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Roleof encrgy metabelism in regulaiion of protein requirements

Y q
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[ nergy intake and protem metabolism. An increascin energy mmLc with constant dictary
Jpro.un can reduce nitrogen excretion and increase nitrogen balance!®. This is more mark ed
with protein intakes below or near the lcquxrcm-mt level and it has also been demonsirated
when energy in excess of expenditure is fed'?®%, But there is a limit to the effect of dictany
energy: when the dict does not provide adequate amounts of protein, additional intakes of
energy bey ond a given amount will not further improve mlrogcn balance.

Itis to be ex <pected that, when energy intake cannot satisfy energy demands, more protein iy
oxidized, thus increasing urinary nitrogen excretion and decreasing nitrogen balancc but thisis
not always the case. In a study of the encrgy requirements of preschool children with a constant
intake of vegetable proteins equivalent to 1.2 g milk protein/kg per d, two consccutive
reductions of 10 per cent in dictary energy at 40 d intervals did not affect nitrogen reteation
mcasurcd 17-20 'md 37-40d afier cach dictary cmmgc" Energy expenditure diminished with
the first reduction in energy intake and weight gain decreased after the second reduction.
growth in height was not affected and there were no consistent changes in urinary creatinine
cxcretion related to the levels of energy intake. Tt may be that the compensatory decrease :n
cnergy expenditure, the protein ingestion at a safe level of intake, the good nutritional status of
the children and their hygicenic living conditions prevented a nitrogen loss with the reduction in
cnergy intake. Itis possible that if the low energy intake had continued longer, if the children
had become il with the frequency that is custemary in developing countries or if their dictan
.pro.cin had been marginal (ie, closer to the average requirement {or their age), they might have
gonce into negative nitrogen balance.

Studics in India also failed to show an association between cncrvy intake and nitrogen
balance. In one study'®, children 4 years old ate dicts that provided 1, 1.3, 1.6 and 2 g protein

and 80 or 100 keal (334 or 418 kJ)/kg perd. With three of those levels o{'protrm intake, nitroges
balance fell with the lower encrey intake in only two of three children. In another smd\ with
adults”, an increasc in dictary energy from 44-56 keal (18:+-23+4 kJ)/kg perd improved nitroge”
retention when the men ate 1.0 but not 1.2 g protcin/kg per d.

These hndmc,s indicate that nitrogen balance is more sensitive to chanqcs in dictary cnerg
when p'mun intake is relatvely low. The Y also sugrest that when protein intake is adequate

the bady is better protected in terms of nitrogen metabolism against a moderate decrease ®
encrgy intake.
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I'ic protein-sparing cffect of dictary energy has been demonstrated by means other than
eittugen balance. For example, amino acids labelied with stable isotopes showed that, in men
with a protein intake of 0.6 g/kg per d, an encrgy intake 25 per cent in excess of maintenance
requitements reduced the rate of leucine oxidation from (mean ®s.d.) 18.0 £ 8.3 10 12.4 £ 8.7
pmol kg per h, and increased net protein rctention ',

Fhe experimental evidence of the effects of encrgy intake on protein metabelism has raised
the question whether protein rcquncmcnts have been underestiniated for populations prone 10
kave marginal or deficient energy intakes. On the other hand, have such populations adapted o
use more cfiiciently their low energy intakes and preserve body protein? Although a decrease in
encrgy expenditure in responsc to low energy intake may diminish the risk of body protein loss,
i 1s not known how long such a response can be cftectively sustained. Furthermore, this should
be regarded as a transient compcnsalion oflow intakes and not as a desirable adaptation in view
of the physical, emetional and social costs of diminished energy expenditure, which usually is
achieved through a reduction in physical activity,

Another important related question is whether protein requirements arc higher for
mdividuals with low bodily store of energy and whose dictary intakes are sometimes marginal
and somctimes adequate, as occurs in groups of migrant workers or persons subjcct to scasonal
changes in foad availability.

The most logical answer to these questions would be to raise the dictary protein
recommendations. However, this is more expénsive and often more diflicult than increasing the
availability of dictary cnergy sources. The question, then, that also needs 10 be answered is
whether increasing the recommendations for encrgy intake in populations with constraints to
cat morc protein will reduce their protein requirements.

Dictary enerpy substrates. The effects of dictary energy on protein metabolism vary with the
source of energy. Both carbohydrates and lipids enhance nitrogen and amino acid mectabolism,
but carbohydraics have spcmﬁc actions that make them more cffective than fats in promotng
the utilization of dic tary protein, at least transiently. The administration of carbohydrates ata
given protein intake or while fasting, reduces the urinary excretion of nitrogen more than [at
docs and results in better nitrogen retention'’. With isocaloric, isonitroge nous dicts having

carbohydrate: fat ratios of*1:1 and 2:1, the higher nitregen-sparing cllect of c-mbohx drate
relative to fat was more pronounced at lower levels ofcucn,v and protein intakes?® and it made
no dtﬂvrcncc whether sucrose or dextrins and maltosc were the principal dictary carbohy-
drates'?

The cffects of carbohydrates on protcin metabolism have dlso been shown in relation to
specificamino acids. The oral or 1.v. administration of glucose plcsducc'& a transient decrease in
p!asma amino acid concentration, specially the branched-chain amino acids and othu large
ncutra! amino acids, such as methionine, phienylalanine, tyrosine and tryptophan'®. This is
accompanicd by an increasc in synthesis or a reducuon in catabolism of muscle protcin.
Converscly, dictary carbohydrate restriction, as in high-protein, low-carbohydrate diets, leads
to increased accumulation ofplaqm.l branched-chain amino acids after protein feeding or after
intravenous infusion of leucine’. This is probably due to reduced utilization of 'hosc amino
acids, which arc the major substrates for restoration of muscle tissuc after protein feeding.

The eficcts of giving 25 per cent excess of dictary energy cither as sucrose plus a glucose
polymer, butter fat, or combination of both, on the metabolism of whole body lcucine and Ivsine
have been cxplmcd '> The former is metabolized mainly in peripheral tissues and the latter in
liver. Nct leucine retention in the fed state increased more with the carbohvdrate or mixed
supplementations than with fat alone. Whole body flux of both amino acids did not change, but
lcucine flux was greater than lysine with the various energy sources and two levels of energy
intake. This suggests that identical dictary conditions may elicit diflerent responses from
diffcrent essential amino acids.

Glucose administration also influcnces the metabolism of the non-cssential amino acid
alanine, increasing its de novo synthesis, its releasc to the circulating plasma and its whole body

Nux*-2!,
In addition to its influence on the metabolism of circulating amino acids, dictary
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carbohydrate also interacts with amino acids from the same meal. Giving protein and
carbehydrates as separate meals can lead to nitrogen loss f-om the body, which is reversed by
giving these two nutrients in the same meal®.

The mechanisms by which carbohydrate exerts these cffects on protein metabolism are not
fully understood. They are partly mediated by the insulin released in response to carbohydrate
absorption or infusion'”. T'he simultancous infusion of insulin and glucose produces a decrease
in plasma urca concentration and urinary nitrogen excretion scveral times greater than the
dccrease observed when glucose is infused alone®. Another possible mechanism of the effects of
glucosc may be through its suppression of glucagon relcase. Glucagon infusion increascs the
synthesis of urca at the expense of the free amino acid pool and probably alse by hydrolysis of
visceral proiein, and it increases urinary nitrogen excretion®. A small increase in plasma
glucagon concentration was observed when carbohydrates were restricted in the dict’.

T he evidence that carbohydrates spare protein more cfficiently than fat raiscs important
practical questions, such as: Is there a more cfficient use of dictary protcins among populations
whose dictary energy is derived 70-80 per cent from carbohydrates? If so, will their protein
requirements be aflected by the dictary changes induced by migrations, cultural changes and
access to processed {foods?

Baut there may also be adaptive changes in protein metabolism with the long-term ingestion of
dicis rich in fat. Although the stimulation of muscle protein synthesis and reduction of
catabolism observed with carbohydrate are not the same when fat is fed as a single meal, the
studics with patients on long-term parenteral feeding'! indicate that the administration of fat as
a major encrgy source on a regular basis over long periods of time may be as cffective as
carbohydrate in promoting nitrogen retention and nct protein synthesis.

Physical activity and energy expenditure. Physical activity and its resultant energy
cxpenditure influcnce protein metabolism. That influence appears to be transient during
perieds of physical training, but soine eftects may be long-lasting. However, theirimportance in
terms of adaptation to chronically low dictary intakes by persons who are continuously active
has not been clearly defined.

\Weanling rats with dictary intakes retricted by 25 or 50 per cent grew better when they were
forced to exercise daily in a revolving drum, than pair-fed animals forced to remain inactive in
smali metabolic cages that restricted their movements?®®, In spite of their higher cnergy
cxpenditure with identical dictary intakes, the active rats gained more weight, retained more
body protcin as determined by carcass analysis and grew more in length than the inactive
animals. These results were replicated in an experiment with a cross-over design, where on day
14+ one half of the active animals were forced to remain inactive for two more weeks, and vice
versa?’. Further cvidence of the beneficial effect of energy expenditure on protein metabolism
and averall growth was provided by studics in preschool-aged children recovering from PEM-.
When a programme of moderate systematic exercise was added to the dictary therapy, children
with an increase of approximately 23 per cent in total daily energy expenditure compared with
that of pair-fed control patients, grew more in height and although weight gains were similarin
both groups, the more active children gained more lean” body mass based on their urinary
creatimine excreton, basal oxygen consumption and anthropometric measurements.

Investigators from Berkeley''?? studied the cffects on nitrogen retention in young men of
changges in energy balance, induced by modifying cither energy intake or expenditure. In three
scparate experiments, encrgy balance was madce positive by increasing intake relative to
expeuditure, or negative by cither decreasing intake or increasing physical work. Protein intake
was maintained constant at 0.57 or 0.8 g/kg per d. In every instance, mean nitrogen balance fell
with thedecrease in energy balance, but it fell less when the reduction in energy balance was duc
to incrcased work than to a lower encergy intake. When energy balance was achicved through
cquivalent changes in energy intake and expenditure, nitrogen balance was more positive —f
less negative— as physical activity and encrgy expenditure increased. On the average, the men
were in negative nitrogen balance with 0.537 g dictary protein/kg per d, and in positive nitrogen
balance when they were more active and ate 0.8 ¢ protein/kg per d. Thesce results indicate that
physical activity has an anabolic cllcct on protein mctabolism, even under conditions «¢
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aarginal protein intakes, but the cflect is more pronounced when cenergy balance is
aaintained and dictary protein is not a himiting factor.

This protein-sparing cilect of excrcise was also repoerted in middle-aged men on a weight
cducing dict, who lost less lean body mass when the resuicted energy intahe was
jccompanicd by an increase in physcial activity”®, In contrast with the benelicial elfects of
sxercise, inactvity reduces the rate of protein synthesis and produces a marked nevative
aitrogen balance, cg in men who had been immebilized for several days in a plaster cast??,
Post-mortem tissuce analysis ol active and inactive rats confirmed that muscle mass is lost with
shysical inactivity®, and hypokinctic rats had increased muscle protein catabolism, as
suggested by marked increments in urinary excrcetion of urca and 3-mcthylhistidine',
contrary to the cflects of excrcise which depresses the degradation of 3-methylhisudine-con--
pining proteins and reduces the urinary excretion of that amino acid'.

hysical activity also influences the metabolism of specilic amino acids. “T'his has heen
reviewed by several authors'? 143532 In o eenceral, exercise increases the oxidation of
tranched-chain amino acids and the release of alanine from muscle. The significance ot these
changes in amino acid mctabolism is not yet clear for persons who have a clhironic margeinal
dictary protein intake or who regularly engage in heavy physical work and it is not known
whether exercise induces a greater need for branched-chain amino acids among such persons,

In summary, most of the evidence indicates that increased cnergy expenditure hias a
beneficial eflect on protein metabolisni, particularly when the dict supplics enaugh energy
satisfy the demands of physical activity. These observations may be of major importance for
persons in developing countries who have relatnvely low protein and energy intikes and whose
occupations demand constant or seasonal heavy energy expenditures. 1t is conceivable that
when energy Dalance is sustained, the protein requirement to maintain existing lean body
mass may be less for a chronically acuve individual than for one wlhio is inactive. Couverseiy,
marked inactivity, as in immobihized patients, produces a loss of muscle mass. Whetlier
greater protein intakes will help to counteraci this negative cffect, 1emains to be proven.

Conclusions. This review of the effects of encrgy intake and metabolism on amino acid
protein metabolism raises important questions related to protein requirements, such as: Since
protein recommendations are based on rescarch done with adequate or surfeit dictary encruy,
have protein requirements been underestimated for populations prone to have marginal or
deficient energy intakes? On the other hand, since exercise has an anabolic clfect, are protein
requirciments lower for persons who are almost alwavs physically acuve? Should dictary
proicin reccommendations be higher for individuals with low body stores of energy and whose
cnergy intakes fluctuate between adequate and deficient, or who engage in secasonal activities
with different levels of energy expenditure? Will an increase in physical activity help e protect
children from the deleterious effects of mild or moderate protein malnutrition? Sinee
carbohydrates enhance protein metabolism more than fats, will protein requirements increase
in persons who change the proportion of those energy sources in their dicts? 1f that were the
casc, is this a transient cffect that will disappear with metabolic adaptations to the hicher fat
intakes? The answer to these questions and others that may arise will shed further light on the
interactions of energy and proteins, and allow us to make better dictary recommendations.
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