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ABSTRACT

Gluconeogenesis from amino dcids in the liver is enhanced when the

vtilisation of glucose is limited under various hormonal and dietary

. + » . . + N ! |
conditions, such as didgbetes, starvation or administration of o carbo- !
hydrate free diet. Pyruvate is of great importcunce os o carbon source
for gluconeogenesis, since the sequence of gluconeogenic reaction is

inutioted by carboxylation of pyruvate to oxaloacetate.

From this point of view, an important physieclogical role is suggested
for serine dehydratase, which catalyses the degradation of serine to
pyruvate and ammonia. The relationship of serine dehydratase levels to
gluconeogenic activities, however, is poorly understood. A study of the
hormoral and dietary control of serine dehydratase activity was corried

out in vive and in vitro in rat liver.

Serine dehydratase was assayed by the colorimetric method of Suda and
Nakagewa (1971) and the enzymatic method of Wimhurst and Manchester (1973).
Both these methods have been found to he suitable since they are in agree-
ment with each other and also give results which compare favourably with
other published values. Activities of serine dehydrataée from fresh liver
and in slices of liver cultured for various periods have been compared,

Also o study of the wotivity of another soluble enzyme, lactic dehydrogenase,

was undertaken and the in vive and in vitra levels were compared.
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The present study has shown that serine dehydratase activity
increased markedly on overnight starvation, in agreement with

the findings of Suda (1967). Hydrocortisone injection had no

significant inducting effect on eithor serine dehydratase or

lactic dehydrogendse in nornal and adrenalectomised rqts;hOWever
diet does seem to play an impartant regulatory role. The activity
of serine dehydratase is increased by injection of triiodothyronine to

i) previously adrenalectomised and thyroidectomised rats. Injections

of hydrocortisone and triiodothyronine to adrenalectomised and
N | thyroidectomised rats doubled wctivity. This was in accordance

. o with published literature,

i The addition of hydrocortisone or p-methasone to the culture medium
cohtaining slices of normal and adrenolectomised rat liver which were
cultured for 24 to 48 hours at 37°C did not significantly induce the

gctivity of serine dehydratase. On comporison with the contrel levels

PSRRI

there was o significant decreuse in enzyme activity. On incubation of

the slices serine dehydratase and lactic dehydrogenase activity fell

e

markedly during the first 4 hours, Thereafter it remained fairly cone
i | stant up to 24 hours. .tic dehydrogenase activity in the medium
| steadily increwsed to o moximum at 12 hours, indicating that the enzyme
had ledked out of the cell, but there was no accumulation of serine
dehydratase. In view of the obvious big loss of enzyme from the tissue

*§ : and the very low enzyme activity observed in the slices it is questionable
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whether any physiological meaning can be attached to these changes.

Thirteen~day old rats were also assayed for serine dehydratose activity

ih order to see if the rate of decredse in enzyme activity on incubation

was the some as in the adult and also whether steroids and other hormones
have any significant effect. Serine dehydratase was induced by p~methasone
on incubation from 24 te 48 hours at 37OC, and also by dbcAMP and on
comparison to the adult rat the induction is twice as much in the younger

ahimal,

Clugagon decreases serine dehydratose on its own but in the presence of
dbcAMP there is an induction over a 48 hour incubation. Actinomycin D
inhibits serine dehydratuse activity by 33% on its own and 40% in the

presence of dbeAMP,

That the organ culture system was able to maintain tissue in a vidble
state for at least 24 hours has been shown by the criteria of light and

electron microscopy and the estimation of potassium ions,
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I INTRODUCTION

1. Serine Metabolismi-

Synthesis of the amino @eid in.the body of the Vertebraté is limited to
those that are not essential in the diet. Serine being a non-essential

amino acid is synthesized in the body of various vertebrates and also

e

ol .
R

S
A

by micro-organisms und plants. Serine is a component of most proteins
and is a direct precursor of glycine, free methyl groups, phospholipids
and cysteine, Therefore regulation of the biosynthrsis of this essential

intermediary metabolite is likely to be multifactorial.

Serine can be formed by the additions of a g carbon to glycine through
transfer of a hydroxymethyl group by way of a formylated tetrchydrofolic
acid, Sarcosine (N-methyl-glycine) may be considered to serve as the
source of the hydroxymethyl group from which the g carbon originates

(Harper 1973), The conversion of serine to glycine involves the luss

of o single carbon, the pcarbon, an active one carben moiety which can

be used for methylation or for purine synthesis (Scheme 1). Decarboxy~
lation of serine yields ethanolamine. Since this compound on methylation
forms choline, serine may be considered to participate in the formation of
lipotropic agents, A cephalin fraction containing serine has been isolated

from the braih (Harper, 1973). The compound phosphatidylserine, o phosp-~

o et T

holipid, is also found in the blood in traces.




‘ %
/N - CHg" C\

SARCOSINE

»Anmmunm

SCHEME 1

-

GLYCINE

GLYCINE




oyt

Ao
o e A i L i L %

. M b
et iy, < b

L

R

Serine is also involved in the synthesis of sphingol and t-erefore

in the formation of sphingomyelins of bruin, It also participates in
purine and pyrimidine synthesis, The p~carbon is o source of the methyl
groups of thymine (and of cheline) and of the carbons in positions 2 and

8 in the purine nucleus (Harper, 1973),

Two pathways are known for the synthesis of serine from carbohydrate
precursors (Greenberg, 1969)., Initiol evidence was presented by Sullach
for the formution of serine from D-glyceric acid the non-phosphorylated
pathway (Sallach, 1956). Later Ichihara and Greenbery (1957) synthesised
serine via 3-phospho-D-glyceric weid or the phosphorylated pathway. The
two pathways ave found to coexist in liver and kidneys of o variety of
vertebrate species (Wolsh and Salluch, 1966) and in Neurospora (Sojka and
Garner, 1967). This is shown by the presence of the two chief enzymes of
each pathway, D-glycerate dehydrogenase and hydroxypyruveate lL-alanine
aminotransferase for the non-phosphorylated pathway, and D-glycerate
Jmphaspho-dehydregenase and 3=phosphehydroxypyruvate L-glutamate trans-
aminase for the phosphorylated pathway (Walsh and Sallach, 1966). According
to earlier reports of Sallach and Willis (1962) ond Ichihara and Greenberg
(19585, 1957) the non phosphorylated pathway is the major route of serine
synthesis in the livers of the dog, rat and frog; the phosphorylated pathway
appears to predominate in the liver of other vertebrate species and in the

kidneys and brains of all vertebrate species.
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It is accepted that the activity of gluconeogenesis from umine acids

in the liver is enhanced where the utilisation of glucose is limited

under various hormonal and dietary conditions such us diabetes,

starvation or the administration of a carbohydrate~free diet, and

g

i pyruvate is considered to be of great importance as a corbon sourc: 1

for gluconeogenesis (Ishikewa et ul., 1965), Since the sequence of
v J e e T q

gluconeogenic reactions is initiated by carboxylation of pyruvate to

‘? ’ oxaloacetate (Henning et al., 1963; Wagle, 1963; Shrago et al., 1963),

bl

an important physiological role is suggested for serine dehydratase

(E.C. 4.2,.1.13), which catalyses the degradation of serine to pyruvote

and ammonia (Ishikewa et al.,1965). Accurding to Snell (1974) serine
is an effective glucogenic precursor in adult rat liver, The route
by which serine is converted into glucose is nevertheless the matter of

some controversy, The olternative pothways (A) via pyruvate and initiated

m L
i - ;
EEER e st Sy

by L-sexine dehydrotase and (B) via hydroxypyruvate and initiated by

L-serine-pyruvate amino transferase (E.C. 2.6,1.51) are outlined in

scheme 3,

Much evidence suggests that the activity of L~serine dehydratase is

increased in vive under conditions ussociuted with enhanced gluco-

neogenesis (Snell and Wolker, 1973). Also the enhanced glucaoneogenic

capacity of the neonatal rat observed by Snell agrees well with pre~

vious findings in the whole animal in vivo (Walker ond Snell, 1973) %
and with iliver slices in vitro (Ballard and Oliver, 1963; Yeung and 2

Oliver, 1963; Vernon et al., 1968). In considering the physiological
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Alternative pathways for gluconeogenesis from L-serine (A) via L-
serine dehydratase and (B) via L-serine-pytuvate aminotransferase j

The pathways of potential amino acld precursors of L-serine are also
shown. The dashed fine encompasses reactions taking place
predominantly intramitochondrially. For the sake of clarity possible
mechanisms for the transfer of oxaloacetate out of the mitochondrion
are not indicated.
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significance of the alternative routes of glucose synthesis from

Reeed ey B

N serine (Scheme 3), it may be relevant that in the rat the pathway

- via pyruvate is predominantly cytosolic in sub-cellular location

whereas the amino transferuse pathway is located intramitochondrially

et

(Rowsell et al., 1972). This raises the possibility that the amino-

e

transferase pathway may be invelved in gluconeogenesis from ~ mitoc-

hondrial serine pool und possible intramitochondrial sources of serine

have been considered (Snell, 1974).

~

The dehydratase conversion of lL-serine into pyruvate (and ammonig) need
hot serve exclusively as a starting point for glucose formation (Rowsell
ot al., 1973). The acute dependence of L-serine dehydratase activity on

I e

body size in adult wammals (Rowsell et al., 1965, Rowsell et al., 1972)

T

and the striking increase that occurs in rats well supplied with carbo-

hydrate but exposed to cold (Rowsell et al., 1965; Nokagawa and Nagai,

1971) suggest a role for this enzyme other than in gluconeogenesis. Even

under conditions of corbohydrate shortage, o function for exomple in the

|

provision of oxaloucetute for the TCA (Krebs) cycle could be of importance,
1h The fact remains that o pathway from pyruvete to glucose is thoroughly
established, so that to some degree it oppeurs L-serine dehydratase must

| contribute te glucose formation, and an elevation of its activity under

circumstances associated with gluconeogenesis is ot leust consistent

i careicsaws s
E ST

with such a role (Rowsell et gl., 1973).

The existence of multiple molecular forms of enzymes and other proteins
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is now a well known and rather common phenomenon (Marris, 1968;
Shaw, 1569)‘ However, relatively few studies have been carried out
on the effects of environmental regulation on the level of various !
isozymes. The finding of. Goodfriend et gl. (1966) that the presence

of oxygen appeuars to 'inducc' the heart form of lactate dehydrogenase
is one example of such environmental control of a specific molecular
form of an enzyme., The presence of isozymes in liver ds compared fo
other tissues hus demonstrated that in many instances the organ appears
to have its own unique set of isozymes when compared to other tissues
of the mammal. Many of the glycolytic enzymes have a specific liver
form as opposed to other forms throughout the organism (Sols, 1965;

Bigley et gl., 1968). Some chnzymes are found only in the liver. for

example, serine dehvdratase and tryptonhan pyrrolase,
I I 3

2. Serine Dehydratase

L~serine dehydratase has been considercd o group specific enzyme (E.C.

4,2,1,13), catalyzing both the threonine dehydratase and cystathione
synthetase reqctions since Greenberg et al, (Selim and Greenberg, 1959;
1940; Nagabhushanam and Greenberg, 1965) found that o purified prepard-
tion of serine dehydratase exhibited both these activities. But Nakagawa
et al, (1969) found that serine dehydrotase was entirely different from
cystathione synthetase in rat liver, and has later shown quite clearly
(Nakagawa et al., 1967; Iaove und_Pitot, 1970; Nokagawa and Kimura,

1969) that rat liver serine dehydratase is o single protein not possessing




is now o well known and rather common phenomenon (Harris, 1968;

g Shaw, 1969). However, relatively few studies have been carried out

on the effects of environmental regulation on the level of various

isozymes. The finding of Goodfriend et al. (1966) that the presence

of oxygen appears to 'induce' the heart form of lactate dehydrogenase

is one exomple of such environmental control of o specific molecular
form of an enwzyme., The presence of iscouymes in liver as compared to

j other tissues has demonstroted that in many instances the organ appears
to have its own unique set of isozymes when compored to other tissues
of the mammal. Many of the glycolytic enzymes have o specific liver

1 form as opposed to other forms throughout the organism (Sols, 1965;
Bigley et al., 1968). Some enzymes are found only in the liver, for

example, serine dehydrotase and tryptophan pyrrolase.

iﬁ ‘ 2. Serine Dehydratase

L-serine dehydratase has been considered o group specific enzyme (E,C.

15 4,2.1.13), catalyzing both the threonine dehydratase and cystathione

F; synthetase reactione since Greenberg et al, (Selim ond Greenberg, 1959;

; 1960; Nagubhushanam and Greenberg, 1965) found that o purified preporc~
tion of serine dehydratase exhibited both these activities., But Nakagawa

et al. (1969) found that serine dehydratuse was entirely different from

cystuthione synthetase in rat liver, and has later shown quite ¢learly
(Nakagawa et al., 1967; Inove and Pitot, 1970; Nakagawa and Kimura,

1969) that rat liver serihe dehydratase is o single protein not possessing
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any cystathionihe synthetase activity as had been previously described
(Nagabhushanam and Greenberg, 1965). Two isozyme forms of the rat liver
enzyme have been separated by acrylamide gel electrophoresis us well as
on DEAE-cellulose (Inoue and Pitot, 1970). The levels of the two isozyme
forms are different uwnder different hormenal and nutritional circumstances
in the animal. Inoue et al. (1971) also crystallised serine dehydratase
from rat liver and determined o molecular weight of 64,000. On seperation
by DEAE~cellulose chromatography and polyacrylamide gel electrophoresis
they found two homogeneous proteins. The more electropositive I Torm
was regulated by corticosteroids in adrenalectomised rats, whereas the
more electronegative II form was regulated by glucagon (Inove and Pitot,
1970; Inove et al., 1971). A high protein diet or tryptophqnxﬁdminis»
tration resulted in roughly equal levels of each form of the enzyme
(Inove and Pitot, 1970). Simon et al. (1973) also purified s@;ine de-
hydratase and also found tyo isozymes. Thoue et gl. (1976) in their
experiments on the purification of serine dehydratase found the two
isozymes of the enzyme to be two different proteins

with different regulations. Two major regulating factors of serine
dehydratase synthesis are thus Eor%ison@ and glucagon. The fact that
each form is probably independantly regulated by a different hormone
has many interesting implications in o study of multiple forms of other
enzymes., In porticular where more than one hormone or regulatory mec-
hanism is involved, it ﬁqy well be predicted that more than one form |

of the enzyme will dlso be involved (Inouve and Pitot, 1970),
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3. Regulation of Serine Dehydratase

Studies by several workers have shown that the rat liver enzyme L~

serine dehydratase can be induced by forced feeding of enzymatically
hydrolysed casein (Peraino and Pitot, 1964; Jost et al., 1969) to

rats previously maintained on a protein free diet. The level of the
enzyme is high in the alloxan induced diobetic rat (Soling et gl., 1969,
Ishikawa et al., 1965), Enzyme activity is low in pancreatectomised

rats and is not increased by fasting, force feeding of amino acids or
hydrocortisone administration (Ishikawa and Nekajima, 1970; Nakajima et al.,
1970), Serine dehydratase can be induced in the adrenalectomised rats

by hydrocortisone (Jost et al., 1967; Soling et al., 1969), glucagon
(Soling et al., 1969) or amino acid intubation (Pitot and Peraino, 1964;
Jost et al,, 1967.) Hydrocortisone may potentiate the stimulation by glu~
cagon or cyclic AMP in the panereatectomised rat (Ishikowa and Nakajima,
1970; Nakajima and Ishikawa, 1971). Pancreactectomy depletes the body
not only of pancreatic hormones but also of exocrine enzymes which degrade
endogenous protein in the intestine and supply amino acids to the liver
during starvation (Nokejima et al., 1970). Nokujima et al., (1970) set
up experiments to test whether the lowered wctivity of serine dehydratase
in pancreutectomised rat liver is accomponied by reduction in the acti-
vities of other enzymes unique to amino acid degradation and gluconeo-
genesis. The changes in activity of the enzyme after pancreatectomy

differed, but two distinct types of enzyme were recognised, The activities of
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the ohe type decreased more or less below the normal level after

pancreatectomy dand the activities of the other type increased for
48 hours after pancreatectomy and then either returned to essentially
the normal level or remuined elevated. Serine dehydratase is an exomple

of the former type.

Serine dehydratase induction, as mentioned earlier, cdan be prevented by
glucose intubation by a mechanism independent of insulin secretion
(Jost et al., 1967; Soling et al., 1969) and cyclic AMP (Sudilovsky

et al., 1971).

Pituitory hormones seem to have no role in regulating serine dehydratase
levels (Nokajima and Ishikowa, 1971). Nakajima and Ishikawa (1971) studied
the activities of liver serine dehydratase ¢nd ornithine aminotransferase
in hypophysectomised-pancreatectomised rats (3 days after the removal of
pancreds) which were reduced to one tenth ond one fourth respectively, of
those in hypophysectomised rats. Liver histidase activity was also sig-
nificantly decreased. This indicates that pituitary hormohes including
growth harmone play no significant zole to depress these enzyme activities
in pancreatectomised rats and supports the concept that those enzyme
m&tivities in rat liver are mainteined by glucagon. In a previous report

Ishikawa gt,_al. (1965) had reported that serine dehydratase activity in

rat liver is regulated by the antagonistic actiens of insulin ard gluco-

corticoids. However a gradual increase in the enzyme vctivity wus observed
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in the adrenalectomised-aloxan-treated rats, suggesting that there

may be some hormone to enhance activity other that glucocorticoid.

Although insulin inhibits the accumulation of cyclic AMP (Jefferson |
et al., 1968; Exton et al., 1972) and as such might be expected to
inhibit the induction of serine dehydratse by glucagon, the available
evidence suggests that this is not the case (Soling et al.,1969; ; ' !
Sudilovsky et al., 1971). Mohrenweiser and Yoitvin (1972) showed that v :
when amino acids are infused intravascularly, serine dehydratase is not

indﬁced in liver of adrenalectomised rats as it is when amino acids dare

given orally. The amino acids appear not to act directly on the liver to i
induce the enzyme, In fact, when injected intravascularly, they inhibit

the normal glucagon induction of serine dehydratase, but not that induced

by hydrocortisone. Jost et al., (1970) in their study of the early kinetics

of serine dehydratase induction by cyelic AMP, glucagon and amino acids,

suggested %gat cyclic AMP  is an intermediate in the induction of the

enzyme by glucagon and amino acids.

Dibutyryl cyeclic AMP was as potent in inducing liver serine dehydrat ase

as glucagon, and enhanced the enzyme activity twofold hy itself and tenfold\
with concomitant injections of hydrocortisone wcetate, which had no sig-
nificant effect by itself, thus demonstrating a "sermissive action™ of
giuéooorﬁiaoid for the effect of dibufyryl cyclic AMP (Nakajima and

Ishikawa, 1971). Several processes in liver eells known to be stimulated
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by glucagon with the aid bf Tthe "permissive action" of glucocorticoid
include urogenesis (Miller, 1961), gluconcogenesis (Friedmon et al.,

1967) and the induction ot tyrosine aminotransferase (Greengard and
Baker, 1968; C'sanyi et al., 1967) as well as serine dehydrotase
(Ishikawa and Nakgjima, 1970). As reported eorlier (Inoue and Pitot,
1970; Tnoue gt al., 1971) serine dehydratose has twe distinct forms
(isozymes) one of which is induced by glucagon and the other by gluco-
corticoid, It may well be expected that the form of serine dehydratase
wvhich is induced by glucagon responds more strongly to ¢ combined adminis-

tration of glucagon and glucocorticoid than to glucagon alone.

In adult adrenalectomised rats, fasting or glucagon administration increases
its activity (C'sanyi and Greengard, 1967) and glucosce prevents this
increase (Goswani and Chatugner, 1966). Glucagon is part of the manifold
equipment that regulates gluconcogenesis. But initiation of the develop-
ment of enzymes involved in carbohydrate metabolism vital at birth may be
one of the most impovtunt physiological functions of glucagon (Greengard
and Dewey, 1967).

A study of the interrelationships of the action of dietary proteins and
hydrocortisone on adaptive rat liver enzymes has shown that serine dehy-
dratase was the only enzyme which did not respond to corfismne in the
absence of dictary protein (Murvitz and Freedland, 19683 Pitot et al.,

1965), In the presence of 90% dietary casein, serine dehydratase activity
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was enhanced by hydrocortisone due to an increased rate of its synthesis

(Szepesi and Freedland, 1969).

As stated earlier, on administration of hydrocortisone dcetute serine
dehydrotuse wus induced significantly in the livers of alloxan didgbetic

i adrenalectomised rats, whereas little induction occurred in the livers

of adrendlectomised rats with intact islets of Langerhans (Ishikawa et al.,
1965).  Freedland (1964) reported that serine dehydrotase activity was

;#k | enhanced by the mdminigtrmtimn af thyroxine. Preliminary dota obtained

in the laboratory of Ishikewa et al.(1965) showed that adminstration of
tfii@dothyrmﬁlne for five days caused some increase of serine dehydratase

aetivity in adrenclectomised raots,

Fallon and Byrne (1967) found that no significant chenges in lactic de-
hydrogenose or Le o ~glycerophosphate dehydrogenase oceur when cortisone

ageetate is adminstered for seven days to xats fed Purina Labordatory food.

e Inhibitor studies utilising actinomycin D (Soling et al., 1969; Pitot
et al., 1965), b-fluorcorotic acid (Pitot and Peraino, 1964; Cihak et al.,

1971) ond Beazacytidine (Cihak et al,, 1971) indicated that the induction

; of serine dehydratase was dependant upon nucleic acid synthesis. Direct

1 B measurements of enzyme protein synthesis using immunological techniques

showed that the increased enzyme levels after hormone or amino acid adminise

L
ST T

tration are the results of an increased rate of de nove enzyme synthesis
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(Jost el al,, 19a8; Josi of al., L1970),

-ars

It te genernlly acceptod that wetinemycin D inhibits DNA-dependent RNA
syt hooano Ceddber g and Rabanowitz, 1962; Revel et al., 1964), It has
oo by oeostad that i interfores with the pussage of newly formed
RNA v e e lens b the eytoplasm (Georgiov et al,, 1963; Georgiev,
U260 admaed 2wl IWady Aetinomycin D dnhibited the induction of
setine delsedvatose promotad by dibutyryl eyelic AMP, suggesting that the
cyulie preslentide ewected its effect either at the level of transcription
or brans i ot The wassage to the cytoplasm, Actinomygih D prevmnfs the

Induotion ol muny onzymes by cortisone (Weber et al,, 1965),

The concagibomt acaniatration of S~fluorcoretic acid results in almost
coepdate inbibition of the glusagon induction of serine dehydratase

activity,  This inhibition was enhanced by pro-~treutment with glucosamine

arel golaetosanine, probably through depletion of the intracellulor uridine

pools (Mohrenweiser and Pitot, 1974), Although less than o doubling of
ehzyme getivity wus obnerved ufter glucagon plus S-fluoroorotic acid ad-

miristration, A-Fluornovotiv aeld affects RNA synthesis in mommolian sys-
' J

tems, Tn contrast to wctinemyain D, which blocks RNA synthesis, B-fluorow

orotic acdd after conversion to B-fluorouridylate is extensively incorpo-
rated into RNA by rat liver (Wagner and Heidelberger, 1962; Stenram and
Willen, 1967). Preliminary data had suggested the existance of an enzy-

matically ingctive "secine dehydrotwuse~like’ proteln after 5-fluorcorotic

!
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acid adminisfration to raots (Pitot et gl., 1968). Quantitation of a

protein produced unhder these conditions with immunological properties
similar to serine dehydratase indicates thot after glucagon administro-
tion, B~fluorcorotic acid hus only a slight inhibitory effect on the wccumu-
lation of this "serine dehydrotose-like" protein compared to the amount of
native enzyme in glucagontreated rats with no dnalog, As 5-fluoroorotic
acid is rapidly incorporated into cytoplasmic tRNA and mRNA (Wilkinson

et al., 1971; Stenram et al., 1972), the inactive enzyme protein may be

the product of translotion of o mRNA containing 5~fluorouridine.

Fallon et al. (1966) studied the inhibition or activation of serine dehyd-
ratase by various additions in vitro.  Glycine, ATP, ADP and AMP were
without effect on serine dehydratuse from rat liver. However, a marked
inhibition by cysteine was apparent, confirming the observations of Kato

et al. (1964).

Bond (1976) compared the stabilities of nine rot liver cytosol enzymes at

d variety of pH values, The enzymes studied were those (a) with half-lives
in vivo of 3 days or longer e.g. lactic dehydrogenase, arginase etc. (b)
those with half-lives in vivo shorter than two days e.g. glucokinase,
L-serine dehydratase and tyrosine ominotransferase and (c) catalase, which
has an intermediote holf-life of 2-5 days Fox»fhe protein portion. She
found that the enzymes .. ' were stable in vitro af neutral and
alkaline pH values. However, ot acidic pH values (pH 4.0) the long~lived

enzymes (o) were stable, the short-lived enzymes (b) were completely
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inactivated with one exeption and catalose (c) was partially inactivated,

i This property of acid instobility moy be of great significance in vivo

in determining the functional half-lives of enzymes in terms of the irre-
versible loss of anzyme activity and suggest that lysosomés are involved

in the initial stuges of inactivation and degradation of intracellular

: protein. Acidic conditions are present in lysosomes (Reigngoud and Tager,

?i 1973) and there is evidence indicating that lysosomes are involved in intro-

cellular protein digestion (Dean, 1975). Therefore, Bond (1976) proposed

thot inactivation in vitro in acidic solution is correlated with activation
g in vivo or functional holf-lives measured in vive. One physiological impli-
cation of this finding is that the short-lived enzymes, e.g. L-serine de-

hydratase, moy tend to denature in acidic poxrtions of the cell and that

SRR VI N

; unfolding may result in precipitation, wudhering to membranes, vacuoli-~
;; zation or seguestering of denatured proteins and perhaps subsequent digestion.
|
;;‘ Thorndike (1972, 1973) found that serine dehydratase activity in adult liver _ ;
jén , is more than three times higheg in mice than in rats, in agreement with f
S the major species differences in enzyme wctivity found elsewhers (Nagab- |
-i; hushanam and Greenberg, 1965; Rowsell et al., 1965). Hence it appears to

1 be generally reluted to body size, e.g. to basal metrl  .sm (Rowsell et al,,

1973).

Davis et al. (1970) studied the levels of serine dehydratase in Morris

“hepatoma cells, No correlation between tumour growth rate and. serine
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dehydratuse was demonstrated. The serine dehydratase activity of the
hepatomas did not sespend to changes in protein intoke in the same man-

ner s the normal and host livers.

4, Sexine dehydratase in footal and neonatal animals

The serine dehydratose activity of foetal rat liver is very low; it
normally begins to increase after birth, but the injection of glucagon

to foetuses causes it to accumulate before birth (Ishikawa and Nakajima,
1970). Serine dehydratase (unlike tyrosine amino transferase) is not
inducible by hydrocortisone in four~day old rats (Ishikewa and Nakajima,
1970). Muira and Nokogawa (1970) found that the serine dehydratase level
was low in prenatal liver and was increased when glucagon was administered
intraperitoneally to the foetus. Inductions due to glucagen was due to
the increase in the rute of synthesis of cnzyme molecules, Insulin re-
pressed prenatal enzyme induction by glucagon and neatural post natal de-

velopment of liver serine dehydratase.

5, The organ culture of adult rat liver

Studies on enzyme regulation are greatly facilitated by the ease of a

system for the mointenance of vieble liver tissves in vitro. In such a

——irn

system direct effects of hormones and other enzyme inducers on liver
tissue con be studied. Liver tissue fromoneanimal con be used in experi~
ments that would normally require several animals to satisfy statistical

requirements, In turn, for the maintenance of animal tissue in vitra

sorand
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certain requirements have to be met; the tissue has to be supported, it
must have access to a suitable nutrient supply dand must be maintcined

within narrow limits of pH, tempergture and osmotic potential (Willmer,

1965). To this end, carlier workers used natural madia extensively both
for nutrient supply and support. These included plasma clots (Fell, 1965)
and agar (Wolf and Haffen, 1952) for support with various sera for nutrient
supply. Later wvorkers started using more synthetic materials, e.g. Chen
(1954), who floated foetal organ cultures on tew bag paper, and Trowell
(1959) who monaged to maintain viability of several kinds of adult tissue

supported on stainless steel grids and using o completely "synthetic"

meclium,

Both Foll and Tyowell had considerable difficulty in cultiring liver in
organ culture, Epithelial cell cultures derived from liver tissue with
some of the properties of liver tissue have been known for some time
(Chang, 1954), but disaggregated tissues have been known to underge dedif-
ferentiation in long~term cell culture (Willmer, 1945), Several attempts
at eulturing primate liver in organ culture have been made. For example,
Ingrom (1962) maintained 1.5 to 2 mm liver cubes from Rhesus monkeys in
roller tubes or Leighton tubes for periods of up to %wé days. He found
media consisting of more than 20% foetal cglf serum with 10% chick embryo
extract not suitable. Lurie et al. (1969) and Laufs and Walker (1970)
also experimented with primote liver but found the concentrated serum
media necessary, The latter group emphasised the importance of oxygen in

the culture atmosphere und demonstrated o differential incoproration of
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the cells respectively by autoradiography.

Like Laufs and Walker (1970) several other workers (Ingram, 1962;
Trowell, 1959; MacDougall, 1963) also emphusised the importance of
oxygenation if cells in orgun culture are to remain viable. Gerard
(1931) derived a formula which predicts the expected thickness of sur-
vivipg tissue in an organ culture;

Ar 2/6D + C

Co h 1

where Co = oxygen tension at the surface of the tissue
Cl = oxygen tension at the bottom of the tissve
A = oxygen uptoke
D = diffusion cocfficient

r = thickness of viability
The value given to Cl is the minimum oxygen tension ot which liver cells
are uble to survive. In o gas phase of 95% air and 5% carbon dioxide the
majority of the cells were neerotic within 24-48 hours (Campbell and
Moles, 1971). The primary cavse of cell death appeared to be lack of
oxygen, This results in o dreop in the introcellulur ATP concentration and
hence loss of sodium pump activity. Measurement of the ATP and ion content
shows that the pieces of Liver are fully oxygenated by 3 otm. 02. Undex
these conditions within 24 hours toxic effects of oxygen are apparent,
making it impossible to maintain o vidble culture in 3 atm. oxygen. Laufs
and Walker (1970) found that in primate liver organ culture, 60% oxygen

resulted in the largest number of viable cells ond that 95% oxygen was toxic.




1 They also published o method for adult rat liver where the liver was cut

..,‘

to cubes 1,5 mm square and Q,5 mm thick and placed on grids secratched
y on Petri dishes., They added 1.5 ml of medium (Basal Eagle Medium) and 1

the cultures were kept under an atmosphere consisting of 95% oxygen and

5% carbon dioxide. A zone of cells at the gas-tissue interface appeared

to remain viable for al least 6 days and formed a vidbie zoné for tissue
0,25 to 0,30 mm thick, Like the 65% oxygen condition with primate liver [
v | they had prominant nucleoli. Their results showed that the pieces of liver ;
contained an apprecicble amount of ATP which remained fairly constant be-

tween L and 6 days. The ion content alse remained fairly constant over

this period. Although there was a loss of potussium from the pieces during
the first 24 hours in culture they still retoined 70% of the potassium con-

tent of normal liver. Siddle et al, (1973) subsequently demonstrated that

glucagon was able to induce eyclic AMP levels in these cultures and Campbell

i

(1973) was able to induce tyrosine ominotronsferase with dexamethasone,

Py
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Recently methods have appedarsed for the culture of non-dividing parenchymal

acdult rat liv o cells (Michalopoulos and Pitot, 1975 Pariza et al., 1975).

These are based on the method of dispersing the cells from the organ using
t collagenase according to the method of Berry and Friend (1969) and allowing

them to oltuch to o collugen support., The cells thus attached are main-

tained in essentially synthetic medica, supplemented with insulin and

glucose, and are able to vemain viable for periods up te 20 days. The

.
M 4 . 4 € + 3 A ¥ i
criteria of viability include the uptake of “H-leugine and Schytldlna as
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demonstrated by autoradiography as well as the appearence of the cells

under light and electron microscopy.

Wicks (1948) in his studies on organ culture in foetal rot liver used «
gus phase ~F 904 air and 2% carbon dioxide and found that the histological
i apprarance of the hepatocyle nuclel was unchanged ~ although there wus some

i loss of cvtoplusmic vacuolization over a 52 hour period in culture, perhaps

due to o loss of glycoygen,

EN Wicks (1968) also found that lactic dehydrogenuse astivity in foetal rat

. liver orgon culture was not altered after a 17 hour exposure to hydrocor-
tisone at the same time that tyrosine tronsaminuse dctivity increased
fivefold, It is known that only a limited number of hepatic enzymes are
influensed by glucocorticoids (Rosen and Nichol, 1963), The fact that the

hormone has no detectable effect on protein synthesis or on ‘the activity

_4, ,
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x of another enzyme in organ cullture sugygusts that the response of foetal
b livers to glucocorticeids is as selective as that in adult liver. Streffer
+ r

and Williamson (1965) found that slices of ral liver immersed in nutrient )

media for 1 or 2 hours reloase o considerable portion of their protein con- '
tent. MacDonnel eb al. (1970) in their study of liver explants from 20

day old foetuses cultured for 48 hours in the absence of serum, released \

70% of their total suluble protein content in the medium. In the presence
of serum this loss still omounted to 60%. The addition of cortisol plus
glusagon (to serum containing media) did not decrease the loss of total

soluble protein from the explants but induced considerable tyrosine |
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aminotransferase activity which was not released into the medium, while

lactic dehydrogenase (E.C.L.1.1.27) was released into the medium,

6. Purpose of Research

The aim of this reseurch wus to study the control of the enzyme serine
dehydratase (£.C.4,2,1,13) under in vitro conditions, In spite of con-
siderable literuture on the control of scrine dehydratase in vivo no

studies have been done on this enzyme under the more readily controlled

conditions of organ culture of adult rat liver.

A study of the enzyme levels of serine dehydrutase, both in vivo and

dn vitro using two different ossay methods and under different hormonal and

diotory conditions was underteken, Also u study of the activity of another

soluble enzyme, lactic dehydrogenase, was undervaken ond the in vive and
in vitro levels wore compared under conditions comparable to those used

with serine dehydratase.

An attempt was ales made to compare the oetivity of serine dehydratase in

13~day old to that of adult rats in vitro.

Because of the results found, attention has been given to the histolo-

gical stote of the liver and slices and its potassium ion content.
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II MATERIALS AND METHODS

L. Chemicals

L-Serine, pyridoxal phosphate, trichloroucetic ccid (TCA), Eo%qssium
phosphate buffers, 2,4-dinitrophenylhydrazine, sodium hydroxide, potas-
sium chloride, lris-HCL buticrs were from E, Merck, Darmstadt, Germany.
Ethylenediaminetotraacotic ocid (disodium salt) (EDTA), calcium glus-
conate, sodium Licarbonate, copper sulphate, sodium carbonate, potassium
tartrate, Z-mercaptoethuncl were from British Drug Houses Litd., Poole,
Dorset, England. Bovine serum ulbumin (BSA), dbc AMP (N6,02~dibutyryl
adenosine-37 15 weyclic monophosphoric acid), hydrocortisone~2l-sodium
suceinate, dithiothreitol (DTT), 3,37, 5-triiodothyronine <T3> and 3,3°,
5,5~ totraiodo-l~thyronine (T4) woere from Sigma Chemical Co., St. Louis,
U.S A0 Glucagen was from Lilly Laboratories, Short Street, Isando,
Transvaal.,  Betsolon (betamethasone sodiuvm phosphote), penicillin as
crystapen (sodium benzylpenicillin B,P.) wus from Glaxe Allenbury’s,
Wadeville, Transvaal., NADH was From Boehringer Mannhein, W. Germany,
socdium pyruvate from L, Light and Co., Ltd., Colnbrook, U.K., concen-
trated hydrochloric acid by P.AL, Chemicals, Medium ML99 with Honks
Salts with le~glutamine wnd without sodium bicarbonate ond egg ultra~
filtrate were from Crond Islond Biolegicals, Crand Island, New York,
U.S.A.  Streptomycin as Nove Strep (Streptomycin sulphate B.P.) was
from Novo Industries (Pharmaceuticals) (Ply) Litd., 203 Main Street,

Johannesburg, 8.A. Foetal bovine serum microplasma (virus screened)
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was from Flow Luboratories Litd.,, Victoria Park Hesther House Road,
Irvine, Scotland, and Thalamonal was from Janssen Pharmaceuticals,

Belgium.

Chemicals for histological studies were obtained as follows :-for-
malin, millonigs buffer, and uranyl acetate from British Drug Houses,
Glutaraldehyde and prdpylene oxide from Merck, csmium tetroxide and
toliudine blue from Emscope, 13 Bedford Road, London; epon, araldite
and lead citrate from Poleron Equipment Ltd., 'Watford, England, hae~
matoxylin and distrenedibutylphthlac-xylol (dpx) from Ehrlichs Chemi-
cals and alecohols, benzene, xylene, poraffin wax and ethanol from cen-

tral stores, Wits University Johannesburg.

2. Animals

Animals were supplied either by the Central Animal Unit, Frankenwald,
Johanhnesburg, or by the Department of Pharmacology, University of the
Witwatersrand, Johannesburg, Thirteen day old rats were bred in the
Depuftment of Biochemistry of the same University. Rats (Baf%usﬂngx
vegicus) vsed for in vive and iﬁ‘xgggg organ culture eXpefiméhffWQyé

of the Sprague Dawley strain. Rats were obtained ot 100-120 gm weight

and allowed to acclimatise for o few days before the c¢ommencement of
experiments, The animals were maintained four to o cage in stondard
laboratory cages (Labotec (Pty) Ltd., Johannesburg) and when needed

were killed by cervical dislocation.
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2.1 Feeding

ALl rats were fed ad Lib, on mice cubes containing approximately
twenty per cent protein (Delmus Milling Company, Ltd., Johannesburg).
For fasting regimens food was.removed from the cages 24 hours prior

to the commencement of experiments.

2,2 Adrenalectomy

Adrenalectomy was performed by a variction of the method of D“Amour
and Blood (1965). ALl instruments ond puper towels were sterilized
by autoclaving before use, The rat to be operated on wos ancesthe-
tised with thalomonal (Janssens Pharmacevutica, Belgium), 0,15 ml per
100 g body weight, administered intramuscularly in one of the hind
legs. The hair around the operation site (mid bhack) was shaved with
o razor and the skin washed with soap and warm water., The rat was
then placed on o storile towel and the skin was cleaned with 70%
alcohol., A dorsal mid-line incision was made from approximately the
tenth thoracic to the third lumber vertebra and the skin was retrac-
ted loterally to the right using a fine wurved arxtery clamp. A small
hole was cut into the mugmle wall just anterior to the upper pole of
the kidney vsing o sharp pointed pair of scissors and enlarged slight-
ly by retrueting the scissors. The adrenal gland, embedded in fat and

conhective tissue, was slightly withdrawn from its position using long
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2.1 Feeding

ALl rats were fed ad Lib, on mice cubes containing approximately
twenty per cent protein (Delmus Milling Compeany, Ltd., Johannesburg).
For fasting regimens food was.removed from the cages 24 hours prior

to the commencement of experiments.

2.2 Adrenglectomy

Adrenalectomy was performed by a variation of the method of D"Amour

awid Bleod (1965), ALl instruments and poper towels were sterilized

by avtoclaving before .se. The ~vr *u be operated on wos andesthe~

tised with thalomonal (Junssens Pharmacetbico, Belgium), 0.15 ml per
100 g body weight, odministered intramusculorly in one of the hind
legs. The holr around the operation site (mid back) was shaved with
a razor ond the skin woshed with soup and warm woter. The rat was
then placed on a sterile towel and the skin was cleaned with 70%
alcohol. A dorsal mid-line incision was made from approximately the
tenth thoracic to the third lumber vertebra and the skin was retrace
ted laterally to the right using o fine cuzved artery clomp, A small
hole was cut into the muscle wall just anterior to the upper pole of
the kidney using ¢ shurp pointed poir of scissors and enlorged slight-
Ly by retracting the scissors. The adrenal gland, embedded in fat and

conhective tissue, was slightly withdrawn from its position using long
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| fairly blunt forceps and dissected with the shorp pointed scissors. §

ig No ligations of the blood vessels supplying the glond were necessary. g

5 The muscle wall was closed with one or two stitches. This process |
!

) was repeated for the left side, The wound was Finally stitchad and ;
%?- sprayed with liguidoplast, Operated animols were placerd in olean j
i% cayes and allowed in adiate access to food, The drinking water was
ég supplemented with 0.9% saline, f

' 2.3 Thyroidoctomy
Thyreidectomy wos performed by o slight variation of the method of
D Amour and Blood (1965), ALl instruments and paper towels were ste- i :
rilized by autoclaving before use. The animal to be operated on was

i anaesthetised with thalamonal (0,15 ml per 100 gm hody weight) ad-

: ministered intramuscularly in one of the hind leygs,  The hair avound |
é the operation site was removed and the skin washed Thoroughly with T
i
‘é“ warm water and 70% aleohol. A ventral mid-line incision throuah the i
;g‘ skin of the neck was then made, The salivary alonds were pushed to ;
¢ one side by slitting the overlying wuscle in the midline and o ste~
%* rilised retractor insected. 'Tho pfongs of the vetractor were pushed
f; ' apart in such o way thual it exposad the trachea ond the reddish, bi- ;
| lobed structure lying on cither side of the trached just below the |

larynx. The para-thyroids were sewn as Liny whitish bodies at th- §
tip of the upper lobe and an affort was made T Leove them behind,  The f
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isthmus connects the two lobes dcross the tracea. After dividing the
isthmus using a pair of fine forceps and while holding on to one end,
dissection was curefully made underneath the lobe. The inferior thy-
roid artery, which is the main blood supply to the thyroid and the re~
current luryngeal nexve, which lics close to the trachea and passes
below the lobe of the thyroid, were avoided, The artery was clamped
of f with the tips of a fine hemostat, .while the nerve was not touched
at all as respiratovy difficulties could develop later resulting in
the death of the animal. The lobe was dissected free leaving o small
amount at the upper tip enclosing the parathyroid, and removed., The
other lobe was removed in a similor manner, The prongs of the retrac-
tor were slowly released and removed. The wound was closed with fine
silk sutures through the muscle and two or three more through the sub-
cutancous tissve, The skin was stitched together with slightly thi-

cker silk sutures und sprayed with liquidoplast.

Operated animals were placed in clean cages and allowed immediate ac-
cess to food, The drinking water was supplemented with 0,9% saline

and 1% calcium gluconate (to avoid parathyroid tetany). The animals
were wutched over the next few days for any signs of respiratory dis-

tress and kept for at leust two weeks before being used for experiments.
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1 e 2,4 Double operations -~ Thyroidectomy/Adrenalectomy
’ When animals were subjected to double operations they were first
|
4 N .
T thyroidectomised, Adrenolectony was performed o week before the com-
i A
" mencement of oxperiments, The drinking water was supplemented with
a4
B
I 0.9% saline, 1% coleium gluconate and 0.1% potussium chloride,
i
2.5  Sham operated rats
‘i The animals were andesthetised and kept in o prone position, The skin
i}
B
i was washed and the hair removed. The skin was washed with 70% alco-
5 1
i hol. A mid-line incision was made as if one was obout to perform an
1! adrenalectomy, The whole procedure for adrendalectomy was followed ex-
{ cept that the adrenals were not removed, The wound was closed fol~
lowed by stitching the skin together and spraying with liquidoplast,
f Similarly o sham operation was performed for thyroidectomy,
i
e 3.0 Enzyme Assays
+
b
f Serine dehydratase was assayed by two methods,
-
3.1 Colorimetric Method
:
B ' Serine dehydratase catalyses the reaction:
'Tlf
)
i
L |
i L-serine »~pyruvic acid -+ ammonia
E !
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The pyruvate formed con be colorimetrically determined by conversion
to the 2,4~dinitrophenylhydrazone. The method described here is «

modification of the method of Friedman and Haugen (1943).

The livers from rats were weighed and quickly homogenised in 9 volumes
of 0.05 M potassivm phosphate buffer pH 7.2 containing 0.15 M potassium
chloride, 0.001 M EDTA, 0,00l M Z-mercaptoethanosl, 0.001 M DTT and
0.0005 M pyridoxal phosphate in o gluss Potter homogeniser. The homo~
genate was centrifuged at approximately 27,000 x g in a Sorvall RC2-B
centrifuge for 30 minutes, Activity in the resulting supernatant was
assayed in o total volume of 1,0 ml containing 0.1 M potassium phos~
phate buffer pH 8,0, and 1 mM EDTA, 50 mM pyridoxal phosphate and 100
mM L-serine previcusly warmed to 37°C. The reaction was started by the
addition of 50 pl enzyme extruct and the reuction mixture further in-
cubated for five minutes. Tho reaction wos stépped by the addition of
0.5 ml of cold L0% TCA solution, Any precipitate formed was removed

by centrifugation ufter the preparation had stood fer 10 minutes in ice
bath., A 0.6ml aliquot vas pipetted inte 0.5 ml of 2, 4~dinitrophenydrazine
(0.033% in 2N HC1) solution and was allowed to stand for at least 5 mi-
nutes at room temperature, Two ml of 2N sodium hydroxide solution was
added to the aliguot mixture., The eptical density was then read at 450
nm in a Hitochi model LOL spectrophotometer within 5 minutes after the

addition of sodium hydroxide. For control tubes the TCA solution was
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added pripr to the addition of the enzyme extract. A standurd curve
was also done with each set of experiments. A 2 mM stock solution of
sodium pyruvate was prepared and futher dilutions were made to give
series of concentrations of 0.1 to 0.5 pmol pyruvate per wl (fig 1)

Figure 2 shows the rate of pyruvate formation on incubation,

3.2 Enaymatic Mathod

Serine dehydratuse was assayed at room temperature dccording to the
method of Wimhurst and Manchester (1973) with slight modifications.,
The enzyme was extracted by homogenization of the liver in 9 volumes
of 0.1 M KZHPOA’ pH 8.6, containing 0.05 mM pyridoxal phosphate, in

o glass homegeniser, speciolly designed to deal with small quantities,
Activity in the supernotant, after centrifugation for 30 minutes at
approximately 27,000 x g in a Sorvall RC2-B centrifuge was assayed

in a total velume of 3.0 ml, The assay mixture contained 50 mM Tris-
HCL buffer pl 8.6, 112 wM potassium chloride, 0.05 mM pyridoxal phos~
phate, 0.28 mM NADH and 3001 of onzyme extract. The reaction was
started by the addition of 0.1 ml of o 3 M solution of serine, to give
a final concentration of LOO wM ,  The rate of disappearance of NADH
was followed with Pye Unicam SP 8-100 ultravielet recording spectrop-
hotometer at 340 nme  Tho .ate of disappearance of NADH in the dabsence
of serine was subtracted from that in its presence, A comparison be-

tween the two assay methods is shown in Table 1,
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3.3 Lactic Dehydrogenase

Lactic dehydrogenase was assayed at room temperature by o method
similar to that for serine dehydratose described in section 3.2, The
enzyme was extructed by homogenization of the liver in 9 volumes of
0.1 M szpod, pH 8.6, containing 0,05 mM pyridoxal phosphate in glass
homogenisers specially designed to deal with small quantities. Ac-
tivity in the supernatant, after centrifugation for 30 minutes at ap-

proximately 27,000 x ¢ in a Sorvall RC2-B centrifuge, was assayed in

a total volume of 3.0 ml containing 40 mM Tris-HCL buffer pH 8.6, 9C
mM KCL, 0.05 mM pyridoxal phosphate, 0.25 mM NADH and 50 pl enzyme
extract, The reaction was started by the addition of 20 pl of a 1ImM | |
solution of sodium pyruvate to give a final concentration of 0.0066 mM,
The rate of loss of NADH was followed with Pye Unleam $P8-100 ultra-

violet recording spectrophotometer at 340 nm.  The rate of disappea-

value obtained in its presence,

3,4 Protein Estimation {lLowry)

Protein was determined by the method of Lowry et al. (1951). In brief

the method consists of
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Reagents

A 2% N02303 in 0, 4% NaOH

B 1% CuSOA
C 1% potassium tavtrate

D 0.5% bovine serum albumin (5 mg/ml)

m

Folin Reagent, diluted 1:2 with distilled water

Prog dure

50 parts A, one part of B and one part of C were mixed together, To

5 ml of this mixture was added 1 ml of « suitably diluted protein so.

ple, mixed und loft for 8 minutes. To this was added 0.5 ml of di~
luted Folin reagent (E), mixed and left for 30 minutes and read at

660 nm in g Hitachi model 101 spectrophotometer,

For a standard curve a range between 40-300 mg BSA per ml was added

(Fig. 3)

3,5 Cualeulatinns

Activities of enzymos ave expressed as followsi-
Serine dehydratase - ol pyruvate or NAD produced per min per gram

liver.

When the colorimetric assay method was used the enzyme activity was
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expressed as pmol pyruvate produced per min per gram of liver and when
the enzymatic assay method was used the activity was expressed as umal

NAD produced per min per grom of liver,
Lactic dehydrogenase ~ pmol NAD procduced per min per gram of liver.

For the colorimetric assay of serine dehydrotase a standord curve re-
lating colour production to pyruvate added is shown in Fig. 1. Fig. 2
shows the effect of incubuation time on pyruvate production. A linear
relationship was observed., An incubation time of 5 minutes was rou-

tinely used in most experiments.

Fig. 3 shows a standavd curve for protein estimation,

Table 1 gives comparison of sevine dehydratuse activity determined
by the colorimetric and enzymatic methods, No significant differences

are seon suggesting that the colorimetric assay is satisfactory.

3,6 Statistical Evaluation of Results

’

The mean of values of o group of assays was caleulated from the formulu :

-
X P

N

whore ” signifies the moun value of x, where x = individual results

and n = number of determinatinns,
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FIG. 1

Standard curve relating absorbance against amount of
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FIG. 2

Effect of incubation time of the assay of serine
dehydratase (totai product tormed)

] i BN {
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Coopuiva s ol e i et gy e fheeds on the measvr sd
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GColorimetric assay
(pmal pyrouvate producedd 1,90 4 0.10
par omin/gm iver)
Erveymat ic assay

(ol NADH used pot 2030 1 0,48
min/om Liver)

The details of the two assays are as deseribed in section 3

of Material » und Methods.
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All mean values are quoted with standard errors ( + S.E.M.). The

standard error of the mean is given by the formula :-

3 | 3x-x) 2
i _ nin-1)

E

i Limits of significance were determined by the t-~test using the formula :

t == 2

2 3
(SEI-+ISE,)

where Ql = mean value of one set of determinations and §2 = mean

U,

value of second set of determinations, SEl = stondard error of {0

. ‘ e e o
: SE2 = standord error of X

When comparing the effects of two olternative treatments or.expeximents

it is sometimes possible to make comparisens in pairs. This is called

the paired t-test and is colculated by the formula :

T~ BB R o

d / ISE of dl

T e

where d = the average difference between the number of pairs.

i

i Values of t greater than those for differences with ninety five per
i; cent confidence were regarded as significant.

i3 ” 4, Qrgan Culture of Adult Rat Liver

4,1 Preparation of apporatus

A standard cleaning procedure was followed for apparatus that came
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into coentact with the culture medium or the tissue. GClassware and

dissecting instruments were first scrubbed using normal laboratory

detergent, rinsed with tap water and soaked in a 1% contrad solution
(Hickman and Kleber, Durbon). This was followed by another rin;e in
tap water, ond two rinses in distilled water. No cleaning procedure
was followed for filter poper. The apporatus was sterilised by auto-
claving for 20 minutes., Dissecting instruments were sterilised in OK
sterilisation bags (Propper Manufacturing Co., New York), beukers were
covered with aluminium foil, filter paper was kept in Petri dishes,
flasks and measuring cylinders were stoppered with cotton wool and

culture dishes (No. 1 Conway Units, Gallenkemp, England) were covered

with lids autoclaved as such,

4.2 Medium

The method of preparation of medium and procedure was daccording to the
technique of Mattheyse (1977) with modifications. The medium consisted
of 50% bovine serum, 10% whole egg ultrafiltrote and 40% M199 with Hanks
balanced salt sclution containing scdium bicarbonate, penicillin and

streptomycin as antiblotics,

The whole egg ultrafiltrate was prepared by mixing Grade A large eggs
with saline, and pressure filtering through o membrane of 154 pore size.

This excludes materials of molecular weight greater thon 12 000. The
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vltrafiltrate is protein free, as tested with 10% TCA.

ML99 with Hanks” balanced salt solution (Morgen et al., 1950, and
Hanks and Wallace, 1949) with L-glutamine and without sodium bicar-

bonate was supplied by Grand island Biological Co. in powder form.

The powder came in packets, each packet containing enough powder for

1 litre of medium. The contents of a single packet were dissolved in
about 500 ml distilled water, which contained 0.35 gm sodium bicar~
bonate, 30 mg penicillin as crystapen aond 50 mg streptomycin as Novostrep.
The contents were mixed and the volume made up to one litre. The pH ot
this stage was abéut 6.8, but after pressure filtering through a Mil-
lipore filter membrane (Mill%pore Corporation, Bedford, Maossachusetts,
U.S.A.) packed with filters having pore sizes at 0.22u , 0.45u, and
1.2y, interspaced with a layer of dacron, plus « prefilter,‘if soon
adjusted to between 7.2 and 7.3 and wus stored at 4°C in 250 ml quan-

tities.

Bovine serum was prepared from bleod obtained at the local municipal
abattoir., It was collected septically in a clean 10 litre becker and
allowed to coagulate at rcom temperature for dabout three hours., After
twently four hours in the cold room the clot formed was lightly broken

with o glass rod and the serum poured off and centrifuged at about

20,000 x g for 30 minutes in Sorvall RCZ-B centrifuge to remove hlood
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cells and minute clot moterial. The supernatant was collected and
pressure~filtered through o Millipore filter membrane (previously ste-
rilised) ond stored frozen in 100 ml gquantities, Just before use, the
serum was thawed and heated to 55°C for 20 minutes to inactivate com-

plement,

Any additions to the wedium such as hormones were dissolved septically
in the synthetic component of the medium (ML99), the quantity measured
out to give the desired final concentration in the composite medium.
This was then sterilised through o Millipore swinnex filter, fitter with
0.22 p membrane., The medium components were dispensed on a special ste~
rile bench (Fibratron pure work station, S.A.), using sterile measuring
cylinders, into 250 ml Ehrlenmeyer flasks and gently swirled around.

It was then decanted into the centre wells of the culture vessels and
covered with sterile Whatman®s No. 1 filter paper ensuring that no air

bubbles were troapped.

4,3 Culture procedure

The animal - 3 killed and the liver removed outside the sterile chamber.
After killing, the operator’s hands and the rots abdomen were swabbed
with 70% alecohol. A ventral mid-line incision using sterile scissors
was made into the skin from about mid-thorax to the abdomen. Lateral
incisions were made wt either end of the cut and the flaps of the skin

were folded back., The muscle wall was then swabbed with 70% alcohol
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and the iﬁcision was repected into the peritoneal wall., The xip-
histernum was removed, The various lobes of the liver were carefully
dissected free from folciform ligement, hepatic portal veins and bile
canals and put into about 50 ml sterile synthetic medium in o beaker
covered with foil. This was transferred to the sterile room where the
operator’s hands were thoroughly washed with Gill soap and a face mask
worn, The liver lobes were woshed free of excess blood by swirling them
in the beaker. They were then trunsferred to clean sterile synthetic

medium in o second 100 ml beaker.

A lobe of the liver was removed from the beaker and dried on o filter
paper., It was then transferred to another filter paper and spread out,
The sides of the liver were cul to give a rectangular cutting face. Ste-
rility was slightly waived at the cutting stage when the liver was clds-
ped in some filter poper with the thumb and forefinger of the one hand.
Colture slices were scctionised From the “cutting face” using a rui-
gical skin-graft knife or dermatome (Downs Bros., and Mayer and Phelps
Lid,, Surrey, U.K.) set to 0.75 mm. Cutting was best done by using «
sawing motion., Seclions cut to about 0.3 mm thick were collected from
the edge of the knife and floated in o petri dish with some synthetic
medium, When enough tissue was collected the slices were swirled gently
and transferred to the culture dishes with sterile forceps where they
were spread out To about two or three slices per dish to ensure maximum

contact with the medium and gas phase.

T N R e R o A T
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The cultures (Fig. 4) were placed in a specially designed box made

il of 112 mm thick transparent perspex (Fig. 5). The box was designed
to hold o maximum of three sets of cultures, edach set consisting of
four Conway units taped together one above the other. The cultures
rested on a loose platform with perforations. The gas entered from
under this plalbform and left from just under the lid which was screwed ' :

i on to make the pox oir tight. The cultures were then perfused with

'y ' 95% oxygen and 5% carbon dioxide for 10-15 minutes. The inlet and out-

f\ let valves were then closed and the box put in an incubator set at 37°C,
‘ o After 12 hours the atmosphere was renewed.

| ;
“; The pH of the medium usually dropped to dabout 6.8 but this was due to

,j the high carbon dioxide atmosphere, since culture medium ot this pH

E left stonding in o normal atmosphere regained a pH of about 7.2, Where

;g Jthe medivm wus to be “changed”, culture dishes with the new medium were :
i
;g‘ incubated simultoneously with the cultures from the onset, and at the E
{% : appropriote time, the pieces of filter paper with the culture slices l
:f were transferred in toto to the new culture dishes. When hormones or

IilT o

i any other additions were to be made to the medium, the medium mixtures

, were prepared just before the cultured slices were transferred,

e

The cultures were kept for 24 hours to 48 hours. When they were kept

for 48 hours the atmosphere wus renewed after 24 hours. In some ex-

e i e

periments the cultures were kept for . a futher 8~10 hours after 48
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FIG., 4 Diagram depicting the culture system

a) Culture vessel, No. 1 Comvay Unit,
with ground glass lid.

b} Medium mixture

¢) Whatman No, 1 filter poper disc.

d) Liver, cut to less thean 0,75 mm thick,
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4 . Fig. 5 Special Incubation Box

| | a) Inlet for gas mixture

h) Outlet for gas mixture

¢) Screw on top

d) Sets of cultures ‘

e) Perforated tray on which sets of

s

cultures are placed
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hours, (Section 2.6.1).

5., Orgun Cuiture of liver of l3-day old rats '

5.1 Preparation of wuppuratus

The apparatus is the same as for adult organ culture.

6.2 Medium §

Instead of bovine serum from the cbattoir, foetal bovine serum (FBS),
microplasma and virus screened (Flow laboratories, Scotland), containing
vhole eygqg ultrafiltrate was used, The synthetic ML9? with Hanks balanced
salts was the same os in adult organ culture. The medium mixture consis~
J ted of 50% FBS and 5O% ML99 with Hanks’ baionced salts cotaining sodium
%( bicmcbonmtc, penicillin and streptomycin. Ths rest of the procedure was

the same as with adult organ culture.

. bh)_am I —
e T

5.3 Culture progedurs

Becavuse of the size of the animol one had to be very careful in removing

SO
L

the liver, The rabs were killed and the skin cut laterally across the

abclomen and slowly removed by hand, The muscle was washed with 70%
alvohol and incisions were repeated into the peritoneal wall. The xip-
histernum was very carefully removed, Vemy slowly with a fine pair of
% ‘ scissors and forceps the lobes of the liver were freed from faleiform

ligaments, the hepobic portal veins and the bile canals., The lobes were

it

il
£y
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| | |

1 ~ carefully transferred with o pair of blunt forceps into a beaker con-
u ' taining 50 ml of sterile synthetic medium covered with foil., In the

sterile room they were tronsferred to another beaker containing syn-

2t ¥

i thetic medium. The lobe was dried on o filter pdaper and then slices
cut with o dermatome with screws adjusted to 0.75 wm. The slices were

cut by vertical motions of the knife across the surfuce of the liver

B

b lobe. The rest of the procedure was the same as in the adult rat.

| k Slices were cultured for 12, 24 and 48 hours. Also a further incuba-

‘; 3 » ) . “ ]

N tion of 8-10 hours after the initial 48 hours incubation was done. 1In

{

ig : a 24 hours incubation the atmosphere was renewed after 12 hours at the
some time as cultures were transferred to new medium. For 48 hours the
atmosphere was renewed after 24 hours. The gas used was a mixture of
95% oxygen and 5% carbon dioxide and the units were incubated at 37°C
in an incubator.

i g . v »

L. 6, Histological Technigues

i

k% 6.1 Light Microscapy

N Tissue for light microscopic study was fixed in buffered formalin ot

neutral pM and sections were prepored by Mr A Wadee of the Department
of Immunclogy, S.A,I.M.R., Johannesburg., The fixed tissue was dehy-
drated by passing it through an aleochol gradient, cleaxed with benzene

L ~ and embedded in peraffin wox in block form. The blocks were put on ice

L
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to cool and then trimmed and later cut with a rotary microtome (5

microns). The tissue was picked up onto o microtome knife and then

put on a glass slide. The slices were floated on a water bath, picked

up and put on a glass slide, lubelled, dried and placed on o hot plate

For 30 minvtes. The tissue was dewaxed with xylene, hydrated by pas-

sing through an alcohol gradient, washed in water and then dipped in
% Scotts tap water, The tissve was stained by adding huematoxylin (10

minutes) and then washed in tap woter and dipped in eosin (2 minutes).

e

It was then dehydrated by passing through an alcohol gracient put in

. xylene and mounted on distrene-~dibutylphthalac-xylol (dpx). A cover
slip was put on and the slide dried and cleaned. The tissue was viewed

on ¢ Reichert Univer photomicroscope belonging to the Dentul Research Unit,

University of the Witwatersrand, Johanneshburg, A green filter was used
I pet

for contrast while photoyraphing various sections of the stained tissue.

6,2 Eleccltron Microscopy (Kay (ed) 1965)

"o L
T S = i

ig Tissue for electron microscopic study was fixed in 3% glutaraldehyde~
i’ formalin solution bulfeved in Millonigs phosphate (pH 7.4) buffer. The
v fixed tissue wos washed three times in Millonigs phosphate buffer (pH

34 - 7.4) and then post fixed in 1% osmium tetroxide in Millonigs buffexr,

i Sections prepared with the help of Miss Anna Botes of the Department of
; Electron Microscopy, S.A.L.M.R, Johannesburg, After washing with 50%
&

i ethanol, the tissue was passaed through an aleohol gradient, cleared

i
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with propylene oxide and embedded in an epon~araldite mixture and left
overhight to pelymerize at 80°C in an oven. Thick sections (L micron)
were cut with an LKB ultramicrotome and stained with toluidine blue.

The sections were further trimmed to smaller block size and thin sections

(500 ~ 7008 ) were cut onto o gluss knife filled with distilled water.

The sections were picked up onto a copper grid and the grid was stained

with uranyl acetate in 50% alcohol (10 minutes). The stained grid sas
rinsed three times in 50% ethanol, blotted and then put onto a drop of
lead citrate for 10 minutes (Reynolds, 1963), and covered with a bheaker
(to avoid lead oxide formation). The stained tissue was rinsed three
times in double distilled water, dried on a filter paper and then viewed.
Viewing was done on an AEL 801 transmission electron microscope and ne-

gatives prepared,

7. Estimation of Potussium in Liver Slicnas

A simple procedure was used to estimate the potassium levels in rat
liver slices, The rats were killed, livers removed and slices prepared

and incubated as mentioned in Materiols and Methods (4.3).

After incubating the slices, they wore removed and weighed in o test
tube. Two ml of distilled wouter was added to the slice and the tubes
placed in o boiling water bath for 10 minutes. The supernatant was mea-
sured for potassium in an EEL flame photometer (Evans Electroselenium

Ltd,, Holstead, Essec, England), containing o potassium filter. The
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instrument was calibrated to zero with distilled water. and o 100%
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response with the most concentrated standard potassium chloride

solution (1.5 mM). A calibrotion curve was plotted wsing 0.5, 1.0 ond 1.5 mM
standard potassium chloride solution  (Fig. 6). After euch esti-
mation,the flame photometer was flushed with o somple of distilled

water,

7.1 Calculations

The purpose of this part of the investigation was to study the
changes in the levels of potassium in rat liver slices in normal
and adrenalectomised rats with and without the addition of steroids
(hydrocortisone and p-methasone) at zero time and over o 48 hour

incubation,

Content is expressed gs pmol of potassium present per grum of liver
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FIG. 6
A calibration curve relaling response of flame
photometer against potassium chloride
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} III RESULTS
} ; T
j; ~ The work is divided into three parts :
% .
5 ‘1) The effects of hormones on serine dehydratase activity
&
i 1
: (2) The effects of hormones on serine dehydratase in liver .
; slices in cultyre i
i .(3) The morphological churacteristics of the slices that
bear on the cctivities of serine dehydratase observed,
1.1 Effects of adrenalectomy, thyroidectomy, adrenalectomy %
and thyroidectomy (double operations) and sham operctions
4 o . .
4 on_the activity of hepatic serine dehvdratase
; Groups of rats were adrenulectomised, thyroidectomised, doubly
i operated and double shum eperated as already described. Thyroidectomy
o ‘ was performed at least 15 days priox to commencements, whereas
’?’ 3 3
I adrenalectomy was done at least 6 days before killing and after
:
| thyroidectomy.
21N
i There was o marked increase in enzyme activity in thyroidectomised
|

and double operated rats, although the cctivities in operated rats
were much higher than the control hon-operdated normal animals (Fig.7).

]

On statistical analysis the effect of advenalectomy was not significant

Rt e e A

(N.S.) while thyroidectomy (P < 0.001), double operations (P < 0.01)

and sham double operations (P < 0,02) were all significantly different
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FIG. 7

Effect of adrenatectomy, thyroidectomy, double
operations, sham double operations on the activity of
serine dehydratase in vivo
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Groups of rats were adrenalectomised, thyroidecto-
mised, double opaerations 'and sham double
operations. Thyroldectomy was performed at least
15 days prior to the commencement of the
experiments while adrenalectomy 6 days and after
thyroldectomy in the case of double operations, In
sham double operations the same procedure was
performed for adrenalectomy and thyroidectomy
without removing the adrenals or thyroid glands.

The aperated animals were malntalned on a
laboratory diet while the drinking water was
supplemented with 0,9% NaCl and 0,1% Ca
gluconate. On -comparing the statistical
signiflcance of operated rats to normal rats,
adrenalectomy was not significant (N.8), while
thyroidectomy (P<0,001) adrenalectomy and
thyroidectomy (P<0,01) and sham double
operations (P<0,02) were significant,
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from normal unoperated rats.

1.2 Effect of hydrocortisone (HC) on serine dehydratase

activity in adrenalectomised and thyroidectomised rats

Before the effect of hormones on the enzyme levels in vitro could

be tried it was hecessary to test whether the hormone has an effect

i<

ivo ih the time period over which the in vitro experiments were

s eont

to be carried out, Since the in vitro experiments were initially
limited to 24 hours it was necessary to test whether effects on the

enzyme could be produced over 24 hours in vivo in the experimental

animals used for this study.

Rats previously adrenalectomised and. thyroidectomised were injected

intraperitoneally with hydrocortisone~2l~sodium succinate (HC) adminis~

tered as o Tween 20 suspension every S hours for 24 hours (6 mg/100 g

body weight)., The rats were killed every 2 hours after the commencement

of the experimen! up to 24 hours and the liver assayed for serine dehyd-

ratase activity (Fig. 8), On stotistical analysis only the decreases

gt 22 (P < 0.0L) and 24 hours (P < 0.02) were significant on comparing
with control double operations. On comparing with control adrenclectomy
only the inductions ot 8 (P < 0.05) 18 (P < 0,05) and 20 hours (P < 0.01)
were significant, The standard errors were high in some of the points
investigated, Aceording to Ishikawa and Nakajima (1970) hydrocortisone
can induce activities in adrenclectomised rats but the effect of hydro-

cortisone seeh here is in general not significant,
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1.3 Effect of triiodothyronine (T3) on the activities of the

enzyme over a periond of 24 hours in adrenalectomised and

thyroidectomised rats

Rats previously odrenalectomised and thyroidectomised were injected

with triiodothyronine (1 mg/100 g body weight) and serine dehydratase

activilty measured (Fig. 9). On statisticol analysis the increase was

found to be significant on comparison to control double operations

suggesting an induction of enzyme. On comparison to control thyroi- _
dectomy the results were not significant except at 2 hours (P < 0.05).

Ishikawa et al. (1965) found that administration of triiedothyronine

for 5 doys caused increased activities of the enzyme in adrenalectomised

rats,

L4, Effect of hydrocortisone and tri... othyronine on the activities

of the enzyme over a period of 24 hours in adrenalectomised and

thyroidectomised rats

Rats previously acdvenalectomised and thyroidectomised were injected with
hydrocortisone and triiodothyronine, The animals wore killed at 2,4,8,12,
16 and 20 hours and activities measured (Fig. 10). There is o positive
response of both hormones resulting in a moarked ineredse in the activities
of the enzymé ot 4 and 16 hours (P < 0,001 and P < 0,00l respeo%ively}‘
The increase at 2,8,12 and 20 hours were also statistically significant

but the extent of incroase was less.

R O B N TR 91
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1.5 Activity of serine dehydratase and lactic dehydrogenase in

normal and adrenalectomised rats muintained on fed and 24

hours fasted dietary regimes

Intact and adrenalectomised rats were put into two groups. One

group was fed while the other was fasted for o minimum of 24 hours

hbefore measurement of serine dehydratuse activity (Table 2). The
results indicate that there was o morked increase in SDH activity

in the fasted rat compured to the normal fed rat. Similarly in the
adrenalectomised rat the same patltern oceurs with an increase in the
fasted vot compared to that of the fod ones, The results agree with
published litevature (Ishikawo and Makajime, 1970; Suda, 1967). 1In
these experiments lactic dehydrogenuse was also assayed. There was a
slight increase in the normal vats with fasting and also the sume For

adrenalectomised rats.

1.6 Activity of serine dehydratase and lactic dehydrogenase in

adrenalectomised rats injected with hydrocortisone and maintained

on_food wnd fasted dietary regime

Rats were put into two groups, onc was fed while the other wuas fasted
for 24 hours befuwe the animals were killed, Both groups were injected
intraperitoneally with hydrocoxtisone (0,75 mg HC in 0.5 ml saline).
Injections (0.5 ml) were given at intervals of é hours., The rots were

killed 6 hours after the lust injection and enzyme activities measured

i AV
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TABLE 2

Effects of food, 24 hour fasting and hydrocortisone treatment

on the activities of serine dehydratase (SDH) and lactic

dehydrogenase (LDM) in normal ond adrenglectomised rat liver

SDH LDH
ACTIVITY (UNITS) pmol NAD produced/min/gm liver
Control - Normal 0. 62% 312 *
+ Food + +
0. 0L 10
Control = NMormal 2.74 361
+ 24 hour Fasting * +
0.17 14
0,76%% 323
Adrenalectomised + *
and fuod 0. 04 5
2.76 3456
Adrenalectamised + o+
and fasted 24 hqurs 0. 70 o1
1. 3Ox¥% 386 *¥
Adrenalectomised 4 o+
fad plus HC 0.07 0
2,20 287
Adrenalectomised o +
and Fasted plus HC 0. 92 v

For details see next page
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Rats were adeenalectomised 6 days prior to commencement of experiments.
Where indicatad rats wers injected introuperitoneally with hydrocaortissne
0,75 mg HC in 0.5 ml normal saline (0.94) per animal, at é hourly

'2 intervals for L day and the animal was killed 6 hours after the last

A :

*% injection (0.5 ml/injection),

i

|

i Each value is the mean X S.E.M, of nine.observqtions. P values were

iy calevluted in order to find any statistical significance. For serine

é | dehydratase ¥ indicates P 0.001 with respect to normal fasted, ** P<0.,0l

-é\ with respect to normal fed. On comparing adrenalectomised fed to

f _ advenalectomised Fasted P < 0,00%, *** P< 0,001 with respect to the

| same in {osted animuls.,  Adrenalectomised fed to adrenalectomised fed
plus HC P < 0,001, while the same for the fasted animals was not

‘ significant,

é For lactic dehydeogenase * P < 0,02 with respect to normal fasting.

??, Adrenalectomised Tad an fasted with respect to normal fed and fasted

;%“ ware not significant,  Adrenalectomised fed to advenalectomised fasted

;i was not significont vhile “* P < (.00l with respect to the same in fasted

E“ animels,  Adrenalectomised fed compared to adrendlectomised fed plus HC

i P 0,000 while adrenalectomised fasted to adreonolectomised fasted plus

HC P e 0.02,

g

i

|

i
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(Table 2). The results indicate a marked increuse in the activity

for SDH in the fed animals. Ishikawa and Nakajima (1970) found

that on injection of hydrocortisohe to adrenalectomised fed rats

there was o 10% increase in activity while in fasted rats the increase
was nearly two-fold. In this experiment a decrease in enzyme activity
on injection of hydrocortisone to fasted adrendleciomised rats is seen.
For LDH an increase in activity in the fed rats was found while in the
fasted rats hydrocortisone decreased activity, Wick (1968) found that

hydrocortisone administration did not alter LDH activity in foetal rat

liver.

2.0 In vitro effect of hormones and dietary regimes on serine

“dehydratase and lactic dehydrogenase gctivity of slices of

adult rat liver over a 24 hour and 48 hour incubgtion

Rat liver slices were prepared and cultured according to the method

as mentioned in Materials dnd Methods. The slices were infused with
95% oxygen and 5% carbon dioxide. The atmosphere was renewed after

12 or 24 hours of incubation at the same time as hormonal additions

were made to the medium mixture. The slices were maintained in an

incubator ot 37°C.

2.1 Effect on the activities of serine dehydratase and lactic

dehydrogendse over a 24 hour incubation period

Normal rat liver slices were cultured for 24 hours at 37°C, Groups of




cultured slices were removed at different times ond assdyed for
SDH and LDH. Activities were recorded after 0, 4, 6, 12 and 24

hour incubation (Fig. 11). A culture without o 12 hour transfer,

ive. o straight 24 hour incubation, was alzo assayed, The results
indicate o large drop in SDH enzyme activity from zero time (in vivo)
i

‘ to 4 hours of culture. From 4 houvrs the levels fall further to 12

i hours after which it is relatively constant. A straight 24 hour
i}
culture without transfers showed levels that were not any different

from o two 12 hour culture. No SDH activity was found in the medium.

In order to see if the presence of substrate in the medium would stabilise

the enzyme, preventing such « big decrease in enzyme levels from in vivo

to in vitro condition, 10 mM of serine was added to the medium. Figure

12 shows that the decredse was still the same.

Lactic dehydrogenuse activity also decreased significantly from zero

time during dncubdation for 4 hours (P < 0,001). From 4 hours there was

S

a gradual decrease to 6, 12 and 24 hours (Fig. 13). A stroight 24 hours

P culture without 12 hour transfers was no different than the two 12 hour
i

. cultures. On assuying the medium of a 4 hour incubation sample

f\ considerable activity wus present. Activity steadily increased from 4
i

to 12 hours and then decreased to 24 hours (Fig., 14). A straight 24

hour cuwlture mediuvm not surprisingly showed o higher level of enzyme

activity compared to two 12 hour ones,

MacDornel et al. (1975) found
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Fig 11.
Serine dehydratase activity in liver slices as &
function of time (hours)
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FIG. 12

Effect of serine in medium mixture (10 miM) on the
activity of serine dehydratase in adult rat liver slices
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Rats waerz killed and the liver slices cultured in
normal madium and medium contalning (10 mM)
serine. Slices cultured and Incubated for 24 hours at
37°C with a 12 hour transfer to fresh madium and

1 )
CONTROL + SERINE IN MEDIUM

(24 HOURS)

medium cantaining serine, The atmosphere was
also renewed. A zaro time level was recorded using
frash liver and assayed for enzyme activity.
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FiG. 13
Lactic dehydrogenase activity in liver slices as a
function of time (hours)
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of LDH (tissue) and LDH (medium) results ware
faund to be statistically significant (T 6,875).
Comparing statistical signifleance of a zero time
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FIG. 14
Lactic dehydrogenase activilty in medium
i as a function of time (hours)
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that 20 day old foetuses, cultured for 48 hours in the absence of

1 serum, released 70% of their total soluble protein content in the
t

medium, In the presence of serum their loss was 60%. They also

i found that LDH was released into the medium.

4

Al: % - + [} )

i 2,2 Lffect of hydrocortisone on the weiivity of serine dehydratase

in slices Ffrom normal eand adrenalectomised rats

E Croups of cultures were prepared, each having two sets of cultures in

i control medium (withowt hormone) and duplicote sets of cultures with

5 medium containing the hormone in concentrations from 0.0l mM to 1 mM.

;? The slices were put in normal medium for the first 12 hours and then

{! tronsferred to media containing hormone for o further 12 hours of
incubation wt 37°C, The results (Fig. 15) appear to show that 0.1 mM
and 0.5 sM MC dopresses SDM activity while 1,0 mM restores it towards

‘g : the lovels in the absence of HC in normal rats. Figure 16 shows the

% effect in adrenclectomised rats where it appeors that ot o concentration

of 0.5 and L.O mM HC depresses the activity of the enzyme, Just as in

figure 15 no induction of the enzyme is seen here,

2.3 Effect of pemethaseonc or the activity of serine dehydratase in

i slices from novmal and adrenalectomised rat livern
] :

)‘E

t p~Methasone is o synthelic glucocorticoid, 40 times more active than
i

i3 .
&i hydrocortisone,
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Groups of cultures were prepared, edach having two sets inh control
medium and duplicate sets of cultures with medium containing hormone
in concentrations from 0.0L mM to 0.1 mM., The slices were cultured
for the first 12 hours in normal medium (without hormones) and then
transferved to media containing hormone for the next 12 hours of
incubation at 979, In the normul rats there was no significant
effect of p~methusone (Fig., 17). In the adrenalectomised rats there
was o significant decrease in enzyme activety at o concentration of
N, 06 mM p-methasone (P < 0,05) while the remaining concentrations are

not significant (Fig. 18).

2.4 Activity of servine dehydratase and lactic dehydrogendase in

normul_ond adrenalectomised rats maintained on o food und

fasted dietary regime

Rat liver slices from normal and adrenclectomised rats, previously

Fed or starved for 24 hours before commencement of experiments, were
cultured over u period of 24 hours. The cultures were trensferred after
12 hours to frosh medivm and cultured for another 12 hours et 37°C.

The slices were homoagenised and assayed Tor enzyme activity, As shown
earlier in Figure 11 and Tuble 2 there was a very large decrease in
enzyme activities from in vive to in vitra. As shown in Table 3 there
was no significant difference in activity in the normal rats between fed
and fasted dietary regimes, Though in the adrenalectomised rats there

was o signiFicant differonce (P < 0.01),
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FIG. 17

Effect of B-methasone on the activity of serine
dehydratase in hormal ral liver slices

2,4

2,2 /
210 / e

1.8““ ATUBA AN

1,6~

1,4

pmol PYRUVATE PRODUCED/MIN/GM LIVER

A\
A\

052’*

0 0,01 0,02 0,03 004 005

CONC. B-METHASONE (mM)
Livor slices wore cultured for 24 hours al 37°C. renowed alter the initial 12 hours inctbation,
Inittaily the cullures were maintainad for 12 hoursin -~ On comparing to the zaro tirme (In vivo) level there
notmal medium alter which they were transferrsdto seems to be an induction at 0,04 mM but on

madium containing  P-methasone (0,04 and 0,06 statistical analysis (® values) of both concentrations
mM regpactively) for 12 hours, The atmosphere was they were found to be nol significant (N.8).
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18
Effect of B-methasone on the activity of serine
dehydratase in adrenalectomised rat liver slices
i "
) h‘z -
,/f ; ; L
/|
-g ‘/4xf\ .- P ye

001 002 0,08 004 005 006 007 008 008 010
(P 0,06)
GONG. FMETHASONE (mM)

Liver sliges were cubured for 24 hours at 37°C. For  { p~-mathasone, dose-curve 0,01 mM ~ 0,10 mM). At
the first 12 hours the cullures were maintained in  this stage the atmosphere wus rénawed,

normal madium. For the next 12 hours the cultures  The statistical signilicance (P values) arg showt: on
ware transferred to medium gontaining hormone  the graph.




For LDH there was a decrease in activities in normal rots between
fed and fasting. In the adrenalectomised rats there was an incredse
in activities in the fed rats to that of the fasted ones., From in vive

to in vitro there was a large decrease ! activity (Tuble 3),

2.5 Effect of hydrocortisone on the activity of serine dehydrotase

and lactic dehydrogenase in slices from fed cand fusted

adrenalectomised rats

Activity of SDH was slightly highcr in the fasted animal compared to

the feod oner (Table 3). As in corlier experiments there was a remarkoble
drop in SDH wctivity from in vive to in vitro systems., For LDH the
animals kept on a fasted dietary regime under the influence of HC
were found to have lower activities than the fed ones., Wicks (1988)

found that in foetal rat liver orgon culture, the snuvme activity of

LDH was not altered after a 17 howr exposure to HC,

2.6 Effect of p-methasone (0.01 mM) on the getivily of serine

dehydratase in_slices of adrenalectomised rots as a function

of incubation time

Slices were cultured in medium containing pemelhasone (0,01 mM final
. + ’ “'V(') il a1

concentration) and incubated for 48 hours o &7 C.  Control sumples

were cultured in normal medium, Samples were removed ot 6, 12, 24

and 48 hours and the slices wssayed for serine dehydratase activity,
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On comparing with the control values at ewch incubation time there is
no induction of the enzyme by pnﬁethGSOne (Table 4). The experimental

values ore all below the normal controls.:

On assaying o sample of the medium for each incubation time the
presence of enzyme in the medium was found indicating that some of
the enzyme had leaked out of the cell. It was fairly constant up to

24 hours.

2.6,1 Effect of p-methasone (0,01 mM) on the activity of serine

dehydratase in adrenalectomised rat liver slices as «

function of incubation time

After incubating the samples for 48 hours in normal medium as in 2.6

the slices were transferred to medium containing the hormene (p-methasone,
final concentration 0.0l mM) and incubated at 37°C. Samples were removed
at 2, 4, 6, 8 and 10 hours (after initial 48 hour incubation) and slices
assayed for serine dehydratase activity.

On comparison with o 48 hour control value the enzyme was not found to
have been induced by the hormone over o further 10 hour incubition. No

significant activity was- found on dssaying a porticn of the medium.

2.6.2 Effect of p-methasone (0,01 mM) on the activity of serine

dehydratase in normal rats as o funtion of incubation time

Slices were cultured in normal medium and incubated for 48 hours at

37°C. After 48 hours the slices were transferred to medium containing
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TABLE 3
Effects of food 24 hours fasting and hydrocortisone treatment on
the activities of serine dehydratase (SDH) and lactic dehydrogenase
(LDH) in liver slices from normal and adrenalectomised rats
i
Slices made from
& liver of SDH LDH
ACTIVITY (UNITS) uwmol NAD produced/min/gm liver
0,106 89.6
Normal fed + +
0.008 7.4
0,114 28,7
Normal Fasted + +
0.0L6 1.8
| 0.134 147.0
t Adrenalectomised + +
:§ . CINCI FC‘CJ 0“014 ) 1204
b 0.079 41.0
}' Adrenalectomised and + +
: fastaed 24 hours 0,003 3.8
it 0.049 56. 4
ﬂ Adrenalectomised, fed + +
plus HC in vitro - 0. 004 0.6
Vo Adzenalectonised 0,084 18.1
| fasted plus HC in + +
i | yatzo 0.013 1.1
For details see next page
|
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Rats were adrendlectomised 6 days prior to commencement of experiments
and were mainhtained on either a nomal laboratory or 24 hour (prior to

start of experiment) fasting dietary regime., The liver slices were

cultured in noxmal medium for the first 12 hours then transferred to

medium containing hormone, the atmosphere was renewed and the cultures
* E - O + %
incubated for « further 12 hours at 37 C. At the end of the incubation

time the slices were removed and assayed for enzyme activity.

Each value is the mean X S,E.M. of nine observations. P values were
caleulated in order to find ony statistical significance. For serine
dehydratase, normal fed with repect to normal fasted, normal fed to
adrenalectomised fed and normal fasted to adrenalectomised fasted were
all not significant. Adrenalectomised fed to adrenalectomised fasted

P < 0.01, «drenolectomised fed plus HC to the same in fasted animols
P<0.02. Adrenalectomised fed to adrenmleofcﬁised fed plus HC P < 0.02
while adrennelectomised fasted to adrenalectomised fasted plus HC was not

significant,

For laectic dehydrogenase normal fed to normel fasted P < 0,001, normal

fed to adrenalectomised fed P < 0.01 and normal fasted to adrenalectomised
fasted P < 0,02, Adrenaloctomised fed to udrenalectomised fasted P < 0.00L
adrenalectomised fed plus HC to the same in fasted animals P < 0,001,
Adrenalectomised fed to adrenalectomised fed plus HC P < 0,001 while

adrenalectomised fasted to adrenalectomised fasted plus HC P < 0,001,
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TABLE 4
|
4 Effect of p~methasone (0.0l mM) on the activity of serine
i
}3 dehydratagse in slices from fed adrenalectomised rats
L.
i
i
SDH ACTIVITY: pmol/NAD produced/min/gm liver
Incubation time 0 6 12 24 48
(hours)
1.98 0.09 0.12 0.07 0.07
Slices + " " ¥ +
Conteol 028 | 0,002 0.003 | 0.004 0.002
0,09 0,07 0.045 0.07
Medium 2s x x x
; 0,003 .003 | 0.002 0,003
; 0.08 | 0,08 | 0.06 | 0.04
§= Slices o+ + + +
£ 0.0L M 0.003 | 0.003 | 0.003 | 0.00L
b p~ methasone 0.12 0,09 0,08 0.15
f% ' ‘ Maodium L x . a8
0 0.011 0,003 | 0,001 0.0L1
{5 For details see next page
|
|
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Adult rats adrenalectomised 6 days previously were killed and livers
removed, The slices were cultured in normal medium (control) on
medivm contuining hormone (0.0l mM final concentration) and incubated
for 48 hours at 37°C. Cultures were removed at 6, 12, 24 and 48 hours
and assayed for enzyme activity. The medium for both the experimental
and control cultures wus also examined for enzyme activity., The

atmosphere was rencewed ut 24 and 48 hours incubation.

Each value is the mean — S.E.M. of three observations. P values were
caleulated in order to find any statistical significance. In the conw
trol sample on incubation for 6, 12, 24 and 48 hours P < 0.001 respec~
tively with respect to zero time control. The addition of hormone to
the medivm and incubating for 6 hours (N.S.), 12 hours significant
decrease P < 0,01, 24 hours (N.S.) and 43 hours o significant decrease

P« 0,01,

e
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0.0l mM hormone and incubated for o further 8 hours at 37OC. The

atmosphere was renewed after 24 and 48 hours. Samples were removed

after 2, 6 and 8 hours of incubation and the slices and medium assayed |
for enuzyme activity.

On comparing the results obtuined (Table 5) there was o drop in

activity from an initial 48 hour control incubation to 2 hours incubation
(hormone). There is an induction at 6 hours by the hormone which then

decreased ot 8 hours incubation,

Enzyme activity steadily increused in the medium from an initial 48

hour control sample to an & hour incubation with hormone.

2.7 Effect of hydrocortisone (HC) on the activity of serine

dehydratase in liver slices from adrenalectomised rats as

a funetion of incubation time

Slices were cultured in medium containing the hormone and incubated

at 37°C, Samples were removed at 6, 24 and 48 hours and the slices
assayed for serine dehydratuse activity, For each experimental sample
there was also o control sample cultured in normal medium (Table 6).

On comparison with control valucs the hormone did not induce the enzyme
activity, The medium did show the presence of activity ot 6 and 48 hours

incubation,

2.8 Effect of dbeAMP () oM, 2 nM) on the gctivity of serine dehydratase

over o 48 haur incubation in rat liver slices
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TABLE 5

Effect of p~methasone (0.0L mM) on the activity of serine

dehydratase in normal rat liver slices after an initial 48

hour incubation as o Function of incubation time

SDH ACTIVLITY: pmol NAD produced/min/gm liver

i g

Pmicope St e

N | PRSP,

TR Dac

L

Ineubation time Q 2 6 8
with p-methasone
0.27 0.21 0.39 0.36
o X st a
0.005 0.93 0.036 0.002
0, 04 0,09 0.12 0.12
o L X *
0,003 0.002 | 0,002 0. 005

NMormal adult rots muintained on a laboratory diet were killed and

the livers removed, The slices were cultured in normal medium and

. 7O . :
incubated for 48 hours at 37°C, A tissue and medium sample of 48

hour (0) incubation was assayed for enzyme activity, The slices were

transferred to medium containing hormone (0.0L mM final concentration)
and infusad with fresh atmospheric mixture (95% oxygen and 5% carbon

dioxide) and incubated for a further 8 hours. Samples were removed

at 2, 6 and 8 hours und the slices and medium assayed for activity,

T » \lt« ™ ul 't ’
Each value is the mean =~ 5,E.M, of three observations., P values

were coaleulated in order to find any statistical significance, After

the initial incubation for 48 hours the cultures were incubated for o
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further 8 hours in medium containing hormane. At 2 hours there
was o significent degrease in enzyme activity P < 0,001 while ot
6 and 8 hours there was an induction of enzyme activity P < 0,001

respectively,
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TABLE 6

Effect of hydrocortisone on the activity of serine

84

dehydratuse in slices from adrenalectomised rots

SDH ACTIVITY:

pmol NAD produced/min/gm liver

Incubation time 0 6 24 48
(hes)
1.97 0,09 0.07 0.07
Slices A+ + + +
Controlk 0.03 0.002 0,003 0,003
0,09 0,04 0,07
Medium + + +
0.002 0,003 0. 003
0.06 0.06 0,06
Slices + + +
2 X .1,0“"6M 0,003 | 0,001 0,002
hydrocortisong 0.12 0.18
Madium x x
0,002 0. 003

For details see next page
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Adult rats (adrenalectomised 6 days previously) were killed and

livers removed. The slices were cultured in normal medium (control)
s . ¥ “‘6 ¢ . )

or medium containing hormone (2 x L0 "M final concentration of HC)

+ V"“'Ov\ .
and incubated at 37°C for 48 hours, Control and experimental
cultures wece removed ot 6, 24 and 48 hours and the slices assayed
for enzyme uctivity, The wedium for both the control and experimental
cultures wus also examined for enzyme wetivity., The atmosphere was

renewed at 24 and 48 hours.

Each value is the mean & S.E.M, of three observations, P values

were aalculdtcd in order to find any statistical significance. On
incubation for 6, 12, 24 and 48 hours there was o significant decrease
in enzyme activity with respect to zero time control P < 0,00l respec-
tively, On the addition of hormone to the medium and incubating for
48 hours, there vas no induciion of the enzyme, rather o significant
decrease, al 6 hours P < 0.0L, 24 hours not significant and 48 hours

P < 0,05,

: o
; ; % 5\-5)
' e et e ey L
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Slices wers cultured for 24 hours in norxmal medium., Some slices were
roemoved Tar 4 hour assay while the rest were transferred to normal
ecium amd et containing oM and 2 wM (final concentration) of
e AME D The srenane was indusod with both concenlrations of dboAMP

(Teble S

2o Efrect of dbheAME (2 wM) on the ectivity of serine dehydratase

g orul lwver slices as o function of incubation time

Rats maintoined m loboratory food were killed and the livers quickly

romovad,  The slices were cultured ir  osium contuining hormone (2 mM
final concentration) and incubated at 87°C. Control cultures in normal
medivm  were also incubated along with the experimental ones. Samples
were vemoved ub 6, 12, 24 and 48 hours and the slices assayed for serine
dehydratase nctivity (Table 8). On comparing the results obtained with
contral values the enzyme appears to be induced by the hormone at 12 and
24 hours,  The medium of both the control and the experimental samples

contained marked levels of the onzyme.

2,10 Effect of glucagon (290 pg/ml) and dbcAMP (2 mM) on the

activity of serine dehydratase in adult rat liver slices

Slices were cultured in medium containing glucagon (250 pg/ml final
concentration) glucagon und dbcAMP (2 mM Final concentration)., Glucugoen
was disolved in the solvent supplied by the manufacturer., Sets of slices

were of fiesl coltured in normal media for the first 24 hours and then

| ¥
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transferred to media containing hormone fuzr the next 24 hours and
. , "o \ ; ‘ .
incubated at 37 C (Table 9), Glucagon appesrssdt o decrease activity

'

even in the presence of dbheAMP,

2,11 Effect of wetinomycin D (40 uM) and dbeAMP (2 wM) un the

aetivily of serine debydratase in adult sat liver slice:

Slices were cultured in normal medium for the First 24 hours at 37 C.
Thereafter they were transferred to media containing actinomycin D
(40 M Final concentration) and dbeAMP (2 mM finul concentration)
containing actinomycin D (40 uM final concentration!,  The samples
were incubated For further 24 hours (Tuble Lot There appeared to

he some diminution in the presence of aotinowyein even with dheAMP,

2,12 Effect of p-mathasone (0.0L mM) oo i aeolivity of serine

dehydratase in liver slices Fron I3 diy ol rals over a

48 hovr incubation

Young rats were used Tor experiments on the thivteenth day after

birth, They weighed 20 ~ 22 ¢gma and were Kidllod by ceevical
dislocation,

Thirteen~day old rats wore killed ond livers quickly and carefully
removed, Slices were ineubutod ot 87 0. Alter 24 hours a number of
slices were transferred Lo medium containing p~methasone (0,01 mM final
concentration) and cultured for another 24 hours,  The livers were

assayed for SDM activity ul wero time (in vivo), 24 hours, 48 hours as

— i e
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TABLE 7

Effect of dibutyryl adenosine 3' :5'-cyclic monophosphate
(1 nM, 2

mM) on the activity of serine dehydrotose in slices

of adult rat liver over o 48 hour incubation

SDM ACTIVITY: pmal NAD produced/min/gm liver

Incubation time 0 24 48
(hrs)

2,58 0.225 10,105
+

0,07 0.045 10,015

Control

i+
+

0.173

L oM dhcAMP +
0. 006
0. 152

2 mM dbecAMP +
0.017

Adult rats were killed ond the slices romoved and cultured in normal

medium for 24 hours., Some of the slices were assayed for enzyme

activity while the vest were tronsferred to normal medium (control) or

mecium containing L oM ox 2 mM nucleotide and incubdated for o further

o . e .
24 hours at 37°C. Cultures were removed after 48 hours and the slices

assdayed for enzyme activity. The atmosphere was renewed ufter 24 hours

of incubation.

- ; . N .
Each value is the mean — S,.E.M. of three observations. P values were

caloculated in order to find any statistical significance. With respect
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to zero time control there was o significant decrease in enzyme
qctivify on incubation at 24 hours P < 0,0l and 48 hours P < 0.001,
while the decrease from 24 hours to 48 hours was not significant.
On the addition of dbocAMP to the medium after an initial 24 hours
incubation there was o significant induction of the enzyme by 1 mM
dbeAMP (P < 0,05) while the induction by 2 mM dbcAMP though marked

was not significant,
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TABLE 8

Effect of dibutyryl adenosine 3'

90

: blecyclic

monophosphate on the activity of serine dehydratase

it slices of normal rot liver aos a function of

incubation time

SDH ACTIVITY:

umol NAD produced/min/gm liver

Incubation time 0 é 12 24 48
(hrs)
Slices 1,64 0.18 0.09 0,05 0.053
+ 4 + * +
Control 0.0Z 0.002 0,003 0.003 | 0,001
0,103 0.145 0,12 0.08
Medium + + + +
0.002 0.002 0,006 0.0QQ
0,12 0.12 0.08 0,045
Slices + + + +
2 uM 0.003 0.006 | 0,002 | 0,008
dbcAMP 0,09 0.12 0,105 | 0.145
Madium - + + +
0.0013 0,006 0,003 10,001

For details see next page




S i

%0

TABLE 8

Effect of dibutyryl adenosine 3' i b5'~gyclic

monophosphate on the activity of serine dehydratuse

in slices of normul rot liver us o function of

incubalion tine

SDH ACTIVITY: pmol NAD produced/min/gm liver

Incubatbion time 0 6 12 24 48
(hrs)
Slices L, 64 0,18 0.09 0,05 0.053
ha + it + +
Control 0.02 0. 002 0.003 0,003 | 0.001
0,103 0.145 0,12 0,08
Mudim o + ot :k
0,002 0,002 0,006 | 0.003
0.12 0.12 0.08 0,045
Slices & * + +
2 mM i 0. 003 0. Q04 0,002 | 0,003
dboAMP 0.09 0.12 0,105 | 0,145
Madium * * i x
0. 003 0,008 0,003 10,001

For details see next page
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Normal rats moaintained on o laboratory diet were killed and livers
removed. The slices were cultured in normal medium (control) and
medium containing dbeAMP (2 mM final concentration) and incubuted

for 48 hours at 37°C. Normul and experimental cultures were removed
at 6, 12, 24 and 48 hours and the slices assayed for activity, The
media of both centrol and experimental cultures were also assayed

for enzyme activity. The atmosphere was renewed after 24 and 48 hours

incubation.

Each value is the mean + S.E.M. of threc observations. P values

.

] »
&

were calculabted in order to find ony stotistical significance. With
respect to zero time activity, on incubation for 48 hours the activities
were significantly lower P 0,001, On addition of dbcAMP to the
cultures and incubuting for 48 hours lthere is an induetion at 12 and

24 hours P < 0.0L respuctively.
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TABLE 9
Effect of dibutyryl adenosine 3' :5'-cyclic monophosphate
(2 M), g¢lucagon (250 wg/ml) and glucagon plus dibutyryl

adenosine 3' th-cyclic monophosphate on the activity of

serine dehydratase in fasted rot liver slices

GOHOACTIVITY:  pnol NAD produced,min/gm liver
Incubation time
(hrs) 0 24 48
Control 3.4l 0, 050% 0.053%*
ot x *
0.43 0. 004 0,002
0.080 | 0.045
cdbeAMP 2 mM + +
0,004 0,003
0, 021%+
Glucagon +
(250 pg/ml) 0. 004
Glucagon (250 pg/ml) 0.030%+t+
A
dbheAMP (2 mM) 0,003

For cdelalls see noxt pags
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i Rets fasted for 24 hours prior to the commencement of experiments "
i i
i ;
wvere killed and the livers rcemoved., The slices were cultured in
ﬁ normal medium (control) or medium contuining dbeAMP (2 mM final %
i . , L0 »
: concentration) and incubated for 48 hours at 37 C, After 24
ih
¢ hours of incubation, control and experimental (dbecAMP) cultures
i
il were romoved and the slices assayed for activity. Some of the
7 control cultures were at this stage transferred to medium containing
N glucagon (250 pg/ml final concentration) and glucagon and dbcAMP
- (250 pg/ml and 2 mM final concentration respectively) and incubated |
| : ‘ 0 . . |
i for another 24 hours at 37 C.  The glucagon was dissolved in the ! J
I solvent provided by the manufacturer (Lilly Laboratories). After 1
é 48 hours the cultures were removed and the slices and medium dssayed
L for activity, The utmosphere was renewed ofter 24 hours incubation.
|
iy Each value is the mean + S.E.M. of four observations., ¥ P < 0,001,
‘é #% P o< 0,001 with respect to zero time control, **¥ P « 0,001 with
i vespect to 48 hours dbeAMP.  On comparing 48 hours dbcAMP to 48 hours
18 ! . . ‘ .
i control levels P < 0,05, *F P < 0,00l with repect to 48 hours control,
: bt P < 0,0l with respect to 48 hours dbeAMP.  Comparison of glucagon }
i . }
{ to glucagon plus dbeAMP showed no difference.
!
o (
i
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TABLE 10
Effect of actinomycin D (40 pM), dibutyryl adenosine
: 3" :b'-cyclic monophosphate (2 mM) and-actinomycin D
{ plus dibutyryl adenosine 3' :5'-cyclic monophosphate on
.
§ the activity of serine dehydratase in normal rat liver slices
i
{
;% SDH ACTIVITY: pmol NAD produced/min/gm Liver
f Tncubation time 0 24 A3
, (hrs) |
| 1.63 | 0.050% | 0,053%*
Contrnl + + +
§ 0,07 0.003 |0.002
Hegb % ) .
0.080 | 0,045
2 M dbeAMP + o+
]é 0.002 |0.003
1 0.035 Tt
A 40 uM Re
‘#’ Actinomysin D 0.003
L. ’ o5+
18 ~ Actinomycin D 0'3 Y
B R -
I dbeAMP 0.002
;{ ror details see next poge f !
I
)
i
i
!
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Normal rats were killed and the livers removed, The slices

were cultured in normal medium (control) or medium containing
dbcAMﬁ (2 wM final concentration) and were incubated for 24 and

48 hours ot 37°C. After 24 hours of incubation scmples of control
and dbeAMP cultures were removed and assayed for serine dehydratase
activity, Some of the control cultures at this stage were trans-
ferred to medium containing actinomycin D (40 uM final concentration)
and dheAMP contuining actinomycin D (2 M and 40 pM final concentxation
respectively), The cultures were incubated for o further 24 hours at
37°C,  After 48 hours the cultures were removed and the slices %9re
assayed for enzyme dgctivity, The medium was alse examined for serine
The atmosphere wos redewed after 24 hours incu-

dehydratase activity,

bation,

" g v o g ~ ‘ B 9
Each valve is the mean— 5.E.M, of four observations. * P « 0,001,

*¥% P < 0,000 with respect to zero time control, *¥* P < 0,001 with
respect to 48 hours dbcAMP, Yp < 0,08, +}P < 0,001 with respect to
48 hours control, actinomycin D compured to 48 hours dbcAMP P < 0,05,

tHip < 0,001 with respoect to 48 hours dbeAMP, and wctinomyein D plus

dbcAMP compared to wctinomycin D only P < 0,02,
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control and o 24 hours sample containing the hormone as experimental,
The results (Table 11) show as before a significant decrease in enzyme
activity From zero time (in vive) to 24 hours (in vitro). On comparing
the in vitro results therc is o decrease in activity from 24 hours to
48 hours, while the cultures containing p-methasone show induction over
a peviod of 24 hours on comparing with the 24 hours control. These

results are statistically significant,

2.13 Effect of dbeAMP (1 mM and 2 nM) on the activity of serine

dehydratase in liver slices of 13 day old rats over o 48

hour incubation

Livers from 13-day old wats were cultvred for 24 hours in normal medium
at 37°C.  Some of the slices were removed for 24 hours assay while the
rest were tronsferred to normal medium as control, medium containing

L oM and 2 mM dbeAMP as oxperimental samples (Table 12). There is
approximately 40% decrease in oclbivity from 24 hours to 48 hours
incubation (P < 0,001). On comparison to the 48 hours control the
induetion by L mM dbeAMP was not significant while 2 mM dbeAMP induced

the enzyme (P < 0.05),

2,14 Comparison of the gctivities of serine dehydratase in 13-day

3

old and adult rat liver slices over o #8 hour incubation

Livers from 13-day old and adult rots were cultured in o medium i
Y

containing foatal bovine serum for 24 hours. A fuw slices were assayed :
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for 24 hour a-tivity while the vest were Lransferved to {resh
modium Tor tneubation for anolther 24 hours.  The recults obtained
(Tabhle 13Y bty dhet For o 23 hoor dncchodion The Level of SIH wos :
Pvibo e e o vty ol w~..\‘:.i';'*~f! Cor e okt (P ! (.»“(\:3”1}.
Frona o0 Y Phoates wern o oy tn caetivity ainl st larly bhe
13 4 ok SR L AL SR R0 TR U KL FO TR o I
o0 O gen Gyl Bt iy Huobologihau . otudien
The ovgam coiture oyeten woos eoanednrd fow viability of the cells and
henee sudtalb 20t of stodying the contreol of serine dehydratose in vive
R . et
ared 1n gt oL,
S T A O AN SR T EN
Soections of o dreshby oo e ado U orat Liver (Fige 19) woere
Fiseed dn bt erad Boad i o nutaoal phloand shained with haematoxylin
et cosing e noecbods and coytoplaan have oonoaad appertcance without
any signn ot degeneralive chongoee,
hstological coominal on of olices of normad cddoll val liver atter 24
5 - vy ul} 4 . » 4 N
hours of dncubotion ot 370 veveals normal liver architecture of liver
labulo with central vein wnd chords of cells vadiating fream 1t,  Thore
are no appurent degeneralive changes dnocells soggesting that the tissve
P uotill viable (1ig, 20),
Figuie 20 sbows o osection of o novimal adull rat Tiver inocubated for 48
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TABLE 11

Effect ¢f p-methasone (0.01 mM) on the activity of

.-..,.._..,...

serine dehyidratase in 13-day old rat live. slices

SDI ACTIVITY: pmol NAD produced/min/gm liver

[

Iﬂcubaficn
time (hrs) 0 24 48

2.33 0.24% | 0,16%*

Control + x ns
0.13 0.01 0.0l
O. 26)@-%*
0.0l mM x
p-methasone 0.03

13-day oldﬁru%s maintained ot o normal laboratory dietary regime

were killed uand the livers removed. The slices were cultured in
normel mwedium and incubated for 24 hours at 37°C. A 24 hour sumple
was assayed for enzyme activity. Some of the samples were transferred
to medium containing hormone (0.0L mM) and incubated for a fruther 24
hours at 37°C. The samples after 48 hours of incubation (control and
experimental) were assayed for enzyme activity. A zero time (in vivo)

aetivity was also recorded by assaying o sample of fresh liver.

“Each vulue is the meand S\E.M. of nine obsorvations * P < 0,001,

*¥% P < 0,00l with respect to zero time control while *¥* P < 0,01

with respect to 48 hours control.
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% Bt | TABLE 12

Effect of incubation with dibutyryl adenosine 3* :B' ~cyclic
monophosphate on the activity of serine dehydratase in 13~day

old rat liver slices

i Time | SDH ACTIVITY
‘ (hrs)| pmol NAD produced/min/gm liver
0.076
; +
? 24 Contiol 0.005
5 | 0.048 *
- 4‘8 COH't’I‘Ol i
f>= , : 0. 004
i ’ 0.060 T
!f ' ' 48 1 mM dbuAMP +
i
i . f 0, 005
‘ | 0,058 %
' 44 2 M dboAMP x
| 0.003

13~day old rats muintained on a hormal laboratoxy diet were killed
and livers removed. The slices were cultured in normal medium and
incubated ot 387°C for 24 hours. A 24 hour sample was assayed for
serine dehydratase activity while ths others were transferred to
medium containing 1 mM and 2 mM dbcAMP (final concentration) and

incubated for a further 24 hours &t 87°C.

Each value is the mean +S.E.M. of nine observations, * P < 0.00L,

#% P < 0,05 with respect to 24 and 48 hours control respectively,

while t with respect to 48 hour control was not significant. Also

f on comparing the levels of 1. mM to 2 mM dbcAMP they were found to be

not significant.
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TABLE 13

Comparison of the activity of serine dehydratase in 13-day

old and adult rat liver slices

Ei?‘ SDH ACTIVITY: umol pyruvate
i producad/min/gm liver
Time Adult 13~day old
: : (hrs)
0.12 0.2
24 4+ +
(0. 004 0.004
0.087 0.136
48 + +
0.009 0.012

Adult and 13-day old rats maintained on a normal laboratory diet

were killed and the livers removed. The slices were cultured in

normal medium containing foelal bovine serum and incubated for 24 hours
and 48 hours at 37 C. Slices were removed at 24 and 48 hours and

assayed for enzyme activity.

Each value is the mean 4 S.E.M. of ninc observations. Comparing 24
hour incubation to 48 hours {or adult P < 0.05 and 13~day old
P < 0,001, Similarly adult with respect to 13~day old for 24 hours

P < 0.001 and 48 hours P < 0,01,
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hours at 37°C. Pycnotic nuclei are visible. There are signs of cells
undergoing autolysis. The organisation of chords is no longer regulor
and separation of the cells with degenerutive signs of autolysis indi-

cating some loss of viubility of tissve.

Figure 22 shows the histology of o normal adult rat liver incubated for
48 hours at 37OC, where there is complete karynlysis of nuclei (nucleus
broken down). One. cannot differentiate the cell membrane and normal
architecture of the cell does not exist. The cell shows autolytic change

by the loss of normul cell morphology. The changes are completely degene-

rative indicating complete loss of tissue viability,

3.2, Electron Microscopy

Rat liver is composed of polyhedral hepatic cells most of which have one
or two huclel, The tissue was fixed ond stained as described in Materials

and Methods and viewed using an AET 801l tronsmission electron microscope.

In normal liver tissue freshly excised as in Figure 23 the hepatic nucleus
contains o bilayered membrdne as well as a nucleopore. The nucleus has
chrom . 1 and achromatin which is well established, mitochondria vary in
shapes from round to oval wiﬁh a double membrone. The inner membrane
invaginates to form the cristae. Lipid inclusions and rough endoplasmic
reticulum are scattered lthroughout The.cytoplmsm, The kupffer cells are
of a reticule-endothelial nature and the cells can yérform phagocytic

funtion. lLysosomes are present in the neighbourhood of bile canalicules

et e et P e s
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Figure 19 Slices of normal rat liver, freshly excised
i
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- The tissue was fixed in buffered formalin (neutral pH) and the
(§~
= sections stained wilth haematoxylin ond eosin (see Materiols and
i
|
1 Methods). The tissue was viewed on o Reichert Univer photo
|
1 . . . .
| microscope, with a green filter for contrast, showing normal
| histological characteristics. |
! :
v (Maghification @ 291X) :
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Figure 20 Slices of normal rat liver after 24 hours incubation at 377°C g
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Fixing, stoining and viewing as in figure 19. The sections of the
tissue viewed here shows the normal liver architecture of liver lobule
i . , . — .
: (A) with central vein and chords radiating from it, The cells seem
very viable and there are no apparent degenerative changes.
" (Magnification: 291X) |
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Figure 21 Slices of normal rat liver after 48 hours incubation at 37°C
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i : The tissue was fixed, slained and veived as in figure 19, The
] I
b section of tissue shown here shows that the cells are seperating
2 : with degenerative signs of autolysis and the organisation of the '
i :
) chords is no longer regular,
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: (MagniFication: 291X)
E
1 §
! s
, 4
4 §
t.& «
K
I
B
}ls ¥
{
E
5 |
i
1]
' i
i
‘ ;
: i
i




{
‘ L 7
| 7 O
i \
| .
! [}
i
! 105
|
. ; . . . o ‘
igure 2 ices of normal rat liver after 48 hours incubation o -
Fig 22 Sl f mal rat liv fter 48 hou ubation at 37°C
ult l
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Fixing, staining and viewing av in figure 19. The sections of the ;
4 tissue shown here, having been incubated for 48 hours at 37°C shows
!
. complete karyolysis of nuclei and the norial acrchitecture of the cell
- has disappecared resulting in o completely necrosed cell.
i
(Magnification: 291X) j |
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and the cell membrane is well established. Figure 24 shows é normal
liver tissue after 24 hours of incubation at 37°C. The mitochondric
and rough endoplasmic reticulum appear to be dilated, The mitochondria
have also lost their inner cristue., The nuclear membrane is bilayered
while the chromatin and achromatin are poorly preserved. Overall the
tissve is still viable with little or ne necrosis. In normal liver
which has been incubated for 48 hours at 37°C (Figure 25) the mitoce
hondria hos an external membrane while the internal membrane is necrosed,
lough  endoplasmic reticulum has lost its ribosomes. The nucleus has a
double membrane with nuclecpore while the chromatin and achromatin are
poorly preserved and necrosed., The Golgi apparatus is olso necrosed and

the cell membrane is distorted,

Freshly exclsed liver from on wdrenalectomised rat, fixed and stained
under conditions simllar to those described for normal rat liver shows
giycogen to be present (FICURE 26). The mitochondric have bilayered
membrane while the inner cristue are poorly preserved, The nucleus has

a double membrane and the chromatin and achromatin is condensed but well
preserved, Microbodies wre present in the cytoplosm and there is less
rough endaplasmic reticulum. The lipids appear to be normal. The
obvious difference between normal and adrenalectomised tissue is less
endoplasmic reticular structure both smooth and granuloted which probably
agccounts for the smallor cell volume. observed in adrenalectomised cells,

. . o Op ‘
After incubating for 24 hours at 37°C the hepatic nuclear membrane seems

[
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broken up although at certain places the double membrane is still !

visible, Chromatin and achromatin are still cbundant but rough and

granular. OGlycogen forms into clusters and the mitochondria are
distorted (Figure 27). Rough endoplasmic reticulum has lost éome
ribosomes and is poorly preserved or necrosed, Figure 28 shows results
for the liver of an adrenalsctomised rat incubated for 48 hours at 37°C.
The nuclevs has o double membrone with chromatin and achromatin scattered

throughout, The cell membrone of bile canalicules is observed, The

lysosome membrane is lost and most of the cytoplusmic organelles are

poorly preserved, necrosed or lost as empty spaces occur,

3.3, Effect of hormornes on the levels of potassium ilonsg in normal and

adronalectomised rat liver slices as o function of incubation time

U O Y

Samples of the froshly exeisced liver were assayed for potassium content

(zero time samples). Liver slices were kept in ML99 medium for approxi-

mately 20 to 25 minutes (time tuken for the preporation of the organ culture)

and some of them were ussayed for potassium (this value was used as the

zoro time level for subsaquent cultures), while the rest were cultured in
4 3 1 ¥ I "“() . ‘l N

normal madivm, medium containing 2 x 10 "M hydrocortisone and medium con-

taining 0.0MM  p-methasene (Table 14).

In the freshly oxcised liver sample (normal rat) the level of potassium

obtained is aucording to published values (# 70 pmol potassium/gm liver).

0

The level of samples kept in ML99 medium for approximately 20 to 25 minutes
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Figure 23 Ultrastructure of o normal rat liver cell, freshly excised
1‘
|
i
%
\ gy gy
i
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The freshly excised tissue was fixed in 3% glutaraldehyde~formalin
i solution buffered in Millonigs phosphuate (pH 7.4) buffer, post-fixed
i
‘. in 1% osmium tetroxide vbedded in an epon-caraldite mixture. Sections
#' vere cut on o LKB ultramicrotome and the ultra thin seetions (500-700 X)
; were stained with uranyl ccetate and lewd citrate and viewed on an AEL
i3
E; 801 tronsmission eleclron microscope.

This section shows the hepatic nucled (HN) surrounded by ‘ysosomes (LY),

Lipids (Li), mitochondria (Mi) and rough endoplusmic zeticulum (Re).

On the top are some rod blood cells (RBC) ond Kupffer cells (Ku), along-

side which are the bile canalicule (Bi) and a well defined cell membrane (Cm),

(Magnification: 5,600X)
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Fioure 24 Ulirustructure of normgl rat liver cell, after 24 hours

* c)v\"
incubetion at 37°C

*

Fixing, embedding and staining as in figure 23 and secltions viewed
on an AET 801 Tramsmi$§ion electron microscope. The mitochondria
(M), rough endoplasmic reticulum (Re) appear to be dilated. The
nuelear membrane is bi-luyered, Microbodies (Mb) and lysosomes

(Ly) are present,

(Magnitications 8,750X)
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Figure 25 Ultrastructure of normal rat liver cell after 48

hours incubation ot 37°¢

<
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i Fixing, embedding and staining as in figure 23 and viewed on an ACT &Q1

transmission electron microscope.

The tissue shows the hepatic nucleus has a double membrone with ,
nucleopore. The mitochondria (Mi) has an external membrane while the 1

)
internal membrene is necrosed. Rough endoplasmic reticulum (Re) has l

g e s

lost its ribosomes. The Golal apparatus, achromatin and chroametin
4 '

i

ez o T
RO it o

are poorly preserved und necrosed. The cell membrans (Cm) is distorted.

1
Glycogen (Gl) is present. §
(Magnification: 5,600X) ‘
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Figure 26 Ultrastructure of freshly excised adrenclectomised rat liver cell

The tissue wos treated as in figure 23 and viewed on an AEL 801 trons-

mission electron microscope.

Glycogen (OL) is present, while the mitochondria (Mi) is o bi-layered
membrane, the inner cristoae of which are poorly preserved. The nucleus
(HN) has o double membrane and the achromatin and chromatin are condensed
but well preserved. Microbodies (Mb) are present in cytoplasm while

there is less rough endoplusmic reticulum (Re). Lipids (Li) and lysosomes

(Ly) are well preserved und appear to be normal,

(Magnification: 14,000X)
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Figure 27 Ultrastructure of an adrenalectomised rat liver cell

; . . e
~ ( incubated for 24 hours at 37 °C
r
I
M
i
N
1 .
o . Fixing, embedding and staining as in figure 23 and viewed on an AEL
o S 801 transmission electron microscope,
‘ The glycogen (GL) has formed inte clusters, and the mitochondria (Mi)
&“ are distorted. The rough endoplasmic reticulum (Re) has lost its

ribosomes and is necrosed, The hepatic nuclear membrane is broken up
but at certain ploces the double membrane is still visible. Lipid (Li) '

and cell membrane (Cm) are present.

(Magnification: 5,600X)
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Figure 28 Ultrastructure of an adrenalectomised rat liver cell
i , incuboted for 48 hours at 37°C
I

N

5.

I Fixing, embedding and staining as in figure 23 and viewed on an AEI
T .

801 trunsmission electron microscope.

Most cytoplasmic organelle are poorly preserved, lost and necrosed as

empty spaces occur. The lysosome membrune (Ly) is lost, the nucleus (HN)
has o double membrane. Rough endoplasmic reticulum (Re), cell membrane

(Cm) ond cell membrane of bile canaliculus (Bi) are present. Glycogen i

(C1) is also present while the mitochondria (Mi) has half of its outer

membrane left while the rest of the details are lost.

(Magnification: 8,750X%)
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drops to about 40 per cert (P < 0.001) to thut of the sample assayed
immediately. On further incubation at 37°C the levels remained con-
stant for about one cmdvu half hours whercafter there is a small increase
(P < 0.02) in levels ab 2 hours and then the levels drop back to pre-

incubation with a slight decrease (P < 0.05) at 48 hours incubation.

Irn the freshly excised liver of adrenalectomised rats the level of
potassium drops to approximately 30 per cent (P < 0,001) on standing in
ML199 medium for 20 to 25 minutes, ofter which there is o significant
increase in potussium levels on incubation up to 2 hours (P < 0.001).
There is o further increase at 4 hours (P < 0,0l) thereafter the level

drops to pre~incubation volues up to 48 hours incubation.

Addition of 2 pM hydrocortisone or 0.0l M of p-methascne produced no

clear change in the potussium content of the slices (Fig. 29).

e o
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| , | TABLE 14 {
? ' - Effect of hydrocortisone (2 x lOﬂéM) and p~methasone (0.01lmM) 7
ER on the concentration of potassium ions in normal ond adrendlectomised ;
: ' rat liver slices as a function of incubation time ?
|
f pmol potassium/ym liver
;
4 Time Normal ADR ADR + ADR
Ey ' ' hydrocortisone| p~methasore i
L |
i 69,7 . 71.5 :
, Lero !
; + + :
1 { In vivo 2.3 2,3 |
Zaro 2776 2.3
In vivo x x 5
+ Medium 1.5 1.9 ;
30.8 27.1 27.0 25,0 !
30 mins + + + + |
1.3 0.2 0.6 0.8 *
25,4 28,9 29,8 25,6
1 hour + + i+ + |
0.6 1.0 1.9 1,2 !
34,2 3.0 28,9 32.7 f
2 hour + + + + |
1.7 1.5 1.7 9.3 |
25,3 23.8 28,2 29.7
3 hour + + + +
Q, 4 0.6 0.3 1.3 :
25,2 29.8 22.5 26,7 |
4 hour & + ol o ;
Jodl 1.9 2.1 0.3 :
24,2 25,4 23.7 23.4
24 hour + + & o !
0.2 2.0 0.8 2.1 '
2|\3~7 2,1..9 14‘138 1\.791 s
48 houx i+ + + *
0,2 0.6 1.8 0.5

ADR ~ Adrenalectomised

For details sec next page
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Normal and adrenalectomised rats were killed and Their livers removed.
The slices were cultured in normal medium, medium cqntoining either

2 x 10“6 M hydrocortisone or 0.0l mM g~methasone (final concentrutions)
and incubated for 30 mins, 1,2,3,4, 24 and 48 hours respectively at 37°C.
At the respective incubation times the slices were removed ond assayed
for potussium content as mentioned in Mdterimls and Methods. For 24

ond 48 hours the atmosphore wous renewed at 12 and 24 hours respectively.
Each value is the mean £ S.E.M. of nine observations. P values were cal-
culated in oxder to establish the statistical significance of the results

obtained,

The decrease in potassium concentration from normal zero time (freshly

excised sumple) to normal zoro time in medium {(kept in M199 medium for 20 -

25 mins) was significant P < 0,001, Comparing the significance of incuba~

tion on potassium concentration in normal rat liver slices, with respect to

zera time (medium), for 30 minutes and 1 hour was not significant (N.S.)

2 hour P < 0,02, 3, 4 and 24 hours N.S. while 48 hours decredsed P <« 0,05,

Decrease in zewro time concentraion in adrenalectomised rat liver slices, to
]
the same in medium was significant (P < Q.001), On incubation the concen-

tration increased from zero time medium to 30 minutes P < 0.0L, 1 hour

P <0,0L, 2 hour P «0.00l, 3 hour N.S., 4 hour P < 0,01, 24 and 48 hours N.$.

The effect of 2umolur hydrocortisone (final concentration) on the concen~ | ’

tration of potussium on incubation for 30 minutes, 1, 2 and 3 hours were

‘

all significant ot P < 0,01, while at 4 and 24 hours they were N.S. and
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there was significant decrease in concentration ot 48 hours P < 0,05,

, On addition of 0.0l mM p-methasone to the medium the concentration of

potassium in the adrenalectomised rat liver slices on incubation at

30 minutes amd L hour were N.S., 2 and 3 hours P < 0,01 respectively,

i - .
4 hours P < 0,02 while 24 hours were N.S, The marked decrease at 48

hours incwbation wus significant P < 0,05. }
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IV DISCUSSION

I ASSAY METHODS

The colorimetric assay method fo; serine dehydratase of Suda and
Nakagawa (1971) and the enzymatic method of Wimhurst and Manchester
(1973) used to measure the levels of serine dehydratase and lactic
dehydrogenuse have been found to be suitable, The results in vivo
obtained in this present study compare favourably with other published
values, The levels of serine dehydratase determined by the colorimetric
assay method compured favourably to those found by Rowsell et i, (1973)

and also were similar to those found with the enzymatic method,

Enzyme activity was proportional te incubation time for ctleast 30 minutes

(figure 2) as also shown by Thorndike, (1972).

Since the levels of serine dehydrotase cetivity recorded by assaying a
normal rat liver using both the assay methods showed no significant dif-

fernece, both these methods were used in different experiments.

2, ENZYME REGULATION

It is accepted that the activity of gluconeogenesis from amino acids
(Wagle and Ashmore, 1961; Nudkerni et al., 1960) in the liver is en-
hanced when the utilisation of glucose is Limited under various hormonal
and dietary conditions, such as didgbetes, storvatipn or administration of

corbohydraty free diet, Pyruvate is considered tu be of great importance
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as a carbon source for gluconcogenesis, since-it is known that the
sequence of gluconeogenic reaction is initiuted by carboxylation of
pyruvate to oxaloacetate (Henning et al., 1963; Wagle, 1963; Shragoe

et al., 1963), From this point of view, an important physiological role
is suggested for serine dehydratase, which catulyses the degrodation of
serine to pyruvate and ammonia,  The relation of serine dehydraotase levels
to gluconcagenic activities, however, is poorly understood. A study of
the hornonal and dietary contfol of serine dehydratase wos carried out

in vive and in vitro in rat liver,

3. IM VIVO STUDIES

Serine dehydratase activity in rat liver has been shown to be regulated
by the antagonistic actions of insulin and glucocorticoids in alloxan
induced didbetic rats by Ishikowe et al. (1965) and later in normal rats
by Freedland et al. (1966). At the same time, however, Ishikewa et al,
(1965) also reported that glusocorticoids might be rssentiol for the

inereased activity in insulin deficiency., The present study (toble 2) has

shown that the enzyme activity increased markedly on overnight starvation,
in agreement with the findings of Suda (1967). Adrenalectomy resulted in
a slight increase in fed animals (C'Sunyi and Groengard, 1967) while on
starvation and adrenalectomy there was no effect. The change in enzyme

level in starved rats ls noteworthy since starvation may he one of the

situations in which it is demonstrated how the hormonal contral. mechanism
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Le working in the animal (Ishikawa et al., 1965). The results cbtained

confarm with those shown by Ishikowa and Nekeiima (1970) and by Suda

S PR I A TR U . e

(1¥&7). The injection of 3 mg hydrocertisone did not roise the enzyme

]

getivity in the starved onimals whereas o significant increase was ob-

T

supved an the Fed ones,  Tshikawa and Nakajima (1970) found that injecw

1

prions o) hvdrovortisone ko adrenalectomised Fed rats increased the enzyme

activiiy ondy slightly while in the storved enimals the increase was

naarly two told,

i Onweneinivg the of fect of hydrocortisone on the levels of serine de-

hydvataee, Jdest st gl (1970) found no stimulation of the enzyme when

sty e reeabed with 2wy hydrocertisone per 100 gm body weight.

Foredpne (RYAY Y round that cortisone was not necessary for the induction x

¢

GEoswr e awbydratase, but Lt greatly enhances the enzyme activity in the
prestans o cestio dedds, Hurvitz and Freedland (1968) and Pitot et al.

i o———

(18ah 0 v viadr sbudy of the interrelationships of the ackion of dietary

protein and hvdeocortisone on adaptive enzymes of amino acid metabolism ‘ ﬁ
in ot Laver have shown that serine debydratase was the only enzyme which
il mot respongd to cortisone in the absence of dietary casein. In the
presence of Q04 dietary casein, serine dehydratase activity was enhanced
by hydurocortivane due to an increased rate of its synthesis, Ishikawa ;

el oul. (1985) found that on the administration of hydrocortisone serine :
dehydratass was induced significantly in the livers of alloxan dicbetic, E ‘

adv et entomt sod rats whereas Little or no induction occurred in the livers
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* of adrenalectomised rats with intact Islets of Langerhans. Conversely,

] Fallon et al. (1966) found o marked increase in the enzyme levels when

gﬂ cortisone was administered to rats fed lqborafory’chow or 2% casein diet.
T Fig. 8 shows the vesults of hydrocortisonc in rots previously adrenulac~

é tomised and thyroidectomised (double operations). There was no induction
ﬁ of the enzyme by the hormone. On the oddition of triiodothyronine to rots
i doubly,  operated, there was a significunt induction of the enzyme (Fig., 9)
? Ishikawa et al, (1965) showed that administration of triiodothyronine for
i 5 days caused increase in the activity of the enzyme in adrenalectomised
1

g ‘ rats. Freedland (1964) also reported increase in enzyme activity on the

é administration of thyroxine., The present studies also showed that the

1 simultancous injections of hydrocortisone and trilodothyronine to doubly
}% operated rats resulted in an additive response with significantly increa-od
| ‘ activity of the enzyme (Fig, 10).

i

fé‘ In lactic dehydrogenase studies o slight increase in enzyme levels on

é“ ‘ starvation and mdrenqlactgmy was observed (Table 2),

¢

i Addition of hydrocortisone to adrenclectomised fed animals resulted in

e an increase in the enzyme levels while in the adrenclectomised starved

; animals the addition of hormone showed a decrease in the enzyme activity.
1

; These findings wre in portial agreement with that found Ly Fallon et al,
: (1966) who stated thal no significant changes in ldctic‘dehxdxmganus@ en-
/

% zyme wetivity occurred when cortisone was ddministered for 7 days to animuls
% fed Purina laberatory chow.
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From the results obtained it seems that hydrocortisone has no signifi-
cant inducing effect on the levels of serine dehydratase ond lactic
dekydrogenase. This is substunticted by other workers as mentioned

earlier; however diet does seem to play an important regulatory role.

4, IN VITRO STUDIES

Serine dehydratase and lactic dehydrogendase activities fell very markedly
on incubation of slices at 37°C. Slices from adult rot were initially
incubated for 24 hours. There was a significant decrease in enzyme level
from the initiation of these experiments (in vivo) to 4 hours of incuba-
tion and a further decrease ot 12 hours, whereafter the levels remained
foirly constant (Fig, L1 and 13). Addition of serine was without effect
and the decrease in enzyme activity was the some as in experiments without
substrate (Fig., 12). No serine dehydrotase activity was found in the medium.
However activity of luctic dehydrogenase in the medium steadily increased
with incubation time reaching u maximum at 12 hours fallowed by a decrease
at 24 hours. This however wos still well above zero initial levels, in-
dicoting that the enzyme has leaked out of the tissue (Fig, 14). MacDonnel
et al. (1975) also found that liver explants from 20 ddy old foetuses,
cultured for 48 hours in the absence of serum, released 70% of their total
soluble protein in the medium., In the presence of serum this loss still
amounted to 60%, The concentration of total particulate. proteih remained
unchanged but there was some translocation of mitochondrial enzymes to the

cytosol and enzymes expected to increase at this stage of development
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failed to do so. Goodridge et al. (1974) reported similar findings

showing that lactic dehydrogenase was released into the medium,

The addition of hydrocortisone to the medium in cultures of normal and
by adrenalectomised rat liver slices did not have any significant inducing
effect on the levels of serine dehydratase. Instead there was a sig-

nificant decrease in the levels of the enzyme on comparison to zero time

i control levels (Fig. 15 and 16).

The addition of p-methasone to the medium of normal and adrenalectomised
e rat liver cultures also did not have any significant inducing effect on the
' | levels of serine dehydratase (Fig. 17 and 18). As in hydrocortisone the
decrease in serine dehydrotase activity is probably due to the fact that
: the liver is deprived of the supply of endogenous glucocorticoids qnd'ﬁot

to any other effect associcated with maintenance in culture.

| | Serine dehydratase activity decreased on adrenalectomy and starvation

f‘ while activity in the adrencalectomised fed cultures increase. Addition of

I hydrocortisone to the culture medium resulted in a decrease in enzyme levels

in the adrenulectomised fed samples and an increase in the odrenaleciomised
starved (Table 3).  However in view of the obvious big loss of enzyme from
the tissue and the very low uctivities observed in the slices it is question-

able whether any physiological meaning cuan be attoched to these changes.

Wicks (1968) in studies on transaminase activity sheved that the addition : :

I mmmmm»mmmmmmmmmmmmmwmmwmwmmmwwm@%?@é
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and adrenalectomised adult rat liver slices, cultured in medium con=-

of hydrocortisone to fresh explants of foetal liver produced a sub-
stantial increase in tyrosine transominase activity after o lag of 6
to 12 hours. The increase in enzyme activity continued throughout the
culture period, When hormone was added to 42 hour cultures of liver
from térm foetuses, there was only a brief lag before enzyme activity
increased as in the case with the adult (Kenney o.d Kull, 1963). Wicks
(1968) found that the continual incredse in transamindse gctivity in
foetal liver organ cultures stands in contrast to the response obser~
ved in adult rats, In the latter case, the induced transominase acti-
vity falls back to the control level within 10 to 12 hours after hor-
mone is given (Garren et al., 1964). One obvious explanation for this
difference is the dbsence of a system in the organ cultures for the
elimination of hydrocortisone ond its metabolites. Kenney dand Flora
(1961) have shown that this steroid is cleared rapidly from the liver

in adult rats,

In the present studies adult and 13 day old rat livers were cultured
for 48 hours at 37°C. Over u 24 hour incubation period, serine dehy-
dratase activity was twice as much in 13 day old animals as in adult.

After 48 hours incubation serine dehydratase activity was still higher

in the youger animal (Table 13). The addition of p-methasone or di-
butyryl cyclic AMP to -the medium after 24 hours and incubated up to

48 hours induced serine dehydratase levels in 13 days old rats. Normal
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taining hydrocortisone or PB-methasone and incubated for 48 hours, did

‘not induce serine dehydratase getivity (Table 4 and 6).

No industion by hydrocortisone was observed even after a further incu-
bation for another 10 hours (after the initial 48 hour incubation).
Instead the hormone appecared to decrease the enzyme levels on compo-
rison to zero time’confxol levels. In the normal rat liver cultures
containing p-methasone small induction occcurred at 6 and 8 hours after
the intial 48 hours incubation., Some enzyme activity was recorded in
the mediun indicating that the enzyme had lecked out and as with adult
slices it is difficult to draw conclusions from these results. The
mechanism responsible for such hormonal effects on enzyme levels is not
clearly established but the lask of an ir vitre effect of hydrocorti-

sohe suggests an indirect mechanism.

Serine dehydratase is induced by dibutyryl cyclic AMP as shown in table
8, Over o 48 hour incubation pariod,dibutyryl cyclic AMP significant-
ly induced the enzyme levels in adult rats at 12 and 24 hour incuba-
tion, On futher incubation (after an initicl 48 hours) the enzyme was
induced at 8 hours. As'mentioned ecarlier dibutyryl cyclic AMP sig-
nificantly induced serine dehydratose activity in 13 day old rat liver
slices incubated .for 48 hours. Jost et al. (1970) found that of all
the cyclic nucleotides and adenosine monophosphates tested only cyclic

3%, 5~ AMP (or its dibutyryl derivative) induced rat liver serine de-
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hydratase in vivo in agreement with the in vitro findings presented -

w in this study.

Injections of glucagon or an oral intubation of casein hydrolysate
increases the activity of rat liver serine dehydratase (Pitot and
i Peraino, 1964; Peraino and Pitot, 1964; and Peraino et al., 1965), As

i mentioned earlier dibutyryl cyclic AMP induces the levels of serine

?5 dehydratase in vitro in adult ond 13 day old rat liver slices. The
addition of glucagon to the medium resulted in a decrease in enzyme
A ,octivity compared to control levels; however if dibutyryl cyclic AMP
‘ | is added to the medium containing glucagon and followed by further

incubation for 48 hours there was o one third ircrease in . the levels

of serine dehydratase compared to the effect of glucagon alone (Table 9),
suggesting that dibutyryl cyeclic AMP is an intermediote in the induc~

tion of serine dehydratase by glucagon, Similar findings have been

S

i described by Jost et al. (1970) in vivo.

Addition of actinomycin D to the medium containing adult rat liver
slices and incubation for 24 hours resulted in o 33% inhibition of

serine dehydrotase activity compared to control levels (Toble 10). On

addition of dibutyryl cyclic AMP to the medium conteining inhibitor,
the enzyme activity was futher inhibited (40%). It is generally ac- i

cepted that actinomycin D inhibits DNA-dependent RNA synthesis (Gold-

berg and Rabinowitz, 1962; Revel et al., 1964). It has also been

et st s e, b
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reported that it interferes with the passage of newly formed RNA fram
the nucleus to the cytoplasm (Georgiev et al., 1963; Girard et gl., 1964;

i Georgviev, 1967). Actinomycin D inhibited the induction of serine dehy-

dratase formation by dibutyryl cyclic AMP, Suggesting that the cyclic

|

nucleotide exerted its effect either at the level of transcription or
transfer of the message to the cytoplasm (Jost et al., 1970), Wicks (1968)

found that the addition of actinemycin D inhibited induction of tyrosine

transaminase and there was a direct relotionship between the degree of

8 inhibition of RNA synthesis and enzyme induction ufter about 20% inhibition
of RNA synthesis had occurred. He found that large doses of the antibintic,
about 25 pg/ml, were necessary to achieve 90 to 95% inhibition of induction

in organ culture. This is as much actinomyein in edch dish as is required

to inhibit enzyme induction completely in a 150 gm adult rat (Greengord et al.,
1963). Apparently there is some difficulty in the entrance of the inhibitor

into the explants, but it is also possible that the inhibition of enzyme

induction resulted from o generol toxic effect and not from an inhibition

of RNA synthesis. In the present studies a final concentration of 40 pM

- <t s, o

actinomyein D was used which was far below the concentrations used by Wicks

(1968) and Greengard et al. (1963), therefore inhibition by toxicity is

excluded.

5. ORGAN CULTURE OF RAT LIVER

The organ culture system as described in Materials and Methods was
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able to maintain liver tissuve in a vidble state for ot least 24 hours,
This was shown by criteria of light microscopy, electron microscopy and
the estimation of potassium ions, The viable layer of the slices (that
which is in contact with oxygen, 0,2 mm thick) correlates with that found
by Trowell (1959) and Campbell ond Hales (1971). The reason for the pre-
sence of basophilic cells is not know but they were absent in liver
slices from adrenolectomised rats after 24 hours in orgean culture., This
liver also retained its relotively smaller cell volume under culture and
a layer of viable tissue similar to that seen in normal rat liver was

present, indicating that this liver survived as well as normal rat liver,

Under electron microscopy some of the cells appeared to have undergone

some change in structure. Dilation of mitochondria would indicate de-

pletion of cellular ATP, but most of the mitochondria appeared normal.

Although some of the endoplasmic reticulum lost its.ribosomes most ap-

peared normal, Cells in slices from adrenalectomised rats responded in
the same way which indicated the feasibility of using this liver in

organ culture,

Majno (1963) found that. depriving liver of oxygen for 45 minutes resule
ted in the majority of cells in the organ dying, which ihdicates that
changes inh liver cells r&sultipg in death occuring at an early stage.

It was for this reason that the preparation of the organ culture in

this present study was completed within 30 minutes of the animal being
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killed.

About B0 to 100 mg tissue could be maintained in a vidble state for at
least 24 hours using the orgen culture method described., These quan-
tities were the minimum amounts of liver that could be used in assaying
serine’dehydrdtase. The chief disadvantage of the method of Compbell

and Hales (1971) was that only 10 mg of liver could be cultured per dish.

The requirement for o high oxygen atmosphere was similar to that of

Campbell and Hales as well as Loufs and Walker (1970), The former wor-
kers experimepfed with higher oxygen pressures but these resulted in
rapid tissue death of cultures. That the cultures needed o high serum
content was supported by the results of Lurie et gl. (196%) who found

a higher serum content medium more suitable for maintaining adult mouse

liver in organ culture,

Since this work was storted, several groups of workers have developed
methods for the isolation and maintenance of non-dividing parenchymal
adult rat liver cells in culture., Usually it was necessary to main-
tain the cells on o collagen support and the medium requircd a protein
supplement in the form of albumin and alsa insulin (Mickalopoulis and
Pitot, 1975; Pariza gt al., 1975). Michalopoulis and Pitot (1975) main-
tained liver cells in o vigble state for 3 weeks, A limitation of this
cell culture method vas that it was applicable only to older animals

since it involves perfusion of the liver, while the present method was
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applicable to mammalion livers of all ages. The reason for the insulin
requirements by the cell cultures and the high serum concentration by
the organ cultures could be one and the same, Hoffman et al, (1973)
isolated protein componenets from serum with insulin-like properties
and these could stimulate cell growth of rat fibroblasts. The albumin
regquirement of the cell cultures would be met by the high serum concen-
trations as well, although the albumin content of the cell culture me-
dium was considerably lower than that of serum (White et al., 1968).
The reason for the necessity of whole egg ulirafiltrate in the organ
culture medium could be the presence of insulinelike molequles in the
egg extract, As components with o molecular weight greater than 12,000

are excluded in the filtrate (Wolf and Quimby, 1964), molecules similar

. to insulin (m.wt 5,700, White et al., 1968) might edsily be included in

the vltrafiltrate, In some experiments the ultrofiltrate was replaced

by foetal calf serum,

The finding that preincubation of the slices improved the response is
similar to thot of Wicks (1968) who discovered that preincubation of
foetal liver organ culture explonts shortened the iqg period before
induction, The difference in the technique used by Wicks (1968) to that
used in this study is that in the former method the explants were sup~-
ported directly in the medium while in the latter the slices were sup~

ported above the culture medium. Furthermore the differences in the
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two types of liver used, adult liver parenchymal cells being more
tightly packed with less sinusoidal space than foetal liver, implies
that diffusion could take place more easily in the relatively greater
fluid volume surrounding the foetal hepatocytes. The shrinkage of the
cells in adrenalectomised rat liver might also have resulted in larger
sinusoidal volume =~ and this too may partly account for the quantitea-
tive difference in the induction between normal liver and liver from

adrenalectomised rats,

[t is known that slices of rat liver immersed in nutrient media for one
or two hours release a considerable portion of their soluble protein
content (Streffer and Williamson, 1965). These workers also found that
the presence of horse serum in the medium decreased significantly fhev
loss of soluble protein from the explants, but even so, only about 30%
of the total was still present in the explants at 48 hours, The addition
of insulin, cortisol und glucagon to the medium, separately or in va-

rious combinations, did not exert any significant influence on the pro-

tein content of the explants (MacDonnel et gl., 19756). It was suggested

that the possible loss of some protein from foetal liver explonts may

be uttributoble to the elimination of hoematopoietic cells (Wicks, 1948;
Kirby and Hahn, 1973). However, according to cytomorphometric andlyses
(Greengard et al., 1972), haematopoietic tissue accounts for only 38%

and 25% of the liver mass ot 5 and 2 days before birth respectively, so




that oven a complete expulsion of these cells would not aecount for the
loss of over 604 of the totul weloble protein content observed, Thus,

! (1975) attributed the Yoss of soluble protein to led-

R
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MacDonnel ot

kage from the heputooyles.

The definition of “viability’” ix, however, a major problem. For example
oexplants e capeble of incorporating precursors into protein and RNA,
(Wicks, 19cig Saveni cod Sseend, 1970; Rdihd et al,, 1971) but these
synthetic copaciting huve not been quantitatively compared with whose

obtainad iy vive, The preferentiol ogceumulation or loss of particulur

RO TR Wl SR

eneyres Yhad e known te increase or diminish during this period in vivo

ety poeadde wors specific eriteria for continued differentiction. The
only etudy (Tourion, 1973) that attempted this type of comparison yiel-
cedd o pagrbive result,  Previous work done on liver slices (Geyer et al.,
194665 Flink et al., 1960; Parsons and Von Rossum, 1962; Judah ond McLean,
1962) wndd perfused Liver (D’Silva and Neil, 1954) found that an early
evienl proceeding necrosis was « change in the don content of the tissue.
Posuibile couses of the lonic chonges were either membrone damuge or loss
of sorium punp vetivity or bath, The criteria employed so far to as~
cortuln the viability éf the organ culture system used have been his~
tological (Light and electron microscopy). Sihce oh a 24 hour incuba-
tion at F7C there wore signs of some structural degeneration, which at

48 hours dncubation led Yo panely preserved cell organelles, the level

of potassium ton was estineeted i normal and adrenalectomised rat liver
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liver slices over o 48 hour incubation at 37°C.

The level of potassium in a freshly excised normal or adrenalectomised
rat liver agreed with known published values (= 70 pmol K/gm Liver). On
standing in MLS9 medium for approximately 20 to 2. minutes,the levels
dropped to about 40% of the control, after which there was o slight in-
crease in potassium levels at 2 to 4 hours incubation. On additicral
incubation they dropped to pre-incubation levels and remained faizly con~
stant. The addition of steroids (hydrocortische and p-methasons) to the
medium of liver slices from adrenalectomised rats followed by incubation
for 48 hours at 37°C,showed that the levels of potassium follewsd the
same pattern as that of normal or adrenalectomised samples up to 24 Fours,
From 24 to 48 hours incubation there was o significont drop in potossiuy

levels (Table 14).

It seems reasonable to ascribe the initial faull of livaer potassium con-
centration to the injury caused by sliecing and the onoxia lusting from
the time of cessation of circulation in the animal to the immersion of
the slices in fluid equilibrated with oxygen enel carbon dioxide,  Flink
et al. (1960) suggested that anoxia and traumu cre important Factors from
their experiments in which the potassium loss was graatest when the time
of preparation was the longest. They also demonstroted that on anae-
robic incubation, dnoxid was indeed an important cause of the initial

loss of potassium, Houssay et al. (1973) observed a rise in serum

potassium in the intact animal which had boen subjected to asphyxia

3
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and the excess potassium has been shown to arise chiefly from the liver,
Dixon (1949) ohserved no loss of potassium from broin slices if the me~
dium containedkglucose in spite of anazrobic incubation. Flink et al.
(1960) showed that although about 70% of intracellular potassium of the
rat liver is quite labile and passes rapidly into extracelluloar fluids
when the liver tissue is subjected to injury and anoxia, it is capuble
of being largely restored to its normal intracellular concentration if
aerobic conditions are resumed and if a suitable concentration of po~
tassium is maintained in the extracellular fluid, Therefore the drop
in potassium from control to pre-incubation levels can be explained by
the initial injury coused by slicing of the liver and of anoxia while
it is kept in medium for approximately 20 to 25 minutes before incu-

bation. As shown in the results (Fig. 29) incubation for the first 2

to 4 hours resulted in o rise in potassium levels,

From these potassium results it can be said that the viability of the

slices in the culture system used here dppear to'be maintained.
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