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FOREWORD

The use of isotopes has revolutionized the field of human nutrition research, but has
been of greatest benefit to industrialized countries. The International Atomic Energy Agency
is sponsoring programmes using isotopic and related technologies in human nutrition
research to address issues that are of priority to developing countries. Scientists
participating in the Coordinated Research Programme (CRP) on "Amino Acid and Protein
Metabolism in Malnourished Populations of Developing Countries" are conducting research
on the interaction between infection and amino acid metabolism, particularly the potential
diversion of substrates from anabolic pathways to fight infection in marginally nourished
children during periods of infection. This topic is of great importance to the nutritional
status of children in developing countries, who frequently or chronically have infections and
who, as a consequence, may have alterations in nutrient requirements. The CRP has
developed and implemented a standardized protocol for measuring leucine oxidation during
infection in 8 different countries. The CRP is expected to contribute important new
knowledge about interactions between protein utilization, the stresses of unhygienic
environments, and infections in marginally nourished people. This information is expected
to be applicable to efforts to increase efficient utilization of limited food resources in
developing countries. Another highlight of the CRP is that it represents an international
team of nutrition scientists who together are building nutritional biology research capabilities
in developing countries.

The CRP has benefitted substantially from financial support from the Department of
Energy and State Department of the Government of the United States of America. In
addition, the second Research Coordination Meeting, the subject of this report, was
generously hosted by Dr. Terrence Forrester and his team at the Tropical Metabolism
Research Unit, University of West Indies, Kingston, Jamaica. On behalf of all participants
in this Coordinated Research Programme, the International Atomic Energy Agency gratefully
acknowledges the support of the CRP and its activities.
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PART I.

SUMMARY REPORT

SUMMARY REPORT OF THE SECOND RESEARCH COORDINATION MEETING,
KINGSTON, JAMAICA, 21-24 MARCH, 1995

APPLICATION OF STABLE ISOTOPE TRACER METHODS TO STUDIES OF AMINO
ACID, PROTEIN, AND ENERGY METABOLISM IN MALNOURISHED POPULATIONS OF
DEVELOPING COUNTRIES

1 . INTRODUCTION

At the time of its second Research Co-ordination Meeting (21-24 March 1995) the
Coordinated Research Programme (CRP), Application of Stable Isotope Tracer Methods to
Studies of Amino Acid, Protein, and Energy Metabolism in Malnourished Populations of

Developing Countries, had been active for over eighteen months. The CRP is part of the
Research Coordination Programme (RCP) of the International Atomic Energy Agency (IAEA).
The purpose of the RCP is to expand applications of nuclear science and technology in
research related to development by providing 'start-up' funds, programme coordination, and
forums for exchange of scientific information and findings. The specific goal of this
particular CRP is to develop and transfer isotope techniques to developing countries for
measurement of protein and amino acid metabolism in undernourished children either with
chronic inflammation, infection, and/or living at high altitudes. The Research Coordination
Meeting (RCM) of participants in the CRP is a forum for exchange of scientific information,
of data collected during the course of the CRP, for networking and human resource
development, and for focusing future research to be conducted within the CRP. RCMs are
held for each CRP at 15 to 18 month intervals.
During the first RCM held in Boston [1], a Generic Protocol was developed as a basis
for standardizing methods and conducting multi-centre studies. Since that meeting, several
centres have conducted trials of the Generic Protocol. Thus, one of the purposes of the
second RCM was to review the results of the first trials of the Generic Protocol, and to
recommend additional work which remains to be done to complete the developmental phase
of the Protocol. A second purpose of the RCM was to review study designs with the goal
of ascertaining whether the models of immunostimulation are appropriate and to recommend
revisions where needed. A third purpose was to discuss results obtained to date using the
particular isotopic methods in the various studies.

2. CURRENT STATUS OF THE CRP
Previous reports pertaining to the development of the CRP are available from the
Section of Nutritional and Health-Related Environmental Studies [1,2].
The CRP was announced in January 1993. Fundamental to its structure is the
"twinning relationship' between a developing country investigator (research contract holder)
and a collaborator from a more technically advanced laboratory (research agreement holder).
Nine research contracts have been funded for developing country investigators and are
potentially renewable for a total of 5 years. Nine research agreements have been awarded
to the 'twinned' collaborators but carry no funding. In addition, ten technical contracts
have been funded (to developing and technologically advanced countries), usually only for
a period of one year, but usually carry more funding than a research contract. Reports from
the research contracts are presented in Part II of this document. Reports of the technical
contracts will be included in the final RCM report.

3. MAIN ACHIEVEMENTS AT THE RESEARCH COORDINATION MEETING
The RCM was held with participation of the Contract and Agreement holders,
observers, and consultants listed in Part III. Gerald Keusch provided expert consultation on
aspects of protocols related to immunostimulation, to the use of vaccines as a 'surrogate'
for immunostimulation, and on protocols for study of the effects of 'subclinical infection',
which we will henceforth refer to as 'chronic inflammation'. Results of his consultancy are
reflected in the revisions to the Generic Protocol, Section 3.1. and in his summary report.
Sections 3.3. and 3.4 and in revisions which will be made to specific studies within the
CRP, Section 3.5. The Agenda of the meeting is reproduced in Part III.
3.1. Generic Protocol
The first Consultants' Meeting, held to advise on questions related to protein (amino
acid) metabolism which are relevant to developing countries and which could be addressed
practically in those countries, recommended that emphasis be placed on effects of infection
on protein metabolism [2]. Whereas mild but chronic inflammation may alter amino acid and
protein metabolism, there has not been an adequate assessment of this interaction, partially
because the isotopic techniques needed for such evaluations had not been adapted and
transferred to the settings where such interactions may be physiologically meaningful.
More recently, Solomons et al. [3] hypothesized that chronic inflammation may be
a primary reason for which children in developing countries have linear growth retardation.
A potential mechanism is the following: BCAA amino acids (names) are relatively more
abundant in acute-phase proteins than in skeletal muscle, whereas leucine is relatively less
abundant in the acute-phase proteins than in the skeletal muscle. If, as has been
hypothesized by Reeds et al.[4] diversion of anabolic substrates to acute-phase proteins
draws off the aromatic and leaves a relative surfeit of leucine which is irreversibly lost
through oxidation, then this is a potential mechanism by which inflammation diverts
anabolic substrates and restricts growth. Several of the projects in the CRP are developing
methods and applying them to test this hypothesis.
The 'Generic Protocol' was developed during the first RCM [1] to serve as a minimal
model for measuring amino acid oxidation and whole body nitrogen metabolism under
conditions of inflammation. The protocol was designed to be used in community-based
studies, to be 'user-friendly' and to be appropriate for use in children. It costs approximately
$20 per subject to implement. The Generic Protocol was designed to be an adjunct to the
investigator-initiated protocols, most of which are for measuring protein kinetics before and
after acute infection, with some using vaccines as a proxy for infection. The aims of the
Generic Protocol were first described at the first RCM [4], but are reproduced here for
reference:
3.1.1.

Aims of the Generic Protocol

(a)

To measure leucine oxidation from rates of 13C-leucine appearance in
breath following oral administration of 13C-bicarbonate and 1 1 3 Cleucine;

(b)

To measure the rate of appearance of carbon dioxide from labelled
bicarbonate administered orally;

(c)

To measure nitrogen retention and incorporation into plasma protein
fractions from 15N leucine;

(d)

To implement the generic protocol in studies at as many of the
centres participating in the CRP as feasible, in groups of children
comparable in immunologic status, age, anthropometric status, and
nutritional status, so that a "meta analysis" can be performed;

(e)

To correlate protein kinetic data with immunologic status.

There are several advantages to using the generic protocol. It was designed for use
in field sites without clinical facilities, to be non-invasive, and it can be used in the same
individual on multiple occasions. It is expected to strengthen the power of the individual
studies because data will be comparable across study sites.
3.1.2. Selected key findings from applications of Generic Protocol
Progress Reports from India and Guatemala are in Part II of this report. Selected key
findings from those reports are as follows:
Guatemala ( Progress Report by Manolo Mazariegos et al. in Part II)
•
•
•
•

•

The protocol is tedious but acceptable to children, mothers, and
investigators;
Natural abundance of 13C in carbon dioxide is comparable between
children (CV = 0.6%, N = ?);
The labelled bicarbonate is equilibrated at about 150 minutes;
Inter-individual reproducibility in equilibrated enrichments is
comparable between children but the sample size studied thus far is
small and additional data are needed;
Power calculations can be based on the data presented in the
Guatemala and India working papers (NB: in the case of India, this is
the working paper and NOT the progress report, as the latter dealt
only with the route of administration of the bicarbonate tracer).

India (Progress Report by Anura Kurpad et al. in Part IIj
•

•

The rate of appearance of carbon dioxide (RaCO2) in the Generic
Protocol is a basis for calculating leucine oxidation rates. This study
tested the hypothesis that a primed repeated oral dose of 13C
bicarbonate could be used in lieu of intravenously administered
bicarbonate.
Kinetics of bicarbonate administrated intravenously and intragastrically
are comparable, suggesting the validity of the oral tracer
administration technique as a measure of the rate of appearance of
carbon dioxide.

3.1.3. Revisions of the Generic Protocol
After reviewing preliminary data (A. Kurpad, Bangalore, India; M. Mazariegos,
Guatemala City, Guatemala), the RCM revised the Generic Protocol as follows:
(a) Shorten the protocol to 6 hours.
A 13C-bicarbonate prime (0.4 mg/kg) will be administered orally, then 0.5 mg/kg/h
of C-bicarbonate will be administered orally at 20 minute intervals during the first 3 hours,
followed by an oral priming dose (2 mg/kg) of labelled 1-13C-leucine and 2 mg/kg/h oral
13

dosing, repeated at 20 minute intervals during the following 3 hours, ie., during hours 3-4,
4-5, and 5-6 of the study.
(b) Increase

13

C-bicarbonate dose by 25%.

The repeated oral bicarbonate dose will be increased from 0.4 to 0.5 mg/kg/h.
(c) Standardization of dietary intake during 6-hr protocol:
25% (6/24) of daily maintenance energy intake
Protein-free feedings aliquoted at 20 minute intervals
Oral feedings will provide 6/24 of the daily energy requirement for maintenance (40
kcal/kg), but will be protein free. The rationale for protein-free intake is that the protein
catabolism and extra leucine oxidation that will be greater in conditions of restricted dietary
protein intake, ie., under conditions which promote catabolism of body protein stores. It
is impractical and unnecessary to impose a 'protein washout period' prior to the study.
Feedings will be provided at 20 minute intervals during the 6 hour study. The total energy
provided during the 6 hour study will be equivalent to 6/24 of the daily maintenance
requirement for energy. After the 6 hour study, normal diets will be resumed.
(d) Age groups
Children between the ages of 18 and 36 months will be the focus but younger and
older children (up to 5 years) will be included. However, each study should enroll enough
children in a particular age range to achieve statistical significance in the respective study,
ie., without relying on comparisons with data from comparable aged children in other
studies.
(e) Breath collection
Breath collections will be performed at 20 min intervals, prior to each dose
administration, from 140 min through 6 hours.
(f) Urine collection
Complete urine collections will begin at the beginning of the protocol, and continue
through 24 hours, ie., for 18 hours after the study. Urine will be collected into clean
containers which are set on ice with the reduced pH, according to standard procedures for
urine collection for purposes of metabolic collections.
(g) Blood collection
A blood sample is needed at time 0 in all studies for assessments of nutritional
status, immunostimulation, as described in the Generic Protocol. Blood collection for 15N
analysis is optional. Centres that can do blood drawing should perform 15N analysis for
which a blood sample is needed at time 0, 5, 5.5, and 6 hours.
3.1.4. Additional studies needed
(a) Background 13C abundance
The effect of acute changes in diet composition on the background abundance of
in leucine is under study by Dr. A. Kurpad et al. in India.

13

C

(b) Intrasubject variation in leucine oxidation in control children is under study by M.
Mazariegos et a/, in Guatemala.
3.2. Acute-phase reactants
The separation of plasma proteins and preparation of the derivatives can be done in
the developing country laboratories. Isotopic analysis needed for determinations of kinetics
of acute-phase protein synthesis will need to be done in laboratories with the appropriate
GCMS equipment
3.3. Assessing inflammatory host response
A standard protocol is needed for assessing the activation of the inflammatory
response in order to classify subjects in whom determinations of amino acid, protein and
energy metabolism are being made in developing countries. Clinical evaluations are helpful,
but not readily standardized for this purpose, not quantitative, and may miss subclinical
events that alter host metabolism.
There is no one test that can be performed to classify subjects. There are some
relatively simple assays that can be performed in the field with simple methods and
equipment, and others requiring some more costly instrumentation that may, in the absence
of the necessary equipment at the field site, be performed elsewhere on samples obtained,
frozen, and shipped on dry ice to a reference laboratory. There is some rationale for using
a single reference lab for the latter tests derived from multicenter research projects since
samples may be accumulated and run batchwise, reducing the day to day, lab to lab, and
assay to assay variability that may otherwise occur.
The following list includes several diverse measures of the activation of host
defences that may be useful in classification of experimental subjects. They range from
exceedingly simple and common methods, available in most clinical laboratories, to some
somewhat more sophisticated tests, needing some instrumentation that may or may not be
readily available. All of these tests could be performed on one 2 ml tube of anticoagulated
blood (collected in EDTA) and a 2.4 ml Westergren ESR sample (collected in 0.129 M Na
citrate).
Prices given below are approximate prices. Discounts of approximately 25% are
offered to large users.
3.3.1. Erythrocyte sedimentation rate (ESR or sed rate)
Background
This is a very simple clinical test that measures the sedimentation rate of red blood
cells loaded into a standard capillary tube of defined length and bore. This is based on the
increase in plasma fibrinogen concentration that occurs with acute responses to infection,
inflammation or trauma, which results in the aggregation and stacking of red blood cells and
their more rapid sedimentation (or settling in the blood when left standing without
agitation). ESR is therefore an indirect and non-specific measure of the acute inflammatory
response, regardless of the nature of the stimulus.
Procedure
EDTA-anticoagulated venous blood is required and is collected by venepuncture. An
ESR tube is filled with blood and the height of the erythrocyte column is measured after a
standard period of time. It requires only the standard sedimentation tubes, equipment for

drawing blood including EDTA tubes, a timer, and a technician. Pregnancy, certain drugs
(oral contraceptives, for example), and marked increases in circulating immunoglobulin
concentration (as in multiple myeloma or Waldenstrom's macroglobulinemia can also
increase the sedimentation rate. Serial ESR is a useful clinical test for assessing the course
of a disease and its activity, or the effect of therapy.
Equipment
There are disposable Westergren method kits containing all of the necessary
equipment selling for $37.00 for 100 tests. For long term investment, a rack needs to be
purchased (one time) for $110.00, and listed for $17.50 for 199 Wintrobe tubes or $22.75
for 100 Westergren tubes.
3.3.2. White blood cell count (WBC count)
Background
This is a very simple test that measures the number of white blood cells (WBC) in the
circulation. Since an increase in WBC cell number is an important aspect of the host
response to infection, inflammation and trauma, this provides a simple measure of the
adequacy of the host response. It is also non-specific, and assessing cell number does not
provide any information about cell function.
Procedure
White blood cell count is performed using EDTA-anticoagulated blood by filling a
specialized pipette, diluting the blood in a standard manner that allows the lysis of the red
blood cells, loading the diluted sample into a special chamber with a grid, and then counting
the cells viewed under a light microscope. This can be done in any laboratory setting.
Equipment
A counting chamber set including chamber, special cover glasses, and one pipette
for red blood cell and one for white blood cell counts lists for $118.00. Chambers are
$89.00, cover slips are $34.50 for 12, pipettes are $79.50 each. A simple laboratory
counter to record the counts is as little as $23.50 for a hand held counter, $41.50 for a
table counter, $79.75 for a two unit counter (records two different counts) or as much as
$283.00 for a six unit counter (to do a complete differential count of the various kinds of
white blood cells in the sample). These are one-time costs, with replacements necessary
for breakage.
3.3.3. C-reactive protein (CRP)
Background
CRP is a true acute phase reactant protein, which increases from rapidly over hours
from very low levels (normally < 100//g/L) after an inflammatory stimulus, peaking at very
high levels ( > 100 mg/L) within a few days. CRP is named for its ability to interact with
C-polysaccharide of Streptococcus pneumoniae. CRP is not specific for C-polysaccharide
but rather is a non-specific response to any inflammatory stimuli. Because it is made in the
liver, it may also be considered to be an indicator of hepatic acute phase responses. Many,
but by no means all, inflammatory processes (including tumors result in an increase in CRP
levels in the circulation). Elevated CRP can occur in the absence of other indicators of
disease and may indicate occult infection or malignancy.

Procedure
CRP is a standard clinical immunology laboratory test. It may be easily measured by
turbidometric methods, using a standard antibody and a nephalometer. Nephalometry is
based on light scattering, and aggregation of anti-CRP and CRP affects the turbidity light
scattering properties of a solution, which can be measured using appropriate
instrumentation. These instruments may not be available in some developing country
settings. Instead, commercial turbidometric kits have been produced that can be adapted
to a microtiter plate format and an ELISA reader (that can also be used for many other tests
as well, for example, cytokines).
Equipment
One such kit is produced by IncSTAR, Inc. It sells for $250.00 for reagents,
calibration and positive control standards, and under optimal conditions of batching, can
provide 200 assays. It would remain to be seen how many could be done in the microtiter
format, which would require some optimization of incubation times and possibly volume of
sample and reagents.

3.3.4. Serum amyloid A Protein (SAA)
Background
SAA is an excellent measure of the acute phase response, because it is not produced
except under acute phase response stimuli, and it rises from virtually zero to mg/L levels in
24-36 hours.
Procedure
A commercial SAA assay will most likely be available from IncSTAR mid 1996.

3.3.5. lnterleukin-1 receptor antagonist (IL-Jra)
Background
IL-1ra is a naturally occuring antagonist of the critical pro-inflammatory cytokine, IL1. Its ability to inhibit IL-1 is due to its ability to bind to the type 1 IL-1 receptor, without
activating the signal transduction events initiated by IL-1 binding to the same receptor.
Thus IL-1 ra can compete with IL-1 for IL-1 binding sites, and when present in a 10 fold or
great molar excess, IL-1ra can block the biological activity of IL-1 both in vitro and in vivo
[5,6].
Procedure
The assay may be done conveniently, simply, sensitively and specifically by ELISA.
Equipment
Several manufacturers produce kits suitable for a 96 well microtiter plate format.
These are in the range of $300-500 dollars, depending on number of kits and negotiations.
Some manufactures are better than others.
A manual ELISA plate reader costs approximately $4000.00.

The New England Medical Centre at Tufts University (G. Keusch) offered to act as
a reference center for the IL-1ra and for the CRP assay. To realize this, the laboratory would
need to obtain funding for reagents and a technician, since time and effort cannot be
donated under current limitations of funding. If such a lab were designated, the IAEA would
need to provide the funds for the kits. This issue will be pursued through correspondence
between the IAEA and G. Keusch if participants in the CRP want to purse this.

3.4. Infection models
Vaccinations can be used to simulate an acute phase response. The choice of vaccine
will depend on the age of the person to be studied:
•
•

< 5 years: DPT or typhoid can be used;
children > 5 years: typhoid or pneumococcal (either the multivalent polysaccharide
or, when available, the polysaccharide-protein conjugate vaccine) would be both
effective to initiate a response and a medically useful immunization;
•
adults: typhoid, pneumococcal or influenza A vaccine are suitable.
Blood would be taken 24 hours after immunization to measure the parameters of the
acute phase response. Ideally, a sample would also be obtained at the time of immunization.

3.5. Vaccination incorporated into the generic protocol

8

•

Power calculations can be based on data from studies in Guatemala and India,
printed in this document as Working Papers, Part II.

•

The Generic Protocol should be followed, with the diet held constant with 40
kcal/kg and low or no protein intake during the isotope study (6 hours).

•

The 6-hour isotope study will commence twenty-four hours after an
endotoxin vaccine. The group agreed to use DPT as the vaccine.

•

The age range is 18 to 36 months. Each study should control internally for
age.

•

Nutritional status should be documented as described in the report of the
First RCM.

•

Assessments of inflammatory response: C-reactive protein; erythrocyte
sedimentation rate should be measured if quantity of blood drawn is not a
limiting factor; white blood cell count; serum amyloid-A protein; if doing
cytokines, measure IL-1 receptor antagonist. A single blood sample after the
vaccine plus a baseline sample would be sufficient, although the best would
be to draw more samples to measure the area under the curve of the acutephase reactants. The IL-1 blood sample should be drawn into EDTA tubes at
the conclusion of the isotope study, ie., 24 hours after the vaccine, spun,
and frozen at -80 °C in polypropylene Eppendorf tubes. C-reactive protein
will be measured in the study site labs.

3.6. Work planned for the coming year
Country

Vaccine

n/tx

Nutritional status

Protocol

Pakistan

typhoid

10

well/mal

generic with blood pre and post
vaccine

Peru

DPT

10 pair

recovered

generic pre and post vaccine
background 13C

India
India

6 pair

leu ox by bicarbonate alone and
by plasma KIC and Leu

India

typhoid

10 pair

stunted/mal

generic pre and post vaccine

Malawi

na

20

kwash/infect

generic 1x/child, plasma in lieu of
breath; add Phe?

Jamaica

marasmic

complete acute phase study

Guatemala

healthy;mal

complete
existing
protocol;
/intrasubject variability

Bolivia
Bangladesh

complete existing protocol
shigellosis

complete
existing
protocol;
training fellowship in UK
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PART II.

PROGRESS REPORTS

THE EFFECTIVENESS OF VEGETABLE PROTEIN DIET
MALNOURISHED CHILDREN RECOVERING FROM SHIGELLA

FOR

REFEEDING

I. KABIR1, D. HALLIDAY 2 , L.E. UNDERWOOD3

XA9642960
1

ICDDR,B, Dhaka, Bangladesh
2
Clinical Research Centre, Walford Road, Harrow, Middlesex He 300, U.K.
3
University of North Carolina at Chapel Hills, MC, USA

Abstract
Shigellosis is a major cause of childhood mortality in developing countries.
A substantial proportion of children who survive develop secondary proteinenergy malnutrition (PEM) and become stunted. In a previous study at
ICDDR,B using a high-protein (animal) diet with generous portions of selected
micronutrients, we were able to show accelerated rates of catch-up in weight
and length gain, ie., to begin to reverse stunting. However, the dietary
ingredients we used are costly and therefore the intervention is impractical.
Therefore, the next step is to test the hypothesis that stunting can also be
reversed by carefully formulated diets based on affordable ingredients. To
test this hypothesis, we will use rice-legum-based diets in which the amino
acid patterns are complimentary, and will supplement the diet to increase
intake of key micronutrients which affect linear growth. The effects of the
experimental diet will be compared with those of a standard diet
recommended by WHO/FAO and with those of the diet we used previously,
which was based on animal products and provided 15% of energy as protein
and more micronutrients than the standard refeeding diet. We will measure
growth by standard means, but will add measurements of protein anabolism
to learn whether this is an early predictor of length gain.
The study will be conducted in 90 Bangladeshi children aged two to five
years who will be hospitalized in a metabolic refeeding ward for three weeks.
During the study, anthropometric measurements will be made on day one and
at the end of the study. The studies of protein turnover will be done using
the stable isotope tracer 13C-leucine and2 H3-leucine, which can be
administered safely to children because of the fact the isotopes are neither
radioactive nor do they alter normal metabolism. The protocol includes some
preliminary studies to establish the most reliable and practical methods of
isotope administration and sample collection. Isotopic enrichment will be
measured in samples of urine, plasma and breath for tracer will be analysed
by mass spectrometry and isotope ratio mass spectrometry.
The results of this study will determine whether diets based on common
Bengali foods reverse stunting. Further, it will improve our scientific
understanding of how nutritional factors affect the body so that growth
stunting is reversed. It will also show whether the protein anabolism is useful
as an early predictor of length gain.

1.

SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

Shigellosis is a major cause of childhood mortality in developing countries.
Approximately 300 million children are infected with shigellosis, about 650,000 children die
annually due to shigellosis [1]. A substantial fraction of the survivors suffers from
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secondary protein-energy malnutrition (PEM). Most of the deaths are due to severe lifethreatening complications such as haemolytic-uraemic syndrome [2], sepsis [3]
hypoglycaemia [4], hyponatremia and intestinal obstruction [5]. The risk of death increases
substantially in patients with severe PEM.
The effects of Shigella infection on growth in Bangladeshi children were studied by
Black et a/. (6) and Henry et a/. [7] who found children with shigellosis had significant
reductions in linear growth compared to those who had watery diarrhoea. The growth
retardation during diarrhoeal disease is due to the interaction of loss of appetite and/or food
withholding, malabsorption, increased catabolism of body protein, and to loss of serum
proteins in the stool [81. In severe shigellosis, as much as 500 ml of serum may be lost per
day [9,10]. This leaking of serum protein may persist even during recovery [11], leading to
or exacerbating malnutrition. In Bangladeshi children with severe shigellosis, serum protein
concentrations are only half of the normal value [2]. In severe malnutrition, depressed
serum albumin concentrations are instrumental in lowering plasma oncotic pressure and
allowing the oedema of kwashiorkor to develop [12].
The conditions of optimal feeding during acute diarrhoea are still debated widely.
Brown and MacLean [13] reviewed the fundamental issues in this debate. The theoretical
advantages of delayed feeding include avoidance of increased fluid loss, acidosis, and
mucosal injury caused by certain foods. The advantages of continued feeding during
diarrhoea are to prevent weight loss and protein deficits, to maintain and repair injured
mucosa, and to sustain the benefit of breast feeding. The World Health Organization has
recommended continuation of breast feeding during diarrhoea. It has also recommended
that the weaning diet be provided as it was prior to the onset of disease, with the exception
that cow's milk or formula milk diets be diluted [13]. These recommendations apply
principally to watery diarrheas that affect the small intestine. Less attention has been given
to refeeding after shigellosis and other invasive diarrheas that affect the colon [14]. Kabir
et al. [15,16] recently demonstrated that catch-up growth could be accelerated during
recovery from PEM secondary to shigellosis by feeding a diet with substantially more highquality protein than is commonly recommended. The linear growth rate in those studies in
the control group (7.5% of energy as protein) was almost equal to the NCHS standard, but
the rate of linear growth in the children fed the high-protein (15% of energy) significantly
exceeded the rate in the control children. They have also shown that successful dietary
treatment with high protein diet is associated with increased levels of insulin-like growth
factor 1 (IGF-1) and IGF-binding proteins [15]. Either or both of these could play a role in
stimulating growth. These findings are important because they imply that dietary
interventions can be applied to the stimulate anabolic drive and speed recovery from PEM
[17]. The findings also suggest the involvement of IGF-1 and IGF-binding proteins in
producing the anabolic effects and open many questions about the specific roles of the
various nutrients in stimulating linear gain.
Increases in linear growth have also been observed in Bundi children of New Guinea
who were fed a high-protein diet [18] and in malnourished Peruvian children [19]. An
association between accelerated linear growth and the high-protein diet in both groups of
children was suggested by the observation that control children fed a comparable diet but
with less protein gained a higher percent of body fat [18] or did not show similar
acceleration in length gain [19]. Jackson [20] has also discussed the tendency toward more
deposition of fat tissue at the expense of lean tissue under conditions of refeeding with a
diet that is either qualitatively or quantitatively too low in protein. In a study in Colombia,
diarrhoea was negatively associated with body length among unsupplemented children
whereas diarrhoea had no effect on length in children who were supplemented with a diet
in which protein provided 14-15% of energy [21]. Similar findings have been reported in
Guatemala and Brazil [22]. In a recent study in Nigerian malnourished children, a plantprotein based rehabilitation diet showed satisfactory recovery in growth in association with
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increased concentrations of IGF-1 values which were comparable with those fed a milkbased diet [23,24].
Since the source of protein used [16] was animal foods which are too costly in most
developing countries where PEM is common, the next step is to determine whether more
low cost sources of protein can be substituted while maintaining the anabolic effects of the
high-quality protein and to learn what mechanisms underlie the increased growth rate.
Therefore, we propose a plant-protein based legume-cereal (lentil + rice) diet for refeeding
children with shigellosis during recovery, as rice and lentils are the major source of energy
and protein and are widely available in many developing countries.
1.1.

Rationale for using legume-based protein diet

The experimental diet we used previously was based on animal protein which is too
costly to be applicable widely in most developing countries where shigellosis and PEM are
public health concerns. As in many developing countries, rice and dal (red gram/lentils) are
combined in Bangladesh to make a dish known as khichuri. Rice is relatively deficient in
lysine and lentils are relatively deficient in methionine. However, the combination produces
a food with a complimentary amino acid pattern that is expected to be able to meet the
known requirements for amino acids in growing children.
As the plant-protein based diet we propose may contain less zinc, which might be
a limiting micronutrient for growth, lean tissue repletion [25] protein synthesis or muscle
synthesis [26], additional zinc will be supplemented with the plant-protein diet to match the
intake in the animal-based high-protein group. Additional carotenoids, calcium folic acid,
and iron will also be provided as each of these is expected to affect length gain.
2.

METHODS
2.1.

Objectives

To test the hypothesis that:
(1)
Diets which provide approximately 15% of energy as protein and which are
based on low-cost commonly available foods:
(a)

Stimulate the anabolic drive and speed catch-up growth by
accelerating weight gain and height accretion, increasing lean body
mass, and improving rates of net protein anabolism as evidenced by
increased ratios of rates of protein synthesis to rates of protein
breakdown.

(b)

Increase the serum concentrations of total protein, pre-albumin,
retinol-binding protein, IGF-1, and IGF-binding protein.

(2)
Catch-up growth, measured by standard anthropometries, can be predicted
by favourable changes in the ratio of rates of protein synthesis to rates of protein
breakdown.
2.2.

Study Design

This study will be conducted in 90 pre-school Bangladeshi children who will be
hospitalized in a metabolic-refeeding ward at the ICDDR,B during the three-week course of
study. Subjects will be assigned randomly to one of three dietary groups (see Treatment
protocol and Table) and will receive the experimental diet assigned to them for the duration
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of the study. Clinical, laboratory, anthropometric, protein kinetic, and body composition
data will be obtained according to the methods and protocol described below. The
laboratory and body composition data will be collected before the study diet is begun and
again after the 21-day treatment and data analysed by paired comparisons so each subject
will serve as his/her own control. Anthropometric data will be collected more often and
paired comparison will also be made of these data. Protein kinetic data will be collected as
early as feasible, following an appropriate period of dietary equilibration, and again after the
twenty-one day dietary therapy. Paired comparisons will also be made of these data.
2.3.

Subjects

Children aged twenty to sixty months whose parent or guardian consent to the child
remaining in the hospital for three weeks will be admitted if they meet the criteria listed
below. At least one patient per week can be admitted during the 2-year period of the study.
2.3.1. Admission criteria
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
2.4.

History of blood-mucoid stool for less than five days
Stool culture positive for Shigella sp.
Length-for-age <-3.0 Z scores by NCHS
Weight-for-length < -1.5 Z score by NCHS
No frank kwashiorkor
No complicating illnesses such as pneumonia,
septicaemia
No haemolytic-uraemic syndrome
Parental consent

tuberculosis,

Sample size calculation

From the NCHS standards and from our previous study [16] in children aged between
twenty-four and sixty months the mean monthly increment in height is 6.9 mm with a
variance of 3.4 mm. To achieve an alpha error of 0.05 and a power of 80% for a
worthwhile difference between the nets of 2 mm per month in height, the required sample
size is twenty-eight in each group. Calculating for dropouts the total sample size is ninety
patients, i.e. thirty in each group. However, to determine the protein kinetics using
deuterated and 13C-leucine, only ten patients are needed in each group.
Identification and enrolment of children: Children suspected of having shigella will
be identified by the health workers in one of the clinics associated with the ICDDR.B and
referred to the study team for further evaluation.
2.5.

Initial examination

2.5.1.

Clinical

On admission a clinical history and physical exam will be completed initially to assure
that each patient fulfils the entry criteria for the study. This information obtained on
admission will also be used post-hoc to compare the two treatment groups, to assess their
initial similarity. The history and physical exam will contain the following information:
(a)

Identification of patient by name, date of birth, date of admission,
age, gender, address, study number.

(b)

Description and duration of symptoms prior to admission,
characteristics of stool, presence of vomiting, abdominal pain,
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straining, fever, and change in appetite.
(c)

Diet during the previous twenty-four hours.

(d)

Treatment provided prior to admission, including oral rehydration
solutions and medications.

(e)

Physical examination for degree of dehydration, nutritional status, and
any pathophysiological physical findings.

(f)

Weight, height, midarm circumference, triceps, biceps, suprailiac, and
subscapuiar skinfolds, and head circumference will be recorded.

2.5.2. Laboratory
On admission, analyses of stool and blood culture will be performed to assure that
each patient fulfils the entry criteria:
(a)

Stool microscopical examination for faecal leucocytes, red blood cells
count and sensitivity.

(b)

Haematocrit, and complete blood count.

(c)

Venous blood will be analysed for serum proteins, serum zinc, IGF-1
and IGF-BF.

The measurements will be repeated as needed in any patient who manifests clinical
signs of diarrhoea or infection.
Concentration of serum proteins will be determined by standard techniques at
ICDDR.B. Serum zinc will be assayed by atomic absorption spectrometry and IGF-1 and IGFBP will be determined at Dr. L.E. Underwood's laboratory at the University of North Carolina,
using standard technique as previously described [15].
2.6.

Diets

The diets will be either animal-based high-protein, diet (15% of energy as protein,
derived from animal protein), or a vegetable-based high-protein with supplemental intake of
calcium zinc, iron, folic acid, and carotenoids, (15% of energy as protein, grain/legumbased), or a WHO/FAO reference diet for undernourished children (7% of energy as protein,
derived from vegetables). The dietary treatments will be provided during the entire twentyone day study period. The diet will be prepared in a semi-liquid consistency at a dilution of
75 kcal/100 ml and will be provided ad libitum up to a maximum of 50 kcal /200 ml)
2.7.

Randomization

After inclusion in the study the children will be randomly assigned to either the
animal-based high-protein diet (15% of energy as protein, derived from animal protein), or
to the vegetable-based high-protein diet (15% of energy as protein, grain/legume-based) diet
or to the reference standard protein diet (7% of energy as protein, derived from vegetables).
Random assignment to study group will be made using the sequential numbers from a
random number table. The sequential numbers with the diets assigned will be kept in sealed
envelopes and will be opened just before the study begins.
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2.8.

Antimicrobial and dietary treatment

All children will be treated prior to the study with appropriate antimicrobial
(pivmecillinam) for 5 days. The effectiveness of the treatment will be assessed clinically as
1) the absence of fever; 2) absence of straining during defecation; 3) absence of blood and
mucus in stool; 4) reduction of stool frequency to less than 4 stools per day. Thereafter,
on study day 1, dietary groups will be assigned randomly as described above. Diet I is a
high-protein diet (15% of energy) based on a mixture of legume and grain. Diet II is the
standard reference diet based on the same legume/grain mixture and is recommended by the
FAO/WHO for refeeding children with PEM. Diet III is a high-protein diet (15% of energy)
based on animal protein. Diet I will have micronutrients added to match micronutrient intake
in the animal protein group. The dietary treatments will be provided during the entire 2 1 day study period. The diet will be prepared in a semi-liquid consistency at a dilution of 75
kcal/100 ml and will be provided ad libitum up to a minimum of 150 kcal (200 ml/kg) body
weight per day in six feedings. Intake will be determined by weighing the feeding vessels
before and after each feeding and recording the weight of spills and/or food regurgitated.
2.9.

Body composition
2.9.1.

Anthropometry

Body weight will be obtained on admission and daily at 09:00h on a SECA scale
(Seca Scale Co., Germany, Model 72 W) with a precision of 5 g, the height will be
measured on a length board on admission and every 3-d until the study is over, and
thereafter every 15-d during follow-up. At least 3 measurements will be obtained by trained
health assistants. Mid-arm circumference, and skinfolds will be measured on admission and
after 7, 14, and 21 days of nutritional therapy using standard techniques.
2.9.2. Body composition by bioelectrical impedance
To monitor the impact of supplementing the different study diets on body
composition, bioelectrical impedance assay will be done in children before the study begun
and at the end of 21-d study period using a BIA analyser (BIA, RJL model 101A). This assay
will allow us to detect the changes in fat free mass of those supplemented children and give
us a better idea of nutritional status. Our previous study has found a strong relationship of
height and body weight changes with fat free mass (Kabir et al. AJCN submitted).
2.10.

Protein kinetics

Protein kinetic studies will be performed on a subset of each dietary group before and
following the 21-day dietary therapy. [1-13C]leucine and [2H3]leucine (1 mg.kg'Vh'1) will be
infused by intravenous and nasogastric routes, respectively, for 4 and 6 hours, respectively.
The intravenous infusions will be prefaced by priming doses of [113C]leucine (1 mg.kg"1) and
13
C-bicarbonate (0.18 mg.kg'1) [27]. The nasogastric infusions will be by tube into the small
intestine (aspirate pH checked). Protein kinetic studies will be conducted following an 8hour overnight fast, or in the face of small repetitive oral feeds (every 30 minutes) to mimic
energy expenditure at the resting metabolic rate. The resting energy expenditure will be
measured in the "postabsorptive" state which, for practical reasons, may not be longer than
6 h after a feeding. The REE will be measured for 230 minutes, during which the child is
quiet and in thermal neutral and quiet environment on a day immediately prior to the
infusion study. Gas exchange equipment already available at the ICDDR,B can be used for
these measurements. The principal investigator and staff at the ICDDR.B are experienced
in the proper use of the equipment for making determinations of respiratory gas exchange
and REE measurements. Calculation of protein kinetics i.e. rates of protein synthesis,
breakdown and oxidation, will be based on measurements of the enrichment of labelled
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leucine and its ketoacid (ketoisocaproate) [28] in plasma and in urine which will be
performed by gas chromatography-mass spectrometry in the laboratory of Dr David Halliday.
Plasma and expired air samples will be collected before the infusion of label (baseline) and
at 15 minute intervals over the last 2 hours of the infusions. The intravenous infusions of
[1-13C] leucine will provide flux (Q), oxidation (0) and intake (1) data directly and the rates
of whole body protein synthesis (S) and breakdown (B) indirectly, according to the equation:
Q = S + O = B + 1. The nasogastric infusions will provide information on the splanchnic
utilization of leucine [29]. Importance is attached to studies in the fed state, i.e. during the
provision of amino acids as substrate, as the dietary amino acids will maximize the potential
level of net protein synthesis (pre- and post-dietary therapy) which might be masked were
the studies conducted in the fasted state.
2.11. Treatment failure
Children with recurrence of dehydration ^ 5% and/or abnormal values of serum
electrolytes or urinary specific gravity will be rehydrated orally and the diet will be
suspended for the remainder of the day. At the end of this interruption, the study diet that
was assigned initially will be introduced ad libitum at full concentration until the specific
upper limits on volume or energy intake are achieved. Elevated blood urea nitrogen will also
be criterion for interrupting the study, since this may suggest excess nitrogen intake. This
is unlikely, however, since the diets in the previous protocols with comparable levels of
dietary protein were well tolerated [3,4],
2.12. Data analyses
Increments in weight (g.kg'1.d') and height (mm per day actual versus mm/d
predicted by NCHS for height-age) will be calculated and compared among the groups.
Increments in height and weight will be compared by Student's paired t-tests. Laboratory,
anthropometric, protein kinetic, and body composition data will be compared early and late
in recovery by treatment group using analysis of variance (ANOVA). The NCHS-CDC
statistics package will be used to compare the Z-score values for anthropometry. The
clinical indices of diarrhoea and other infections will be compared by Fishers Exact test, ChiSquare test.

3.

SIGNIFICANCE AND INTERNATIONAL NUTRITION IMPLICATION

Protein-energy malnutrition (PEM) remains a major public health problem in most
developing countries. The magnitude of this problem is more obvious in underprivileged
community in least developed countries like Bangladesh. Bangladesh Bureau of Statistics
in their recent survey (1991) found that about 35% of under-five children were severely
stunted (below -3 SD). About 40% of children were both severely undernourished and
stunted. The causes of this PEM are multifactorial and perhaps related to several factors
including improper weaning practices, recurrent infections, poverty and also inadequate diet
during and after infection. Therefore, there is an urgent need to develop and formulate a
designer food which can be supplemented to prevent growth faltering and enhance catch-up
growth of children suffering from recurrent infections with secondary PEM. The results of
this study are needed to determine whether the anabolic effects documented during
refeeding with large amounts of dietary protein from animal sources are critical or whether
equivalent rates of catch-up growth are achievable when more economical vegetable-based
proteins either as they are normally prepared or with the addition of micronutrients are used
instead. These studies will thus clarify whether the source of protein matters, as well as
add to the body of knowledge concerning the optimal level of protein to provide in a mixed
diet. Furthermore, the results will be useful to learning whether the acute responses in term
of protein synthesis and breakdown, which can be measured with stable isotope tracers,
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predict anabolism which is measured classically by anthropometries. This outcome is also
important because if this is demonstrated, it will pave the way for a number of studies
which can be designed to study precisely how dietary treatment can be tailored to stimulate
the anabolic drive in children during recovery from PEM. If an appreciable anabolic effect
of the vegetable-based diet can be demonstrated, we plan additional studies of the
nutritional regulation of the anabolic drive during refeeding of undernourished children.

4.

COLLABORATIVE ARRANGEMENTS

This study will be carried out at the ICDDR,B in collaboration with Dave Halliday,
PhD, Head of the Nutrition Research Group, Clinical Research Centre, Watford Road,
Harrow, Middlesex He 300, UK, Dr. L.E. Underwood, University of North Carolina at Chapel
Hills, NC, USA (for measuring IGF and IGF-BP study), and with Carla R. Fjeld, PhD, Senior
Scientist at the Section of Nutritional and Health-Related Environmental Studies, Division
of Human Health of the International Atomic Energy Agency who will serve as a consultant.
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TABLE I. COMPOSITION OF NUTRIENTS OF 3 STUDY DIETS
Diet I. Legume-based high-protein diet per 1000 kcal.
Food items

Amount(g)

Protein (g)

Fat (g)

Energy (kcal)

Rice
Lentil (dal)
Oil (soybean)

112
112
24

6.72
28.00

24

392
392
216

34.72

24

1000

Calcium, 7.8 mg; Iron, 0.88 mg; Carotine, 27.0//g; Folic acid, 1.8 //g; Zinc, 0.47 mg.
Protein-energy ratio
14%
Cost per 1000 kcal Tk.5.75 =US $ 0.14
Diet II. Legume-based standard protein diet per 1000 kcal.
Food items

Amount(g)

Protein (g)

Rice
Dal (lentil)
Oil (soya)

165
26
37

9.9
6.5

16.4

Fat (g)

Energy (kcal)

37

578
91
333

37

1002

Calcium, 3.6 mg; Iron 0.82 mg; Carotene, 8.1 //g; Folic acid, 1.7 //g; Zinc 0.28 mg.
Protein-energy ratio
6.4%
Cost per 1000 kcal Tk. 4.50 = US $ 0.11
Diet III. Animal protein based High-protein (per 100 g) diet.
Food items

Protein (g)

Fat (g)

Bread
Rice
Chicken curry

8.75
1.98
16.36
13.23
3.72
1.42

1.86
0.15
13.6
12.31
4.58
0.19

Egg

'Special milk formulation
Banana
Protein energy ratio

Zinc (mg)
0.1

0.33
0.72
1.26
0.55
0.14

Energy (kcal)
263
124
222
200
99
100

16%

Cost per 1000 kcal Tk.30.00 = US $ 0.75
Special milk (high-protein diet) contained whole-milk powder (125 g), egg white (50 g), sugar (50 g),
and soybean oil (20 g).
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EFFECT OF ALTITUDE ON THE PROTEIN METABOLISM OF BOLIVIAN CHILDREN
1
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The malnutrition is prevalent and is a major problem among Bolivian children.
It is caused by several interacting factors: fi) inadequate protein energy intake
due to low socio-economic status; (ii) exposure to acute, repeated and
chronic bacterial infections; fiii) exposure to multiple and chronic parasitic
infections; (iv) high altitude of the capital. La Paz, 3600 m, with a numerous
populations compared to the rest of the country. The research objectives in
the first phase are: fi) determination of protein utilization with a non-invasive
method using stable isotope tracer among children living at high and low
altitude; (ii) determination of protein metabolism among eutrophic children
without parasitic or acute bacterial infections at both altitudes; (Hi)
determination of protein requirement among these children. Two groups of
10 pubertal children, matched for age and sex, of same socio-economic
status, eutrophic, without malnutrition, infections or intestinal parasites will
be studied; the different status being arrived by anthropometric, nutritional
intake, biochemical and pediatrical evaluation. For the metabolic study, stable
isotopes L-[1-13C] leucine labelled casein will be used and nCO2 excreted will
be measured. All the basic nutritional assessment and VC02 measurements
will be performed in Bolivia, while the samples of expired gas will be stored
in Vacutainers for further analysis by isotope radio mass spectrometer
(IRMS), in Clermont-Ferrand, France. The plans for future work is based on
the study of the effects of the different variables and their interactions. The
following will be evaluated: (i) the socio-economic status; (ii) the bacterial
infections: (Hi) the parasitic infections; (iv) the altitude. As published by
Obert, et al., the socio-economic variable is more connected with the
nutritional status than with the altitude.
1.

SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

Malnutrition is a prevalent problem in Bolivian children. It might result from the
interactive effects of at least four factors which are (i) inadequate protein energy intake due
to a low socio-economic status; (ii) chronic and/or frequent acute bacterial infections; {iii)
chronic multiple parasitic infections and; (iv) living at high altitude since La Paz, the capital
of Bolivia is located at 3600 m above sea level, with the biggest population compared to the
rest of the country.
High altitude can interfere with nutrition and growth in humans by four mechanisms:
(i) reduced total food intake; (ii) impaired nutrient bioavailability; (iii) imbalance between an
increased energy expenditure and a reduce energy intake and; (iv) loss of muscle mass.
Anorexia is a common problem in alpinists and during acclimatization to high altitude
[1,2]. This problem is unlikely to be of importance in natives of high altitude, and actually,
food intake in Bolivian children of high socio-economic status living in La Paz are normal or
possibly elevated [3,4,5J.
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Energy balance is difficult to maintain above 4500 m, partly due to an increased
resting metabolic rate and partly to lowered energy intake 11]. This imbalance does not seem
to exist in Bolivian children of high socio-economic status [3]. Food digestibility might be
impaired at high altitude as was reported during a Mount Everest expedition [2]. A
decreased xylose absorption was also noted in hypoxic sea level patients. There exists
controversy about the altitude at which such a problem might occur (4000m ?, 6000m ?)
and it is usually considered that the problem is of limited importance unless an extreme
altitude is reached. However, to our knowledge, this point was never considered in children
living permanently at high altitude. It is noticeable that, in a recent food inquiry in La Paz
by G. Post and P. Obert [4,6], the mean protein intake of girls of high socio-economic status
was 93 ± 27 g/day. The girls were 11.3 ± 0.6 years old and were not obese. Such a
protein intake is quite high (3 g/kg/day) which might suggest that a part of this intake is not
absorbed. Another study shows that boys with low socio-economic status at low and high
altitude have significantly lower pre-albumin levels than boys with high socio-economic
status [7].
In another study at high altitude (3600m and 4800m) in Bolivia, in children of low
socio-economic status the authors report that the total energy input was very low and
covered only 60% of the energy requirement, the quality of the ingested proteins being very
poor [8].
A direct effect of hypoxia on protein metabolism and a specific activity on muscle
is possible [9]. A rapid muscle loss is common in alpinist [1]. In addition to the factors listed
above which could contribute to muscle loss, acute hypoxia was also shown to reduce
leucine turnover and uptake of leucine from the forearm [10], and chronic normobaric
hypoxia also results in similar changes in protein metabolism [11]. Acute hypoxia was
shown to decrease protein synthesis in rat tissues in vitro and in vivo [12].
We proposed a first phase to study the effects of independent variables (altitude inadequate protein energy intake - bacterial infections - parasitic infections). The later stage
studies would be on the interactions. For practical reasons, the first variable to be studied
will be altitude, which is certainly the most specific characteristic of Bolivia, in comparison
to other developing countries in which malnutrition is common.
In summary, possible decreased digestibility and a direct effect of hypoxia on protein
metabolism will be the variables tested in the following protocol.
1.1. Research objectives in the first phase
Main Objective:
To asses the effect of altitude on absorption and use of protein through stable
isotopic tracers on wealthy children.
Specific Objectives:

Determination the effect of altitude on absorption and use of protein in
eutrophic children without parasitic or acute bacterial infections to be
compared with children of same characteristics residing at sea level through
stable isotopic tracer 13C-Leucine.
Determination of protein requirement in these children.
1.2. Collaboration with other research groups
The Department of Nutrition from the beginning works together with The French
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Institute of Scientific Research for the Development in Cooperation O.R.S.T.O.M., whose
center is in Montpellier, France. Initially, research was carried out in the following fields :

2.

a.

Nutritional immunology, especially in the severely malnourished child, in
integrated rehabilitation using thymus echography as a risk indicator in order
to release the child based on immunological, clinical and nutritional criteria
and thus avoiding pseudo-recovery.

b.

Haematological indicators at high altitude. This work was finished, which
permit to define vulnerable population groups, children and women in the
reproductive age. Thresholds of nutritional anemia at altitude were
investigated during a follow-up study with a double-blind essay of an ironfolate vs. placebo supplementation. The values for haemoglobin were found
to be significantly higher than recommended by the WHO. These results may
have a great impact on public health for these populations in assessing
prevalence of anaemia and to plan interventions.

c.

Growth retardation and evaluation of child development. This study was in
the last phase.

METHODS
2 . 1 . Parents consent

For ethical reasons consent will be obtained from the parents stating principally the
atraumatic, non-invasive method to be used. Only when the consent is obtained, the child
will be evaluated. (See Annexes 1 & 2).
2.2. Subjects
Two groups of 10 Bolivian children will be studied, one living at high altitude, La Paz
3600m, and one at low altitude, Santa Cruz 420m . The groups will consist of pre-school
children, age 8 to 9 years old, matched for age and sex ratio, of high socio-economic status.
2.3. Criteria for inclusion
Natives and permanent residents at high altitude (La Paz).
Natives and permanent residents at low altitude (Santa Cruz).
Normal healthy children for the anthropometric indicators: weight/age,
height/age and weight/height which will be below + 2 SD and above -1 SD
compared to NCHS standards for each parameter.
Normal physical examination including thymus echography carried out by a
paediatrician.
Normal biochemical, nutritional indicators:
Albumin
Prealbumin
Absence of acute infection:
White blood cell count
C - reactive protein
Orosomucoid
Absence of parasitic infection in 3 consecutive stool tests, and test Graham.
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2.4. Criteria for exclusion
Structural skeletal deformities and extended skin lesions (burns)
Auto-immune diseases, neoplasm
Congenital malformation
Primary or acquired immunodeficiencies
History of repeated infections
Prolonged systemic medications with corticosteroids
Antiparasitic treatment, or any other pharmacological treatment
Cytostatic and/or radiological treatment
Staying at low altitude during the last 6 months
Specific nutritional deficiencies
Symptoms or signs of intestinal malabsorption
The method will have to be used under field conditions in children and thus has to
be non-invasive. It is a measurement of whole body total leucine oxidation after the
ingestion of an oral load of L-[1-13C] leucine labelled milk protein (casein).
Such protein is obtained by continuous intravenous infusion of a cow for 24 hours,
the milk being collected both during and after the tracer infusion. Proteins are then purified
from the milk by ultrafiltration and lyophilized. Exogenous leucine oxidation is measured in
expired C0 2 (as the product of VCO 2 by 13C-CO2 enrichment measured by IRMS). Total
leucine oxidation is calculated as the area under the curve of V13CO2 increase above
baseline. Preliminary studies in 6 normal adult volunteers in France have shown that: (i)
13
CO2 has returned to baseline 5 hours after the load (which means little or no tracer
recycling); (ii) peak 13CO2 occurs at 100-160 min and; (iii) 30 ± 1.5% (mean ± SD) of the
ingested tracer is recovered after 6 hours, suggesting that 70% of the absorbed leucine was
retained for protein synthesis. A classic 80% CO2 recovery was used for calculation which
might be an underestimate. It should also be kept in mind that these methods measure only
exogenous leucine oxidation. The results were obtained with lactoserum protein and might
be different with casein, at least in terms of kinetics, since casein is more slowly absorbed.
Finally, the shape of the curve might be an indication of the efficiency of protein digestion
and absorption. Preliminary data in patients with moderate pancreatic insufficiency show
a much slower appearance of 13CO2 in the breath.
Measurements of leucine oxidation will be performed as follows:
It will be done after a brief fast (post absorptive state, i.e. at 8:00 am after
a normal evening dinner).
Collection of breath samples in Vacutainers at 7:45 and 7:55 a.m. All
samples will be taken in duplicate. The child will have to breeze in a Douglas
bag for 5 minutes, a gas sample being then transferred in the vacutainers
from the bag.
At 8:00 am, ingestion (in 5 minutes ) of 0.5 g/Kg of labelled protein dissolved
in water (200 ml). The protein will be casein, labelling is approximately 3.5%.
The dose will be accurately weighed.
VCO2 will be measured during 5 min., every 30 min. during 3 hours (8:00
am -11:00 am) and every 60 min. during the next 3 hours (11:00 am - 14:00
pm).
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Breath samples will be obtained at the end of each VCO2 measurement
(total : 2 baseline + 9 samples = 11 samples in duplicated ) and collected
in Vacutainers.
Vacutainers will be sent to the Human Nutrition Laboratory in ClermontFerrand, France, for 13CO2 analysis (Microgas + Optima IRMS, VG
instruments).
3.

RESULTS
3 . 1 . Results of the pilot experiment

Once the 4 trials have taken place with 4 children we think we have developed a
suitable technique to collect expired air avoiding CO2 "contamination". The last curve shows
suitable results. See Appendix 3.
We believe (no inferential estimation) that similarly to the experience with 6 elder
volunteers, a curve of % leucine oxidation at 3600m altitude shows the following profile.
V13CO2 goes back to baseline 5 hours after charge
13
CO2 maximal value appears between 90 and 150 min.
34.44% of ingested trace element (tracer) was recovered after 6 hours which
means 65.56% of labelled leucine was absorbed and used for protein building
up.
4.

PLANS FOR FUTURE WORK

During the 2nd phase the interaction of the aforementioned variables will be
assessed. If the hypothesis of phase 1 as demonstrated to be true, i.e. if high altitude is not
a determinant factor for protein metabolism, then during the second phase we will proceed
as follows.
A random sample of 40 children, age 8-9 years from La Paz, will be divided in 2
groups, one group consisting of malnourished and the other of well nourished children
matched for age and sex. Both groups will be divided into 2 sub-groups, one with parasitic
infection and one without.
The objectives will be as follows:
Evaluation of protein utilization with a non-invasive method using stable
isotope tracer among undernourished children with or without parasitic or
acute bacterial infections versus control children (eutrophics) without
infections.
Determination of protein requirement among these children.
Institutions like WHO, FAO.UNU, and others continue to search for a method to
assess the real protein and energy requirement in developing countries, principally in the
children of these countries.
Energy expenditure is given by several variables like resting metabolic rate, the
thermic effect of food, exercise, thermogenesis. Which of these variables contains the
energy expenditure which carries the immune defense of the organism?
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Children in developing countries are constantly exposed to bacterial, viral and
parasitic infections. How much food do these children really need in order to defend
themselves against constant stress?
Beisel (1977) has defined the nutritional response to an infection how does one
recover from the whole negative balance which is produced during the natural history of an
infection? Infection and disease can be evaluated clinically and through laboratory testing.
However, the immune system together with other systems control and equilibrates
constantly the organism from aggressions like infections, i.e. through intercellular
cooperation, molecular homeostasis can be produced in order to stop, destroy pathogenous
agents without affecting the rest of the organism. Are these the so-called inapparent, benign
infections? How much energy will the immune system consume in these situations?
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Anexo 1
"FICHA DE INFORMACIÓN ENTREGADA AL RESPONSABLE
LEGAL DEL NIÑO HA INCLUIRSE EN EL ESTUDIO"
ESTUDIO DEL EFECTO DE LA ALTURA SOBRE EL METABOLISMO
PROTEINO EN NIÑOS BOLIVIANOS

Las proteínas son uno de los componentes mayores del organismo y están particularmente
presentes dentro del músculo, el hígado y el intestino. Estas proteínas están en permanente
construcción, es decir en constante síntesis, y también en permanente destrucción o
degradación. Un buen estado nutricional depende del equilibrio entre la síntesis y la
degradación. Los seres humanos comemos alrededor de 100 g de proteina por día, sea de
la carne, la leche,
, y estas proteínas alimenticias constituyen diariamente las proteínas
del organismo.
El objetivo de esta investigación es :
1.

Comprender mejor como una proteina alimenticia es utilizada por el organismo para
participar en el equilibrio nutricional en niños de 8 a 9 años de edad.

2.

Verificar cual es el efecto de la altura sobre la utilización de las proteínas en niños
de 8-9 años de edad.

Los beneficios que se obtendrán de esta investigación son dirigidos a los niños que viven
a gran altura, ya que se aportará información que permita conocer sobre la absorción y
utilización de la proteina animal y dará probablemente información sobre las necesidades de
proteina de un niño habitante de gran altura para mantener su salud.
Los isótopos estables son "marcadores" como 13C-Leucina que es un aminoácido
componente de una proteina, como en nuestro caso la caseína de la leche de vaca y que
permitirá estudiar la utilización de la proteina una vez que es administrada por vía oral. Su
inocuidad, es decir su característica de no ser dañina para la salud en seres humanos esta
ampliamente demostrada por numerosos trabahos científicos publicados internacionalmente.
Este trabajo es parte de un conjunto de investigaciones que se llevan a cabo actualmente
en varios países del mundo en los que se usan isótopos estables y donde el sujeto de estudo
son niños de diferentes edades, desde lactantes hasta escolares. La eficacia de los isótopos
estables en diferentes metodologías esta fehacientemente demostrada.
Se mantendrá la confidencialidad de los registros obtenidos de cada niño mediante sistema
de claves en un computador donde solo tendrán acceso los investigadores del proyecto y
eventualmente previa autorización personal técnico.
La realización de este Protocolo de Investigación necesita que se demuestre que el niño esta
sano y normal al momento del estudio. Para ello se realizará pocos días antes:
1.
2.
3.
4.
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Historia Clínica Pediátrica, con un interrogatorio y un examen físico pediátrico
Antropometría nutricional
Ecografía de Timo.
Bioquímica sanguínea con dosificación de: Hemoglobina ( se necesita 20
microlitros de sangre ). Hematocrito, número de Glóbulos Rojos y de Glóbulos
Blancos (se necesita 50 microlitros de sangre ). Marcadores Bioquímicos
Nutricionales: albúmina, prealbúmina, orosomucoide, proteina C reactiva (se
necesita 200 microlitros de sangre ). para ello se realizará una punción capilar en

un dedo, para obtener un total aproximado de 10 gotas de sangre que equivalen
más o menos a los 270 microlitros de sangre especificados anteriormente.
5.

Parasitología intestinal: se realizará un estudio coproparasitológico seriado de 3
días seguidos y un test de Graham para cada niño.

La normalidad de estos resultados más el examen clínico pediátrico permitirán establecer que
el niño se encuentra sano al momento, pudiendo incluírselo en el estudio.
El niño debe permanecer en el Instituto Bolviano de Biología de Altura un total de 7 horas,
desde 7:30 a m hasta 2:30 pm del mismo día de estudio. Previamente debe haber visitado
el instituto para conocer al personal, las instalaciones y el material que se usara en la
prueba. También, a modo de entrenamiento se le indicaran las fases de la prueba.
Es necesario que el niño se encuentre en ayuno desde la noche anterior, habiendo ingerido
su cena habitual. En esas condiciones ingresara al instituto y se iniciará la prueba con la
recolección de aire espirado por el niño durante 5 minutos en una bolsa de Douglas, la
misma se repetirá a los 10 minutos.
Posteriormente se realizará la ingestión de la proteina de leche, la caseína, marcada con
13C-Leucina, que es un aminoácido y a su vez componente natural de las proteínas que se
encuentran dentro del organismo. A partir de este momento y durante las 3 horas
siguientes se realizará la toma de aire espirado como se ha indicado anteriormente cada 30
minutos, hasta horas 11:00 am. Las 3 últimas horas se tomaran muestras de aire espirado
cada 60 minutos hasta horas 14:00.
Como se ha descrito, el niño recibirá un alimento que es la proteina de leche de vaca,
llamada caseína, ella será absorbida y utilizada como alimento en su organismo durante las
7 horas, podrá consumir agua durante el estudio.
Durante el test solo se pueden realizar movimientos livianos, se puede permanecer sentado,
echado, caminar muy poco, lo necesario, podrá ver televisión con diferentes videos
adecuados a su edad y gusto, leer, escuchar radio o jugar con material propio.
El estudio es atraumático, ya que la evaluación previa de su estado de salud solo requiere
un "pinchazo" en el dedo de su mano y, la extracción de 10 gotas de sangre, ello conlleva
una posibilidad mínima de infección en la zona de punción, situación que no es relevante
debido a las medidas de asepsia y antisepsia necesarias que son tomadas para evitar estos
problemas. En todo los momentos del estudio permanecerá a su lado un médico que cuidará
su integridad junto al acompañante del niño. El producto administrado no tiene ningún
efecto nocivo conocido. Existiendo innumerables estudios en seres humanos con estos
productos.
Este mismo protocolo se lo llevará a cabo en una zona de baja altura, como lo es Santa
Cruz, así se podrá verificar si existe un efecto de la altura en el metabolismo proteico en
niños.
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Anexo 2

ACUERDO DE PARTICIPACIÓN EN EL ESTUDIO:
EFECTO DE LA ALTURA SOBRE EL METABOLISNO PROTEICO EN NIÑOS BOLIVIANOS
Investigador Principal : Dr. J . L. SAN MIGUEL SIMBRON

Yo, el firmante de este
documento,
Nacido el
y domiciliado
en
Autorizo y estoy de acuerdo en forma voluntaria en la participación de mi hijo/a en este
estudio, para lo cual estoy legalmente apto. Declaro lo siguiente :
- que el Doctor
la participación de mi hijo/a en el estudio arriba mencionado.

me ha propuesto

- que el me ha hecho conocer en forma clara:
*
*
*
*
*

*
*

el objetivo, el método y la duración del estudio
las molestias y los riesgos potenciales a que expongo a mi hijo/a.
los beneficios que aportara este estudio.
el conocimiento y el aviso de un Comitó Consultativo de Protección
de las Personas.
el derecho de mi hijo/a a rehusarse de participar y en caso el
acuerdo de retirar mi consentimiento en cualquier momento sin
tener ninguna responsabilidad al respecto.
el me ha explicado en detalle el protocolo
responderé con veracidad en todo momento a las preguntas
concernientes al estado de salud de mi hijo/a y sobre su
participación en otros estudios.

Después de haber discutido libremente y obtenido respuesta a todas mis preguntas, yo
acepto como responsable legal de mi hijo/a estar en todo conocimiento de causa para
hacerlo participar en este estudio.
Este documento puede estar firmado por uno o ambos padres, para cuyo caso se
mantiene el conocimieto y la aceptación de ambos.
Realizado en
en fecha,
Firma con aclaración

No. de C.I.

Consentimiento obtenido or el Doctor:
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TABLE I. BREATH TEST AFTER INGESTION OF AN ORAL DOSE OF L-[1-13C] LEUCINELABELLED CASEIN
Child 2 bis age- 9.29; poids - 30.2; Delta C0 2 basal - 21.36;
dose 13CLeu (^moles) - 217.19); total Leu (^moles) - 6417

v 1 3 co 2

v 1 3 co 2

//moles/kg,
min

integr6
^mol/kg

185

0.000

-20.57

192

60

-18.88

90

% dose
oxyd£

Cumul %
dose oxyde

0.000

0.000

0.00

0.003

0.046

0.642

0.64

202

0.010

0.199

2.764

3.41

-17.29

212

0.018

0.415

5.775

9.18

120

-17.57

199

0.015

0.492

6.848

16.03

150

-17.73

143

0.011

0.388

5.392

21.42

180

-18.13

170

0.011

0.325

4.524

25.95

240

-20

167

0.005

0.473

6.574

32.52

300

-21.36

183

0.000

0.138

1.924

34.44

360

-21.36

167

0.000

0.000

0.000

34.44

Temps
(minutes)
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Percentage of the dose of L-[1- C]leucine oxidized
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1
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Center for Studies of Sensory Impairment, Aging and Metabolism (CeSSIAM),
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1.

REDEFINITION OF OBJECTIVES AND HYPOTHESIS
1.1. Goals
1)

To simplify and make less expensive, time-consuming and invasive methods
in clinical research on amino acid metabolism using stable-isotope tracers in
children;

2)

To assess the effects of infection on indispensable amino acid oxidation and
on whole body protein turnover in children with and without malnutrition.

1.2. Specific Objectives

2.

1)

Adaptation of a dose administration procedure and sample collection to field
conditions and in young children for amino acid turnover studies (Leucine)
using stable-isotope-labelled substrates;

2)

Assessment of the intra-subject stability and inter-subject variability of amino
acid turnover in young children using simplified field collection procedures;

3)

Evaluate the impact of clinical and sub-clinical infection on amino acid
metabolism in relationship to growth and markers of the acute-phase
response.

METHODS

As mentioned above, it was our intention to develop and test a simplified version of
the protocol to assess amino acid metabolism in children. With the combined efforts of a
team of experts in the field, a generic protocol (see Annex 1) was developed as a mandate
of the first CRP held at Boston in the fall of 1993. During the beginning of 1994, the final
version of such a protocol was released to all the participants of the CRP meeting and
arrangements were made in order to apply it and assess its usefulness in the field setting.
Therefore, we have shifted our activities to apply, assess and adapt the generic protocol.
We are now testing the protocol in the field to establish the variability parameters in both
between and within individuals. After testing and refining the protocol, with the help of
other groups in developed countries, by validation and/or comparative studies, we would
be in a better position to recommend it as a tool to study amino acid metabolism in children
in developing countries, whether to describe some specific profiles or to evaluate nutrition
interventions.
3.

TRAINING OF PRINCIPAL INVESTIGATOR (PI) ON PROTEIN METABOLISM

Using additional financial support from the IAEA, the PI undertook a training
fellowship at the Research Center for Human Nutrition, School of Hygiene and Public Health
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at Johns Hopkins University (JHU), Baltimore, MD, USA, in July 1994. The PI was
instructed about the procedures involved in the administration of stable isotope tracers to
study amino acid metabolism. This training was necessary before any study in subjects
could be carried out in Guatemala. Dr. Benjamin Caballero at JHU supervised and supported
the training of the PI. In order to continue with the training, Dr. Caballero visited CeSSIAM
in Guatemala to supervise directly the first studies in children using the generic protocol in
September 1994.
4.

ISOTOPES AND LABORATORY SUPPLIES USED

The PI brought from Baltimore the needed supplies (laboratory supplies) for the
project. The labelled amino acid such as NaH 13CO3, 13C-Leu and 15N-Leu, to be used in the
protocol, were provided by the IAEA. In this way, it was assured that all centres involved
in this program obtained the same batch (lot) of isotopes and the economics of scale
probably effected a favorable price. The quality control of the lot of stable-isotope tracers
that we received was carried out at JHU.
5.

METABOLIC UNIT FACILITY

A research facility was set up at the Infectious Disease Children Hospital (Hospital
de Infectologia) in the city. Arrangements were made in order to use such facility to carry
out the metabolic studies using stable isotopes. The Director of the hospital. Dr. Carlos
Rios, given his interest in pediatric research, provided us with all the administrative and
logistic support. Due to the relatively non-invasive nature of the generic protocol, almost
any facility could be used to carry out the procedures. We are satisfied since we were able
to carry out the protocol that did not require sophisticated facility. Any facility oriented to
nutrition recovery or rehydration therapy could be suitable to perform the procedures.
6.

SETTING-UP OF THE STUDY

During the last week of August 1994, Dr. Caballero, our Co-PI in this project, came
to CeSSIAM in Guatemala City. In cooperation with Dr. C. Fjeld he supervised the first few
studies using the generic protocol. The first two days of the week, we were discussing the
details of the protocol and assuring that the research facility had all the equipment and
supplies to be used. As, on the first day, we had two children for study. Dr. Caballero and
Dr. Fjeld were involved directly in performing procedures and recognized that it would be
advisable to study one child at a time (with the proviso that more than one could be studied
with sufficient staff). As the application of the generic protocol was a relatively new
experience, the PI had the opportunity to obtain direct supervision from these two
experienced investigators (Drs. Caballero and Fjeld) in protein metabolism. During the sitevisit week, we scheduled two days of metabolic studies at the hospital's facility.
7.

INAUGURATION OF PILOT STUDY

The pilot study to evaluate the feasibility of the generic protocol was scheduled to
be conducted for the whole month of September 1994. Two children were scheduled for
the first day and one more for the second day. The rest of the studies were carried out
during the following weeks of September 1994.
8.

PERSONNEL INVOLVED

Ms. Sonia de Roche (Director) and Ms. Rosario Villagran (social worker) of the Day
Care Center played a key role in the recruitment of children.
CeSSIAM staff: Carlos Valdez and Maria Eugenia Romero-Aval, participated actively
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in setting up the metabolic facility. Romero-Abal, M.D., took the responsibility in preparing
the isotopic solutions (weighing and mixing solutions) used in the current project.
Carolina Vettorazzi, M.D., participated actively with the PI in performing the
procedures. The protocol is very intense and prolonged; therefore it is desirable that two
investigators be involved performing the procedures. In addition. Dr. Vettorazzi took the
responsibility in preparing the diet according to the guidelines described in the generic
protocol.
Clinical Laboratory "CentroLab": This is a private laboratory which supported the
project with blood analysis. As a study-day ended around 17:00 hr, it was impossible to
have access to the CeSSIAM's regular laboratory or staff to carry out the blood analysis,
such as haematology including white blood cell count, differential formula, haemoglobin,
haematocrit, red cell sedimentation rate and C-reactive protein. This laboratory worked extra
hours to allow for the running of analysis. Some of the haematological parameters are to
be carried out within two hours of extraction (e.g. WBC, ESR), while some other assays
require that the plasma be separated and stored frozen.

9.

DESCRIPTION OF POPULATION

As mentioned in previous reports to IAEA, we have been monitoring the growth of
the children of a very special population, named "Los Guajeros", which lives in and of the
City Dump Garbage. They represent a group of persons working in recycling and
scavenging, picking through the refuse for plastics, metals, paper, etc. This activity
represents the way-of-living and source of income for this population. Due to the unsanitary
conditions of their domain of residence, this population of Guajeros suffers from a high
exposure to environmental contamination.
Our activities have been concentrated in a group of 250 children from the Day Care
Center "Santa Clara", which serves the children of that area. For about one year we have
kept contacts and we had planned to carry out metabolic studies in some of these children.
According to our hypothesis, due to the poor environmental and unhygienic living conditions
of this population, these children may suffer a sustained infectious immunostimulation
which may induce nutritional deleterious effects. It was our intention to carry out a more
detailed evaluation in a small group of this population. Such evaluation would include a
metabolic study involving the use of labelled amino acid with stable isotope to study Leucine
oxidation, and protein synthesis (the generic protocol).
9.1. Consent from institutions and parents
The generic protocol was presented to the authorities of the day care centre to
obtain their permission to include some of the children in this study. Then, after the
purpose and the procedures were fully explained, a written consent was obtained from a
group of parents. A total of 12 children were recruited in this pilot study. Although at the
end, due to shortage in supplies, we could study only nine children. A child with symptoms
and signs of acute illness was excluded. The children had to be free from chronic illness,
such as diarrhea, fever, weight loss, etc.
9.2. Characteristics of the study population
Table I presents the characteristics of the children in terms of age, sex, weight,
height, health status, laboratory results, etc. Weight and height were used to characterize
the nutritional status of the children. The procedures were carried out according to the
recommendations for each measure. Middle arm circumference and triceps skinfold as well
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as bioelectrical impedance were also included (data not shown). This would allow the
calculation of fat and muscle areas at the level of the arm.
In summary, this population was very homogeneous in terms of age, weight and
height; they were very short of stature but proportionate in terms of weight and height.
This supports the absence of any acute malnutrition event, but only the history of early
chronic malnutrition.
9.3. Health status
The health status of the children was established through a medical history
(interview with the mother) concerning any illness during the last 15 days and verified by
a physical exam. Two children had history and physical findings consistent with upper
respiratory infection at the moment the testing was to be carried out.
9.4. Laboratory screening
Physical examination was supported by blood screening that included hematocrit,
white blood cell count, erythrosedimentation rate and C-reactive protein. A urine specimen
was screened for infection by using a strip diagnostic test. Stool examination for egg
parasites were also carried out.
9.4.1. Leukocines
An aliquot of plasma was stored under frozen conditions to determine the levels of
interleukocines 1, 6 and tumor necrosis factor. This information was intended to be
correlated with data on protein oxidation. The results are still pending and will be done in
collaboration with Dr. Kirk Klasing's laboratory, University of California at Davis.
In summary, from the whole group, seven out of nine could be classified as healthy,
and two as having upper respiratory infection. Furthermore, two children had evidence by
laboratory of nonspecific immunostimulation.

10.

PROTEIN METABOLISM PROTOCOL

The dosage and timing for isotope administration and sampling were in accordance
with the generic protocol (Appendix I).
10.1. Diet prior to the study
Detailed explanations were given to the parents of the recruited children prior to the
study. However, no change was recommended in diet received by the children during the
two days prior to the study. Nonetheless, we did make sure that the child's intake was
regular none was fasting.
10.2. Diet during the metabolic study
The prepared diet during the study consisted of two types of meals: I) chicken and
rice; ii) incaparina (a cereal-based food) prepared as gruel (atole). The two meals were
administered on an alternating basis to provide some variety to the diet. The meal (based
on incaparina) had a high content of whole milk. Later on, this was reduced to 120 g due
to lactose intolerance manifested for bloating and abdominal distension (no diarrhea was
reported). The child was not allowed to have any other food while the study was in
progress except plain water.
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The composition of such a diet is shown in Table II. The proportions of protein,
carbohydrates and fat were in accordance with the protocol recommendations. The calorie
content of the diet corresponded to 85-90 kcal/kg/day. The calculated diet during the day
of the metabolic study was 75% of that recommended for a day, to allow the child to have
dinner at home.
10.3. Study schedule
A typical study began at 06:45 am. The PI took the responsibility of taking the
children from the day care center to the hospital. The regular study began around 8:00 am
after the mother and children were instructed about all the procedures. This activity was
oriented to reassure that both the mother and the child understood all the procedures, i.e.
oral doses and breath sampling at intervals of 20 min, urine collections, etc.
10.4. Dose delivery
The isotope doses to be administered orally to the child were measured each time
with a syringe to the nearest 0.1 ml. The isotope solution was prepared on individual basis.
The dilution calculations of the total dose (priming and infusion phases) were done for each
child so as to always administer a volume of 15 cc for the priming dose and 15 ml per hr
(5 cc/20 min dose) during the infusion period. The doses of isotope were given according
to the generic protocol. We did not make any modifications in the interval of dose intake
and amount.
10.5. Calculated vs. delivered dose
Using an electronic scale (0.0001g precision) (Fisher Scientific A100), the dose for
each isotope (mg/kg) was weighed for each child. The tracers were diluted in water (bottled
spring water). The isotopic solutions were measured and prepared individually (not mixed)
the day before the study. The prepared isotopic solution was stored under cool conditions
(4 degrees) until they were administered to the child (within 24 hrs). An additional amount
of isotopic solution was prepared (3 ml) to allow taking aliquotes for further mass spec
analysis to verify its specific activity. A comparison was made between the assigned dose
to each child (according to the protocol) and the calculated dose received for each child
(actual weight of isotopic dose) and only a small deviance was found from the
recommended dose per kg for the tracers.
10.6. Sampling
10.6.1. Breath (expired air)
After a short training with balloons and blowouts, breath samples were obtained
using a rubber bag with a three-way value. The samples were obtained from the bag with
a syringe and then saved in duplicates in a plastic 13C-free vacuum-tube until analysis. The
breath samples were obtained immediately before feeding or at least 10 min. after feeding.
10.6.2. Urine
The urine collection started at 8:00 am. The urine was collected using a plastic
container and immediately stored in a glass container with 5 ml of HCL (HCL 0.5 N), to
preserve the urine from bacterial growth). Except for the first two subjects, the urine
collection was under full control during the whole period of the 8 hrs of the protocol. To
complete the 24-hr collection of urine, the mother was instructed to continue collecting it
until the next morning and save it in a plastic container. For safety reasons, the container
was free of any preservative such as HCL. The following morning the mothers took the
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container with the urine specimen to the day-care center, from where the PI picked it up.
The mothers were asked about any missing voids or any trouble during collection.
The first urine specimen was also screened for urinary infection, using a strip test
(Boehringer Manheim, Germany). The full 24-hr collection was mixed and, after measuring
the whole volume, 10 ml aliquot was saved in plastic tubes under frozen conditions until
laboratory analysis.
10.6.3. Blood sampling
The protocol required a total of three samples during the last hour at an interval of
30 min. (equilibrium phase). An iv (butterfly catheter) was placed at the level of the
antecubital vein, after treating the skin with an anaesthetic cream for about 30 min. Three
5 ml samples of blood were obtained at an interval of 30 min. approximately at 6:30, 7:00
and 7:30 hr from the beginning of the study. After separating the plasma, samples were
kept under frozen conditions. In addition of the plasma aliquots for mass spectroscopic
analysis, the current immunological (infectious) status of the child was determined by
laboratory work that included white blood cell count, erythrosedimentation rate, and Creactive protein, which were run within the following hour.
10.7. Total body water (TBW)
Body composition was estimated by measuring TBW by using D2O. Total body water
space reflects lean body mass. In addition, TBW will allow one to calculate the urea pool.
A dose of 0.5 ml/kg of deuterated water (0.99%) was given orally after taking baseline
samples of saliva. After an equilibration period of three hours, a second sample of saliva
was obtained using a salivette.
11.

MODIFICATIONS TO THE ORIGINAL PROTOCOL
1 1 . 1 . Length of time

The original protocol required a full infusion study of 8 hrs. and 40 min. However,
after the first few hours of the first two studies, it was obvious that a 9-hr study was still
too long to be feasible and to obtain the full cooperation of the parents and the child. The
abdomens of the first two children became bloated and the children rejected the diet. After
discussions with Dr. Benjamin Caballero, Dr. Carla Fjeld and the PI, while the first two
studies were still in progress, it was decided to shorten the study by one hour. The decision
was not fully implemented in the first two studies, and the blood samples were obtained
while the subjects had stopped feeding and were not receiving any more doses of the
isotopic solution.
11.2. Isotopic doses
As the protocol was shorten for one hour, the total dose of the isotope was less than
originally calculated. However, the suggested dose/kg for the prime and infusion phase
were not changed. For the first three children studied, there was a residual of isotopic
solution. From the fourth study, the prepared solution was adjusted for the modification
in the protocol.
11.3. Sampling
As the protocol was shortened for one hour, the breath sampling and blood sampling
were scheduled one hour earlier. Blood samples were centrifuged at the same place at 5000
rpm and plasma separated.
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11.4. Sample storage
We had problems to store the urine collection under cool conditions only on the first
day. The plasma samples were stored at the headquarters of CeSSIAM, a five-min. drive
from the metabolic facility.
11.5. Comments about child and parent compliance
While the study was in progress, the child had a low level of activity. However, the
child was allowed to walk and play. Most of the child's activities were concentrated in
watching TV and working on a preschool work book (drawing and painting). The mothers
also participated actively in these activities. Regarding compliance, it was obvious that at
the beginning of the study the enthusiasm was very high but at the end, child and mother
started getting tired or bored. It was learned that it would take an extra effort to have a
longer experiment. The research team provided the mother a resting area and meals during
the course of the study. In general, it can be said that, after the adjustments in terms of
time were made, the protocol was very well accepted. On the other hand, because the
research team had been involved in different activities at the day-care center and was
acquainted with the mothers and children, it was not difficult to keep them in a good humor
until the end of the study. Other relevant fact was that the research team took the
responsibility in driving the mother and child from their neighborhood to the hospital and
returning them home in the evening (about 18:00 hr).
This experience provided us the elements to evaluate the feasibility of the protocol.
We decided to work inside the infrastructure of a hospital to obtain the full confidence of
the parents (at the time of the study, Guatemala was undergoing an epidemic of concern
about child-stealing), but we believe that this protocol can be carried out in a hospital
facility.
12.

PRELIMINARY RESULTS

From the series of planned analysis, enrichment of 13CO2 in breath, plasma of 13CLeu in plasma and of 15N-Leucine in urine, at this moment, is available only in breath
analysis.
12.1.

13

CO2 Breath analysis

13

CO2 basal and enrichment values in breath are presented in Table III and in Figure
1. It can be shown that the isotopic infusion was of sufficient magnitude to induce a
significant enrichment of 13C in breath samples. The enrichment was of about 1.5% respect
to the baseline, and the equilibrium phase was reached at about 150 min. It was interesting
to note that the whole group showed the same pattern. It is also important to remark that
the whole group was very homogenous in terms of age and weight, therefore, they received
similar doses of tracers. These preliminary data confirm that the calculated dose per kg for
each child was reasonable.
12.2. Coefficient of variability
Table III shows the baseline and enrichment levels at the equilibration period in terms
of 13C for each child. The baseline values showed to be very consistent, with a coefficient
of variation of about 0.6%. During the equilibrium phase, the coefficient of variations was
about 2.8%, which could be considered acceptable, considering that the infusion route was
enteral.
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12.3. Leucine oxidation based on rate of appearance
The determination of 13C enrichment at the level of breath will allow to determine
that the equilibration phase of 13C-Leu has been reached in plasma. In addition, based on
the determination of the enrichment of 13C in breath, it will be possible to estimate Leu
oxidation and with some limitations, to calculate the C0 2 production (VCO2) (Kien CL, Am
J Physiol 1988; 257(20): E296-E298), a necessary parameter to calculate energy
expenditure. This calculation is based on the concept that the determination of the rate of
appearance (RaCO2= IIR/ESS where IIR = infusion rate and ESS= enrichment), provides an
estimate of the CO2 production. Table III presents the VQO , the energy expenditure
calculated from isotopic enrichment and the energy expenditure based on the dietary intake
during the day of the study. The energy expenditure calculated from isotopic 13CO2
enrichment in breath approximates a 70-80% of that figure obtained from dietary intake.
Later on, we will evaluate the usefulness of this approach for estimating Leucine oxidation.

13.

DISCUSSION

These results show that the generic protocol is adequate to achieve stable carbon
enrichment in breath air within 3 hours of oral administration. The level of isotopic
enrichment appears very constant among individuals. The difference in isotopic enrichment
between our study and that in Bangalore using the same protocol reflects the marked
difference in feeding regimen, 70 kcal/kg in our study and 200 kcal/kg in Bangalore, the
latter causing a much marked dilution of the label.
Estimation of energy expenditure from 13CO2 data yielded values very close to the
estimated intake, further validating the use of carbon elimination rates for estimation of
energy output.
Our results also show that breath air isotopic enrichment and RaCo2 data can be
used to estimate the rate of leucine oxidation. The levels of leucine oxidation obtained in
this fashion are substantially higher than baseline rates in well-nourished children, but
consistent with the fed state.
Results from plasma leucine and KIC enrichment, which are ongoing at the moment,
will provide a comparison between the more traditional plasma leucine flux approach and
the non-invasive breath air enrichment approach.
Future plans for completion of the protocol include completion of cases in the control
group, completion of analysis of samples already obtained, and comparison of data between
our study and other sites using the same protocol.
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Annex 1
IAEA GENERIC PROTOCOL TO STUDY AMINO ACID AND PROTEIN METABOLISM IN GUATEMALAN
CHILDREN
CeSSIAM/Human Nutrition Research Centre, Johns Hopkins University
Pis: Manolo Mazariegos, M.D., Benjamin Caballero, M.D. Ph.D.
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Complete 24-h urine collection

2 mg/kg; 2 0.4 mg/kg; 3 0.4 mg/kg/h; 4 2 mg/kg; 5 2mg/kg/h
Urine collection will also be carried out during the 9-h study period
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TABLE I. CHARACTERISTICS OF SUBJECTS

IAEA-GUA Project, 1994
Database: Guajant.dbf
Characteristics of the study population

ID

SEX

AGE (mo)

WT (kg)

HT (cm)

HAZ

WAZ

WHZ

Physical exam.1

Lab-work2

1

M

52.7

11.91

83.9

-.98

-2.80

0.03

Asymptomatic

Abnormal

2

F

52.6

15.59

97.0

-1.74-

-0.57

0.63

Asymptomatic

Abnormal

3

F

65.2

16.73

97.4

-2.97

-.0.3

1.28

Asymptomatic

Negative

4

M

59.2

14.41

95.6

-3.03

-1.96

-0.16

URI

Not available

5

M

67.7

15.14

102.6

-2.38

-2.14

-0.92

Asymptomatic

Negative

6

F

46.9

13.73

95.2

-1.43

-1.23

-0.34

URI

Negative

7

M

64.9

16.55

101.2

-2.40

-1.33

0.31

Asymptomatic

Negative

8

M

53.8

16.68

104.2

-0.51

-0.49

-0.16

Asymptomatic

Negative

9

M

54.9

14.41

98.1

-2.01

-1.69

-0.63

Asymptomatic

Negative

-2.4
1.2

-1.4
0.7

Mean
SD

1
2

57.5
6.7

0.0
0.6

Medical history and physical examination: Evidence of systemic acute infectious disease
Laboratory work: any abnormality in acute phase response tests such as Sed rate, WBC count or C-reactive protein.
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Table II. COMPOSITION OF DIETS USED DURING THE STUDY

DIET 1: CHICKEN AND RICE
Ingredients

Protein (g)

Amount (g)

Fat (g)

Kcal

Rice

160

11.2

0

560

Chicken breast

150

27.0

0

150

Oil

38

0.0

38

342

348

38.2

38

1052

Total

FINAL VOLUME:

1000 ml

PROTEIN ENERGY RATIO(%)
FAT-ENERGY RATIO(%)

14.5
32.5

CALORIE DENSITY (Cal/ml)

1.052

DIET 2: INCAPARINA
Ingredients

Amount
(g)

Protein
(g)

Fat (g)

Kcal

Incaparina*

82

18.8

0

303

Milk

120

4.2

0

73

Sugar

75

0.0

0

300

Oil

17

0.0

17

153

Total

294

FINAL VOLUME:

23.0

17
829

1000 ml

PROTEIN ENERGY RATIO{%)
FAT-ENERGY RATIO(%)
CALORIE DENSITY (Cal/ml)

12.0
18.5
0.829

* INCAPARINA: Based on cereals: corn flour, cottonseed flour fortified with some
micronutrients (INCAP, Guatemala).
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TABLE III. U CO, BREATH ANALYSIS

(APEX 100)
#1
#2

#3

#4

#5

#6

#7

m

#9

MEAN*

SD

-10 min
0:00
2.33
2.66
3.00
6.00
6.33
6.66
7.00
7.33
7.66
8.00

0.0309
0.0303

0.0307
0.0303

0.0319
0.0316

0.0433
0.0447
0.0458
0.0440
0.0480
0.0487
0.0471
0.0482

0.0386
0.0350

0.0458
0.0448

0.0288
0.0290
0.0377
0.0363
0.0394

0.0341
0.0341
0.0418
0.0414
0.0407

0.0294
0.0290
0.0390
0.0405
0.0435

0.0330
0.0330
0.0406
0.0448
0.0415

0.0300
0.0302
0.0375
0.0408
0.0396

0.0357
0.0360
0.0407
0.0425
0.0394

0.00215
0.00227
0.00160
0.00280
0.00294

0.0347
0.0372
0.0359
0.0353
0.0372
0.0345

0.0485
0.0492
0.0450
0.0438
0.0433

0.0427
0.0430
0.0429
0.0425
0.0435

0.0426

0.0428
0.0443
0.0433
0.0431

0.0441
0.0451
0.0453
0.0454
0.0468

0.0431
0.0457
0.0457
0.0503
0.0470

0.0433
0.0442
0.0443
0.0464
0.0456

0.03161
0.03150
0.03955
0,04156
0.04096
0.04580
0.04287
0.04459
0.04387
0.04428
0.04436
0.03820

IESS
Ra

0.0468
855.01
19.17
460.09
10.31
0.90
11.45
55.93

0.0357
1120.90
25.13
603.17
13.51
0.90
15.01
73.32

0.0458
873.91
19.59
470.26
10.53
0.90
11.70
57.17

0.0423
944.88
21.19
508.46
11.39
0.90
12.65
61.81

0.0428
934.58
20.95
502.91
11.27
0.90
12.52
61.14

0.0434
921.66
20.66
495.96
11.11
0.90
12.34
60.29

0.0447
894.85
20.06
481.54
10.79
0.90
11.98
58.54

0.0452
884.30
19.83
475.86
10.66
0.90
11.84
57.85

0.0439
911.85
20.45
490.68
10.99
0.90
12.21
59.65

0.0434
926.88
20.78
498.77
11.17

0.0030
73.85
1.66
39.74
0.89

12.41
60.63

0.99
4.83

Time (Hr)

APE**
mg/k/h
mmol/k/d
mmol/k/h
VCO2 L/k/d
FQ
VO2 L/k/d
EE
kcal/k/d1

RaCO2***
mmol/k/d
20.06

APE-Leu
xlOO
4.39

Leu Oxidation
umol/kg/f l
8.80634

Leu Dose
umol/kg/h
14.7058824

0.0437
0.0446
0.0433
0.0419

0.00336
0.00339
0.00325
0.00388
0.00323
0.00370

Leu Oxidation
% ofdose
59. 883112

Notes: Isotopic enrichment at steady-state (IESS) = mean of 3-8 hrs.
Ra = tracer infusion rate/tracee enrichment at steady state (breath air). No carbon fixation correction
FQ assumed as 0.9.
EE derived from Burzstein equation, 3.581 *VO2 + 1 448*VCO2, without N correction
* means ±SD for each interval of time; ** calculations for each subject
*** parameters presented as average for the whole group of children (n=9)
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1.

BACKGROUND

A reciprocal relationship between morbidity from diarrheal and other infectious
diseases and growth has been reported from many countries including India [1]. Further,
a catabolic response occurs with all infections even when they are subclinical and not
accompanied by fever [2,3,4]. Since carbohydrate stores are usually inadequate to meet
the increased energy requirement resulting from fever and the metabolic response to
infection [5], and since lipid stores are not effectively used in the infected patient [3],
another source of energy is required. Under the stimulus of monokines such as
interleukines, endocrine changes are initiated that lead to the mobilization of amino acids
from the periphery, primarily from skeletal muscle [6]. Amino acids such as those of the
branched-chain group are utilized as sources for the synthesis of alanine or glutamine [7].
The latter are rapidly taken up by the liver and utilized for gluconeogenesis. Amino acids,
such as phenyalanine and tryptophan, which cannot be metabolized in skeletal muscle
should then be released in elevated amounts [8].
It is also likely that the net losses of body protein which occur secondary to
infectious disease, including subclinical infections, occur as the result of the synthesis of
acute phase proteins (APP) in response to these stresses [9]. To synthesize these APP,
body protein is catabolized to provide amino acid substrates. The gross amino acid
composition of the APP is known to have relatively high concentrations of aromatic amino
acids compared to branched chain amino acids [10]. Because of the imbalance in the
composition of APP and muscle protein (high in branched chain amino acids) it is possible
that a large quantity of nitrogen would be wasted in the conversion of muscle protein to
APP [9]. In such a situation leucine oxidation increases because the amino acid pattern of
substrate for APP synthesis requires less leucine than does whole body protein, leaving a
relative surfeit of leucine which is lost to the body through oxidation. This loss contributes
to the net losses of body protein. In addition nitrogen from catabolism of body protein is
incorporated into APP or rapidly turning over proteins so that the nutritional status of the
host may be further compromised.
Therefore, individuals who live in environments which are likely to predispose them
to malnutrition are also likely to be challenged subclinically and overtly by infectious disease.
This combination of poor dietary intakes, as well as subclinical infections could lead to
increased amino acid requirements due to shifts in protein synthesis. In an individual with
marginal intakes of protein, a deficiency could result.
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2.

3.

AIMS
1.

To measure oxidative losses of body protein during subclinical infection;

2.

To measure the rate of appearance of (Ra) carbon dioxide from labelled
bicarbonate administered orally prior to labelled leucine administration. These
data are needed to calculate the rate of protein oxidation from the Ra of 13C
from leucine.

METHODS

Twenty six children between the age group of 18 to 36 months were studied, 1 7 of
whom came from a slum but were apparently healthy, and nine controls from a relatively
clean hygienic environment. They appeared healthy by clinical examination, falling between
-0.5 and -2.5 Z score for weight-for-length by the NCHS standards. They lived in slums,
in poor unhygienic conditions and did not have water and sanitation in their homes. Their
parents were on daily wages. Information on their past medical and nutritional history was
obtained by questionnaire.
The children were fed according to their requirement (85 kcal/kg/day) for two days
prior to study. Two diet mixtures were formulated to be given alternatively during the study
period: 1) semolina-milk porridge sweetened with sugar and 2) rice-lentil porridge which
was savoury. The nutrient compositions of these diets were carbohydrate 65%, fat 25%
and protein 10%.
Estimation of haemoglobin, total WBC counts, differential WBC counts, and ESR was
done after an initial clinical examination and history. Approximately 1 ml of plasma was
stored at -80°C for micro analysis of acute phase proteins. The samples have been sent to
the Dunn Nutrition Laboratory for analysis. Faecal and urine samples were also tested for
routine microscopic and biochemical tests.
The children were brought in at 07:00 hours, following which they were acclimatized
to the laboratory. A basal breath sample was taken after which a single dose of 15N leucine
(2mg/kg) and the priming dose of H13 C03 (0.4 mg/kg) were given orally. The maintenance
dose of H13CO3 (0.4 mg/kg/hr) was given every 20 min. for a period of 3 hours after the
priming dose. The breath samples were also taken every 20 min. just before administering
the isotope. At the third hour the priming dose of 13C leucine (2mg/kg) was given followed
by the maintenance dose every hour for the next 5 hours. After an interval of 3 hours
breath samples were once again taken every 20 min for the last 3 hours. The feeds were
given every half hour for 9 hours (entire protocol) to provide 80-90 kcal/kg and was diluted
to 1 kcal/ml. See Appendix A for the protocol.
Breath collection was carried out by a paediatric face mask which was attached to
a one-way valve connected to a bag (about 0.6 I) through a non-return valve. Samples of
breath were stored in quadruplicate in vacutainers. The enrichment of 13CO2 in the breath
was measured in duplicate by continuous flow-isotope ratio mass spectrometry (CF- IRMS,
Europa Scientific, Crewe, UK). The CV of the measurement in the system was < 0.1 %.
Urine was collected in adhesive paediatric urine bags. Each void was acidified,
measured and stored in separate containers. Collections were made over 24 hours.
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4.

RESULTS

The anthropometric characteristics of the children are given in Table I. The affluent
children had weight for length Z scores of about - 1 , although they were significantly bigger
than the slum children. Therefore, both the children were below the 50 centile of the NCHS
standards for weight and length. The basic blood parameters showed that the affluent
children had significantly higher haemoglobin, and significantly lower total WBC counts.
The slum children also showed a higher eosinophil count and ESR, although these values
were not significant (Table II).
Apparent steady state in the enrichment of C02 was seen after 3 hours of isotope
dosing (Fig. 1). Since this was a fed protocol from start to finish, no correction was made
for 13C02 from food, as the base linW CO would have already been elevated at the
beginning of the study. The CV of the average atom percent excess values at plateau,
during the 13C bicarbonate phase as well as the 13C leucine phase was 3.77% and 4.26%
respectively in the slum children and in the controls it was 2.94% and 5.59%, respectively
(Fig. 2). The Ra of C02 was about 15 % higher in the affluent children, although not
significantly so. This was due to the higher activity of the affluent children, who were more
curious about their surroundings, as well as less inhibited. This activity could not be
controlled without upsetting the children.
The calculated 13C leucine oxidation rates were not different between the children,
although, in the well-nourished children, this was largely due to the large Ra of C02 due to
their increased activity. Consequently there was no difference in the percentage of dose
oxidized (Table III).

REFERENCES
[I]
[2]

[3]
[4]
[5]
[6]
[7]
[8]
[9]

[10]
[II]
[12]

KIELMANN, A.A., TAYLOR, C.E. AND PARKER, R.L ,The Narangwal nutrition study:
A summary review, Am. J. Clin. Nutr. 31 (1978) 2040-2052.
BEISEL, W.R., Interrelated changes in host metabolism during generalized infectious
illness. In: Malabsorption and Nutrition, Special Publications Dept. Bethesda, MD,
Am. J. Clin. Nutr.d 972) 1254-1260.
BEISEL, W.R., Metabolic response to infection, Ann. Rev. Med. 26 (1975) 9-20.
BEISEL, W.R., Magnitude of the host nutritional response to infection, Am. J. Clin.
Nutr. 30(1977) 1236-1247.
BEISEL, W.R., WANNEMACHER, R.W., Gluconeogenesis, ureagenesis, and
ketogenesis during sepsis, J. Paren. Ent. Nutr. 4 (1980) 277-285.
KEUSCH, G.T., FORTHING, M.J.G., Nutrition and infection, Ann. Rev. Nutr. 6
(1986) 131-154.
CAHILL, G.F.JR. , Starvation in man. New Eng. J. Med. 282 (1970) 688-775.
DINARELLO, C.A., lnterleukin-1 and the pathogenesis of the acute phase response.
New Eng. J. Med. 311 (1984) 1413-1418.
BUSE, M.G., BIGGERS, J.F., FRIDERICI, K.H., BUSEL, J.F., Oxidation of branched
chain amino acids by isolated hearts and diaphragm of the rat. The effect of fatty
acids, glucose and pyruvate, J. Biol. Chem. 247 (1972) 8085-8096.
WANNEMACHER, R.W., Key role of various individual amino acids in host response
to infection, Am. J. Clin. Nutr. 30 (1977).
COLLEY C M . , FLEC, A., GOODE, A.W., MULLER, B.R., MYERS, M. A. , Early time
course of the acute phase response in man, J.CIin. Path. 36 (1983) 203-207.
REEDS, P.J., FJELD, C.R., JAHOOR, F., Do the differences between the amino acid
compositions of acute phase and muscle protein have a bearing on nitrogen loss in
traumatic states?, J. Nutr. 124 (1994) 906-910.

45

Appendix A
ISOTOPE PROTOCOL FOR INFANT STUDY
Subject name:
Subject weight:
Blood collection: 9 ml
Basal urine:
(Tick time)

Date:

00.00 hrs

Basal breath

00.10 hrs

15

00.10 hrs

13

00.30 hrs

1. Breath collection
2. 13C HC0 3 0.13 mg/kg/20 min.

00.50 hrs

1. Breath collection
2. 13C HCO3 0.13 mg/kg/20 mtn.

01.10 hrs

1. Breath collection
2. 13C HC0 3 0.13 mg/kg/20 min.

01.30 hrs

1. Breath collection
2. 13C HCO3 0.13 mg/kg/20 min.

01.50 hrs

1. Breath collection
2. 13C HCO3 0.13 mg/kg/20 min.

02.10 hrs

1. Breath collection
2. 13C HC0 3 0.13 mg/kg/20 min.

02.30 hrs

1. Breath collection
2. 13C HC0 3 0.13 mg/kg/20 min.

02.50 hrs

1. Breath collection
2. 13C HCO3 0.13 mg/kg/20 min.

03.10 hrs

1. Breath collection
2. 13C HCO3 0.13 mg/kg/20 min.

03.10 hrs

13

04.10 hrs

13

05.10 hrs

13

06.10 hrs

13

C leucine 2mg/kg, breath collection
blood 2 ml

06.30 hrs

breath only

06.50 hrs

breath only

07.10 hrs

13

07.30 hrs

breath only

07.50 hrs

breath only

08.10 hrs

13

08.30 hrs

breath only

08.50 hrs

breath only

09.10 hrs

breath only
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N leucine 2 mg/kg

C HCO3 0.4 mg/kg
(priming dose)

C leucine 2mg/kg
C leucine 2mg/kg
C leucine 2mg/kg

C leucine 2mg/kg, breath collection

C leucine 2mg/kg, breath collection

TABLE I. ANTHROPOMETRY OF CHILDREN
SLUM
n = 15

AFFLUENT
n=9

24.7 ± 5.4

31.2 ± 4.8

Wt (kg)

9.6± 0.9

12.4 ± 2.4 •

Ht (cm)

80.9 ± 4.0

88.0 ± 6.5 *

HC (cm)

46.4 ± 1.4

48.8 ± 1.7 •

CC (cm)

47.9 ± 2.2

49.6 ± 2.9

MAC (cm)

14.5 ± 1.3

15.8 ± 1.6

Ht for Age

-1.7 ± 0.8

-0.8 ± 1.2

Wt for Ht

-1.6 ± 0.6

-0.4 ± 1.0 *

Wt for Age

-2.3 ± 0.6

-1.0 ± 1.3 *

AGE (mo)

Z SCORE

* = p< 0.05

TABLE II. BLOOD PARAMETERS
SLUM n = 14

AFFLUENT n = 8

NORMAL VALUES

Hb%

8.9 ± 1.6

11.3 ± 1.0*

10- 14

WBC TC///I

14557 ± 6477

9100 ± 1430 •

6 - 15000

Neutrophils %

40.1 ± 13.2

37.5 ± 6.5

3 2 - 52

Lymphocytes %

44.7 ± 15.6

55.4 ± 6.9

4 5 - 55

Eosinophils %

10.9 ± 10.3

4.8 ± 2.6

2-3

ESR mm/hr

20.5 ± 18.6

12.8 ± 6.0

0 - 13

= p < 0.05
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TABLE III. ISOTOPE DOSAGE
SLUM n = 15

AFFLUENT n = 8

INF RATE H13CO3
//mol/kg/hr

4.73 ± 0.12

4.64 ±

INF RATE 13C Leucine
//mol/kg/hr

15.32 ± 0.18

15.21 ± 0.10

APE 13 CO 2 (*100)
(leucine inf)

1.00 ± 0.17

0.82 ± 0.19

Ra CO2
mmol/kg/hr

57.28 ± 13.40

66.66 ± 6.99

13

C Leu Oxidation
//mol/kg/hr

5.68 ± 1.40

5.42 ± 1.25

% Dose Oxidation

37.13 ± 9.53

35.57 ± 8.05
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Figure 1. Example of enrichments seen during the protocol
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Figure 2. Mean enrichments
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THE LIMITS OF ADAPTATION OF FUNCTIONAL PROTEIN SYNTEHSIS TO SEVERE
UDERNUTRITION
1
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1.

OBJECTIVES

This project was designed to investigate the limits of adaptation of protein
metabolism in the stree of severe childhood malnutrition, representing as it does chronic
dietary insufficiency of macronutrients and superimposed infection.

2.

TASKS

The tasks included measurement of concentrations and rates of synthesis of nutrient
transport proteins and hepatic acute phase proteins inseverely malnourished children during
their acute illness and a recovery.
Measurements of these same things in normal controls.

3.

PROGRESS

Rates of synthesis of both types of proteins were measured simulatneously using
two tracers, U-C13 glucose and H3-leucine in pilot experiments. Both tracers gave similar
results and becuase the cost of the U-13-glucose was substantially greater that the leucine,
the latter was used as the sole tracer in all subsequent experiments.
In these experiments, we measured fractional synthesis rates of nutrient transport
and hepatic acute phase proteints in 3 children, one in the acute phase and two in the
recovered phases. Each subject received 2H3-leucine as a primed (22.5 umole/kg) constant
(30 umole/kg/h) intragastric infusion. Feed was offerred at 100 cal/kg/d and protein, 1.2
g/kg/d. Four blood samples of 1 ml each were taken at baseline and after 3.4 and 8 hours
of infusion.
The isotopic enrichments of triplicate samples of the 7 proteins extracted from blood
showed good reproducibility of isotopic enrichment determinations.
The infusion protocol labelled the slowest turning over protein, albumin to an isootpic
enrichment which allowed precise measurement of its synthesis rate.
Fractional synthesis rates of nutrient transport proteins were found to be depressed
in the acute stage by 15-58% while those for the hepatic actue phase proteins were
elevated by 28-125%. These relationships were reversed in the recovered stage.

51

Since these pilot examinations have been completed, 5 additional patients have been
recrutied and 3 of these have had all studies done. Mass spect analyses have not yet been
performed and these are not scheduled until February 1995 when Dr. Terrence Forrester will
transport speciments to CNRC.

FRACTIONAL SYNTHESIS RATES OF NUTRIENT TRANSPORT AND HEPATIC ACUTE
PHASE PROTEINS IN 3-12 MONTH OLD INFANTS
PROTEINS

RECOVERING (FSR%H)

KWASHIORKOR (FSR%H)

Albumin

0.61

0.52

RBP

4.42

1.85

Transthyretin

1.82

1.00

VLDL APO B-100

21.0

14.5

HDL APO A-1

1.75

2.0

Transferrin

0.86

1.07

Fibrinogen

1.56

2.0

Haptoglobin

1.98

4.46

A-1 acid glyco

1.25

2.04

NUT PROTEIN

ACUTE PHASE

4.

CONSTRAINTS

Dr. John Morlese, the fellow assigned to the project, was appointed in 1994. Since
then there has been a reduction in admissions to the TMRU ward of babies with severe
childhood malnutrition. This reflects a fall in the recorded prevalence in the society. To
compensate for this, Dr. Morlese travels to peripheral hospitals to recruit subjects.
5.

PROJECTIONS
At the current rate of admissions this project will run for another year.

6.

REQUEST

A request is hereby made for an extensiion of the current grant at the same rate to
cover the 1994-95 period.
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PROTEIN METABOLISM IN MALNOURISHED CHILDREN WITH ACUTE LOWER
RESPIRATORY INFECTION
M. MANARY, R. BROADHEAD, Department of Paediatrics, Medical College of
Malawi, PO Box 360 Chichiri, Blantyre 3, Malawi.

niiiiini
1 . SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

XA9642965

Malawi is a small landlocked nation in southern Africa, with an area of 118,000 km 2 ,
approximately the size of Cuba. The population is estimated to be 10.5 million, 89% of
which are rural subsistence farmers. Malawi has the highest fertility rate in the world with
7.6 births/woman, and has had the highest population growth rate in the world since 1980,
4.3% annually. Malawi is estimated to be the ninth poorest country in the world with a per
capita annual income of $160. Eighty-five percent of the rural population lives below the
absolute poverty level. Malawi's major exports are all agricultural products, tobacco, tea,
sugar and cotton. It has no significant mineral resources. The southern half of Malawi is
surrounded by Mozambique, and the war there has limited Malawi's trade and transportation
routes.
The principle diet is a monotonous one of maize flour. This is eaten as nsima, in a
warm dough ball that has been prepared with water. Dependent on availability Malawians
augment their diet with green leafy vegtables and fruits such as banana and mango. Very
little meat, rice, or other grains are eaten. Fifteen percent of households at midseason eat
only one meal a day. Breast feeding is ubiquitous in Malawi, usually into the third year of
life [1,2].
Malawi's under five mortality is 228/1000, the seventh highest in the world, and the
highest among nations without a civil war. Human immunodeficiency virus (HIV) is
prevalent in Malawi, overall 10.5% of all Malawians are infected with HIV. Eight percent
of all children are wasted, a marker for acute malnutrition, and 61 % are stunted, a marker
for chronic malnutrition. Twenty-seven percent of all children are moderately or severely
underweight. The predominant manifestation of acute malnutrition is kwashiorkor [2].
The Medical College of Malawi was established in 1991 in Blantyre, Malawi's largest
t o w n . There are five departments, including a community health department. The
Department of Paediatrics has five faculty members, all of which have a significant interest
in nutrition. The teaching hospital of the college is the Queen Elizabeth Central Hospital.
A research facility called the Malaria Project is adjacent to the paediatric wards.
The nutritional rehabilitation unit (NRU) at Queen Elizabeth Central Hospital had 1068
admissions in 1994, and is one of over 400 NRUs in Malawi. Thirty-eight percent of
admissions had kwashiorkor, 28% marasmic-kwashiorkor, 22% maramus and 1 1 %
undemutrition. 17.9 % are infected with HIV. Fifty percent of all admissions are thought
to have sepsis at some point in their hospital course and are treated with parenteral
antibiotics, a majority of these episodes are associated with acute lower respiratory infection
(ALRI). Admission to the unit carries a 26% mortality, and 90% of these deaths are
believed to be secondary to overwhelming bacterial infection.
Malnutrition and infection have been said to have a synergistic interaction, and
several impairments of the immune system during malnutrition have been described [3,4,5].
Protein catabolism during serious infection has previously been described qualitatively, and
quantitatively in small groups of children [6,7]. We endeavored to quantitatively measure
protein catabolism by using a stable isotope labeled infusion using leucine and urea [8,9].
The infusion technique was chosen because it could be completed in a 10 hour period of
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time, thus did not significantly interupt dietary therapy [10,11]. This technique also does
not involve a prolonged complete urine collection, which is almost impossible in children
with significant kwashiorkor because of oliguria and anorexia. The infusion technique using
stable isotope labeled compounds is usually reported from clinical research centers, but
reports of its use in the setting where malnutrition is most common {NRUs in the developing
world) are limited. The purpose of our study was to successfully apply this method of
measuring protein metabolism to malnourished children in Malawi, and to quantify the
protein synthesis and oxidation in malnourished children with ALRI.
2.

METHODS

The study identified hospitalized markedly malnourished patients who develop ALRI
and those recovering from undernutrition without active complications. The study was
approved by the Human Studies Committees of Washington University in St. Louis and the
Medical College of Malawi.
The criteria for being a subject for this study are listed below.
1.

Malnourished child age 1 to 10 years hospitalized on the malnutrition ward
at the Queen Elizabeth Hospital in Blantyre, Malawi.

2.

The child's weight is greater than two standard deviations below the
50th%tile weight for age using the NCHS standards.

3.

The child has acutely developed severe ALRI by the World Health
Organization (WHO) criteria; cough, respiratory rate greater than 40/minute,
and chest wall in drawing [12].

Candidates were further screened with a chest x-ray and only those with a
consolidated alveolar infiltrate were included. Informed consent was solicited from eligible
candidates. Subjects were studied within the first two days of the onset of their ALRI.
Controls were studied at any point in their hospital course during which they are afebrile,
without significant cough or diarrhea, gaining weight, and in the cases of kwashiorkor losing
edema and showing improved appetite. Subjects had an IV placed for administration of
parental antibiotics and for isotopic infusions. Controls have an IV placed for the purpose
of this study. A Medfusion 1001 syringe pump was used to accurately infuse the labeled
isotopes.
The study protocol involved the following:
1.
2.
3.

4.
5.

Subjects and controls had no protein intake for five hours prior to the study.
An initial blood sample of 1.5 cc was drawn, spun, separated and frozen.
An intravenous infusion of stable isotope labeled [1-l3Clleucine and [15N2] urea
in priming doses of 2 mg/kg urea and 15.3 micromoles/kg leucine was given
over 5 minutes [ 10,11 ] .
A constant intravenous infusion of [1-13C] leucine at 6.1 micromoles/kg/hr
and [15N2] urea at 0.2 mg/kg/hr was given for 5 hours. [10,11]
Blood samples at 4.5 and 5 hours of 2 cc were drawn, spun, separated and
frozen.

Samples were analyzed by GCMS at the Washington University School of Medicine
Mass Spectrometry Facility in Saint Louis, Missouri. Samples were analyzed for stable
isotopic enrichment of [1-13C] leucine and [15N2] urea after conversion to a heptaluorobutyl
ester by monitoring mass/charge ratios of 314/313 for leucine and 191/189 for urea.
Ketoisocaproic acid (KIC) enrichment was determined after conversion to the quinoxalinol
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derivative by monitoring mass/charge ratio 233/232. Electron impact capillary GCMS was
used for analysis. The leucine and KIC enrichments were confirmed using both capillary and
packed column chemical ionization GCMS using different derivatives. The samples collected
at 4.5, and 5 hours are used to determine the steady-state value of the isotopic enrichment.
Rate of urea production was calculated by the following equation : Ra = (1OO/Ep-1)
x I where Ra = rate of urea production; I = rate of infusion of tracer; and Ep = isotopic
enrichment of urea mole % excess. Nitrogen from leucine oxidation is assumed to be
exclusively incorporated into urea, and .467 x Ra = N production rate. Ratio of leucine
oxidized to total N is assumed to be same proportion of leucine in body protein, 3.817
mmol/gm N. Protein breakdown was assumed to be equivalent to leucine flux, since the
subjects were fasted and had no other sources of leucine available to them. Q, leucine flux,
was calculated from the isotopic enrichment by the following formula. Q = i x (Ei/Ep - 1)
umol/kg/hr; where i = labeled leucine infusion rate, Ei = enrichment of the leucine infused
(atom % excess) and Ep = plateau value of KIC enrichment (atom % excess). Protein
synthesis was calculated as the difference between protein breakdown and leucine
oxidation.
3.

RESULTS

We studied 19 subjects and 15 controls from November 1994 to February 1995.
HIV infection is common among this population and HIV testing was done by ELISA of most
subjects and controls in the course of their routine clinical care. To determine how HIV
infection effects protein metabolism all HIV infected subjects and controls were grouped into
a third category and compared to the subjects and controls. After the HIV subgrouping we
were left with 13 subjects, 13 controls, and 8 HIV positive patients. The mean age, sex,
weight for height percentile, and the nutritonal diagnosis of the three groups is summarized
in Table I. None of the differences between the three groups are significant except the
higher fraction of marasmic children in the HIV infected group. Isotopic enrichment data for
8 study patients is summarized in Table II. Calculations of leucine oxidation, total body
protein synthesis, and total body protein breakdown is summarized in Table III. Table IV
summarizes the mean values for leucine oxidation, protein synthesis and protein breakdown
for the subjects and controls for whom data is available. These means are not significantly
different with such a small sample size. KIC enrichments were used to calculate protein
synthesis and breakdown, as KIC is believed to reflect intracellualr leucine concentrations.
Of note in Table II is the KIC/Leucine ratio is consistently greater than 1, averaging 1.3 over
16 samples. This is an unexpected finding as the KIC/Leucine ratio has been shown to be
constant with a value of about 0.75 over a wide range of conditions [13]. Samples for
these eight patients have been evaluated under six different GCMS conditions to verify this
unexpected observation. This ratio > 1.0 has been consistently found under all of these
conditions. We are not certain what biological phenonmenon can explain this, but it calls
into question the validity of the four compartment model upon which these calculations are
based. It is not unreasonable to expect that children with kwashiorkor metabolize ketoacids
differently, and this difference could account for the increased KIC/Leucine ratio.
4.

PLANS FOR FUTURE WORK

We are eager to analyze the full data set, and complete more validification testing
in the laboratory with respect to the KIC/Leucine ratio. If the methods here yield valid
quantitative measures of protein synthesis and breakdown, we will proceed with an
intervention trial.
We propose to do a randomized trial of egg supplementation in children with
malnutrition and ALRI. We will use this successful method of measuring quantitative protein
synthesis and oxidation to determine the effects of dietary egg supplementation. The
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following proposal has been submitted and accepted by the Malawi Health Sciences
Research Committee.
One mechanism by which PEM is thought to lead to the nutritional immunodeficiency
is by limiting the amount of substrate needed to synthesize proteins vital to the immune
response. The amino acid composition of cytokines differs from muscle and visceral
proteins [14]. Compared to the latter, cytokines are relatively rich in aromatic amino acids
(phenylalanine, tryptophan and tyrosine) and sulfur containing amino acids (cysteine,
methionine). During a systemic bacterial infection, acute phase proteins are synthesized at
levels of 1-1.2 gm/kg/day [15]. To provide enough aromatic and sulfur containing amino
acids for this acute phase response, 2-2.5 gm/kg/day of muscle protein is oxidized. This
results in a net catabolic state in an anorexic individual. In a well nourished individual, acute
phase proteins, can be synthesized from stored amino acids despite anorexia, however
stores of amino acids are severely depleted in malnourished children. In the malnourished
children the acute phase response is blunted, and in malnourished animals it can be
stimulated by dietary protein supplementation [16,17]. It seems reasonable to expect this
would be the case in malnourished children as well. The immune response may well be
more effective if enough amino acids were available for the acute phase protein response,
and this could affect the mortality seen in ALRI and PEM.
Egg has a high protein content and is available throughout most of the world. Egg
is especially rich in sulfur containing amino acids and aromatic amino acids. It contains 36.4
gm/kg of sulfur containing amino acids and about 15 gm/kg of aromatic amino acids [18].
An egg supplement of 20 gm/kg will provide ample amounts of both groups of amino acids
for synthesis of normal levels of acute phase proteins and visceral proteins.
5.

STUDY PROTOCOL

The study will identify hospitalized children with severe PEM who develop ALRI.
These patients will be admitted to a special research ward (malaria project inpatient ward)
where they will be randomised into two groups, one receiving the standard WHO treatment
for malnutrition plus an egg supplement of 20 gm/kg and the other receiving the standard
WHO treatment [19]. The WHO standard treatment of kwashiorkor starts with a low
protein density milk formula, and when signs of recovery are noted, the energy and protein
content is increased. Likuni phala is added in the second phase of the dietary treatment.
Subjects will be kept on the research unit to monitor their dietary intake and assure that
they will receive the egg supplement. This would be impossible on the malnutrition ward
where a single nurse cares for about 60 patients. During the acute phase of their infection
each will have his/ her protein synthesis and oxidation measured using an intravenous
infusion of stable isotopicly labeled leucine and urea during their acute infection [10,11].
Children will be considered eligible for the study if they meet the following three
criteria:
1)
2)
3)

Aged 1-10 years hospitalized on QECH malnutriton ward.
Weight is below two standard deviation of the median weight for age using
NCHS standards
They develop severe ALRI by World Health Organization (WHO) criteria;
cough, respiratory rate greater than 40/minute, and chest wall in drawing
[12].

Candidates will be further screened with a chest x-ray. Informed consent will be
solicited from eligible candidates. Clinical data such as age, sex, weight, height, nature of
ALRI, fever and oral food intake will be recorded.
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Subjects and controls will be studied within the first three days of the onset of their
ALRI. Fifteen subjects and fifteen controls will be studied. The sample size is based on
detecting a difference of 30% in protein synthesis rate with 95% specificity and 80%
power.
Each study involves a continuous intravenous infusion of stable isotope labeled
leucine and urea to determine the leucine flux and oxidation. The subjects will already have
an IV placed for antibiotic administration, this will be used for their isotopic infusions. A
portable infusion pump will be used to accurately infuse the labeled isotopes.
The study protocol involves the following:
1.
2.
3.
4.
5.
6.

No protein intake for five hours prior to the study.
Draw initial blood sample of 1.5 cc to be spun, separated and frozen.
Infusion of stable isotope labeled [1-13C] leucine and [15NJ urea priming doses
of 2 mg/kg urea and 15.3 micromoles/kg leucine over 5 minutes [10,11].
Initiation of constant infusion of [1-13C] leucine at 6.1 micromoles/kg/hr and
[15N2] urea at 0.2 mg/kg/hr for 5 hours [10,11].
Blood sampling at 4.5 and 5 hours, 2 cc each time.
All samples will be spun, separated and frozen for analysis.

Samples will be analyzed by GCMS at the Washington University School of Medicine
Mass Spectrometry Facility in Saint Louis, Missouri. Samples will be analyzed for stable
isotopic enrichment of [1-13C] leucine and [15N2] urea after conversion to a heptafluorobutyl
ester derivative. Samples will be analyzed for KIC stable isotopic enrichment after
conversion to a quinoxalone derivative. The samples collected at 4.5, and 5 hours will be
used to determine the steady-state value of the isotopic enrichment.
Rate of urea production will be calculated by the following equation. Ra=rate of
urea production = (100/Ep-1) x I; where I = rate of infusion of tracer and Ep = isotopic
enrichment of urea mole % excess. Nitrogen from leucine oxidation is assumed to be
exclusively incorporated into urea, and .467 x Ra = N production rate. Ratio of leucine
oxidized to total N is assumed to be same proportion of leucine in body protein, 3.817
mmol/gm N. Protein breakdown is the only source of leucine to these patients, so it is
assumed to be the same as leucine flux. Q, leucine flux, is calculated from the isotopic
enrichment by the following formula. Q= i x (Ei/Ep - 1) umol/kg/hr; where i = labeled
leucine infusion rate, Ei= enrichment of the leucine infused (atom % excess) and
Ep = plateau value of leucine enrichment (atom % excess). Protein synthesis is equal to
protein breakdown minus leucine oxidation.
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TABLE I. CHARACTERISTICS OF THREE STUDY GROUPS
Number Studied

Mean Age months

Sex % male

Weight/ Height

# with Kwash

Subjects

13

26.8

50%

79%

9/13

Controls
HIV +
patients

13

33.0

50%

83%

13/13

8

26.2

25%

81%

4/8

TABLE II. ISOTOPIC ENRICHMENTS OF 8 SELECT PATIENTS
Pt#

Sample
(hr)

13C Leucine
enrichment

13C KIC
enrichment

15N2 Urea
enrichment

KIC/Leu
ratio

41

4.5

1.77

2.23

1.03

1.26

41

5

2.24

2.54

1

1.13

40

4.5

1.86

2.39

1.28

1.28

40

5

1.98

2.66

1.05

1.34

37

4.5

2.32

2.97

1.1

1.28

37

5

2.01

2.77

1.05

1.38

36

4.5

3.1

3.82

3.35

1.23

36

5

1.31

0.83

1.61

0.63

31

4.5

3.63

3.6

5.8

0.99

31

5

3.7

3.65

5.79

0.99

33

4.5

4.52

5.27

4.49

1.17

33

5

4.55

6.56

4.77

1.44

34

4.5

2.45

3.23

1.54

1.32

34

5

2.61

3.4

1.51

1.30

35

4.5

1.69

3.32

1.34

1.96

35

5

1.73

3.89

1.75

2.25

'All enrichments are expressed in atom percent excess
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TABLE III. PATIENT VALUES FOR PROTEIN SYNTHESIS AND BREAKDOWN
Pt#

Leucine Oxidation
micrmls/kg/hr

Protein Synthesis Protein
umls/kg/hr
Breakdown
[KIC]
umls/kg/hr

Protein
Breakdown
[Leu]
umls/kg/hr

41

34.2

216

250

298

40

30.1

205

235

311

31

5.7

156

162

160

36

10.2

143

153

190

35

22.6

140

163

350

33

7.3

90

97

128

34

22.9

155

178

235

37

32.3

174

206

275

TABLE VI. MEAN VALUES FOR PROTEIN SYNTHESIS AND BREAKDOWN

Protein Synthesis
Protein Breakdown
[Leu]
Protein Breakdown
[KIC]

Leucine Oxidation

60

Subjects
172 umls/kg/hr

Controls
140 umls/kg/hr

(6.8 gm/kg/day)
262 umls/kg/hr

(5.5 gm/kg/day)
213 umls/kg/hr

(10.3 gm/kg/day)
193 umls/kg/hr

(8.4 gm/kg/day)
160 umls/kg/hr

(7.5 gm/kg/day)

(6.2 gm/kg/day)

20.5 umls/kg/hr

20.8 umls/kg/hr
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Abstract

XA9642966

Persistent diarrhoea (PD) is globally recognized as a major cause of childhood
morbidity and mortality. PD is closely associated with malnutrition and
nutrition rehabilitation especially domiciliary dietary therapy posses a
therapeutic challenge. While there has been success in managing such
children with locally home available traditional diets, there has been concern
with the potential of associated micronutrient especially zinc deficiency. We
are evaluating the impact of zinc supplementation of a traditional rice-lentil
(khitchri) and yogurt diet in malnourished children with PD in randomized
double blind study. In addition to the impact on weight gain, stool output
and body composition, we will evaluate whole body protein kinetics using the
modified CRPprotocol [employing 1sN-glycine, H13C03and 1-13C leucine]. We
will also estimate the effect of coexisting illnesses, especially febrile episodes
on nutritional recovery and protein metabolism.

1.

IMPORTANCE OF PERSISTENT DIARRHOEA AND NUTRITIONAL REHABILITATION

Persistent Diarrhea (PD) has been recognized in recent years as a major cause of
morbidity and mortality in the developing world [1]. While improved management of acute
diarrhea with oral rehydration has led to improved survival, PD is still considered to account
for up to 50% of all mortality associated with diarrheal disorders, with case fatality rates
as high as 14% [2]. The close association between PD and malnutrition is well recognized
and PD has been rightfully considered a nutritional disorder [3]. Nutritional management is
therefore considered a cornerstone for its optimal management.
Although a variety of different dietary formulations have been tried in PD, the optimal
management of PD remains controversial [4]. In general, enteral nutrition is considered
superior to parenteral forms of therapy, with better weight gain and reduction in diarrheal
severity [5]. The types of dietary formulations are of particular importance for much of the
developing world where cost-effectiveness is a crucial factor in diet selection and
compliance of therapy. In addition, it is important to consider factors such as homeavailability, efficacy and cultural acceptability of the dietary formulations.
In a series of studies, we have evaluated the efficacy of a traditional rice-lentil-yogurt
combination (Table I) in children with PD and demonstrated satisfactory tolerance and
nutritional impact in comparison with standard soy formulation [6]. In a randomized
comparison of the traditional rice-lentil (Khitchri) and yogurt diet with soy formula in children
with PD, a significantly better increment in weight gain and reduction of stool output was
demonstrated (Figure 1). Although accumulation of fibre and fluid in the body was a
possibility (Figure 2), the weight gain was considered to be due to increased lean tissue
deposition as demonstrated by a corresponding increment in the mid-arm muscle
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circumference and comparable dynamic skin fold thicknesses in both groups. In subsequent
studies the diet has also been shown to be effective in children with severe protein energy
malnutrition (PEM), although the addition of dilute buffalo milk was associated with higher
rates of treatment failure [7].

TABLE I. MACRONUTRIENT COMPARISON OF STUDY DIET [CONTENTS / 100 g (after
preparation)]
KHITCHIRI

YOGURT

Protein g {% kcal)

3.3(11)

3.1(20)

Fat g (% kcal)

3.1 (24)

4.0 (60)

Carbohydrate g (% kcal)

19.0 (56)

4.0 (20)

Energy k. cal

118

60

2.

FACTORS ASSOCIATED WITH OUTCOME OF NUTRITIONAL THERAPY OF PD AND
THE IMPORTANCE OF COINCIDENTAL INFECTIONS

Of the various prognostic factors in malnourished children receiving enteral nutritional
therapy, young age, severity of diarrhea and coincidental infections were considered of
paramount importance [8,9]. In particular coincidental pyrexia, even in the absence of
systemic bacteremia, was found to be an important determinant of the rate of nutritional
recovery and reduction of diarrheal severity (Figures 3, 4). While the effect of clinical and
subclinical infections on nutritional recovery can be multifactorial, it is likely that anorexia,
reduced caloric intake as well as increased catabolism all play a significant role. In particular,
there has been major interest in the potential role of subclinical infections and
immunostimulation in such children [10]. It is possible that associated systemic infections
may be important determinants of nutritional recovery in children with PD because of the
'diversion' of important nutrients to synthesis of acute phase proteins [11].

3.

IMPORTANCE OF MICRONUTRIENTS ESP. ZINC IN NUTRITIONAL REHABILITATION

In addition to protein-energy-malnutrition, most children with PD have coincidental
micronutrient deficiencies. Of these there has been considerable interest in the role of zinc
deficiency in such children [12]. Zinc has been recognized as an essential nutrient and
component of several metalloenzymes [13] as well as in DNA synthesis [14]. While the
optimal laboratory parameter of zinc status in a population remains unknown, several zinc
supplementation studies have demonstrated a positive impact on intestinal recovery [15],
growth [16] and neurodevelopment [17].
Many studies of feeding traditional diets rich in fiber and phytate to malnourished
children suggest that these may be associated with coincidental micronutrient deficiencies
due to decreased bioavailability. Indeed, our past studies of feeding a traditional K-Y diet in
malnourished children with PD indicated that the weight gain slowed down during the
second week of therapy suggesting the possibility of concomitant micronutrient deficiency
(Figure 5). Recognition of such micronutrient deficiencies may allow for better and effective
nutritional interventions. Studies of zinc supplementation in malnourished children have also
indicated that deficient children may deposit more fat compared to lean body mass, as the
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energy cost of tissue deposition may be high in deficient children [18]. In contrast,
preliminary studies of whole body protein synthesis in malnourished children receiving
supplemental zinc indicate a preferential deposition of protein [19].

4.

HYPOTHESIS

It is hypothesized that malnourished children with PD have protein energy
malnutrition as well as micronutrient (especially zinc) deficiency. Such zinc deficiency may
be an important factor in limiting the rate of nutritional recovery in such children on
standard dietary therapy. It is further hypothesized that in addition to macronutrients,
dietary zinc supplementation in such children may lead to an improved nutritional outcome
and rate of recovery. It is also expected that zinc supplementation may have an
immunomodulatory effect with reduction in the rates of coincidental infections and their
subsequent negative impact on nutritional recovery.

5.

OBJECTIVES
Our proposed study will have the following study objectives:

6.

1.

To study the zinc status, rates of coincidental infections and acute phase
reactants in children with PD and malnutrition;

2.

To study the impact of zinc supplementation of a traditional K-Y diet in
malnourished children with PD on rates of nutritional and diarrheal recovery
in a double blind randomized clinical trial;

3.

To study the impact of dietary zinc supplementation in such children on body
composition, protein accretion rates and whole body protein synthesis using
stable isotopes ('5N-glycine, H'3CO3 and [1-13C] leucine).

STUDY DESIGN
6.1.

Patient selection and randomization

Children aged 6-36 months with PD (diarrhea lasting 14 or more days with growth
faltering) will be eligible for inclusion in the study. After informed consent and baseline
evaluation, these children will be admitted to a metabolic research ward at the National
Institute of Child Health with a research medical officer and nurse in constant attendance.
After an initial period of stabilization and rehydration for <; 24 hours, the children will be
randomized in a double blind fashion to receive a zinc supplement (4 mg/kg/day) or a
placebo in addition to the K-Y diet. The diet will be provided in graded increments to achieve
a caloric intake of at least 100 kcal/kg/day by day 3.
6.2.

Evaluation

Apart from a detailed clinical examination and nutritional history, the following
clinical observations will be made at admission and subsequently as per protocol.
Vital signs (temp, pulse, resp rate)
Hydration status
Nude body weight (pre-feed)
Quantitative stool output

twice daily
twice daily
daily
daily
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Quantitative urine output
Skin fold thickness
Mid arm circumference
Complete blood count
Serum albumin and prealbumin
Plasma zinc
Bioimpedance analysis
Serum retinol & retinol binding protein

daily
day 0,7,14
day 0,7,14
day 0,7,14
day 0,7,14
day 0,7,14
day 0,7,14
fortnightly

The bulk of the laboratory investigations will be performed in the Nutrition Research
Laboratory at the Aga Khan University using standard techniques. The estimation of zinc on
plasma specimens will be performed on an atomic absorption spectrophotometer (Perkin
Elmer model 303). This equipment will be available to the investigators though the courtesy
of the Dept. of Pharmacology at AKU.
Following stabilization, the stable isotopes will be administered on Day 3 & 14 as
follows with timed urine and breath sample collections.
In order to estimate protein metabolism, namely, breakdown and oxidation, the
following protocol of stable isotope administration will be followed:

15

Time

Dose

Primary dose

Oh

2 mg/kg

Priming dose
Continuous

Oh

0.1-3 h, q 20 min

0.4 mg/kg
0.40mg/kg/h

N-Glycine

H 13 CO 3

1 13C-Leucine
Priming dose
Continuous
Breath Collection
2-3 h
6-9 h
Blood samples x 3
Urine Collection
0-24 h

3h

3.1-9 h

2 mg/kg
2 mg/kg/h
q 20 min
q 20 min

9h

Comolete

A subgroup of 10 children (5 in each group) will undergo two consecutive metabolic
balance studies between days 3-5 & 12-14 to estimate energy, protein, fat and zinc
accretion.
6.3. Definitions
Persistent Diarrhoea (PD): Since pre-admission weight may not be available, PD will
be defined as three or more watery stool per day for 2 14 days following an acute episode
of diarrhoea with no more than 2 diarrhoea free days which do not occur consecutively.
Cessation of diarrhoea: Achievement of semisolid stool consistency with a stool
output of <. 30 g/kg/day.
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Nutritional Recovery: Weight gain for a consecutive 2 3 days after achievement of
a caloric intake of 100 cal/kg/day.
Clinical Failure: Persistence or development of severe vomiting or diarrhoea
necessitating intravenous fluids for £ 12 hours.

6.4. Outcome variables
The following outcome variables will be studied in both groups and compared:
Stool output (consistency, volume & frequency)
Weight gain
Anthropometric parameters
Recovery rate: Cessation of diarrhoea and nutritional recovery
Plasma zinc levels
Serum retinol binding protein
Serum pre-albumin
Whole body protein synthesis rate
7.

FUTURE STUDIES

Future studies planned by the Department include the following:
1.

An evaluation of metabolic and immune status of growth retarded newborn
infants with serial follow-up and monitoring. Local epidemiologicai data
indicates that these low birth weight infants are at major risk for the
development of morbidity and diarrhoeal illness [20]. There is little data on
protein kinetics and immunostimulation in these children who form almost
25% of all births in Pakistan. We propose to serially follow a birth cohort of
such infants for the first six months with periodic evaluation of clinical
morbidity data, nutritional status, body composition and protein kinetics.
Such information may provide important clues as to potential early and
appropriate nutritional interventions.

2.

An evaluation of multimixes i.e. locally available dietary combinations
providing the optimal macronutrient and micronutrient intake in
immunostimulated malnourished infants and children.
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Abstract
Assessment of protein nutritional status during re-feeding children with
protein energy malnutrition (PEM) can be difficult. We hypothesized that the
fractional synthesis rate (FSR) of albumin, as measured by stable isotope
technology, would serve as an objective measure of changes in protein
status, and that increased amounts of dietary protein (15% of calories vs
10%) would lead to higher FSR. Eight (5 M, 3 F) Peruvian children (mean
age 15.5 months) with PEM (mean wt/ht Z score = -2.47) were studied
twice during the first week of admission by the flooding dose technique. An
intravenous dose of >3C-feucine (57 mg/kg, 99 atom%) was given and serial
blood samples were drawn in intervals up to 90 minutes in order to measure
isotopic enrichment of serum albumin. Mean FSR for the day one infusion
was 6.11% (range 3.07 - 15.37%) (n = 8). Mean FSR for the follow-up
infusion was 7.67% (range 3.63 - 12.37%) (n = 5), and FSR was no
different between the two dietary groups. FSR on day one was inversely
related to age (r = -0.62), and one patient with Shigella dysentery had the
highest FSR (15.9%). We conclude that FSR of albumin can be measured
successfully in children with PEM using the flooding dose technique, and that
assessment of albumin FSR holds promise to help determine protein
requirements and status during recovery from PEM.

1.

INTRODUCTION

Protein-energy malnutrition (PEM) is one of the most common nutritional deficiency
syndromes in the world, affecting approximately 100 million children of less than age five
in developing countries [1]. It is responsible for up to 50% of childhood mortality in such
populations, being closely entwined with the concurrent morbidities of enteric and
respiratory infections. Despite extensive scientific study of the multiple metabolic
derangements in PEM [2], nutritional repletion of these patients has been designed largely
on an empirical basis. The ultimate success of nutritional repletion is usually judged by
important but imprecise measures of well-being: weight gain, return of appetite, and
resolution of apathy/return of playfulness [3].
Assessment of protein status during refeeding in PEM can be done by nitrogen
balance techniques, but this method is both cumbersome and prone to inaccuracies [4].
Another common measurement of protein status is serum albumin, but the long halflife (21 days) of serum albumin makes it an insensitive marker of protein repletion. In
addition, serum levels of proteins depend on rates of synthesis, degradation, and
redistribution among body compartments [5]. A more objective assessment of protein
nutriture would be the measurement of protein synthesis rates.
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The use of stable isotopes has allowed protein synthesis rates to be measured
without the need for radioactive tracers, thereby permitting these methods to be applied to
pediatric subjects. In this pilot study, we used the "flooding dose" technique [6] to measure
albumin synthesis rates in patients with severe protein energy malnutrition.
We
hypothesized that increased levels of dietary protein intake would be associated with
increased fractional synthesis rates (FSR) of albumin, and that FSR on day one of admission
would be lower than FSR measured after nutritional recovery had commenced.
2.

METHODS
2 . 1 . Subjects and site

We performed a prospective study among inpatients at the Instituto de Investigacion
Nutricional in Lima, Peru. Inpatients ages 6 - 2 4 months with growth failure due to PEM
(weight for length Z score < - 2.0) were eligible for study participation. Children with
ascites, severe edema, or proteinuria were excluded. Patients with signs of hepatic
dysfunction (jaundice or elevation of serum transaminases to more than twice the upper
limit of normal) were also excluded. Children with fever, diarrhea, or vomiting were not
excluded, and the presence of infectious illnesses was determined on clinical and laboratory
grounds. A standard three hour fast preceded all isotope infusions, although a dextrose
containing intravenous fluid was administered during this time.
2.2. Ethics
The study protocol was approved by the Ethics Committee of the Instituto de
Investigacion Nutricional, as well as the Subcommittee on Human Studies of the
Massachusetts General Hospital.
2.3. Dietary management
A rice and milk-based diet was given to all subjects. Subjects were assigned to
receive either 10% of calories as protein (standard protein diet) or 15% of calories as
protein (high protein diet) (Table I). On day 1 of admission, subjects received 75 kcal/kg of
this diet. On day 2 and subsequent days, 125 kcal/kg were given. A vitamin and mineral
supplement was provided to all subjects.
2.4. Data collection
Determination of albumin synthesis rates was performed via 13C-labeling of leucine
on the first and on a subsequent day during the first week of hospitalization [6]. An
intravenous dose of sterile and pyrogen-free 13C-leucine (57 mg/kg, 99 atom%) was
administered over 2 minutes. One ml blood samples were drawn at time 0, 10, 20, 30, 60,
and 90 minutes. To help determine if hypothesized rises in FSR after refeeding varied in the
first week of nutritional rehabilitation, follow-up infusions were performed on hospital day
3 for 2 subjects, day 4 for 2 subjects, day 5 for 2 subjects, and day 6 for 1 subject.
2.5. Measurements
Isolation of 13C-enriched albumin for mass spectrometry was accomplished as
follows. After the serum was thawed, albumin was extracted by differential solubility in
absolute ethanol from trichloroacetic acid-precipitated protein [7]. The purity of the protein
preparation was confirmed by high-resolution polyacrylamide electrophoresis. The albumin
was then washed with 0.3 N NaOH at 37C for one hour, reprecipitated with 4 M HCI04 at
4C, then washed again with 0.2 M HCI04. The albumin was then hydrolyzed in 6M HCI for
24 hours at 11°C, and the hydrolysate was purified by ion exchange chromatography. The
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hydrolysates were derivitized with N-Methyl-N-(tert-butyldimethylsilyl)-trifluoroacetamide
chromatography. Leucine was isolated by gas chromatography, and then decarboxylated
with ninhydrin. The 13C enrichment of the released13 C0 2 was measured by gas isotope
ratio mass spectrometry.
Enrichment of free leucine from plasma was measured by separating leucine by ion
exchange chromatography, then measuring the tertiary butyldimethylsilyl derivative by gas
chromatography-mass spectrometry.
2.6. Calculations
Isotopic enrichment of the product pool is determined by the rate of synthesis from
the precursor pool, less the rate of escape from the product pool during the course of
measurement i.e., if F represents the enrichment of free amino acid in the precursor pool,
and P is the isotopic enrichment of the product pool , and k, and k, are first order rate
constants signifying the rate of albumin synthesis and transcapillary escape, respectively,
both being expressed as fractions of the intravascular pool, then

F

ks

P

ke

More specifically, the rate of incorporation of labeled leucine into albumin can be
expressed by the following steady state equation [8]:

However, calculations have shown that with the flooding dose technique, this
equation may be simplified 16]. Given the brief time course of the infusion and
measurements, transcapillary escape may be safely ignored. In addition, the large excess
of precursor amino acid infused in the "flood" means that F > > P, or that (k,+ k.)Pdt is
very much lower than ksFdt and can therefore be omitted. Thus,

Integrating and rearranging, we have

where the denominator is equivalent to A, the area under the precursor enrichment time
curve between appropriate times. Figure 1 shows an idealized curve for precursor
enrichment versus time after a flooding infusion. The time points t, and t 2 for measuring
the increase in albumin enrichment are chosen where incorporation of the label is close to
linear. Figure 2 shows an idealized graph of albumin enrichment versus time, where baseline
points are obtained during points 0, 10, and 20 minutes, followed by a linear increase in
isotopic enrichment. The time at which these two lines intersect is ts (secretion time),
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corresponding to the lag time between albumin synthesis and processing in the hepatocyte
and secretion into the circulation.
The final form of the equation used to calculate albumin synthesis is therefore:

k =FSR=——-xlOO%
S

j

where FSR is the fractional rate of albumin synthesis (expressed as percent of whole body
pool per day).
2.7. Statistics
Regression lines were calculated by the least squares method. Comparison of PSR
by dietary group was done by the Mann Whitney U test, and comparison of baseline versus
follow-up FSR was done by paired t-test. Pearson correlation coefficients were calculated
between FSR and possible clinical and laboratory predictors (age, weight for height, Z score,
and serum albumin).
3.

RESULTS

Eight (5 M, 3 F) Peruvian children (mean age 15.5 months) with PEM were enrolled.
All were studied on day one of admission, as well as three to six days after dietary
intervention. Data for five follow-up infusions are available for analysis: one patient was
discharged before a second infusion was performed, one sample awaits mass spectrometry
analysis, and one sample (subject 5) yielded data which were difficult to analyze (see
below).
Table II shows on admission the clinical and laboratory parameters for study
participants. Mean serum albumin concentration was 3.9 mg/dL (range 2.2 - 4.7 mg/dL).
Mean weight for height Z score on admission was -2.47. Six children were deemed to have
clinically apparent infections.
Figure 3 shows the actual precursor enrichment curve obtained by averaging the data
from five subjects' leucine enrichments; data from this curve were used to calculate A, the
area under the precursor curve. Figure 4 shows albumin enrichment data from eight
subjects on day one of admission, and Figure 5 shows similar graphs for the six subjects
for whom follow-up data are available. As can be seen by the raw data, the 90 minute time
points from 3 subjects (subjects 6 and 7 on day 1; subject 4 on follow-up) showed a
decreased isotopic enrichment versus the preceeding curve. These points were therefore
not used in creating the regression lines. In addition, the data for subject 5 in follow-up
showed no significant rise in atom percent enrichment and was therefore not able to be
analyzed.
Table III shows the outcome variables secretion time and FSR. Mean albumin
secretion time for the first infusion was 21.65 (range 4.53 - 40.0) minutes. Mean FSR for
the day one infusion was 6.11 % (range 3.07 - 15.37%) (n = 8). Mean FSR for the followup infusion was 7.67% (range 3.63 - 12.37%) (n = 5), and mean secretion time was 24.35
(range 7.4 - 38.06) minutes.
Subjects deemed to have a clinically apparent infections (n=6) had FSR's not
significantly different than the two patients without infections (mean 6.77% vs 4.14%, p
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> .05). One patient with Shigella dysentery had the highest FSR measured (15.9%).
Patients receiving 10% of dietary calories as protein had FSR's not significantly different
than those receiving 15% of calories as protein, both on day one (4.62% vs 7.61 %, n =
4 in each group) and on the subsequent measurement (7.45% vs 8.00%, n = 3 with 10%
protein, n = 2 with 15% protein).
Pearson correlation coefficients for FSR on day one were moderate for age (r = 0.62), admission weight for height Z score (r = 0.44), and serum albumin (r = 0.25).
5.

DISCUSSION

Since PEM has classically been conceptualized as either hypoalbuminemic
malnutrition (kwashiorkor) or normoalbuminemic malnutrition (marasmus), the focus of many
studies has been on albumin metabolism. Studies from the 1960's [9-11] used radioactive
tracers in a variety of in vivo and in vitro conditions to show that protein depletion and the
clinical condition of kwashiorkor were associated with decreased rates of albumin synthesis.
Unfortunately, several aspects of these early isotope studies limit their usefulness in human
research. Constant rate infusions of the label over 24 hours or longer are needed, and
measurement times are also prolonged (4 to 6 hours). In conditions where albumin
metabolism may be in flux, such methods may obviously not be optimal. In addition, the
use of radioactive isotopes in children is now generally thought to be unethical. Using a
"flooding dose" of stable isotopes can surmount these problems by avoiding exposure to
radioactivity and by allowing the experiment to be completed in 90 minutes.
Our results show that this technique, previously used in adult men, can be
successfully adapted for use in children with PEM. Mean FSR on presentation to the
hospital of 6.11 % per day is lower than that reported in healthy adults (7.2 +/- 1.3% per
day) 16], not surprising given the lowered metabolic rate seen in PEM. These values are
also lower than those reported in healthy infants and children (7.44 +/- 3.5%) 112]. Our
reported mean secretion times of 21.7 minutes at admission and 24.4 minutes upon
refeeding are lower than the 37 minutes reported by Ballmer et al.
Our data do not suggest a dramatic effect of infections in altering albumin synthesis,
but only two patients were without clinically apparent infections, thereby limiting our power
to detect a difference. The finding of a very high FSR in the patient with Shigella dysentery
may have resulted from a protein-losing enteropathy and a subsequent attempt by the liver
to replace albumin lost in the gut (although no formal evaluation of protein lost via this route
was undertaken).
Interestingly, FSR measured after the institution of nutritional rehabilitation was
generally higher in these patients with PEM. Two subjects whose follow-up infusion was
early in the first week (days 3 and 4) showed essentially no change in their FSR (e.g., 7.71
vs 7.44%; 3.73 vs 3.63%), whereas 3 subjects studied later in the week (days 4, 5, and
6) showed almost doubling of their FSR (e.g., 3.07 to 7.04%; 3.15 to 7.88%; 5.98 to
12.37%) (Figure 6).
Although the mean FSR during follow-up infusions was not
statistically different from baseline, our study is limited by small power to detect these
differences.
It should be noted that the clinical condition, small size, and reduced haemoglobin
mass of malnourished paediatric patients limit the ability to draw repeated blood samples.
As a result, enrichment curves are derived from relatively few data points. In addition, the
90 minute point in some subjects seemed unreliable, showing a decrease in isotopic
enrichment. Modification of this pilot protocol will therefore include 1) increasing the
frequency of blood samples in a select population of older, more clinically stable children,
and 2) drawing blood samples at 0, 15, 30, 45, 60, and 75 minutes. The possibility that
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transcapillary escape of albumin may impact on our results (especially the 90 minute point)
could also be assessed, as could measurement of plasma volume.
In summary, we have successfully adapted the flooding dose technique to measure
hepatic export protein synthesis in children with severe PEM. The technique described may
be adapted to measure the synthesis rates of hepatic export proteins other than albumin
such as the acute phase reactants alpha-1-antitrypsin and C-reactive protein, as well as
retinol binding protein, transferrin, and other carrier proteins. Whether and how
micronutrient deficiencies and/or supplementation bear upon the synthesis of their
respective carrier proteins would clearly be of interest. More precise estimates of amino
acid requirements in the setting of recovery from PEM may also be made in this manner
[13]. Finally, the quantification of protein synthesis rates in the presence of infections holds
the promise of improving our understanding of how nutritional support may modify the
body's response to infections [14].
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TABLE I: DIETARY TREATMENT GROUPS
Standard Diet:
Days

Energy (kcal/kg)

1
2
3'

Protein (g/kg)

1.9
3.2
3.2

75
125
125

High Protein Diet:
Days

Energy (kcal/kg)

1
2
3'

Protein (g/kg)

75
125
125

2.8
4.7
4.7

'diet continued at this level until the second infusion was performed

TABLE II. CLINICAL AND LABORATORY CHARACTERISTICS
#

Age
(mo)

Sex

% Calories
as protein

Admit WHZ

Serum
Albumin

Infections

1

7.1

F

15

-2.11

4.4

Shigella dysentery

2

13.4

M

10

-2.16

4.7

URI

3

7.5

M

15

-1.87

4.4

none

4

20.0

M

10

-2.68

4.2

UTI

5

21.0

M

15

-2.73

4.2

URI

6

19.4

M

10

-3.02

3.0

TB

7

15.0

F

15

-2.08

2.2

pneumonia

8

20.6

F

10

-3.12

4.1

none

mean

15.5

-2.47

3.9

0.5

0.9

SD

5.7

Abbreviations: WHZ = weight for height Z score; URI = upper respiratory infection; UTI = urinary
tract infection; TB = tuberculosis.
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TABLE III: ALBUMIN SYNTHESIS RATES AND SECRETION TIMES

Secretion
Time

#

Day

1

1

40.0

15.87

2

1

23.37

3

1

4

FSR
(%/d)

Secretion Time
(min)

FSR
<%/d)

3

NA

NA

7.71

3

7.40

7.44

18.73

3.73

4

29.22

3.63

1

21.33

3.07

4

14.58

7.04

5

1

24.75

4.86

5

NA

NA

6

1

15.43

3.15

5

38.06

7.88

7

1

25.03

5.98

6

32.49

12.37

8

1

4.53

4.55

-

NA

NA

mean

21.7

6.11

24.4

7.67

SD

10.0

4.2

12.9

3.1

Day
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Precursor Enrichment vs Time
100

40

20

100

Fig. 1. An idealized curve for precursor enrichment versus time after a flooding infusion.

Albumin Enrichment vs Time

90

100

Fig. 2. An idealized graph of albumin enrichment versus time, where baseline points are
obtained during points 0, 10, and 20 minutes, followed by a linear increase in isotopic
enrichment.
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Leucine Enrichment Curve
100

80

100

Fig. 3. Precursor enrichment data from childre with PEM (n —5).

APE vs Time
Day One infusion

Fig. 4 . Albumin enrichment on day 1 in children with PEM (n = 8 ) .
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APE vs Time
Follow-up infusion
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Fig. 5. Albumin enrichment data on follow-up infusions in children with PEM (n = 6).

Changes in Albumin FSR
with Time
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day 4

day 5

day 6

Fig. 6. Serial measures of albumin FSR in the first week of hospitalization.
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PART III.

AGENDA OF RCM
LIST OF PARTICIPANTS

COORDINATED RESEARCH PROGRAMME (CRP)
Application of Stable Isotope Tracer Methods to Studies of Amino Acid, Protein,
and Energy Metabolism in Malnourished Populations of Developing Countries
Agenda for Second Research Coordination Meeting (RCM)
21-24 March, 1995
Tropical Metabolism Research Unit (TMRU)
Kingston, Jamaica
TUESDAY 21 MARCH
9.00-9.15

OPENING
Welcome
Introductions
Recent programmatic developments in nutrition at the IAEA (C. Fjeld)

9.30 - 12.30 SESSION I
Adoption of the Agenda
Status report on the Coordinated Research Programme and administrative
arrangements for the meeting (C. Fjeld)
COUNTRY REPORTS * ON GENERIC PROTOCOL
Guatemala

Mazariegos/Caballero (research + technical contract)

India

Kurpad (research + technical contract)

SEMINAR
1. A. Kurpad

Presentation and discussion of results from IV and IG bicarbonate
protocol and conclusions
* Please Note: All Country Reports should include:
* Study design and modifications made since first RCM
* General progress since first RCM
* Sample analysis
* Data interpretation and outlines for publications

14.00 -17.30 SESSION II
SEMINAR
2. P. Reeds and/or F. Jahoor

Standardizing calculations of carbon and nitrogen recycling

COUNTRY REPORTS • ON NUTRIENT SUPPLEMENTATION PROTOCOLS
Bangladesh
Bolivia
Pakistan

I. Kabir
J.L. San Miguel
A. Bhutta/S. Hardy
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COUNTRY REPORTS ON INFECTION PROTOCOLS
Peru
Malawi
Jamaica

J. Lembcke/C.Duggan
M. Broadhead/M. Manary
T. Forrester/F. Jahoor

INFORMAL DINNER TOGETHER (optional)

WEDNESDAY 22 MARCH
9.00 - 12.30 SESSION III
DISCUSSION OF GENERIC PROTOCOL (See attached list of discussion topics)
The discussion should conclude with recommendations for details of work still
needed to complete the generic protocol.
DISCUSSION OF ALL COUNTRY PROJECTS
SEMINAR
3. Gerald Keusch Metabolism of Amino Acids during subclinical infections
(See attached list of Principal Topics)
DISCUSSION
14.00 - 17.30 SESSION IV
SEMINAR
4. Steve Hardy

Isotopic methods for measuring protein anabolism during nutrient
supplementation
DISCUSSION

Wednesday Evening:
COCKTAIL HOSTED BY TROPICAL METABOLISM RESEARCH UNIT (TMRU)
THURSDAY 23 MARCH
9.00 - 12.30 SESSION V
GENERAL DISCUSSION
General discussion on work to be undertaken by participants within the
framework of the CRP (see attached list of discussion topics)
14.00 - 17.30 SESSION VI
GENERAL DISCUSSION (CONTINUATION)
REPORT OF THE MEETING
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FRIDAY 24 MARCH
9.00 - 12.30 SESSION VII
Practice sessions for presenters at FASEB minisymposium: Immunostimulation
and Growth: Implications for Iron, Zinc, and Amino Acid Metabolism. This
session will give presenters a chance to practice delivering talks, fielding
questions. By this time of the meeting, the talks could be modified if needed to
take into consideration what was learned about data interpretation earlier in the
RCM.
14.30 - 17.00 SESSION VIII
Final discussions as needed

1.

PROVISIONAL LIST OF DISCUSSION TOPICS FOR GENERIC PROTOCOL
1.1. Adaptations made, including background and rationale
1.2. Results and Problems
1.3. Standardization of data analysis, especially for calculation of rate of carbon
dioxide production, 15-N-leu urinary enrichment either in comparison with the
rate of leu
oxidation calculated from carbon turnover or in an 'end-product'
model.
1.4. Other relevant factors needed to complete the Generic Protocol

2.

PRINCIPAL TOPICS OF SEMINAR: Metabolism of Amino Acids during subclinical
infections
2 . 1 . Are vaccines adequate models of infection in our protocols which are measuring
protein oxidation and amino acid incorporation into specific proteins or classes
of proteins (ie., nutrient transport, globulins).
2.2. Do measles and typhoid vaccines turn on the immune response and are we
seeing it?
2.3. Is DPT a better vaccine for our purposes?
2.4. Can we use the vaccines as a model for studying diversion of amino acid during
immunostimulation?
2.5. For which conventional markers of immunostimulation does the CRP have data?
Are these adequate?
2.6. What improvements should we seek, and what is the cost?
2.7. Could 'kits' for be produced for distribution to the participants?
2.8. If vaccines are not good models, what study design changes should be made to
the generic protocol to obtain pre-infection and immunostimulated data in
longitudinal studies?
Nutritional status and immune status assessment:
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2.9. Do data from isotopic studies permit comparison between conventional
indicators of immune status (ESR, plasma proteins, cytokines, etc.) and globulin
synthesis rates? If we are not ready to make this comparison, is there
justification for pursuing this?

3.

2.10.

What specific markers of immune status are needed to characterize the
impact of immune status on nutritional status or on the host response
to nutritional interventions in field studies in developing countries? In
clinical studies in developing countries?

2.11.

Is it recommended that the IAEA help facilitate these measurements
and, if so, what recommendations are there in this regard?

2.12.

Recommendations for revisions to Generic Protocol

2.13.

Other matters

PROVISIONAL LIST OF DISCUSSION TOPICS FOR WORK TO BE UNDERTAKEN IN THE
CONTEXT OF THE CRP
3.1. Goals of each project during the upcoming and subsequent contract years,
including discussions of nutritional interventions.
3.2. We would like to be able to recommend dietary interventions which blunt
catabolism of muscle which may occur to provide amino acid substrates for
synthesis of acute phase proteins during immunostimulation.
3.3. re any groups ready to undertake a dietary intervention phase of the research to
test the hypothesis that an intervention with increased sulphur and/or aromatic
amino acids blunts the catabolic response?
3.4. Are other studies, such as of zinc supplementation, with amino acid or protein
metabolism as an outcome variable, warranted and if so, is anyone ready?
3.5. Is a reviews paper(s) on impact of nutrition interventions in our populations
needed first and if so, who is interested in writing it if we can get a LITTLE
funding for this?
3.6. Other topics of relevance to the future of the CRP

84

LIST OF PARTICIPANTS

Bangladesh

Pakistan

Dr. Iqbal Kabir
International Centre for Diarrhoeal
Disease Research, Bangladesh
GPO Box 128
Dhaka-1000

Dr. Zulfiqar Ahmed Bhutta
Dept. of Paediatrics and Pharmacology
The Aga Khan University Hospital
Stadium Road, PO Box 3500
Karachi 74800

Bolivia

Peru

Dr. Jose Luis San Miguel
Jefe del Dpto Nutricion
Instituto Boliviano de Biologia de Altura
La Paz

Dr. Jorge Lembcke
Instituto de Investigaci6n Nutricional
Apartado 18-0191
Lima 18

Guatemala

Malawi

Dr. Manolo Mazariegos
CeSSIAM
Hospital de Ojos y Oidos
"Dr. Rodolfo Robles V."
Diagonal 21 y 19 Calle, Zona 11
Guatemala City

Dr. Robert Broadhead
College of Medicine
Department of Pediatrics
University of Malawi
Private Bag 360
Chichiri, Blantyre 3

India

Dr. A.V. Kurpad
Nutrition Research Centre
Department of Physiology
St. John's Medical College
Bangalore, 560 034
USA
Dr. Benjamin Caballero
Director, Center for Human Nutrition
The Johns Hopkins University
School of Hygiene and Public Health
615 North Wolfe St.
Baltimore, MD 21205-5478

Dr. Steve Hardy
MIT, E18-613
77 Massachusetts Avenue
Cambridge, MA 02142

Dr. Christopher Duggan
Harvard Medical School
Massachusetts General Hospital
Boston, MA 02115

Dr. Peter J. Reeds
Stable Isotope Laboratory
Children's Nutrition Research Center
1100 Bates St.
Houston, TX 77030

85

Dr. Farook Jahoor
Children's Nutrition Research Center
Baylor College of Medicine
1100 Bates St.
Houston, TX 77030-2600

CONSULTANT
Dr. Gerald T. Keusch
Chief, Division of Geographic Medicine
and Infectious Diseases
Tufts University School of Medicine
New England Medical Center
750 Washington Street, NEMC #041
Boston, MA 02111
United States of America
HOST

Dr. Terrence Forrester
Tropical Metabolism Research Unit
University of the West Indies
Mona, Kingston 7
Jamaica
IAEA STAFF MEMBER
Dr. Carla R. Fjeld
Senior Scientist
Section of Nutritional and
Health-Related Environmental Studies
Division of Human Health
International Atomic Energy Agency
P.O. Box 100
A-1400 Vienna
Austria

86

Dr. Mark Manary
Washington Univ. Sch.Med.
Department of Pediatrics
400 S. Kingshighway
St. Louis, MO 63110

ANNEX I.
SUMMARY ON THE FIRST
RESEARCH CO-ORDINATION MEETING (RCM)
24-29 OCTOBER 1993, BOSTON, USA

SUMMARY REPORT OF THE FIRST RESEARCH COORDINATION MEETING BOSTON,
USA, 24 - 29 OCTOBER 1993
APPLICATION OF STABLE ISOTOPE TRACER
METHODS
TO STUDIES
OF AMINO
ACID,
PROTEIN,
AND
ENERGY METABOLISM
IN
MALNOURISHED POPULATIONS OF DEVELOPING COUNTRIES

1.

INTRODUCTION

The report of the FAO/WHO/UNU Expert Consultation [1] underscored the
inadequacy of our knowledge of requirements for energy, protein, and amino acids during
convalescence from disease and undernutrition. It stressed that filling this knowledge deficit
should be a priority subject for further research, once appropriate methods become
available. Substantial advances have been made in the uses to which isotopic tracers can
be put to study amino acid and protein metabolism under a variety of physiological
conditions, including undernutrition and infection.
The Coordinated Research Programme (CRP), Application of Stable Isotope Tracer
Methods to Studies of Amino Acid, Protein, and Energy Metabolism in Malnourished

Populations of Developing Countries, was initiated to stimulate applications of isotope
technologies to provide data which can be used to characterize protein and amino acid
metabolism under conditions of infection and undernutrition, and which could be applied to
solving perpetual problems of undernutrition in developing countries. Several observations
or hypotheses provided the initial orientation for the CRP:
(a)

the negative nitrogen balance which occurs during infectious disease [2] is
due not only to anorexia but to the areas of the infectious process per se in
which protein catabolism dominates anabolism [3];

(b)

part of the increase in urinary nitrogen during infection in undernourished
hosts is due to increases in protein utilization as a fuel source secondary to
increased metabolic rates;

(c)

diversion of amino acids from anabolic pathways occurs during the immune
response;

(d)

provision of selected amino acid will increase net anaboiism, which can be
detected as increases in protein synthetic rates;

(e)

the unique strengths of isotopic tracer methods in elucidating mechanisms
and quantifying rates of these processes;

(f)

the importance of such information to solving perpetual problems of
undernutrition.

Some of the inspiration for the CRP was further derived from the long-term goal of
developing an 'anabolic cocktail' for undernourished children, based, at least partially, on
data which would be acquired by participants in this CRP.

2.

CURRENT STATUS OF THE CRP
The first official activity of the CRP was a Consultants' Meeting, held 14-16 December
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1992, Vienna, Austria. Dennis Bier, Peter Garlick, Peter Klein, and Pieter Sauer participated
as advisors. A report of the consultants' meeting is available from the IAEA office
(NAHRES-15).
Thereafter an announcement was sent to institutes and investigators who would
potentially have an interest in the themes of the CRP. The announcement was followed by
the review and selection of applications. The Research Coordination Meeting, of which this
report is a summary, was held to bring participants in the CRP together for the first time,
to exchange information, to review protocols with an eye to optimizing study designs, and
other reasons related to the implementation of the various studies.
Between the announcement of the CRP in January 1993 and the first Research
Coordination Meeting (RCM) in October 1993, three Technical Contracts and seven
Research Contracts were funded; seven Research Agreements were awarded. After the
RCM, an additional eight Technical Contracts and one Research Contract were funded; one
additional Research Agreement was awarded.

3.

MAIN ACHIEVEMENTS AT THE RESEARCH COORDINATION MEETING

The Research Coordination Meeting was held with the participation of the Contract
and Agreement holders and observers. Each participant submitted a working paper. At the
RCM, Nevin Scrimshaw reviewed the evolution of knowledge about the synergy between
infection and nutrition and Vernon Young 'traced' new applications of isotopic tracer
methods in studies of human protein metabolism. Alfred Ajami (Tracer Technologies, Inc.)
presented an overview of novel applications of isotopes in human metabolism and nutrition.
Joel Bradley (Cambridge Isotope Laboratories, Inc.) talked about methods for producing the
various isotopically labelled materials which are available for human nutrition studies.
3.1.

Generic protocol

A 'GENERIC PROTOCOL' was developed during the Research Coordination Meeting to
serve as a minimal model for measuring protein oxidation and whole body nitrogen
metabolism. The protocol is one which can be used in community-based studies at all
research sites involved in the CRP, is 'user-friendly', and costs approximately $20 per
subject.
3.1. 1. Aims of Generic Protocol
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(a)

To measure leucine oxidation from 13 C-leucine in breath
following oral administration of 13C-bicarbonate and 13
C-leucine;

(b)

To measure the rate of appearance of carbon dioxide from
labelled bicarbonate administered orally immediately prior to
the leucine study;

(c)

To measure nitrogen retention and incorporation into plasma
protein fractions from "N leucine;

(d)

To implement the generic protocol in studies at as many of the
centres participating in the CRP as is feasible, in groups of
children
comparable
in
immunologic
status,
age,
anthropometric status, and nutritional status, so that a "meta
analysis" can be done on the common variables;

(e)

To correlate protein kinetic data with immunologic status.

The Generic Protocol was designed to be an adjunct to the investigator-initiated
protocols, most of which are for measuring protein kinetics before and after acute infection,
with some using vaccines to simulate infection.
At the Consultants' Meeting, it was decided that, whereas chronic
immunostimulation by virtue of subclinical infections may impose the most important
limitations on amino acid and protein metabolism and could in, turn impair growth in
children, methods for evaluating this were unavailable. With the development of the
Generic Protocol, it is now anticipated that it will be used to assess this effect.
It is speculated that reduced rates of protein anabolism occur under conditions of
immunostimulation due in part to a diversion of nutrients which occurs to mount the
acute-phase response. In the undernourished, body protein is catabolized to provide amino
acid substrates needed for synthesis of acute-phase proteins. Branched chain amino adds
(BCAA) are more abundant in acute-phase proteins than in skeletal muscle, whereas leucine
is less abundant. If, as has been hypothesized, diversion of anabolic substrates to
acute-phase proteins draws off the BCAA and leaves a relative surfeit of leucine which goes
to oxidation, then this could be a mechanism by which immunostimulation restricts growth
[4]. It has also been hypothesized recently that chronic immunostimulation may be a
primary reason for which children in developing-countries manifest linear growth retardation
[5]. Taken together, one potential mechanism appears to be the diversion of amino acid
substrates from growth-related pathways. The generic protocol is being used to test this
hypothesis.
There are several theoretical advantages to using the generic protocol. It was
designed to be useful in field sites without clinical facilities, to be non-invasive and it can
be used in the same individual on multiple occasions. It is expected to strengthen the power
of the individual studies because data will be comparable across study sites. From the point
of view of individual investigators, the generic protocol will give a common experience
which should increase exchange of ideas during the next RCM. Use of the generic protocol
is optional.
3.2.

Methods
3.2. 1. Subjects:

It was agreed that, when studying the specific effects of infection (acute or
subclinical), well-nourished healthy controls from sanitary environments are needed.
3.2.2. Admission criteria:
Age 18-36 months
Males are easier in terms of urine collections but both genders to be admitted
Weight-for-length -0.5 to -2.5 Z scores
Height-for-age - 0.5 to - 3 Z scores
3.2.3. Exclusion criteria:
Trauma
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3.2.4. Laboratory data:
White count
Erythrocyte sedimentation rate
C-reactive protein
Faecal exam and, if indicated, a malarial smear
Urine for WBC and blood
Skin swabs in cases of Kwashiorkor and impetigo
3.2.5. Immunologic status:
Cytokines - TNF, ILI, IL6, IL4
C3
Antibody titres
Immunoglobulins and specific globulin components
3.2.6. Nutritional and clinical factors which must be characterized:
Nutrition (quality and quantity of diet including non-nutrient factors)
Nutritional status (anthropometry and iron status by HgB or Hct)
Clinical signs including conjunctivitis
3.2. 7. Environmental factors which must be characterized:
Temperature
Hygiene (environmental and personal hygiene)
Stimulation index-antibody response to an antigen and delayed cutaneous
hypersensitivity
3.3.

Study design
3.3.1. Prior to the study:

The study can be done in 10 hours on a single day. Twenty-four to 48h prior to the
study, a blood sample will be drawn for the determination of haemoglobin or haematocrit,
white count, sedimentation rate, C-reactive protein, tumour necrosis factor, IL-1, IL-4, IL-6,
C3, and immunoglobulins (specific globulin components). A urine sample will be collected
and analyzed for WBC and urinary cytokines. A faecal sample will be obtained and analyzed
for ova and parasites. If indicated, a malarial smear will also be performed. Two-week
prevalence data will be obtained from the parents or guardian on signs of infection observed
in the child or in household members. Immunologic status is not an entry criterion but data
analysis will use cytokine levels as independent variables. Trauma is an exclusion criterion
(due to probable overlap of effects on protein kinetics without immunostimulation.)
3.3.2. Diet:
A standard diet should be used for purposes of dietary and nitrogen equilibration.
It was recommended that a standardized diet based on a cereal-milk-based diet be developed
at each site.
3.3.3. Generic protocol:
A blood sample should be collected and stored according to the tests that will be run
on it. Decisions about where interleukins and TNF would be analyzed were left pending.
Investigators can bring this issue forward if they continue to be interested in these analyses.
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3.3.4. On day of protein kinetic study:
Procedure

Timing

Dose

Urine sample
Oral feeding

predose
0-9 hr. every 30 minutes

3.3.5. Dosing:
Procedure

Timing

Dose

H13CO3:
Priming dose
"Continuous"

Ohr
0. 1 - 3 hr,- every 20 min

0.4 mg/kg
0.40 mg/kg/h

3 hr
3.1 - 9 hr

2 mg/kg
1 - 2 mg/kg/h

[1-13C]leucine:
Priming dose
"Continuous"

Note: At the RCM, a continuous infusion rate for 1_13C-leucine of 2 mg/kg/hr was
recommended. However, a rate of 1 mg/kg/hr may be adequate. More data is needed
to learn which infusion rate gives adequate enrichment under the physiological
conditions in the various protocols, especially where the source of substrate for acute
phase protein synthesis is skeletal muscle.
Procedure
13

Timing

Dose

N-leucine:

Single dose

0 h

2 mg/kg

3.3.6. Breath collection:
Timing
2 - 3 hr, every 20 nin
6 - 9 hr, every 20 min
3.3.7. Complete urine collection:
Timing
0-24h
3.3.8. Breath collection procedures:
Samples of breath will be collected into Douglas bag (or similar method). Samples of
gas will then be transferred into evacuated vacutainer tubes via a syringe and kept frozen at
-200C until IRMS analysis. Individual centres will experiment with breath collection
devices/techniques and should comment on their experiences in their progress reports.
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3.3.9. Urine collection procedures:
The urine from each void will be collected and frozen immediately, using dry ice if no
freezer is available. Prior to analysis, the urine obtained from a subject will be pooled, the
total volume recorded, and an aliquot combused and analyzed for total nitrogen, and another
for 15N and 15 N ammonia. Laboratories with the appropriate combustion GC-MS equipment
will help the laboratories that do not have the equipment. The CRP/IAEA will provide extra
funding for this help.
3.4.

Optional, generic protocol for whole body nitrogen
3.4.1. Hypothesis:

Whole body protein catabolic rates are increased in children who are
immunostimulated and synthesizing more acute-phase protein. This observation would
support the hypothesis that protein anabolism to mount the acute-phase response in
immunostimulated undernourished children occurs at the expense of positive whole body
protein balance.
3.4.2. Aims:
To add measurements of whole body protein kinetics to the panel of measurements
in the protein oxidation generic protocol.
3.4.3. Methods:
No alterations in the-generic protocol are necessary with the exception of three
blood samples which will be drawn to measure enrichments of 13 C in leucine and
alpha-KIC at the conclusion of the oral [1-13C] leucine dosing phase.
For these
determinations, blood will be drawn at 8, 8.5, and 9h, frozen at -20°C for derivative
preparation and GC-MS analysis.

4. OTHER MATTERS
The next Research Coordination Meeting for this CRP will probably be organized to
immediately precede the Experimental Biology Meeting in Atlanta, 9 - 1 3 April 1995, primarily
because there will be several papers from this CRP presented in a minisymposium, "Amino
acid metabolism during infection: Implications for child growth in developing countries" and
in posters at the meeting. Combining the RCM with the Experimental Biology meeting will
be more efficient and may increase the number of CRP participants who can participate in the
Experimental Biology Meeting.
The group was able to obtain labelled leucine, urea, and bicarbonate at substantial
price reductions from Cambridge Isotope Laboratories, Inc., for use in the protocols described
in Part III.
The project officer was also able to secure a new pump for one of the developing
country participants through Europa Scientific, Ltd.
The International Union of Nutritional Sciences has approved a new taskforce. Isotopes
in Human Nutrition Research in Developing Countries. This taskforce will be cosponsored
by the IAEA/IUNS/UNU.
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Several of the participants in the CRP have sent information about their own particular
project and/or participation in the RCM to the American Institute of Nutrition's newsletter
'AIN Nutrition Notes'. This is useful. For further information, refer to the 'Notes' for
appropriate addresses, or contact the project officer C. R. Fjeld.

Section of Nutritional and
Health-Related Environmental Studies
International Atomic Energy Agency
P.O. Box 100, A-1400 Vienna, AUSTRIA

Tel(l): + 43-1-2060-21680
Tel(2): + 43-1 -2060-21658
Fax: +43-1-20607
Email: fjeld@ripo1.iaea.or.at
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