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A joint meeting of the Clinical Nutrition and Metabolism Group of the Nutrition Society and the British Association forResadtEnteral
Nutrition was held at the Bournemouth International Centre on 7—9 December 1999

Clinical Nutrition and Metabolism Group Symposium on
‘Nutrition in the severely-injured patient’

Part 1
Substrate metabolism in the metabolic response to injury

J. A. Romijn
Leiden University Medical Center, Department of Endocrinology, C4-R, PO Box 9600, 2300 RC Leiden, The Netherlands

In healthy subjects the metabolic response to starvation invokes regulatory mechanisms aimed at
conservation of protein mass. This response is characterized by a decrease in energy expenditure
and a progressive decrease in urinary N excretion. Many non-endocrine diseases induce anorexia
and a decrease in food intake. However, in contrast to the metabolic reaction to starvation in
healthy subjects, anorectic patients with serious diseases have increased energy expenditure and
protein catabolism, associated with profound neuroendocrine alterations. These neuroendocrine
changes are induced by two mechanisms. First, afferent nerves inform the central nervous system
of tissue injury which results in neuroendocrine activation. Second, tissue injury stimulates the
production of inflammatory mediators, which in turn results in neuroendocrine and metabolic
effects. Although these metabolic changes enable the organism to survive short-lasting diseases
by using endogenous substrates, in protracted serious diseases these changes will result in loss of
functioning protein mass and may endanger survival. Moreover, tissue injury alters the metabolic
responses to nutrition, reflected in the persistence of catabolism as long as serious tissue injury
remains.

Metabolism: Disease: Neuroendocrine changes: Cytokines

Tissue injury in general induces more or less characteristicthe presence of water. During the initial phase of starvation
metabolic changes. The present paper focuses on th¢he rate of protein breakdown decreases, reflected in
regulatory mechanisms involved in these metabolic diminishing amounts of N in the urine (Garde¢al 1979).
changes. Since disease is frequently associated withf this adaptation of protein metabolism did not occur, it
anorexia, first, the metabolic effects of starvation will be could be hypothesized that the ability to withstand
discussed. The metabolic effects of disease will be discussedtarvation would be greatly decreased. Resting energy
in relation to those of starvation. The main part of the expenditure also decreases by 10-15 % during starvation.
present paper will focus on the major principles of metabolic These metabolic changes during starvation indicate
regulation. From these regulatory mechanisms the inappro-increased metabolic efficiency, an appropriate response to
priate utilization of nutrients in disease can be understood. the absence of nutrition.

Starvation Metabolic effects of disease

Evolution has provided the organism with a complex system Anorexia is a frequent symptom of disease. Although the
that enables it to survive starvation for almost 2 months in causes of anorexia are complex, there are indications that
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factors like leptin may be involved. For instance, admin- are indications that adipocytes have direct contact with
istration of endotoxin to rodents induces a dose-dependennerve endings (Youngstrom & Bartness, 1995). Stimulation
induction of leptin RNA in adipose tissue, associated with aof these nerves results in increased lipolysis. Thus,
dose-dependent reduction in food intake (Grunfetical stimulation of efferent nerves does not alter metabolism
1996). Although food intake is frequently reduced in only by modulation of endocrine function, but also by direct
disease, the adaptation to starvation described earlier doesffects on peripheral tissues.

not occur. In contrast, disease induces metabolic alterations Tissue injury does not alter metabolism only through the
that can be summarized as catabolism. For instance, restingervous system, but also by the induction of inflammatory
energy expenditure, urinary N excretion (reflecting protein mediators such as interleukins 1 and 6, tumour necrosis
breakdown), lipolysis etc. increase (Sauerwein & Romijn, factor etc. These mediators have pleiotropic effects and act
1991). The magnitude of this catabolic reaction is related toin a complex network. The endocrine and metabolic effects
the extent of tissue injury rather than to the type of disease. of these mediators are illustrated by the effects in human
subjects (Sauerwein & Romijn, 1991). Administration of
cytokines such as interleukin 6 and tumour necrosis factor
induce profound neuroendocrine changes, with stimulation
The metabolic effects of disease are associated withof secretion of corticotropin, cortisol, (nor) adrenaline and
endocrine changes, characterized by increased plasmglucagon (van der Poét al 1991; Stoutharet al 1995).
concentrations of glucagon, cortisol and catecholamines.This process is associated with metabolic effects manifested
Consequently, there is an altered balance between insulinby increased resting energy expenditure and lipolysis. It is
the major anabolic hormone, and these catabolic hormonedikely that these mediators act at multiple levels:
in favour of catabolism (Moeniralaret al. 1998). An hypothalamus; pituitary; peripheral; endocrine glands;
example of these changes is illustrated by a study of Wolfeperipheral tissues (Warrezt al. 1987). Thus, the metabolic

et al (1987) in burn patients. Glucagon, cortisol and changes induced by disease are the result of a complex
catecholamines increased two-, four- and eight to ten foldinteraction between the central nervous system, hormones,
respectively compared with healthy controls. Wadfeal stimulation of autonomous nerves, inflammatory mediators
(1987) reported that these endocrine changes were causallgnd peripheral hormones. These complex changes do not
related to the metabolic effects of disease. For instancefesult only in changes in whole-body metabolism, but
lipolysis was increased by more than 100 %; the effect inprobably also in differentiation in metabolism at the tissue
these burn patients being greatly reduced by proprandollevel, depending on the condition (e.g. injuredhealthy

The increase in glucose production was to a large extentissue).

reduced by administration of somatostatin, which decreases
glucagon secretion.

The causal relationship between endocrine changes
induced by disease and metabolic changes is also illustratedNutrition reverses the catabolic state of starvation.
by studies in volunteers (Bessey al. 1984). Prolonged  However, in general, nutrition does not completely reverse
infusion of cortisol, glucagon and adrenaline was shown tothe catabolic reaction to tissue injury. The changes in
increase resting energy expenditure and protein catabolism.regulatory pathways described earlier are maintained as

The next question is how these neuroendocrine changesong as tissue injury persists, and are not completely
are induced. In this respect the brain, together with afferentreversed by nutrition.
and efferent nerve stimulation, is very important. This process is illustrated by the effects of nutrition on
Stimulation of afferent nerves by tissue injury is a major protein, glucose and lipid metabolism in disease (Sauerwein
factor involved in neuroendocrine stimulation (for example, & Romijn, 1995). In critically-ill patients protein catabolism
see Georget al 1974). For instance, severing of afferent persists irrespective of the amount of protein in the diet.
nerves blunts the increase in cortisol in experimental burnGlucose oxidation is decreased irrespective of the amount of
injury. Activation of the brain is also important. For carbohydrates in the diet. There is an increase in lipolysis
instance, after trauma there is an increase in resting energwhich is not decreased by nutrition. The increase in lipolysis
expenditure, which decreases with pentobarbitol therapyresults in increased delivery of fatty acids to the liver. In the
which reduces brain activity (Dempsest al 1985). liver these fatty acids are re-esterified to form triacyl-
Stimulation of afferent nerves from injured tissue results in glycerols. However, there is a problem with secretion of
neuroendocrine changes by two mechanisms. First, thisVLDL-triacylglycerols, manifested by liver steatosis, which
stimulation results, through complicated neural pathways, inis a common reaction to disease. This altered utilization of
alterations in hypothalamo—pituitary regulation, and nutrients in tissue injury will improve after recovery from
consequently in altered function of peripheral endocrine the disease.
organs. Second, stimulation of the brain by tissue injury
invokes responses of the autonomous nervous system,
which also effects the function of peripheral endocrine
glands. For instance, stimulation of the peripheral end of theThe metabolic response to disease is characterized by
splanchnic nerve stimulates glucagon release, resulting incatabolism. This process is a favourable reaction to disease
hyperglycaemia (Bloom & Edwards, 1975). Finally, it because it enables the organism to survive in the presence of
should be recognized that peripheral nerves have moreanorexia. However, the alterations in metabolic regulation
extensive nerve endings than is generally accepted. Theravill also result in cachexia if the duration of the disease is

Metabolic regulation in disease

Inappropriate utilization of nutrition in disease

Summary
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prolonged. Moreover, these alterations result in appropriate inflammatory, endocrine and metabolic responses to

utilization of nutrients as long as serious tissue injury endotoxin in dogs.American Journal of Physiolog275

persists_ E440-E447.
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