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Abstract
== The effects of fasting, ketone bodie;. octanoate, glucose and prostaglandins E,“lnd
F.a on leucine degradation in 10:day-old chick exzensov';;‘gaorum communis muscles were
investigated in vitro. The net rate of leucine transamination and the rates of leucine oxidative

decarboxylalion oxidation of léucine carbons 2-6 and CO, production from toul leucine

oxidation wcre 0. 56710.029, 0.41510. 021, 0.952+0.075 and 1.36630.092 nmol-* mg muscle"*

for fed chncks respecuvely Fasting for 24 h mcrcase@<0 01) these rates above thosc

obtained with 12-h fasted and fed §roups. In muscles from fed chicks, 4 mM |

DL - B-hydroxybutyrate increased (P<0 01) the rate of net leucine transamination; both 4 mM
DL-8- hydroxybutvralc and lord mM acetoacetate inhibited (P<0. 05) the rate of leucine
oxidative decarboxylauon and increased (P<0.01) the net rate of a-ketoisocaproate (KIC{
production and the-percentage of transaminated leucine released as KIC. In muscles from 24-h '
fasted chicks, 4 mM DL-B8-hydroxybutyrate and 1 or 4 mM acetoacetate inhi_bited (P<0.01)
the rates of? net leucine transamination and leucine oxidative decarboxylation. The inhibtion of
both leucme oxldauvc decarboxylation and total leucine oxidation by ketone bodies is
independent of leucine uptake, and insulin, glucose and amino acid conce:'ntrauoﬁs. Octagoate
at 0.2 and 1 mM markedly increased (P<0.01) the net rate of leucine transamination and the
rates of leucide oxidative decarboxylation, oxidalion of leucine éarbons 2-6 and CO,
production from total leucine oxidation in muscles fpon1 fed chicls. but had no effect on
muscles from fasted chicks. Five mM and 12 mM glucose decreased (P%0.0l) the rates-of
leucine oxidative decarpoxylation, oxidation of leucine carbons 2-6 and éO, production from
total lcucme oxidation and mcreased (P<0.05) the net rate of KIC production as compared (]
the coméjol (no glucose) group in muscles from fed chxcks but had no #ffect in muscles frém-
fasted _birds. Arachidonic acid’ (5 M), prostaglandin E," (0.28 uM) and F,a (14 uM)
inhibited the net rate of leucine transamination (P(0.0l)"r'and the -rates of leucine oxidative
decarboxylation (P<0.05), oxxdauon of leucine carbons 2-6 (P<0.05) and CO, production
from total leucine oxidation (P<0 01) in muscles f rom fed chicks. Indomethacin at 5 and 50

iv -
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‘uM markedly inhilelted (P<0.01) the rate of PGE, production by skeletal muscle in the
pMm of exogenous ﬁrachidonic acid and prevented the ‘inhibition of arachidonic ackl on
leucine degradation. These results demonstrate that (1) fasung mcreascs the rate of lmcme
degradauon in chick skeletal muscle; (2) ketone bodies mhlbn the rate of leucine dcgradauon
in muscles from fed and fasted chicks; (3) octanoate and glucose regulate leucine degradation
in skel:ta] muscle depending on initial acli'vity of BCKA dehydrogenase and (4)

prostaglandins may play a role in the regulation of leucine degradation in skeletal muscle.

La.
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I. Introduction o

/1 .

The skeletal musculature is normally the largést tissue in animals and accouins for
. A

#

approximately 25% and 45% of body weight in »é newborn and voung adull, respecuively
(Goll et al., 1977). Traditionally, the §keletal p‘iusculalure was considered to be a relativey
inert protein reservoir whose constituent ami}{(ﬁ acids are mobilized under conditions such as
fasting and disease. This view, howevc?/l:as changed since Johnson cl.:l. in 1901 first
reported that *CO, is produced f rom ;E{[I--"C]leucine by the rat diaphrag;n. It has become

well cstablished that skeletal musclg;’éxtensivcly metabolizes the branched-chain Amino acids
(BCAA); leucine, isoleucine ahd/,\i;line as well-as alanine, glumm_ic acid, gl’ulaminc.l aspartic
acid and asparagine (Goldberg and Chang, 1978; Davis and Lec, 1985). In Chapicer | of lhis
thesis, 1the physiological sigﬁiﬁcancc of leucinc and the regulation ol leucine metabolism in
skeletal muscle will be’ /Erieﬂy reviewed. A number of reviews of these topics have Abccn

published in the last-six years (e.g., Snell, 1980* Harper ct al., 1983; 1954; Randle cl"al.,

1984).

A. Physiological Significance of Leucine Metabolism

Leu/cine has been shown to stimulate protéin synthesis and to inhibit prot€in
degradat'ion in rat skeletal muscle under catabolic states such as tn witro incubation and fasting
( Tischler et al., 1982; Miich and Clark, 1984). Reports of the anabc;lic effects of leucine in
skeletal muscle have proml;iéd the clinical use of leucine in the improvement of nitrogen
balance during cataboliq states (Freund clv al., 1983) and have led some rescarchers (e.g.
Boebel and Baker, 1982) to suggest that leucine analogs a-kctoisocaproate (KIC) and
D-a-hydroxyisocaproate could be included in chick and rat dicts to spare this essential amino
acid and decrease the burden on the liver to convert toxic ammonia to nontoxic products. A

small dietary excess of leucine has been shown to increase the protein svnthetic potential of

porcine skeletal muscle in vitro (Smith, 1985). In addition, leucine can inhibit the oxidation of

pyruvate and glucose (Chang and Goldberg, 1978) and increasc the synthesis of alanine and



glutamine (Goldberg and Chang, 1978; Caldecourt et al’ 1985) in incubated muscles.
Transamination of leucins to form KIC is required for inhibition of protein degradation and
for inhibition of glucose and pyruvate oxidation in skeletal muscle (Tischler et al., 1982;
Mitch and Clark. 1984). In addition, since leucine is not synthesized by animals, the rate of
lcuci'nc degradation in skeletal muscle caﬁ influence the die’lar); requirem.of this amino atid
as well as that of isoleucine and valipc whrh are antagonistic to lel:cine (Harper et al., 1983).
Furthermore, the conceritration of leucine and the rate of leucine degradation in skeletal
muscle can influence its concentration in plasma TAdibi, 1971; Hutson and Harper, 1981),
which in turn regulates insulin release by B-cells in the pancreas (Milner, 1970) and
co‘nscqueptl.y plasma insulin levels (Meguid et al., 19‘86). Thus. studies of leucine degradation

help enhance our understanding of its role in the control of protein deposition in skeletal

muscle, food intake, amino acid antagonism, interorgan metabolism of nitrogen and carbon,

operation of the glucose -alanine cycle and overall energy homeostasis of an prganism.
B. Leucine Metabolism ~

1. General Pathway ) \

l.eucine, ins:(% as is known, has two fates in skeletal muscle. It either serves as a
precursor for lissue protein synthesis or is catabolized to provide acetyl-CoA and energy. A
schematic Ol;lline of the metabolism of leucine is shown in Fig. I-1. The injjal step in the
catabolism of leucine is reversible transamination to KIC by BCAA amin:iansferasc (EC
2.6.1.42). The KIC may be released from the myofiber to the extracellular space or undergo
irreversible oxidative decarboxylation to produce isovaleryl-CoA by branched-chain a-ketoacid
(BCKA) dehydrogenase (EC 1.2.;.4). Dehydrogenation of isova{leryl-CoA by isovaleryl-C?A
dehvdrogenase results in the produclion of B-methylcrotonyl-CoA which is subsequently
- converted 1o acetoacetate and acetyl-CoA. Thus, leucine is a ketogenic amino acid. Skeletal

4

muscle has been shown to release relatively large amounts of isovaleric acid (Spydevold and

LY
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» .
» . Hokland, 1983) suggesting that considerable amounts of isovaleryl-CoA may be converted to

isovaleric acid in this tissue rather than entering the tricarboxylic acid cycle as acetvl-CoA.
The oxidation of leucine may supply ;n appreciable amount of energy for muscle metabohism.
2. Properties and Activity of BCAA Aminotransferase .
Three isoenzymes of BCAA aminotransferase have been identified and characterised in
different rat tissues (Ichihara et al., 1975; Kadowaki and Knox, 1982). Isoenzyvme | accepts all
three branched-chain amfMy acids as substrates (Harpér et al., 1984). Thi. 1soensyme is
almost equally distp‘buted between the cytosol and mitochondria and is the only form of the
enzyme at these two sites in skeletal muscic cells (Kadowaki and Knox, 1982). The km values
vfor leucine in rat skeletal muscle range from 0.4 mM to 0.5 ﬁM (Odessey and Goldberg,
1979; Kadowaki and Knox, 1982). which fall within the phyvsiological levels of leucine in
plasma and skeletal muscle (Adibi, 1971; Livesey and Lund, 1980). The major amino group
acceplor is a-kelogl'ularaie for which the Km values range from 0.1 to 0.2 mM in rat skcletal
muscle (Odessey and Goldberg, 1979). Very little activity is observéd with pyruvaie and nonc
with oxaloacetate (Harper et al., 1984‘). Isoenzyme 1l is present in the cytosol of the liver, bul
has not been found in skeletal muscle (Ichihara et al., 1975; Kadowaki and Knox, 1982). /
while isoenzyme Il has only been reported to be present in small amounts in $he cytosol q}/
skeletal muscle from 5-day-old rats (Kadowaki and Knoi, 1982).
-The activity of BCAA aminotransferase. in skcletal muscle twfnuch higher than that in
the liver but lower than that in the heart and thec kidney (Fcatherston and Horn, 1973;
Shinnick and Harper, 1976). However, based on the relative mass of the skclchLmusculalurc.

this tissue has been generally accepted to be the main site for the transamination of Jeucine in

the b&(y (Shinnick .and Harper, 1976).



3. Pragerties and Activities of BCKA Debydrogenase - 5
'- bike pyruvate dehydrogenase, BCKA dehydrogcnasc is a multienzyme complex
wandlc et al., 1984). It is composed of three separate catalytic subunits held together - by
noncovalent interaction: (1) BCKA decarboxylase (E;) arrangd in an a,8, substruqture with
thiamin pyrophosphate as a prosthetic group; (2) dihydroli}Oyl transacylase (E,) with lipoate
as a prost‘ht;lic group;. and (3) dihydrolipoyl dehydrogenase (E,) with FAD" as a prosthetic '
group. In addition to these covalently bound prosthetic groups, the oxidation of BCKA also
requires coenzyme A (CoA- SH) NAD- and Mg* as cofactors. Unlike BCAA .
ammotransquase BCK)\ dehydrogenase is exclusively located on the inner.surface of the
inner mnochowlal membrane (Van Hinsbergh et al., 1979). This enzyme complex catalyzes
the oxidative - ﬂtcarboxylauon of the three branched-chain a-ketoacids- KIC,
a-kelomethylvalerale and a-ketoisovalerate from leucine, isoleucine and'valine. respecti»vely.
to form 1hcii corresponding decarboxylated acyl-CoA derivatives. The Km value for KIC in
skeletal muscle has been reported lQ be 25 uM (Odessey and Goldberg, 1979), which falls
within the physiological range of concentrations of KIC in plasma (}-lulsbn and. Harper,
1981). |
The activity of BCKA dehydrogenase i§ relatively low in skeletal muscle (Featherston
and Horn, 1973; Shinnick and Harper, 1976; Patston et al., 1984; Wagenmakers et al., 1984a).
The total activity and actual activity of BCKA dehydrogenase in fed rat sl.(eletal‘muscle h;ve
been reported to be 30 and 1.6 nmol/min/g tissue, Trespectively (Wagenmakers et ai., 19%4a).
Changes in the acii\?ity of this enzyme play a key role in the regulation of BCAA ‘degradation
. by skeletal muscle as studies with cell-free extracts- clearly indicate that oxidative
decarboxylat{bn of BCKA is the rate-\ﬁmiling step for their catabolism in this tissue (Ode;sey

and Goldberg, 1979).
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C. Regulation of Leucine Degradation in Skeletal Muscle

1, Phosphorylation and Dephosphorylation of BCKA Dehydrogenase

Observations that either the dépletion or‘ ATP by\preinc;bation or the addit'ionb of a
broad-spectrum phosp;lawse activates BCKA dehydtogehasc while the addition -oi‘ ATP
inactivates this enzyme in muscle mitochqndr;a (Odessey . 1980; Parker and Randle, 1980;
Fatania et al., 1982; Paul and Adibi, 1962) have led to the proposal that the BCKA
dchydrogenése cbmplex .is subject to .regu.lation by ATP-dependcm phosphorylation andb
dephosphorylation ‘(Randle’et al., 1984) \1ike’thc pyruvate dehydrogenase. Direct evidenccvhas
been recently shown by Paxton et al. (1986) that there is b\an inverse lincar relationship
between the extent o_f phosphorylation of serine hydroxyl groups of DG(A dehydrd;zcnasc and.
tf\e activity of this énzy.r;xe in skeletal mus.cle. BCKA dehydrogenase kinasc, which catalyses
the phosphorylatioh of ﬁCKA dehydrogenase, and BCKA dehydrogenase phosphatase, which
catalyses the dephosphorylation of BCKA dehydrogenase, have been characterised (Paxton

-and Harris, 1984; Damuni et all, 1984). Many factors have been reported to regulate the rate

of leucine metabolism in skeletal .muscle largely through their ,aElion on BCKA dehydrogenase

(Paxton and Harris, 1984). : T P SR
| B SRS
: P vﬁ. ) . *’
" . %I. N ——
2. Effect of Oxidative Substrate¢ J ST

The effects of fatty acids, ketone bodies and gl'u_cose on leucine degradation in skeletal
muscle have been exiensively studied in the rat. Variable results have been reported possibly
due, in part, to difl'e‘rences in the experimental coPdilions unde} Wwhich the studies were
performed. Buse et al. (1972) first reported that Joﬁg chain fatty akci/ds such as palmitate and
oleate mar‘kedly stimulate both the dxidalive decarboxylation and total oxidation of B(}AA in
incubated hemidiaparagms from.fed rats. However, the stimulating effect of long chain fatty

acids was not confirmed by Paul and Adibi (1976) using skeletal muscle homogenates. In

isolated intact skeletal muscle (Buse et al., 1972; 1975; Wagenmakers and Veerkamp, 1984b),
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' probably by inhibiting BCKA dehydrogenase kinase (Paxton
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perfused hindquarter (Spydevold and Hokland, 1981) and xﬁeleul muscle homogenages (Paul
and Adibi, 1976), octanoste has been shown to increase leucine oxidative decarboxylation
and Harris, 1984). Whether

: {
octanoate stimulates leucine decarboxylation in skeletal musgle from fasted rats refnains

-

controversial _(Paul and Adibi, 1976; Wagenmakers and Veerkamp, 1984b).

Variable\-tl;f fects of glucose on leucine decarboxylation in skeletal muscle have been
reported. For example, glucose has been showp to inhibit the rate of leucine oxidative
decarboxylation in hemidiaphragms from fed rats “(Buse et al., 1972; Odessey and Goldberg,
l972).'owever. the addition of glucose to iﬁcuhﬁon media has not been reported 1o
inhuencc the rate of leucine decarboxylation in the {nmet rat hemidiaphragm ( Wagenmakers
et al., 1984b) and skeletal musche homogenates (Paul and Adibi, 1976). Thus, it is not clear
whether changes in cencentrations of glucose affect leucine catabolism in ekeletal muscle in
vivo.

Ketone bodies are extensively metabolized by skeletal muscle as oxidative substrates
with acetoacetate being utilized to a greater extent than B-hydroxybutyrate (Ruderman and
Goodman. 1973). Thus, the oxidation of ketone bodies may spare leucine as an oxidati:e
substrate. Buse et al. (1972) first reported that DL-B-hydroxybutyrate (4 mM) inhibited the
rate of oxidative decarboxylation of leueiﬁe in hemidiaphragms from fed rats. Wagenmakers
and Veerkamp {1984c) have recently shown that DL-B-hydroxybutyrate (4 mM) plus
aceioacetate (1 mM) decreases the oxidative decarboxvlation of BCAA and BCKA in rat
skeletal muscle. In contrast, Paul and Adibi (1978) have demonstrated that acetoacetate (2-20
mM) stimulates the rate of leucine oxidative decarboxylation in skeletal muscle homogenates
from both fed and fasted rats and that DL - 8-hydroxybutyrate has no effect at concemrations
less than 30 mM which are well above physiological concentrations in plasma. Thus, it appears

that the intact skeletal muscle and skeletal muscle homogenates respond to ketone bodies in an

opposile manner.



3. Availability of Amino Gr‘oup Acceptors and BCKA Dehydrogenase Cofactors
The availabilitly of amino group acceptors may also limit the transamination rate of
) leucine and thus the flux of KIC through BCKA dehydrogenase. For example, the addition 6f ;
a-ketoglutarate has been shown to increase the oxidative decarboxylation of leucine in skeletal
muscle homogenates (Paul and Adibi, 1976; Van Hinsbergh et al., 1979) and i.n‘lhe intact
hemidiaphragm from the rat (Buse et al., 1975) probably by increasing the rate of
transamination of leucine. It has been shown recently that pyruvate su:pulalcs the
transamination of BCAA in the rat diaphragm (Aftring et QI.. Al985) likely by incrcasing the
rate of glutamate transamination jngj providing more a-ketoglutarate for leucine

transamination.

The oxidative decarboxylation of BCKA requires NAD' and CoA-SH as cofactprs
(Randle et al., 1984). Low concentrations of these cofactQrs rhay-,)imil the dccarboxylglio; of
BCKA and thus the tota), oxidation of BCAA since decarboxylation Vi/s fl‘;'c fate-limiting step
for catabolism of BCAA in skeletal‘muscle (Odessey ;nd G(ﬁdberg, 1979). A deficiency of
both of these cofactors mav occur in muscles during conditions such as the oxidation of
relatively large amoun?s of fatty acids and ketone bodies. In addition, NADH has been
reported 1o be a potent competitive inhibitor of the BCKA dehydrogenase complex (Randle et
- ~"at., 1984). The ratio of NADH to NAD" has been suggested 1o control the flux of BCKA

- . =

through BCKA dehydrogenase in skeletal muscle from diabetic rats (Buse et al., 1976).

4. BCAA and Their Metabolites

The establishment of high concentrations of leuci.ne incrcasesf/’ | its rate of
transamination and decarboxvlation in isolated skeletal muscle preparations (Buse et al., 1975;
Van Hinsbergh et al., 1979; M?(ch and Clark, 1984). Recently, it has been shown by Aftring-
et al. (1986) that leucine and isoleucine injected into ‘the rat to achieve physiological
concentrations in the circulatory system activates BCKA dehydrogenase subscquently isolated

J
from skeletal muscle. The addition of KIC to incubation media has also been shown tof



increase KIC decarbo;(yladon in skeletal muscle (Van Hinsbergh et al., 1979) by stimulating
the activity of BCKA dehydrogenase through inhibitfng BCKA dehydrogenase kinase (Paxton
and Harris, 1984). Isovaleryl-CoA, the product of the oxidative decarboxylation of ‘KlC. isa
potent inhibitor of BCKA dehydrogenase (Randle et al., 1984). The accumulation of this
acyl-CoA may be regulated by the isovaieryl-CoA _dehydrogehasc which has rather low activity
in skeletal muscle (Rhead et al., 1982). Thus isovaleryl-CoA dehydrogenase may play a role
in controlling the oxidative decarboxylatic;n_ and the oxidation of carbons 2-6 of the

decarboxylated leucine in skeletal muscle.

5. Hormones

Regulation of BCAA aminotfansferase activity by hormones ’has not reeeived much
attention. A small rise in the activity of this enzyme in skeletal muscle was reported in
cortisol - treated rats (Mimura et al., 1968). The addition of insulin has be'en shown by Hutson
et al. (1978; 1980) to decreése the transamination of leucine in the perfused hindquarter of
fed rats. Since leucine transamination was not measured in most studies involving hormones,
it cannot be said with certainty that hormone-induced changes in total oxidation of BCAA are
due to changes in leucine oxidative decarboxylation alone as regulation may occur at the
transamination step as well (Aftring et al., 1985).

Early studies showed that the addition of insulin increases the oxidative
decarboxylation of BCAA in hemidiaphragms from fed rats (Manchester, 1965). To the
contrary, it has more recently been shown that insulin decreased the rate of leucine

decarboxylation in the perfused hindquaters from fed rats (Hutson et al., 1978; 1980) but

stimulated this reaction in the perfused hindquaters of fasted rats (Hutson et al., 1980). In .

skeletal muscle homogenates, however, insulin has been reported not to influence leucine
decarboxylation (Paul and Adibi, 1976). Epinephrine has been shown to increase BCAA
-oxidation by diaphragms from starved rats (Buse et al., 1973) and 1o have no effect in

diaphragms (Buse et al., 1973) and skeletal muscle homogenates from fed rats (Paul and

4
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(Buse et al., Y973) and skeletal muscle homogenates (Paul and Adibi, 1976).

¥ fasting on leucine degradation in skeletal muscle of rats has been

Jnsive s R oldberg and Odessey (1972) fitﬁrgpnged t{m fasting for 2-3 days
markedly increa’sé‘dhc rate of oxidative decarboxylation of leucine in rat hemidiaphragms.
These eé'ﬂy findings have been confirmed by subsequent studies in both intact skeletal muscle
and skeletal‘ muscle homogenates (Paul and Adibi, 1976; Odessey and Goldberg, 1979,
Wagenmakers and Veerkamp, 1984a; Aftring et al., 1985). :

The increased leucine degradation during fasting is independent of leucine uptake by
skelel:l muscle (Nallathambi et al., 1972). In addition, the increased leucine oxidation is not
simply a result of isotope dilution since Aftring /cl al. (1985) have shown that there is no
difference in the intraceHular specif ic’ activity of leucine in skeletal muscles f ror.n fed rats and
from fasted rats (Aftring et al., 1985). Increases in activities of both BCAA aminotransferase
(Adibi et al., 1975) and BCKA dehydrogenase during fasting (Odessey and Goldberg, 1979)
have been shown to result in increased leucine degradation in skeletal muscle.

Although it is well &ocumenled thhalvfasting increases the oxidation of leucine in rat
skeletal muscle, Wijayasinghe et al. (1983) have shown that leucine degradation is decreased
in intact intercostal myofiber bundle preparations from 5-day fasted sheep. These findings
suggest that the response of BCAA metabolism in skeletal muscle to fasting may be

species -dependent.
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D. Leucine Degradation In Avian Species
Although the activity of BCAA aminotransferase and BCKA dehydrogenase in skeletal

muscle homogenates from domestic chickd (Featherston and Horn, 1973) and Japanese quail

. (Mason and Ward, 1979) have been reported, there is little information available concerning

leucine degradation and its regul'ation by oxidative substrates, hormones and food deprivation
in skelqznl muscle from avian species. These early enzymatic assays with muscle homogenates,
carriedout in the abeence of inhibitors of BCKA dehydrogenase kinade and phosphatese, may
be misleading since it is well cptablished that BCKA dehydrogenase is regulated by

phosphorylation and dephosphorylation (Randle et al., 1984). Therefore, the reported lack of

changes in the activity of BCKA"dehydrogenase in skeletal muscle homogenates from chicks
fed protein-free diets, high-protein diets or fasted for 48 h do not neccessarily demonstrate

\

that leucine catabglism in chick skeletal muscle is unaliered under these conditions. '

E. Prostaglandins

Prostaglandins (PG) are cyclopentane derivatives orfncd fro‘m polyunsalyraled fatty
acids (e.g.. arachidonic acid) and released by most animal cell types in response to a variety
of physiological and pathological changes (Samuelsson et al., 1978; Needleman et al., 1986).
PGE,. PGF,a, PGD,, 6-keto-PGF,a _“ thromboxane B, have been shown to be produced

by both human and rat skeletal muscié (Rodemann and Goldberg, 1982; Freund et al., 1985; -

Berlin et al., 1979; Nowak et al., 1983). The binding of prostaglandins to their receptors on
the plasma membrane of target cells produces second mess‘cnglrs, resulting in alterations of a
number of dif fere;n biochemical events (Robertson, 1986). F<;r example, PGF,a has been
shown to stimulate phosphorylation of 40S ribosomal protein $6 in Swiss Mouse 3T3 cells
(Thomas et al.. 1982). PGF,a has also been reported to increase the rate of protein synthesis
in skeletal muscle in vitro (Rodemann and Goldberg, 1982; Smith et al., 1983), and mediate
the stimulating effect of insulin on protein synthesis in skeletal muscle in vitro (Reeds and

Palmer. 1983) and in vivo (Reeds et al., 1985). On the other hand, PGE, has been shown to

-3
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s:imuhle protein degradation in rat skeletal muscle in vitro and mediate the stimu'htin; effect

© of interleukin-1 on protein degradation in rat skeléul muscle (Baracos et al., 198l3). PGE,
\ and PGE, have also been shown to enhance hepatic gluconeogenesis (Sacca et al.. 1974) and
glucose oxidation in rat adipocytes (Chang u;d Roth, 1981). Despite the reporied effects qf
prostaglandins on protein -turnover and giycolysis in skeletal rhuscle (Rodemann and
Goldberg, 1982; Leighton et al., 1985), there have been no reports in the ﬁlﬂ;llurt‘ concerning

L fects of these congpounds on individual amino acid metabolism in skeletal muscle, *

F. Objectives of The Present Study
-

This literature review indicates that BCKA dehydrogenase and BCAA aminotransferase

in rat skelel.al muscle are subject to regulation by availability of cofactors such as NAD" and
CoA-SH, NADH, oxidam)e subst-ra.les. m;;a’boliles of BCAA, hormones, and ATP-dependent
phosphorylation and dephosphorylation. Although leucine degradation in skeletal muscle ha#
been extensively studied in laboratory rats (Odessey and Goldberg, 1972, Aftring ct al.. 1989),
it is shrpn'sing that there is very little information available on leucine degradation in skeletal
muscle of aviz‘m species. A limited number of studies have suggested that the response of the
degradation of BCAA and BCKA in skeletal muscle to fasting (Wijayasinghe et al., 1983) and
octanoate (Wagenmakers and Veerkamp, 1984b) (;nay be species-dependent. The objectives of
vthis study are three-fold:

(1)1 determine if fasting influences leucine degradation in chick sktletal muscle;

(2) to investigate whether changes in the leucine degradation in fasting are related to
the changes in the concémra_t?_ns of ketone bodies, fattly acids and glucose;

(3) to investigate the possible effect of prostaglandins on leucine degradation in chick -

skeletal muscle.
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I1. The Effect of Fasting on Leucine Degradation in Chick Skeletal Muscle

’ N

A. Introduction

The branched-chain amino acids (bCAA). particularly leucine, are extensively
catabolized by the skeletal musculature (Odessey and Goldberg 1972; Aftring et al. 1985). The
degradation of leucine is initmmy .revcrsiblc_ transamination to a-ketoisocaproate (KIC) by
BCAA aminotransferase, followed by irreversible decarboxylation of KIC to isov:l.;r}l-CoA by
branched-chain a-ketoacid (BCKA) dehydrogenase. Skeletal muscle has relatively high BCAA
aminotransferase activiiy and relatively low BCKA dehydrogena.:,e activity kShinnlck and
Earper 1976). Thus, it has been suggested that lh; activity of BCKA dehydrogenase is
rale-limitin‘gy for the degradation of BCAA by skeletal muscle (Odesseg} and Goldberg 1979;
Davis and Lee 1985). The activity of this enzyme complex can be rc,:gulatcd by the .availz.xbih'ty .
of cofactors suc* ‘NAD' and CoA-SH, feedback inhibition by NADH and isovaleryl-CoA.
" activation by BUKA and dephosphorylation, and inactivation by ATP-dependent
phosphorylation (Randle et al. 1984).

The catabolism of leucine in skeletal muscle is altered under a variety of physiological
and pathological conditions (Goldberg and Odessey 1972. 600dlad and Clark 1980). For
example, it is well established that leucine degradation in rat skeletal muscle is increased with
fasting (Adibi at al. 1974; Wagenmakers and Veerkamp 1984). Increased leucine degradation
provides energy‘ for muscle metabolism and plays an important. role in providing
amino-groups for the glucosé-alanine cycle (Goldberg aqd Chang 1978). .However,
Wijayasinghe et al. (1983) have shown in vitro with intact myofiber preparations that leucine
catabolism is dramatically decreased in skeletal muscle from fasted sheep. In the 48 h fasted
20-day-old chick, Featherston and Horn (1973) reported no change in the activities of BCKA
dehydrdgcnase in skelelal.musclc homogenates. Thus, it appears that the response of leucine
catabolism in skeletal musgle 1 food deprivation may be species-dependent. In this study, we

investigated the effect of short-term fasting on leucine degradation in intact chick skeletal

18



muscles in vitro.

. B. Materials and Methods

L-[U-**C)-leucine and L-[l-"C]:leucine were.purchased from ICN Radiochemicals,
Montreal, Quc; Radiochemical purity was confirmed to be greater than 99% by descend@_
paper chromatography using n-butanol:acetic acid:H,0 (2: 1 1) as the solvent. Bovine insulin )
"and all amino acids were obtained from Sigma Chemical Co., St. LOUIS MO.

Day-old male-broiler chicks were obtained from a local hatchery and were housed in
electrically heated batteries with raised wire-mesh floors and continuous lighting. The chicks
were fed ad libitum a commercial starter diet (Table 11-1) until 9 days of age: On day nine,

-chicks weighing 115-125 g were randomly divided into three groups; group 1 was continuously
fed for 24 h, group 2 was fed for 12 h and then fasted for 12 h and group 3 was fasted for 24
h. Individual chicks were anesthetised with halothane ‘and each extensor digitorum communis
(EDC) muscle was carefully exposed and inserted into a stainless steel wire support by ‘means
of its tendons. The EDC muscle was chosen since it has relatively long tendons at both the
proximal and the dis.tal ends and is appropriaiely shaped (2-2.2 cm long and no more than
0.2-0.25 cm in diameter) o optimize nutrient exchange. Each muscle was immediately
dissected from the wing, weighed and placed in a test tube containing 3.5 ml Krebs-Ringer
bicarbonate buffer (119 mM NaCl, 25 mM NaHCO,, 4.82 mM KCl, 1.25 mM MgSO, :and
1.26 mM CaCl,, pH 7.4, 37°C) saturalgd with 0,:CO; (95%:5%. vol:vol). The buffer also
contained 2 mM HEPES. 5 mM glucose, insulin (0.01U/ml), 0.5 mM leucine and all other
amino acids at concenlratio;ls similar to lhoée found in plasma from fed young chicks
(Maruyama et al. 1976; Appendix 1). The test tube was gassed with O,:CO, (95%:5%) for |
min and sealed with a self-sealing stopper. After 30 min preincubation at 37°C in a shaking
water bath (100 cycles min!), muscles from the left wings were individually transf erred 10 25

m! flasks containing 3 ml fresh preincubélion media with L-[U-"C]-lcucine (300 dpm

nmo! '). Muscles from the right wings were individually transferred to 25 ml flasks containing

a
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3 ml fresh preincubation media with L-[1-'*C]-leucine (300 dpm nmol-'). The flasks were

" gassed with 0,:CO, (95%:5%) for 1 min and capped with self -sealing stoppers fitted with

hanging plastic center-wells. The muscles were incubated in the presence of ['*C]-leucine for 2

h at 37°C in a shaking water bath (100 cycles min!).

The collection of **CO, from o@i{ive decarboxylation of L-[1-'*C]-leucine, oxidation
of L.-[U-';C]-lcucine. and deciarboxylation of [1-"C)-KIC was performed as deicrited by
Aftring et al. (1985). In all instances, parallel incubations without muscles wers\; perfom_led to
provide background values. After CO, collection, the center-welis were placed in 17 ml
scintillation cocktail (5 g PPO. 0.2 g POPOP in 500 ml toluene plus 500 r;ml @ethyl cellosolve)
and the radioactivity was measured by a scintillation spectrometer. _The counting efficiency
was deternﬁned 1o be 71% by the channels ratio method. Counts obtained in the '*CO,
collected from L-[1-'*C)-leucine decarboxylation, L-[U-'*C)-leucine oxidation and
decarboxylation of [1-'*C]-KIC averaged approximately 4000 cpm, 2300 cpm and 1000 cpm,
respectively, f ;)r the fed birds. The corresponding background values were 45, 35 and SO cpm,
respectively. Preliminary studies showed that the recovery of '*CO, from [**C]NaHCO, added
to the incubation medium was 94.3£0.4% (mean+SEM, n=10). C

Calculations of leucine catabolism were based on the specific activity of
L-[1-'*C]-leucine and L-[U-'*C]-leucine in the initial incubation medilx-m. The net rate of
leucine transamination (e) was estimated by summing the rates of CO, production from the
oxidative decarboxylation of leucine (b) and the net rate of KIC production (d). The rates of
CO, production from the oxidation of leucine carbons 2-6 (c) was calculated as the rate of

CO. production from the oxidation of L-[U-'*C}-leucine (a) minus the rate of CO,

production from the decarboxylation of L-[1-'*C]-leucine (b). In addition, the percentage of

_transaminated leucine released as KIC and the percentage of decarboxylated leucine carbons

Y

2-6 oxidized to CO, were calculated as follows:

Percentage of transaminated leucine released as KIC=(dx100%)e"’

R
g
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Percentage of decarboxylated leucine carbons 2-6 oxidized to CO, = (¢x100%)(bx$)*

Preliminary studies of the time-course of leucine degradation wer¢ carried out using

" 30 ten-day-old broiler chicks weighing 125-140 g, with six chicks for cach time point. The

EDC muscles were preincubated for 30 min and then incubated for periods of time ranging
from 15 min to 2 h as described above. The protein content of the muscles was determined as
described by Lawry et al. (1951). |

The results wére statistically analysed by the procedures of one-way variance analysis
and the SNK multipie\ means comparison test using the pooled error term as described by Steel

and Torrie (1980). v

7&, s
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C. Results and Discussions - »
Isolated skeletal muscle preparations have been widely used for studying the regulation
of ‘leucine metabolism in the laboratory rat (e.g., Odessey and Goldberg 1972; Aftring et al.
1985) but similar preparations have not been reporied to have. be(e:n used for studying amino
acid metabolism in avian species. The use of intact skeletal muscle preparations avoids the
disadvantages associated with muscle homogenates in which. the rate of oxidative
decarboxylation of leucine is greatly reduced and the rate of oxidation of the remaining
leucine carbon skeleton (2-6) has been reported to be essentially lost (e.g. Payl and\mi.
1976). The rates of leucine oxidative decarboxylation (r=0.998, P<0.01), CO, preduction
from total leucine oxidation (- N 998 P<6.01) and net leucine transamination (r=0.999,
P<0.01) were linear from * -». -« f incubation as shown in Fig 1I-1. These rates were
also linear when regresse  s#- " .scle weight for muscies weighing between 16 mg
and 30 mg. Regression cw' ' #"ts of - <l (P(0.0l). 0.93 (P.<0.Ul) and 0.92 (P<0.0l).
were obtained for oxidative w..« ¥t :aon of leucide, CO, prdduclion from total leucine
oxidation and nél leucine transamination, respectively. These observations suggest that the
activities of BCKA dehydrogenase, the tricarboxylic acid cycle and BCAA aminotransferase in

the EDC muscle do not change during the 2 h incubation period and that muscle size in the
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range of 16-30 mg does not differentially limit metabolic exchange under the experimcqul
conditions used in this study. These results also indicate that the intracellular specific actiwijty
of ['*C]-leucine reached a plateau early during the final incubatio.n and remained cbnsta\ﬁ\t

throughout the incubation period.

Total body weight and the weight and protein content of ‘the EDC muscles from the
fed, 12 h fasted and 24 h fadted chicks are presented in Table I1-2. Total body weight of the
chicks was reduced significantly (P<0.01) from an average of 137.6 g for the-fed group to
117.1 g and 100.2 g for the 12 h fasted and 24 h fasted groups, repectively. The weight of ihe
EDC m'usclq from the 24 h fasted chicks was less than that of the 12 h fasted group
(P<0.05) and the fed group (P<0.01). Likewise, muscle protein content ot; the 24 h fasted
group was also less than that of the 12 h fasted (P<0.05) and the fed groups (P<0.01).
Although muscle weight of the 12 h fasted group did not differ.significanly (P>0.05) from
that of the fed group, mu.;,cle protein content of the 12 h f aste& group was significantly lower
(P<0.05) than that of the fed group. There were no significant differences (P>0.05) in
muscle protein concentration between the eci and the fasted groups. In addition, no
significant differences (P>0.05) in muscle weight and protein content were observed between
EDC muscles from the left versus the right wings. In the laboratory rat, the decreased .protein
content of skeletal muscle following fasting has been attributed to both a decreased rate of
protein synthesis and an increased rate of protein degradation (Fulks et al. 1975). The
decrease ir; protein content of the chick EDC muscle following fasting resulted at least, in
part, from an increased net rate of muscle protein degradation measured as an increased rate
of tyrosine release ( Appendix 3).

The net rate of leucine transamination in the EDC muscle from the 24 h fasted chicks
was increased (P<0.01) by 30.4% and 38.4% as compared to EDC muscles from the 12 h
fasted group and the fed group, respectively. These results are similar to those reported for
quarter diaphragms obtained from 18 h fasted rats (Aftring et al. 1985), but are in contrast

to results reported for intact intercostal muscle fiber bundles obtained from S5-day fasted
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sheep in which net transamination of leucine was reduced by 40% (Wijayasinghe et al. 1983).
The increased rate of leucine transamination is not sin.u;ly § result of isotope dilution since
Aftring et al. (1985) have shown that there is no significant difference in the intracellular
specific activity of leucine in skeletal muscles from fed.rats and fasted rats. Adibi et al.
(1975) found that when fasting was prolonged to 24 h, the activity of BCAA
aminotransferase in rat skeletal muscle increased two fold. They also observed an additional
increase in the activity‘ of this enzyme following a S5-day fast. Although there is little
information available on the effect of fasting on BCAA aminotransferasc in avian s‘tclctal
muscle, the data reported in Table 1I-3 indicates that the flux of lcpcinc through the
transamination step in chick skeletal muscle increases an‘.d remains greater than the flux of
KIC through the oxidative decarboxylation step during fasting.

Thé&® effect of fasting on the rate of oxidative dccarboxylafion of leucine in the EDC
muscle followed the same patiern as the eff;cl of fasting on the net rate of transamination.
As shown in Table II-3, fasting for 24 h resulted in an increase (P<0.01) in the rate of
decarboxylation of leucine by 37.2% and 43.9% above the rate obtained with the 12 h fasted
group 5nd the fed group, respectively. These o;servalions are consistent with those reported
for skeletal muscle from 1-4 day fasted rats (Wagenmakers and Veerkarﬁp 1984) but are in
contrast to those reported for skeletal muscle fiber bundles from 5-day fasted sheep
(Wijayasinghe et al. 1983) in which the rate of decarboxylation decreased by 61%. The ‘
‘increase in the raie of leucine oxidative decarboxylation ob§§rved in the rat and chick may be
due to an increased net rate of transamination of leucine, resulting in increased formation of
KIC. which in turn activates BCKA dehydrogenase by inhibiting BCKA dchydrogenase kinase
(Paxton and Harris 1984).‘ Also. increased concentrations of BCAA in skeletal muscle from
both broiler chicks (Appendix 2) and rats (Adibi 1971) following short-term fasting may
stimulate oxidative decarboxylation of leucine as reported in this study and in studies with rats
(Paul and Adibi 1976; Aftring et al. 1985) since Aftring et al. (1986) have recently shown

that leucine and isoleucine injected into rats to attain plasma concentrations within



physiological ranges activate the BCKA dehydrogenase in skeletal muscle. Studies bymOdeuey
and Goldberg (1979) also demonsmted\that increased leuciné decarboxylation .in m‘&w
muscle during starvation resulted f ron\1 increased activity of BCKA dehydrogemse, An
increase in the rate of leucine decarboxylation increases the amount of leucine carbons 2-6
available for fatty acid biosynthesis or further oxidation in the tricarboxylic acid cycle.

The rates of CO, production from L-[U-'*C]-leucine oxidali;n‘following 24 h fasting
were also increased (P<0.01) above those obtained with the 12 h fasted group and the fed
group (Table 11-3). Using L-[U-'*C)-leucine as a tracer, Adibi et al. (1974) also repotied that
24 h starvation resulied in an appreciable increase in the capacity of rat ske};tal muscle to
oxidise leuéinc as compared to the fed control and the\_l2 h fasteq group, respectively.. The

. increase in CO, production from total leucine oxidation results from both an increased rate of
leucine oxidative decarboxylation and an increased rate of CO, production from leucine
carbons 2-6 (Table 11-3). Thcse results are again in sharp contrast o the results of
Wijayasinghe et a/ (1‘983) who reported that the rates of CO, production from the oxidation
of- leucine carbons 2-6 in intercostal muscle fiber bundl'es from S-day fasted sheep were
;educed 10 only 4% of the rates obtained in the skeletal muscle fiber bundles from fed sheep.
An inéx:easc in the oxidation of leucine carbons 2-6 would provide energy for muscle
metabolism during fasting and would help remove isovaleryl-CoA which inhibits BCKA
dehydrogenase (Randle et al. 1984).

Since the net rate of ’lransaminalion of leucine exceeds the rate of leucine
decarboxylation, some KIC is available 10 be released from the muscle to the incubation
medium. Although the rate of release of KIC has been reported to increase in skeletal muscle
from S-déy fasted sheep (Wijayasinghe et al. 1983) and 18-h_n asted rats (Aftring et al.
1985), short-term fasting did: not affect the net rate of KIC re#;ase from the chick EDC
muscle (Table I1-3). However, since the net rate of transamination of leucine increased, the

percentage of transaminated leucine released as net KIC decreased (P<0.01) from an average

of 28.0% and 28.7% for the fed group and the 12 h fasted group, respectively to 22.3%
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following 24 h food. depﬂvauov‘&-w 1-3). Thus, both the decrease in the percentage of
transaminated leucine released as KIC and the increase in the rate of CO, production from
leucine carbons 2-6 indicate that the oxidation of the decarboxylated leucine carbon skeleton

in the tricarboxylic acid eycle is enhanced with fasting.

The percentiige of decarboxylated leucine oxidized to CO, did not change in the EDC

muscle from fasted chicks (Table 11-3). In skeletal muscle fiber bundies from §- sted

- sheep, the percentage of decarboxylated leucine oxidized to CO,, hgwever, has been shown lo\‘;
!

decrease from 60.8% for the fed to §% for the fasted animals. Imchick skeletal muscle, lhc\\

fact that less than 50% of the decarboxylated leucine is oxidiu?id to Cd), suggests thal oxidation
of the leucine carbon skeleton in skeletal muscle is far from complete. The incomplete
oxidation of leucine carbons 2-6 may be due 1o the low activity of isovaleryl-CoA
dehydrogenase in skeletal muscle (Rhead et al. 1981) accounting f or the appreciable release of
isovalerate by rat skeletal muscle (Spydevold and Hokland 1983). The release of isovalerate by
avian skeletal muscle has not been reported.

It is well documented that BCKA dehydrogenase is inactivated by phosphorylation by
BCKA dehydrogenasc kinase and activated by dephosphorylation by BCKA dehydrogenase
phosphatase (Randle et al. 1984). Recemt Rtudies by Paxton and Harris (1984) have reported
that acetoacetyl-CoA activates the BCKA dehydrogenase by i_nhibiling BCKA dehyd\rogenase
kinase. These authors suggested that increased leucine degradation in skeletal muscle during
fasting may be due in part to increased concentrations of ketone bodies, resulting in increased
concentrations—of acetoacetyl-CoA. Paul and Adibi (1976) have reported that physiological
levels of acetoacetate stimulate CO, production from leucine oxidation in rat skeletal muscle
homogenates. Thus, whether ketone bodies regulate leucine degradation in chick skeletal
muscle merits investigation ; order to understand the mechanisms of increased degradation of

this essential amino acid in chick skeletal muscle during fasting.
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Table 11-1. Diet composition

Ingredients Percentage (%)

’

Ground wheat

Stabilized animal fat

Dehydrated alfalfa meal

Meat meal (50% csude protein)
Soybean meal (40% crude protein)
Canola meal (36% crude protein) -
Ground limestone 7
Biofos (15% Ca; 21% P)
lodized salt

Microingredients t

Crude protein content (%)
Metabolizable energy (MJ kg')

5

2888858
Ve

.’—‘NNO'—'-—-wNunM
—¥w g
2K« =3

w

—

1 Supplied the following per kg of ration: manganese suiphate (27% Mn); 400 mg; zinc oxide
(72% Zn), 100/mg; DL-methionine, 1.3 g; vitamin A, 4000 IU; vitamin D,, 600 ICU; vitamin
E. 10 IU; menadione, 1 mg; ribaflavin, S mg; calcium pantothenate, 10 mg; niacin, 20 mg;
choline chloride, 100 mg; folic acid, 1 mg; biotin, 100 ug: vitamin B,,, 10 uxg; setemum S0 ug;
_ and amprol (25% amprolium), 500 mg.
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Table 11-2. Body weight and extensor digitorum communis musc'. =.ght and protein content

following fasting in the ten-day-old chick. .

Fed . 12 h Fast 24 h Fast
Body weight (g) T- 1376+ 284A 1171 £ 1.7B 1002 + 1.1C
EDC muscle * o
Weight (mg) 22.74%°%.1 Aa 20.8 £ 0.4 AB 17.0 + 0.4 Bb
Protein (mg) 3.40 £ 0,19 Aa 297 £ 0.08 ABb  2.59 + 0.05 B¢
Protein (%) 15.2.2 0.3 144 + 0.2 15.0 £ 0.1 *

'b
1 n=8§ per treatment
$ Mean + SEM
®* n=16 per treatment
a-c: Treatment means within rows followed by different letters a-c are significantly different
(P<0.05). . ‘

_A-C: Treatmem means within rows followed by different letters A-C are significantly
differgnt (P<0.01).
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111. Regulation of Lehcine Degradation in Chick Skeletal Muscle by Ketone Bodies

¢
A. Introduction

Ketone bodies have been shown to act as regulator;s of a number of biochemical events
associated with the sparing of glucose and muscle proteins (Robinson and Williamson, 1980).
The effects of acetoacetate and B-hydroxybutyrate on the degradation of branched-chain
amino acids (BCAA), particularly leucine, in skeletal muscle have been studied with
conflicling observations being reported. Buse et al.(1972) first showe& that
DL-B-hydroxybutyrate significantly imhibited both the decarbbxylalion and the total oxidation
of BCAA in hemidiaphragms from fed rats. Similar effects of aceloacetale. plus
DL - B8-hvdroxybutyrate on thé®rates of decarboxylation of leucine have been teported in
skeletal muscles from fed (Wagenmakers and Veerkamp, 1984) and fasted rats (;’almer et al.,
1985). In contrast, Paul and Adibi (1978) repo-rled that acetoacetate at concentrations ranging
from 2 to 20 mM markedly increased the decarboxylation of leucine in skeletal muscle
homogenates from both fed and fasted rats and suggested that increased tissue concentrations
. of ketone bodies may be responsible for increased leucine degradation in skeletal muscle
during fasting. Thus, the role of ketone bodies in ~tegulating leycine metabolism in skeletal
muscle remains unclear.

Although ketone bodie; have been implicated to regulate BCAA metabolism in rat
skeletal muscle, there is no information available concerning the effects of ketone bodies on
BCAA mectabolism in avian skeletal muscle. In this study, we invéstigaled the effects of
acetoacetate and B8-hydroxybutyrate on leucine degradation in skeletal muscle from fed and
from 24-h fasted chicks, and attempted to determine whether the fasting-induced increase in
leucine degradation in skeletal muscle results from the associated increase in ketone body

concentrations.
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B. Materials and Methods

Sodium - DL-8-hydroxybutyrate (98%). lithium acetoacctate (90-95%), NADH
(disodium sa_lt). D-B8-hydroxybutyrate dehydrogenase _(Rodop:seudonnonas spheroides) were
purchased from Sigma Chemical Co., St. Louis, MO., USA. The sources of broiler chicks,

L-[1-**C]leucine (52 mCi/mmol), L-[U-"*Clleucine (270 mCi/mmol) and other chemicals

- have been reported in Chapter 2.

A preliminary experiment was performed to determine the effect of fasting on plasma
concentrations of B-hydroxybutyrate and acetoacetate in the chick. Thirty, 9-day-old broiler
chicks weighing 115-125 g were chosen and randomly divided into three groups of 10 biLds
each; group 1 was continuously fed for 24 h, group 2 was fed for 12 h and then fasted for .12
h and group 3 was fasted for 24 'h. Venous whole blood from the right heart of individual
chicks wds collectec:l in evacuated tubes coated v‘/.ith heparin, mixed and immediately
centrifuged at 3500 g for 15 min at 4°C. The supernatant (plasma) was stored at -70°C until

analysis. Enzymatic assay of plasma D-B-hydroxybutyrate concentrations was performed

using Kit# 310-A obtained from Sigma Chemical Co., St. Louis, MO., USA. Pl’asma

aceloacetate concentrations were determined as described by Price et al. (1977).
The extensor digitorum communis (EDC) muscle was used for studies of the effects
of ketone bodies on leucine metabolism in chick skeletal muscle. The. EDC muscles were

obtained from both fed (experiment 1) and 24-h fasted (experiment 2) 1(")-day‘-:old chicks

which had been allowed free access to food and water and were either fed ad libitum for 24 h

or fasted for 24 h until sacrificgd. The chicks were anesthetised with halothane and the EDC
muscles were dissected and preincubated as described in Chapter 2. After 30 min
preincubation, left and right EDC mgscles were transfered to the fresh preincubation media
with added L-[U-'*C]-leucine (300 dpm nmol') and L-[1-'*C]-leucinc (300 dpm rjmol ).
respectively, for a 2 h final incubation period as described in Chapter 2. The final incubation
media contained 0, 1 or 4 mM DL-B8-hydroxybutyrate or 0, 1 or 4 mM acetoacelate as

indicated in Tables III-2 and ITI-3. The collection of '*CO, generated froin decarboxylation
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and total oxidation of leucine was performed as described in Chapter 2. ‘

To determine whether changes in the rate of leucine degradation in the EDC muscle
from fed and 24-h fasted chicks are due to changes in the uptake of leucine or in the activity
of I‘BCKA dehydrogenase, experiments 3, 4 and S were conducted. The Krebs-Ringer buffer
incubation media in these three experements contained no glucose, amino acids or iﬁsulin since
they have been shown to influence leucine degradation in rat skeletal ‘muscle (Odessey and
G‘oldbcrg.‘ 19712; Buse et al., 1972; Hutson et al., 1980). In expériment 3, the left and right
EDC muscles from fed chicks were preincubated for 30 min as described in Chapter 2 and
then transferred to 2 ml Krebs-Ringer buffer (KRB) media containing L-[U-**Cleucine (0.1%
uCi/ml) and L-[1-'*C]-leucine (0.13 uCi/ml), respectively, for 1 h incubation. The KRB
media contained either 0 or 4 mM DL-B-hydrc;xybut,yrate or cither 0 or 1 mM acetoacetate as
irgdic;alod in Table II1-4. Af ier 1 h incubation, the muscles were thoroughlyg rinsed with KRB
and then transferred to 3 ml KRB‘ media alone for a 1 h final incubation. At the end of the.
final incubation, '*CO, arising from decarboxylation of L-[l-"C]~leucine and froin lolal<
oxidation of L-[U-**C]-leucine was collected as described in :Zhapler 2. The radioactivity from
I_-[l-"C]-leucine‘in the TCA precipitatable and TCA soluble fractions Wwas mcasured as
described by Odessey and Goldberg (1972). The net uptake of L-{1-'*Clleucine was célculated
by summing the amount of radioactivity (dpm) in the final incubation medium, TCA
precipitatable and TCA-soluble fractions, and 'CO, from the decarboxylation of
L -[1-'*Clleucine during the final incubation. i

The effects of ketone bodies on leucine decarboxylation and total ox'idalion ‘were also
measured inﬁg EDC muscles from both fed (experiment 4) and 24-h fasted (experiment 5)
chicks preloaded with L-[1-'*C]leucine or L-[U-'*Clleucine. The left and right EDC muscles
from either fed.or 24-h fasted lO-day-o]d broiler chicks were preincubated for 30 min as
described in Chapter 2 "and then transfered to 2 ml KRB media alone coniaining
L-[U-'*C])-leweine (0.10 xCi/ml) and L-[l-“C]:lcucine (_0.11 uCi/ml), respectively, fora 1 h

incubation period. The media contained no insulin, glucose, amino acids or ketone bodies.
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“After 1 h incubation, the EDC muscles were thorougf\ly rinsed with KRB and then transfered

to the KRB media alone containing 0 or 4 mM Dl.-8-hydroxybutyrate or 0, 1 mM
acetoacetate for a 1 h final incub"aiion as indicated in Tables III-S and 6. The collection of
“CO, from the decarboxylation of L-[1-'*C)-leucine and from lotal oxidation of
L-[U-'“C]-leucine was performed as described in Chapter 2.

The calculations of the rates of leucine degradation were based on the specific activ.ity
of L-[1-'*C) and‘L-[U-"C]x-leucine in the initial incubation media. The rates of net Ieucﬁne
transamination, leucine oxidative - decarboxylation, CO, production from total leucine
oxidation and the oxidation of leucinc carbons 2-6 as well as the percentage of Lransaminaezd
leucine released as KIC and the percentage of decarboxylated leucine carbons 2-6 oxidized to
CO, were calculated as described in Chapter 2. Each value reported 1§ the mean of six
observations.

The results were statistically analysed by the procedures of onec-way variance analysis
and the SNK multiple means comparison test using the pooled error term as dcscribcd by Steel
and Torrie (1980).

.-

C. Results

-

Plasma Concentratio;ls of Ketone Bodies under Fed and Fasted Conditions -

The plasma concentration of D-B-hydroxybutyrate in the chick increased (P<O'.)01)
from 0.15 mM to 1.34 and to 2.63 mM following 12 h and 24 h fasting, respectively (Table
II-1). Fasting for 12 h increased (P<0.01') the plasma concentration of acetoacetate by

six-fold to 0.78 mM, while fasting for 24 h did not further increcase (P>0.05) plasma

concentration of acetoacetate beyond that measured after the 12 h fast.
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Effect of Ketone Bodies on Leucine Degradation in Skeletal Muscle from Fed Chicks

The effect of ketone bodies on the rafe of leucine degradation in skeletal muscle from
fed chicks is shown in Table III-2. DL-B-hydroxybutyrale.at 4 mM stimulated (P<0.01) the
net rate of leucine transamination in EDC muscles from fed chicksi by 34%, while acetoacetate
at either 1| mM or 4 mM was without effect. DL-B-hydroxybutyrate at 1 mM inhibited
(P<0.05) the rate of CO, production from leucine oxidative decarboxylation in the EDC
muscle from the féd chicks by 29.5%. Leucine oxidative decarboxylation was not further
inhibited by 4 mM DL-B-hydroxybutyrate. Acetoacetate at 1 mM and 4 mM inhibited the
rate ol lcucine oxidative dccarboxylatidn in the EDC muscle by 27.2% (P<0.05) and 47.7%
(P<0.01), respectively. Although DL-B-hydroxybutyrate did not affect the rate of CO,
produtlion from total oxidation of leucine in the EDC muscle from the fed chicks,
acetoacetate at 1 mM and 4 mM decreased the rate by 31.6% (P<0.05) and 55.6% (P<0.01),
respectively. The rates of CO, production from the oxidation of leucine carbons 2-6 were also
inhibited by 33.0% (P<0.05) and 59.6% (P<0.01) in the presence of 1 mM and 4 mM
acetoacetate, respectively, but not in the pre‘ﬁcnce of DL-B-hydroxybutyrate . Since tﬁe net
rate of leucine transamination exceeds the ‘rate of oxidative decarboxylation. net KIC is
produced in skeletal muscle. DL-B-hydroxybutyrate at 4 mM mérkedly increased (P<0.01)
the net rate of KIC production and the percentage of transaminated leucine released as KIC
iwo-fald. Acetoacetate at 1 mM and 4 mM dramatically increased (P<0.01’ net rate of
KIC production from 0.09 nmol h'' mg muscle”' to 0.27 and 0.38 nmol h™' mg muscle !, and
increased (_P<0.01) the percentage of transaminated leucine released as KIC from 17.1% to
44.6% and 61.5%, respectively. DL-B-hydroxybutyrate at 1 mM increased (P<0.01) the -
percentage of leucine carbons 2-6 oxidised to CO; in the EDC mu§c'le from fed chicks. while

‘acetoacetate had no significant effect.
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Effect of Ketone Bodies an Leucine Degradation in Skeletal Muscle from 24-h Fasted Chicks
Both DL -B-hydroxybutyrate and u{qetoaceme r;nd a more pllronounced inhibiting
effect on leucine catabolism in skeletal muscles from 24-h fasted chicks than in the muscles
from the fed chicks as shown in Tables 1l1-2 and I1I-3. DL-8-hydroaybutyratc at | mM and 4
mM decreased (P<0.01) net leucine transamination in the EDC muscle from fasted chicks by
34.2% and 54.8%, respectively. Acetoacetate at | mM and 4 mM inhibited (P<0.01) the ;et
Tate of leucine transamination in the EDC muscle from the fasted chicks by 50.7% and 57.5%,
respectively. DL-B-hydroxybutyrate at 1 mM and 4 mM decreased (P<0.01) the rates of
oxidative decarboxylation of leucine in the EDC muscle from 24-h fasted birds by 35.5% and
56.5%, respectively. The inhibiting effect of aceioacelale was more pronou‘nccd than the effect
of DL-8-hydroxybutyrate, as acctoacetate at 1 mM and 4 mM inhibited (P<0.01) the rate of
leucine decarboxylation in the muscle by 58.1% and 83.9%, respectively. The cffect of both
ketone bodies on the rate of CO, production from-total oxidation of ‘leucine followed the
same pattern as their effect on the rate of leucine oxidai;ve- d;:carboxylation.
DL-B-hydroxybutyrate at lmM and 4 mM markedly inhibited (P<0.01) the rate of CO,
production from the total oxidation of leucine by 26.8% and 51.4%. respectively, while
acetoacetate at IlmM and 4 mM inhibited (P<0.01) this rate by 48.6% -and 87.7%,
respectivelv. The rates of CO, production from the oxidation of leucine carbons 2-6 were also
reduced (P<0.01) in the presence of DL-B8-hydroxvbutyrate or acetoacctate at both 1 mM
and 4 mM. Unlike skeletal muscle from fed chicks, neither DI.-B-hydroxybutyrale nor
acetoacetate at 1 mM inﬂuen;:ed the rates of nct KIC production- in skeletal muscles from
24-h fasted chicks whereas acetoacetate at 4 mM increased (P<0.01) this'rate by 120%.
Although DL -B-hydroxybutyrate at 1 mM and 4 mM did not affect the percentage of
transaminated leucine released as KIC in the muscles from the fasted birds, the value was
increased from 13.9% 10 26,1% and 69.4% in the presence of | mM and 4 mM acetoacetate,

respectively. In addition, 4 mM acetoacetate inhibited (P<0.01) the percentage of leucine

carbons 2-6 oxidized to CO, by 34.1%, while DL-B8-hydroxvbutyrate had no effect.

| -



Efféct of Ketone Bodies on Net Leucine Uptake by Skeletal Muscle from Fed Chicks

When EDC muscles from fed chicks were incubated with L-[l-;‘C]leucine in the
presence of either 4 mM DL-8-hydroxybutyrate or 1 mM acetoacetate the net uptake of
L-[1-'*C}leucine increased (P<0.01) above that in control muscles (Table III-4). However,
the production of **CO, from the oxidative decarboxylation of L-[1-'*Clleucine was decreased
(P<0.05) in the EDC muscle during the subsequent 1 h incubation in the absence of ketone
bodies and labelled leucine (Table 111-4). The pfoduction of '*CO, from the total oxidation of
L-[U-'*C]leucine M the final incubation period did not change signif icantly in EDC muscles
previously incubated in the presence oéi.7.:$§) mM DL-B-hydroxybut):rate. but decreased
(P<0.01) in EDC muscles previously incubated in the presence of 1 mM acetoacetate before
transfer 1o the final incubation media. Table IlI-4 also shows that the incorporation of
L-[1-*CJleucine into skeletal muscle TCA precipitatable protein was increased (P<0.05) in

the presence of either 4 mM DL-B-hydroxybutyrate or 1 mM acetoacetate.

Effect of Ketone Bodies on Leucine Degradaﬁon in Fed and Fasted Chick Skeletal Muscle
Preloaded with ['*C}-Leucine

When the EDC muscles from fed chicks were preloaded with L-[1-'*C]-leucine or
L.:[U-*C]-leucine by incubating in the p‘resence of L-[1-'*C]-leucine or L-{U-'*C}-leucine in
the absence of ketone bodies for 1 h ar;d then. u;a\nsf erred 10 the KRB media Eomaining either
4 mM DL-B-hydroxybutyrate or 1 mM ﬁ\zfe;elc the production of '*CO, from the
oxidative decarboxylation of L-[l-“C]leuciw decreased (P<0.01) by 24.1% and 32.6%
below control values, respectively (Table III-5). The incorporation of L-[1-'*Clleucine into
TCA precipitatable muscle protein was mot influenced by the presence of ketone bodies in the
final incubation media. The production of '*CO, from the total oxidatien of
L-[U-**C]-leucine did not significantly change in the presence of 4 mM

DL -B8-hydroxybutyrate and 1 mM acetoacetate (Table IlI-5). Similar effects of both 4 mM

DL.-8-hydroxybutyrate and 1 mM aée;oacctate on the production of '*CO, from
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decarboxylation of L-[1-'*Clleucine, total oxidaton of L-[U-*“Clleucine and on the amount
of L-[1-'*C]-leucine incorporated into TCA precipitatable protein in EDC muscles from 24-h

fasted chicks were observed (Table I11-6). .

D. Discussion

Little information is available concerning the regulation of leucinc transamination in
intact skeletal muscle by ketone bodies. Almt;u;h the activity of BCAA aminotransferase is
relatively high in skeletal muscle, leucine transamination can be affected by the availability of
amino group acceptors such as a-ketoglutarate and pyruvate (Aftring et al., 1985). In this
study., we found that net leucine transamination in chick skeletal muscle 1s also subject to
regulation by ketone bodies depending on the .physiological state of the animal.
Dl,-ﬁ’-hyciroxybulyrale at 4 mM stimulated the net ratc-of leucine transamination in skeletal
muscl;: from fed chicks, while acetoacetate had no effect (Table I1i-2). Possibly, increasing
intracellular concentrations of NADH in muscles from fed chicks increases the net rate of
leucine transamination since the metabolism of B-hydroxybutyrate increases NADH to a
greater extent than does acetoacetate (Robinson and Williamson, 1980)." However, both
D! - B-hydroxybutyrate (4 mM) and acetoacetate {1 mM) markedly inhibited the net rate of
leucine transamination in the EDC muscle from 24-h fasted chicks™ (Table -111-3). The
inhibition of the net rate of leucine lrans'q}ninalion by ketone podies may result from either
decreased activity of BCAA aminotransferase or decreaseéd availability of amino group
acceptors such as pyruvate and a-ketoglutarate or both. The results obtained f rom this study
may partly explain why the release of alanine and glutamine by skeletal muscles from fed rats
was not changed in the presence of acetoacetate (Berger et al., 1980), and the release of these
two amino acids by skeletal muscle from fastéd rats was decreased in the presence of ketone
bodies (Pajaiologos and Felip, 1976) on the basis that amino groups for the de novo synthesis

of alanine and glutamine mainly come from the transamination of BCAA in skeletal muscle

(Goldberg and Chang, 1978).



Reports in the literature on the effect of ketone bodies on the oxidative
decarboxylation of leucine in skeletal muscles from fed and fasted rats ate variable.
DL-8-hydroxybutyrate (1 mM) ins been shown to have no effect on Jeucine decarboxylation
in hemidiaphragms from fed rats (Odessey and Goidberg, 1972) whereas *CO, production
from L-(1-'*Clleucine has been reported to be inhibited by 4 mM DL-B-hydmxybutyriw in.
hemidiaphragms from fed rats (Buse et al., 1967), and by 4 mM DL -8-hydroxybutyrate plus
1 mM aoe;umte in hemidiaphragms from fed (WW and Veerkamp, 1984) and
40-h f;sted ‘rats (Palmer et al., 1985). In contrast, Paul and Adibi (1978) found that 2-20
mM ‘acetoacetate markedlv stimulated leucine oxidative decarboxylatiori in homogenates of
skeletal myscle from both fed and fasted rats.' Based on their observations, Paul and Adibi
(1978) suggesied that an increase in ketone body concentration may result in an increase in
the rate of leucine degradation in skeletal mqscle during fasting. This hypothesis is consistant
with the recent findings that acetoacetyl-CoA, which arises fromu the metabolism of ketope
bodies m skeletal muscle (Robinson and Williamson, 1980), activates BCKA dehydrog by
@ii)itjng BCKA dehydrogcnas'c kinase (Paxton and Harris,-1984). In the present studies,
however, we found that physiological concentrations of B-hydroxybutyrate and acetoacctate
(Tabel I111-1) caused a marked inhibition of leucine oxidative decarboxylation in skeletal
muscle from both fed and fasted chicks regardless of the presence or abscnog of insulin,
amino acids or glucose (Tables I1I 2-6). These results are in contrast 1o the recent observation
by Paquer ct' al. (1985) 'be inhibition by ketone bodies of leucine oxidative
decarboxylation in incubated hemidiaphragms from 40-h fasted rats is glucose-depend;m.
Unlike glucose which inhibits the rate of leficine decarboxylation in the EDC muscle from fed
chicks but has no- effect in the EDC fnuscle frém 24-h fasted chicks (Chapter 4), the
inhibition of leucine decarboxylation by ketone bodies is even more pronounced in skeletal
muscle from 24-h fasted chicks (Table III-3). :Ra;cm studies in vivo have demonstrated that

there is an inverse relationship between oxidativ'c'decarboxylalion of leucine and KIC and

plasma levels of ketone bodies (Tessari et al., 1986; Beaufrere et al., 1985). In addition, it has
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been shovm by Reeds" o al (1981) that uu.oxidallve decarboxylation of leudm in 1‘”
decreased when young pigs are fed a high fat diet wmch rewiu in high ooncenlnudl

ketone bodies. It is therefore probabie that the increased leucine oxidative dmrhgyl‘lo

‘e -il

skeletal muascle from fasted animals is not likely due 10 mcrused phsma conc,undm N’

| B-hydroxybutyrate and acetoacetate. . ~ ' ’ ‘f .
The inhibiting effect of RM bodies on leucine oxidative dé&a;bOxyhtion is
independent of leucine uptake singe the 'CO; produesieh from L-[1-'*C]-leucine in EDC

muscles from both fed and 24-h fasted chicks is inhibited, although the net uptake 6[

~ “C.Jeucine is the same (Tables II1-S and 6). The decreased production of '“CO, from

decarboxylation of L-[1-'*C]-leacine in the presence 9? ketone bodies is not likely du‘c l;)
dilution of inmce\llular L-[l-"C]-lcuéine based on the following evidence: (!) both
@ DL-B-hydroxybutyrate und acetgacetate did not affect the incorporation of L-[l-"C]-le't:c:@'
into TCA precipitatable protein in EDC muscles from- -both ‘ and 24-h fasted ctb(Tnbles
Ii-5 and 6); (2) both DL- ﬂ bydroxybutyrate and aceloaccta, had no effect on the, net rate
of protein degradation ’m EDC muscles from fed chicks as mcasured by tyrosine release
(Appendix 3); (3) both DL-B-hydroxybutyrate and acetoacetate inhibited ‘lhc net rate of
protein degradation in the EDC muscles from 34-h fasted chicks (Appendix 2), therefore the
intracellular L-[1-1*C)-leucine would likety be less diluted in muscles f rdm fasted chicks as
compared to the muscles from fed chicks. In the latter case, the inhibition of '*CO,
production from the decarboxyMtion of L-[1-!*C)-leucine by ketone bodies may be
underestimated. B-hydroxybutyrate inhibits leucine oxidative .dccarbox_vlalion probably by
increasing intracellular concentration of NADH and‘dccrcasing‘ the availability of NAD" and
CoA -SH since NADH and poth CoA-SH and NAD" have been shown to be an inhibitor and
cofactors of BCKA dehydrogenase, rcspectivgly (Randle et al., 1984). Similarly, acetoacetate
inhibits the decarboxylation of leucine probably by decreasing the availability of NAD" and

CoA-SH. ~
N

A
- W R
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The net rate of KIC production depends upon both the net rate of leucine

. . ¢ Ve
~ transamination and the rate of KIC oxidative decarboxylation. The effect of ketone bodies on

KIC production in skeletal muscle has not been previ’ously repofted. In this study. it was

found lﬁal 4 mM DL-8-hydroxybutyrate increased the net rate of KIC produclion four-fold
in skelelal muscle from fed chicks (Table I1I-2). This increase was apparently due to an
mcreased net rate of leucine tm%ammauon and a decreased rate of leucine oxidative
decarboxylatior in the pgesence of 4 mM DL -B-hydroxybutyrate. Allhough 1 mM and 4 mM
acetoacetate had no significant effect on the net rate of leucine transamination in muscles
from f ed chicks, the decreased rate of leucine oxidative .decavrboxylali'on was likely respbnsible
for the three *:» four fold increass in.the net rate of KIC production (Table III-2).

Accordingly, th: percentage of transaminated leucine released a3 KIC was increased in muscles

\incubaled in the presence of 4 mM DL-B-hydroxybutyraie as well as 1 mM and 4 mM

acetoacetate. On the other hand, it is mterestmg 10 note thal m«skeletal muscle from 24-h

fasled chuks 4 mM DL-8- hydroxybulyrate and 1 mM aceloacetate had né %ffect on lhe net '

w

rate of KIC production, but 4 mM acetoacetate suu increased the rate two -f old QUe tq hirther
inhibition of leucine oxidative decarboxylation (Talgle I11-3). The percem.age of uansammated

leucine released as KIC was thus increased in- the presence of 1 mM and 4 mM aceroacetate

r 3

since the net rate of KIC production-did not change (1 mM acetoacetate) ‘or increased (4 mM

aceloacelale) in spite of a much lower net rale bf leucine transamination (Table I1-3).

fastc¢ chick muscles incubated in the presenee of 4 mM DL ﬁ hydrova ate and 1 mM
Y

acetoacetate, the net rate of leucine transammauormvas only slightly hngher than the rate of -

leucine oxidative decarboxylation, thus é&bunling_ for the small amount of KIC available for
reicase jnto &e incubation media. :‘ AF o

? The rate of CO, production from tOLaI oxldauon of leucine is the sum of the rate of
leucine oxidative dccarboxylauon and the rate of CO, production from the oxidation of
leucine Larbons 2 6 in the tricarboxylic acid cycle. Although DL - B8-hydroxybutyrate inhibited

[

the rate of leucine oxidative decarboxylation in skeletal muscle from fed chicks, the rate of

« . \
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CO, production from the total oxidation of leucine did not significantly change. This may be
due to )eith;:r less dilution of {U-'*C]-acetyl-CoA by uniabelled acetyl-CoA from oxidation of
glucose and fatty acids or inhibition of the steps bevond the a-decarboxylation such as
dehydrbgenation of isovaleryl-CoA by isovaleryl-CoA dehydrogenase which has low activity in
skeletal muscle (Rnead et al., 1982). In EDC muscles from fed chicks incubated with
acetoacetate and from 24-h fasted chicks incubated with either DL-Q-hydroxybutyrau\: or
acetoacetate, decreased rates of CO, production from total leucine oxidation (Tables 1II-2 and
3) result froip both decreased rates of leucine decarboxylation and decreased rates of CO,
production from oxidation of leucine carbons 2-6. Aceloacctate Has a more prondunced
inhibiting effect on the rate of CO, production from the oxidation of leucine carbons 2-6 in
EDC muscles from both fed ‘and 24-h fasted chicks (Tables 1lI-2 and 3) than does
DI:-ﬁ-hydrbxybulyrale. These results may be due to the fact that acetoacclate undergoes
“more exlensive oxidation in skeletal muscle from botﬁf;d and fasted animals than does
B-hydr(.)xybulyrale (Ruderman et al., 1971; Ruderman and Goodman, 1973; Maizels et al.,, ‘
1977).

It is interesting to note that the effect of ketong bodies on CO, production from
lO}a] oxidation of L-[U-"C']leuicine depends on the experimental conditions. Aceloacetate
inhibited the pr;)duction of *CO, from oxidation of L-[U-'*Clleucine in* skeletal muscle from
both fed and fasted chicksﬂ in the presence of insulin, glucoi?}and amino acids (Tables 111-2.3)
but had no effect in the absence of insulin, glucose and amino acids (Tables Il 5.6).

However, when the muscle from the fed chick was incubated with acctoacetate for 1 hin the

KRB medium containing L-[U-'*Clleucine but no insulin, glu&)se or amino acids and then

transferred to the same KRB media for another hour of incuha{ion. appreciable ’Q\hibnion of

CO, production from L-[U-'*C)leucine, was obscrved ' Table 11I-4). These results suggest
: - . . ¥ v

¢ . T . .
that the effect of‘}‘ke‘tone bodies é)}\ #=CO, producti y from the total oxidation of

L-{U-"Clleucine is independem’, of ‘insulin, glucose or amino acids although the metabolic

(M)

reasons for these observations are not unc‘grslood.

-

\.‘g
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The present studies suggest that under certain conditions, a deﬁrease; flux 4of leucine
through BCAA ;mingu-lsfcrase or a decreased flux of KIC through BCKA dehydrogenase
~ can limit the degradat’on of leucine in skeletal muscle (Tables IIT 2,3). In addition, the rate of
leucine transamination does ;101 seem té control the total oxidation of leucine since the
presence of 4 mM DL-B-hydfoxybutyrate inhibited the rate of leucine decarboxylation and
l!\e rates of CO, production from the oxidation of leucine carbons 2-6 despite the increase in
the net rate of leucine transamination in skeletal muscle from fed chicks (Table I11-2). These

fesults indicated that BCKA dechydrogenase cjs rate-limiting for the degradation of ‘leucin¢ in

chick skeletal muscle as in rat skeletal muscle as suggested by Odessey and Gold‘berg (1979).

a

It is interesting that although 'plasma concentrations of both B-hydrog&ybutyrale and

acctoacetate (Table 11I-1) are increased during fasting, the apparent [lux«pl leucine through

by

.

[genase in skeletal

e
#2). It remains to be

<&



@

Table I11-1. The effect of fasting on the concentration of ketonc bodics in plasma from the

ten-day-old chick

R

Treatment 1 DL-B-hydroxybutyrate Acetloacetate

. (mM) (mM) -
Fed 0.15 + 0.002 tA 0.11 £ 0.01 A
12-h Fast 1.34 £ 0.009 B 0.78'+ 0.04 B
24-h Fast 2.63 £ 0.016 C 089 + 0058
. . w A
+ n=10 per treatment ' 't*“
1 Mean + SEM

~ A-C: Treatment means within the column followéd by different letters A-C are significantly
different (P<0.01).. ‘

L J

N
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IV. Effect of Octatmate and Glucose on Degradation in Skeletal Muscle {rom Fed and
v A F Chicks

A. lntroducti,on

The initial step in the degri tion of leucine is reversible transamination with
a-ketoglutarate to a-Kketoisocaproate (KIC) catalysed by branched-chain amino acid (BC'A_A)
aminotransferase, followed by irreversible decarboxylation of KIC 10 isovaleryl-CoA cat;Tysed
by branched-chain a-léloacid (BCKA) dehydrogenase. Since the activity of BCAA
aminotransferase is relatively high and the activity of BCKA dehydrogenase is rélalively low in
skeletal4 muﬁe!c (Shinnick and Harper, 1976). it has been suggesied that BCKA dehydrogenase
is rate-umining for the degradation of BCAA in skeletal muscle (Odessey and Goldberg,

1979). The degradation of leucine in skeletal muscle from fed rats in which the activation of

BCKA dehydrogenase is low ( rs and Veerkamp, 1984) has been shown 1o be

stimulated by insulin (Manchester, 1 ong-chain and medium-chain fatty acids such as
- palmitate and octanoate (Busc et al., 1972) but inhibited by ketone bodies (Wagenmakers and
Veerkamp, 1984), glucose (Odessey and Goldberg, 1972; Buse et al.. 1972) and pyruvate

(Aftring et al., 1985). RS

Recent studies with the perfused rat heart have shown that octanoate may either

activate or inhibit the rate of oxidative decarboxyiation of leucine and KIC d&)ending on the -

initial activity of BCKA dehydrogenase. These observations imply that insulin, fatty acids.
ketone bodies and glucose may have different effects on leucine degradation in skeletal muscle

from fasted rats in which BCKA dehydrogenase is relatively activated (Odessey and Goldberg,

1979) as opposed 1o muscles from fed rats in which only a small proportion of BCKA

dehydrogenase is in the,active form (Wagenmakers and Veerkamp, 1984). This hypothesis,
however, has not been tested in skeletal muscle. We chose octanoate and glucose as examples
of activators and inhibitors, respectively, of BCKA decarboxylation in skeletal muscle from
fed rats to dcterrm't;e their effects‘ on metabolism in skeletal muscle from fed and fasied

chicks. The young broiler chick was used as the animal model as there is very little

L
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inf orm‘bn available concerning leycine metabolism in avian species. ®
B. Materials and Methods
-/ Octanoate (99%). bovine insulin, glucose and amino acids were obtained from Sigma
Chemical Co., St. Louis, MO., USA. The sources of broiler chicks , L-[1-'*C]-leucine and
L-[U-'*C)-leucine have been reported in Chapter 2. ‘ ’

For studies of the effects of octanoate and glucose on leucine degradation in skeletal
muscle from fed and 24-h. fasted chicks, nine-day-old broiler chicks weighing betwedn
125 140 g were either provided feed ad libitum for 24 h ’ fasted for 24-h. The chicks were
anestheuzed and the left and right extensor digitorum communis (EDC) muscles were
dissected and preincubated for 30 min as descn'bed in Chapter 2. The left and right EDC
muscles were then transferred to fresh incubation media with added insulin, amino acids and

[{J -1C)- leucme {300 dpm nmol* and L-[1-!*C]-leucine (300 dpm nmol ‘). respectively,
and incubated a;rﬁz h as. described in Chaaer &vThc final incubation melda contained
. e

) octanmte in 0. 0. l"w 1 Hﬁ _ncentraﬁ in t{c pr?* of § mMslucose or glucose in 0, S

‘pgfore- addition to the

mcubaudh méfmy% The | @lectﬁn ‘

ﬁil. ['i "C]leucmeupgal qmdapﬁ or 14 l&me a@ﬁc decarbdxyhuon of ["C]KIC was

hs 'xi€scnbed m Ch;tpt!r 25‘ Th.é mﬁ of - leucine transamination, leucine
* - *f: 5
boxylauoﬂ” Co, producu(‘m from iotal leucine oxidation and the oxidation of

ns 2‘6 as we}t\as thsqxroenlage of transammated leucine released as KIC and the

avcrig! ;pe%:nugc. of leucme carbons 2:6 oxndized to CO, were calculated as described in
‘¥ad .
et 0 ¢ : :

" .‘4
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C. Results , *

4 .

Effect of Octanocate ou Leucine Degradation in Skeletal Muscle from Fed and Fasted Chicks .
The effects of octanoate on leucine degradation in skeletal muscle from fed chicks iy
presented in Table IV-1. The net rates of leucine transamination in the EDC ‘muscle from fed

chicks increased (P<0.01) from 0.54 nmol h"' mg muscle-’ in the absence of Wttaneste 0

0.71 and 0.83 nmol h* mg muscle' in the presence of 0.2 mM and 1| mM octancate

respectively. This fatty acid at 0.2 mM and 1 mM increased (P<0.01) the rates of leucine .

oxidative decarboxylation in EDC muscle from fed chicks from 0.41 nmol h ' mg muscle ! for

the control group t0 0.56 and 0.7 nmol h'' mg muscle *, respectively. Octanoate at 0.2 mM

increased (P<0.01) the rate of CO, production fro eucine oxidation from 1.40 ngpol

h'' mg muscle ' for the control group to l.‘i.il mol A g muscle ', and at 1 mM further
increased (P<0.01) this rate to 2.36 nmol h ' *&ﬁ". The rates of CO, production from
ox'igaxion of 'lcucin‘e carbons 2-6 were also increascd (P<0.01) from 0.97 nmol h '“myg
muscle ! for the control gro:p to 1.24 and 1.65 nmol h ' mg muscle ' in the presence of 0.2
and 1 _mM oclanoate, respectively. Octanoate at either ‘0.2 mM or 1 mM did not influence

(P>0.05) the met rates of KIC production by the EPC muscles from fed chicks. Due to

increased net rates ‘of leucine transamination and no change in the net rates of KIC

production, octanoate at 1 mM decreased (P <0.01) the percentage of transaminated leucine
released as KIC from 23.9% for the control group to 14.2%, but this fatty acid ax'0.2 mM had
no 'significant effect on this parameter. Octanoate at both 0.2 mM and | mM did not
influence (P>0.05) the percentage of leucine carbons 2-6 oxidize: tohCO,.

A comparison of the values presented in Tables IV-1 and IV.; indicates that fasting
the chicks for 24 h incieases the rates of leucine degradation in the EDC muscle. The fed and
fasted control values are similar to those reported in Chapter 2. The inclusion of octanoate in
the incubation media at either 0.2 mM or 1 mM had no effect on any of the parameters of

leucine metabolism measured in muscles from the 24-h fasted birds (Table IV-2).

. Y,
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( Effect of Glucose on Leucine Degradation in Skeletal Muscle from Fed and Fasted Chicks

- e
The effect of glucose on the rate of leucinq“degradation in skeletal muscle from the

fed c'hicks is shownr in Table‘ IV-3. The net rates of leucine transamination were not
sigif icantiy altered (P>0.05) by. increasingA the bconcen‘u'ation of glucose in the incubation
medium f rom Oto 5 or 12 mM. However the rate of leucine oxidative decarboxylation was '
decreased (P<0.91) from 0.56 nmol h~' mg muscle’’ in the absence of glucose to 0.41 and
0.39 nn}o.l ?r“‘mg muscle? in the presence of 5 and 12 mM glucose, respecuvely. Also, the -
ratc of CO, producuon from total leucine oxidation was decreased (P<0.01) f rom 2.06 nmol
h mg muscle* for the control to 1.44 and 1.35 amol h g.muscle in the presence of §
and 12. mM glucase, respecxivcl‘y. Simil\arl‘.y, the addition of 5 and 12 mM glucose into the
incubation medium decreased (P<0.01) the rate of CO, production from the oxidation of
decarboxylated leucine carbons 2'-6 from 1.50.nmol h! mg muscle! for the control to 1.03
and 0.96 nmol h' mg muscle !, respectively. Since the net rates of leucine transamination did
not ¢hange and the rates of leucine oxldma—e_C.arbo&ylatxon decreased, the addmon‘ of 5 and
12 mM glucose increased the rates of net KIC production from 0.09 nmol h-! 'mg muscle’? for
the comtrol to 0.12 (P<0.05) and 0.18 m;iol h-! mg muscle! (!;<0.01). The percentage of
transaminated leucine released as KIC was increased (P<0.01) from 10.4%’;or the control to
22.2% a'n'dA 31.3% in the. presence of,5 and 12'mM glucose, respect_ivply. The percentage of
decarboxylated léuc"me ‘ca:bons oxidize(}“ to CO, was not altered in the presencé' of glycose in
the EDC muscle from fed chicks. | s T _ . |

The. effect of the addition of gluf:ose to the incdbalion media on' the rate of leucine
degradation in skeletal muscle from 24-h fasted chicks is presented in Table 1V-4. In contrast
to muscles from fed chicks, the rates of leucine oxida;.ive decarboxylation, CO, production
from tota! lcucine oxidation ar)d the oxidation of decarboxylated leucine carbons ’2-6 oxidized
to CO, were not decreased in response to addition of gh;cose to the incubation media. Also,

the addition of glucose to the incubation medium did not influence (P>0.05) the net rate of

leucine tragsamination, the net r«&of KIC production or the percentage of transaminated
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i
cine released as KIC.

D. Disc_ussion

Fev:' studies 10 determine the effect of ocianoate on the net rate of leucine
transamination in skeletal muscle have been reported. In the quarter-diaphragm from fed 'rals‘
incubated with 1 mM octanoate, Waéenmakers éﬁd Veerkamp (1984) reported no change in
the net rate of leucine transamination. However, the present studies show a dramatic increase

in the net rate of leucine transamination in the intact EDC muscle from fed chicks incubated

in the presence of 0.2 and 1 mM octanoate. Since octanoate has been shown not to affect

Jeucine uptake by skeletal muscles (Buse et al., 1972). it is possiblé that the increased net rate

of leucine transamination may be due to increased intracellular concentratjons of leucine

because octanoate has been shown to inhibit the incorporatidh of leucine into muscie protein

{Wagenmakers and Veer}amp, 1984) and to have no effect on muscle prblein dcgradalio;l
(Fulks et al., 1975). In contrast to EDC muscles from fed chicks. octanoate did not affect the

net rate.of leucine transamination in muscles from 24-h fasted chicks (Table IV-2). In fact,

“the net rate of leucine transamination in muscle from fasted chicks was equal to that'in

muscle from fed chicks inéubated in the presence of 1 mM octanoate. This implies that under
conditions sucii as fasting in which the rate of net leucine transamination is clevated, further
»

stimulation by potent activators such as octanoate is not achieved. These bbservations suggest
that the stimulating effects of octanoate and fasting on the net rate of léucinc transamination
in skeletal muscle are not additive.

It is well documented that octanoate promotes the rate of léucinc oxidative
decarboxvlation in geletal muscle from fed rats. In this study, a similar response is aiso
reported for skeletal muscles from fed chicks (Tablg‘-’lv-l). .The mechanisms involved,

‘

however, are not understood. Based on the observations that the relcase of isovalerate by

.

skeletal muscle. was increased ¢Spydevold and Hokland, 1983) and lh*“CO, production from

[U-*CIKIC did ‘not change in the presence of 1 mM. octanoate (Wagenmakers and Veerkamp,

#.
4 "
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1984), Wagcnmakers and Veer'kamp (1984) suggested that the exchange of octanoyl -carnitine
and branched-chain acylcarnitine via the ca‘rnilinc-acylcarnitine translocase may help stimulate
“the oxidative decarboxylation of KIC by increas:fng the efflux of mitochondrial isovaleryl-CoA
into the cytoplasm, thus reducing the amount available 1o inhibit BCKA dehydrogenase
(,Randle et al., 1984) The results from the present study imply that the transport of
isovaleryl-CoA from thc mitochondrion to the ‘oplasm is not changed in skeleul muscle
f ;om fed chicks in the presenc¢ of octanoate since the rates of *CO, production ‘from both
oxidative decarboxylation of L-[1-'*C]-leucine and oxidatj.v of .carbons 2-6 of
I.- [U 14C]-leucine increased. Also the percemage of leucme carbons 2-6 ansmg from
oxidative decarboxylation oxidized to CO. did not change when skeletal muscles from fed
chick_s were incubated in the presence of either 0.2 or 1 mM octanoate (Table IV-1). Any
increase in the release of isovalerate by skeletal muscle in the pre‘sence of octanoate

(S&devold and Hokland, 1983) may be simply due to the fact that the Pproduction of

isovaleryl-CoA_ parallels the increased rate of decarboxylation of KIC. Since the rate of net

leucine transamination is increased by-octanoate in skeletal muscle from fed chicks (Table 1),

¢

increased formauon of KIC increases the mlracellular concentrations of KIC and also
umulates the activity of BCKA dehydrogenase (Randle et al., 1984) probably by inhibiting
BCKA dehydrogenasé kinase (Paxton anfl Harris, 1984). These ov‘erall effects may account
for dec&eased Km values 9!‘ BCKA dehydrogenase in muscle homogenates in the presence of
octanoate (Paul and Adibi, 1978). -

Reports in the litcra‘ture on the effect of octanoale’on leucine decarboxylation in
skeletal muscle from fasted rats are vatiable (Paul and Adibi, 1978; Wagenmakers a'nq
Veerkamp, 1984). These variations may be due to differences in the experimental conditions
such as use of 'r;1ﬁscle homogenates or intact whole muscle and the initial gxtent of activation
of BCKA dchydr?genau. In cardiac rpuscle. for example, the effect of octanoate on leucine
decarboxylation has ‘been shown to depend upon the initial extent of activation of BCKA

¢

dehydrogenase (Buxton et al., 1984). Wagenmakers and Veerkamp (1984) reported that
. . [ W .
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octanoate increased the oxicative decarboxylation of BCKA in quarter-diaphragms from 1-day

fasted rats, but had no effect in quarter-diaphragms from 3-day fasted rats. In cQpurast, Paul

, §
and Adibi (1978) reported that octaneate increased the rate of lcucine: oxldative
‘ »

decarboxylation in skeletal muscle homogenates from S-day fasted rats. Howcve; “since the

w
t

' capacity of muscle homogenates to decarboxylate leucine is greatly reduced (Paul and Adibn

2
1976), the initial acuvny of BCKA dehydrogenase may ‘be lower in the muscle homogemtes

from S-day fasted rats than in intact skeletal muscle preparauons thus accounting for the
activation by octanoate. In this study, Qe found that octanoate stimulaied the oxidative‘
decarboxylation of leucine in incubated skeletal muscle from fed chicks (Table IV-1) in whlc,h
the activity of BCKA dehydrogenase is low but had no effect in skeletal muscles from the
24-h fasted chicks (Table 2). These results suggest that under conditions such as fasting in
. :

which BCK A-dehydrogenase is aclivate_d' (Odessey and Goldberg, 1979), strong activalors suctg
as octanoate may nol have an additional stimulating effect.” The present studies also imélj
that the effects of fasting and octanoate on leucine decarboxylation are not additive. . }

The rate of KIC release was not altered in the skeletal muscle from either the fed or

the 24-h fasted chicks in the presence of octanoate (Tables IV-1.2). Spydevold and Hokland

\

(1983) also reported that the réte of KIC release from the perfused rat hindquater was not,
changed in the presen of‘l mM octanoate. This is apparently due 1o the fact lhal the
increase in the net rate éf leucme transamination is associated with an mcrcase in the rate of
KIC decaLboxylatlon in the presence of octanoate.

In the resting muscle from fed animals, glucose is the prefered oxidative substrate f o_r
ATP production (Rennie and Edwards, 1981). Based on the presenlAundetsta’nding of Lkre )
_regulalion of BCKA dehydrogenase by ATP-dcpcndem phosphorylation "an’d
dephosphorylauon (Randle et al '1984), the addition of glucose to the muscle incubation
medla is expected to miubiL lhe o;ndauve decarboxylation of leucine duc to an increased
supply of ATP. In thns.smudy 0 S and 12 mM glucose were employed to examine the effect of

~

glucose on leucine degradation in EDC muscles from both fed and fasted chicks. As shoer in

L
-

v
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Table IV-3, the presence of 5 mM and 12 mM glucose inhibits the rate of oxidative
decarboxylation of leucine in skeletal muscle from fed chicks as has been previously repongd
in hemidiaphragms from fed rats by Odessey and Goldberg (1972) and Buse et al. (1972)' '
Glucose possibly inhibits leucine decarboxylation in fed chick muscles by increasing lhe
" concentration of NADH whxch is an inhibitor of BCKA dehydrogenase (Randle et al., 1984) -
and by decreasing the conoentrauon of NAD" and CoA-SH conoemmians which are cofactors
of this enzyme (Randle et al., 1984) iﬁ addition to increasing ATP production. ltiis possible
that glucose stimulates phosphorylation of skeletal muscle BCKA dehydrogenase as a 68KDa
islet-cell protein and purified skeletal muscle phosphoglucomutase (Colca et al., 1984), but
direct evidence needs to be provided. On the other hand, the addiﬁo'-ﬁ‘ol‘ glucose had no
inhibiting effect on the rate of oxidative decarboxylation of leucine in skeletal muscle - from
24-h fasted chicks i‘n which the activity of BCKA dehydrogenase is increased (Table IV-4).
These results are in contrast to those reported by Palmer et al. (1985) in which 5 mM glucose
markedly incrcaM the rate of 'CO, production from both leucine decarboxylation and total
leucine oxidation in hemidiﬁ!ragms from 40-h fasted rats. The present observations imply
that under conditions such® as fasung in which the initial activity of BCKA dehydrogenase is
activated, inhibitors of leucine decarboxylation sugh as glucose may not have any effect in’
skeletal muscle. In addition, the resuits obtained in this study may in part explain wr_)y
. Wagenmakers and Veerkamp (1984) did not observe an effect of glucose on the rate4 ;)f
oxidative decarboxylali:;l_ of BCKA in the rat qu’ater diaphragms incubated in the absence of
insulin and arqino acids since the activity of BCKA dehydrogenase would be activated undes
such experimental conditions. »

Our data suggest that the regulation of léucine degradation in ‘skeletal muscie by
factors such as octanoate and glucose depcnd< on the initial actmly of BCKA dehydrogenase
as previously shown to occur in mrdxac muscle (Buxtan et al., 1984). Under conditions such

as fasting in which the activity of BCKA dehydrogenase is activated, stimulation. of leuciné

degradation by activators such as octanoate (Table IV-1) or inhibition of leucine degradation

B

. ® ‘



. 61
e

by inhibitors such as glucose (Table IV-3) normaliy obmv;d 'i"muscles of fed ammals do
not appear to be effectxve On the other hand, studies’ u&mted'm Chapter 3 show that
ketone bodies which mhlbn leucine degradation in the skeleuﬂ ‘muscle f rom I} chicks inhipit
leucine degradation to a greater extent m EDC muscl; from 2§-h.1: asted "chxcks (‘Chapter 1.
This may be due to the fact that oxidation of glucose is inhibi(ted (Goodman, et al., 1974) but
the oxidation of ketone bodies is enhanced in skeletal muscle of fasted animals (Rudcrmaﬁ
and Goodman, 1?73). When glucose oxidation is inhibil% the presence of glucosé in the
incubation media would not result in changes in concemra'lions of NAD", CoA-SH, NADH,
ATP in skeletal muscles as compared to the absence of glucose. However, when the oxidation
of ketone bodnes is stimulated, the presence of ketone bodnes in the incubation media would
increase the concentrations of NADH and ATP, but decrease thc concentrations of NAD" and

CoA-SH. Thus it becomes apparent that glucose and ketone® bodnes must be metabolized

before their inhibiting effect on leucine degradation in skeletal muscle occurs,
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V. Arachidonic Acu Prwlndh E.a M,« lln‘lllm Leucine Degradation in €hick Skeletal .
usc

A. Introduction

Leucine is extensively catabolised by skeletal musc?e (Qdesse,v and Goldberg, 1972).
The degradation of leucine is initiated by a reversible Msﬂ‘on to a-keloi:ouptoale
(KIC) catalysed by BCAA aminotransferase, t,!oefed by mvu:bk decarboxylation of KIC
to isovaleryi-CoA catalysed by branched-chain «-ketoacid (BCKA) dehydrogenase. BCKA
dehydrogenase s ﬁbject' to regulation by an ATP-dependent phosphorylation and Lo ,

dephosphorviation gycle in skeletal muscle, liver, heart and kidney (Randle et al., 1984‘ '

!
a

Paxton et al.. 1986). This enzyme complex is inactivated by BCKA dehydrogemse kxhase and

]
<y

activated by BCKA dehydrogenase phosphatase (Randle et al., 1984). e . .

It is well established that prostaglandins participate in a variety of pﬁys:oloﬁal and
pathological processes. For example, PGE, and PGF,a play a role in- regulatmg protdn
turnover in skeletal muscle (Rodemann and Goldberg, 1982; Smith et al., 1983) A demse in ,

PGF,a release has been shown to be associated with inhibition of muscle protein symhes:sq by : ..

f ' » ’

dexamethasone (Reeds and Palmer, 1984) while an increase in PGF.a release has bee;'l shown '

0
" .

to be associated with the stigulation-of muscle protein synthesis by msulm m wtro ( Reeds and
Palmer. 1983) and in viwo (Reeds et al.. 1985). PGE, has been shown to be mvolve‘ jn xt-he
mediation of the stimulating effect of interleukin-1 on muscle protein degradanon (Baracos et
al., 1983). In addition, both~PGE, and PGE, have been demonstraled ‘to mCrease Lhe
sensitivity of glycolysis to insulin in rat soleus muscle (Leighton et al., 1985), enha,noe hepatnc
gluconeogenesis (Sacca et al., 1974) and stimulate glucose oxidation in rat (Chang and Roth
. 1981) and human (Richel;cn et al., 1985) adipocytes.

Although prostaglandins have been shown to be involved in the regulation of a variety
of bn'ochemical processes there is virtually no information concerning their involvement in the
control of amino acid metabolism in animal tissues. The purpose of this present study was to

investigate whether arachidonic acid, PGE; and PGFia can influence leucine catabolism in

68
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chick skeletal muscle in vitro.

L4

* B. Materials and Méthods

L-[U-“C]ieucin.c‘pd L-{1-'*CJleucine were purctigsed from ICN Radiochemicals,
Montreal, Que. Radiochemical purity was determined to be greater than 9% by descending
paper chromato'npﬁy using n-bmnbol:l.éetk acid:H,0 (2:1:1) as the u;lvem. Anchidonic
acid, PGE, and PGF,a, sindomethacin (an inhibitor of prostaglandih synthesis) and other
chemicals used were purchased from Sigma Chemical Co., St. Louis, MO, USA. Rabbit

-

anti-PGE, was obuined from Miles Laboratories, Naperville, IL. The cross-activily of

anti-PGE, with PGE, and PGF,a was 136% and 22%. respectively, according to the '

manufacturer.

Male broiler chicks weighing 125-140 g, which had been allowed free access to food-
and water were used. The extensor digilorum communis (EDC) muscles were dissected and
preincubated for 30 min as described in Chapl% 2. The left and right EDC muscles were then
tfansf erred to fresh preincubation media containing L-[U-**C)-leucine and L-[1-'*C]-leucine,
respectively for a final incubation of 2h'. Arachidonic acid, indomethacin, PGE, and PGF,a

were present in both the preincubation and final incubation media at the inilial c8ncentrations

noted in Tables V-1, -22and -3. At the end of eac! 2 h Yinal incubation, collection of '*CO, .

produced from the oxidative decarboxylation, of L-[1-'*Clleucine, total oxidation of
) L-—[U-“C]leucine and decarboxylation of [1-"C)KIC was performed as described in Chapter 2.
Linearity of '*CO. production over the 2 h4ncubation period and over the muscle weight used

has been established previously (Chapter 2). ‘

Calculations of leucine decarboxylation rate, net rate of leucine transamination and -

» - .
net rate of KIC release were performed as descded by Aftring ct al. (1985). The f1ales of

CO, production from the total oxidation of leucine, the percentage of degarboxylated leucine

-/
oxidised to CO, and the pefcentage of transaminated leucine released a$ KIC were calculated
. 5
~as described by Wijayasinghe et al. (1983). The rate of CO, production from oxidation of

¢
-~



3 Ve P
chicks were used with S birds for each treatment. The left and right EDC muscles from the

‘l . | 70
?
carbons 2-6 of decarboxylated leucine was calculated as the rate of CO, production from the

total oxidation of leucme minus the leucine gecarboxylauon rate.

.

same chick were inserted into stainless steel supports, dissected and preincubated together for
30 min as desCribed in Chapter 2. The EDC muscles were then transferred wjfresqh incubation
media for a 2 h final incubation. At the {d of the final 'inqubation. the muscles were

LY .
removed and the incubation media were immediately stored at -70°C until analysis. A°0.2 ml

For determination of PGE, production by skeletal muscle, 25 ten-day-old broiler .

portion of the incubation’ mcdxa was used qu extraction to measure the release‘of PGE2 '

A ] h

. by chick chlezal muscle as descrxbed by Jaffe and Behrman (1974)

-

T,be results wete statisticaljy analysed by the procedures of one-way variance aralysis
and the SNK multiple comparison test using the pooled error term as described by “Steel & .

Y

Torrie (1980). N

C. Res;nlts : \ \

.
“

The Fi;gct of Arach)omc Ac\d and lndomethacln on Leucine Degradatlon in Chick Mascle
) A

The effect of-arachidonic acid on leucine degradation in skelclal muscle of fed chicks

is shown in Table V l Arachldomc acid (5 uM) inhibited the net rale of lransammauon of

leuftine by 18.9% (P<0. 05) ;md th"\»ale of sleucine oxxdatwbiaecarboxylauon by 23.5%

(P<0.01). This agent also decreased the rates of CO, producuon from total leucine oxiddtion - ,‘

3
y

«P<Q01) and from the oxndauon of leucine carbons 2- 6 H/<0 03) Arachldon‘c amd did®not
mf luence the producuon of KIC, the percentage of trans*ammated leucine released as KIC or

the‘percemage of carbons 2- 6 of decarboxylaled leucme ox1dnsed 1o CO2

—

N lndomcthaciﬁ (50 #M) had no effect-on the basal rates of leucine degradalwn in chxck

skelelal muscle (Tablc V-1). K‘ough mdomethacm at 5 uM did not prevent the mfﬁ'bmon of

1he net ralc of leucme Atzhsamination: By ,arachldomc aqd mdomethacm at 50 uM completely
Y.
P i .
e’

-

-
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feversed the arachidonic acid-induced decrease of the riet rate of leucine transamination to'

. . ) .
control values (Table V-1). This inhibitor of prostaglandin sxnthesistiu bgth § uMnd 50 uM

prevented the inhibiting effect of arachidonic acid on the rates of leucine” oxidative

decarboxylation (P<0.01), and the rates of CO, proﬁuc1ion fio l%ﬁal oxidation of

""leucine (P<L0.01). At concentrations of ‘5 uM and 50 uM..indomelhacs ented the
Mxm e’ffect ol' achﬂwc adtl on Lhe Jates of‘ CO, production from the oxidation “of

PO N
.

leucms.c'arbo 2-6 0”5 an P<0.01, ,xes‘becuvl)

o, : . " '.q : oo
- The Effect of Prostaglandin E, and F,a on Leucine Degradation in Chick Muscle
The effect of PGE, on leucine degradation in chick skeletal. muscic is presented in

Table V-2. PGE, at copcentrations as Idw as 0.28 uM inhibiled the net rate of leucine
. . . N\

’

transamination by 20% (P<0.01). andche rate of oxidative decarboxylation of leucine by

; 16.7% (P<0 05). PGE, at 0.28 uM alspdinhibited (P<0 01) the rates of CO, production from
zlle total oxrtlauon of le*cme ang_the oxxdauon of carbons 2-6 of the decarboxvliled leucine
gy 21.9% and 24 O% respectn':A Higher concentrauons of PGE, (0.7-2.% -ﬁ’ -did not
further inhibit the rates of leuaine degradauon in the EDC muscle. PGE/ at all concenu‘auons
studied did not influence the rate of KIC release, the percentage of transaminated leucine as

KlC'released or the percentage of leucine carbons 2-6 oxidised to CO,
. \

e PGF,a at 2.8 uM had no effect or’the rales of leucine degradation in chick skeletal

. ‘muscle (Tal)le V-3). However, 14 uM PGF,a in lhe incubation medium significahtly inhibited *

14 X

the’ rales of CO2 productlon f rom total leucmg oxidation (34&01) and lhc rales of CO,
.producuon fr:;m Lhe mndauon of leucine cmons 2-6 (P<0.Q1). PGka E 14 uM also

mhlbned the Tates: of leuc“he andauve décarboxylauon (P<0 01) andthe nct rates of leucine

R -; M “, .
transamlnauon { P <0: 1) Lt &E %Gﬁza dld not affect lhe net rates of KIC release, lhe
4 -
percentage Lransan‘un%uc ﬂaseg s KlC or the percentage of leucine caﬁ@ns 2-6
oxidised 3 CO, 4 gable 2). ® ,/) DU ,

’
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Apparent Production of Prostaglandin E, by the Chick Muscle

. The values for the rate of prostaglandin E, producuon by chnck EDS muscle are
presented in Table V-4. This rate is refered 10 as apparent rate since prostaglar}dm E, is
deagraded due to its unstability in aqueous solution (Stehle, 1982). Incubation in the presence
of S0 uM indomethacin reduced the rate of basal production. of PGE, to undepctable gvels
Arachidonic acid (5 aM) Increased (P<0.01) the production of PGE, 13 6- fold above the
rate measured in the control muscles Indomethamn at 5 uM mhnbued (P<0 01) the
production of PGE, in_the presence of the added arachidonic acid by 41%. Thnﬁ drug at 50 uM

further inhibited the producuon of PGE, by 73.5% in the presence of 5 uM arachldomc acid.

D. Dlscussmn . ’ i
The present study reveals Ihat arachldomc acid, PGE, and PGF,a may pl® :\

f' !lﬁ . - Y
rhr, regulation of leucine catabolism in skeletal muscle. Arachidonic acid at a concentration ®f v’

»

‘A

5 uM, whlch has beely- shown Io stimulate protein degradation in rat skeletal mu'scle

(Rodemann and (Joldberg. 19§2), inhibited the rates of leucme degradauon in the chlck EDC
- muscle (Table V-1). The mhxbmon’of leucm\d¢gradauon by arachidonic acid may be due to  #
“one or more of its rué‘t/abohtes which 'include the prostggdandins, and leukox‘es. ﬂ the

+

inhibition of leucine ¥atabolism by aqéchidonic~acid is du¢ to increased pr uction of
ow that

prostaglandins, this effect should be blocka( indomethacin. The prcsem“rgsmt
indomethacin at 5 uM preyented th inhibition by arachidonic acid of the rates of leucine

oxidative decarboxylation, CO, production from total leucine oxidation and the oxidation of

. [ 4
*leucine carbons 2-6. lndomelhacm at 50 uM, which has n used by Smith et al.(1983) in

¢
studies of the effecl of arachldomc acid on protem tumover in rabbit skeletal m,ﬂk :

comgfetely blocked the mhnbnt‘g effect of arachidomc acid on leucine degradau_on m chnckj

EDC nfuscle (Table V-1). Thgyrwt;?ore; since indomethacin itself did ,nfot have a effect on

leucine degradation (Table Vl) the a;:tions of arachidonic acid on leucine degradation in

uhick skeletal musc 5})&5 to be mediated by metabolites generated via the cyclooiy'genase
, u

3y
Lt

Y

. 1 " ) v . -
. LS o
A . e
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. muscle. The actionsw’f prostaglandins_on the cellular mclabol‘ism appear to result from their

-

. | 'Y * v' &/‘u &)
N - '
o '
pathway. - -

-

3

In order to determine the Tesponge of prostaglandin synthesis in chick skeletal muscle

to arachidonic acid and indomethacin, we measured ih_e release of PGE, as an index of | .
‘ prostaglandin production from chick EDC muscle. In the presence of 5 uM ;rachidon{c acid,
indom.ethacin at 5" uM and 50 uM inhibited the -relcasc of PGE, by 41% and 73.5%,
respectively (Table V-4). Although the anubodv ue,d for the detecuon of PGE, in this study

cross-reacts with PGE,, the dramatic decrehsc in the release of anugen in the presence of bolh

-

arachidonic acid and indomethacin reflects the actual inhibil_ion of PGE, pro'ductio’,f .

asachidonic acidTis the prlor of "2 series";prostaglandins such as AP(.}E,, but

. : ) :
» precursor of "1 series” pr landins such as PGE, (Samuelsson et al., 1978). ‘Thus, it is -

clear that there is a close link between the production of prostaglandin E, (Table V-4) and -
* SN

the inhibiting effect of arachidonic acid on leutine degradation (Table V-1).

It is not clear how PGE. and PGF,a inhibit leucine degradation in chick skeletal

$pecific bmdmg to the cell membrane, but very little mformauon is avallable Jegarding the
-immediate post- rcceptor consequences (P:o‘étson 1986) . Becau;e ircubation mednum P‘;F,
concentratibns grgater thaon 0:28 u / did no;‘have a fqrther inhibiting effgm on%ucmc
d.egraaalion»(Table‘V-l). it is Iikely'&gt the b}ndirfg of. Pt‘}E2 (o] ?pe receplors on the p'lasﬁ?a ,
membrane rriay becodme saturated as the concemrations'of PéE; inﬂ?asés. The s&ond
mésscnéer(s) produced fromv the binding of the PGE, and PGF,y to their recepjors on the
plasma membrane may t;i.g‘geria series of reéctions. tesulting in inhibition of either BCAAi
‘aminotransferase or. BCKA dehyd?ogenase or both.

\J

The fact t}mat P\GF,a at 2.8 uM falled to mhfuyleucme degradauon in the chnck
skcletal muscle suggests that PGE2 is more potent than PG_F,a in the control of leucine
degradation in the chick skeletal muscle It may be argu at the PGE; and .PGF,a added .
may not be: at their phvsnologxcal conccmranons and & the observed ef fects on leucine

degradation may not -be of physiological significance. However, since PGE, and PGF,a are

’



. *
.

- synthesis in rabbit skeletal muscle in vitro and Reeds at al.(1985) have shown ‘tha! P

e
not stable m aqueous solutions at 37°C and pH 7.4 (Stehle, 1982), the actual amount of these

two agents in the mcubauon ‘media must be lower than that calculated for the start of the

incubation. Smith et al. (1983) have shown that PGF,a at 2.8 yM stimulated protem

mediated the effect of insulin on muscle protein synthesis in rats in vivo. Thus, our preseht in

vitro studies may have 1elevence t@ the undersu“g of in vivo metabolism of leucine in

" skeletal muscle.

. . . v
It is interesting to note thdt ‘'sdfhie of the factors which can influence the prodmetion of

prostaglandins have been shown to regulate leucine degzadation in skeietal muscle. For

example, slarvation*:ich r&uces PGF,a._release by rabbit skelétal muscle (Smith et al.

o 1983), has been shown tg increase leucine degradation in skeletal muscle from rats (Goldberg

and Odessey, 1972) and chicks (Chapter ). Furtiérmore, insulim'whyﬁums‘ e
- N £l - . .

. . ‘ A N ,‘ a N N
3 product%)f PGE, and PGF,a by skeletal mumcles’ of rabbits in vitro (R and Palmer,

-~ [
1983) and of postabsorptive rats in wvo&Reedt'l m 1985) has been demonstrated to inhibit

the rales of deucine transammauon and deg:arboxylauon i the perfused hindquarter of fed

rats (Hutson et al., 1978 1980) and gxy.rate of. leucine decarboxylation in skeletal muscle

“n

from fed chncks (our unpublished observﬁ ). It remams to be determined whether fasting

and insulin mﬂuence leucine degradation .via changes in prostaglandm producuon
[

“ ; ‘ ' ' ‘7.4..'
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Table V-4. Prostaglandin E, production by chlck* muscle ,

Tteatment 1 PGE, production
v - (pg 2h'' mg muscle ')
b | ;T ' -
Control L0 15920744
50 uM IN L *p' ND S
5 uM AA | . 2329 + 7.3 B -
SuM AA + 5 uM IN ¢ e 86:89C
- SuMAA + 50 uM IN ‘ 618 £ 39D
H#S per treatment. A . \
$ Mear. £ SEM. . . K
ND: not detectable. ’
IN: indomethacin. )
AA: arachidonic acid \

'A-D: Means within the column fellowed by different letters A-D are sngmf icantly different
(P<0.01).-

’
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VI‘. General Discussion and Conclusions
Isolated intact skeletal muscle phjparations have been widely used in in vitro studies of

leucine degradation (e.g. Odessey and Goldberg, 1972; Aftring et al., 1985) The use of these '

preparations avoids the greatly reduced r_qt..gwof leucine oxidative decarboxylation and the loss

‘of oxidation of leucine carbens 2-6 (Pa'ul}a'r;d Adibi. 1976) found with muscle homogenates.

In addition, the muscle preparation is fres of interference from other tissues in the body. In_
the present study, intact EPC muscles from chick wings were used for studymg leucine ¢
degradation in chnck skeletal muscle. This muscle preparation has been shown to be valid f or

in vitro studies of protein tufnover as measuxed by ligear increase m the release o?‘ all twenty .
7

amino acids during incubatian and in the constant levels of ATP, phosphocreaune glycagen .

F

and prostaglandin E, (BnJcos and langman, unpubhshed obscrvauons) In this stwudy,

muscles were mcubated in the presence of 0.5 n‘& “C..,Igucmc 1o facnlnalc the specific

radioactivity of ‘intracellular leugine 10 rapidly reach a plateau. The net ratcs\&{-
transamination, leucine oxidative decarboxyla'tion and CQ, production from loui‘:lehzihe
oxidation were linear f rofn 15 min up to 2 h during the incubation period, indicating that the
intrac«piar specific ftivity of leucine rapidly reached a platcau and fremained constant
throughout the incubation_peripd. The amount Bf leucine metabolized in muscles weighing

Mg

T~
between 16 and 30 mg mcreased (( early Wwith increasing muscle weighl (Chapter 2). These

. results mdxcaxe that the uptake of amino acids by skeletal muscle fibers May not be limiting in

studlcs using intact aelelal muscle pnparauon Because plalcau tnuwu Spcclf X acuvuy

of feucine is lower thAn the specnf ic activity of leucine in the .mma) mcubalibn medxa (Af tring

PAEA
obtpjnqd,p the. prcs;m st rpay %Wcmsmuons ot' Yhal

01\‘4.\- .... '”"_‘

et al., 1985), lhe-ya{u

is occuring withifi th¥4#

calculated .values may.

Although theré have been a number( of stl%hes | leucine degrtéﬁon in, skeletal *
k / f
muscle preparations from mammahan species, there is inually no mformauon available on

¥

bnnched -chain ammo amd metabohsm in skeletal muscle from avian species” A lnmlted

/ . 81
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number of studies have

Skeletal muscle 10 dmll\

decarboxylation is increa

1972), but decreased in

o. !;m emnplewa theFraé of leucine oxidative
mugtie from 3-day fasted rats (Goldberg and Odessey,
i tal fibeggbundie preparations fm S-day fasied sheep
(Wijayasinghe et al., 1 other example of a species difference in lneme degrgdauon in
skelelal muscle is that octamoate has been shown .to ‘stimulate the umf/si/idltive
decarboxylation of a-ketoisocaproate (KIC) and a-ketoisovalerate  (KIV) in ' mt
h‘diaphrams and intact soleus musele+but inhibits these rates in human gluteus muscle
fibers and pectoralis muscle fibe!‘; (‘Wagenmakers and Veerkamp, 1984a). A stimulating el‘l‘ect
of octanoate on the rates of leucine oxidative decarboxylation in EDC muscle from fed chicks
has been obeerved as shown in Table IV-1 (Chapter 4) Although information is lackmg
concerning the effects of ketone bodies and glucose on leucme de-g/radatml in species other
than rats, ketone bodies and-glucose inhibit leucine degradation in Wl muscles from fed
ms (Wagengukers and Vmamp \1984 b; Odessey and Goldberg, 1972) and chicks (Tables
lll 2-6, Table TV-3). Thus, it appeprs l';om the results presented in fhis thesis that chick
skeletal muscle responds to faslmg and elevaled concentrations of ketone bo&s octanoate

and glucose in an analogous manner to that Areporled fos intact rat skeleul musdes;
. It is well documemed that futing increases the rate of leucine  oxidatjve
dearboxylauon mnkeleul muscles rrom~both rats (Goldberg and. Odessey 1972; Af tring, et
. 1985) and chicks (Table u-2, Chlpter 2). The mechanisms involved, however are not

understood. Based on their obscrvations that acetoacetate stimulated leucine opdauve

&»
rboxylmo in skeleul muscle homogenates from both fed and l‘as _rats, Paul and Adibi
¥

)

¥ .
(1978) suuestéd that mcneued leucme degradauon in skeletal masefe dunpg fasun[’ma‘y be@

" due to increased tissue oohcenLraUOns of ketone bodies. This view seems 10 be supported by

" reeem observauons tlut acetoacety™CoA, which is produced f rom meubOlnsm of acetoacetate

-

in skeletal muscle (Robinsoh and Williamson, 1980), «inhibits isolated BCKA dehydrogenase

_ kinase (Paxton and Harris (1984). In contrast to these reports, tl;e present studies show that

-
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' both DL-ﬁ-hyd:u:..ybutyme and acetoacelate at poncemmions found in fasted chich

( purkedly inhibit the rates of leucine oxidative deurbguylauon in EDC muscles from both fed
and 24-h fasted chicks (Chapter 3). Tberefore it is not likely that‘mcrused leucine
degradation in skeletal muscles of rats and chicks during rasungfn related 10 mct;ased plasma
and sssuc concentrations of ketone bodies as suggested by Paul and Adibi, (1978). The
possible mechanisms for increased leucine degradation during f minﬁ‘ y be gue to : (1)
increased” activity of BCAA aminotransferase (Adibi et 'al.. 1975) ind/or BCKA '
dehydrogenase (Odessey and Goldberg, 1979); (2) ingreased concentritions of BCAA i
skeletal m.uscle (Appendix 2) since Aftring et al. (1986) have recenl?y shoﬁ that leucine and
isoleucine injected into rats to achieve their concentrations within, physiological ranges agiivate
BCKA dehydrogenase (3) elevaled plasma concenlnuons of f re¢ long chain and medium
chain fatty acids since shey have been shown lo sumulatc leucine decarboxyiation in mucl
skeletal muscle from fed rats (Buse et al. 1972): (4) mhnbmqn of BCKA dehydrogenase
kinase. | . . " ’ |

. The present studies 'demonstm’c that the regulation (lf leucine digr\adau'on/"in chick |

skeletal muscle by oxidative substrates such as kelqn bodies, ocunplc(: Iand :'/glucqsc is

‘ coxﬁplex. DL-B-hydroxyb_utyvrate‘slimulates the net rate of ieuc}ne transami;lalion in skeletal
musc‘fe from fed, chi_cks_but acetoacetate has no effect (Tables lﬁ) 2-3, Chaptér 3). Thesc

observations suggest that in skeletal muscle from fed chick$. increased NADH concentrations
O |

may increase -the net.rate of lrama‘p'\ination of leucine. ?féwever. in skeletal muscle from 24-h

-

fasted clpcks both DL- ﬂ hydroxybutyrate and acetoaceme inhibit the nei rate of 'leucine

uansammauon (Chapter 3),’ probably due to mhnbmon of WAA ammotransferasc by

melabohles of ketone bodies but not hkely due to a decrease in nmraccllular specific qcuvny '

of leucine based on the followmg observationsy (lYketone bodies inhibit lhe net fate of

prolem degradation in skeletal muscle from f asted chicks (Appendix,3); (,2) ketorZ’bodnes do
"not affect lhe rate of prolem synthesis in skzlelal musclé (Falks et al., 1976) (3) ketone

bodm do not influence the yptake of Ieucme by skelcxal muscle from faswd chncl(s (omr

< !

-~

‘ t
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unpubhshed observauons) The inhibition of the net rate of leucine transamination durmg

fasting may in part accoult for decreased release of alanine and glutamine as repor‘ted by
Palaiologos and Felip (157§). Ketone bogdies which inhibit the rate of leucine  oxidative
decarboxylatio;\ in EDC muscle fro\f\f’ed chicks inhibit this rate in EDC muscle from 24-h
fas;ed chicks io an even greater extent (Table I 2-3). This inhibition of leucine oxidative
¢ flecarboxylation by ketone bodies in skeletal muscle from both fed and fasted chigks is
independent of leucine uptake, and insulin—. glucosc and amino acid concentrations (Chapter
3). Further ihhibition of Lr;is rate by ketone bodies in skeletal muscle from fasted chicks may
— be due to the fact that ketone bodies undergo more cxtensive oxidation in skeletal muscle of
’fasted animals than fed animals (Ruderman and G(;odman. 1973), thus resulting in a greater
depletion of NAD" and Co:Q-SH, which are cofactors of BCkA dehydrogenasc (Randle ct al..
1984) and higher concentrations of NADH, which is an mhnbnor of BCKA dchvdrogenasc
(Randle ct al., 1984). It is also likely that increased oxidation of ketonc bodles increases ATP
production, thus inhibiting BCKA dehydrogesasc. The inhibition of lcgcmc decarboxylation in
skeletal muscle preparations by ketone bod s-is consistent with observations made in vivo
indicating that there is an:_inverse relaiionship between plagma concentrations of ketone bodies
and whole body rates of leucine decarboxylation (Bg:auffere ct al., 1975; Tessari et al., 1986).
Our present observations may also help, im part, explain_ why nitrogen retention is improved
when animals are fed high:fat diets (Reeds et al., 1981).

To‘ test whether Activators arld inhibitors of leucine degradation in skeletal muscle in
which the activity of BCKA dehydrogenése is low may have different effects in muscles in
which the activity of BCKA dehydrogenase is relatively higher, we chose octanoate as an
example of an activator and glucose as an example of an inhibitor. Glucose has no cﬂ"ccl on
the net rate of leucine transamination but inhibits leucine oxidative decarboxylation in skelclal
muscleb prgbably by increasing (ATP and decreasing CoA-SH ;nd NAD"® concentrations.

. However, g}xcose has none of these effects in EDC muscle from 24-h fasted chicks. This rhay

be due to the fact that glucose oxidation is inhibited ’i"n skeletal muscle from fasted animals
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(Goodrﬁan et al., 1974; Hagg, et al., 1976): resulting in ’mihimal change in the intracellular
__,g‘[cmccmrations of NAD* and CoA-SH. In contrast to glucose, octanoale markedly stimulates
the net rates of leucine transarmination and leucine oxiQative decarboxylﬁm in' ED& muscles
from Ted chicks but has no such eff e;ts in EDC muscle from 24-h fasted‘ chicks (Tables IV
1-2, Chapter 4).. The stimulation of leucine decarboxylation. by octanoate may be due to direct
inhibition of BCKA \d\ehydrogenase kinase (Paxton and Harris, 1984) when the ini;ial activity
of BCKA dehydrégcnasc is low. Odessey and Goldberg (1979).have suggested that the
increased activity of BCKA dehydrogenase during fasting may be due to inhibition of BCKA
dehydrogenase kinase. If this is the case, the lack of an effect of octanoate on leucine
—e———decarboxylation in skeletal muscle from fasted chicks may be due to a lack of further
inhibition of this kinase by octanoate during fasting. These studies indicate that the effects of
some compounds on leucine degradation in "Q\kelelal muscle depend on the initial activity of
BCKA dehvdrogenase. ‘

It s:xould be pointed-out that leucine degradation in skeletal muscle from both fed and
fasted chicks rgsponds to ketone bodies, ‘octanoate and glucose in different manners. Thig,
difference may reflect different mechanisms whereby these oxidative snfbstrates regulate 4
melabolism of this essential a’mino acid in skeletal muscl‘e.‘():uture studies are needed to test

whether ketone bodies and glucose inhibit leucine oxidative decarboxylation in skeletal muscle

through increased ATP production and/or depletion of BCKA dehydrogenase cofactors such

o

’

“as NAD" and CoA-SH.

Although prostaglandins have been shown to be invol\{sd in the regulation of protein
turnover (.Rodeman and Goldberg, 1982; Smith et al., 1983) and increased sensitivity of
glycolysis to insulin (Leighton et al., 1985) )in skeletal rﬁuscle, there has been no information
published concerning the effect of these comeunds on amino acid‘metabolism in animal
tissues. The present studies show that.PGE2 and PGF,a inh’ibil the nets rates of leucine
transamination, leucme oxidative decarboxylation and CO, producuon from both total leucine

' oxndauon and oxxdauon of leucine carbons 2-6 in EDC muscle from fed chicks (Table V 2-3,
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Chapter 5) It is mtcrcstmg to note that msuhn “which increases prod.jcuon of PGE, andl -

PGF,a by rat skeletal muscle (Reeds and Palmer 1983: Reeds et al., 1985). has been shown

to inhibit thc, rate of leucine oxidative decarboxylation in perfused hindquarter of fed rats

\(Hutson» et al., 1978; 1980) and EDC muscle of fed,chicks (our unpublished observations).

Since insuli.t: appears 10 act on muscle. protein turnover through .prostaglandin productioﬁ
(Reeds and Palger. 1983; Reeds et ‘al.. 1985), it is possible that this hormone acts through
proslagiandin production to inhibit leucine metabolism. This hypothesis needs to be tested in
future studies. ‘

Fron; the observations presented in~ this thesis, the following conclusions can be
drawn: |

(1) chick EDCF muscle appears to be suitable for in vitro siudies of leucine

L ]
degradation;

(2) fastin‘é increases‘leucine degradation in chick skcletal muscle as previously shown
in the rat hemidiaphragm, but not in sheep intercostal fiber bundie preparations:;

(3Yintact chick skeletal muscle reséonds to octanoate . ketone bodies and glucose in a
manner similar to intact rat skeletal muscle incubated in the prescﬁce of insu!in and amino
acids but not to homogenates of rat skeletal muscles.

(4) increased concentrations of ketone bodies inhibit leucine degradation in skeletal
muscle from both fed and 24-h fasted chicks; ‘.

(55 increased concentrations of ketn&dics are nol responsible for the incrcas.-cd
rate of leucine degradation in skeletd! muscle during fasting;

(6) octanoate stimulates the rate of leucine deéradalion in EDC muscle from fed
chicks but has no effect in muscle from 24-h fasted chicks: » _ | .

.(7) glycose inhibits the the rates of leucine oxidative decarboxylation and Co,

production from total leucine oxidation and the oxidation of leucine carbons 2-6. but has no

such effect in muscle from 24-h fasted chicks:
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(8) prostaglandin E, and F;a inhibit the net rates of leucine decarboxylation leucine
oxidative decarboa:ylation and CO, production from total leucme oxldauon and the oxidation

of leucine carbons 2-6 m_EDC muscle from fed chicks.
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VII. Appendices

.Appe;idix' 1. A.ino acid compositions in chick EDC muscle incubation medium

Amino Acd mM

glu 0.20

ala 0.70

thr 0.60

ser 0.60

val 0.50

ile 0.25

leu 0.30 .
lys 0.30 )
his . 0.20

arg 0.34

gly 0.87

asn 0.03

asp 0.03

Sys 0.03

gin 0.15 '
met 0.10

orn 0.07

phe 0.40

pro 0.33

try 0.06

ans 0.02

tyr 0.04

aib 0.02

cit 0.04




Appendix 2. Effect of short-term fasting on free amino acid concentrations in skeletal muscle

of 10-day-old broiler chicks.

Amino acid t Fed Fast 12 h Fast 24 h

asp 0.88 t 4+ 0.17B 0.77 £ 0.18 A
glu- 2.59 £ 0.12 68+ 0098 1.70 £ 0.02 B
asn 0.41. % 0.07 0.53 £ 0.0} 0.56 + 0.03
ser 1.81 £ 0.26 1.95 £ 0.09 1.98 + 0.09
gin 6.83 £ 061 A 372+ 0.34 B 3.2 0;7 B
gly 157 £ 034 A 2.74 £ 0.16 B 2.54 £ 010 B
thr 099 £ 0.15A 195 £ 0.13B 225 £ 0.13B
arg 0.94 £ 0.08 A 064 £ 0,05B 0.54 £ 0.02B
tau 6.37 £ 041 6.74 £ 0.45 7.69 £ 0.24
ala 2.35 £ 013 2.32 £ 0.09 2.12 £ 0.11
tyr 0.18 £+ 001 a 026 £ 0.02b 0.25 £ 001b
try 0.08 £ 0.01 0.10 £ 0.01 0.09 £ 0.01
met 0.07 £ 0.01 A 0.13 £ 001B 0.14 £ 001 B
val.’ 039 £ 0.03a 0.46 £ 0.02 ab 0.51 £ 0.02 be
phe 064 £ 014 A 0.25 £ 0.02 A 0.25 £ 001 B
ile 0.17 £ 0.01 Aa 0.21 £ 0.01 ABb 0.25 + 0.01Bc
leu 0.27 £ 0.02 A 0.36 £ 0.02 Ba 0.44 £ 0.02 Bb
lys 1.12 £ 024 A 218 £ 0.29B 198 £ 0.20B

.

+The EDC muscle was homogenized with 2% TCA and then centrifuged. The supernatent was
anajysed for amino acids by HPLC after pre-column derivatization with OPA reagent.

$ Values are expressed as umol g muscle! and given as mean + SEM, n=10 per treatment.
a-c: Means within rows followed by different letters a-c are significaftly different (P<0.05).
A-C: Means within rows followed by different letters A-C are significantly different
(P<0.01).
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Appendix 3. Effect of fasting and ketonc bodies on net protein degradation in 10-day-oM Wroilcr .

chick skeletal muscle.

Treatment t°¢ Incubation Tyrosine release -
condition (pmol r;ig muscle ' 2h ")

Fed none 1145 £ 119 ¢ A

Fed + 4mM HB 1253 £ 0.73 A

Fed + 1 mM AcAc i1.36 091 A '

Fast 24 h . none 20.72 + 2.10 Ba

Fast 24 h ~ +4mMHB 15.12 £ 1.91 ABb”

Fast 24 h +1 mM AcAc 14.70 + 1.21 ABb o ’

t n=8 per treatment

1 Mean + SEM \J

® The isolated EDC muscles were incubated for 2 h in Krebs-Ringer bicarbonate buffer
without insulin, amino acids or glucose.

a.b: Treatment means within the column followed by different letters a,b are sxgmf icantly
different (P<0.05).

A,B: Treatment means within the column followed by different letters A,B are significantly
different (P<0.01).
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