12-1/ regime represants

twelve hours dark and tvelve hours light, the animals being fed fov

the 12 hours of darkness, In av W-16 wcpime the enimals ave
waintained again on 12 hours of Hght and 12 hours of darkness being
fed for the first eighl hours afler the onset of darvkness and then
staxved for 16 hours, {iur of whith are during the dark period and

12 hours during the lig ¢ period. More dictary tryptophun would be
available £or uptake by the Hver shortly after [eeding at & time when
glucocorticeid levels have already increased. It may thercfore be
possible that TAT messeny ¢ rvibonucloic acid {mhiA) is already present

but is enly cranalated Into TAT vnayme wher eryptopbah concentratious

ineroase after Leeding. Pivptophan comee trations have a speeinl
gignificance in the coutr i of hepatic pre cin synthesis, both in the
Lormatien and avablat i1i1 o2 Uibonomes o 0 the o ogregation of polysomes

Muuner gt al,, 19665 Urom oul o aly1968) wisnic

ol tryptephan from
the diet vesults in the rov

e dlsagg egation of polysoncs.
In studging the rep fetive of Lhe lovel of an cuzywe 1t is of

great importance ti Jde' tmine vhether Ltherve is a time dependenc
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variation in enzyme activity since a several Iold increase in
enzyme activily may be attributed to a particular treatment before
it is recognised that an identical rise oecurs at the same time of
day in untreated animals.

As tvyptophan alse plays a role in rhe induction of urea cycle
enzyme levels (Muramatsu and Nekagava, 1971), ad 1ib. feeding may
result in a great spread in the induction of enzymes in diEferent
onimals depending on when they are taking food. Since in the
experiments of Das and Waterlow (1971} the rats were maintained on
controlled feeding regimes, the induction of urea cycle enzyme levels
may be more synchronized and so appoar to occur within a shorter time
span, If this were so it would not he inconsistant with the fact
that the half~lives of the urea cycle enzymes appear to be shorter in
these experiments compared to those of other workcrs (Schimke, 1964;
Szepesi. and Freedland, 1969) whete the experimental animals were not
maintained on controlled feeding or lighting regimes.

A number of different types of rhythme are seen in biological
systems, those with high frequencies {(from half and hour to two to
five days) and those with low frequencies (greater than five days)
(Vanden Driessche, 1975), Circadian thythms have great adaptive
advantage, for since the rhytbm is initiated in advance, the organisms
will have reached the optimal perivrmance stale before external
conditions are attained to whieh the rhythms are adaptive.

For exarple, in rats which are nocturnal feeders, the levels of

gl cocorticoids increase at about two hours before Lhe onset of
darkness and hence of Lecding, This allows for Lhe moce efficient
uptake of amino acids at the Lime when they hecome available, after
Leeding and digestion has been initiatoed.

The potential for circadian rhytlms must be hereditary since the
natural pesiods of oscillation are specific,  They show o dependence
on trangcription since the rhylims arc impaired if RNA synthesis is
inhibited but are indupendant of protein synthosis (Vanden Driesscho,
1875).

Several models zor the genexation of Lhese rhythwe have been
proposed depentding en interactions of lighl, tempeeature, geophysical
factors and metabollte availability and ave reviewed by Vanden Dricssche
(1975).  Biological rhythmicity influencing hovmonally indueible
events such as DNA synthesis, RNA synthesiu mitotic index and liver
cnzyme activities have been roviewed by Glaser (1975),
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1.3.4 The Rate of degradation of proteins

Schimke and Doyle (1970) have postu:ated that degradation may play
a role in regulating enzyme activities. All protein molecules are
available to degradation by proteascs which are present in excess at
all times. The shiftirg of cofactor and substrale concentrations as
might occur under different physiological and hormonal conditions may
lead to a variety of affects on specific vnzymes eitber Lo stabilize
or to labilize them thereby altering theiw rates of degradation.

Dice gt al (1973) have suggested that there is z correlation
batween tha si'ie‘n[ proteins and their relative rates of degradation
and generally the greater the size Lhe greater the target is for
protease attack, This is a general characteristic of eukaryotie
soluble proteins. According to this theory it is the size of the subunit
rather than the gize of the multimer that is important and in
heteromultimers the larger subunit is degraded more rapidly than
the smailer, This theory of degradation is however, still in need
of confirmation.

1.3.5 Hormone Effccts
1.3.5.1 Lects and muchanism of ackion of glucagon and

CcAMP

Cyelic AMP has been recognised as the socond messenger for a

number of different hormones such as adrenscorbicotropic hormones,
thyroid stimulating hormone, vasopiesasin, fukeinizing hormone,’
parathyroid bormone and glucagon (Slraca and Rebinson, 1974).

Rall and Sutherland (1958) found that ylucagon administration
causes & large increase in hepatie CANP levels. Tb now seems Lhat
many of the metabolic effects of glucagon are mediated by cAM¥
{Kenney, 19/0).

Glucagon interacts with adenyleyelase in the membrane which in
Lurn catalyzes the Eormation of eyelic AMP [rom AYP,

A Glueagon Receptory

The receptor of pincagon, namely the adenyloyclase system is
Eound in the pldasma membrane and sarcoplasmic veticulum of muscle
in all eukaryntes (Strada and Robinson, 1974). The rcceptor is a
two—couponent syslem eubedded in Uhe lipid matrix of the coll
mowbrane.,  I¢ consists of a regulatory subunil in contnet wilh the

extracellular spare with receptors Lor one or wore e rmencs and a
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catalytic subunit in contact with . AIP in the cytoplasm.
Interaction of hormone with the receptor results in a conformational
change which activates the system and couverts ATP to cANP,

Rodbell et al (1971) showed that discrete regions of the
glucagon molecule, which is & polypeptide of ‘9 amino acids are
important for receptor binding. The entire molecule is the active
species but histidine at the N, terminal end is uninportant fox
binding. At physiclogical concentrations (10™''M) glucagon cxists
as a monomer and’ the glucagon receplor complex is stabilized by
hydrophobic interactions (Sasaki et al,1975). The flexibility of
the structure of glucagon allews rapid degradation by proteolytic
enzymes thur giving sophistication in control.

Hormor . activition of adenykyclase requires ATP or GIP
which bind reversibly to allesteric sites on the enzymes melecule
(Rodbell, 1973). These nucleotides increase the rate of binding
and dissociation of glucagon from the vegulatory component,

The regulatory component exists in two stat2s which are in
equilibrium and these bind glucegon with different rates of
association and dissociamtion. Only one of the states is competent
in activating adenylcyclase. GLP or AIP act at topographically
distinet sites which results in the shifting of activity to the
active form. The competent form hag the appropriate association and
dissociakion rake constant for glucagon te account for rapid onset
and cessation of hormone action (Rodbell, 1973).

In rats, the adenyleyclase system is present and respensive
ta glucagon and isoproterencl four days prior to birth (Butcher and
Potter, 1972). They demonstrated a close parallelism between the
age-dependent offcct of glucagon on dncrcasing cAMP levels and TAT
induction.  Adenylcyclase j& present and responds to glucagon
during gestation prior te TAT induction by  ‘ucapou

eAMP coucentration is controlled woL onky by its rate of synthesis
by adenylcyclosa, and its rate of release inta the cxtracellvlar
£luid but alse by ils broakdown by the eruyue phosphodiestersse
(8trada and Robisen, 1974; Schwidike et al, 1976). rhere is
evidence thal this enzyme exisls in multiple melecular Lorms and that

it is sensitive to diffovent hormones. It is believed that insulin
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activates phusphodiesterase thereby preventiag the accumulation of
cAMP (Strada and Robison, 1974).  Glucocorticoids amnd other steroids
inhibit phosphodiesterase activity and it has been speculated that
wany "permissive effects” of glucocorticoids on cAMP mediared
responses reflect the direct interaction of these hormones with

phosphodiesterase.

B. Regulation of protein synthesis by cAMP
(i) Effects of cAMP

Most work in this field has been dome on the vegulation of
synthesis of tyrosine aminotransferase (TAY) and is extensively
reviewed by Wicks (1974). It was found that glucagon and cAMP
act selectively in the liver in contrast to other tissues. They
stimulate hepatic protein catabolism. Cyclic AMP does not mediate
theraction of glucocorticoids; rather, different mechanisms
operate (Kemney, 1970). TAT is not activated by these hormones but
synthesis of new enzyme molecules occurs (Wicks, 1968a, by 1969)
as verified by jumunological assay (Wicks, 1971).

TAT is only feebly induced by cAMP and the action of this
substance is greatly enhanced by theophylline, an inkibitor of
phosphodiesterase activity (Wicks 1968a, b). TAT is also {uducible
by glucagon and insulin whose effects are mediated by cAMP. Dibutyryl
cAMP (dBcAMF) induces TAT much more strongly than either glucagon
or isoproterenol and its effect is not enhanced by theophylline

(ibid) . One possible action of cAMP may be the releasé of
nascent polypeptide chains from polysomes although this view
is not widely held, It has been shown to cause the release of

TAT protein molecules frow washed polysomes of neenatal rat liver
(Chueh and Oliver, 1971).

The microsomal factor respansible for the release of polypeptide
chain by cAMP in vitro has been purificd and is found to be a
protein of molecular weight 40 000, capable of binding cAMP and
possessing cAMP~dependent proteiu kinase activity (Donovan and
Oliver, 1972},

Although these experiments are provocative and do provide
direct evidence for an effect of cAMP at the translational level,

there are several features of the system which desarve comment.

[SET———
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Firstly, the release of TAT Erom the washed polysomes required
very high concentrations of cAMP. The release of phosphoenol~
pyruvate carboxykinase is not detectable in the neonatal microgome—
polysome system in spite of the faect that characteristics of its
regulation by cAMP are ecsentially identical ro that of TAT
(Wicks, 1969), Finally, no direct evidence has been provided
that the TAT released is truly nascent polysome-bound TAT.

Even with these objections it is difficult to escape from the
suggestion that the release of TAT in neonatal liver may present a
unique developuental phenomenon that is unrelated to induction

of TAT in mature animals. The fact that thecAMP-dependent
release factor is present in adult liver but that release of
polypeptide does not oceur in adult microsomes suggests that some
change occurs in the polysomes during development

Studies using inhibirors of RNA synthesis support the suggestion
that cAMP acts at the level of translation (llolt and Oliver, 1969;
Wicks et al, 1073; butcher et al,1972).

Some examples of cAMP and glucagon acting at the transcriptional
level have been found and are reviewed by Wicks (1974). Glutamate
dehydrogenase has been found to be inducible by glucagon and dBeAMP
in an actinomyein D-sensitive process (Yavoni and Balinsky, personal
communications, unpublished).  Ornithine decarboxylase is also
inducible by an actinomyein D-censitive process(Beck ¢t al, 1972)
as is serine dehydvatase (Peraino and Pitot, 1964). Dibutyryl cAMP
may be a more potent inducer than cAMP since it is resistant to

hydrolysis by phosphodicsterase (Moore el al, 1966
(ii) Mode of actien
ay  Transiational control

Wliere mechanisms of plysiolopically relevant effects of cAMD
bave been elueidated in manmalian cells they are found to involve
protein phosphiorylation catalyzed by the cAMP-dependent protein
kinase resulting in the phosphorylation of nucleatr acid proteins
and nuclear histone proteins (Bil and Wool, 1973; Strada and

Robison, 1974). Phosphorylation of ribosome - associated protains
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results in a slight shift in the affinity of subunits for each othet
(Walton and Gill, 1973) with a slight increase in synthesis of
polyphenylalanine io vitro (£i1 and Wool, 1973; B4l and Wool,1973b

although this chaunge is probably not significant.

It is conceivable that growing nascent polypeptide chains of
certain inducible enzymes are substrates for ribosome=bound-cAMP-
dependent protein kinases. This may facilitate elongation, or
termination by 1y altering the ion of the complex

in the vicinity of the polypeptide growing point. Upon the release

of the completed enzyme, specific phosphatases may remove the phosphate
moiety and the native enzyme in the cytosol would no longer be the
substrate for protein kinases as is true for TAT and phosphoenol-
pyruvate carboxykinase (Wicks ek al, 1972).

The possibility exists that the messenger RNA's (mRNA) of all
inducible enzymes may have a common 5' sequence allowing Eor
digerimination in competition for ribosomal subunits in forming
cotiplexes when a common ribosome-associated protein is phosphorylated
Some evidence exists as to discrimination {n the translation of certain
mRNA's in eukaryotic cells (Rourke and lleywood, 1972} Nudel et al,
1973).

h) Transeriptional control

Transcriptional indsction has been observed in isolared nnclei,
liver slices and whole animals.  cAMP-dependent phosphorylation of
nuelear non-histene proteins may play a role in the induction of
specific species of mRNA since the addition of phosphorylated nuclear
nonhistones to rat DNA results in an increased synthesis of RNA,
(Watgon and Langan, 1973). It remains to be established that the
synthesis ol specilic mBNA's is promoted in this procesa.

‘The possibility wust he conaiderod Lhat cANP~dupendent phos=
pharylation of nonhistone nucledr proteins plays a vole in enzyme
Lo (Johnson and AllLxey, 1972) in view of (he rveport that

indud
addition of phosphorylated souhistone chromakin proteins from rok
liver stinalates RHA synthesis in yitro when naked rat liver DNA
vas used as the template (Shea and Kieinsmith, 1973).
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1.3.5.2 Meghanism of sction of glucocorticoids
Steroid hormones act via a complex coordinated set of reactions

which alter the.cellular phenotype through alteratious in gene
expression. Many examples are known showing changes in specific
enzymes in the target cells. Steroids are very small molecules
(MW 300) und are therefore capable of passing through the plasma
wembrane into the cytoplasm where they bind with receptors specific
te the targel tissue {Rousseau, 1975),  Specific receptors ave
found in the rat thymus, liver, kidney, brain skeletal heart muscle,
testis, lung, stomach,spleen and several transformed cultures
(0'Malley gt al, 1970; Golder gt al, 1972)

Steroids are transported in the blood by the corticosteroid
binding protein (GBG), Eranscortin,which is a spocific w-globulin,and
to a lesser extent by albumin, Less than 10% of the fuetal blood
steroid (10_9H/1) is unbound and it is the unbound stercié which ia
believed to have physiclogical consequence in interaction with the

target tissus, Transcortin may mediate the kinetics of inactivation

of cortisol by the liver. D t and B

synthetic steroids, do not bind to transcortin oond this may account

for their greater biological potency.

A. Receptors

Much vork has been done on the identification and purification
of the cytesolic roceptors of glucorticoids and other stevoid
iormones (Niggins et al, 1974; Litwack ot al,1973; Ribarac~
stepid et al, 1973; Rousscau gt al, 1973; Litwack and Rosenfield
19755 Acs et al, 1978); G'Malley and Schrader (1976) have reviewed

the 1i for i cion on these and their

mechaniam of detion.
(1) Glucoworticoid receptors

Several workers have demonstrated the exisLence of cortisol-

binding proteinsin the liver. Beato gt al. {1969)  showed that



.22 -

#3-cortisol binds specifically to soluble proteins in rat liver

later studies by these authors (1970) and by Rousseau et al. (1973)
suggest that the function of these receptors is to facilitate the
movement of the glucocorticoid to the nueleus in a temperature-
independent transfer process. The binding of the glucocorticoid to
the cytosolle teceptor is temperature-dependent (Kalini et al., 1973},
Once the steroid-receptor is transferved Lo the nucleus, from 4 000 to
8 000 nuclear binding sites become evident. The possibility exists
that only a small Fraction of receptor-glucocorticoid complexes are
involved in meaningful interactions with the genome and it is possible

that the complex interacts with nonst 1 repeated of

DNA corvesponding to evelutionary-related glucocorticoid responsive
genes of different target tissues. Short et al. (1970) found at
least three dilfferent receptors of glucocorticoid in the liver with
varying affinities for Lhe stercids. Wira and Munck (1970) and
Mosher st al, (1971) have demonstrated the existence of glucocarticoid-
epecific receptors in thymus cells and these appear to be localized
in the nucleus.

Tsai and Hnilica (1971) found that a small amount of cortisol
binds to a trypsin-resistant fraction of the arginine-rich histones
and they therefore suggest that cortisol probably binds to a non-
histone protein associated with the arginine-rich histones. It is
however not known whether this interaction turns on the Lranseription
of specific structural genes ot tuxns off the Lranscriptios of
specific “repressor’ genes {Wicks, 1974), 8ince glueocoriicoids
interact with receptors and are then translocated to the nucleus, as
are the sex steroids, it is not inconcelvable that their mechanism of
action is very similar to that of the scx steroids. Since a great
deal of work has been done on the sex steroids Lhey will be discussed
in some detall. The chemical atvucbure of all steroids is similar
and therefore the possibility exisis that the glucocorlicold-receptovs
arc simllar and interacl in a similar way to thal of other steroids

and, in particular, Lo the sex sterolds

(11) Sex sterold receptory
Although much wark has been done on glucocorticoid ruceptoes,

the best understood sterold receptor system ls that of Lhe sex sterolds
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Since the chemical structure of all steroids is so similar the
possibility exists that the glucocorticoid receptors are similar to
and interact in & similar way to that of the other steroids and in
particular to the sex steroids,

It wag found that in female rats, radioactive oestropen was
retained longer in the uterus than anywhere clse{0'Malley and Schrader, 1976)
and it was found that in target cells, radioactive steroid accumulates
in the nucleus and that movement inmto the wucleus precedes all other
changes .

1t was found that oestrogen bound selectively to a protein
MM 200 000 which is present only in target cells and bound very tiphtly
towstrogen and it was found that the roceptors not only sequestrated
the hormone molecules in the target cells but also concentrated them
in the nucleus (0'Malley and Schrader, 1976).

0'Malley and Means (1974) found thal the hormene-receptor complex
binds directly te the chromatin and that there were about 5 000
acceptor sites per nucleus for this hormone-recoptor complex. They
Aalso found that the hormone-receptor complex binds directly to
isolated chromatin, progesterone-receptor complex binds preferentially
to chromatin from oviduct nuclei compared with other tissues and that
the receptor alone does not bind chromatin, At least five different
skeroid binders have been recognised with different molecular weights
and different nffinities for steroids, these being Uinders I and ITI (Morey
and Litwack, 1969), Binders II and W (Litwack et al, 1973) Binder IIn
(Litwack and Rosenfield, 1975).

The sterold binding protein is loecated in the AP, fraction of

nonhistone chromesomal proteins {(0'Malley and Schradet, 1976).
Chromatin stripped of histone bound the complex as tightly as with
histone. The receptor-liormone complex intevacts with all DNA
irrespective of origin when stripped of prolein, therefore the DNA is
not respensibile for gpecificity (0'Malley and Schrader, 1976).

‘the progestorone tecaptor bas been purified and found Lo be a
dimer of bwo nenidentical subunits of MW greater Lhan 100 000, The
dimer is eigar shaped with the A and B subunits lying side by side
and each containing a simple hormone receptor asite. The dimeric
teceptors have no affinity for naked DNA.  Subuait A does not bind
ko intact chromatin but binds very strongly te naked DNA, The B
subunit has no affinity for naked DNA but binds to intact chromarin (ibid).
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B. Mechanism of action of steroids

0'Malley and Schrader (1276) have proposed the following model
for the mechanism of action of sex stercids. The steroid interacts
with the cytoplasmic receptor which exists as two conformers one
active and one inactive. Only a small proportion of these are in
the active conformation and these are respensible For the basal
snzyme levels  \Roussesu, 1975). Once the hormone binds to the
receptor there is an activation Followed by a temperature sensitive
translocation of the complex to the nucleus (Ishii at al, 1971;

Beato et al,19B). In the nucleus the complex binds via the B subunit
to particular nonliistone proteins of the AP3 Eraction., The dimer may
then disaggregate or separate and the A subunit hormoue compivx may
interact directly with the DNA. It is unknown whether A recognises
specific nuclestide sequences or whether it hinds to positions whose
specificity is defined by the B subunit binding specificity.

Using rifanpcin, an antibiotic which inactivates all RNA
polymerase bound to initiation sites, it was found that the number of
initiation sites is directly propovtional ko the number of hormone-
rveceptor complexes present  (O'Malley and Schrader, 1976).

in vivo hybridization techniques using copy DNA (cDNA) of chick
ovalbumin mRNA showed that the number of copies of this specific
messenger vose from zero te 10 000 molecules per cell within a matter
of hours of hormone treatment. In in vitro experiments using

chromatin in cell free extwacts it wig found Lhat new ovalbumin nRNA

is synthesized only in the of the hormon 5 complex,
not in the presence of hormone only and only if the receptor was
present as the dimer.

Kalimi et al. (1973) have proposed o model implicating the
e

sptor-hotmone complex wherein the copplex acls a positive

regulator of gene activity, similar Lo the regulation of the lae-
operon in £, coli by the cAMP hinding prolein, Final expression
depends on additional negative controly which may ov may uot be

under hormonal regulation .
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C, Effects of glucocorticoids

One of the primary actions of glucocorticoids is cell growth
inhibition and concomitant expression of specific enzymes (Rousseau,
1975).  In the thymus of rats and mice there is 2 deecrease in
activity of RNA polymerase after glucocorticoid treatment. Thae DNA
template is much more active after cortisol treatment  (Homoki et al,
1968) and this is attributed to increased nucleolar ribosomal RNA
polymerase rather then an increased availibility of the DNA template
in the chromatin.(Yu and Feigeleon, 1971).

In young rals cortigone treatment results in the rapid decrease
in DNA synthesis due to a drop in the activity of nuclear DNA
polymerase (Hendevson et al, 1971) without an cffsct on mitochondrial
DNA polymerase (Kimberg and Loeb, 1971). This effect is seen in most
tissues including hepatomas (Hlenderson et al,1971). BNA and protein
synthesis inerease after eortisol treatment bul with prolonged
treatment there is a drop in the induction of these molecules implying
that continued DNA synthesis is required for the stimulation of
transcription. Inhibition of DNA synthesis is common in tissues
where glucocorticoids are stimulatory, namely in liver and malignant
cells in culture. There is an inhihition of DNA synthesis and growth
of livers in pertially hepatoctomized rats Lreated with glucocorticoids
(Jones and Logaw, 1972).

Cortigol specifically induces particular cuzyme proteins by an
actinomycin D-scngitive process (Raina and Rosen, 1968; Peraino et al,
1966) . Sehwartz (1972) found that glucocorlicoid action on
embryonie chick retina results in the biosynlhesis of glutamine
synthetase itseif through altercd genowmie expression

Several of the permissive eflcets of glucocorticoids for cAMP—
mediated responses are thought to occur by Iuhibition of phosphodiesterase
sctivily (Manganicllo and Vaughn,1972).

Evidence suggests that the varlivsl wmonifestation of gluco-

corticetd action ia the initia) inhibition of prolein syathesis
(Fim ond Kim, 1975).

Shelton-Barp (1974) found that glucocorticoids play a role in the
normal diurnal vavietion of chromatin availability in the liver since

adeenalectony greatly reduces the wocturnal rise and an intraperitoneal
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injection of hydrocortisone (50 ug/100g) eight hours prior to killing
adrenalectomized animals restores the nocturnal rise in chromatin
availability.

1.3.5.5  liormonal offccts on_the urea cycle enzymes

The polypeptide hormones of the pamcreas, insulin and glucagon,
have been implicated in the regulation of a large variety of hepatic
enzymes (Kenney, 1970). In their sction on the urca cycle enzymes
they are antagonistic to each ather. McLean and Novello (1965)
found that glucagon increased the lovel of urea cycle emzyn 7, but
this increase is probably not caused merely by increased amino acid
catabolism with the release of free smmonia for detoxification; rather,
the effect appears to be more specifie, since in the in vitrs
experiments of Snodgrass and Lin (1976) where the amino acid supply
is not limiting, inductions in the levels of ures cycle enzymes were
still observed. Insulin is antagonistic to glucagon since it causes
nitrogen reteation (ibid) and these vesults are in agreement with
those of Mortimore (1972).

In prenatal rats the arginine synthetase system, namely
argininosuccinate synthetase (ASS) and argininosuccinate lyase (AL)
are inducible by dBeAMP, glucagon and triamcinolame. The cffects of
dBeAMP and gludagon are nonadditive suggeating that theirmechanism
of aetion {s the same but,the effvels of dBeAMP aud crismcivolone are
additive. ‘The latter suggests different mechanisws of action for
cAMP and the steroids in the induction of this system (Schwartz, 1972).
The offect of glucagun on the arginine synthetase system was
confirmed by Ri3ha: and Schwarts ( 1973) who Found that a single
intraperitoneal injection of glucagon (100ug/mnimal) induced ASS
and AL in Five day old raks but notin foutal or now born rats.
1n vitro, glucagon and dBeAMP double Uhe activity of the arginine
synthetase systems Lrow 19,5 day foetal explants, Moxley et al.
(1974) have demonstrated a 54% increase in wrea synthesis in rots
treated with glucagon, o 247 increase with oplvephrine and o 297 °
increase with parslhyroid hormone.  All of these acl by activating
adenyleyclase thereby incressing intracellular levels of cyclic AMP.

Corticostervids have hoen shown Lo increase tissue breakdown and
thetre is a co-ordinated increase in the activities of uren cycle

enzyme activities (Schimke, 1963).,  Advenalectomired rate show a
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concexted drop in the activities of the cycle, the cytoplasmic
enzymes dropping more than the mitochondrial ones, with arginase
showing the greatest drop (Schimke, 1963; McLean and Gurmey, 1963)
Cortisone acetate-treated adrenalectomized rats show a recovery in the
activities of arginase, AL and ASS, with arginase responding sconest.
Adrenalecromy performed on the thirteenth postnatal day prevents
the normally observed developmental rise in arginase and OTC
activities, The observed increase in these activities following a 48
hour starvation seriod is prevented by adrenalectomy (Llinerova, 1966).
In vivo admidistration of corticosteroids to adult rats results
in a ~low incraase in the levels of urea cycle enzymes observable
only after several days of vepeated Lveatment (Mclean and Gutney, 1963;
Schimke, 1963). In fact in animals aged 29 days end more only

daily injections for three days resulted in e significant increase
in arginase activity (McLean and Guiney, 1963; Christowitsz, 1976)

Krécdk and Palaty (1967) have proposed that several eritieal
periods in ontogenic development exist. These involve different
target tissues becoming sensitive te the appropriate hormone at
spacifie times as well as different isozymic pattcrs becoming
apparent at different stages of ontogenic development. The first
of these critical periods occurs during the first postnatal week and
a second one falls between the second and fourth weck during the
period of weaning. Since day 28 of pustnatal development represents
the last day of wearing, this could account for ihe fact that on day
29 and beyond the regulalory mechanism operating in rats are
differcnt as the second eritical period of development has been
completed. These periods are so critical thak by altering the
environmental conditions of young rats il is passible Lo pormancnsly
alter the development of the adults (Kedelk and Palaty, 1967).
Premature weaning of the rats vesults in altered regulation of the
vestral cycle, aitered Lerlilily and allered activily of the adrenal
plands,

Schimke (1963) found that intact adtenebs wero not necergavy for
the respouse of urea cycle cnzymes Lo a high protein diet and Erom thig
concluded that cortisol is not involved in the regulatory response of
the enzyme to dietary protein level.
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3.4 REGENERATLON OF RAT LIVER AFTER PARTIAL HEPATECTOMY

1.4.1 General

When vats are subjected to p ttial hepatectomy wherein 70
percent of the liver is removed, the remaining cells begin to grow
and divide in oeder to veplace the cells that have been lost. The
metaboli .4 and ultrastructures of the remaining liver cells begin
to alter very soon after the operation and within three weeks the
volume of the vemaining liver lobes has increpsed to tha. of the
liver prior to the operation (Higging and Anderson, 1931).

Electron microscupy studies by Hradid ot al, (1965) and Virogh (1966)
showed that on the first day after partial hepatectomy the liver
undergoes disorganization., Cn the second day “dart cells" rich in
organelles and eclear cells containing few organelles are distinguish-
able. In the early stages of regeneration the Colgi apparatus
. wears hypertrophied and the bile caualiculii increase in number and
e dilated, These phenomena may reflect the increased load
by the secretion of bile upon the reduced liver parenchyma.
uctural appearances of hepatocytes are normal by 168 hours
o ireial hopatactomy (Kamura and Asushi, 1969).

~atracellular communication was examined in partially hepa-
tectomized rats and found te be ns pood as in normal livers in
contrast to the lack of communication iy tissues with cancerous
groweh (Lovestein and fenn, 1967).

Llectrophoresis of blood serum [rom partially hepatactomized
tats roevealed abnormal fractions in the :<-glabutins and albumin
similar to the abnormal Eractions previously called the metabolic
paraweter of cancer which is unique Lo neoplastic processes
(Leporda gt 61,1972,

‘Total iiver proteln, HNA and DNA has retwrned to narmal by len days
after partial hepatectomy. A maximum {n the labelling and witotic
index occurs belween 12-48 hours alter the operation (Gerhard, 1975).
The first two days of rogenoration are compeusitory and have one
round of replication and mitosis. The ploidy is 3.6c per eell and
1s equal in all cells,  In normal nendividing cells the average
ploidy is 2. Days three to fourteen ove recomslructive and there

is an increased number of cells with a slight decrvease in ploidy.
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The total number of hepatocytes increases 2,6 times by the end of
regeneration and by the end of the Eirst week 85% of the total cell
number is repained (ibid}.

Pyrimidine and DNA synthetic onzymes increase while the catabolic
enzymes decrease during the post-opcrative peried. The changes include
an increased capacity to synthoeize DNA (the polymerase peaks at 48
tours) and pyrimidines, and a decicnses potential for catabolism and
recycling these metabolites. This -onfers a selective advantage to
regenerating liver cells and provides an increased replicative potential
(Holtzer and Denkea, 1975). DNA polymerase IT increases6-10 fold,
18-30 hours after partial hepatectomy (Baril et al, 1973).

The RNA synthetic capacity of regenerating liver nuclei
greatly exceeds that of normal liver nuclei, this being largely
due to an increase in the number of DNA sites available for tran-
scription in the DNA-dependent-RNA polymerase reaction {(Pogo et al,
1969). Berg et al. (1967), using radioisoropic techniques, Found
that an increased rate of synthesis of nuclear RNA occurs twelve
hours after partial hepatectomy and ¢ytoplasmic labelling occurs
between £ifteen asd eighteen hours.

Fausto gt al, (1968} found three cytoplasmic RNA pesks, a 48,
#1188 and a 285 peak; 45 was lahelled [irst, 18S specific activity
peaked at 12 hours and that of 285 at 24 hours post operatively.

Ralf gt al (1971) showed (hat DHA synthesis in vitrg is
stimulated by factors present in post microsomal fractions of
regencrating, neoplastic and foetal liver but absent Lrom normal
tissue, La Breque gt al, (197 have isolated wn hepatic stimulator
substance of lepatic regeneration and found it t. be soluble,
heat stable, sensitive to TCA treatment and to have a molecular
weight greater than 10 0J0.  Schuem gt al, (1973) have isolated
nondialyzable compounda from the cytosal that act post Lranscriptionally
te regulate the processing and/vr trinsport of wRNA and found that
differences exist in those faclors In normal, tcgemerabing and
neoplastic liver.

Within 18 hours of partial hepdle tomy, the ratio of histone to
DNA drops by 10 to 15%. The kiu- ics of the change corvclate with
increased tewplate activity (Garrait and Bonmer, 1973).  Within
12 hours o 20% turnover in histone I is detectable. Within one and
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a half hours histone-bound proteases increase two-fold. These may
be involved in the displacement of histonme from the chromatin

leading to gene devepression (ibid.).

By 30 hours of regeneration the in vivg rate of protein

synthesis has increased by 60Z compared with control rates. There

are approximately 107 more ribosomes bound as polyscmes in

regenerating liver compared with normal liver:; the vate of trans-
lation is constant, thercfore the rate of initistion must be greater

in ribosomes of regenerating versus normel liver cells (Scornik, 1974).

Walker and Potter (1972) have studied the effect of partial
hepatectomy on altering isozyme patterns of hexokinase, aldolase
and pyruvate kinase. Changes in tnese isozymes following partial
lhepatectomy suggest that when hepatocytes need to undergo cell
division they cease Lo produce some of the isozymes characteristic
of the fully differentiated state and revert to the production of
isozymes characteristic of the foetal stage of ontogeny. For example,
within 23 hours of partial hepatectomy there is a large increase in
type-EII pyruvate kinase with a concomitant decrease in type-I
pyttvate kinase (Tanaka st al,1967; Walker and Pott:z, 1972) and
glu rinase (Lea et al,1970;Walker and Polter, 1972). There ave
no changes in either aldolase or liexokinase isozyme patterns (Walker
and ) otter, 1972),°

Mopkins et al. (1973)Eound that in rats maintained on an 8-16
feeding resime  thymidine kinase activity and thymidine incorporation
inte liver DNA exhibited marked daily osciliations during liver
regeneration.  Yanagi and Potter (1977) found that thymidine
kinase (1K), TAT and ODC activilies were stimulated sequentially by
partial hepatectumy in the livers of rats maintained on rontrolled
feeding and lighting schedules, The carliest response was for ODC
at 2 hours, reaching the maximal level by 4 hours, while the activity
of 1K puaked only at 48 hours posloperatively.

The same authors obscrved a significant deerease in the activity
of ornithine amine transferase by A4 hours and nlthough a drop was
seen in the activity of serine dehydratase, the drop appeared to be
untelated to the regenerative process since the lowered level of

enzyne activity was also Lwand in shom opevated animals (1bid).

!
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1.4.2 Regulatory mechanisms operating in regencrating rat liver

1.4.2.1 Djetary effects on the proliferative response

Starved vats (48 hourr) show a Live hour delay in the proliferative
response which is probably due to a deficiency of BNA and protein
required for proliferation or perhaps the energy requirements are not
met (Stirling . 1973), Staxvation may activate stress pathways
resulting in cortisol release which may th-~ infilbit the ndcotic

index, Administration of fairly large dose of cortisol for three
days prior to partial hepatectomy results fu the inhibition of the
mitotic inds Protein deprivation does not alter the flow of

ribosomal RNA L1~ the nucleus inte the cytoplasm but does slow down

the entry of cell: Into mitosis (ibid).

When partially hepatectomized rats were maintained o0 controlled
feeding and lighting rogimes they displayed two peaks in DNA synthesis,
the first appears at 23 hours and is independent of the time of the
day, the second appears between 5 and 72 hours and {s dependent
on and follows t'e stimulus of the ccatrolled feeding schedule
(Barbirreli and Putter, 1971).

Schulte~ilerman (1975) has siressed the importance of the
feeding regime in the appeavance ot DHA synthetic rhythms in
proliferating cells, e found that in rats maintained on different

controlled feeding, the vhythmic

regimes with nd 1lib. ve
variations in fecding were respomsible for the synchronization of
proliferation.

omized rats wore iod at Lhe ond of the

1f partially hepat
light phase, DNA synthesis peaked at 20 and 37 heurs after the

operation. Rats fod at Lhe end of Uke darlk phe shuwed peaks
at 23 sad 47 hours. Hence the first pesk in synthesis is rrsponding
Airectly to partial hepatectomy whilst the second peak is dependent
on the feeding regime.

Racs 1 aintained for three woeks In the bight and fed ad lib.

show no divtng, ! luctuations i DUA wysthesis (Ghind.

1.4.2.2 lormonal effects on the prolilvrative response
The eEfect of glucocorticnids as inhibitors of DEA synthesis

iz well known (Kim and Kim, 1970) and hormone treatmeut of animals

i
|
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for three days resulte in an 80% drop in DNA polymerase activity
(Henderson and Loeb, 1970). DNA synthesis and liver growth is
inhibited by glucocorticoids in partially hepatectomized rats

(Thomson and Lippman, 1974).  There is also an inhibition of thymidine
and thymidylate synthesis in corticosteroid-treated partially hepatec-
tomized rats {fakuma and Terayama, 1967).

Cyclic-AMP concentration displays two waves of incresse Following
partial hepatectomy, ane at three hours and one at 12 hours. The second
wave of cyclic-AMP accumulation appears to be associated with the
initiation of DNA synthesis (MacManus et al., 1973).

Other workets have shown, however, that high concentrations of
¢AMP inhibit cell growth (Bombik et al., 1973; Holtzer' and Desken,
1975).  Low levels of cAMP are found in malignant cells and in liver
24 hours after partial hepatectomy and in cells imvolved in mitosis,
whereas cells in the stationary phasc display high levels of cyclic AMP.

Phosphodiesterase activities are very much greater in rapidly
dividing tissues than in nondividing cells (146% greater after partial
hepatectomy, 433% greater in rapidly growing tumours) and so it appears
that low levels of cyelic AMP allow proliferation

The discrepancy in these results may ba explained by the fact that
MacManus et gl. (1973) used P-andrenergic blockars to inhibit the
second wave of cAMP accumulation and found a parallel inhibition in DNA
veplication., These inhibitors may have secondary effects on prolifer~
ation, independent of the cAMP

Marley er a1. (1975) measured serum hormone levels after pareial

hepatectomy and found that glucagon had increased by 6 hours, insulin
remained unchanged for 72 hours, growth hormone dropped between 6 and

48 hours and thyroxine dropped between 24 and 48 hours.

1.4.3 Relationship balween polyamine and uren biogynthesis

The polyamines putrescine, spermidine and spermine oceur in con-

siderahle concentration fn all plunts and anfmals studied, These

substances have been lwplicated in nseriptional and translational
controls, in cell division and in protein and RNA synthesis (Fausto gt
aly, 1975).  Polyminve permit more complx Folding of WNA and In
this way may stabliisze Lhe primary structure. They could act by
removing newly transcribed RNA Crom the DNA-cnzgme complex thereby
muking more enzyme available for RNA asynthesis. It has been suggested
thet trangcriptional regulation is achieved by the polyanines
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interacting with the nucleic acids with neutve'ization of the

negative phogpliate groups and stabilization of the structure.
Polyamines have also been implicated in polynucleotide chain initiation,
elongation and chain selection.

Translational contvols are thought to involve ribusomal subunit
association, methylation of LRNA species, amincacylation of tRNA and
aminoacyl-tRNA binding to the 308 ribosomal subunits (ibid).

In rapidly dividing tissue such as regenerating rat liver the
concentration of spermidine increases in parallel with RNA content
for the period 24~96 hours after partial hepatectomy (Russel and
Lambardini, 1971).

One of the carliest respotises measurable after partial hepatectomy
is the rapid increase in activity of ornithine decarboxylase (ODC)
(udltta and Jhvne, 1972), the enzyme catalyzing the rate limiting
step in polysmine biesynthesis (Tabor and Tabox, 1972).

Increases in ODC activity oceur immediately alter partial
hepatectomy reaching a maximum 4 hours aftexr the operation when
levels are 17 [fold greater Lhan chat of controls {Yanegi and Potter,
1977). The increase in ODC activity is blocked by an
injection of puromycin or eycloheximide anytime within the [irst 24
hours after partial hepatectomy (Fausta, 1968), .and by actinomycin
D within the first hour. These results suggest the de move
synthesis of new ODC protein. The half life of ODC is measured as
11 minutes.

Ornithine levels increase within the first Lwo hours and by 18
hours are four to Eive times greater than in shom operated controls
(Fausto at al, 1975). The balance of ormithine metabolism depends
on the velative activitics of ODG, OLC, and OATL. The activity of OTC
is very much greater than that of ODC in normal Llivers but in
neoplasia there is a great inerease in OUC activity with a corresponding
drop in OTC (Weber et aly 19723 Willinms-Ashman ¢l al, 1972).

Bhide (1971), Weber el al, (1972}, Fausto (197%) Jawe and
Wblite (1975) bhave been unable Lo measure a corresponding drop in
OLC gctivity in the carly hiours of regeneration following partial
fepatectomy but Shide (1971) has shown a Lo% drop in OTC at 72 hours
and Webor (1972) baos shown a 17Z drop at 24 hours alter the operation.

i1
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Carbamyl phosphate is required for the synthesis of both urea
and pyrimidines. Lt is possible that excess carbamyl phosphate may be
channelled to pyrimidines by CPS I, the ures cycle isozyme. Such a
erosa over has been geen in certaia inborn errors of wetabolism
{Bourget et al, 1971) and has been demonstrated experimentally in
liver slices, This crossover requires that carbamyl phosphate be

ial .

ported across the mi
Excess ammonia may be channelied through glutamate to orctate
biosynthesis (Jones, 1972).  The relationship betwcen urea,
polyamine and pyrimidine biosynthesis ie shown in Figure 1.2 (see p.35).
Both L-arginine-glycine aminotransferase (£.C.2.1.4.1.)
which catalyzes the reverse ormation of L-ornithine and guanidoacetic
acid from glycine and arginine, the key step in creatine biosynchesis,
and ornithine sminotransferase (OAT), which catalyzes the formation
of glutamic 2-semialdehyde from L-ornithine and ketoglutarate, utilise
ornithine (Weber gt al, 1972)
The relative amounts of these enzymes and the choice of the
pathway to which ornithine is channclled plays an iwportant role in
the smount of urea synthesized and hence the activities of uraa
cycle enzymes. Adzptalion of the urea cycle enzymes to the metabelic
load imposed vn the liver remnant after partial hepatectomy might
provide precursors Eor both polyamine and pyvimidine synthesis during

1iver regeneration.
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Fipure 1.2
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1.5 CANCER
1.5.1. Geaeral

Cancer is a term that encompasses a large yroup of discases, all of
which are characterized by the loss of control of cell division,
Weoplastic Lransformation introduces into the body a new race of
cells with a common ontogeny but differing biologically, structurally
and chemically from their ancestors.

A digtinct pattern is cmerging from studies on minimal deviatien
liver tumours and that is that in most cases, the enzynes that
characterize adult liver occur in these hepatomas at levels that
resemble foetal or newborn vat livers during the period of transition.
The question therefore arises as to whether each strain of minimal
deviation hepatoma is descended from an immature parenchyma liver
cell whose further maturation was somchow blocked (Potter, 1969},

Potter et al. (1972) have reviewod the ideas on "oncogeny as blocked
ontogeny" where ontogeny is the unfolding of environmental-response
systems for modulating gene expressivn according to a programmed time
schedule and oncogeny is the accumulation of locked in geme configur-
ations of availability that were scheduled to he unlocked at different
times in normal ontogemy.

Much work hos been done on the morphological and biochemical
differentiation of hepatomas in relation te studies on Evetal and
neonatal rat liver. In general slow-growing, highly differentialed
Hiepatomas conkain many biochemical characteristies of the adule
liver type with some propertics of foctal tissue, The Fast-growing,
undiLferontiated type hepatomas mote closely resemble foctal liver
cells and rctain fewer of the adult~type cliavactevistics (Walker and
Potter, 1972).

Aldo.ase has three isozymic forms in the adull, Aldolase A
befug present fu muscle Lissue, Aldolase B in liver and Aldolage C
in the brain (Rutier gt alL,1963; Baron gi al, 1909). In the foctus
Aldolage A predominates in the liver and this is Eound to be tvue
in precancerous livers ol rats fed 3-me-4-dimethylaminobenzene (DAB
(Polter gg al, (1972).

Four isosym o of hexokiuvase bave heen described (MeLean and
Brown, 1966). The isozyme with a very high Km for glucose,
glucokinase, is Lound exclusively in the adult liver (Sapag-lapar
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1972).  Sugimura et al, (1972) have shoun that reversion to

non malignancy i.e. decarcinogenesis is accompanied by loss of
transplantability, changes in membrane properties and a concomitant
alteration from foetal type hexeokinase isozyme patterns to those patterns
seen in normal adult livers,

George Weber (1966) proposed the molecular correlation concept
of the ordered pattern of geme expression in neoplasia. This
concept postulates the operation of meaningful, ordered and correlated
expression of moxphological, biological and biochemical behaviour in
neoplastic tissue linked with the expression of malignancy and growth
rate. This theory takes into account that critical changes must be
heritable and that progression in ncaplasia must be reflacted in pro-
gressive etabolic imbalance.

This theory has been reinforced by many biochemical studies such
as those on gluconeogenesis in normal versus hepatoma tissue whers it
has been found that there is n progressive imbalance in gene
expression with increased tumour growLh. In the hepatoma speckrum,
with increased tumour growth there is a parallel decrease in gluco-
neogenic enzymes and an increase in glycolytic enzymes as is the
pattern in foetal livers (Weber, 1972).

A aimilar cotrelated series of changes iucnzyme activity is seen
in the pathways involved in pyrimidine and nucleic acid metabolism.

With differentiation there is a decrease in DHA polymerase activity and
the overall synthetic pathways with a gradual increase in eatabolic
activities. In hepatoms, however, there are increases in the activities
of the anabolic pathways with corrclated decresses in the catabolie ones
(ibid) + Regenerating rat livers Eollowing partial hepatectomy show
similar patterus in the alteration of expression of genes involved in
DNA metabolism., There is a sharp rige in the incorporation of
thywiding into DNA and a decrease In the catabolic wtilization of this

procursor until 24 Lo 36 hours poskeoperalively, This is int

pretad to mean that cnenges result in the repression of the derepressed
pathway of thymidine calibolism aud in the devepression of the repreas
pathway for utilization of thymidine Lor the synthesis of DNA
(Weber et al, 1971).
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Utsunomiya and Takeshi (1966) found that all hepatomas had a
slightly greater pexcentage of RMA in a pelysome fraction than normal
liver and also had a highe. proportion of monomer and dimer ribosomes
than normal liver.

In 1951 Mider pointed out the pronounced avidity of cancer
cells for amino acids which reflects their remarkable capacity for
proteln synthesis, Burke (1962) studied the development of
hepatomas in rats fed DAB and found that during precancerous growth
periods there was an increased synthesis of liver and plasma
proteins and decreased catabolism of amino acids.

Intracellular communications have been studied using intracellular
electricel techniques in primary and transplantable hepatomas
(Lowenstcin and Kanno, 1967). Wormal liver cells commmicate with
each other through junction membranes which are Ereely permeable
to small ions and probably to larger molecules and ions as in other
connected cell systems. Hepatoma cells show no such communication,
their surface membrane being 4 strong barrier to diffusion all around
the cell. Modjanova and Malenkov (1973) have studied alterations im
surface contact during progression of hepatomas and have Eound that
adhesion properties weaken with progression of the tumour with an
increase in the number of isolated cell islands.

Experiments on the determination of protein Lurnover in Morris
hepatonas indicate that there are random delocts in the control
of degradation of membrane proteins of hepatomas and that the
membrane-bound proteins turn over independently of the total part!zulate
membrane  (Moyer and Pitot, 1973),

Electroplioresis of the nu.lear proteins in vormal cells and
Hovikoff ascite tumour cells indicate both qualitative and guantitative
differences  (Ycoman pt ak, 1973a; 1973b).  These may involve
differvences in conkrol proteins, differences in che modiEication of
the smae proteing ne speeilic incrensen in the nuclear motabolism in
tumouts

OQuettette and Taylor (1973) have shown thal in a specific Morris
hepatoma (5123D) theve is » greatex proportion of transfer RNA
molecules capablc of accepbing amino acids per mp CRNA than in
normal liver. 'This may represent diCferential rates of LRNA

procesaing and maturation in these tissues.
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1.4.2, Qrnithine imbalance in peoplastic growth

Weber (1966) showed that tumour cells can synthesize protein and.
nucleic acids at increased rates whilst amino acid and protein cata~
bolism decreased as compared with that of normal liver. Ilepatoma
cells while under: ‘ing selection for rapid division and growth have X
at the same time been selected for a streamlined metabolism. This
requires imbalance in key enzymes of various metabolic pathways
resulting in imbalance in the opposing and cowpetitive metabolic pathways
in the tumour.

The intervelationship of polyamine, urea and pyrimidine bio-
synthesis is not as important in tumour , owth as it is in regenerating
liver, Williams-Ashmsn gt gl.(1972) showed that ODC activity
inereases in parallel with an inerease in tumour growih rate. In a
spectrum of hepatomas studied there was a drop in OIC activity
paralleling the increase in tumour growth rate (Weber et al, 1972),
Several other studies have also revealed a drop in OTC activity in
Morris hepatomas (Jones et al, 1961; Weber, 1973). In some hepatomas OTG
activities drop te less than 1% of that of contral values (Webex,1973).

The gradual drop in OIC activity with increasing tumour growth
rate may have an increased sparing effeck on the availability of
carbamyl phosphate and aspartate for nucleic acid synthesis.

With the increasing amounts of precursors for DNA and RNA
synthesis there is a concurrent inecrease in the first two enzymes
of orotate utilization viz., aspartate transcarbamylase and
dihydrooratase (Weher, 1972). These two enzymes increase in ox
activity with an increase in growth rate of the Lumour.

There is an inverse relationship botween the activity of OAT
and tumour growth rate, therefore it may be sparing ormithine for
polyamine biosynthesis in tumour growth (Willfams-Astman, 1972).

Sinece it catalyzes the reversible formation of plutamic-semialdehyde

from L-ornithine and « ketoglutarate, it may catalyze the formatien
of L-ornithine from glutarate or proline thereby increasing the

availability of ornithine for polyamine biosynthesis.

1,5.3. Yrea cycle engymes in neoplasis

Burke nnd Miller (1956} found that rats fed on DAB showed
marked decreases in the ability to synthesize urea. McLean (1964)
measured all five urea cyele enzymes in procancetous and tumourous
livers induced by DaB and found their activities were greatly

reduced compared to that of normal livers.
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There have been many reports on the activity of hepatic
arginase in experimencal apimals with transplantable hepatomas
end in all cases hepatic avginase activity is depressed
(Fujiwara, 1929; Weil, 1935; Greenstein, 1941).

Wu et al. (1967)measured arginase, ASS and AL in variops Morris
hepatomas and Novikoff ascite tumours and in 2ll cases found the
activities lower thanin controls. They found that ASS activity was
indueible by cortisol in two of the Morris hepatomas studied.

Morris et al, (1964)and Poreer gt al, (1969) studied the
indueibility of urea cycle euzymes in different hepatomas and found
no significant changes. Wu et al, {1971) found however rhat arginase
and ASS activities were inducible by cortisol in fourteen different
Movris hepatomas studied. They found also that arginase activity in
the hepatomas was responsive Lo cotrtisol, W not arginase in the
host liver. The lack of indueibility of urea c¢ycle enzymes in
certain hepatomas may depend on the type of tumour being studied
and the rate of growth.

Examination of various transplantable tumsurs revealed that
CPS II activities were correlated with increased tumour growth
rate (Hagar and Jones, 1967; Yip and Kiox, 1970) whilst C'S T shows
an inverse relationship with growth rate i.c. is present in slow
growing highly ditferentiated Morris hepatomas but is absent From
fast growing undifferentiated tumours (Lawson gt al, 1975). These
later studies nd that although CPS IL was preseut in normal
liver an' all tt: tepatomas studied, its activity in she hepatomas
was lewer than thatof the CPS T isozyme.

Gno gt al,{1963)and Bhide (1971) found thal UIC levels were

considerably decreased in hepotomas.

1.5.4, Chemical carcinogenssis

Carcinogenic stimuli can be conveniently divided into two
wajor groups, those ogentr containing inlormation Lranslatable as
such by the eell e.g, viruges and those vol containing such
trauslatabie infoxmation e.g. chemicals and radiation,

The chomical eareinogen after appropricte activation and
conversion to a reactive species teacts with several macronoclecules
ineiluding RNA, DNA snd protein. Meyex and Barber (1973) have
presented ovidence to show that DAD inleracts with microsomal
membranes Lo alter thelr conformatious which could account for the
Loss of activity ol certain microsomol cuzymes.

Within a short time, after treatment, some liver cells divide,
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the new population having acquired the ability to gvow in vivo
undex conditions where noxmal cells would not. Treatment with
3-me~DAB results in alterations in the DNA structure. One of
the aarly consequences of 3-me-DAB ingestion is the repair synthesis
of DNA but presumably in the proliferating cells the DNA has been
replicated before full repair of the alteved DNA was possible
{Potter gt al, 1972)

Once initiated the * nehing and distovtion of DNA could
become increasingly grea :r as the cells continue to proliferate.
This could result in the progression of the hyperplastic noduie

until the point when a malignant tumour furms.

During the early stages of carcinogenes!s by DAB there is an
increased synthesis of nucleolar RNA both in vive and in vitro
(Godwin et al, 1967)and this appears to be due to increased acrivity
of nucleolar RNA polymerase isozyme.

The activities of all urea cyele enzymes are greatly reduced
in primary liver tumours induced by 3-me=DAB  (Mclean, 1964).

The transplantable hepatomas used in this study were induced
by feeding 3-Me-DAB in the diet. In Lhese transplantable hepatomas,
the nucleus to cytoplasm ratio is increased ss is Lhe nucleulus to
nucleus ratio (Albrecht and Liebenberg, 1972). 'The nucleolus is
usually found associated with the nuclear envelope, wost polysomes
are free in the cytoplasm and litele rouglh endoplosmic reticulum 1s
visible, Relatively fow mitochondria are seen and so. appear to
be degencrating. The plasma membrane Lormg projections resembling
microcilli and open spaces between the cells are joined by
desmosomes (ibid) .

From the above ultrastructural changes it was concluded that this

hepatoma is typicel of dedifferentiared liver cells.

1.6. AIMS OF TUE PROJECT

the molecular correlation theory predicts thal the activities
of the urea cycle cazymes should deerease (a) during Lhe regeneration
which follows partisl hepatoctomy, and (b) in hopatoma. The predicted
drop in the activities of these enzymes is in accordance with the
theory that urea cyeie intermediates become important metabolites

in anabolic processcs which are necessavy for cell proliferation.
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The aims of this project were to determine:

(i) whether urea cycle enzyme activities in repenerating rat
liver and hepatoma follow the patlern predicted by the molecular

correlation theory;

{i1) the effect of dietary protein on the activities of these
enzymes involved in catabolic nitrogen detoxification in such

rapidly proliferating systems;

(iii) the effects of certain hotmones on the activitiesof urea

cycle enzymes in ting liver and , and whether

hormone inducibility is ape-dependent;

(iv) whether there is interaction bebwzen iransplanted hepatoma
and host liver, in the same animal and, if so, whether the

interaction is regulated by host liver or hepatoma;

{v) whether urea cycle enzymes are controlled in & concerted

fashion;

(vi) whather there is a time-dependent variation in urea cycle

activities.

In the vegenerating rat liver and hepatoma tissue, both of whieh
are rapidly dividing systems, a drop in the activites of the urea cycle
enzymes and hence the amount of ures erereted would be consistent
with decreased amino acid catabolism. Arginine, an intermediate
of the utea cyele could then be sparcd for the synthesis of new
esgential proteins, and the other intermediakes carbamyl phosphate
and aspartite could be spared and rerouted to pyrimidine biosynthesis
for the synthesis of mucleic acid which i# cascntial Lor growth,
Ornithine, another urea cycle dntermediate, bs also an iutermedlate
in the synthesis of polyamines vie ODC. fTherelove, a decrease
in activity of urea cycle enzymes would be consistent with the fact
that ODC activities are known to increase both in hepatomas and ip
regenctati -o vat livers after partial hepatectomics.

I th . - e set out to determine the sctivities of the urea
cycle ansymes in normal, regenerating and neoplastic vot liver under

varying conditions of dictary intake and hormonal stimulation.




—4%=

METHODS _AND MATERIALS

2,1 MATERIALS

The Britishk Drug House Ltd., Poole, England supplied the
dipotassium hydrogen phosphate, potassium-dihydrogen phosphate,
ammonium bicarbonate, magnesium sulphate, L-ornithine HC1, L-aspartate,
potassium sulphate, copr.r sulphate (hydrated), sulphuric acid,
potassium chloride, calcium lactate, iron citrate and nigrosine.

E, Herck Company, Dammstadt, Germany supplied the iren 111
chloride, sodium chloride, manganese sulphate, N-glyeyl glycine,
sodium hydroxide, tris (hydroxymethyl) aminomethane, phosphoric
acld, diacetyl monoxine, absolute ethanol, urea, perchloric acid,
ether, glucose, disodium hydrogen phosphate, caleium phosphate,
potassium iodide and the l-phenyl-l, 2-propancdione-2-oxime {(PPDO).

The Sigma Chemicai Company, 5t. Louis, Missouri, U,S.4.,
supplied the ATP, N-acetyl glutamate, casein (light white vitamin
free}, dilithium carbamyl phosphate, L-ornithine, urease, arginincsuccinate,
L-arginine HCL, bovime serum albumin (BSA), sodium potassium -
tartrate and cornstarch.

Anchor, Industria, S.A., supplied the food yeast. P-methasnne
was obteinad az Betasolae soluble injection (2mg/ml) from
Glaxo-allonbuty, Johannesburg, 5.A.  Glucagon and N'-2'-O-dibuteryl
adenosine~3'~5'-monophosphage cyclic (dibuteryl c-AMP) were obtained
from Sigma Chemical Company, Thalamonal, Letlidrone and Uibitane
wete obtained Erom Gold[iclds Velerinary Supplles,Johannesburg, $.A.
Gevral Vitamin-Mineral Nutritional Supplement was supplicd by Lederle

Laboratories, Isando, S$.A.

2.2 ANIMALS

Male and fewale afbivn Sprague-Bawley rals were bred and
gupplied by the University animal Lacilily for this investigation,
Animals were supplicd at 21 days of age ond Lhen savrificed ac 28
or 35 days of age depeading on the wvxperiment.

All animals wore maintained on the ’8~16' schedule of Potter
et al (1968).  Under this regime the daylight wos teversed, The
animals were housed in a room sealed form vxternal light, at a
constant room temperature of 22°C and artificial illimination was
switched on from 2000 hours to 08100 heurs. Food was supplied at
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08:00 hours ead removed at 16:00 hours with water being availalle
continuously, Apart from these times animals were only disturbed
for hormonal injections or anaesthetic prior to operations or vemoval
for sacrifice. Rats were fed on diets containing 0%, 10%, 227

or 75% protein (2.3).  They were weaned at 20 days on to one of
these diets and adapted to the appropriate diet and the '8-16' regime

for at ledst one week prior to sacrifice.

2.2.1 Rats for the study of hopatoma

Albino Wistar strain rats bearing transplantable 3-MeDA
induced hepatomas were supplisd by Dr C. Albrecht, C.85.I.R. These
were seven week old males.

2.3 DIETS

The 22% protein diel was supplied in the form of normal laboratory
rat pellets from Epol. They contained 562 carbohydrate, 4,2% fat,

82 fibre, 22% protein, 1% calcium, 1,69% phosphate and 0,45% salt.
Metabolisable energy was found to be 2490 Keal/Kg and the total digest-
able nutrients comprised 71% of the total. The 0%, 10%Z and 75%
protein diets were made up as shown in table 2.1, the cornstarch was
hydrolyzed by boiling in water, it was then redried in a drying oven

and pulverized in n Waring blender. The browevs yeast contributed

5% coward the total protein content of the diet.

Table 2.1 Couposition of diets

Ingredient 0% 10% 754
Casein - 5% 70%
Sugax 27% Loz -
Cornstarch 707 627 %
Brewer's Yeasl - 10% 108
Steenbock salt mixturek 3% 3% £
vitamin supplement® 5 capsule/Kp

* See table 2.2
x " "2,
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Table 2.2 Steenbeck Salt Mixture

Salt

Quantity (g)

Sodium chioride

Hagnesium sulphate

ui-godium hydrogen orthopliosphate
Caleium Letrahydrogan di-orthophosphate
Calcium lactate

Potassium Lodide

Ferric Citrate

di-Potassium hydrogen orthophosphate

22,36
26,60
35,80
68,80
15,40

0,15

5,98
63,60




Table 2.3 Contents per Gevral Capsule
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Ingredient

Quantity

vitamin A acetate
Vitamin D

Thiamine mononitrate (Bl)
Riboflavin (B,
Pyridoxine HCL (o)
Vitamin By

Ascorbie Acid

d- 5 ~Tocopheryl Acetate
Nizeinamide

Calcium Pantothenate
Galcium (as CallP0,)

Phosphorus  (as CaliPD,)

Llemental Ivon (as Ferrous Fumerate)

Nagnesium as NgO
Potassium as KZS(),'
Lodine as KL
Copper asg Cud
Manganese a8 (Mn0,)
Zine (as Zno)

1 sine HG1

Choline Bitartrate

Lnositol

5000 U.8.P. units
500 U.S.P. units
5 mg

5 mg
0,5 mg
1ug
50 mg
10 .U,
15 mg
5 ng
145 mg
00 mg
10 wy
1 mg

5 my
0,1 g
1mg

1 my
0,5 wy
25 wg
50 mg

50 my
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2.3.1 Preparation of Diets

The ingredients were added to the melted lard, mixed well and
allowed to cool before adding the vitamin supplement. Diets were
stored at ~20°C and mixed with water to a thick consistency just
before Leeding.

2.4 ASSAY METLODS

2.4.1  Assays for urea cycle enzyme asctivities

2.4.1.1 Preparacion of iiver for guantitative assay

The rats werc sacrificed by cervical dislocation, the livers wete
removed, chilled, weighed and homogenized Eox 30 seconds in 24 volumes
(w/®} ice cold 10mH phosphate buffer, pll 7,4, using an Ultra Turrax
homogenizer. The homogenate was then divided into three parts.

Une part was diluted with two volumes of the phosphate buffer,
and stored on ice to be wsed for the assay of ASS. The final dilution
was 1 in 30 {w/v).

4 second portion was diluted to a final dilution of 1 : 100
(w/¥) with 10 mM 1u-ganese sulphate buffer. This was used for the
agsay of argininosuccinate lyase, A small valuwe of this extract
was ther further diluted to 1 : 300 (w/v, with 10 mM manganese sulphate
for the assay of arginese. The diluted b ngenale for AL was stored
on jee until required Lov assay, while that ler argivasc was kept at room
temperature for one hour prior to assiy Lor the maximal activation of
arginase by manganese ions.

& volume of the original homogenate was frozen in a mixture of
dry iee and acetene and allowed to thaw at room temperatute. This was
thow dilyted ten times in 10 wM buffer, pll 7.4, and assayed Lor CPS
activity. The ona in 250 homogenate was diluted a furtler twenty

vimes in the 10 M phosphate buffey pll 7.4, and this Linat dilute
extract wsed for the assay of OTC.

The protein concentiition of Lhe howmmgenate was determined in the
12 5000 (w/v) ditution by the molhod of fowry et oal, (1951)  as
deseribed under Protein determination (2.4.2.3 ).

e
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The enzyme levels in the hepatoma tissue were greatly reduced and
80 the homogenate of this Lissue was diluted to a lesser extent than
normal liver or host liver. The original hepatoma Lissue was diluted
with nine volumes (w/v) of phosphate buffer (pil 7,4). One volume of
the 1 : 10 homogenate was removed and diluted with one volume of
manganese sulphate bufler and this dilution was used for the assay of
AL and arginase,

The original homogenate was diluted twenty times and the 1 : 200
dilution was used for the assay of OIC as well as to determine the
protein content of the hepatoma Lissue

The original 1 : 10 extract was used for the assay of both CPS and
ASS activ’cles in the hepatoma.

Activity was expregsed in intermational units, one unit being that
amount of enzyme pet gram wet weight of liver required to catalyze
the production (or depletion) of 1 pmole of preduct or substrate per
minute under assay conditlons.

Specific Activity was defined as activity per mg of liver protein
with activity defined as above

2.4.1,2 tric assay for GPS activity (
et al., 1958; Brown and Cohen, 1959)
The reaction followed is:

N-acplu
(1)  Ammonia - bicarbonate » 2ATP ——Eﬁ—# carbamyl phosphate +
2ADP + Pi

{ii}  Carbamyl phosphate 1 ovailhine ~———3 citrelline ) PL
o1

The beef liver OTC was prepaved as follows:
100g of Eresh beef liver was homogenized on ice and strained chrough

cheesecloth, The homogenate was frozen in a mixture of dry ice and
acetone, thawed and centrifuged al 23 000y to remove cell debris, The
supernatant was heated at 60°C for 20 minutes and again centrifuged to
remove dematuted protein. The prepavation was stoved at -18°C and
difuled 1+ 10 (w/v) with distilled water before uvse,

The €inal concentralion of veagenis in Lhe assay valume wag as
follows:

50 pM ammonium biearbonale; 10 pM magnesium sulphate; 5 pM
L-ornithine UG1; 5 pMoles n-acely glutamace (pll 7,05 5 pM AT,
Bqual volumes of the [irst ovr reagents were combined and bubbled
with earbon dloxide Lot about 30 mlnutes to a pll of 6,8, The assay
tubes were placed in & water bath at 37°C, 5 ml of IM 1610, pipetted into
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the blank tubes. The AIP wn« added Lo the gassed mixture with the
OIC extracts in a ratio of 1 ¢ 2 1 1 (v/v) af ATP: passed mixture
0TC; 0,5 ml of this mixture was pipetted into each tube and
equilibrated at 37°C for rwo minutes. The reaction was initiated
by addition of O,5ml of the OPS extract and stopped after fifteen
nminutes incubation by the sddition of 1M HG10, The precipitated
proteins were centrifuged down ac 1 000g for ten minutes using an
MSE bench centrifuge prior to citrulline determimation (2.4.2.)

ALl assays are done in duplicate.

2.4.1.3 Asday method fox opnithdne transcarbamylase
(Brown and Cohen, :959)

The reaction followed is i~ ore

Carbamyl phosphate + oruithine ——»  eitrulline + Pi

The assay system contained 0,5 wl each of L-ornithine HCY,
pH 8,0, to a final concentration of 10 uMoles and N-glycylglycine,
pll 8,3, to a final concentration of 45 uMoles, and 10 uMoles of froshly
prepared carbamyli phosphate. The assay tubes containing the reaction
mixture are placed in the water balh at 37°C. A reagent blank blank
is made up by the addition of 0,5 ml of phosphate buffer and 2 ml
ucloh at zero time to *est for the amount of citxulline present in the
reaction mixture at zero time,

A reagent blank is made up by the addition of 0,5 ml
of phosphate buffer ingtead of enzyme and is stopped together with
the sample Lubes with 2ml ucloa. These test  For the amount of
citrulline formed in rhe reaction mixture during the incubation
period.

The reaction in the sample tubes is initiated by the addition
of the OTC homogeunate (1:5000 dilution) Lo a final volume of 2 ml
after a two minute equilibration time of the tubes at 37°C. Tue
reaction is allowed to proceod for ten mimites and §& terminated
by the addition of 2 wi of HC]OA(IML

The reagent blank biank ¢ -vecls Lor witzulline present at
serv time in the roagoat hlank i Lthe corvected reagent blask is
then subtracted from sample re..''gs to carreet for Lhe effect of
incubation ou the reaction mixture. Citrulline deterninations
(2/4,2.1 J are then carried out in the aupernatant after precipitated.
proteins have been centrifuged dovt at | 000g for ten minutes in an
M8 bench centrifuge. All assays ate ‘one in duplicate.
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2.4.1.4 Assay method for Avgininoguccinate Synthetase
(Ratner 1955; Hodificd by Wixom et al., 1972)

The reaction measured is the depletion of citrulline from the

reaction mixture as follows:

ASS
citruiline + aspartate -——  argininosuccinate
ATP

The assay system consisted of lumole of L-citrulline (pH 7,5),
3 umoles L-aspartate (pll 7,5), 5 umoles of magnesium sulphate,
Sumoles of ATP, 100pmoles of tris (hydroxymethyl) aminomethane (p# 7,5),
approximately 1,0 unit of uresse plus enzyme extract to a final
volume of 1,0ml.

The reaction was initiated by the addition of citrulline to
the sample tube which had previously been equilibrated to 37°C for
two minutes. The reaction was tetminated after 20 minutes incubation
by the addition of 4,0 ml perchloric acid (0,54). Zero time controls
are obtained by adding citrulline after twenty minutes when leto,
has been added. This allows for urease Lo breakdown any urea which
may be present in the enzyme extract without citrulline being used up
in the reaction., Both samples and blanks were assayed in duplicate
and citrulline determinations (Z.4.2.1 J done on the supernatant after
precipitated protein had been removed by centrifugation at 1 000g
for twenty minutes in an MSE bench centrifuge.

2,4.1,5 Zhe assay mothod for Arpininpsuccinate Lyase
The reaction followed is:

argininosuccinate — % arginine + [unerste

argining e irea + ornithine
arginase

Argininosuccinate is stored as the bavium salt and before use
potassium sulphate must be added Lo precipicate the barium. The
precipitated barium as bavium sulphate ia vemoved by centrifugation
at L 000g for ten minutes fn an MSE boneh «ontvifuge.

The assay systew contains 2umoles of arsininosuccinale and
50 mmoles of phosplate buffer, pll 7,4, c:ress arginase and enzyne
extract in a final volume of 1,0 'nl. Ti. sawple Lubes were placed in
the water bath at 37°C for two minutes ' . cquilibrate the Lemperature.




51~

Zero time blanks were set up by dispensing 2,0 ml of UCl0, (LM}
before adding enzyme extract. The reaction was initiated by
addition of extract to the incubating mixture and allowed teo proceed
for 30 minutes prior to termination by 2,0 ml of HC10, [$1VI8
Precipitated denatured protein was spun down at 1 000g for 10 minutes
in an MSE bench centrifuge. Arginine produced by the AL reaction is
converted to urea by the excess arginase present in the homogenate.

Samples were then taken for urea determination as specified in 2.4.2.2.

2.4.1.6  The Assay method for Arginase
(Brown and Gahew, 1959 modified by Ralinsky and
Baldwin, 1962)

The reaction followed Ls:=
arginase

argining e ornithine + urea

The reaction mixture contained 25pmoles of L-arginine HCL
{pHl 2,5) and the arginase extract mede up to a finsl volume of 2,5 ml.

Sample tubes containing arginine wereequilibrated at 37°%
for two ninutes. Control tubes were made by sdding 5,0 ml of HCIO,
(0,5M) to sample Lubes at #ero time, prior Lo the addition of enzyme
extract, The reaction was initiated by the addition of euzyme extract
to the incubating mixture and allowed to proceed Lor ten minutes prior
to termination by the addition of 2,5 ml of l(ClOa (0,54). The
precipitated denatured protein was removed by centrifugation at 1 000 g
Eor ten minutes in an MSE bench centrifuge. All assays were dove in
duplicate, Samples were taken [rom the supernatant to delermine the

amount of ure. prosent. This wethod is described in 2.4.2.2.

2.4.2  Colorfwotric Assays

2.4,2.1 Colorimelric determination of ef

(Archibeld, 1948 modilied by Rarnd

Reagenty

1y Acid misture . 3 parts syropy avthoplasphosic aeid @ L pore
sulphuric acid ¢ 6 parts waler coulnining ivon ILT chloride
{0, 5ud),

2) 0,75% aqueous solution of diacotyl monoxime,

3) 1mM solution of citrulline in 0,8M orthophosphoric acid.
Dilutions were made with IM LCLO,:
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To 2 wl of sample, 2 ml of acid mix werc added. In the dark room
1 ml of diacetyl monoxime was added, the tubas were stoppered and
shaken vigorously and placed in rapidly boiling water in the dark for
15 minutes. The Lubes were immersed in a nigrosine dye-containing ice
bath te cool and for protection against light.

The apsorbance was read at 490 nm in en llitachi Model 101
spectrophotometer. The amount of ecitrulline produced in each assay
was determined f£rom a calibration curve (fig. 2,1). The unit of
enzyme activity was defined as thak activity which produced 1 umole
of citrulline per minute. The calibration curve was plotted using a
cemputer program (see appendix) and all absorbance values were read

off this curve and activities computed automatically.

2.4.2,2  Colorimetric determination of urea

Two ml of the AL assay sample or 0,5 ml of the arginase assay
sanmple vere added to 5,0 ml of the acid mix described above. To this
was added 5 ml of l-phenyl-l, 2-propancdione-2-oxime solution in
absolute aleohol (3% w/v) in the dark stoppered, shaken vigorously
and emersed in a boiling waterbath for ome hour. The tubes were
vemoved and placed in a nigrosine dye-containing ice bath to cool
them and . protect the solutions Erom Lhe light.

The sbsorbance was then read at 540 om in an Hitachi Model 101
spectrophokomater, Water was usced as a hlank. Two standard curves,
for urea produced by AL {(fig 2.2.) and arginase (£ig 2.3) were
constructed.  These were plotted using a computer program (seo
appendix) absorbance values were read off and activities were
computed nutomatically.

2.4.2.3 Colorimetric determination of proteins (Lowrs et gl.,
1951 3 Layne, 1957 )

(1) Reagent A (i) 2,77 potassium sodium tarirate

(i) 1,07 copper sulphate
(1ii) 2,04 sodium carbunate in 0,1 N sodium hydtoxide,

Reagenls (§) axd (1) weve first mixed and then reagent (iii)
was added in o vatio of 13 1 1 48 (w/yh




(2) Reagent Bi- Folin Ciocaltesu reagent was diluted
1: 2 with water.

(3) Standard protein dilutions were prepared from a stock
solution of 0,5% Bovine Sexum Albumin (BSA).

To 1 ml of sample, 5 ml of reagent A was added. The tubes were
shaken and allowed to stand for 20 minutes. After this time 0,5 ml
of reagent B was added, the solutions mixed immediately and the tubes
were lefe for 30 minute. before reading the absorbance at 750 nm
in an Hitachi Model 104 spectrophotometer. The amount of protein

present was determined from a calibration curve (fig. 2.4.).
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2.5 INJECTIONS

Auimals were killed 24 houra after an injection unless otherwise
stated.

Glucagon was dissolved in dilute HCL and brought to pHl 7.4
with sodium hydroxide. ¥ ts were given a single intraperitoneal
injection of 250 xg / 50 g.

8 -methasone was obtained as Betsolan, the veterinary preparation
containing 2 mp/ml of B-methasone phosphate B.P.I. A single
intraperitoneal injection of 100 ug / 50 g was given.

Dibuteryl CAMP was dissolved in distilled water and rats
injected intraperitoneally with 250 ug / 50 g.

The anaesthetic, thalamonal (0,05 mg / ml Fentamyl +
2,5 mg / ml droperidal)} was injected intrawuscularly (0,15 ml / 100 g)
about five minutes before operating and the rats were brought
around immediately after the operation with a single intramuscular
injection of lethidrene (Nalorphrine hydrobromide 20 mgs /ml}, an
antidote to the anaesthetic.

A single intraperitoncal injection of cordecepin (1 mg/ 100g)
was given at gzero time in partially hepatectomized vats, the same
being true for actimomycin-D treatment (AND) (50 pg/S0g). The
cordecepin and AMD-treated animals were sacrificed at 6 and 10 hours

postoperatively,
2.6 PARTIAL UEPATECTOMY (lliggins and Anderson, 1931)

The Liver of the rat is composed of Lour main lobes. The
median lobe is cleft by a lengitudinal Eissurce which divides it into
a right and left central lobe. 'the vight central lobe is Elanked
by the right latezal lebe, the lattet being transversely divided by a
fissure inlo Ltwo smaller lobes, the posterior rne capping the
antarior pole of Lhe right kidnoy. The loft lateral lobe is large
and lies immediately bohind the left central lobes The caudate
lobe is also divided transverscely inte wo smaller lobes which lie
within the curvature of the stomach.
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The operatjon was carvied out under thalamonal anaesthesia
(0,15 m1/100 g). Caveful asepsis was maintained at all times.

The ventral surface of the rat was wiped with hibitane and all
surface hair vemoved by shaving from the top of the rib-cage to

about 6 cm posteriorly from the xiphoid process of the stomach,
Through a wid-line incision reaching three to four centimelres
posteriorly from the xiphoid process, the large median lobe was easily
delivered, securely ligated by vetifil, a synthetic surgical

suture, and then excised, 1In this was portions of the liver parenchyma
ranging from 65% to 75% of total liver excised, leaving
within the peritoneum the vight lateral and swall caudate lobes which
could then regenerate. The excisod liver was immediately stored on
ice.

The abdomen was closed in two separate layers; the peritoneum
and ubdominal wall being closed first and then the integument. The
animals weve immediately brought around with lethidrone (0,1 ml /
animal), the antidote to the anaesthetic.

No special postoperative care was excercised except that a 1%
saline solution was given in place of water. The animals were fed

according to the '8~16' regime.

2.6.1 Procedure for sham operations

The animals were anaesthetised and shaved ag above and an incision
of the same size and in the same position was wade as for partially
hepatectomized raks. The abdomen wae closad in two layers, the First
elosing the peritoneum and abdominal muscles, the second the
integument. They were brought around immediately by a single
intramuscular injection of lethidrone (¢,1 ml) The animals were
sacrificed by cervical dislocation four houts postoperatively, the

livers were removed and mesayed for urea cycle enzymo activity (2.4.1.).
2.7 METHOD FOR INDUCTION OF UEPATOMA (Alhrechl, 1972)

In order to study the fundamental differences betireen normal and
cancerous tissue it is essentinl to have a constank supply of Lumours
which are similar in terms of biological and worphological

characterigties,

The liver tumours were origonally induced by feeding male
Wistar rats o diet containing 1,63 g of 3'=Mewd= dimethylamino-
benzotie (DAB) in 24 mi of olive oil/kg stock food for five months,
after which the rats were fed stock dicts until savrifice six wecks
later,
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2.7.1 Method of transplant of hepatoma |

The hepatoma darived from the Wistar strain was not directly
transplantable into Sprague Dawley rats. A cell culture of the t
hepatoma was started in this laboratory and after the cells had been
in culture for about four weeks it wag found that the hepatoma line
was now transplantable inte Sprague Dawley ratsé., Once the hepatoma
was growing in Sprague Dawley it was thenm transplantable into other '
Sprague Dawley animals,

The hepatoma of Freshly sacrificed animals is dissected out,
care being taken not Lo puncture the haemitoma feeding the hepatoma.
Only growing hepatoma tissue is used, carebeing taken to avoid necrotic
tissue. The meoplastic tissue is covered with 0,9% saline, cut very
Finely with a sharp pair of scissors and then approximately 1 - 2 mls
of tissue is sucked up into a clean tubevculin syringe fitted with ‘
either a 15 x g or & 16 x g needle.

The rats into which the hepatoma is to be transplanted are llghtly
anaesthetised with ether. The neoplastic tissue is injected into the 1
muscle on the inside of the hind leg, The tumour is allowed to grow
for rwo weeks aftexr which the animals must be sacrificed and the
tumours transplan‘ed into new animals,

¥Por studies on hepatomas, both the hepatoma and the host liver are
dissected out, welghed, diluted and homogenized (2.4.1.1.) Eor enzyme

assay.

2.8 METHOD OF EXSANGUTNATION OF RATS

Both normal nontumour-bearing and tumour-bearing animals were |
fatatly anzesthetised by injecting intraperitoncally pentabarbitone
sodium (15 mg/animal®., This w 8 okénj- «d as Sagatal, & commercial
preparation of pentabarbitone sodium containing 60 mg/ml, and was
obtained from Maybaker, South Africa (Pty) Ltd,
When the animals weve deeply anaesthetised, the thoracic cavity
was opened on the lefl side and the lungs refleeted Ly expote Lhe
posterior vena cava. A 21 gauge needle was inserled Into the vessel
and 5 ml of blood was withdrawn.

sz
4



Bl

The blood was dispensed immediately inte EDTA treated centrifuge
tubes to prevent clotting. To clean centrifuge tubes was added 1 ml
of a 10% solution of SDTA and the excess water was removed by drying
in 2 hot oven. EDTA {s useful as an anticoagulant as it has
excellent preserving pover for the preservation of cellular elements.
The tubes contsining the blood were immediately covered and the
contents mixed. The bleod cells were removed by centrifugation at
2000 rpm for ten -putes in an MSE bench centrifuge. Tha remaining
plasma (supernatant; we. then injected intraperitoneally inte normal
35-day old nontumour=i. '+ ing anincls (Zml/animal).
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SECITON 3 - RESULTS

3.1 Time-dependence of inducibility

An experiment was conducted to determine whether the levels of urea
cycle enzyme activities vary with the time of day. All animals were
trained to a reversed daylight, controlled feeding schedule of twelve
hours dark and twelve hours light, being fed a 22% protein diet for
the first eight houxs after the onset of darkness. Thev were trained

to this regime for seven days prior to sacrifice. Two groups of

28-day old animals vere assayed for hepatic urea cycle enzyme activities,

the tirst group being controlanimals, the second proup being assayed
after 2 single 24 hours intvaperitoneal injection of glucagon
(250pg/5 y rat). The apimals were sacrificed at three hourly
intervals for 24 hours and the activities of ASS, AL, and arginase
determined immediately. The results expressed as activity per gram
liver are shown in tables 3.1a - %.1c and those for specific
activities are shown in tables S.2a ~ 3.,2c. They are represented
graphically in figure 3.1. As cé. be seen from these tables and the
graph, the activities of the three cnzymes be' g gtudied do not alter
significantly with the time of day, but thete .3 a time dependence in
the indueibility of the enzymes. They show a maximum in inducibility
at 10,00 a.m. which is equivalent Lo twe lours after the onset of
darkness, gince the lights are automatically switched aff at

08:00 hours and then switched on again at 20300 hours. ASS and AL
regpond in a similar way to glucagon trcatment bath being induced by
about 1,6 times compared with the control levels, Arginase responds
less markedly Lhan the other enzymes measured, the induced level

being appreximately 1,3 times greater Lhan the control.
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3.2 g of inducibility by glucagon

A comparison of induction by glucagon (250ug/50g) was carried out
on 28-and 35-day old animals which were maintained on a 10% protein diet,
A1l animals were maintained on a reversed 8-16 feeding and lighting
regime and were sacrificed at 10:00 hours, or two hours after the
onset of feeding and darkness. The results are shown in tables
3,3 aud 3.4 and figures 3.2 and 3,3,
From these results it can be seen that the urea cycle enzymes do
not respond i.e. are not inducible by glucagon in 35-day old

animals, but they are signis’nantly induced in 28-day old rats, all

of the enzymes studied shoving a concerted change, When considering
changes in specific activities, with glucagon treatment it can be
seen that OIC and AL are the most responsive, being 1,5 fold greater
than nonhormone-treated controls; CPS and ASS ghow a 1,3 fold

increase with arginase being the least responsive.
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3.3 Urea cycle enzymes in ng rat liver after partial
hepatectomy
A series of experi was First, te d ine the

time course of change in urea cycle enzyme activities in regenerating
rat liver after partial hepatectomy, and secondly to determine the
effect of diet on these changes. Hepatic CPS, ASS, AL and arginase
was measured in partially hepatectomized rats during the first 24
hours of regeneration in rats maintained on a zevo %, 10% or 75%
protein diet and all five of the urea cycle enzymes were measured in
regenerating livers of rats maintained on a 22% protein diet.

Thirty five day old rats were maintained on an 8-16 controlled
lighting and feeding vegime, being fod for the First eight hours
after the onset of darkness. The animals were trained to this
ragime and to the particular diet being studied for ome week prior
to sacrifice. The enzymes were assayed at zero time

in the excised Iiver lobes at the time of operation and in the
regenerated liver at the time of saerifice, All animals were
sacrificed at 10:00 hours, therefore for the four heir point, the
rats were operated on at 06300 hours and zero time controls measured
at that time; for the elght hour point, the liver lobes were excised
and assayed at 02:00 houts, All operated animals weve sacrificed
at 10300 hours and the utea cycle enzymes they assayed in the
regenerating liver at that time.

For each experimental animal studied, the liver lobes removed
and -assayed at zero time were used as control values for the rege-
nerated liver from the same animal,  All results are expressed both
as activity / gram liver and as specific activity and since the
results are similar when expressed in cither way, this suggests that
it is less likely that effects are due to changes in liver components
such as total protein comtent, water content or carhohydrate content

The resulls are alse expressed as a % of zero Lime conktrel  and
these values ate re, resented graphically,  The signif’cance ol the
differences in acrivities between conttol and repencrating livers
wag determined using the paived t~test, the t and probabilliy (P)

values aze &howa in the tabley oF rasulte, Probabilities of loss

than 5% are considered to show signilficant differcuces,
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Rats were maintained on a protein deiicient (zero %) diet for one

week prior to sacrifice, They were operated on at various times and
changes in hepatic CP§, ASS, AL and arginase determined after 4, 8, 12,
18 and 24 hours of regeneration following partial hepatectamy.

Results are shown in tables 3.5a to 3.8¢ and figures 3.4 to 3.7,

The enzymes studied behave in a concerted, coordinated way, the pattern
of change belng qualitatively but not quantitatively the same. The
results are similav when cxpressed either ms activity/g liver or specific
activity and this argucs againat o nonspecific effect on the urea cycle

enzymes .

The enzymes show an initial incvease in activity, the increase being
significant at 4 hours of regenoration and continues untif 12 hours of
tegenexation. By 18 hours there is a dramatie and significant decrease
in acrivity which has increased agaiun above control values by 24 hours of
regeneration. CPS and ASS show 2 very similar pattern of change, (figures
34 and 3.5), the activities increasing 1,3 fold between 4 and 12 hours
of regemerati and dropping to between 0,55 and 0,8 fold of coutrol
values. AL and arginase also show similar patterns of cha.pe (sce
Eigures 3.6 and 3.7). The magnitude of change belng greater than that of
Ckg and ASS. Between 4 and 12 hours of vegenayation there is a 1,6 fold
increase in enzyme activity and at 18 hours Lhey drop to between 0,5 to
0,65 times the coutvol activitics.
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The next experiment was conducted to retermine the affect of a low
or 10% protein diet on the pattern of change in the wctivities of
hepatic CPS, ASS, AL and arginase at 4, 8, 12, 18 and 24 hours of
regeneration after partial hepatectomy. All condilions were as

described previously.

From tables 3.9a to 3.12¢ and figures 3.8 to 3.11 it can be szen that
the enzymes studied behave in a concevted way, The results expressed
either as activity/g or specific activity are similar arguing againat
some nonspecific effect. The enzymes show an initial significant in-
crease in activity between 4 and 12 hours of regeneration. At 15 hours
activities begin to decrease, veaching a nadir by L8 hours and begin -
to incresse again by ZI hours of regeneration. CP§ shows an initial
inerease in activity reaching 1,3 fold the value of the controls. By

18 hours it has dropped to 0,8 times the control value and by 24 hours
is still below the activity of the zers time conkrol (see Figure 3.8),
ASS shows an initial 1,4 fold increase in actlvity, begins to drop by
15 hours, reaching & nadir at 18 hours where the activily is 1,82 times
that of controls. By 21 bours the activities again begin to increase
and by 24 hours are 1,4 fold greator tham the control values (see figure
3.9).  Between 4 and 12 hours AL shows a 1,35 fold increasc in activity
above control values, drops to reaeh a nadir by 18 hours and has not re-
turned to control levels by 24 hours (see [gure 3.10). Arginase shows
an initial 1,3 fold incresse above conlrol activities between 4 and 12
houre after the operation, by L5 hours the activity begins Lo drop, veach-
ing & minimum at 18 hours when the activity is 0,75 timea control values.
Ab 21 bours the activily begins to increase and by 24 hours the activity
has reburned to control activities (see flgure 3.11).
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Fig. 3.8
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Activities of ASS from repencrating rat livers expressed ag
@ % af zero-time contrels, Rals were maintained on a 10%
protein diet.
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Flg. 3.10 AL sclivitles af regonernting rat llvers expressed ns a %
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. . - — ~ Contro(
Activity/G Liver et Experimental
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« Time (hr) of Regeneration
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£ . SPecitic Activity
]
o
o
[\
120
100
80
1 i i 1 ]
80 % 8 2 5 F %
Time (hr) of Regeneration
Fig. 3.1L Arginase actlvitles Ivom 1igenerat bug cal livers expressed

as a % of zero-llme controis, Rats were maistaloed on a
10% piotein diot,
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An experiment wa. :onducted to determine the effect of a normal 22%
protein diet on urea cycle enzymes following partial hepatectomy. Rats
weve trained for sue week to a diet of normal laboralLory pellets prior
to experimentauion. Rats were operated on al various times and the
changes in urea cycle enzyme activitles determined after 1, 2, 3, 4, 6,
8, 10, 12, 18 and 24 hours of regeneration Following patvtial hepatectomy

As can be seen from tables 3.13a to 3.17a and wipuves 3.12 to 3.16, all
the urea eycie enzymes bzhave in a concerted coordinated way, the pattern
of change being qualitatively essentiaily the same but guantitatively
dissimilar. All the enzymes show an initial slight increased activicy
at one hour postoperatively. The activities then begin to drep and by
four hours have veached the nadir aFter which they begin to increase. By
twenty-four hours of regeneration they have returned approx'mately to

contrel values.

The activity of GPS drops Lo 50% of contral values by & hours of regeneration
and by 18 hours has returned to comtrol values, OTC drops to 55% of control

activities by 4 houvs and only veturns to the control values by 24 houxs
after the operation; ASS drops by ouly 40% to reach 50-60% of control
actlvities by 4 hours after partial bepatectomy, its activity returning
ko contrel values by 18 hours and by 24 hours shows a slight increase .
above the coutrvt value (116% of control); AL activities drop to 66% of
control by 4 hours but veturn rapidly to the control value by 12 hours
and between 12 and 24 houre of regeneration shows no significant deviation
£rom the controlj the activity of avginase dvops by less than the other
four enzymes studicd reaching 657 of Lhe control actlvity at the nudir
which occurs at 4 hours postaperatively, The activity then increases

to control valucs by 12 hours and by 18 hours shows a significant increase
above e controt (1141197 of contral), bul by 24 hours of rogoneration

has returned to conlyol value.
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L N e e e Control
. Activity/G Liver ~—~e— Experimentol
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° Time {hr) of Regeneration
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Time (hr) of Regeneration
Fig. 3.12 CPS aclivities from vegenoraling xat livers expressed as a

% of zaro-iime conlvols. Rals were miintained on a 22%
proteln diel,
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Percentage of Control

Fig 3.14
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Percentage of Control

Fig 3.15

120r

- 133 .

— — = Control
Activity /G Liver ~—e— Experimental

0 4

8 12 16 20 2%
Time (hr] of Regeneration

Specific Activity

1
8 12 6 20 2
Time (hr) of Regeneration

AL activities from repencraling vl Ulvers cexpressad as o %
of zero-time controis, Rals were maintained on a 22%
protein diel. .




- 134 -

BE‘E
$L9°26

2657
$16°901
]

gt
: W

96251
7216

£6°607
€2°€TT
1498

o1°07T
2L°1ST
g1°0zY

1653809
£

b

$65°0
Z09T Y
9248 Y
suyy'y
TOET'S
£058°%
99€9°¢
095T°¢
(114543
£290°2

TITATI0V 51310808

-397p ure01d Y7z B UO pAUTRIUTEm 2198 sIEY

EYEO°ET
6825 YT

Toa380)

289 956
566°88 £9°%6

6y TL]

44901

20%s 9776
325¢001 Hat]
i Youweg

ZaeaR s
I 2 3oz

0Z5°06

62298
008°1ZTT
0/6°888
085°S0ZT
068°596
ozE LT
0Tz°<86
09€°8TL
802007

926 18

£06°78ET
06171491
01%° 2811
000°2£11
o7Q* £0ST
£61°9g01
69g° .21
719°69LT
(3781121

ey

ToAT] BJATIATIOV

- fmogpesedey Terazed 1e3ge

sinoy 97 3511y 992 10 SIOATT Iex BUIEIsusEsL *SA JOAWGD JO SRIITATIOV DUV

69 T8y

su
£2°1-

9T1cE

ovLieTT
0871156
016 C88
0264811
019°ZEET
010°05T1
£60°C9TT
£09°89€1
ST1°9181

FCEEETHY

BLIITE

3

nesR

Inog g

8 e

wean

oy §

2IqRL




(434
2859

- 135 «

09°¢
FRaast
=5

“TawoR
3 W

szE‘0

S196°8
zv'ss 68LE°8
vL68 Ey9°g
00°06 0268° £
58766 z817°8
98°%5 OIE1‘6
z6°5L §855°6
€8*98 €248°0T
70°89 seev’e

000°0
005°S
0580°1T
99LE°L
9878 €1
9E5T €T
15€8°6
I9E‘TL
Z9€6°S
6169°S
9168°9
098%°9
SEYI°Y
991872
6710°¢
989°€

5z0‘0

£8°C
186°0
865511
8608°6
19€9°6
891°8
906L°8
4298591
60£6°21
T12s 2T
O76E°TT

FCEIH]

098°65

STV 6L
15°s8 GIZEY8IT
9€%s9 9268658
8169 9e0°sIs
16°07 1697158
1697 015%66S
Se'vy  0u6°OSE
T6°1€  OEZ°0SY
€9°6%  OET'ISL

1628 0%0°ZE9
se'g 81°68 Ty gos
$£80°19 89°T6  £157 %6

Fol FCEEECH] usey

-35TP Ureesd gz ® GO peNTEIUTEW oxem sITY - Amoivesedey Teraied Jsaye

sanoy pz 3ISITF 93 103 SIBATT 171 BuTIeasusSsx -5A [0AJUOD JO SATITATIOV HEY

100°0
orz'y
052751
£%1°9011
£58° 98T
I9E°GTIET
£12°658
BEETEIET
0r8°9¥€T

€€V LLTT

JCEET)

YUr'e

wesR

™oy ¢

219%L



1%

8L°S
F0E° YL

e
£99°69
ES)
TR

S10°T6
552
#0°€9
26519
TL°8%
Y0y
8L°86
9T‘sS

11880
£288°1L
9841701
0909°0T
609201
09929
26718
££26°€
kcdang )
S9TE‘

08050
95EC"8
0861°¢
16€6°€
T196°S
1TLE'S
S190°L
STI9S
158%° L
§950°9

+391p upagoxd gz7 ® Mo peutejuUTEM B13m SIEY

£EYL°OT

100°0
0TE°S
Or9g‘o
566L°8
1£96°S
6299°S
1L86°L
6122°8
89%5°1L
8669° L
40296
116821

783300

LE°¢
L1oL

8e°E
46£07°69
5

THesR
3 TEER

T19°8¢

1421526
S2€98 48R E6TI
88°2L 10910901
2015 zE0'658
26°19 1097919
81°€8  yypsEET
188L  sE¥°LYe
1288 91259
2oL yirf6ze

€889

£65°v88
06°65  995*489
0z°9%  ¥90°699
06°69  0TZ‘TITL
0E°S9  TRYNLOL
S6°19  £TT 6501
1§¥9 Eyyiorg
£8°6L  1i5°8%6
0§°ZE  v06°6.8

ToI3Eos T8

EEX Tl y7 ETaN TET

+ wwoIds3Rdey Teriied ImaFe

sIn0Y 47 35X13 A 103 SIeATY B3 BuTIEIGUSRL SA [OIIUD JO SIYITATIOY DAV

100°0

16°S

6229y

£9T 19T
996°7561
8YE° 1951
8yT°€85T
249601
70¢cg0T
LT e
ZET 10
L7181

006°0
0008
<5901
$8T LIET
T18°er01
679°0101
ozyt16eT
0BS 59T
728°88cT
1540001
1690571
6£8°5291

1633807

JUTE

s
upaR

e g

Hua

weoR

Fneg 9

°1921




-l

T T P

- 137 -

62°¢
$18°56

95T
+80°€6
T
P

[

1LE5°7T
w226 1256°6
66°86 0669°8
€0°58 £969°8

66°L01  g90¥°S
rzee 2YH0 61
65°S0T  £SgE Zl
£0°68 865£°81
Sy°56 YESS LT

890

269E°S

T9°00T  126Y°S
48°96 13
19718 T0z9°1
1L€6 £658°6
66°LL ££15°S
61°68 6680°S
10766 850°S
19°¢6 S69L°y

*391p uTeloid yzz @ WO PIUTEIUTER BIeA SIBY

05§5°ST

867°S
€285
98°1
TSTS° 01
9209°9
590L°S
2201°S
1660°S

033063

66°86

£0°s8

€9°101

66 L0T

09°16

1948

98°€ 0668
59496 €51 91T

s 1015763

vLL'sy
129°059
SE6°1ZS
SLL'605
0S0°819
8Y9°€TS
A4
BIT'EyL
£58° 159
102518

TerTT /K3 1ATA0Y

- fwo3vayEdey (PTaIed I3age

$anog $7 ISITI BY3I Z0F SIBAT[ IBA SuTieieusFal -SA [OIILOD JO $BIITATIDY HIV

K
vt

20095

917489
£92° LTS
605°66S
671809
099°5Ly
TBT €05
TEL°6L8
2CLTLL
960°0TL

0ETEIIT
L€5°020T
1055601
SET LEET
56E 1655
80179621
%18 1501

013207

PLT'E

weon

Tnoy g1

0o

wesR

Fnow o1

319RL




SN SN 4

60° T L°0- 3

zzE'0 892°0 £96°9y STE Sy 35

(37 OLE‘S £00°S00T 050°%66  UEOR
797911 £08°¢ BIL Y 0E*0ZE  SEOT96 081408
00°001 y86°y €E6°Y 1528 064°€98 65.7986
&% 16 18€°9 £v5°9 £9°%21  £EB9TIL £: 272111
85 09T 481°L JX4 55 TL'9T 0T6S6YIL 5E5° 168
#5001 $90°9 720'9 9296 €1E°806 v€3°£96
6L°9 §8°511 86£°S 659°Y 2303 81°80T LTLEE1T 99%°8%01

7807801 858 SeL'y 98s°S 788501 6£°8L 90L°L68 £91°5¥1T In0Y 57

SN 800°0 a

0L T~ 96 g 3

L81°0 €@z Y69 2T T8 35

it sTL'T 1L1%2H8 g8ecsy  wEAR
' 8L211 SER‘E ovye £9°201  yw8°g9s 105 158
o 96°8L 09L°T G67°€E 01°86 #98759¢ (225739
2 SE*BLT 160°¢ 2962 06°1TT  TICTS 609°09%
. 62° 10T 0ge‘E [1458 €T LTT 661°988 009°66%
19°€01T 6E2°C wi'e T0°L01  E£¥E°8IS e N8y
6T°€8T 8c8°€ §60°7 60°0ET  BZLISLS 8L6° 65
901 133433 LT £50°T wT'y ST'1ET  820°1Z§ 9517 06¢

$68°611 £E°TTT wEe 901°2T Riagyad BI°LYT  £46788% €0g*00y TROU BT
5 Todau0s T 63305 3 7oxjuoy oBey JEEEECS)
T ueaf 30 Y b ey 3¢ Y

TYATIOY 21370845 3%ATT 3/K3 1135

*391p UTeI01d %77 B UO DAUTEIUTEW 319A SITY A fer3zed asaze
Sanoy 47 ASALF SY3 103 SIBAT] Je: BurlEisusdei -SA 10IINOD JO SITITALIOV DNV ¥1E 2TqEL




Percentage of Control

¥ig, 3.16

- 139 -

oy : — = Control
or Activity/G Liver —e— Experimental

He
100

120

L i 1 L J
8 12 16 20 2%
Time {(hr) of Regeneration

_ Specific Activity

I} n

0 4 [ i3 i€ 76 %
Time (hr} of Regeneration

Arglinase activities [rom regencral {ng val 1lvers expressed
as o % of zeroctime contrals. Rats were watataioed on a
22% protein diel.
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The effect of a high (75%) protein.dict on the activities of hepatic
CES, ASS, AL and arginase at 4, 8, 12, 18 and 24 hours of regeneration
after partial hepatectomy was studied, All experimental conditions
were as described previously except that the rats were trained to a
diet containing 75% protein for one week prior to experimentation.
Results are shown in tables 3.18a to 3,2lc and graphically in figures
3,17 to 3.20.

As zan be scen from these tables and figures there g an initial
decrease in activity in the regenerating liver compared with zero time
controls, the activities increasing to values above those of controls
between eight and twelve hours postoperatively. By four hours the
activity of CPS drops by only 20% to reach 80% of conttol values and by
eight hours has shown a significant overshoot above the control (120%)
reaching 130% of control by twelve hours postoperatively (see fig, 3.17).
The activity of ASS drops by 357 at eight hours and increases to 120%
by twelve hours (sce fig 3.18), The activity of AL drops by about
35% at four hours and has significantly overshot the control activity
by 12 hours (see fig, 3.19). Arginase shows the smallest drop,
falling by only 15% at four hours of regeneration and by eight hours
has increased above control value, The activity is 140% of the
control by twelve hours which is a significant increase (seefig 3.20j,

From the above it can be seen that the urea cycle snzymes
studied behave in a concerbed way.  Siuce the results are similar

whether expressed as activity/gram liver or specific activity, this

argues against & nouspecitie effect on these enzymes through an
alteration in liver components such as carbohydrate or total water

content.
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Percentage of Control

Fig. 317
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Activity/G Liver

=== Control
e Experimental

1 d .
4 8
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Specific Activity

1 1 i
12 1§ 20 24
of Regeneration

Ni

[
Time (hr}

1 1,
12 16 20 2
of Regeneration

¢Ps netivitles I'ram vopenerat lng rat livers expressed as
a % of zero-lime conlrots, Rty wore miintafned on a 75%

protedn dict.
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-~ Control
160 Activity/G Liver —s— Experimental
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Time {hr} of Regeneration

4,19 AL sctivitios From regenueat fng vt Livers cxkpressed

g a 1 oof zero-thoe conlrelu,  Rals were minlalved on
a 753% protefn diet
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. . ~ =~ Control
Activity/G Liver —wa— Expermental

160
140
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— 1 . 1 )
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Time (hr} of Regeneration

Percentage of Control

0 Specific Activity

i i L L
B 12 16 20 24
Time (hr) of Regeneration

Pl 9.20 Arginase aclivities [rom ropeweraling 1y 1ivors
expressed as @ Vool zeyoelime controls, Ris were
waintained on a 757 proieln diet.
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Animals were sham operated Four hours prior Lo sacrifice and their
hepatic urea cycle enzymes were agsayed and activities compared to
those of rnonoperated controls, to test wherher the shock of the
opetation or the anaesthetic were responsible for the drop cbsarved
in the regeserating livers after partial hepatectomy,

As can be seen from tables 3,22a and 3,2Zb there is no significant
difference between the sham operated animals and controls indinating
that the cbsevved diop in Tegenerating liver is specific and not
due to the handling of the animals, the anaesthetic nor the operation
itself,
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The results described in earlier experiments were due to the inter—
action of a number of effects. In order to shed more light on
mechanism of these changes in enzyme levels, effects of some inhibitors
of RNA synthesis weve tested
The effect of the RNA synthesis inhibitor, actinomycin D (AMD,
on hepatic CPS, ASS, AL and arginase was determined in 35-day old rats
maintained on a 22% protein diet and an 8-16 controlled Feeding
schedule for onme week prior to sacrificc. For 4e experimental®
group of animals partial hepatectomy was perf med at 24100 houxs
and 04100 hours and’ the animals sacrificed at 10300 hours for -he ten
and six hour point respectively, An i,p, injection of AMD
(50ug/50g) was administered to these animals at zero time and the
activity of the urea cycle enzymes was assayed at zero tine and at
six und ten hours postoperatively, The results of these experiments
were compared with non-AMD treated controk. Results are expressed as s
activity / g liver and specific activity and are shown in tables
3,23a to 3.26b and a graphic representation of % diEferences is
shown in figs 3.21 to 3,24, The significance of the differences
was determined using the paired t-test. Differences with P values
of less rhan 5 are considered to ba significant.
The activity of CES drops to 657 of control in the non=-AMD-
treated animals at six hours but In the AMD-tveated animal increase
ko 120% of the contrel, an effective incrcase of 55%. At ten hours in
the nontreated animals the activity of CUS is about 80% of the control
value while in the AMD-treated onimals it is 150%, an effective
inerease of 70% (sec tables 3.23a, bj ILig 3.21). n
At 5ix hours the activity of ASS in nosnlreated regenerating
liver is 74% of controls hut in the AMD-treated animals it is about
equal to the zero time controls, an effective incrcase of 76%.
At ten hours the activity in the nontrveated regenerating liver is about
85% of the zcro time control, bul in the AMD-trented animals, it
is about 135%, an effective increase of 50% (see tables 3.24a, bj
Ligure 3.22).

¢
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The activity of AL by six hours of regeneration in nontreated
liver is about 657 of the zero time -ontrol and in the treated livers
increases to about 78%, an increase of about 13%, By ten hours
postoperatively, rhe activity of AL in nuatreated regenerating liver
is 76% of the zavro time control but in the AMD-treated regenerating
livers it increased to 113% of control, an increase of about 37%

(see tables 3,25a,b anc Eigure 3.23).

Arginase shows a similar pattern of change, its activity being
about 20% greater in AMD treated compared with nontreated regenerating
livers by six hours postoperatively and 60% greater by ten hours
postoperatively (see tables 3264, b and £ig 3.24).

In summary, AMD inhibite the initial drop in levels of urea
eycle enzymes, and accentuatesthe subsequent increase normally seen by

10 hours postoperatively.
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Activity/G Liver Specific Activity
6 hour Regeneration

120+
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_ 80f
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8 el
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o P <0,001 P= < 0,001
S160p 10 hour
S Regeneration
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o 1of

120f -%

100f~— 1
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P =< 0,001 P = <0,001

[ JControl
V<2< dRegeneration
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rig. 3.21 Activity/g liver and specific activity of CPS Erom 6
hour and 10 hour wntreated regenerating rat livers and AMD-treated
regenerating ral livers expressed as a % of zero L!.me coukrols. Rats
were maintained on a 227 protein diet.



geel
L7 TOL

- 165 -

g€z
29°L
H5

= tiea
T W

96°5ET
9zZ°5y1
69°221

§TE5L
6L°69
9E L
66°C8
€L°0L

1613800
3oz

2000
zZ110'0
890070
1900°0
¥600°0
22100
c$10‘0
9$10°0
9%10°0

T00°0
8800°0
9£00°0
£900°0
£800°0
zZ10°0
£80C°0

fi-=r

ETATI0Y 21370945

£410°0
£210°0

To13803

LY
(2284

aEz o

696°1

0L°z9 <91

21401 0zz 1

0E°59 £87°1

8L°16 9552

L°TTt 2952

£6°2 5£°86 10e

39198 [1981:) e

TI10

€56°T

8691 006°1T

19°8L 869°T

%998 21T

SE°T £2499 9622

5Tt 8279 o721

=5 023605 Hoey
P 7

T 3/A3TATIVY

-391p Be3018 %77 ® WO PAVTEINTEM a10m SIRR

“sa2aT] 4¥x BuFIEIducSai paarell (| WILAWOUTIOY PUE [01IUOD WOXF SRIITATIVV S5V

gmnmg

RRIEaRn
TR

JCEECTH)

BRLOC

&
anoy g

0w

o

101310
anoy g

STYEL



- 166 -

000 6€0°0 T00°0

w9y €542~ YL
1000
6£00°0
00° 0T 0900°0
£9°201 9100°0
197621 1500°0
TITET S%00°0
147501 #L00°0
ST 69T $600°0
syfol 90°881 9£10°0 29°¢
eeisel 00°0ST  0510°0 0010°0 331
200°0
060°S
100°0 100°0
9800°0 £600°0
2926 8800°0 £600°0
96516 §600°0 £600°0
26° 19 9€00°0 €500°0
£9°8L 0L00°0 6800°0
£2°68 TE10°0 9%10°0
s8°¢ 62°88 8600°0 11100 80°C
$45°98 5888 0800°0 0800°0 <1628
35 Toa3103 88 Toa3ue) 35

CaReR

T T ¥R

00 0ZT
12 00T
26°9€T
1€ 2T
25211
78°911
S6°611
00°STT

-397p uyetoad zz7 € U0 pouiEIUTEm aem s3EY

-szeat] Jex SuT peaEexs q

PuUB T0IIWOD WE3 SSIITATIOV SSV

T6T3T0)

a4 e

g
anoy 0f

38
azaR

jox3u0y
anoy 01

21971



- 167 .
Activity/G Liver Specific Activity
6 hour

100 Regeneration -

80

60}
°
1
€
8 NS, P 0,03
k3
;"1‘40‘ 10 hour
= Regeneration
£ g
o
2
S 10p

ol % %

60F
P=<0,001 P=<0,001
. gontrol "
4
Aeh%neru fon

Fig., 3.22  Activity/g liver and specific activity of ASS from 6
hour and 10 bour untreated regeneraling ral livers and AMDstreated
regeneraking rat livers expressed as a % of zero time controls. Rats
were maiatained on a 22% protein diet,




€9y
39581

- 168 -

6E°Y
352799
e

~Ees
< weo

£000°0

€500°0

826 050070
00°98 £€00°0
9961 £900°0
298¢ 7£00°0
00°st 75000
68°68 0800°0
00°89 £500°0
$000°0

£500°0

£y°69 99000
#1e9 S800°0
7469 050010
BESY9 £400°0
£9°14 8€£00°0
vy 9700° 0
£0°68 6700°0
¥2°89 85000
oxtoy Bey

££06°0

y00'0
1%y
0100°0
$800°0
£600°0
1810°0
2£00°0
€200°0
$00°0
1600°0
$500°0
$800°0

e

SN
[328]
180°0
£26°0
£1°¢6 700° 1T
96°98 0980
2629 0£6°0
£9°49 £99%0
£8°Ty $69°0
[A] 92409 910°7
Je6°sL £9°26 [ 2320
0100
S60°1
9¥°65 8TI°1
1ze9 se4°
£6°¢L 0sz‘1
v°E9 280°1
1869 198°0
ZECOY 50
£6°¢€ 199 0L6°0
$25°59 89 991°1
s Toa3teg ey
“wEeR FCB

5

TOAYT /AR

S391p UT3R0Id Y77 © TO PROTEICTE@ DAan SIEN

-s2eATT qea S

peawazl q ut

PUE TOIINGD WOIJ SILITATIOV TV

381

7633009

L T4

d8ua

anoy g

B oo

et
weaR

FCECT0Y
anoy g

21921




e
SL9°eL

- 189 -

915
F05°3¢
35
TR

00° 0ZT
£2°76
0987
$T°98
89°65T
19°8T1
1896

TATIOY O

£005°0
19000
z905°0
6%00°0
1500°0
9600°0
660070
£500°0
1900°0

#000° 0
6%00°0
#9000

FESELT S

-s12AT] 321 BUE

1L00°0

§20°0
087°E
8000° 0
8800°0
2160°0
9400°0
8010°0
8010‘0
9£00°0

Toxauoy

sx
o
£6v‘0
#1141
$6°06 $56°0
1028 Tzl
2996 szt
L2 6L RI'L
€5 6L 890°1
351 <08 7460
J90°z8 o7° 1L 891°1
€20
062°1
70°T8 ozt
£9°6L 1071
1352 00E°T
05y ee‘zL 89€°T
L8 0z°86 oIE‘T
TS CEELCH] Ty
TEeR o

TEATT 3/5TATa5T

*391p uratord gZZ ¥ UO PONTRIUIE 9I2M §IEY

pa1ER1l g UID.

pUT 10I3VOD EWOZF SITITATIOV TV

¥00* 0

sz e

&V
aney g1

LR TS

1o13m0)
amoy 01

219EL



100

80,

60

40

Percentage of Control
=
[=]

00

80

80

- 10 -

Activity /G Liver Specific Activity
6 hour Regeneration

40

Pig,

N.S. P=0,04
- 10 hour Regeneration
=
N.5, P = 0,003

[.—]Control
V ZZ|Regeneration
AN AMD

3.23  Activity/g liver and specific activity of AL from 6

hour and 10 hour untreated regencrating rat livers and AMD-treated

ing rat livers exp d a8 & % of zero time controls, Rats

were maintained on a 22% protein diet,
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Activity/G Liver Specific Activity

6 hour Regeneration
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Fig. 3.24  Activity/g liver and specifle activity of ARG from 6
hour and 10 hour untreated regeneraling vat livers and AMD-trented
regenerating rat livers on a 22% proteia dict.
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The affect of -oin, the inhibitor of RMA synthesis was teated
on hepatic CPS, and arginase. The experimental conditions
and methods er 2d ware identical to those in the previous experiment

except that an i.p. of cordecepin (lmg/l00g) was injected at zero time

In inhibitor-untreated regencrating liver at six hours
postoperatively the activity of GP$ drops by 35% but in cordecepin-
treated livers it drops by 8% oily; an effective increase of 733
At 10 hours of regeneration the activity in the cordecepin-treated
vegenerated liver is 66% greater than in the untreated control
(see tzbles 3.27a, b; £ig 3,25),

The activity of ASS is 75% greater in cordecepin-treated than
nontreated livers by six hours and by ten hours is 40% greater
(see tables 3.28a, b; £ig 3.26).

The activity of AL in the cordecepin-treated livers is 30% greater
compared to the untreated livers by six hours postoperatively. By ten hours
the activi..es differ by 46% with the cordecepin-treated livers
having the greater activity (see tables 3.29a, b; Fig 3.27)

For arginase the difference in activity between the inhibitor-
treated and untreated regencrating livers is 707% and 307 for six
hours and ten hours of reganeration respectively, the imhibitor=
treated livers having greater arginase activity iu both instances
(see tables 3.302, b; fig 3.28),

In conclusion the effect of cordecepin is similar to that of
Actinomycin D on the inhibitrion of the initial drop in urea cycle
enzyme activity following partial hepa’ eclomy as well as in

accentuating the subsequenl increase,
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Activity /G Liver Specific Activity
6 hour Regeneration
100
80}
80k

" P=0,004 P=< 0,001
10 hour Regeneration

Percentage of Controt
F3
<

=
=3
T

o 7 .

6ot

P= 0,03 P= 0,08

(éon(rcl i
egeneration
\\‘ Cordecepin

Fig. 3.25  Activity/g llver and spoeific activity of CPS Erom 6 hour
and 10 l\nur untreabed wgeuomting tnL 1ivers und cordecopin-treated

ing rat livers a % of zero time contvol livers.
Rats vare malntainod on a 22% plotcin Cator.
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Activity /G Liver Specific Activity
6 hour Regeneration
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Regeneration
Flge L0 Activitelg Hver and specille activitios Cordecepln

of AS8 from 6 fhemr and 10 hoor regenceral log

tre Uvers From vowl rel dnd enrdpcopined reat od
Temenerat ing rat | lvers cxpreased a8 a 7 of

iotime conlyals, Rals wore maintalned on a 22%
pratein diet.
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Activity/G Liver Specific Activity
6 hour Regeneration

P=< 0,001 P=<0,001

10 hour Regeneration

80

60

.27

7 7

)

P = 0,006 P=<0,001

Control
Regenerdtion
Cordecepin .

Activity/p Liver and speelfic activity of AL
from & bovr and 10 hour untreated and covdeevpin.
ireated regenerating rat livers sxpressed as a %
of zornel Ime controts. Ratw were malntalned on
& 227 protein diet,
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Activity/G Liver Specific Activity
6 hour Regeneration
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Tig, 3.28 Activity/g liver end spoclfic activity of ARG Exom 6 hour
and 10 hour untreated regeneraling rat livers and cordecepln-treated ©
x ting rat livers d a5 a % ol zero time control livers.
Rats were maintained on a 22% protein diet.
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3.4 Urea cycle enzymes in neoplagia

The effect of the administration of different hormones was studied
in noxmal liver, host livers and hepatomas of 35 day old rats
aintained on the various protein diets, The hormones studied
ineluded P -methasone (100 ug /50g), glucagon (250 ng /50g),
dBuAMP (25Qug / 50 g) and combination of P -methasone and glucagon,
Animals were trained to an 8~16 controlled Feeding regime and to a
particular diet for one week prior to sacrifice. Groups of aight
animals were chosen randomly from the tumour- and nontumour-bearing
animals and given a single i,p. injection of a particular hormone or
combination of hormones, twenty four hours prior to sacrifice,
A further group of nonhormene-treated animals trained to the
appropriate diel were used as controls fov comparison. ALl
animals were sacrificed at 10300 hours.

From tables 3,3la to 3.40b it can be seen that the urea cycle
enzymes of the control livers do not respond sigeificantly to the
hormone stimulus irrespective of dickt on which they are maintained,
This is in agreement with the experiments deseribed earlier wherein
livers of 33 day old rats are nol respensive to glucagon induction,
The results are similar when deseribed as activity/gram liver ox
as specific activity,

The hormonal effects on host livers of 35-day old tumour-
bearing animals are described in Figures 3,35, 3,36, 3.39, 3.40,
3.43, 3,44, 3,47, 3.48, 3.51, and 352, From these histograms
it cat be seen that the urea eycle enaymes in these livers are
significantly responsive to hotmona) imduction irrespective of the
diet on which the animals ware maintained. ALl of the enzymes
behave in a concerted way sugposting some comton conlrel mechanise,
The effects of Bomebhasone and plucason are very similar and in
combination ave not additive suggesting that  P-rethasone is not
permissive for nor synergistic with glucagon. In general, the
effect of dBcAMP is larger Lhan that of the olher hotmoues tested.
In some instances, the activities of the uvea cycle enzymes in the
host liver are induced by the hormonws studied to levels above

those of control livers. The results ave similar when described either
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as activity / g liver or as specific activity, This suggests that
the effects are specific to urea cycle enzymes and not due to a
nonspecific alteration in some liver component such as total liver
protein content, water or carbohydrate content.

In the hepatoma the patrern of inducibility is similar to
that of host livers, All five enzymes show similar concerted patterns
of ‘change being responsive to hormone treatment irrespective of the
gietary protein lavel. CPS appears to be the most responsive of the

enzywes studied (see figures 3,35 to 3.54),
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Table 3.31aA comparison of CPS Activities from control vs. hormone
treated control animals, aosts and hepatomas. Rats were
maintained on a zeroZ protein diet.

Activity/g Liver

Control B-methosone Giucagon P-merhasone dBecAMP

& Glucagon
Gontrol 1,467 2,098 2,407 1,99 1,695
1,231 2,011 2,127 2,730 1,686
1,600 1,692 1,677 2,123 1,980
1,692 1,097 1,572 1,608 1,016
1,240 2,537 1,919 2,496 1,135
2,227 1,479 2,107 2,121 1,076
1,240 1,959 1,918 2,349 1,135
2,076 1,517 2,127 2,102 1,016
Hean 1,597 1,735 1,982 2,063 1,342
S8 0,136 0,124 0,095 0,113 0,135
3 0,750 2,320 2,630 -1,3%
P NS 0,038 0,020 NS
Host 1,270 1,226 1,93 1,184 1,359
1,183 1,140 1,856 1,097 1,823
1,053 1,500 1,356 1,184 1,477
1,226 1,500 1,930 1,097 1,448
1,212 1,880 2,089 2,102 1,652
1,177 1,959 1,90 1,19 1,737
1,177 1,772 1,974 1,768 1,547
1,014 1,830 2,112 1,811 1,418
Hean 1,166 1,602 1,894 1,430 1,546
SE 0,109 0,031 0,083 0,141 0,056
t 3,101 3,860 8,240 2,63 5,950
e 0,001 0,005 0,000 0,020 0,001
Hepatoma 0,016 0,008 0,023 0,016
0,011 0,915 0,021 4,017
0,013 0,015 0,028 0,019
0,001 0,015 0,004 0,019
0,016 0,019 0,020 0,021
0,017 0,012 0,020 0,021
0,019 0,016 0,024 0,018
0,017 0,011 0,025 0,018
Mean 0,0l4. 0,015 0,026 0,018
8E 0,001 0,001 0,003 0,001
£ 0,700 3,610 2,800
» NS 0,006 0,016
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Table 3.31b A comparison of CPS Activitios from conrrol vs. hormone

Control

Mean
SE

oot

Mean

Hepatoms

treated control animals, hosts and hepatomas.

maintained on a zerof protein diet.

Control

0,0122
0,0101
0,0160
09,0141
0,0103
0,0185
0,0103
0,0138
0,0132
0,001

0,0121
0,0103
0,0092
0,0107
£,0101
0,0115
0,0098
0,0080
0,0122
09,001
0,680
s

0,10027
©,10018
0,10022
0,10018
0,10027
0, 10028
0,10032
0,10028
0,0023
0,000

19,399

3,001

Specific Activit

B-methasone

0,0175
©0,0158
0,0141

0,0117
0,0109
0,0111
0,0123
0,0164
0,0170
0,0157
0,017%
0,0149
0,001

2,840

0,013

0,00013
0,00025
0,00025
0,00025
0,00031
0,00020
0,00027
0,00020
0,0025
0,000

0,560
NS

Glucagon

0,0195
0,0154
0,0129
o0,0121
0,0L60
0,0162
0,0148
0,0142
0,0159
0,001
1,920
]

0,0168
0,0151
0,0129
0,0158
0,0182
0,0215
0,0215
0,0184
0,0175
0,001

3,900

0,002

0,00035
0,00043
0,00065
0,00040
0,00030
0,00042
0,00023
0,00033
0,0039

Rats were

B-methasone dBeAMP

& Glucagon

0,0161
0,0182
0,0153
0,0124
0,0177
0,0188
0,0188
0,0146
0,0162
0,001

1,340

0,0103
20,0110
0,0113
0,0105
0,0183
0,0179
0,0177
0,0181
0,0144
0,001

2,210

0,040

0,00038
0,00035
0,00047
0,00073
0,00033
0,00034
0,00041
0,00042
0,0040
0,000
5,120
0,000

0,042
0,0140
0,0118
0,0102
0,0101
0,0108
0,0114
©0,0102
0,0162
0,001
1,320
NS

0,0113
0,0130
0,0123
90,0120
0,0118
0,0124
0,0129
0,0118
0,0143
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Table 3.32a A comparison of OTC Activilkies fvom control vs. hormone
treated contvol animals, hosts and hepatomas. Rats were
maintained on a zero% protein diek.

Actiyv /g Liver

Gontrol  Pomethasone Glucagon P-methasone dBcAME

& Glucagon

Gontrol 114,310 48,430 91,900 84,135 84,304
84,214 88,831 87,640 100,713 90,845
57,263 61,192 94,636 121,815 93,361 \
76,962 45,145 91,282, 116,829 86,380 !
89,438 101,126 129,007 59,627 81,241
115,900 103,400 161,310 72,27 87,801 .
93,890 75,890 94,840 90,251 24,836 4
80,000 70,390 115,967 69,221 87,585
Mean 90,936 74,300 105,857 81,620 87,049
SE 6,750 7,890 7,188 7,092 1,350 ;
t - 1,60 1,51 0,96 -0,56 ;
3 s NS N8 NS
Rost 71,092 85,814 119,950 90,527 76,379
71,634 73,068 140,812 65,814 76,708
45,011 79,179 98,709 69,601 70,266
61,192 78,470 140,812 84,924 99,525
77,026 107,272 113,329 77,9% 105,240
79,168 84,810 99,018 97,012 81,854
72,668 79,328 83,440 111,123 88,292
74,810 71,694 95,852 107,072 93,567 . J
Mean 64,315 81,698 111,490 90,501 86,817 !
SE 4,103 3,045 7,404 4,748 4,408 |
¢ 3,590 3,40 5,83 4,6k 4,20 |
] 0,003 0,005 0,001 0,001 0,001 }
Hepatona 1,192 1,480 1,286 1,308 1,126
1,20 1,152 1,280 1,180 1,138
1,33 1,416 1,680 1,060 1,046
1,18 1,252 1,628 1,200 1,138
1,155 1,087 1,868 1,183 1,077
1,200 1,393 1,69 1,015 1,004
LA 1304 1,035 1,110 1,130
0,999 1,130 1,65 1,600 1,230
Mean 1,223 1,273 1,512 1,207 1,109
sE 0,047 0,052 0,098 0,065 0,012
4 0,770 ' 2,660 -0, 200 ~2,010
3 NS 0,024 N8 NS
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Table 3.32b A comparison of OTC Activities [rom control ve. hormone
treated control animals, hosts and hepatomas. Rats were
maintained on a zero% protein diet,

Control

Mean
8E

Mean
SE

Hepatoma

Mean
8K

Control

0,9526
0,7018
0,5453
0,6996

0,8624
0,9659
0,7825
0,8000
0,7888
0,050

09,6771
0,7163
0,4287
0,828
0,6097
0,6108
0,6056
0,6645
0,6119
0,051

3,030

0,009

0,0200
0,0207
0,0223
0,0191
0,0192
0,0215
0,0239
0,0167
0,0204
0,001

13,960
0,001

Specific Activit

Bme thasone

0,6210
0,8076
0,5828
0,6515

0,87%
0,8618
0,6717
0,6831
0,7199
0,040

-1,080

NS

60,7151
0,6959
0,7541
0,7473
0,9291
0,7375
0,6811
0,7160
©0,7360
0,031
2,84
0,013

0,0247
0,0192
0,0236
0,0287
0,0181
0,0233
0,0217
0,0185
0,0225
6,001
1,360
NS

Glucagon

0,7070
0,7621
0,9013
0,8695

0,9751
0,9776
0,7903
0,9658
0,8686
0,037
1,290
NS

1,0361
1,2245
0,9401
1,1746
0,7552
0,8610
0,8345
0,9696
0,9868
0,052

6,200

0,001

0,0214
0,0213
0,0240
0,0271
0,0308
0,0262

B.methasone
& Glucagon

0,8013
0,9592
0,9370
1,1127

0,5863
0,7241
0,939z
0,6923
0,7717
0,053

-0,230

NS

0,8628
0,858L
0,7960
0,8492
0,7750
0,747
0,7417
0,7142
09,7930
0,020

4,920

0,001

0,0218
0,0197
0,0177
0,0200
0,0197
0,0180
0,0190
0,0270
0,0204
0,000

-0,050
us

dBcANP

0,7664
,9085
0,7781
0,7198

0,7254
0,7848
6,7076
0,7820
0,7712
0,022
0,320
NS

0,7538
0,7671
0,7037
0,9294
0,7517
0, 7441
a,8027
0,7964
0,7811
0,024
4,360
0,001

0,0205
0,0207
0,0190
0,0207
0,0196
0,0193
0,0206
0,0204
0,0202
0,000

-0,320
NS
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Table3.33a A comparison of ASS Activities [rom untreated control vs.
hormone treated control animals, hosts and hepatomas. Rats
were maintained on a zevoX protein diet.

Activity/g Liver

Contrel Bomethascue Glueapon B-methasone dBoAMP
& Glucagon

Control 1,467 1,805 1,113 1,617 2,416
2,775 1,838 1,958 1,214 1,715
1,641 1,329 1,333 7,113 2,048
1,600 1,923 2,350 2,603 1,579
1,340 1,482 1,621 1,169 1,656
2,230 1,293 2,227 2,215 1,795
1,712 1,325 1,887 1,730 1,490
1,883 1,478 2,805 2,659 1,662
Mean 1,831 1,559 1,914 1,890 1,795
SE 0,165 0,091 0,19 0,193 0,106
3 -1,440 0,330 0,230 -0,180
? NS NS NS s
Host 1,178 1,768 1,700 1,750 1,890
1,300 1,413 1,382 2,008 1,873
1,366 1,730 2,130 2,330 1,718
1,200 1,808 1,552 1,830 1,553
1,269 1,961 1,486 2,160 1,529
1,388 1,739 2,019 1,822 1,878
2,090 2,398 1,869 1,695 1,879
1,296 1,727 2,632 1,565 2,211
Mean 1,261 1,821 1,864 1,889 1,818
SE 0,035 0,099 0,145 0,092 0,077
t 3,370 5,310 3,920 6,390 6,580
? 0,005 0,001 0,004 0,001 0,001
Hepatomy 0,132 0,130 0,182 0,136 0,202
0,124 0,172 0,138 0,138 0,187
0,128 0,186 0,1% 0,160 0,223
0,108 0,184 0,156 0,272 0,157
0,205 0,218 0,187 0,202 0,200
0,156 0,124 0,187 0,155 0,185
0,140 0,265 0,186 0,256 0,202
0,100 0,333 0,189 0,200 0,167
tean 0,137 0,202 0,170 0,190 0,190
SE 0,012 0,025 0,008 0,018 0,007
t 2,38 2,340 2,450 3,91
b3 0,039 0,036 0,031 0,002
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Table3.33D A comparison of ASS Ackivities from untreated control vs.
hormone treated control animals, hosts and hepatomas. Rats
were maintained on a zero% protein diet,

Specific Activity

Gontrol Pomerbasone Glucagon Pomethasons  dBecAMP

& Glucagon

Gontrol  0,0122  0,0157 0,0148  0,0154 0,0201
0,0185  0,0153 0,015t  0,0116 0,0172
0,0137  0,0127 0,0127  0,0153 0,017%
0,0133  0,0148 0,0181 09,0185 0,0132
0,0112  0,0129 0,0135  0,0102 0,0148
0,0186  0,0113 0,0196  0,0198 0,0149
0,0143  0,0117 0,0157  0,0144 0,0124
0,0157  0,0131 0,0187  0,0222 0,0148
Mean 0,0147 0,013 0,0160  0,0160 0,0156
SE 0,001 0,001 0,001 0,001 0,001
t 1,100 1,020 0,770 0,670

b3 NS 88 NS N3
Host 0,0112  0,0158 0,0148  0,0152 0,0158
0,0130 0,045 0,0140  0,0175 0,0156
0,0100  0,0165 06,0185  0,0203 0,0143
0,0120  0,1572 0,0135 0,015 0,0141
0,0106  0,0165 0,0135  0,0180 0,0139
0,0125 0,043 0,0168  0,0152 0,0134
0,0130  0,0200 90,0156 0,0141 0,0157
0,0104  0,0144 0,0219  0,0131 0,0184
Mean 0,016  0,0160 0,0161  0,0169 0,0151
SE 0,000 0,001 0,001 0,001 0,001
t 2,940 5,670 4,020 4,780 4,950
? 0,011 0,001 0,003 0,001 0,001
Hepatoma ©0,0022  0,0022 0,0030  0,0023 0,0032
0,0021  0,0029 0,0023  0,0023 0,0030
0,0021  0,0031 0,0022  0,0027 0,0035
0,0018  0,0031 0,0026  0,002% 0,0025
0,003 0,0036 0,0032  0,0034 0,0032
0,0026  0,0021 0,0032  0,0026 0,0030
0,0023  Q,0044 0,0032  0,0043 0,0032
0,0017  0,0056 0,0032  0,0033 0,0027
Hean 0,0023 0,003 0,0023  0,0030 06,0030
SE @,000 0,000 0,000 0,000 0,000
t 2,44 2,420 2,300 3,480

® 0,035 0,031 0,038 0,005
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Table 3,34a A compariseon oL AL Activities from contral vs. hormone
treated contrel animals, hosts and hepatomas. Rats were
maintained on a zeraZ protein diet.

Lontrol

Mean
SE

Host

Hepatoma

Mean
SE

Contxol

1,217
0,937
0,806
0,928
0,977
1,130
1,125
0,957
1,010
0,044

0,996

0,062

Activity/g Liver

Bomethasone Glucagon Pomerhasone dBcAMP

1,037
0,819
0,240
0,803
0,984
0,781
1,101
1,051
0,938
0,048

-1,10
NS

1,315
1,121
1,164
1,191
1,048
1,143
1,135
1,200

& Glucagon

0,960
1,456
1,493
1,002
0,967
0,944
0,992
1,014
1,115
0,078
1,15
us

1,088
1,180
0,99
0,996
0,762
1,303
1,277
1,128
1,153
0,032
2,570
0,026

0,062
0,061
0,057
0,072
0,073
0,057
0,080
0,067
0,003
1,000
NS



Table 3,34bA comparisen of AL Activilkies from control vs. hormone
treated control animals, hosts and hepatomas.

Gonerol

Mean
SE

Mean
SE

Hepatoma

Mean
5B

4

- 196 -

maintained ou a zero% protein diek.

Cantrol

0,010L
0,0085
0,0073
0,0084
0,0081
0,0090
0,0094
0,0080
0,0085
0,001

0,0095
0,0109

0,00103
0,00133
0,00070
0,00060
0,00107
0,00120
0,00107
0,0010
0,000
13,660
9,001

B-methasone Glucagon

0,0090
0,0074
0,0090
0,0107
0,0086
0,0079
0,0101
1,0210
0,0093
0,000
1,270
NS

0,0095
0,0099
0,0108
0,0113
09,0098
0,0094
0,0108
0,0093
0,0101
0,000

2,390

0,039

0,0101
0,0097
0,0111
0,0113
0,0070
0,0076
0,0076
0,0080
0,0090
0,001
0,74
NS

0,0138
0,038
0,0118
0,0120
0,018
0,0120
0,0129
0,0132
0,0127
9,000

7,260

‘0,001

0,00127
0,00153
0,00093

B.methasane

& Glucagan

0,0128
0,0113

0,0080
0,0118
0,0100
0,0120
0,0076
0,0130
0,0127
0,0113
0,0111
0,001

3,030

0,010

0,00100
0,00167
0,00132
0,00092
0,00142
0,00150
0,00180
09,0014
0,000
2,510
0,026

Rats were

dBcaAM?

0,0107
0,0102
0,0105
0,0074
0,0097
0,0102
©,0088
09,0094
0,0096
0,000
2,11
NS

0,0155
0,0122
0,0131
0,0125
0,014
0,0138
0,0131
0,0128
0,0131
0,000

6,930

0,001

0,0010
©,0009
0,070
0,0010
0,0012
©0,0009
0,0012
0,000
0,000
0,250
NS
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Table 3,35a A comparison of ARG Activities from untreated control vs,

Control

Mean
SE

Mean
SE

Hepatoma

Mean
SE

hormome treated control animals, hosts and hepatomas.
were maintained on a zevo¥ protein diet.

Control

665,89
791,923
491,642
603,964
657,260
747,046
600,179
600,500
644,651

33,190

734,360
707,676
548,115
500,980
455,847
403,153
625,051
478,996
307,646
24,014
3,340
0,005

2,258
1,781
1,944
2,254
3,959
1,09
0,825
0,632
1,843
0,376

Activity/s Liver

B-merhasone Glucagon

837,962
674,255
457,877
678,966
784,148
597,804
500,424
455,440
623,384

51,578

-0,350

NS

717,032
556,257
710,093
726,742
783,262
819,619
551,782
626,537
686,415
35,077
4,210
0,001

2,653
2,704
2,337
1,703
1,030
1,260
1,078
1,184
1,797
0,256
-0,23
NS

842,189
713,921
555,551
791,972
658,816
662,645
669,424
758,677
706,648
31,860
1,350
NS

885,688
837,967
604,950
850,500
604,106
645,049
653,714
662,196
717,999
41,908
4,360
0,001

B-mathagone
& Glusagon

790,900
1023,939
850,635
878,809
403,378

746,476
586,377
822,003
670,948
690,436
508,430
584,689
673,968
661,163
35,159
3,610
0,004

1,577
2,216
1,549
2,574
1,106
1,452
1,866
2,000
1,793
0,165
-0,12
N5

dBcAMP

735,923
692,850
635,336
729,910
596,726
674,343
720,985
739,563
630,829
18,392
1,220
NS

736,915
911,107
811,295
741,561
709,562
782,396
858,837
843,064
799,361
24,521
8,500
0,001

Rats
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Table 3,35b A comparison of ARG Activities from untreated conlrol vs.
hormone treated conkrol animals, hosts and hepatomas. Rats
were maintained on a zero% protein diet.

Specifie Activity

Gontrol P-methasone Glucapon B-wethasone dBcAMP

& Glucagon
Control  5,5491  7,2866 5,4784  5,8696 6,1327
5,399  5,6188 5,2080  7,8765 5,7735
4,0972  4,3607 5,2907  5,5433 5,3028
5,0329  5,9041 5,8867 53,7601 6,0826
5,4772  5,8187 5,2986  4,0338 4,9727
4,8197  4,9817 5,7621  5,2603 6,0209
5,0015  4,7659 5,6612  4,0021 6,0082
6,0050  4,5544 7,2255  5,5072 5,6889
Yean 5,1977  4,6840 , 53,7263 5,4929 5,7478
SE 0,209 0,748 0,231 0,423 0,147
t -0,660 1,700 0,630 2,060
P s ¥ N us
Host 5,1197  5,8289 7,7016  5,4911 6,1410
5,1308  5,2977 7,2867  5,8638 6,5100
4,7711 5,7628 6,0494  7,1479 6,7608
4,3563  5,9214 7,3957  5,8343 65,1797
4,3414  7,4596 5,2357  6,3951 5,9130
3,8396  5,3048 5,6091  5,0844 5,5884
4,0326  5,7981 5,6845  5,0929 7,1570
4,8000  6,2654 5,7858  5,9G43 7,0256
Hean 4,5489  3.7548 6,3430  5,8592 6,4059
SE 9,170 @443 0,339 0,242 0,194
t 2,41 4,740 4,720 4,430 7,190
P 0,030 0,001 0,001 0,00t 0,001
Hepatoma 0,0381  0,0442 0,0334  0,0263 0,0198
0,0297  0,0451 0,028  0,0369 0,0269
0,0324  0,0390 0,0248  0,0260 0,0166
0,0376  0,0284 0,0041  0,0430 0,0198
0,2599  0,0167 0,0171  0,0184 0,0368
0,0182  0,0210 0,0150  0,0121 0,0379
0,0138 0,0171 0,0207 0,0072 0,0312
0,0105  0,0197 0,028 0,0200 0,0337
Mean 0,0283  0,0289 0,0245  0,0238 0,0279
SE 0,004 0,005 0,004 0,004 0,003
¢ 0,090 -0,610  -0,690 0,06
3 NS NS N§ NS
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Table 3,362 A comparison of CPS Activities from untreated vs. hotmone
treated control animals, hosts and hepatomas. Rats were
maintained on a 10% pratein diet,

Control P-methasone Glucagon P-methasome — dBcAMP
& gon
Contral 3,375 3,015 2,941 3,122 3,557
E— 3,160 3,926 3,232 3,203 2,552
2,863 3,304 2,717 3,374 2,281
2,753 3,304 3,304 3,087 2,448
2,753 3,261 2,753 2,715 2,445,
2,786 2,829 3,385 3,504 2,980
3,304 2,829 2,867 2,774 2,287
2,560 2,941 2,941 2,900 2,270
Mean 2,944 3,176 3,018 3,085 2,727
SE 0,105 0,128 0,090 0,098 0,172
t 1,400 0,530 0,980 -1,080
P s NS NS NS
Host 2,177 3,279 3,470 2,414 2,751
2,177 3,281 3,450 3,361 2,518
1,893 3,308 3,312 4,083 3,034
1,607 4,224 3,215 3,820 2,661
1,774 3,293 3,126 2,466 2,679
2,057 3,813 2,893 2,718 2,896
2,066 3,109 3,345 2,839 2,628
2,160 3,338 3,140 3,119 2,597
Hean 1,989 3,458 3,244 3,102 2,721
s 0,075 0,137 6,068 0,217 0,060
t 7,430 9,680 12,470 4,850 7,650
e 0,001 0,000 0,000 0,001 0,001
Hepacoma 0,077 6,096 0,080 0,073 0,090
0,073 0,072 0,073 0,008 0,064
0,065 0,065 0,073 0,075 0,111
0,074 0,055 0,075 ©,090 0,087
0,081 0,086 0,078 0,002 0,093
0,061 0,085 0,115 0,106 0,090
0,063 0,109 ©,110 0,083 0,088
0,066 0,087 0,152 0,080 0,090
Hean 0,070 0,082 0,095 0,087 0,089
SE 0,003 0,006 0,010 0,004 0,004
t 1,790 2,35 3,580 3,700
b3 NS 0,047 0,004 0,003

Activity/p Liver




Table 3.36b A comparison of CPS Actbities from
Lrcated control animals, hosts and
maintained on a 10% protein diet.

Gontrol

Mean
SB

Hest

Mean
SE

Hepatoma

Control.

0,0338
0,0351
0,0286
*0,0273
0,0196
0,0222
0,0315
0,0320
0,0288
0,002

0,0200
0,0199
0,0237
0,0145
0,0177
0,0187
0,0243
0,0206
0,0199
0,001

4,290

0,001

9,007
0,0070
60,0060
0,0070
0,0090
0,0070
0,0090
0,0070
0,0070
0,000
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Specific Ackivity

B-mcthasone Glucagon

0,0402
0,0393
0,044,

0,0328
0,0329

0,0090
0,0090
0,0090
0,0080
0,0120
0,0120
0,0160
0,0170
0,0110
0,000

3,260

0,012

0,0290
0,0308
0,0272
0,0367
0,0306
0,0271
0,0329
0,0245
0,0298
0,001
0,460
NS

0,0347
0,0350
0,0332
0,0322
0,0313
0,0289
0,0335
0,0314
0,0325
0,001

9,520

0,000

0,0070
0,0090
0,000
0,0090
0,0130
0,0140
0,Li40
0,0190
0,0120
0,000

3,020

0,017

untreated vs, hormone
hepatomas. Rats were

f-methasone

& Glueagon

0,0312
0,0320
0,0450
0,0412
0,033
0,0367
0,0300
0,0363
0,0358
0,002

2,630

0,020

0,0086
0,0163
0,0065
49,0086
0,0130
06,0150
06,0100
0,0130
06,0110
0,000

3,450

0,007

dBeane

0,0339
0,0243
0,0252
0,0272
0,0272
0,0284
06,0254
0,0252
0,0271
0,001

-0,750
NS

0,0367
0,0240
0,0405
0,0355
0,0447
0,0396
0,0396
0,0433
0,0380

0,0090
0,0080
0,0110
0,0090
0,0090
0,0090
0,0099
0,0090
0,0089
0,000

2,630

0.020
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Table 3.37a A comparison of OIC Activities from untreated vs, hormone
treated control animals, hosts and hepatomas. Rats were
maintained on a 10% protein diet.

Activity/g Liver

Control P-methasone Glucagon Pomethasone  dBcAMP

& Slucagon
Control 167,808 133,996 134,927 154,052 158,399
146,365 108,595 134,196 138,991 128,203
182,231 122,931 133,426 138,540 114,831
177,003 126,257 146,416 138,540 118,775
142,362 115,227 131,271 140,972 118,870
117,371 144,537 136,242 146,010 126,664
122,024 125,692 131,794 128,279 128,006
135,550 130,857 128,059 151,115 121,469
Mean 148,833 132,261 134,541 142,062 126,902
SE 4,828 8,662 1,917 2,887 4,820
€ -1,670 -1,610 -0,740 -2,210
P NS NS NS s
Host 109,034 129,538 138,764 138,764 121,631
110,064 146,348 145,116 145,115 125,767
108,011 151,144 165,730 145,730 128,230
99,559 151,578 150,435 150,435 124,807
102,499 125,993 141,746 129,671 125,052
99,038 124,506 124,510 123,355 138,714
105,469 122,381 123,861 124,298 123,856
103,786 135,177 122,290 123,993 124,958
Mean 104,676 135,958 136,556 133,932 126,627
SE 1,485 4,262 3,991 3,414 1,845
k 5,020 6,930 7,490 7,860 9,270
P 0,002 0,001 0,001 0,001 0,001
Hepatoma 3,3631 5,0783 3,6091 3,6770 3,4135
3,4028  3,5247 3,5851 3,4041 3,8102
2,9048 3,3550 3,1289 3,4041 4,1085
2,98873 3,5612 3,6277 3,1550 3,8597
2,9095  3,9599 3,9965 31,8719 3,9690
2,7423 4,0750 3,9692 3,7353 4,4880
2,8792 3,75717 3,9705 4,0854 3,7368
2,8260 3,25%0 3,9493 4,0998 3,7806
Mean 3,0024 3,8217 3,7545 3,676 3,896
sE 0,087 0,205 0,088 0,110 0,110
L 3,680 6,080 4y5h 6,370
P 0,005 0,001 0,001 0,0rL.




Table 3.37b

Gontrol

Mean
SE

Mean
13

Hepatoma

Mean
58

A comparison of OYC Activities from untreated
treated control animals, hosts and hepatomas.
maintained on a 10% protein diet.

Control

0,948
0,957
1,150
0,905
1,025
0,900
1,141
0,988
1,002
0,034
5,940
0,001

0,0454
0,0387
0,0393
0,0804
0,0993
0,0371
0,038
0,0382
0,0397
0,001
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Spegific Activity

B-merhasone

0,0726
0,0504
0,0479
0,0712
0,0567
0,0582
0,0538
0,0652
0,0595
0,005

5,850

0,000

Glucagon

1,327
1,491
1,483
1,539

1,542

1,457
1,308

0,0722
0,0717
06,0564
60,0544
0,0800
0,0794
0,0673
0,0494
0,0663
0,004

6,360

0,000

B-marhasone

& Glucagon

2,054
1,390
1,847
1,846
1,880
1,883
1,603
1,890
1,799
0,073
2,110
B

1,633
1,707
1,619
1,308
1,525
1,451
1,381
1,378
1,500
0,051
8,140
0,000

0,0518
0,0749
0,0485
0,0501
0,0538
0,0526
0,0575
0,00651
0,0568
0,003

5,210

0,001

vs. hormone
Rats were

1,622
1,498
1,710
2,270
2,084
1,850
2,064
2,083
1,898
0,095
8,840
0,000

0,0411
0,0544
0,0587
0,0552
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Table 3.38a A comparison of ASS Activities from untreaked vs. hormone
treated control animals, hosts and hepatomas. Rats were
waintained on a 10% protein dict.

Activity/g Liver

Control  Pmethgsone Glucagon P-methasone  dBeAMP

& Glucagon

Control 1,504 1,373 1,116 1,645 1,636
T 1,095 1,612 1,216 1,756 1,13
1,442 1,315 1,474 1,448 1,344
1,585 1,367 1,572 1,729 1,515
1,136 1,382 1,344 1,630 1,298
1,758 1,611 1,654 1,311 1,137
1,448 1,354 1,33t 1,687 1,733
1,400 1,643 1,309 1,450 1,490
Mean 1,421 1,456 1,377 1,582 1,410
SE 0,077 0,049 0,064 0,056 0,078
3 0,380 0,440 1,680 -0,100

? NS S L us
Host 1,068 1,659 2,175 2,070 2,512
1,079 1,652 2,787 2,767 1,761
1,278 2,060 2,835 2,243 2,603
1,370 2,618 1,893 2,874 2,747
1,178 1,730 2,991 2,701 1,605
0,976 2,940 2,424 2,640 1,525
0,972 2,402 2,791 2,170 3,112
1,059 2,555 2,446 2,422 1,560
Mean 1,124 2,200 2,536 2,487 2,181
SE 0,050 0,176 0,138 0,107 0,223
3 3,230 5,890 9,650 11,550 4,630
3 0,006  ©,000 0,000 0,000 0,002
Hepatona 0,182 0,209 0,185 0,230 0,350
0,159 0,199 0,255 0,208 0,282
0,196 0,326 0,240 0,255 0,328
0,114 0,219 0,249 0,502 0,200
0,182 0,1% 0,264 0,288 0,206
0,131 0,275 0,208 0,269 0,268
0,29 0,251 0,240 0,297 0,202
0,243 0,269 0,278 0,257 0,202
Mean 0,181 0,243 0,251 0,263 0,255
SE 0,016 0,017 0,012 0,012 0,021
v 2,620 3,520 4,140 2,770
P 0,020 0,004 0,001 0,016
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Table 3.38b A comparison of ASS Activities from untreated vs. hormone
treated control animals, hosts and hepatomas. Rats were
maintained on a 10% protein diet.

Specific Activity

Control PB-methasone Glucagon P-mothasone  dBeAMP

Glucagen
Contxol 0,2000 0,0193 0,0106 0,0166 0,0156
0,0122  0,0215 0,0116 0,0176 0,0126
0,0146  0,0175 0,0164 0,0193 0,0103
0,0151 0,0171 0,0157 0,0173 0,0169
0,0108 0,0194 0,0149 0,0217 050124
0,0141 0,0145 0,0132 0,0109 0,0125
0,0138 0,0191 0,0107 0,0211 0,0133
0,0156  0,0117 0,0109 0,0183 0,0156
Mean 0,0145 0,0175 0,0130 0,0166 30,0136
SE 0,001 0,001 0,001 0,001 0,001
3 2,060 -1,170 1,330 -0,690
P NS NS N8 NS
0,0072  0,0166 0,0242 0,0244 0,0335
0,0072 0,0165 0,027% 0,0241 0,0235
0,0085 0,0195 0,0284 0,0249 0,0248
0,009 0,0249 0,0189 0,0250 0,0252
0,0080  ©0,1730 0,0310 0,0235 0,0268
0,0076  0,0294 0,0242 0,0230 0,0210
0,0084  0,0229 0,0279 0,0189 0,0260
0,0071 0,0242 0,0213 0,0211 0,0253
Mean 06,0079 0,0208 0,0255 0,0231 0,0258
SE 0,000 0,001 0,001 0,001 0,001
t 6,660 9.540 12,0% 19,220 13,790
I3 0,001 0,000 0,000 0,000 0,000
Hepatoma 0,0021 0,0030 06,0037 0,0033 0,0034%
0,0018 0,0029 0,0051 0,002% 0,0027
0,0026  0,0046 0,0041 0,0032 0,0032
0,0012  0,0034 0,0042 0,0038 0,0021
0,0017  0,0025 0,0053 0,0041 0,0021
0,0013  0,0039 0,0060 0,0038 0,0026
0,0021 0,0036 0,0041 ©,0037 0,0021
0,002  0,0040 0,0035 0,0041 0,0025
Mean 0,001 0,0035 0,0045 0,0036 0,0026
SE 0,000 0,000 0,000 0,000 0,000
& 5,580 7,570 7,790 3,000

P 0,000 0,000 0,000 0,010
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Table 3.393A comparison of AL Activiries from untreated vs. hormone

Contrel

Mean
SE

Host

Mean
SE

Hepatoma

Mean

treated control animals, hosts and hepatomas.
maintained on & 10% protein diet.

Control

1,052
0,818
1,488
1,187

‘0,898
0,961
1,069
1,127
1,070
0,089

1,0%
0,992
0,915
1,008
0,884
1,085
1,085
0,979
0,994
0,024
1,080
NS

0,113
0,115
0,099
a,107
0,105
0,117
0,107
0,114
0,110
0,002

Activity/g Liver

0,895
0,752
1,186
1,128
0,960
1,227
0,514
1,128
1,024
0,059
-0,51
NS

1,351
1,258
1,269
1,461
1,341
1,461
1,201
1,308
1,306
0,046
5,99
0,000

0,168
0,110

0,105

B-merhasone Glucagon

1,193
1,215
1,097
1,069
1,187
1,158
1,069
0,877
1,121
0,029
0,680
NS

2,023
1,625
1,661
0,099
6,540
0,000

B-methasone

1,035
1,135
1,087
1,068
1,244
1,055
1,048
1,265
1,116
0,030
0,610
NS

1,407
1,435
1,683
1,401
1,244
1,429
1,128
1,898
1,451
0,086
5,120
£0,001

Rats were

dBcAMP

1,103
1,084
1,053
1,060
1,051
1,082
0,952
1,021
1,051
0,017

0,270
NS

1,178

1,132
1,119

0,006

0,104
0,104
0,117
u,114
0,126
0,144
0,155
0,135
0,125
0,007
2,200
NS .
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Table 3.39b A comparison of AL AcLivities From untreated vs, hormone
treated emntrol animals, hosts and hepatomas. Rats were

Gontrol

Mean

Mean
SE

Hepatoma

Mean
SE

maintainea on & 10% protein diet,

Control

0,0140

0,0100
0,0086
0,0114
0,0101
0,0088
0,0096
0,0112
0,0093
0,0099
0,000
2,79
0,020

0,0013
0,0013
0,0013
0,0012
0,0010
0,0011
0,0009
0,0011
0,0011
0,000
3,690
70,001

Specific A ity

B-methasone Glucagon

0,0119
0,0125
0,0154
0,0150
0,0128
0,0150
0,0122
0,0150
0,0137
0,001
2,16
NS

0,0150
0,0140
0,0115
0,0134
0,0149
0,0162
0,0110
0,0120
0,0135
0,001

4,860

0,001

0,0019
0,0013
0,0012
0,0012
0,0017
0,0020
0,0015
0,0014
0,0016
0,000
3,26
0,009

0,0114
0,0135
0,0110
0,0120
09,0095
06,0093
0,0080
0,0109
0,0107
0,001

-0,7%
NS

0,0165
0,0133
0,0166
0,0145
0,0152
0,0209
0,0202
0,0141
0,0164
0,001
6,220
£.0,000

0,0021
0,0015
0,0012
0,0012
0,0026
0,0025
0,0021

B-yethasone  dBcAMP

& Glucagon

0,0138 0,0123
0,0114 0,0120
0,0146 0,0081
0,0142 0.0114
0,0148 0,0100
0,0141 0,0020
0,0087 0,0106
0,0158 0,013
0,0134 0,0110
0,001 0,000
1,600 -0,53
§§ NS
0,0156 ©,0157
0,0239 ©,0119
0,0187 0,0221
0,0122 0,0205
0,0139 0,0189
0,0143 0,0151
0,0113 0,0187
0,0155 ©,0228
0,0156 0,0182
0,001 0,001
3,900 6,090
0,005 «.0,000
0,004 0,0014
0,0015 0,004
0,0013 0,0016
0,0012 0,0015
0,0014 0,0017
0,0016 0,0019
0,0018 0,0021
0,0021 0,0018
0,0016 0,0017
0,000 0,000
3,510 5,090
0,006 £.0,000
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Table 3,40a A comparison of ARG Activities from untreated ve. hormone
treated control animals, hests and hepatomas. Rats were
maintained on a 10% protein diet.

Activity/p Liver

Cogtrol Glucagon Pomot JBeAMP
= & Glacagon
Control 794,185  1137,267 848,941 952,091 889,107
757,613 960,215 818,80¢ 961,355 821,284
1064,688  1078,826 876,742 971,443 819,963
943,550 728,408 881,762 1007,374 Bl1,415
1014,809 833,274 754,976 905,860 854,793
1116,311  1045,691  1032,983 971,314 976.167
855,754 1066,988 749,691 1048,132 143,17,
955,055 837,783 825,047 969,095 045,976
Mean 938,369 961,030 848,617 975,726 923,983
SE 51,592 45,148 31,592 14,592 42,227
t 0,330 -1,630 0,790 0,230
? NS S NS s
Host 624,509 757,908 993,771 805,087 820,229
583,365  1054,403  1088,970  1056,248 777,820
650,574 922,347 86 75 879,458 867,432
555,928 1065,171  1116,928 952,705 999,744
593,654 1044,285 974,265 837,696 791,546
609,574 963,783 834,165 855,219 812,765
599,354 913,875 881,587 902,412 795,406
665,438  1053,032 781,598 837,696 835,506
Mean 610,208 971,850 917,069 890,815 843,804
SE 12,637 37,563 54,863 28,573 25,904
t 7,000 9,120 5,450 8,980 8,100
P 0,001 6,000 0,001 0,000 0,001
Hepatoma 3,359 4,400 %5008 5,566 3,759
4,808 7,180 5,717 5,031 5,444
3,037 3,521 4,642 5,603 4,401
2,713 3,521 5,31 5,060 5,409
2,280 5,209 2,932 3,880 4,453
2,280 3,145 3,145 4,401 5,409
2,289 7,051 4,401 4,405 5,409
2,283 5,803 4,401 7,520 4,525
Mean 2,881 4,984 4,197 5,183 4,851
SE 0,311 0,564 0,309 0,395 0,229
t 3,260 3,000 4,580 5,100

P 0,008 0,010 9,001 ,002



Table 3.40b

Control

Mean

Host

Mean

St

Hepatoma

Mean
8B
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A comparison of ARG Activities from untreated vs. hormone

treated control animals, hosts and hepatomas.
mainkained on a 107 protein diet.

Contyol

10,589

5,431
5,073
5,914
5,054
5,837
5,542
6,659
6,338
5,744
0,204
7,360
0,001

0,0382
0,0546
0,0410
0,0292
06,0213
0,0440
0,0210
0,0278
0,0346
0,004

Specific Activity

Pomett Glugagon P
& Glucagon

10,339 9,085 9,521
12,002 9,098 9,814
10,788 9,742 9,831
9,712 8,818 10,074
10,416 8,380 9,059
11,619 11,478 9,713
10,670 7,497 10,481
10,472 7,500 10,767
10,752 8,851 9,908
0,259 0,455 0,190
2,200 ~1,040 0,600
0,050 NS NS
7,579 11,109 8,472
10,544 10,890 12,425
8,784 8,652 9,772
10,145 10,16% 9,527
10,443 10,083 9,855
9,638 8,342 10,161
8,704 8,816 10,027
10,020 7,820 7,284
9,446 9,485 9,815
0,380 0,435 1,493
8,590 7,770 7,640
0,000 0,000 0,000
0,0629 0,0302 0,0784
0,1026 0,1143 0,0786
0,0303 0,0767 40,0789
0,07C4 0,0540 0,0804
04,0744 0,0586 0,0547
04,0500 0,0629 0,060
0,1007 0,074¢ 0,0621
0,116 0,0551 0,0040
0,0784 0,0720 0,0736
0,000 0,007 0,005
4,460 4y 740 6,310
0,001 0,0 0,000

Rats were

dBeAMP

9,468
9,125
8,200
9,365
9,500
8,135
8,167
9,368
8,914
0,222

1,400
S

10,936
10,371
11,566
13,330
13,192
10,837
13,270
14,758

0,0531
0,0656
0,0530
0,0652
0,0537
0,0652
0,0660
0,0550
0,059
0,002

5,260

9,000
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Table 3.41a A comparison of CPS Activities from untreated control vs.
hormone treated control animals, hosts and hepatomas. Rats
were maintained on a 22% protein diet.

Activity/g Liver

Control B Glucagon P, dBeAMP H
& Glucagon i
Gontrol 5,146 5,599 4,274 5,893 5,544
5,511 6,666 6,355 5,656 5,252 p
5,024 4,683 5,790 5,66y 6,438
5,028 4,921 5,146 6,613 5,968 i
5,131 5,514 6,691 5,231 6,389 !
65134 5,402 5,131 6,234 5,940
5,514 6,199 6,199 5,691 5,716 ;
6,134 4,387 6,134 5,614 5,370 ;
Hean 5,423 5,546 5,715 5,825 5,824
sk 0,164 0,296 0,284 0,150 0,157
£ 0,280 0,800 1,680 1,640 |
P §S NS NS n§ |
Host 2,366 4,022 5,862 5,046 5,311
3,366 3,386 5,958 4,446 5,978
2,916 3,386 6,150 6,246 4,572
2,772 5,862 6,150 4,846 4,574
3,136 4,110 5,960 5,700 5,804
2,982 5,044 5,740 5,304 4,502
2,676 5,464 5,350 5,084 5,026
2,832- 5,206 5,360 5,026 5,156
Mean 3,006 4,560 5,816 5,212 5,115
SE 9,092 0,138 0,112 0,194 6,200
t 13,030 4,430 19,390 10,250 9,590
1 0,001 6,002 0,001 0,001 .0,001
Hepatome 0,076 0,073 6,157 0,118 0,128
0,073 0,083 0,198 0,134 0,160
0,070 0,006 0,08% 0,105 0,158
0,077 0,084 0,086 0,102 0,078
0,069 0,120 0,092 0,069 0,110
0,078 0,097 0,086 0,070 0,078
0,050 0,136 0,100 0,084 0,101
0,077 0,098 0,066 0,072 0,106
Mean 0,071 0,098 0,109 0,095 0,107
SE 0,003 0,007 0,016 0,009 0,009 i
t 3,400 2,320 2,530 3,710
? 0,007 0,049 0,032 0,005
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Table 3.416 A comparison of CPS Activities from untreated control vs,
hormone treated contrel animals, hosls and hepatomas.
Rats were maintained on a 22% protein diet.

Specific Activity

contral Pomethasone Glueapom dBeANP
Gontrol 0,0343 0,0431 0,0342 0,0393 0,0370
0,0394 0,0444 0,0410 30377 0,0457
0,0305 0,0360 0,0374 . 380 0,0415 .
0,0372 0,0379 0,0332 05,0389 0,0412 H
M,0342 0,0368 0,0432 0,0399 0,0399
0,396 0,0427 0,0331 0,0367 0,0371
0,050 0,0413 0,0400 0,0379 0,0346
0,0454 0,0338 00,0396 0,0374 0,0358
Hean 0,0376 01,0395 0,0378 0,0382 0,0391
SE 0,002 3,901 0,001 0,001 0,001
t 0,500 0,060 0,380 0,730
P NS NS N§ NS k
Host 0,0269 0,0309 0,0468 0,0400 0,0331
0,0270  0,0292 0,0477 0,0342 0,0629
0,0233  0,0295 0,0402 0,0490 0,0381
0,0222  0,0451 0,9490 0,0439 0,0391
0,0250  0,0343 0,0477 0,0388 0,0464
0,0238  0,0388 0,0477 0,0408 0,0360
0,0191  0,0421 0,0428 0,0407 0,0402
0,0202  0,0405 0,0429 0,0402 0,0516
Mean 0,023%  n,0363 0,0467 0,0409 0,0459 4
SE 0,001 0,002 0,002 0,001 0,003 E
t 7,390 5,360 17,770 9,680 6,500 i
P 0,001 0,001 0,601 0,001 0,001 §
Hepatoma 0,0089 00,0086 0,013 0,011 U,011a
0,0073  0,0097 0,017 0,0120 0.t N
0,0075  0,0110 0,0102 a,0100 0,0140
0,0070 0,0100 0,0103 0,0160 0,0100
0,0081  0,1070 0,0111 0,0090 0,0100
10,0078 04,0087 0,0100 00,0090 0,008%
0,000 0,012 0,0091 a,0105 0,0092
0,00/¢ 94,0100 0,0080 0,5 0,0094
Hean 0,0070  0,0130 0,0110 n,01lm 0,0100
S8 0,000 0,002 0,000 Uy00 0,000
t 3,200 1,340 4,750 3,710
P 0,010 4,000 0,001 0,002




Table 3.42aA comparison of OTC Activities from control vs. hormone treated
contyol animals, hosts und hepatomas.

Coutrol

Mean

Mean
8%

Hepatoma

Mean
SE
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a 22% protein diet.

Control

203,428
198,118
185,266
187,019
192,944
166,123
208,393
190,943
191,529

4,584

170,520
170,520
161,937
161,413
173,452
177,243
166,930
153,786
166,975

Activiey/g Liver

P-methasone Glucagon

187,019
210,018
168,688
185,071
151,937
195,656
187,570
156,812
180,346
6,983
1,340
s

204,741
222,689
188,496
211,126
230,532
294,616
243,661
242,548
229,801
11,409
5,360
0,001

230,981
193,773
176,307
193,573
184,175
156,812
200,692
204,378
192,586

7,673

0,120
NS

236,430
219,295
201,132
183,663
309,658
266,606
253,595
236,943
238,414
13,926
5,040
0,001

P-methasone

& Glucagon

207,291
194,224
211,124
179,390
170,588
183,174
171,613
175,025
186,550
5,613
-0,690
NS

197,833
189,487
213,012
203,428
288,879
231,278
285,729
219,742
228,673
13,586
4,460
0,002

7,691
6,100
0,851
7,769
7,624
5,738
6,962
5,127
6,733
0,349
0,540
R

Rats were maintained on

dBeAMP

172,236
164,543
186,622
179,929
188,720
185,236
178,829
196,413
181,566
3,530
-1,720
§S

210,820
197,974
231,173
205,334
220,127
223,706
212,762
223,175
215,509
3,907
10,240
0,001
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Table3.42b A comparison of OTC Activities from control vs. hormene

Coptrol

Mean

SE

Mean

Hepatoma

Mean
SE

treated conktrol animals, hosts and hepatomas.
maintained on a 22% protein dict.

Control

0,0621
0,0691
0,0626
0,060
0,0624
0,0575
0,0542
0,065z
0,0617
0,004

3,870

0,001

P-methasone Glucegon

1,439
1,400
1,298
1,426
1,170
1,505
1,443
1,205
1,426
0,051
1,460
NS

0,08444
0,08107
0,07217
0,06969
0,05895
0,06500
0,06000
0,06600
0,06970
9,003

2,660

0,020

1,44
1,491
1,355
1,291
1,416
1,206
1,338
1,277
1,362
0,037
0,410
NS

1,991
1,754
1,609
1,459
2,064
2,133
2,029
1,896
1,867
0,084
7,230
0,001

0,07320
0,06600
0,07000
0,06485
0,06610
0,06175
0,06600
3,07100
0,06740
0,007,

5,700

0,001

Rats were

B-methasone  dBcAMP

& Glucagon

1,382
1,295
1,408
1,380
1,312
1,221
1,320
1,296
1,328
0,022

-0,510
ns

1,522
1,458
1,639
1,565
1,926
1,779
1,905
1,690
1,685
0,061
6,690
0,001

0,07700
0,07000
0,06835
0,07869
0,07624
0,06018
0,07010
a,05130
0,06850
0,003

2,230

9,040

1,378
1,431
1,204
1,241
1,180
1,425
1,376
1,309
1,318
0,035

0,620
NS

2,108

1,643

0,001

0,0638
©0,0621
0,0647
0,0667
0,0844
0,0683
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Table 3.43a A comparison of ASS Activities from control vs. hormone
treated control animals, hosts and hepatomas. Rats were
maintained on a 22% protein diet,

Activity/g Liver

Control f-merhasone Glucagon f-msthasone  dBAMP
¥ Glucagon

Control 2,338 1,858 1,358 2,078 2,269

2,208 2,090 2,228 1,858 1,439

1,483 1,360 1,893 2,070 1,863 l

1,750 1,750 1,495 2,078 2,100

1,576 2,182 1,641 1,821 1,576 i

1,573 2,267 1,467 2,394 2,203

1,646 1,524 1,430 2,264 1,375

1,700 1,984 2,162 1,977 1,586
Hean 1,797 1,875 1,709 1,970 1,801
SB 0,108 0,114 0,121 0,140 0,126
t 0,500 -0,540 0,980 0,030
4 NS NS NS NS

t

Host 1,320 2,764 3,452 2,692 2,188

2,224 3,304 2,916 3,528 2,742

1,700 3,220 3,684 2,236 2,762 .

2,168 2,236 2,220 3,200 3,173

1,134 2,197 2,157 2,123 2,268

1,509 1,877 2,541 2,173 2,827

1,128 2,754 2,124 2,188 2,380

1,084 2,262 2,039 2,500 2,516 . ;
Mean 1,533 2,577 2,642 2,587 2,607 |
g 0,163 0,182 0,226 0,191 0,117 :
t 1,350 4,270 3,980 4,190 5,370 H
13 NS 0,001 0,002 0,001 0,001

i

Hepatoma 0,083 0,158 0,173 0,106 0,176

0,066 0,106 0,114 0,096 0,174

0,007 0,113 0,111 0,117 0,255

0,075 0,169 0,082 0,110 0,296

0,084 0,102 0,141 0,106 0,134

0,125 0,143 0,092 0,140 0,146

0,131 0,209 0,172 0,131 0,118

0,081 0,187 0,172 0,172 0,140
Meau 0,093 0,148 0,132 0,122 0,180 . :
SE 0,008 0,018 0,013 0,009 0,022 ¢
3 3,460 2,520 2,430 3,660

3 0,005 0,029 0,028 0,005
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Table 3.43b A comparison of ASS Activities from control vs. hormone

Control

Host

Hepatoma

Moan
SE

treated control animals, hosts and hepatomas.

maintained on a 22% protein diet

Specific Activity

Control

0,0180
90,0170
0,0114
0,0135
0,0121
0,0127
0,0127
0,0131
0,0138
0,001

0,0098
0,0127
0,0097
0,0124
0,0076
90,0084
.0094

Opudes

0,0010
0,0008
0,0010
0,0008
0,0009
0,0012
0,0012
0,0007
0,0009
0,000

PB-methasone

0,0143
0,0161
0,0104
0,0135
0,0156
0,0170
9,0L17
0,0153
0,0142
0,001
0,370
NS

0,0213
0,0254
0,0248
0,0172
0,0169
0,0144
0,0212
0,0174
0,0203
0,002

5,780

0,001

0,004
0,0010
0,003
0,0015
0,0010
0,0013
15,0019
60,0017
0,0014
0,000

3,400

0,006

Glucagon

0,0113

0,0276
0,0233
0,0295
0,0178
0,0173
0,0203
09,0170
0,0164
06,0211
0,002

5,880

0,001

0,0021
06,0011
6,0011
0,0011
04,0103
0,0103
0,0016
0,0016
0,007
0,001
1,860
]

frmethasone

& Glucagon

0,0160
0,0143
0,0159
0,0160
0,0140
0,0137
0,0130

20,0152

0,0148
0,001
1,010
NS

0,0210

0,0013
0,0012
0,0012
0,0010
0,0013
0,0013
0,0012
0,0016
0,0013
0,000

3,590

0,003

Rats were

dBeAE

0,0151
0,0131
0,0113
0,0156
0,0143
0,0142
0,0123
0,0132
0,0137
0,001

-0,150
NS

0,0175
09,0289
0,0230
0,0254
0,0181
0,0202
0,0150
0,0201
0,0215
0,001

7,560

0,001

0.0016
0,0016
0,0024
06,0026
0,0012
0,0013
0,0012
0,0013
0,0016
8,000

3,310

0,004
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Table 3.44a comparison of AL Activities from control vs. hormone treated

control animals, hosts and hepatomas. Rats were maintained on
a 22% protein diet,

Activity/g Liver !
Control P-methasone Glucagon Prmethasone  dBoAMP |
& Giucagon i
Control 1,143 1,258 1,093 1,473 1,834 I
2,029 1,651 1,895 1,800 1,520 !

1,627 1,341 1,613 2,113 1,533

1,500 1,900 1,448 1,712 1,121

1,461 1,664 1,614 2,093 1,502

1,355 1,589 1,699 1,695 1,581
1,602 1,564 1,760 1,699 1,560 j
1,485 1,739 1,190 1,693 1,481 .

Nean 1,525 1,487 1,539 1,660 1,516
SE 0,089 0,081 0,098 0,099 0,069 :
t -0,131 0,110 1,010 0,070 b
P NS NS NS NS .

Host 1,422 2,013 1,852 2,468 1,757

1,347 2,051 1,852 2,291 1,805

1,760 2,531 2,196 2,093 1,935

1,500 1,688 1,920 1,900 1,950

1,299 2,029 2,374 2,029 2,300

1,178 2,071 2,176 2,160 1,786
1,338 1,847 2,114 2,986 1,974 H
1,254 1,736 2,505 1,829 2,010 . f

Hean 1,388 1,997 2,124 2,220 1,940
SE 0,063 0,093 0,085 0,131 0,061 h
t 1,250 5,420 6,940 5,730 6,250 i
» NS 0,001 0,001 0,001 0,001 p

Hepatoma 0,334 0,343 0,257 0,257 0,311

0,265 0,260 0,303 0,342 0,501

4,291 0,257 0,927 0,781 0,401

0, 280 0,269 11,349 0,280 0,315

0,242 0,312 0,340 0,362 0,342

0,286 1,292 4,298 0,256 0,315

0,252 0,112 0,312 0,260 0,428

0,294 0,322 0,270 0,324 0,320

HMean 0,281 0,204 0,307 0,295 0,367

B 0,010 0,012 0,011 0,015 0,025

t 0,86 1,730 0,820 3,210

r N N S 0,01




Table 3.44b A comparison of AL Activities from contrel vs. hormone treated
control animals, hosts and hepatomas, Rats were maintaised on
& 22% protein diet.

Specilie Activity

gontrol Brmethasone Glucagon P-methasome  dBCAMP

& Glucagon
Control 0,0076  0,0090 0,0073 0,008 0,0118
0,0145  0,0110 0,0115 0,0109 0,0132
0,0099  0,0100 0,0098 0,0128 0,0099
0,0111  0,0127 0,0096 0,0104 0,0077
0,0097  0,0110 0,0108 0,0127 0,0094
0,0087  0,0106 0,0113 0,0103 0,0100
0,0146  0,0104 0,0106 0,0103 0,0095
0,0110  0,0105 0,0079 0,0103 0,0129
Mean 0,0109  0,0107 0,0098 0,0108 0,0105
SE 0,001 0,001 0,001 0,001 0,001
3 -0,190 -0,090 0,060 -0,300
P N§ NS NS NS
Host 0,01%4  0,0155 0,0148 0,0165 0,0023
0,0108  0,0158 0,0150 0,0153 0,0019
0,0110  0,0195 0,0176 0,0161 0,0161
0,0120  0,0130 0,0154 0,0147 0,0156
0,010  0,0156 0,0190 0,0156 0,0184
0,0084  0,0160 09,0175 0,0166 0,0128
0,0081  0,0l42 0,0169 0,0200 0,0141
0,0089  0,0134 0,0200 0,0141 0,0161
Mean 0,0102  0,0155 0,0170 0,0161 0,0170
SE 0,001 0,001 6,001 0,001 0,001
3 0,63 6,040 8,410 7,560 5,970
? NS 0,001 0,001 0,001 0,001
Hepatoma 0,0020  0,0034 0,0031 0,0031 0,0037
0,0026  0,0029 0,0031 0,0035 0,0046
0,0028  0,0004 0,004 0,003 0,0036
0,0026  0,0052 0,005 0,0029 0,0036
0,0029 0,001 0,0034 0,0037 0,0041
0,0028 0,0029 0,0030 0,0030 ©0,0030
0,0027  0,0032 0,0032 90,0031 0,0040
0,0026  0,0033 0,0029 0,0033 0,0029
Mean 0,0027  0,0031 0,0032 0,0032 0,0037
SE 0,000 0,000 0,000 0,000 0,000
t 3,870 5,150 5,280 4,760 4,660 .

r 0,001 0,001 0,001 0,001 0,001
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Table 3.45ah comparison of ARG Activities From control ve. hormone

Cantrol

Mean
SE

Mean
SE

Hepatoma

¥ean
SE

-5

treated control animals, hosts and hepatomas.

maintained on a 22% protein diet,

Contyol

1005,194
1268,552
1122,482
100,000
1189,420
1349,669
105,392
1500,050
1230,094

55,914

1027,88%
1027,889
1215,840
1299,539
1110,018
1150,014
967,196
1192,242
1123,827
37,978
1,550

NS

10,414
9,718
9,816

10,000
9,129

10,430

11,036

10,834

10,173
0,222

Activivy/g Liver

B-methasone Glucagon

1526,520
1200,629
1191, 251
1100,000
1442,896
1282,890
1444 ,603
1391,395
1322,522

53,275

1,200
NS

1398,243
1366,142
1321,690
1571,355
1237,713
1238,588
1310,35%
1297,066
1340,130
39,610
3,940
0,001

8,174
5 658
13,035
10,226
7,342
8,584
9,658
10,632
9,164
0,794
1,220
NS

1233,717
1157,857
1612,099
1168,673
1330,448
1368,805
1323,427
1314,664
1313,710
50,742
1,110

NS

1723,573
1537,814
1564,662
1335,708
1354,251
1278,151
1295,722
1347,788
1429,706
56,449
4,440
0,001

f-methasone

& Glucagon

1200,402
1318,781
1278,522
1224,782
1275,795
1405,120
1644,560
150,717
1356,084
53,767
1,620

NS

1453,145
1425,298
1449 ,480
1459,858
1259,602
1274,323
1179,567
1178,428
1334,961

44,091

3,560

0,003

12,639
10,834

9,819
10,050
10,504
10,226
10,632
10,778
10,680

0,308

1,340
s

Rats were

ABCAMP

1022,328
1238,005
1197,598
1081,883
1341,777
1354,737
1339,896
1207,226
1222,930

43,999

-0,100
NS

1355,786
1399,497
1650,619
1403 ,308
1223,918
1611,359
439,717
1354,155
1429,793

49,474

4,830

0,001

12,880

9,429
10,974
10,100
10,122
10,700
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Table 3.45b A comparison of ARG Activities Ffrom control vs. hormone
reated control animals, hosts and hepatomas. Rats were
maintained on a 227 protein diat.

Specific Activity

Control  P-methesone Glucagon P-methasone  dBeAMP
T Eclucagon

Contral 9,3766 10,1768 9,8970  8,0027 9,1786
9,0611 10,4403 9,2529 8,7919 10,7653
8,0177 7,6855 10,0756 8,5235 7,7264
84,1500 7,8570 9,349¢ 8,1652 9,6551
7,9295 9,0181 9,8700 10,2064 8,3861
9,7075 8,0181 9,1254 9,3675 8,4671
9,6696 9,0288 9,8228 9,9570 9,2607
11,1115 9,280 9,7644 10,0048 92,9424
Yean 9,172 8,938 9,645 9,127 9,170
S8 0,370 0,366 0,12 0,309 0,343
3 0,450 1,240 -0,090 -0,010
P NS NS N8 us§
Host 6,9526 13,3167 11,4205 11,1780 10,8463
- 9,2231 10,7601 11,9293 10,9638 14,7315
7,5990 10,5735 12,0359 11,1500 13,7552
9,833 12,5708 10,2747 11,2297 11,2265
9,8801 9,9017 10,4173 9,8893 10,1993
9,2001 9,9087 9,9319 9,9025 11,5097
7,736 10,4829 9,9671 9,9736 10,2837
8,5160 10,3765 10,3676 10,7130 10,8332
Mean 8,180 10,9880 10,8020 10,6250 ° 11,6730
SE 0,387 0,446 0,309 0,214 0,589
t 1,030 4,02 4,410 4,540 4,340
b3 NS 0,001, 0,001 0,001 0,001
Hepatoma 0,0947  0,0743 0,0716 0,149 0,1171
0,0884 0,0656 0,0895  0,0985 0,0943
0,0892  ©,1185 06,1117 0,1155 0,1108
0,001 0,099 0,0085 0,094 0,0918
0,08%0  0,0854 0,0930  0,0950 0,0920
0,0948  0,1010 0,143 0,0940 0,073
0,1003 0,113 0,10% 0,0966 0,1137
0,0985  ©,1257 0,0993 0,098 09,1151
Yieau 0,093 0,071 0,0976 0,108 ©,1040
88 0,002 0,008 0,005 0,003 0,004
t 0,590 0,990 2,070 2,610

3 NS NS NS 0,021
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Table 3,462 A comparison of CPS Activities from untreated vs. hormone
treated control animals, hosts and hepatomas. Raks were
maintzined on a 75% protein diet.

Activity/g Liver

Contrel Pomethasone Glucagon Pomethasone  dBeAMZ

& Glucagon

Control 6,288 8,343 5,079 6,783 9,813
11,763 9,895 6,506 6,945 9,833
9,220 10,791 6,240 10,924 7,960
9,693 9,644 8,193 7,265 9,270
8,340 11,684 10,390 10,917 7,438
10,524 9,784 8,343 8,549 7,255
6,899 8,483 6,240 7,340 9,084
6,377 9,645 6,240 8,467 6,366
Mean 8,638 9,784 7,145 8,40 8,377
SE 0,714 0,388 0,601 0583 0,460
t 1,410 -1,590 -0,19 -0,310

? NS NS N§ ns
Host 5,449 10,776 6,108 6,696 8,109
4,765 6,249 5,412 6,528 5,818
5,387 5,553 7,941 6,696 7,481
5,252 6,249 11,370 9,066 5,600
4,582 8,109 5,690 7,505 5,600
5,008 5,818 8,100 6,700 6,794
4,583 5600 5,812 7,053 6,862
5,243 462 7,430 7,781 6,589
Mean nay 7 7,260 7,253 6,607
sE 0,123 0,602 0,700 0,302 0,321
t 4,980 9,240 3,110 6,790 4,571
b4 0,001 0,012 0,017 0,001 0,001
Hepatoma 0,288 0,450 0,325 0,300 0,317
0,294 0,257 0,425 0,325 0,324
0,282 0,420 0,925 0,327 0,448
0,280 0,350 0,305 0,333 0,520
0,309 0,357 0,309 0,209 0,360
0,307 0,308 0,312 0,401 0,377
0,300 0,400 0,372 0,408 0,368
0,276 1,325 0,317 0,379 0,350
Mean 0,292 0,958 0,135 0,7 0,384
58 0,004 0,023 0,015 4,015 0,024
t 2,840 2,730 3,400 2,760

P 0,022 0,026 0,009 0,007
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Table 3.46b A comparison of CPS Activitics from untreated vs. hormone
treated control animals, hosts and hepstomas. Rats wete
waintained on a 75% protein diet.

Specific Activit:

Control P -methasone Glueagon P-methasone  dBcAMP

& Glucagon
Control 0,0606  0,0556 0,0376 0,0522 0,0554
0,0759 00,0706 1,0492 06,0534 0,0656
,0,0738 0,0771 0,0462 0,0840 0,0578
0,0646  0,0643 0,0607 0,0582 0,0620
0,0556 G,0615 0,0769 0,0840 0,0750
0,0702  0,0652 0,0618 0,0658 0,0691
0,0552  0,0579 0,0500 0,0627 0,0606
0,0510  0,0771 09,0510 0,0651 0,0606
Mean 0,0609  0,0602 0,0544 0,0657 0,0634
58 0,004 0,003 0,004 0,004 0,0020
t 1,010 -1,040 0,780 0,520
k3 NS NS s NS
Host 0,0419  0,08%0 0,0510 0,0515 0,0772
0,0341  0,0508 10,0481 0,0502 0,0484
0,0450 0,0427 09,0659 00,0558 0,0524
0,0477 0,0369 0,0948 0,0756 0,0700
0,0416 0,0872 0,474 0,0577 0,0533
0,0401  0,0485 0,0675 0,0515 0,0850
0,0306 0,0510 0,0684 0,0588 0,0572
0,0420 0,0624 0,0624 0,0648 0,0549
Mean 0,0404 0,0596 0,0607 0,0582 0,0623
SE 0,002 0,006 0,006 0,003 0,005
€ 4,290 3,040 1,370 4,970 4,290
? 0,001 0,016 9,005 0,001 0,001
Hepatoma 0,0440 0,0560 00,0410 G,0430 0,0450
04,0450 0,020 04,0031 0,01430 0,0450
@,0%0 DD 0,060 0,050 0,0640
(V2T 0,0470 04,0350 0,0420 0,0660
0,0480 0,0450 0,0390 0,0430 0,0310
0,0470 0,090 0,045 0,0410 @,0540
0,0360 0,053 14,0500 0,0460 0,0530
10,0300 0,030 0,007 0,0470 0,0440
Maan 0,0390  0,0470 00430 0,0410 0,0530
58 0,000 0,000 0,000 0,000 0,000
t 1,770 1,040 0,630 3,360

r N8 NS NS 0,005




Table 3.47a A comparison of OTC Activities from untreated vs. hormone

Cankrol

Mean

Mean
SE

Hepatoma

Mean
sE

- 221 -

treated control animals, hosts and hepatomas.

maintained on a 75% protein diet.

Activity/g Liver

Control  fmethasone Glucagon
252,898 264,969 311,718
311,128 342,830 231,847
377,571 401,572 273,028
362,515 340,302 299,291
457,284 441,392 367,542
371,558 387,549 413,036
425,312 311,718 341,317
373,451 343,848 374,510
366,414 356,272 626,536
22,351 19,436 20,906
~0,140 -1,300
NS NS

273,333 401,629 347,350
315,504 405,610 367,542
331,121 343,211 363,748
331,997 366,743 383,212
279,220 375,072 375,967
291,327 335,073 395,094
287,865 389,980 388,022
280,654 365,073 360,077
286,377 375,299 372,632
15,936 7,842 5,611
2,92 5,010 5,110
0,011 0,001 0,001
8,505 9,436 9,147
7,943 9,134 9,908
2,658 9,208 9,140
9,134 10,070 10,020
9,000 9,355 9,046
8,962 9,010 9,818
8,480 9,108 4,249
8,478 10,003 9,898
8,764 9,432 9,553
0,189 0,140 0,140
2,840 3,360

2,014 0,005

f-methasone

& Glucagon

306,516
290,973
298,269
312,225
316,856
263,375
403,543
425,312
326,996

20,028

-1,310
NS

359,496
393,776
354,743
381,218
395,752
367,077
376,700
365,955
374,339

5,372

5,230

0,001

9,907
9,807
9,585
10,001
9,800
9,787
9,485
9,954
9,791
0,063
5,15
0,001

Rats were

dBcAME

363,076
376,924
368,846
396,732
355,383
390,386
395,771
305,387
369,063
28,411
1,290
ns

375,967
344,738

7,428
7,027
9,560
9,637
10,556
10,683
10,006
11,537
9,554
0,556
1,350
NS
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Table 3.47b A comparison of OTC Activities from untreated vs. hormone
treated contrpl animals, hosts and hepatomas. Rats were
maintained on a 75% protein diet,

Spa Ac ty

Control P-merhasone Glucagon Pomethasone  dBeAMP

& Glucagon
Control 2,020 2,208 2,309 2,358 2,420
2,074 2,856 2,275 2,645 2,513
2,517 2,769 2,022 2,712 2,459
2,417 2,936 2,216 2,838 2,545
3,049 3,044 2,723 2,881 2,369
2,477 2,673 2,754 2,394 2,503
2,835 2,598 2,529 3,104 2,262
2,490 2,865 2,774 2,835 2,036
Mean 2,485 2,820 2,450 2,721 2,393
SE 0,122 0,144 0,101 0,089 0,061
t 1,780 -0,220 1,560 ~0,680
P NS NS NS NS
Host 2,103 3,347 2,672 2,996 3,581
- 2,254 3,380 2,827 3,281 2,552
2,365 2,620 3,031 2,667 2,741
2,371 3,036 3,193 3,177 3,119
2,538 3,126 2,892 3,298 3,496
2,331 2,959 3,039 3,059 3,424
1,919 2,7% 3,234 2,932 2,928
2,245 3,042 2,005 3,050 2,852
Mean 2,266 3,040 2,987 3,058 3,087
SE 0,066 0,091 0,066 0,072 0,134
3 1,580 6,870 7,710 8,050 5,470
P NS 0,001 0,001 0,001 0,001
Hepatoma 0,118 0,114 0,124 0,14 0,106
0,114 0,142 0,114 0,123 0,101
0,113 0,125 0,128 0,120 0,136
0,134 0,134 0,118 0,125 0,112
0,116 0,114 0,123 0,140 0,151
0,113 0,140 0,140 0,122 0,153
0,123 0,123 0,120 0,120 0,143
0,133 0,132 0,117 0,124 0,145
Mean 0,121 0,128 0,127 9,127 0,133
SE 0,004 0,003 0,003 0,003 0,006
3 1,470 1,420 1,480 1,830

r NS s NS s
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Table3 48a A comparison of ASS Activities [rom untreated vs. hormone
treated control animals, hosis and hepatomas. Rats were
maintained on a 75% protein diet.

Activity/g Livex

Control fomethasone Clucagon P-methasone dBCAMP

& Glucagon
Control 2,397 3,077 2,811 3,118 3,056
3,197 2,872 2,488 2,766 2,048
2,773 2,570 3,261 3,145 2,730
2,276 3,057 2,648 2,429 3,3%
3,156 2,259 3,556 3,053 3,577
2,259 2,561 2,432 2,519 3,536
3,190 2,965 2,835 2,364 3,100
3,298 2,715 3,118 3,330 3,806
Hean 2,818 2,760 2,906 2,841 3,194
BE 0,159 0,101 0,138 0,131 0,214
t ~0,310 4,420 0,110 1,410
P NS S NS NS
Host: 1,649 3,465 3,653 3,244 2,360
= 2,460 3,037 3,344 3,642 3,062
2,251 3,123 3,274 3,258 3,378
1,962 3,135 3,724 3,246 2,516
2,400 3,546 3,563 2,424 3,008
2,466 4,032 3,434 3,462 3,053
2,270 4,123 3,427 2,587 3,478
1,679 4,135 4,052 3,000 3,595
Hean 2,141 3,575 3,559 7,213 3,106
SE 0,199 0,165 0,089 0,114 0,114
1 3,420 7,060 9,580 6,640 5,870
P 0,004 0,001 0,001 0,001 0,001
Hepatoma 0,214 0,258 0,233 0,183 0,234
0,183 0,283 0,214 0,185 0,243
0,124 0,287 0,224 0,201 0,275
0,225 0,298 0,254 0,240 0,240
0,123 0,263 0,274 0,253 0,263
0,15 0,357 0,244 0,307 0,357
0,29 0,216 0,704 0,287 0,267
©,175 0,285 0,205 0,250 1,240
Mean 0,179 0,276 0,236 0,245 0,265
8" 0,015 0,014 0,007 0,017 0,014
[ 4,720 3,340 2,810 4,110

3 0,001 0,008 0,014 0,001
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3
Table3.48b A comparison of ASS Activities from untreated vs. hormone '
treated control animals, hosts and hepatomes. Rats vere §
maintained ou a 7S% protein diat. 3

Specific Activity !
Control  fhmoethasone Glucagon P-mathasone dBeAMP
§ Elucagon :
Comtrol 0,015  0,0205 0,0194  0,0240 0,0204 ,
- 0,0213  0,0205 0,019 0,013 0,064 4
0,022 0,019% 0,027 0,0210 0,0182
0,0182  0,0204 0,019 0,086 0,0180 .
0,020 0,018 0,0200  0,0204 0,0202
0,0181  0,0205 0,010 0,0229 0,0241
0,0206  0,0212 0,0193  0,0215 0,0177 \
0,013 06,0217 0.0183 0,022 0,028
Mean 0,057  0,0204 0,007 0,0215 0,091
sE 0,001 0,002 0,001 0,000 0,001
€ 1,020 0,060 1,820 -0,550
¥ u§ N Ng s ;
Host 0,0127 0,022 0,081 0,071 0,0282
0,0176  0,0196 0,0257  0,0804 0,0236
0,018  0,0223 0,0273  0,0245 0,0282
00164 0,0202 0,0266  0,0271 0,0252
0,0218  0,0229 0,0274 10,0285 0,0296
0,0197 0,028 0.0266  0,0280 0,0291
0,015  0,0295 00286 0,0215 0,0274
0,013 0,0295 0,0289 10,0226 0,0299 :
Mean 0,0169  0,0244 0,0274  0,0263 0,0276 :
SE 0,000 0,001 0,000 0,001 0,001 ;
t 2,22 4,09 8,80 5,960 7,880 .
3 0,050 0,001 0,001 0,001 0,001 !
Hepatoma  0,0026  0,0032 0,0020  0,0025 £,0033
0,0022  0,0035 00031 00025 0,0035
0,0014 0,0018 0,0032 0,0025 0,0035
6,0025 0,0032 10,0032 00,0070 40,0030
00,0015 a,0032 4,003% 0,0035 0,0037
0,0019  0,0043 0,003 0,0033 0,0036
040026 0,0031 0,030 40,0036 0,003%
0,019 0,0038 0,003 0,0031 0,0300 i
Mean 0,001 0,0035 0,002 0,003 0,0034
51 0,000 0,000 0,000 0,000 9,000
t 6,380 6,150 3,960 3,250

P 0,001 0,001 0,001 0,006
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Table 3.49a A comparison of AL Activities from untreated ve, hormone
treated control animals, hosts and hepatomas. Rats were
maintained on a 757 prutein diet.

Gontrol [P-methagone Glucagon Pemethasome  dBeANE

& Glucagon
Control 4,546 4,488 &,747 3,587 3,942
4,637 4,231 4,501 4,922 4,320
5,644 5,808 5,682 3,812 3,921
. 4,226 4,909 5,252 4,990 4,982
4,315 5,067 3,487 4,792 5,018
4,533 5,041 5,175 4,324 4,935
5,425 4,650 4,337 4,734 4,79
5,064 5,780 4,792 4,753 4,823
Mean 4,789 4,997 4,747 4,489 4,592
SE 0,184 0,201 0,236 0,187 0,163
¢ 0,730 -0,17 -1,180 -0,840
13 NS NS L1 NS
Host 3,088 3,957 3,795 3,950 3,706
3,344 4,092 4,159 4,070 3,541
3,212 4,170 4,435 4,094 3,457
3,064 4,055 4,140 4,123 4,359
3,245 4,197 3,668 3,940 4,09
3,204 3,926 4,237 3,787 4,419
3,434 4,171 4,816 3,926 5,249
3,370 4,902 4,138 3,99 4,009
Mean 3,245 4,185 4,174 3,986 3,979
SE 0,047 0,109 0,126 0,039 0,131
& 8,180 7,9% 6,920 12,210 5,270
P 0,001 0,001 0,004 0,001 0,001
Hepatoma 0,612 0,625 0,566 0,615 0,634
Gy oem  omm o ol6
0,66 0,6 7,540 0,576
0,150 0,010 w17 0,655 0,638
0,670 0,654 0,632 0,623 0,630
0,595 4,632 0,630 0,603 0,638
0,632 0,612 0,038 1,623 0,638
0,613 0,634 0,601 0,621 0,635
Mean 0,610 0,632 0,607 0,b10 0,632
s 0,014 0,008 0,009 0,010 0,003
t 1,700 -0, 200 0,020 1,580
P Ng NS NS N§-

]
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Table 3.4%b A comparison of AL Activities [rom untreated vs. hormone
treated control animals, hosts and hepatomas. Raks were
maintained on a 752 protein diet.

Specific Activity

Coutrol P-mothasone Glecagon P-methasone  dBeAMP

& _Glucagon
Control 0,0303 0,0359 0,0352 0,0325 0,0394
0,0371  0,0339 0,0333 0,0380 0,0346
0,0376  0,0387 0,0379 0,0346 0,0373
0,0338  0,0393 0,0351 0,0394 0,0332
0,0345  0,0362 0,0258 0,0370 0,0335 :
0,0363  0,0360 0,0345 0,0393 0,0353 :
0,0352  0,0372 0,0321 0,0364 0,0344
0,0338  0,0395 0,0355 0,0366 0,0222 '
Mean 0,0348  0,0371 0,0037 0,0367 0,0350
SE 0,001 0,001 0,001 0,001 0,001
t 2,100 ~0,760 1,630 0,140
® NS NS NS NS |
:
Host 0,0238  0,0330 0,0292 0,0329 0,0353
= 0,0260 0341 0,0320 0,0339 0,0274
0,0268  ©,7298 0,0370 0,0315 ©,0290
0,0280 0,038 0,0345 0,0344 0,0363
0,0296  0,0350 0,0282 0,0328 0,0400
v,0256  0,0327 0,0326 0,0320 0,0421
0,0230  0,0321 0,0371 0,0327 0,0437
0,0270  0,0377 0,0345 0,0333 0,0334 ' !
Mean 0,0260  0,0336 0,0331 0,0329 0,035¢ i
SE 0,001 0,001, 0,001 0,001 0,002 k
t 7,72 6,610 5,070 8,040 4,460 ‘
P 0,001 0,001 0,001 0,001 0,001 !
i
Hepatoma 0,0074  0,0078 0,007t 04,0088 06,0091
0,0064 0,0078 0,008 0,0071 0,0087
0,008 ¢4,0092 0,0079 0,0072 0,0091
0,005% G,0084 0,0072 10,0092 0,0091
0,0076  0,0079 0,0079 0,0089 0,009
0,0071 0,0079 0,000 0,0075 0,0691
0,0070 0,0082 1,095 0,0078 0,0092
0,0069  0,0095 0,007 0,0078 0,0091
Mean 0,0072 0,0084 00,0080 0,0080 0,009t
SE 0,000 0,000 0,000 0,000 0,000
t 2,790 1,700 1,550 5,130
P 0,016 NS NS 0,001
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Table 3.508 A comparison of ARG Activities from untreated vs. hotmone
treated control animals, hosts and hepatomas. Rats were
maintained on a 75% protein diet.

Activity/g Liver

Control PBrmethasone Glucagon P-methasone  dBeAMP

& Glucagon
Control 1847,569 1859,747  1555,365  1451,201 1442,426
1878,565 1822,629 1485,165  1897,878 1951,810
2036,912 2013,471  1437,571  1887,787 2043,780 [
*1916,9"4  1990,745 1512,122  1664,685 1821,110 .
1903,155 1806,373 1740,670  1859,991 1765,017 K
1831,948 1572,082 1740,670  1828,875 1947,108
1742,650 1650,727 1850,727  1757,631 1649,560
1674,952 2167,529 1850,727  1780,893 2056,608
Mean 1853,085 1850,436 1646,628  1766,115 1834,675
SE 39,305 68,943 59,347 52,556 74,702
3 0,09 -2,900 -1,330 ~0,220
P NS 0,013 NS N§
Host 1528,075 2485,772 1982,869  1898,243 1851,865
1171,128 2055,879 1652,793  1818,276 1641,603
1518,862 2097,992 1824,770  1792,582 1699,180
1278,166 1857,191 1700,646  1898,063 1882,376
1208,673 2079,929 2058,992  1988,403 1667,496
1355,755 1785,911 1999,889  1881,776 2155,077
1345,308  1918,200 1851,865  1929,280 2094,715
1457,819  1677,090 2094,207  1767,053 1918,142 '
Mean 1357,972 196,993  1895,752  1871,457 1863,804 :
S8 47,911 88,179 58,020 26,150 67,695 :
t 7,990 6,370 7,150 9,410 6,100 L
14 0,001 0,001 0,001 0,001 0,001 H
;
Hepatoma 10,875 10,710 12,424 12,578 11,273
11,615 10,498 12,542 12,567 12,108
11,775 10,795 11,920 10,127 11,950
11,199 10,420 14,607 13,702 12,195
10,045 13,706 10,515 11,055 11,411
10,437 12,121 11,785 10,723 10,205
10,719 11,025 11,978 9,998 10,962
9,513 10,532 10,050 12,075 10,288
Mean 10,772 11,218 11,98 11,603 11,299 '
SE 0,272 0,405 0,494 0,469 0,275
t 0,910 2,150 1,530 1,360
P N8 NS NS nNg




Table 3.50b A comparison of ARG Activities .rom untreated vs, lormone

Control

Mean
SE

Hepatoma

Maan
114
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treated control amimals, hosts and hepatomas, Rats were
maintained on a 75% protein diet.

Gonrrol

11,920
12,12
10,721
12,367
12,280
11,703
11,243
10,805
11,643

0,230

11,754
9,365
12,657
12,782
10,988
10,946
8,969
11,663
11,141
0,492
0,93
N8

0,1279
0,1356
0,1280
0,1217
0,1192
v,1228
0,1156
0,1034
0,1217
0,003

>

12,000
11,760
13,423
13,272
12,044
12,576
13,206
12,385
12,583

0,238

1,900
NS

17,756
16,714
15,138
14,861
13,995
14,520
14,756
12,901
15,330

0,524

0,1306
0,1305
0,1440

11,964
11,424
11,058
11,632
11,605
11,608
12,338
10,887
11,564

0,164
0,290
NS

16,524
13,218
13,034
14,172
17,158
16,251
13,275
17,452
15,136

0,670

4,810

0,001

0,1553
0,1792
0,1402
0,1727
06,1314
0,1684
0,1609
0,182
92,1508
0,006

3,480

0,004

B-mnthasone dBcAMP

& Glucagon

11,193
12,553
12,586
12,805
12,400
12,193
11,718
11,872
12,165

0,171
1,520
NS

15,819
14,783
14,574
15,431
16,570
15,300
15,659
14,365
15,313

0,257

7,510

0,001

0,1796
0,1267
0,1141
0,1713
0,1579
0,1073
N
v 1509
v,139%
0,010

1.700
N§

17,636
13,690
14,160

09,1610
0,1659
0,1537
0,1544
0,1630
0,140
0,1502

[
!
}
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In order to fu “+2r investigate factors regulating the levels of

urea cycie em ymes, a study was made of dietary and hormonal regulation
of these enzymes in normal liver, in hepatoma and in the host liver

of hepatoma-bearing animals. ’

The purpose of the first experiment was to study the velationship
of uree cycle enzymes in the three liver type: in thirty five-day old
rats maintained on a 22% protein diet, The rats were trained to an
B8~16' feeding regime and were fed normal laboratory food pellets for
one week prior to sacrifice., All animals were sacrificed at 1UW00
hours .  Results are expressed as activity/gram liver, specifie
activity and percentage of control, and are shown in the tables of
results. Also shown arc the means of the results of eignt individual
experiments  standard errors. The standard student t-test was
performed to determine the significance of differences found,
Probabilities (P) of less than 5% nre considered as significant,

From £ig 3.29 it can be seen that all five enzymes are roxrelated.
There is a large significant drop in the activity of these enzymes in
the hapatoma as compared with tho control livers ¢f nonhepatomaw—
bearing animals, The results are similar when espresged either as
activity/gram liver or as specific activity, This sugpests that the
drop is specific and not duc to some component in the liver such as
total liver prokein content, carbohydrate or water,

h
il
il
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The figures 3,30 to 3.34 show the effect of diet on the activities of urea
cyele enzymes in normal livers, hepatomas and the host livers of hepatoma-
bearing saimals. The experimental conditions were as described previously.
The enimals were trained to diets containing 0%, 10%, und 75% protein for

one week prior to sacrifice,

From these :.sults ik can he seen that the decreasc in activities in enzyme
levels in the host livers and hepatomas occurs on all the dlets and that the
behaviour of all the urea cycle enzymes is correlated., The fact that the drop
oeeurs on all the dieks argues sgainst the possibility of the hapatoma exerting
a starvacion effect on the host liver through preferential use of metabolites
such ag amino aclds since the drop is seen in rats maintained on a 75% protein
diet where amino acid levels are not limiting., These results do suggest the
possible existence of a humoral substance which could cause a drop in the
activity of the urea ecycle enzymes in tumour-bearing animals.
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Fig. 3.30 Activity/g liver and specific activity of CPS from un-
treated hoat livers and hepatomas exprossed as a ¥ of untreated control
liver. Rats were maintszined on vnrious protein diets.
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Protein Activity/G Liver  Specific Activity
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Fig. 3.31  Activity/g liver aund vpecifir ~t jity of 0IC from un-
treated host livers and hepatomas expresseu . % of untreated control
livers. Rats were maintained on varicus prote. diets,
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Flg, 3.3%2  Activity/g liver and specific aclLivity of ASS from un-
treated host livers and hepatomas expressed na o % of untreated cone
trol livers. Rors werr mainkained un varivus protein dieta,
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Protein Activity /G Liver Specific Activity

Diet o] pommm— —~
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Fig. 3.33 Activity/g liver and speciflc activity of AL from
untreated host livers and hepatomas cxpressed dg a % of untreated

control llvers.

Rats were waintained on various protein divts.
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rig. 3.35 Activity/g liver of GPS from hormone tveated .

host livers expressed as a % of control untreated host livevs
of rats maintained on various proLein dlets,
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Fig., 3.36 Speed fic actlivities of CPS from hormone treated
host livers exprossed as a % of coutrol untreated host livers
of rats maintalned on various protein dicts.
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Tig. 3.37  Activity/y liver of CPS from hormone treated
hepatomas expressed aa n 7 of control untreated hepatomas
From rats maintalned on various protein deits,




Percentage of Control

- 240 -

Specific Activity (Hepatoma)
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Mg, 3.38 Specific activities of CP§ from hexmone tvcated
hepatomag cxpressed as o ¥ of control untreated hepatomas
from rats maintained on various protein diets.
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¥ig. 3.39  Activity/g liver of OTC Erom hormone treated
host livers expressed as a % of control untreated host
livers of rats meinktained on various protein diets.
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Fig, 3.43 Activity/y liver of ASS from hormone Lreated
host livers expressed as a 7 of control untreated host livers
of rats maintained on various piotein dicts.
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Table 3.51

Cantrol

o

29,23

53,98
100,00
158,40

s

77,61

98,14
100,00
153,90

AL
86,24
70,16

160,00
304,69

are

47,48
77,71
100,00
191,31

v
52,51
76,31

100,00
150,65
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Activities of wrea cycle enzymes £rom hormone-

untreated controls, hosts and hepatomas from rats

maintained on a 0%, 10% or a 75% protein diet
expressed as a % of levels in rats maintained on
a 22% protein diet.

Activity/g liver Specific Activity
Host lepatoma Coutrol Host Hepatoma
38,72 19,52 35,11 52,16 31,43
66,00 98,17 76,70 85,04 33,40
100,00 100,00 100,00 100,00 100,00
167,47 410,12 161,97 172,65 557,14
73,32 51,96 83,87 58,10 42,85
82,25 76,53 98,64 85,34 90,48
100,00 100,00 100,00 100,00 100,00
139,66 101,66 130,02 145,69 109,62
71,61 21,35 73,98 70,01 37,04
73,65 39,00 94,78 88,33 40,70
100,00 100,00 100,00 100,00 100,00
233,79 217,08 303,61 254,70 266,67
38,52 18,76 50,54 52,18 33,06
62,69 46,42 86,21 85,42 64,3
160,00 100,00 100,00 100,00 100,00
171,51 134,40 159,40 198,18 196,11
45,17 18,12 54,67 52,78 30,60
54,31 28,32 95,5t 66,65 37,41
100,00 100,00 100,00 100,00 100,00
120,84 105,89 115,88 129,78 131,58

%
Dietary
Protein
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Table 3.52A Activities as % of control liver for CPS.
Control B [ B cAME
Protein

T jose Mg 72,98 100,31 118,60 89,54 96,81
5.4, 92,42 112,88 132,58 109,09 108,33

0
ey ME 0,87 0,94 1,44 1,60 1,10
P oSAL 17,42 18,94 29,55 30,30 22,73
ost Mg 67,56 T17,36 110,13 105,37 94,83
sS4, 69,10 117,71 112,85 120,83 131,94

10
rep, Ms 2,37 2,78 3,21 2,9 3,03
Pe§A, 24,30 38,19 41,67 38,18 30,%
tosr Mg 35,13 §3,62 105,66 95,56 63,80
S.A. 62,23 97,07 126,20 109,78 122,07

22
fep, Mg 1,31 1,81 1,99 1,74 1,97
Pe 5. 19,61 29,26 29,26 25,26 25,60
Tosc Mg 55,8 B35 83,87 83,97 75758
S.A. 65,34 91,87 99,67 95,57 102,29

75
heo, Mg 3,38 4,15 3,89 4,00 4,45
P S.A. 64,04 77,18 70,61 67,32 87,03
Table 3.528 Host activities as a % of Control Hout.

Hepatoma activities as a % of Control Hepatoma.

Control B g BG cAMP
osu Am 100 137,63 162,71 122,90 132,82
.4, 100 122,13 143,44 118,03 117,21

°
ep, Ms 100 107,91 Ta6,4t 187,05 129,50
P 5.4, 100 108,70 14057 173,91 130,43
tost AT 100 179,86 163,10 155,56 136,80
8.4, 100 170,35 163,32 174,87 190,95

10
ftep, A8 100 117,02 135,19 124,61 127,47
P 5.4, 100 157,14 171,43 157,16 127,14
toet AET00 51,70 97,48 173,39 170,16
8.4, 100 120,75 199,57 174,79 195,16

22
e, Alg 100 139,20 152,67 193,43 150,56
P g A. 100 157,14 157,14 142,86 142,86
ose ME 100 135,66 143,82 144,08 131,31
5.4 100 147,52 150,25 144,06 154,21

75
fep, Ma 100 122,60 114,73 119,84 131,16
P g.A. 100 120,51 110,26 105,13 135,89

Alg = Activity/y Liver
S.A. = Specific Activity
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Table 3,53 Activities as % of control liver for OTC.
%
Protein Control B G 36 chNP
Hose M8 70,73 89,84 122,60 99,52 95,47
8.h, 77,57 93,31 125,10 100,53 99,02
0
tep, B 1,35 1,40 1,67 1,32 1,22
Peos.A. 2,59 2,85 3,19 2,59 2,56
Hose A 10,32 91,35 310,75 89,96 85,08
S.A. 69,26 85,47 89,52 95,23 121,75
10
hep, Al 2,01 2,57 2,52 2,47 2,62
PogA, 2,55 3,82 4,25 3,64 3,50
Wose A3 87,18 119,98 134,48 119,39 112,52
S.A. 87,28 131,47 139,59 125,37 139,10
22
hep. M8 3,41 3,6 3,47 3,52 3,66
P s 4,59 5,19 5,01 5,10 5,03
wose Mg 79,16 102,42 51,70 102,16 35,55 !
S.A. 91,19 122,33 120,20 123,06 124,23 :
75
rep, A8 2,39 2,57 2,61 2,67 2,61
P SA. 4,87 5,15 5,11 5,11 5,37
Table 3.53 Host activities as a % of Coutrol Host.
Hepatoma activities as a Z of Control Hepatoma.
Contrgl B G b SAMP
tose Mg 100 127,03 173,35 140,72 134,99 i
s.4. 100 120,28 161,27 129,60 127,65 |
o }
ep, Ms 100 104,09 123,63 99,69 90,68 ;
P 5.4, 100 110,29 123,53 100,00 99,00 I
Hose Mg 100 129,68 30,46 127,95 120,97
5.4, 100 133,00 137,36 149,75 199,46
10
fep, Ms 100 122,29 125,15 122,64 129,76
P S 100 149,76 167,00 143,07 139,29
toge MB 100 137,63 ThZ,78 19595 129,07
SWA. 100 150,64 160,00 143,64 159,33
22
fep. ME 100 106,00 101,99 103,25 107,39
P54, 100 112,97 109,26 111,02 109,56
tose Mg 100 31,07 190,15 130,73 122,87
SA. 100 134,16 131,82 134,05 135,23
75
liep, Mg 100 107,62 109,00 111,72 109,01
*s.A. 100 105,79 105,00 105,00 110,25
Alg = Activity/g Live
b S T O
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Table 3.54 A Activities as % of control liver for ASS.
Brotein Control B [ 36 cANP
hose ME 69,87 99,45 101,80 103,17 99,29
S.A. 79,91 109,84 109,52 114,97 102,72

)
nep. Mz 7,48 11,03 9,290 10,38 10,38
Pe 8.4, 15,66 23,13 19,73 20,41 20,41
osc MB 19,10 150,22 179,47 175,02 153,48
S.A. 54,48 143,45 175,86 159,31 177,93

10
u Alg 12,73 17,10 17,67 19,51 17,95
P 5.A. 13,20 24,14 31,01 24,82 17,93
Host A& 85,31 143,41 147,02 143,96 145,08
Ao 71,76 147,10 152,90 139,41 155,80

22
hep, M8 5,18 9,24 7,35 5,79 10,02
Pr 5.4, 5,52 10,15 25,81 9,40 11,59
Host Alg 75,98 125,86 125,30 114,74 110,22
75 S.A. 85,79 123,86 139,09 133,50 140,10
Hap, ME 5,38 9,79 9,37 9,69 9,40
Pe 5.A. 10,66 17,77 15,24 15,22 17,26

Table 3.54 B Host activities as a % of Control Host.
Hepatoma activities as a % of Control Hepatoma.

Control B < BG CAMP
osr AlE 100 144,41 147,81 149,80 144,17
©85t 8.4, 100 137,93 139,79 145,69 130,17

0
ep, A5 100 147,45 124,09 139,68 139,69
Pr 5.4, 100 147,83 125,09 130,43 130,43
] Host g 160 195,75 235,62 221,26 94,04
98t §.A. 100 263,29 322,78 292,41 321,58

10
M Alg 100 134,25 139,67 145,30 140,88
P 5.A. 100 184,21 235,86 189,47 135,84
lost Ay 00 169,10 72,3 169,75 170,06
98t g AL 100 205,05 213,13 192,93 217,17

22
" Ay 100 159,14 141,94 131,18 193,55
- g4, 100 155,56 211,11 144,46 177,78
Host Mg 100 165,98 165,23 151,00 145,67
$.A. 100 144,38 162,13 155,62 163,31

75
Hep. Alg 100 154,19 131,84 135,87 149,05
$.£. 100 165,67 152,38 142,86 161,90

Alg = Activity/g Liver

A.8. = $pecific Activity




- 281 -

Table 3.554  Activities as % of control iiver for AL.
%
Protein Contrel 3B 6 BC CAMP.

Alg 98,05 106,35 131,67 114,15 184,24

Host 'S, 105,88 112,22 14,11 123,33 145,56

o
vep, Mg 5.9 6,04 7,92 8,12 6,63
< A8, 11,76 11,76 15,29 16,47 11,76
Hose ME 9,00 37,06 155723 135,61 116,36
A.S. 86,09 117,39 142,61 135,65 158,26

10
nep. MB 10,26 11,22 11,82 11,41 11,58
Pe s.A. 9,57 13,91 15,65 13,91 14,78
ost ME 95,02 134,29 135,27 145,50 123,21
s.A. 93,57 130,95 155,96 147,70 155,96

22
hep, Me 18,48 19,27 20,13 19,34 24,65
Peos.A. 24,77 28,44 29,36 29,36 33,9
st 38 67,62 ) 83,06 82,15 82,19
S.A. 14,71 96,55 95,11 95,54 103,16

5
hep, Mz 12,71 13,17 12,65 12,72 13,16
P 5., 20,68 24,14 22,99 22,99 25,86
Table 3.55 B Host activities as a % of Control Wost.

Hepatoma activities as a % of Control Hepatoma.

Sontrel B o BG e
wose Mz 100 108,02 133,74 115,95 166,83
o8t $.K. 100 112,22 141,11 123,33 145,%

0
ep, Mg 100 101,67 193,33 136,69 111,67
®Pe g.A. 100 100,00 130,00 140,00 100,00
tose Mg 100 31,39 167,10 145,08 125,25
95t 5.A. 100 196,36 165,66 157,58 183,84

10
wep. A8 100 109,48 125,42 111,41 114,05
Peos.A. 100 145,45 163,64 145,45 154,56
toer MB T 143,88 755,03 159,90 139,80
S, 100 151,96 166,67 157,86 166,67

22
fep, A L0 104,63 100,25 104,95 130,60
P S, 100 114,81 118,52 118,52 137,04
woee Mg 00 28,97 98,65 T8 T35, 58
s.A. 100 129,23 137,31 126,56 138,08

75
wep, Mg 100 103,61 99,51 100,00 103,61
P 5.4, 100 116,67 AL 111,11 125,00

Afg = Activity/g tiver
S.A. = Spacific Activity
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Table 3.56 A Activities as % of control liver for ARG.

%
Erotein Control B & B¢ CAMP
Host MeE 79,75 105,48 111,38 102,56 124,00
05t 5.8, 87,52 114,57 122,04 112,73 123,25

°
wep, M8 0,29 0,27 0,26 0,28 0,27
®Pr S.A. 0,54 0,56 0,47 0,46 0,54
Host /S €3,68 01,41 95769 97,15 89,05
St s.A. 59,75 99,25 99,66 102,09 125,16

10
Hep, MB 0,30 0,52 0,44 0,54 0,51
P* 5.4, 0,36 0,92 0,75 0,77 0,52
Hosr AJE 9136 105,95 115,23 109,53 115,23
S.A. 93,9 119,80 17,77 115,84 127,27

22
Hep. Alg 0,83 0,75 0,81 0,87 0,85
S.4. 1,01 1,10 1,10 1,10 1,10
Tost A8 73,28 107,77 162,36 101,21 100,58
5t 5.4, 95,61 131,55 125,89 131,41 139,73

75
e, ME 0,58 0,61 0,65 0,63 0,61
°Pe S.A, 1,04 1,59 1,29 1,20 1,31

Table 3.56 8 Host activities as a % of Control Host.
Hepatoma activities as a % of Gontrol Hepatoma.
Control B [ BG cAmp

Host A8 100 135,22 141,46 130,26 157,46
s.A. 100 130,91 139,46 129,80 140,82

[+]
ep. M 100 6,25 91,92 97,29 97,15
' 5.A. 100 102,12 85,57 84,10 99,59
oos ME 100 139,75 130,27 146,00 139,26
SF 5.A. 100 164,45 165,13 170,87 209,49

10
tep. Me 100 173,00 145,56 179,70 169,38
®P* 5.4, 100 225,59 209,09 212,72 172,25
Hose ME 100 119,25 147,22 119,79 127,23
22¢ 5.4, 100 127,50 125,3 123,28 135,45

22
e Alg 100 90,08 97,32 104,98 102,11
P+ 5., 100 104,97 105,51 109,65 112,43
tost M 100 147,06 139,60 137,81 137,50
.4, 100 137,60 135,86 137,45 145,21

75
Hep, Mg 100 104,63 111,78 109,22 105,38
eP* g.\. 100 119,15 123,91 114,95  125,1s

Alg = Activity/g Liver
S.A. = Specific Activity
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The graphs of activities of urea cycle enzymes in control animals,

hosts and hepatomas of rats maintained on 0%, 10% and 75% protein

diets expressed as 2 % of levels in livers of animals maintained

on 22% protein shows that the three liver types are under similar

types of control with respect Lo diek since all three types of Liver
respond to diet, although the host and hepatome are generally mote
responsive than control livers, the hepatomas being the most responsive

{see figures 3.55 to 3.59).



- 264 -

CPS Activity /G Liver

o Control
x Host
4 Hepatoma
400} A
K
‘é 320f
o
© 240t
&
g
S x
o 160F o
o
a.
Ja—
80}
a
0 i 1 I I} i
0 20 40 60 80 100

¥ig. 3.%%

% Dietary Protein

Activity/g tlver of GBS in contral, host and

Bepatoma (esm pats maintained on 0%, 10% and -

75% praleln diets cxpressed as a % of levels
in livers of rals ma‘nlained on a 22% protein
disl,




- 265 -

CPS Specific Activity

& Control
x Host
600r 4 Hepatoma
’ A
500+
2 o0}
s
o
% 300+
@
g
€
S
S 200+
d.: X
@
100+ N
?o
A
0 L 1. J.

0 20 40 60 80 100
°o Dietary Protein

Fig. 3.9%b Specific actlvity of CPS fn control, bost and
liepatema Crom eats maintaned on 0%, 10% and
747 protein diots oxpressed as o % of levels in
Tivers of vols milntained ow a

protein diet.



Percentage of Control

Fig, 3.9 O1C seblveties of contenl Liver

- 2066 -

OTC Activity /G Liver
200y

1601

A
120F /
p &=
80F o
"/x e Control
w;/ x Hosl
a Hepatoma

0 s

0 2

0 40 60 80 100
%0 Dietary Protein

200r OTC Specific Activity

1605

120
0 ,7
L A
40-/
N

0 L : 1 .
0 20 40 &0 80 100

e Dietary Protein

hust and hepaloma
fram vats maintained on 0%, 10% and 75% prolein dicts
expregsed as a 7 of levels In livers of rats waintained
on & 22% protein dict.




ASS Activity /G Liver

180p
o
r s
120
& T
&
7
/ e Control
40 x Host
- & Hepatoma
2
w o L J ' : o
"0 20 i 60 a0 100
. % Dietary Protein
& ASS Specific Activity
g ouk
o
o
2
&~
a
120
e
L
b
80}
swop
0 . A . . ;
0 20 40 60 80 100

° Dietary Protein

Fig. 3.57  ASS aclivities of eontrol llver, hogt and
hepatow from rals maintained on 0%, 10% and
757 protelin dicts oxpressed as a % of levels
In Livers of 1ty mabntained on @ 22% protein
diot,




- 268 -

AL Activity /G Liver

e Control
x Host
320} a Hepatoma
1
240 "
“A
160/
L
R
B W=y
o b
s
D 1 i I 3
5 0 20 40 60 80 100
hg', °/o Dietary Protein
=
S AL Specific Activity
5 320r
o
I A
' X
240F
160
sopY /7 4
l/A
0 . R . P— \
0 2 40 60 89 100 i

% Dietary Protes:

Figo 3,38 AL aclivities in control Iiver, huse and hepaloma
from rats mafutained on 07, 10% and 75% prolein
diets expressed as & ¥ ol leveis {n livers of rats
malntalned on a 227 pratein diet.



- 269 -

ARG Activity /G Liver
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Table 3.57b ANALYSIS OF VARIANCE FOR SPECIF1C ACTIVITIES

Source of Variation Sum of Hean Significance
Squares DF Tyuaves  F_ of &
Main effects 162,285 13 12.483 80,197 6.001
E 132.284 4 33.071  212.456 0.001
Liv 0,001 2 0.001 0.004 0.999
TRT 0.001 4 0.000 ° 0.001 0.999
Dier 0.003 3 0.001 0.007 0.999
2-Way Interactions 777,474 62 12.540 80,559 0.001
E Liv 118.287 8 14.786 94,988 0.001
E TRT 4.872 1% 0.304 1.956 0.013
E Diet 205.818 2 17,152 110,186 0.001
Liv  TRT 0.001 8 0.000 0.001 0.999
Liv  Diet 0.001 6 0.000 0.002 0.999
TRT  Diet 0.001 12 0.000 0.000 0.999
3-Way Interactions 357.338 128 2.792  17.935 0.00L
E Liv TRY 10.282 32 0.321 2.064 0.001
g Liv Diet 172,737 2% 7.197  46.238 0.001
£ TRT Diet 23.518 48 0.490 3.148 0.001
Liv  TRT Diet 0.001 2% 0.000 0.000 0.999 :
4-Nay Interactions 47,680 96 0.497 3.191 0.001
£ Liv TRT 47.680 96 0.497 3.191 0.00L
Diet
Explained 27717.145 299 92.699  595.524 0.001
Residual 326,887 2100 0.156
Total 28044 031 2399 11.690
By: E Enzyme
Liv Control, liver or tumour
TRT  Application of B, €, etc
Diet  Percent protein
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Since the urea eycle enzyme activities were inducible in the host liver
irrespective of the diet on which the rats were maintained, it seemed
possible that the pattern of inducibility was independent of &
nutritional effect of the hepatoma upon the host and suggested the
possibility that some humoral factor was responsible,

In order to test the above the following experiment was conducted,
ALl rats were naintained on m '8-16' feeding regime for one week
prior to experimentation, Hepatoms-bearing animals and control
nontumourous rats (35dey old) were exsanguinated, the blood was spun
down for 10 minutes at 2000 rpm in the presence of EDTA and the
supernatant was preserved for further use.

Normal 35 day old animals wew given 2 single intraperitoneal
injection of plasma (2 ml/animal} from tumour or nontumour-bearing
animals, or plasma plus glucagon (250 up/50g) twenty four hours before
sacrifice, All animals were then sacrificed at 10:00 hours and the
hepatic urea cycle enzyme activities were assayed in the above groups |
of animals and compared with the activities in control, noninjected
nontumour-bearing animals,

From tables 3.58a, b and ¢ it can be seen that a single i.p.
injection of plasms Erom nontumour-hearing animals does net result in
a significant alieration in nctivities of urca eycle enzymes in 35-
day old rats, nor are these enzymes inducible by glucagon under these
eonditions.

In contrast tu the above, the cnzvmes studiced all show a significant
decrease in specific activity when measured and assayed in animals given
a gingle 24 hour i.p. injection of plasma from Lumoursbearing animals.

In avimats given a single 24 hour {.p injection of plaswa from
tumour~bearing animals plus glueagon Lhere was a significant increase
in the speeific activitios of the urea cyele chagmos dy compared Lo
activitlesin neninjected 35.day oldcontrols (sce fig, 3.60).

These results suggeat that a humoral Cacior is present in the
plasma of tumour-bearing animals and that this factor is capable of
allowing induction by glucagon in unimals where induction is normally
nokt present.
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