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Abstract 

Chronic undernutrition in man leads to adaptive responses which could 
reduce the requirements for dietary energy and protein. It is also possible 
that these adaptive responses, which are economical in nature, could lead 
to a decreased capacity for combatting stress. Undernourished people are 
more susceptible to infections, and during these stresses, show different 
patterns of protein and energy metabolism from wen-nourished subjects. 
Animal models have clearly shown a Unfinished response to tissue injury, 
in terms of the anabolic acute phase response. It is proposed to study the 
effect of prior nutritional status on the degree to which an infective stress 
stimulates the acute phase protein synthesis by the Over. In addition, the 
supply of amino acids to the liver in conditions of stress could come from 
the breakdown of body tissue proteins, particularly muscle. It is intended 
to study muscle protein turnover by the use of ,3C-leucine in indemourished 
subjects under conditions of stress. Since whole body protein turnover can 
be measured by two methods, using ,5N-glycine and ,3C-leucine, a 
comparison of these two methods will initially be made in chronically 
undernourished subjects. It is also intended to study daily energy 
expenditure in the subject by an isotopic method, i.e. the appearance of 
,3C02 in the breath after the administration of "C-bicarbonate. 

1. SCIENTIFIC BACKGROUND 

Chronic undernutrition in man is defined by a low weight for height, associated with 
short stature. The index used to assess this is the Body Mass Index 
[BMI, Wt (kg)/Ht2 (m)) and the cut-off used to define chronic undernutrition is a 
BMI <18.5 (11. Along with a reduction in body size, there are adaptive metabolic 
responses, such as a decreased thermogenic response to noradrenaline (2), as well as a 
slightly smaller stress response to elective surgery (31. Chronic infections like tuberculosis 
could also lead to altered responses, and studies of chronically undernourished men 
recently diagnosed to have pulmonary tuberculosis have shown that the anabolic switch 
from the fasted to fed state, when using "C-leucine infusions to study protein turnover, 
was reduced (41. 

It is also well known that undernourished people are more susceptible to infections. 
During periods of infection or stress, undernourished subjects may show different patterns 
of protein and energy metabo'ism and acute phase protein anabolism (rats). This may also 
be dependent on their habitual dietary intakes, as well as on hospital intervention diets. 

73 



It is of considerable importance to investigate these problems in order to have a better 
understanding of nutritional needs of chronically undernourished patients with different 
diseases. 

Following infection or injury, there is a loss of body protein [5], which is presumed 
to be from the skeletal muscle protein mass. These losses are probably related to the need 
for fuelling protein synthesis elsewhere in the body, and are probably mediated by 
cytokines [6,7] and stress hormones like glucocorticoids and catecholamines. 

While it is a reasonable presumption that this mobilization of muscle protein confers 
an adaptive advantage to tne person by fuelling other obligatory anabolic processes in the 
body, it is also reasonable to assume that, given the lower stress responses shown by 
undernourished individuals, there could be a reduced catabolic response to the stress in 
these subjects, and therefore, a smaller mobilization of amino acids. 

The use of vaccination as a method to produce a controlled immune activation 
offers the possibility of performing paired studies. Typhoid vaccine causes demonstrable 
acute responses such as local pain, and in most cases, fever, and could be an effective 
way of increasing acute phase protein synthesis, as well as muscle catabolism. 

It is important to correlate the anabolic acute phase response with the catabolic 
response in patients with an acute response (as after vaccination), as well as with actual 
wasting diseases like tuberculosis. Initial studies have already been carried out on such 
patients, immediately after diagnosis, on the catabolic response, and difference in the 
anabolic response to feeding have been documented [4]. This is similar to, but not exactly 
the same as responses to wasting diseases like AIDS in a well-nourished population. 

2. SCOPE 

The scope of the project is as follows: 

(a) To compare methods of measuring protein turnover using 13C-leucine and 
15N-glycine; 

(b) to compare protein turnover rates before and after acute infectious stress 
in malnourished and well-nourished individuals; 

(c) to compare protein turnover rstes and rate of acute phase protein synthesis 
in chronically undernourished patients with chronic disease (tuberculosis) 
and after remission of the disease; 

(d) to validate a ,3C-bicarbonate method to measure total daily energy 
expenditure. 
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3. METHOD 

3.1 Study design 

It is planned to study chronically undernourished and well-nourished young adult 
men at two time points, once when the subjects are clinically well and once 24 hours after 
the administration of typhoid vaccine (to acute infection stress). Alternately, in patients 
with chronic disease, the subjects will be studied once, soon after the disease is diagnosed 
by clinical and laboratory investigations (before treatment) and once after they are clinically 
in remission. 

3.2 Subjects 

Chronically undernourished men will be recruited on the basis of their short stature 
(< 165 cm), low BMT (< 18.5) and socio economic status. They will be recruited from a 
local area and will be manual labourers on daily wages. The subject will be screened by 
past medical history, clinical examination, and laboratory investigation (ESR) to exclude 
any disease. Chronically diseased patients will be recruited from the medical ward of St. 
John's Medical College Hospital. After recruitment of the subjects, the protocol will follow 
over the next five days. 

Initially, simultaneous assessments of 15N-glycine*and 13C-leucine methods of 
measuring protein turnover will be done. This will allow us to make comparisons of both 
methods in normal and chronically undernourished subjects. 15N-glycine (5//g/kg/hr) will 
be administered orally for 21 hours and urine samples collected in a fasting and fed state. 
13C-leucine will be administered as a prime (2 mg/kg) continuous infusion in a dose of 
2 mg/kg/hr and breath and blood samples will be collected after 8 hours of infusion in the 
fasted and fed state. 15N-Urea/Ammonia will be analyzed at the Mass Spectrometer (MS) 
facility at the Nutrition Research Centre, St. John's Medical College. In the leucine study, 
1 3 C0 2 will be analyzed in the MS facility at the Nutrition Research Centre, St. John's 
Medical College, while 13C-leucine blood samples will be analyzed by GC-MS at the Rowett 
Research Institute (RRI), Aberdeen, UK. 

3.3 Methodology 

The bicarbonate method is essentially an isotopic-dilution technique involving either 
a radioactive isotope of carbon ( 1 4C0 2) or a stable isotope of Carbon ( 1 3C0 2). When 
labelled bicarbonate is infused into the body at a known race, it will mix with and be 
'diluted' by endogenous C0 2 produced by the tissues of the body before it is expired in 
breath. The extent of this 'dilution' (the specific activity of 1 4 C0 2 or enrichment of 1 3C0 2) 
is used to calculate C0 2 production. When a constant infusion of labelled bicarbonate is 
given, C0 2 production can be estimated from the mean specific activity in equation 1 (8). 

Label infused 
C0 2 Produced = 

Specific activity of C0 2 

This simple equation assumes that the labelled C0 2 (bicarbonate) infused into the 
body is totally recovered in expired air after mixing in a single pool of C0 2 with unlabelled 
COj produced by the tissues of the body. 
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The recovery of the infused bicarbonate as breath C 0 2 is reported to range between 
80 - 94%. In the study in Cambridge, C 0 2 recovery was reported to be 95% 
(Elia, M., personal communication). Thus, a more appropriate equation for CO 2 production 
would be: 

Label infused 
C 0 2 Production = X f 

Specific activity of C 0 2 

where f is the fractional recovery of C 0 2 in breath. 

It is possible to use urea as a sample for C0 2 enrichment measurements. This is 
because C 0 2 is trapped in urea in the same enrichment as in the breath. Thus, pooled 
urine samples can be used to give integrated energy expenditure measurements over 
nominated time periods. Preliminary experiments with radioactive U C show that the 
recovery of label in urea is 95% in normal subject (Elia, M., personal communication). This 
has not been tested with 1 3 C. 

The methodology therefore, is to validate the method initially, followed by 
application. The validation of the technique will be carried out using six subjects who will 
be studied in a whole body calorimeter for a period of 48 to 72 hours whilst receiving a 
constant subcutaneous infusion of labelled bicarbonate. The subjects will follow regulated 
protocols in the chamber, and will be given diets based on their BMRs. Urine samples will 
be used for measuring specific activities. These specific activities will in turn be used to 
predict energy expenditure which will be measured continuously by indirect calorimetry. 
Essentially, measurements made from urine collection will be used to estimate total energy 
expenditure. At the same time, the recovery of infused 1 3 C 0 2 (as bicarbonate) will be 
assessed by continuous collection of calorimeter air and by intermittent 'spot breath 
samples'. 

Once the tracer technique is validated, the technique will be applied to 
undernourished patients with chronic infections (tuberculosis). The combined use of the 
tracer technique and measurements of BMR will enable calculations to be made of the 
distribution of Total Energy Expenditure between BMR and activities plus thermogenesis. 

Once CO 2 production can be estimated, values for energy expenditure are derived 
from food quotients values and energy equivalents of C0 2 . 

3.4 Laboratory analysis 

Most isotopic enrichment measurements will be carried out at the Nutrition 
Research Centre, St. John's Medical College. 1 3 C 0 2 in breath, 1 5 N in urea and ammonia 
will be performed in a combustion gas isotope mass spectrometer. 

3.5 Institutional responsibilities 

Ethical approval for the studies will be obtained from the ethics committee of St. 
John's Medical College. The entire clinical part of this study will be performed there. In 
addition, analysis of the breath for enrichment of 1 3 C 0 2 and of urine for enrichment of urea 
and ammonia, will be performed by combustion gas isotopic ratio mass spectrometry at 
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St. John's Medical College. The rest of the laboratory analysis will be performed in 
Houston and the Rowett Research Institute, Aberdeen, UK. 
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