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Summary 

A Consultants' Meeting convened by the IAEA in December 1992, made 
recommendations on the organization of a Co-ordinated Research Programme (CRP) 
using stable isotopic techniques for international comparative studies of amino acid, 
protein, and energy metabolism in chronically undernourished people. The CRP will 
use recent developments in stable isotope tracer techniques (13C and 15N) to assess 
the impact of infection in undernourished people on the kinetics of protein 
breakdown, protein synthesis, amino acid metabolism, and on the synthetic rates of 
selected plasma proteins. Studies will be conducted in developing countries, 
particularly in young children. The programme goals are to (i) elaborate methods and 
model protocols which can be implemented in developing countries to investigate the 
impact on protein metabolism of infection superimposed on chronic undernutrition; 
(ii'. test the hypothesis that dietary requirements for protein and amino acids are 
related to the plane of nutrition and are altered substantially when infection is 
superimposed on chronic undernutrition. When feasible, the primary focus on 
protein/amino acid metabolism will be extended to assessments of protein/energy 
interactions when H 2

1 80 becomes more readily available and/or at research sites with 
indirect calorimetry equipment. The data generated should be appropriate as a basis 
for reevaluating amino acid/protein requirements in these populations. 
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1 . INTRODUCTION 

In the developing world. 780 million people, or about 20% of the population, still do 
not have access to enough food to meet basic needs for nutritional well-being 111. In those 
countries, about 190 million children under five years of age suffer from protein-anergy 
malnutrition, particularly in Africa, Asia, and Latin America 111. The question of how much 
protein and of what quality a child needs to maintain health and to grow normally in 
stature remains a mystery. The problem is not confined to children. Recent analyses 
suggest that if current perceptions are correct, then policies on world food supplies would 
need to be changed radically [2] with increased emphasis on providing animal protein. 

In December, 1992, the FAO/WHO held an International Conference on Nutrition in 
Rome to marshal international resources to combat malnutrition and put nutrition into the 
forefront of human development concerns. In the World Declaration and Plan of Action for 
this conference (pg.2), it was emphasized that, in general, slow progress in solving 
nutrition problems reflects the lack of human and financial resources and institutional 
capacity in many countries needed to assess the nature and magnitude of nutrition 
problems, and particularly that basic and applied scientific rerearch are needed to more 
clearly identify factors that contribute to the problems of malnutrition. 

In the context of developing country nutrition and health issues, the "synergy" 
between malnutrition and infection is of portentous import. Infection induces metabolic 
derangements such as elevated energy expenditure, catabolism of adipose tissue and of 
skeletal muscle protein, and negative nitrogen balance. These catabolic events are often 
compounded by inanition. Protein anabolism may also be accelerated during infection, but 
is probably limited to the synthesis of acute-phase proteins and antibodies. It has been 
speculated that the anabolic processes are fuelled by the substrates derived from the 
catabolism of adipose tissue and muscle protein. It has also been speculated that these 
acute-phase anabolic events increase essential amino acid requirements, and/or cause non
essential amino acids to become "conditionally essential". The Joint FAO/WHO/UNU 
Expert Consultation's report in 1985 [3] emphasized that protein requirements for 
individuals in developing countries who are challenged by frequent infection and/or chronic 
undernutrition may differ from the published recommendations, but neither the basis nor 
the implications of such putative differences have been investigated systematically in 
developing countries. This is an area where there are potentially many possibilities for 
useful applications of stable isotope tracer techniques. 

Therefore, the International Atomic Energy Agency has announced its intention to 
launch a Coordinated Research Programme (CRP), "Application of Stable Isotope Tracer 
Methods to Studies of Amino Acid, Protein, and Energy Metabolism in Malnourished People 
in Developing Countries." The CRP will conduct stable isotope-based research which 
emphasizes interactive effects of infection and undernutrition on protein/amino acid 
metabolism in developing countries. Results should be applicable to reevaluating some of 
the estimates for protein/amino acid requirements for children, a need stressed by both the 
FAO/WHO/UNU (31 and the International Dietary Energy Consultancy Group. It is 
anticipated that the major contributions the CRP can make to this area are 1) the 
application of new or adapted stable isotope techniques in developing countries; 2) testing 
a single hypothesis in several settings using identical or comparable methods to increase 
the confidence in the findings; 3) expansion of the network of investigators in developing 
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countries who use the methods and thus the potential for sustainability of the research in 
dsveloping countries. 

The Agency's involvement in stable isotope-based nutrition research among 
disadvantaged populations in developing countries is justified on two grounds. First, as a 
United Nations Organization, the Agency is motivated to commit some of its resources to 
improving the nutrition and health of disadvantaged people in developing countries. 
Secondly, the Agency's Secretariat has recently reconfirmed the Agency's interest in the 
application of isotope-based technologies to peaceful and practical ends. Given these goals 
and a concurrence among other international organizations (including the International 
Dietary Energy Consultancy Group and the FAO/WHO subcommittee on nutrition) that this 
is an area in need of study, it is befitting that the Agency foster applications of isotope-
based techniques to human nutrition research in developing countries. 

A Consultants' Meeting was convened by the Agency in December, 1992, to advise 
the Agency on the purpose, scope, and implementation of the proposed CRP. The 
consultants were also requested to advise the Agency on technical issues related to the 
application of stable isotope C:Z and 15N') tracer techniques to studies of protein/amino 
acid metabolism. The meeting was attended by the consultants listed in Annex 1. The 
Agenda is given in Annex 2. A background document is reproduced in Annex 3. 

2. PURPOSES, RESOURCES AND PARTICIPATION 

2.1. Focus of the CRP 

The theme for the CRP is Interactions between infection and malnutrition on amino 
acid/protein metabolism with a secondary emphasis on protein/energy interactions. The 
rationale for adopting the theme includes the persistent uncertainty over the requirements 
for amino acids and protein in undernourished children with chronic or frequent infections. 
It is known that negative fuel balance and catabolism of body protein are increased and 
it is speculated that requirements for specific amino acids may also be increased during 
infection in the undernourished. However, little well-controlled research has been done to 
characterize the nutritional effects of infection in malnourished people in developing 
countries. As explained in detail below, the CRP will have two foci: testing physiological 
hypotheses and methodological adaptations for applications in children. Some of the 
physiological issues were outlined in a document written earlier by Drs. Shetty and James, 
which is reproduced in Annex 3. 

2.2. Duration: 1993 through 1997-1998 

2.3. Participation and funding 

The CRP will include participation from approximately 14 to 18 institutes, about half 
of which will be in developing countries and half will be in developed countries. The IAEA 
will provide modest funding for each developing country institute, spread over 4-5 years, 
and will generate and encourage applications for extramural funding. It is anticipated that 
collaborations between the CRP, the World Health Organization, the Food and Agriculture 
Organization, and the International Dietary Energy Consultancy Group will be developed. 
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At least 3 Research Coordination Meetings (RCMs) are planned to standardize methods and 
research designs. The RCMs will be sponsored by the Agency. 

3. PHYSIOLOGICAL HYPOTHESES 

The general working hypothesis of the CRP is: Infection in malnourished individuals 
increases protein catabolism and decreases protein anabolism gr diverts protein synthesis 
from maintenance to synthesis of secretory proteins. The major physiological hypotheses 
are listed below with methods for testing them. In each protccol, assessments of 
protein/amino acid metabolic rates should be made in undernourished uninfected persons 
and in the same malnourished persons who are infected by following a normal format for 
paired comparisons. Several control groups will be required, some of which are described 
later in this report. In some cases, methodological validations need to be performed. These 
validations are listed below in Section 4. At sites where calorimetry equipment is available 
and/or when H 2

1 80 is available, study designs could be extended to include measurements 
of energy expenditure. 

3.1. Infection increases protein oxidation and whole body protein catabolism, and 
decreases protein anabolism 

To test this hypothesis, 15N-glycine, or 15N-leucine, and 13C-leucine would be 
administered orally. 1 3C enrichments would be determined in breath samples, and , 5 N 
enrichments in urine. Retention of the , 3C label in the bicarbonate pool would need to be 
determined experimentally by a separate intravenous administration of a bolus dose of 
H 2

1 3C0 3 . vC0 2 will have to be measured unless alternatives can be validated, specifically 
in malnourished children with infection and tachypnea. (See Section 4). 

3.2. Infection superimposed on undernutrition results in a shift of protein synthetic 
pathweys to support increased synthesis of acute-phase proteins. This may 
increase the dietary requirements for some amino acids 

The amount of acute phase protein synthesized is approximately 2.5 times that of 
total normal plasma proteins. Since the composition of the acute phase proteins differs 
from that of the conventional plasma proteins, acute phase protein synthesis may draw 
disproportionately on muscle protein and acce\erate negative nitrogen balance. 

To test this hypothesis [UL-13C/15N]-algae can be administered, plasma proteins 
separated by gel electrophoresis, and the appearance of the tracers in rapid turnover 
plasma proteins determined by combustion gas isotope ratio mass spectrometry. Rates of 
synthesis of acute-phase and transport proteins will be used to probe the issue of 
conditional essentiality of certain amino acids. In addition, protein catabolism and 
anabolism should be measured by classical methods to provide a basis for interpreting the 
protein synthetic rate data. 

3.3. Infection increases muscle catabolism. Rates of proteolysis and oxidation of 
body protein during infection in malnourished people can be reduced by dietary 
supplementation of selected "nonessential" amino acids (NEAAs) 

Investigations of specific metabolic functions of nonessential amino acids is an active 
area of research which depends heavily on the use of stable isotope tracers. A number of 
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studies suggest that turnover rates of some AAs are increased during 
inflammation/infection. It is speculated that certain of the NEAAs become "conditionally 
essential" during infection. Such "conditionally essential" amino acids (CEAAs) include 
glycine, serine, proline [4] as both collagen and acute phase proteins contain 
disproportionately large amounts of these Aas, and glutamine and arginine. Glutamine has 
a functional role within the immune system. In the small intestine during recovery from 
enteropathogenic or other catabolic disease, glutamine supplements have been found to 
promote cell proliferation, villus height accretion, and resorption of sodium during 
diarrhoea. Arginine is a secretagogue for several endocrine glands, stimulating the 
secretion of growth hormone, insulin, adrenal catecholamines, and somatostatin. Arginine 
stimulates the immune system and the lymphocytic activity. During infection, urinary nitric 
oxide is increased, a byproduct of increased arginine catabolism. Supplementation wi th 
L-arg may increase nitric oxide production. Arginine and lysine as free Aas compete for 
absorption in pigs' small intestines. 

The consultants thought a fundamental issue is how to recognize "conditional 
essentiality". The CRP would solicit protocols designed to test the effects of supplemental 
AAs, selected because of their putative or theoretical role: in the metabolic response to 
infection. It is foreseen that the protocols could test the general hypothesis that 
supplementation with NEAA "X" has specific metabolic effects, including the reduction of 
protein catabolism/oxidation. To test this hypothesis, protein flux and protein oxidation 
should be measured from the classical [ , 3CHeu method but could include assessments of 
protein oxidation measured by alternative methods, discussed below in Section 4. 
Supplementation of diet X with nonessential amino acid Y could be used to test 
hypotheses about the conditional essentiality of Y amino acid. In this case, appropriate 
increases in micronutrient intake to meet estimates for increased protein metabolism would 
be needed. The alternative hypothesis is that either nitrogen, total substrate, or total 
protein intake was responsible for the outcome (ie., limited protein accretion, increased 
protein oxidation, etc.). Therefore, the control diet would need to provide increased intake 
of food which contains balanced total protein. 

The CRP would also consider studies designed to measure de novo synthesis of these 
CEAAs using UL-glucose but this area of investigation would require substantial 
development of methods. No specific recommendations for developing these methods 
were made. 

4, METHODS AND METHODOLOGICAL VALIDATIONS 

A primary objective of the CRP is refinement or development of methods which can 
be applied in developing countries to study the impact of infection on protein/amino 
acid/energy metabolism. In this context, a goal is to identify which parameters of 
protein/amino acid metabolism are sufficiently sensitive. The consultants agreed that an 
appropriate combination of indices of rates of protein metabolism in which carbon and 
nitrogen losses are measured would increase the confidence in the data compared with 
determinations of either alone. Some methodological validations were deemed important 
and feasible and are areas the CRP would support, as indicated below. Where feasible, 
some of the validations would be made using [1 5N]-glycine or (15N]-leucine and [1 3C]-leucine 
(or [ , 3C]-phenylalanine or (2H|-phe) in tandem. Determinations of 3-CH3-histidine will also 
be included in protocols where feasible. 
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4.1 . Protein catabolism 

Recommended methods: 

3-methylhistidine 
nitrogen balance 
f5N]leucine 
[15N]glycine 
[13C]amino acids 
creatinine excretion 
phenylalanine oxidation (needs validation) 

4.1.1. 3-methylhistidine 

A catabolic response should be documented by a marker such as 3-
methylhistidine. If subjects are not consuming meat, then 3-methylhistidine 
appearance is from muscle catabolism. Is the method reliable in malnourished 
children? This question needs an answer before the method can be justified in 
the CRP protocols. 

3-methylhistidine measurement relies on a good HPLC method. 
Difficulties with the method are the measurement of the 3-methylhistidine 
which requires great care. To standardize the method, determinations of 3-
methylhistidine for all studies could, in principle, be done in one laboratory. Can 
the Rowett provide these analyses? 

4.1.2. 19N-leucine 

The tracer would be administered orally as a single bolus and meac ' red 
by gas isotope ratio mass spectrometry in urine collected over 12 hours. Total 
N would also be determined. 

4.1.3. 15N-g ycine (NH3/urea in urine) 

The dose would be administered as a single oral dose. The study would 
be completed in 12 hours. Measurement of NH3, urea, and total nitrogen should 
be made. NH3 alone is unreliable in sick children and it is hard to calculate 
nitrogen kinetics from urea alone in a 6-hour protocol. If the study is continued 
for 0.5 to 1 day, then most of the N would appear in the urine. However, 
urinary excretion of NH3 is unrepresentative if the child is being rehydrated. 

* Determination of total N could also be done in a single laboratory. Which one? 

4.1.4. [13C]Leucine studies 

For (13Clleucine protocols, constant intravenous infusions would come 
closest to producing steady-state data. However, where IV infusions would be 
impractical, leucine could be administered orally or by continuous enteral drip 
via a nasogastric tube (which may be even less practical). In cases wt- -e the 
leu administration route is enteral, the frequency of dosing would be modeled 
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after leu kinetics using a pharmacokinetics model. First-pass effects following 
enteral administration of the tracer will have to be calculated but are considered 
to be of relatively minor importance since leu is metabolized principally in the 
muscle and not in the splanchnic bed. Determinations of ' 3 C 0 2 will be made in 
the respective studies as nutrient intake and energy expenditure affect recovery 
15]. 

4.1.5. C 0 2 collections 

When protocols require protein oxidation measurements based on C0 2 , 
the rate of total C 0 2 production will need to be determined. (This obviously 
assumes that the magnitude of difference in protein oxidation is going to be 
detectable with 1 3 C0 2 ) . In practice, collection of breath samples is problematic 
since many sites lack the equipment for continuous breath sample collection. 
It may be possible to substitute urinary N or urinary leu for 1 3 C 0 2 - However, 
there is considerable uncertainty associated with using urinary nitrogen to 
estimate protein oxidation. Concurrent studies dune in the same subjects to 
compare protein oxidation from urinary N with protein oxidation from 1 3 C 0 2 

would be needed. Alternatively, the classical leucine method may be modified 
to includf: the test that vC0 2 can be estimated [6] or, for example, by use of 
Scoftield equations, and isotcpic enrichments measured using interval sampling 
as alternatives to continuous sampling of expired air. The development of an 
alternative to continuous collections of breath would have important practical 
implications for the extension of leucine tracer techniques to non-clinicai 
settings. 

The natural 1 3 C 0 2 abundance during infection and feeding will need to 
be determined through multiple baseline sampling. Furthermore, since infection 
may alter the assumed 8% relationship between ieu and total body protein, a 
study of protein oxidation estimated concurrently by urinary N and , 3 C 0 2 

excretion in infected children may be needed. 

4. i .6. Phenylalanine conversion to tyrosine as a measure of protein oxidation 

Few validations of this method have been performed and of those 17], 
none have been undertaken under conditions of malnutrition with the attendant 
potential of liver disease. (See Section 4.2.5). Stable isotope methods for 
determining the conversion of phe to tyrosine are complex (8], it relies on more 
complex GC-MS methods, and uses more analytical time. However, an 
advantage of this method is that it obviates the need for breath collections. 

4.2. Protein/amino acid synthesis 

Recommended methods: 

nitrogen balance 
[15N]glycine 
(13C]amino acids 
UL-algae 
UL-glucose to measure NEAA synthesis rates 
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As with protein catabolism, where the dependent variable is protein anabolism, the 
consensus opinion was that a combination of methods improves the reliability of the 
findings compared with any of the methods applied individually. 

4.2.1. [15N]glycine 

Caveats listed above for protein catabolism also apply here. 

4.2.2. Non-oxidatjve disposal of [13C]leuctne from isotopic determinations in 
breath 

(see Section 4.1.5.). 

4.2.3. Non-oxidative disposal of ("CJIeucine from isotopic determinations in 
muscle tissue 

Determination of rates of synthesis of muscle protein synthesis would 
be important to testing some of the physiological hypotheses but may be 
investigated only at selected sites since the method requires biopsies. The CRP 
could consider proposals from developing country investigators who would be 
able to perform biopsies for the purposes of this research. 

4.2.4. With the goal of developing a robust alternative to calculating whole 
body protein metabolism according to the classical [13C]leucine method 
(9] in which flux rates are calculated from plasma 1 3 C enrichments and 
synthetic rates from this and the appearance in the breath of the tracer, 
test the following hypotheses: In malnourished children with infections 
in developing country settings (where appropriate technology may be 
limiting): 

1. Rates of protein synthesis (//mol-kg' *h ') can be calculated from the 
arithmetic difference between flux (Q) and oxidation (0), where 0 is 
estimated as 6.25 times total urinary N corrected for changes in blood 
urea N during the urine collections and Q is calculated from urinary 1 3C-
leucine 110-12]. 

2. Whole body protein flux can be calculated from phenylalanine flux (see 
Section 4.2.5). 

4.2.5. Test the hypothesis that the phenylalanine model is valid in children 
who have or have had hepatomegaly secondary to malnutrition 

|2H5]phenylalanine infused in flooding doses for 1.5 hours produced 
about 5% enrichment. Incorporation into muscle was detectable at 0.005 atom 
percent in 90 min with excellent precision. Again, application of this method 
would rely on biopsies, which are probably not going to be widely included in 
the developing country protocols. The phenylalanine model (13,14] assumes 
that the only pathways of phenylalanine removal are to protein synthesis and 
via hydroxylation to tyrosine, that the phenylalanine and tyrosine pools are 
homogenous and well mixed. The major hydroxylation site of phenylalanine is 
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the liver, although there is also some hydroxylase activity in the kidney and 
pancreas [151.This test could include a comparison with the classical leucine 
method and could be approached as part of a study of the synergistic effects 
of infection and malnutrition on protein metabolism. 

4.2.6. UL-algal preparations of UL- , 3C and UL-1 SN 

Incorporation of 1 5 N label from the hydrolysate into plasma proteins and 
of the U C label into non-essential amino acids. 

This method is a novel application of stable isotopes to studies of 
human nutrition. The consultants thought this method can potentially provide 
new data but that further preliminary studies should precede its application. 

Whole algae can te used or a hydrolysate can be prepared from UL-
spirulina and can be administered orally. The dose and rate of administration 
need to be worked out in preliminary studies. The algal derivative can be 
purified for intravenous infusion. A limited amount of this material is currently 
available for human studies. Plasma proteins can be separated by gel 
electrophoresis, a technique which is available in several developing country 
sites, or by TCA precipitation and extraction *c obtain the globulin and albumin 
fractions. 

Acute-phase proteins (VLDL-Apo B100, fibrinogen, and alpha-2-
macroglobulins for which separation techniques exist), and transport proteins 
(albumin and prealbumin) would be measured by combustion gas isotope ratio 
mass spectrometry. Appropriate technology (Europa combustion MS) is already 
installed at the Nutrition Institute in Bangalore, India. VLDL-Apo B100 will be 
used to trace synthesis of acute phase proteins and albumin will be used to 
trace rates of synthesis of transport proteins. (The probable enrichment in 
albumin at 6 hours needs to be established. Apo B100 is an index of the 
intrahepatic enrichment of plasma proteins which is used to compare synthetic 
rates of transport and acute-phase proteins. ApoB may reach isotopic 
equilibrium in 6 hours, although more data are needed to verify this assumption, 
particularly in the case of the malncurished infected individual in whom the pool 
size may be expanded. ApoB is an index of one compartment of nepatic protein 
synthesis and it is a purifiable protein. The assumption that ApoB is a valid 
index of hepatic protein synthesis and thus a useful denominator for comparing 
rates of acute-phase and transport protein synthesis could be the subject of 
pilot studies in the CRP. Such a project should also address the question of 
whether or not the precursors for ApoB are equal for whole body synthesis. 
Dietary intake of cholesterol or carbohydrate can change trie fractional synthetic 
rate of ApoB independently of protein synthesis. Thus, synthesis of ApoB may 
change independently of hepatic protein. Although it is imperfect, it is t h j best 
precursor of hepatic protein synthesis available. 
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5. SUBJECTS AND IMMUNOLOGICAL INSULTS 

5.1. Definition of immunologic insult 

As indicated in the following paragraphs, several issues were left pending which will 
need resolution prior to undertaking research to study acute or chronic infection. However, 
the CRP will start with a defined insult which will be in the form of a vajcination. It was 
felt that a vaccine should be selected which is used throughout the developing world, has 
a definable period of onset of the immunologic response, normally produces symptoms 
severe enough to produce inanition, fever, catabolism of body protein, and of which the 
stress or severity is quantifiable (with the caveat that this will be affected by nutritional 
status). A site-specific research goal will be documentation of the incidence and severity 
of the immunologic response. Resident antibodies which may cause failures of the 
vaccines should be determined. 

5.2. Vaccines to be used: measles and typhoid 

Two vaccines will be studied in one or more sites at the outset of the CRP: measles 
and typhoid. 

The typhoid vaccine has been shown to produce fever and to induce proteolysis 
comparable to that produced by sepsis [16] and therefore will be used as one model of the 
immunologic response to an antigen, though this is not an infection, perse. Whether the 
typhoid vaccine would produce an adequate response in malnourished people needs to be 
established. From conversations with Prakash Shetty and the study by Garlick et. al. [16], 
it appears that the typhoid vaccine would produce an adequate response. This is the 
subject of a pilot study. 

In the case of measles, we think we have support for making immunoglobulin 
measurements and would be particularly interested in working with investigators who 
share an interest in the nutritional effects of measles in young children. 

5.3. Prospective studies in uninfected people 

Eventually, protocols should be written wherein vaccinations are replaced by 
infectious diseases which occur commonly in developing countries. A prospective study 
design was viewed as superior to a retrospective design, though in practice the former 
may be too difficult. 

These are some areas for thought: In pediatric studies, paired comparisons using a 
prospective design could, in principle, be accomplished by studying many children serially 
during early childhood when "well" to obtain a baseline. As children with baseline data 
become infected, they would be studied again. There are (at least) two problems with such 
a longitudinal study design. First, it is costly and time-consuming. Secondly, subjects may 
actually have chronic low-grade infections during many periods in early childhood. Chronic 
low-grade infections may be more important in terms of altering metabolism of 
protein/amino acids and it may be difficult to obtain a true "healthy baseline" interval. 
Therefore, to assess the impact of infection, the absence of even a low-grade infection will 
be documented at the time the "healthy" studies are done. The effects on protein 
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metabolism (ie., selected catabolic and anabolic responses) will ideally be measured at the 
peak of Section and following recovery. 

5.4. Retrospective studies in uninfected people 

Additional areas for thought: Retrospective study protocols would involve 
measurements in subjects when clinically infected and again when the same subject has 
recovered clinically. This study design raises several points: If effects of infection are to 
be studied retrospectively, wnat does "going back to baseline" mean (ie., what exactly is 
the "healthy control" state?). Effects of infection in terms of stool output, appetite, and 
metabolism may last a lot longer than a few days. Some effects may not be detected by 
standard indices. Investigators will need to agree on the definition of "healthy" and collect 
the appropriate data on each subject. The issue of a standard definition and verification cf 
the "healthy state", whether for prospective or retrospective protocols, still needs input, 
either from the consultants or from an 'D expert. 

5.5. Degree of insult 

The severity (fever duration) and titers (ie., for measles) should be documented. 
When are blood smears appropriate? This set of questions needs clarification prior to 
beginning the CRP. 

Chronic infection probably has more impact on growth and nutritional status in 
children in developing countries than does acute infection. However, an appropriate model 
of chronic infection could not recommended at this time. 

5.6. Trauma 

Study designs should include a control for INSULT that is not infection. One logical 
control would be trauma. Children undergoing surgery may be appropriate models for 
effects on protein metabolism of the "stress response". The consultants did not reach a 
consensus on this issue. Whether the effects on amino acid metabolism of trauma and 
infection are comparable was left as an issue for further consideration. 

6. NUTRITIONAL STATUS AND NUTRIENT INTAKE 

The patterns of malnutrition and the age of onset of malnutrition will have to be 
specified. Furthermore, food intake prior to and during the study will have to be 
standardized, since micronutrients as well as the pattern of macronutrient intake alter 
protein metabolism in children [17]. 

Study designs should include controls for effects of decreased food intake during 
infection. The consultants discussed two controls. The first would be studying each 
healthy control under conditions of reduced food intake. Since the subjects will already be 
malnourished, this may be unethical. The second was administration of total parenteral 
nutrition (TPN) to blunt or eliminate effects of long-term decreases in food intake. This 
would strengthen study designs. The feasibility of TPN feeding is research site-specific. 
The TPN solution could be composed to test for effects of specific amino acids on protein 
metabolism. In this case, the study design would have 3 cells: 
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1. No infection 
2. Infection with normal TPN 
3. Infection with normal TPN supplemented with (for example) arginine, 

glutamine, or proline at levels predicted to meet increased demands. 

7. DEVELOPMENTAL RESEARCH 

Additional issues were discussed but were not felt to be areas of first priority based 
on available data. 

7.1. Nutritional importance of urea recycling 

In healthy breastfed infants, urea is nutritionally unimportant. However, in 
malnourished breastfed infants, the hypothesis that urea IS nutritionally important has not 
been tested. Thus, in the context of urea recycling, this could be an area of interest to the 
CRP. However, it was felt that data documenting the nutritional significance of recycling 
are needed before a new study should be undertaken by the CRP. 

7.2. Does diet feed bacteria? 

Data from the cancer literature demonstrate dietary protein does not feed bacteria. 
Therefore this issue will not be pursued in the CRP. 

8. ENERGY EXPENDITURE RESEARCH 

The limited availability of 1 8 0 curtails our ability to do research with the doubly 
labelled water method. However, the supply is said to be waxing and doubly labelled 
water studies would be encouraged, supply permitting. Comparisons of energy expended 
by uninfected versus infected persons, or between t/osupplemented with amino acids 
versus supplemented would be appropriate. The implications for dietary energy sufficiency 
of the protein/amino acid metabolism studies would be an additional area of investigation, 
although planning those now seems a bit futuristic. In the centres where there is already 
indirect calorimetry equipment, concurrent studies of energy expenditure using this method 
would be of interest. 

9. OTHER ACTIONS 

The consultants suggested potential collaborators in both developing and developed 
countries. The Scientific Secretary has noted these. 

There was a discussion on whether the Agency should develop a manual on the 
application of stable isotope techniques to studies of protein metabolism. The consultants 
felt that the Agency could make a valuable contribution by producing a manual which 
would include descriptions of the methods, requirements for their implementation, relative 
advantages and disadvantages, the assumptions underlying the methods, and the 
calculations. Several potential authors were suggested and the Scientific Secretary has 
noted these. 
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There was also some discussion on whether the Agency should develop additional 
reference materials, and if so which ones? The consensus was that the following would 
be useful: 

l2H]fatty acids 

A chicken leg from the UL-chicken in Klein's lab could be desiccated and used to 
make samples available for reference materials as UL-nitrogen and partially labelled 
amino acids. The carbon labels in AAs, CHO, lipids, and nucleotides cculd also be 
useful. 

The labelled fatty acids from the yolks from the eggs of the UL-chicken would also 
be useful. 
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PROPOSAL FOR A COORDINATED RESEARCH PROGRAMME (CRP) OF THE 
INTERNATIONAL ATOMIC ENERGY AGENCY (IAEA) ON 

"STABLE ISOTOPE TRACER TECHNIQUES FOR STUDIES ON PROTEIN-ENERGY 
INTERACTIONS" 

Prepared at the invitation of IAEA by P. Shetty & W.P.T. James 

1. Introduction 

This Report provides a rationale and justification for the initiation of a Coordinated 
Research programme to support studies using stable isotopic tracer techniques to address 
priority areas of human protein-energy interactions with special emphasis on the problems 
of human nutrition in developing countries. The Report suggests a modus for establishing 
such a practically oriented Coordinated Research Programme under the aegis of the 
International Atomic Energy Agency with concrete suggestions for its organisation and the 
identification of probable participants in such a programme. The likely sources of 
additional funding to sustain such an activity viable for a period of 4 to 5 years are also 
indicated. 

2. Objectives of the Report 

The main objectives of this Report are to justify the establishment of a practically oriented 
Coordinated Research Programme (CRP) by the International Atomic Energy Agency (IAEA) 
which may be supported by the Agency over the period of the next 4 to 5 years. The 
prime Purpose of such a CRP would be to support studies of human nutrition with 
particular reference to the problems of nutrition in developing countries in the broad area 
of protein-energy interactions. Priority problems that are amenable to study will need to 
be supported in this programme with potential participants in this CRP being drawn from 
developed and developing countries in such a manner as to promote mutual cooperation 
and academic interactions in seeking answers or solutions to vexing issues and in the 
conduct of studies addressing the identified priority problems in human protein-energy 
interactions. 

3. Format of the Report 

The Report is organised in the following order. It initially summarises the present state of 
the art in stable isotope tracer techniques that are applied in studies of human 
protein-energy interactions, after which it goes on to identify priority problem areas with 
special reference, to problems of human nutrition in developing countries that are amenable 
to study and hence deserve support from the IAEA under this new CRP. The Report then 
attempts to justify the establishment of a practically oriented CRP that needs to be 
supported by the Agency over a 4 to 5 year period while attempting to identify additional 
sources of funding for such a CRP. The Report also suggests a mix of potential 
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participants from developing and developed countries many of them paired together to 
provide close mutual cooperation and interaction among the paired participants of a 
developed and developing country. The Report also attempts to identify the technical 
constraints that a programme such as this may encounter and suggests ways and means 
to deal with such contingencies. 

4 . General Overview 

Nutritional issues are now becoming art even greater priority in the Third World as well as 
in developed countries as it comes clear that escalating populations are going to be placing 
increasing demands on a limited land mass where environmental degradation and 
salination, erosion or contamination of the most productive areas of the world's food 
supplies are already evident. The two fundamental issues are the population's needs for 
energy and protein. Yet much of our current agricultural policies are based on only a crude 
understanding of the requirements of children and adults because nutritional research has 
not been a real priority of governments for several decades. Nevertheless, the scientific 
approach to energy requirements has been revolutionised in the last 10 years and more 
recently fundamental issues relating to an individual's need for protein have been 
questioned If one current theory is correct, the adult needs for essential amino acids to 
maintain health are far higher than expected. If true, this implies (catastrophic) changes 
in agricultural policy relating to animal production, grain use in animal feed and more 
limited land for growing crops directly for human consumption. 

While these huge dilemmas persist the technology for investigating the problems has now 
emerged so that it is possible to investigate these issues. The principal needs are for 
sophisticated approaches to metabolism based on the use of stable isotopes. IAEA is 
therefore in a unique position to make a major contribution in this field. 

5. Stable Isotope Tracer Techniques in Studies of Protein-Energy Interactions. 

(i) Protein turnover studies 

With the identification of stable isotopes in 1920 their use in biological studies occurred 
pari passu with the development of appropriate instrumentation to estimate quantitatively 
their relative abundances. Technological innovations in the separation and measurement 
of stable isotopes led to their use as biological tracers. In 1937, Schoenheimer began 
tracer experiments in protein and amino acid metabolism and, by 1942, he and his 
colleagues had demonstrated unequivocally that labelled amino acids when added to the 
diet resulted in a substantial proportion of the label being retained in the body as an 
integral component of the tissue proteins. One important and logical consequence of this 
finding was that proteins exist in a dynamic state in the body. This has resulted in 
attempts to measure the rate at which proteins turn over within the body. Two principal 
methods of measuring the rate of protein synthesis using stable isotopic tracers evolved 
which were based on different biological assumptions. In the so-called constant infusion 
'precursor' method, a labelled amino acid, e.g. 1 3C leucine, is administered and the flux of 
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that amino acid is estimated from its isotopic abundance in plasma. In the single dose, 
"endproduct" method the total amino-N flux is calculated from the labelling of urea and 
ammonia nitrogen in urine after a single dose or infusion of 1 5 N glycine. The underlying 
biological assumptions and the theoretical problems associated with these metnods have 
been recently discussed both in terms of whole body protein turnover as well as amino 
acid turnover in man. 

Some groups (Millward and others, 1991) are inclined to consider that the 1 3 C leucine 
method has advantages since the enrichment of its alpha keto acid (viz. alpha keto 
isocaproate) can be measured in plasma and provide a better estimate of true precursor 
enrichment for both leucine flux and leucine oxidation. They propose that 1 3 C leucine 
studies in the whole body permit the investigation of protein and amino acid metabolism 
with relative confidence and that changes in protein synthesis in the fed state are better 
estimated using 1 3 C leucine. Thus the coefficient of variations (CV) with 1 3 C is about 7-8% 
compared with the CV of 36-48% with the end product approach using "N labels. Others 
(Jackson, 1991) think that the single dose end product method using 1 5 N glycine is an 
important development with several practical and some theoretical advantages. The latter 
method is non-invasive, simple to use in practice and can be used for field based studies. 
The isotopic tracer is given orally and hence follows the natural fate of dietary protein. 
Since N is used as the tracer the fate of amino acids is followed in terms of the nitrogen 
pool rather than the carbon pool. However, both methods using stable isotopic tracers of 
carbon or nitrogen fail to take into account the turnover of proteins whose lifetime is 
shorter than the period of measurement. This implies that these methods underestimate 
the true rates of whole body protein turnover. Using these techniques the energy cost of 
protein turnover has recently been estimated (Waterlow & Millward, 1989). The energy 
cost of protein synthesis has been estimated directly from stoichiometry of peptide bond 
formation and indirectly from measurements of the cost of protein deposition in animals. 
On average there is a five-fold difference between the two estimates, wi th the indirect 
estimates being greater than the value of 4 k j per g for the cost of protein synthesis when 
regarded as an isolated process and calculated from the stoichiometry. Human studies 
comparing obese with lean in fasted and fed states, in fasted or fed adult women, in 
normal subjects vs those with sickle cell disease as well as studies in children who are 
malnourished compared with rapidly growing children now all provide human data which 
agree with the indirect estimates of the energy cost of protein synthesis in animals. So 
the large difference in estimated costs by direct and indirect methods remains an 
unresolved issue that needs to be tackled. 

(ii) 'Essential' and 'Non-essential' amino acids 

It has been estimated that the requirements of essential or indispensable amino acids of 
adults is less than 20% of the total nitrogen intake (Munro, 1985). This means that the 
requirement of non-essential or dispensable amino acids is over 80% and it is not clear 
why an adult individual has such a high requirement for non-essential nitrogen. 
Progressive reduction of protein intake of infants to the point where N balance and growth 
can no longer be maintained can be reversed by addition of non-essential nitrogen from 
sources such as glycine or urea to the diet; N from these sources has been shown to be 
incorporated actively into body protein. In adults, the addition of dispensable amino acids 
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promoted positive N balance and thus allowed a reduction in energy inteke by 10 to 15% 
in subjects who could not previously maintain N balance on that intake of energy; protein 
intakes were being maintained at 0.57g of protein/kg/day in these studies (Garza, 1978). 
These data provide evidence that our traditional concepts of non-essential and essential 
nitrogen need to be reviewed. The recent studies by the Houston group (Berthold, Hachey, 
Reeds & Klein, 1990) using uniformly 1 3 C labelled spirulina fed to poultry have elegantly 
demonstrated how stable isotope tracers can be used to establish the essentiality of 
certain amino acids in the diet. Their studies suggest that short-term feeding of proteins 
unifcmly labelled with , 3 C followed by an analysis of rapid turnover over plasma proteins 
may be used as a probe of 'essentiality'of individual amino acids in human subjects. More 
specifically these tracer techniques may help establish the 'conditional essentiality' of 
these amino acids during periods of rapid development and growth in infants, during 
pregnancy and lactation in adults or in relation to the changing levels of energy intake. 
These techniques may turn out to be the ideal tools to study protein-energy interaction in 
humans in a wide range of situations encountered in developing and developed countries. 

There have been considerable advances in our understanding of the specific metabolic 
function of individual amino acids most of which have emerged from studies using stable 
isotopic tracers. These include studies related to the complex metabolic role, of glutamine 
including its role in the proper functioning of the immune system; the role of arginine in the 
maintenance of vascular tone, and the functions of the sulphur containing amino acids, 
cysteine and taurine, as membrane stabilisers and antioxidants. Glycine has an important 
role associated with growth since growth takes place in a collagen matrix and one third 
of the amino acid residues in collagen are glycine. During linear growth the demands for 
glycine are expected to be high. The follow up of labelled plasma lysine and breath C0 2 , 
after administration of oral 1 5 N lysine and intravenous 1 3 C lysine in lactating women, has 
recently shown that protein intakes of 1.3 g/kg/day are insufficient to support milk protein 
secretion and to maintain maternal protein metabolism at the same time. 

(Hi) Urea kinetics and urea salvaging 

In normal adults, as protein intake falls, there is a decrease in the rate of urea excretion 
to maintain nitrogen balance. When the intake of protein in the diet is inadequate or when 
the metabolic demand for nitrogen is increased in pathophysiological conditions, an 
increase in the salvaging of urea synthesised by the liver as a potential source of nitrogen 
has been observed. Increase in urea recycling has also been demonstrated during rapid 
growth. Studies using 1 5 N urea have demonstrated that effective salvaging of urea-N 
through the bowel occurs which offsets the impact of reduced N intake. These results 
indicate a potential limitation in the use of N balance technique for estimating protein 
requirements and suggest that measurement of urea kinetics using stable isotopic tracers 
may be a useful and sensitive method for assessing the adequacy of both the quantity and 
quality of dietary protein intake. The concept of salvaging may have enormous 
implications to developing countries when N intakes become limited during periods of 
increased physiological demands. 
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fiv) Absorption of human milk protein 

Stable isotopic tracers have been used to label lactoferrin, an iron binding protein present 
in human colostrum. Using 1 3C leucine and 1 5 N 2 lysine labels it has been demonstrated that 
de novo synthesis of lactoferrin does not occur in the pre-term infant and thus it appears 
that absorption of intact lactoferrin molecules occurs across the neonatal ;ntestine. Stable 
isotopic tracers can be used to study the requirements of several other milk proteins, 
particularly those present in colostrum which may confer immune properties as well as 
have other important physiological roles in a new-born infant. 

(vf Protein metabolism in pathophysiological states 

There are several new developments in the use of stable isotopic tracer techniques in 
clinical situations which have relevance to both developed and developing countries. For 
example, loss of skeletal muscle is a common phenomenon after surgery or injury. 
Measurements of muscle protein synthesis using 1 3C leucine has shown a substantial fall 
in muscle protein synthesis from the time of initiation of surgery and up to three days 
post-operative. The post-operative reduction in muscle protein synthesis did not seem to 
be influenced by the intravenous nutrition during this period. Anaesthetic agents have 
been shown to inhibit liver protein synthesis. In conditions such as Nephrotic Syndrome 
enhanced rates of albumin synthesis adequate enough to compensate for renal losses have 
also been demonstrated using 1 3C leucine. 

fvi) Priority problem areas in protein energy interactions 

The question of how much protein and of what quality a child needs to maintain health 
despite recurrent infections and to grow normally in stature remains a mystery. 
Epidemiological studies suggest that stunting of height is less likely in children where diets 
contain animal protein yet metabolic studies of well babies have implied that a vegetarian 
pattern of food supply is entirely adequate for normal growth. Stunting - affecting 
30-60% of Third World children - has been linked to a slowing in mental development also, 
so the fundamentals of stunting and the role of amino acid intake in promoting skeletal 
growth and mental development is of huge societal significance. 

The problem is not confined to children. If adults have a higher essential amino acid need 
than we thought, then adults too would benefit from a modest intake of animal protein. 
Recent analyses suggest that if current perceptions are corre,. an policies on world food 
supplies would need to be changed radically with increased emphasis on providing animal 
protein. There could hardly be a greater issue facing policy-makers, nutritionists and 
doctors concerned about nutritional issues in the Third World. These issues need to be 
borne in mind when considering the following proposals. 
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6. Some Proposals for Future Research 

A. Protein metabolism and protein requirements 

(i) Amino acid oxidation 

Control of amino acid oxidation may be the key to the understanding of many aspects of 
protein metabolism. The rate of amino acid oxidation and the oxidative drive is determined 
by the pattern of amino acids entering the pool and also by the energy supply. Increasing 
intake of energy, more specifically intakes of carbohydrate, reduces N excretion; reducing 
energy intakes has the opposite effect. The physiological mechanisms of this crucial 
interaction are not known and need to be elucidated. 

(ii) Amino acid requirements 

There is general consensus that more work is needed both on the total amount and on the 
pattern of amino acids required at different ages. It is probable that the pattern of amino 
acid requirements is different for growth and for maintenance and this needs to be studied. 
Even with appropriate intakes of amino acids, obligatory N losses are seldom met with an 
efficiency of more than 70% and the reasons for this are not known. It is also not known 
whether during pathophysiological stress states it is possible to economise on amino acids 
by reducing obligatory losses since most studies have been carried out on well-nourished 
subjects. 

(Hi) Urea salvaging and recycling 

An important area for research is whether urea can be salvaged from the large bowel and 
made available as N for metabolism. It is important to know more about the extent of urea 
recycling and salvaging in humans and whether the products can be absorbed and utilised. 
This is an area ideal for use of stable isotopic tracer techniques. 

fivj Conditionally essential amino acids 

It is being increasingly recognised that some amino acids, classically considered as 
'dispensable' or 'non-essential', may become limiting under conditions of high demand 
such as growth or in response to injury. Such 'conditionally essential' amino acids include 
glycine, serine, and proline and both collagen as well as acute phase proteins contain 
disproportionately large amounts of these amino acids. More information is needed on the 
attributes, requirements and rates of de novo synthesis of these amino acids as well as 
factors that regulate their synthetic rates. 

fv) Regulatory influences of specific amino acids 

Research is needed to understand the regulatory influence of particular amino acids with 
known or putative functions (such as glutamine) related to the anabolic drive. Do certain 
amino acids, such as leucine, have a specific effect on protein synthesis? 
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B. Growth: weight gain and linear growth 

(i) Variability in weight gain 

More information is needed on day-to-day variability in weight gain in infants, young 
children and adolescents, particularly during conditions of enhanced stress, such as 
infections, trauma, etc. Concomitant variability in protein and energy requirements also 
needs to be documented. 

(ii) Factors limiting protein deposition 

Children do not grow faster even when they receive plenty of protein, energy and other 
nutrients. This is also true of the foetus in utero which does not use for growth all the 
nutrients supplied to it. During conditions of metabolic stress due to severe illness or 
trauma, it may be impossible to achieve posirve nitrogen balance whatever the nutrient 
supply. Growth is influenced not only by nutrition but also by endocrine secretions. For 
example, cytokines may also influence this process and explain why infections and trauma 
retard growth. Weight gain also seems to be influenced by the frequency of feeding. 
More fundamental research is needed in these areas. 

(Hi) Requirements for catch-up growth 

The amount and composition of tissue deposited during catch-up growth seems to vary. 
The qualitative and quantitative requirements of specific nutrients in particular amino acid 
composition of diets that determine the pattern and amount of tissue deposition during 
catch-up growth need to be elucidated in real-life situations rather than from theoretical 
calculations. 

(iv) Composition and determinants of lean body mass 

Recent evidence being incorporated into reports for the International Nutrition Conference 
suggests that there are many adults, particularly in Asia, who are very thin and can be 
classified as malnourished. In India about 50% of the population is affected with very high 
levels of malnutrition also being found in Pakistan Bangladesh and Vietnam. Whether this 
malnutrition arises from defects in lean body mass accumulation or from effects secondary 
to a primary deficiency in energy intake is uncertain. The established link to morbidity and 
mortality, however, makes it of immense importance (Rowett Research Institute, 1991). 

It is becoming increasingly evident that further partitioning of lean tissue into muscle and 
visceral masses is necessary to be able to explain the differing lean tissue composition of 
individuals with the same body mass index bu differing past nutritional experiences. 
Isotopic tracer techniques need to be devised to obtain estimates of muscle and visceral 
masses which may help explain the differences in functions, such as BMR, and protein 
turnover when related to the total lean body mass. 
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C. Infection 

(i) Quantifying losses during infections 

The reduced intake, catabolic losses and decreased absorption when children are infected 
all contribute to the increased requirements for both energy and protein loss of body 
weight and metabolic balance studies have been the conventional methods used to assess 
the extent of these losses. Erroneous conclusions are reached when body weight changes 
alone are used in field situations to assess losses which may be compounded by 
dehydration or presence of oedema. More information is needed in this area if realistic 
estimates are to be made of the changes in protein and energy requirements under these 
conditions. 

Hi) Interactions of dietary intakes and cytokine responses 

Undernourished subjects show a smaller loss of body N in response to injury. They also 
have lower levels of pyrexia, leucocytosis and a reduced rise in protein turnover with 
infections. Some evidence indicates that the cytokine response is impaired. This 
interaction between energy, protein and amino acid intakes and the cytokine responses 
clearly need further research. 

D. Energy expenditure, physical activity and protein requirements 

(il Energy expenditure of free-living populations 

There is no hesitation in stating that we have limited information on the total energy 
expenditure of free-living individuals, especially in children, adolescents and physically 
active individuals in developing countries. There are now well-established approaches to 
integrating information on physical activity but precious little information for predicting 
when the actual patterns and intensity of activity is under Third World conditions (James 
& Schofield, 1990). One common misunderstanding, in research terms, is now to assume 
that the problem can be solved by applying the new doubly labelled water technique on 
an extensive scale. This ignores scientific and technical problems as well as the issues of 
the scarcity 1 8 0 2 . The scarce isotope for the doubly labelled water (DLW) method should 
be channelled to measurements in children and adolescents in view of the world shortage 
of 1 8 0 . There is no simple overall quality control procedure to establish the validity of 
estimates based upon the DLW method and this method should not be accepted as the 
'gold standard'. This is essential to help reduce the number of injudicious claims made for 
results obtained with this method. 

Support, if any, needs to be provided for studies which use DLW to (a) re-validate the 
method taking due care to avoid systematic errors resulting from use of FQs rather than 
RQs and ensuring that the subject is in energy balance; (b) to estimate the extent of 
sequestration of the isotope in the body, particularly in subjects c.i high carbohydrate 
intakes who are in an anabolic state; and (c) to obtain reliable estimates of fractionation 
of the isotope associated with breath water and/or transcutaneous water losses. This may 
be a major problem in developing countries in the tropics where body water turnovers are 
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likely to be high. More small-scale, careful, validation studies are needed before large-scale 
studies can be justified. Techniques have now been developed involving triply labelled 
methods which can overcome some of these technical issues. 

(ii) Physical activity and protein requirements 

Research is needed on the effects of physical activity on the efficiency of energy and N 
utilisation and on N sparing. Bed rest results in catabolic changes; the interaction between 
physical activity status and maintenance of lean body mass needs elucidation. There are 
studies that indicate that physically active children grow faster and that moderately active 
children spare protein. These observations need to be replicated and confirmed. 

7. Organisation of the Coordinated Research Programme 

Since a CRP of the Agency is usually developed around a specific scientific topic with 
between 10 to 20 participants from different countries invited to work together to achieve 
the aims of this programme, the proposed CRP on protein-energy interactions is also 
expected to follow the same pattern. Approximately 15 Institutes should be allowed to 
participate in the proposed CRP, the participants being requested to join in such a manner 
as to provide equal representation from developed and developing countries. A unique 
feature of this proposal is that the new CRP has several of the participants 'paired' or 
'twinned' with a Centre or Institute in a developed country linked with a participating 
Institute in a developing country. This scheme is expected to provide mutual cooperation 
and support as well as considerable academic interaction which will result in a substantial 
transfer of technology and information exchange to developing countries. 

The proposed CRP will be initiated following the submission of research proposals in the 
problem areas identified by the Report. To this end, it is essential that the research 
priorities in this area and the problem areas identified are circulated to the potential 
participants. On the selection of the participants, the first CRP meeting should be held to 
decide on the study programme to be started and the protocols to be decided. The first 
CRP meeting will provide an opportunity for the investigators to meet, discuss protocols 
and finalise several details of the studies to be conducted. This will provide an opportunity 
for close personal discussions among collaborators without having to seek funds for 
arranging such a meeting between collaborating countries. It is proposed that no more 
than two paired centres will tackle any one of the priorities identified by this Report. The 
first CRP with all the selected participants meeting even before the studies have begun will 
also help provide a g.eater clarity in terms of which problems are more important than 
others and which centres are better suited to tackle aspects of the identified problem 
areas. This may help make the entire CRP a more cohesive and meaningful programme 
with better chances of success in terms of the whole programme being implemented 
satisfactorily on a global basis. 
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8. Additional Sources of Funding 

At the fourth IDECG Advisory Group meeting it was suggested that the IDECG could act 
as a broker between scientists and funding agencies. This suggested role for the IDECG 
becomes even more significant when the studies to be supported are those considered as 
research priorities by the scientific groups periodically convened by IDECG. In view of the 
IDECG's support for the meeting on 'Protein-Energy Interactions', this new role of the 
IDECG needs to be initiated and exploited to provide additional funding for the CRP on 
'Protein-Energy Interactions'. The experience that Nestte Foundation often works in 
tandem with the IDECG in identifying its own thrust areas for support, makes the 
Foundation a possible additional funding agency that may be tapped for this programme. 

9. Possible Constraints to the Programme 

The technical constraints to this programme are by several orders of magnitude less than 
that faced by the earlier CRP which was initiated to measure energy expenditure using 
doubly water. 1 3C and 1 5N are relatively inexpensive and are also freely available labelled 
with no likelihood of a short supply at all. The isotope ratio mass spectrometers dedicated 
to 1 3C or N measurements can be obtained for less than US $ 100,000 and bench top 
models are now available which are rugged and hardy and can cope with the vicissitudes 
of proper and adequate functioning in Third World situations. Support for acquisition of 
these newer bench top versions by laboratories in developing countries may be initiated 
as an offshoot of this CRP anJ will considerably enhance the value of such a programme 
by an International Agency by appropriate technology transfer. In this context the pairing 
of participants suggested by this Report and the training programmes supported by the 
Agency are crucial. 

Since the proposed CRP covers the entire gamut of energy-protein interactions, the issues 
related to the use and availability of DLW cannot but be addressed as they are likely to 
cause constraints on the successful implementation of this programme. The current short 
supply of , e 0 that is acting as a severe constraint on the use of DLW needs to be tackled 
by requesting the Agency to use its good offices to ensure that production of the isotope 
is increased. This will also ensure stable and reasonable prices of the isotope. Other 
international agencies, such as WHO and FAO, need to be contacted as well as advisory 
groups, such as the IDECG, to create maximum awareness of the shortage of this 
important tracer so that better production and bulk procurement can then be possible for 
these studies. 

Instrumentation required for the analysis of the biological samples is yet another 
constraint. The proposed 'twinning' or 'pairing' of a developing country scientist with an 
advanced institute in a developed country may provide a solution to this problem of access 
to analytical facilities. Quality control may be an important constraint should commercial 
analytical services be considered for use by the participating scientists. 
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