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SUMMARY

This Co-ordinated Research Programme (CRP) was formally established by
the Agency in October 1988, and has since then expanded to encompass 13
participants in 13 countries. Its general objective is to help establish
competence in the use of stable isotope techniques» particularly in
developing countries, and particularly with reference to applications of
2H, 1 3C, l 5N, and 1 8 0 . This report summarizes the discussions that took
place during the first Research Co-ordination meeting (RCM). Working
papers (progress reports) presented by the participants are included as
annexes together with a preliminary report on the results of a series of
intercomparison exercises involving enriched stable isotope reference
materials containing 2H, 1 3C, 15N and 1 80. For the future it was agreed
that more work needs to be done to harmonize the analytical techniques
being used, and to obtain support for new CRPs relating to human energy
expenditure studies in pregnancy, lactation, growth and other conditions,
and to studies of nitrogen turnover in relation to malnutrition and liver
function.
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CO-ORDINATED RESEARCH PROGRAMME ON
APPLICATIONS OF STABLE ISOTOPE TRACERS

IN HUMAN NUTRITION RESEARCH

Report on the First Research Co-ordination Meeting

Vienna, Austria, 6-9 June 1989

1. INTRODUCTION

This Co-ordinated Research Programme (CRP) was formally established
by the Agency in October 1988, and has since then expanded to encompass
13 participants in 13 countries. Its general objective is to help
establish competence in the use of stable isotope techniques,
particularly in developing countries, and particularly with reference to
applications of 2H, 1 3C, f5N, and 18O.

The first research co-ordination meeting (RCM) for participants in
the CRP, which is the subject of this report, was opened on behalf of the
Agency by Mr. M. Zifferero, Deputy Director General, Department of
Research and Isotopes. It was attended by representatives of all but one
(Uganda) of the countries participating in the CRP as well as by several
observers. The agenda is given in Annex 1 and a complete list of
participants in Annex 2.

2. PROGRESS OF THE CRP

In addition to the work undertaken by individual participants, which
is summarized in the following sub-sections, the Agency has also recently
organized a series of intercomparison exercises, involving enriched
stable isotope reference materials containing 2H, 1 3C, 1 5N and 1 8O. All
CRP participants had been invited to take part in these intercomparison
exercises, and several of them did so. The evaluation of the data so far
submitted is still in progress, and further data is expected in the near
future. Nevertheless, a preliminary report was prepared for the purposes
of the meeting (see 4.5 and Annex 3).

The Agency has also entered into an informal arrangement with IDECG
(the International Dietary Energy Consultancy Group) in connection with
the methodology of the doubly-labelled water (DLW) method for assessing
energy expenditure. Some preliminary documentation on this subject was
made available to the CRP participants during the meeting, and it is
expected that the Agency will eventually publish some of this material as
a technical document. Further collaboration with IDECG has also been
recommended (see 4.2).

The following summaries (in order of country name) describe the
status of individual projects within the CRP and outline the plans for
work to be done in the immediate future. Further details are given in
the working papers reproduced in Annexes 4-15.
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2.1. Australia [see also Annex 4]

PI: * P. Heywood (represented at the «ееting by T. Holt)

Title: Comparative studies of nutrition and aetabolism in Australia and
Papua New Guinea using stable isotope techniques.

Current efforts for the Research Agreement are centred primarily
around the development and establishment of techniques at the Madang and
Brisbane laboratories. Background studies of energy intake amongst
Australian children have been performed and it is hoped to commence
further studies in Australian and Papua New Guinean infants in the near
future. Studies of energy expenditure will be dependent on technical
problems with mass spectrometry being overcome, but it is hoped that this
technique will be operational within the next 18 months. Studies of
protein turnover in Papua New Guinean adult males in collaboration with
the Papua New Guinea Institute of Medical Research are in progress.
Specimens are being collected and will be analysed for

 1 5
N in Brisbane.

2.2. China [see also Annex 5]

PI: Zongqin Xia

Title: Prognostic significance of protein-calorie malnutrition in
post-virus hepatitis cirrhosis and the design of diet therapy
based on Chinese food using isotope tracers

Post-hepatic cirrhosis is a common disease in China, which has a
harmful affect on health and life expectancy. Since there is no
effective medical treatment available, attention has focused recently on
nutritional therapy. The purpose of the proposed research project is to
design a rational scheme of diet therapy based on Chinese food. During
the period of the current contract, a constant infusion tracer method
using *^N-glycine

 n a 8
 been established for the measurement of plasma

amino acid flux and whole-body protein synthesis and breakdown rates.
The plateau abundance of plasma

 15
N-glycine was determined by GC-MS

analysis and used for calculating the kinetic parameters. The validity
of this method has been evaluated by in vitro and in vivo experiments in
4 healthy adults, and a number of advantages have been identified. Its
validity for use in patients with hepatic insufficiency is just now being
studied. Techniques for measuring low abundance

 1 8
0 and

 2
H in water with

satisfactory precision have been established at the Shanghai Institute of
Test Technology. The validity of these techniques for the study of
energy expenditure in hepatic patients is to be studied in the near
future.

2.3. German Democratic Republic [See also Annex 6]

PI: B. Faust

Title: Metabolic studies on absorption and turnover of nitrogen compounds

in man using *^N
In this project,

 15
N-labelled amino acids, proteins and other

nitrogen-containing substances are being used to study and improve the

* PI * Principal Investigator responsible for the Research Contract or
Research Agreement
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methodology for quantifying how protein is metabolised, and how liver
function is influenced by malabsorption and malnutrition. A selection of
validated routine methods using " N analysis by emission spectrometry to
study several aspects of nitrogen metabolism in man have been
demonstrated. The new computer-assisted automated 15N analyser (N0I-6e)
is now in use as a routine instrument and has a key position in the
aicroanalytical system. The chemical methodology can be classified into
4 groups as follows (in order of increasing complexity): (1) direct
procedures (i.e. use of urine as a sample without chemical preparation);
(2) rapid isolation methods (i.e. use of microdiffusion for isolation of
urinary ammonia and urea); (3) digestion/combustion methods (for
biological materials with complex matrices); (4) chromatographic
separation methods (for the isolation of proteins and non-protein
constituents of serum and urine). A multiple tracer study (15N, 1 3C, 2H,
*^0) to validate the methodology for studies of protein and energy
metabolism in man was finished. It is proposed to improve and simplify
these methods.

2.4. Ghana [see also Annex 7]

PI: E. Aryeetey

Title: Applications of compounds labelled with 15N for nutritional
studies in children

15N-labelled glycine is to be used in this project to study protein
turnover in nutritionally vulnerable population groups in Ghana,
particularly children with kwashiorkor and measles. The purpose of the
project is to study protein turnover in normal and malnourished children,
and thereby to gain a better understanding of how to identify those
children that are most in need of protein supplementation. As a first
step, permission for this project has been sought from the Ethical
Committee of the Medical and Dental Board. This permission has now been
granted and 2 hospitals - the University of Ghana Hospital and the
Princess Louise Marie Hospital for Children - have both agreed to
participate in the work of this CRP. Actual experimental work has been
postponed pending repair of the 15N analyser (N0l-6e) and the acquisition
of "N-glycine tracer.

2.5. Guatemala [see also Annex 8]

PI: L. Vasquez-Velasquez

Title: Use of 1 5N and 1 3C for human nutrition research in Guatemala

Stable non-radioactive isotopes have had an increased use in human
nutrition research. Their application is particularly suited for those
nutritional problems prevalent in the less developed world (e.g. acute
infectious diseases in children, associated with diarrhoea and
protein-energy malnutrition.) According to the contract, during the
first year it is proposed to set up in Guatemala the necessary technology
and to create the essential skills for the appropriate use and analysis
of 15N. International and working standards have been analysed using
emission spectrometry (N0I-5E). Results from this work are reported to
the IAEA. Clinical trials will be performed during the second half of
the contract according to available resources. Changes in protein
turnover as measured by 15N-glycine in children with severe protein
malnutrition will be assessed before and after recovery in order to
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determine metabolic adaptations. Results will be compared with normal
controls.

2.6. India [see also Annex 9)

PI: P.S. Shetty

Title: Studies using doubly labelled water to assess energy expenditure
during adaptation to variations in energy intakes in Indian adults

This study ie being conducted at the Nutrition Research Centre/
Bangalore» India, and proposes to use doubly labelled water and other
techniques» such as indirect calorinetry, to assess energy expenditure
and body composition in adults while their energy intakes are manipulated
during an intervention period. The protocols for the study, both during
the baseline measurements and the twelve week overfeeding period, are
based on those approved by the ACC Sub-Committee on Nutrition and
accepted as the IDECG/CREAM protocols.

2.7. Malaysia [see also Annex 10]

PI: Ismail Hohd Noor

Title: Studies with doubly labelled water of adaptation in human energy
needs in Malaysia

Current international recommendations on energy requirements are
regarded by some experts as unrealistic for developing countries. The
idea of "costless adaptation" to low energy intakes and its significant
impact on food policy makers has made the energy requirement issue more
critical than ever before. Under this project the Department of Food
Sciences and Nutrition in Bangi will use isotope and other techniques to
study basal metabolic rate and body composition in normal population
groups. This study is expected to highlight the incremental improvements
in the evaluation of energy requirements on the basis of increasing
numbers of measured parameters, thus providing a valuable test of the
validity of requirement values suggested in the 1985 FAO/WHO/UNU report.
Discussion with relevant communities is now in progress, and actual
experiments with DLW are expected to begin in the first quarter of 1990.

2.8. Mexico [see also Annex 11]

PI: M.E. Valencia

Title: Studies with doubly labelled water of adaptation in human energy
needs in Mexico

Under this project, the Nutrition and Food Science Division in
Sonora, Mexico, will use doubly labelled water, densitometry,
bioelectrical impedance and indirect calorimetry to study body
composition and energy expenditure in relation to problems in energy
requirements and adaptation in man. Field and residential feeding
studies are planned according to specific IDECG/CREAM protocols. A
preliminary selection of test subjects has already been made and actual
experiments with DLW are expected to start during the next 6 months.
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2.9. Papua New Guinea [see also Annex 12]

PI: T. Brown

Protein metabolism in Papua New Guinea (a study using isotope
tracers)

Studies in Papua New Guinea (PNG) have consistently shown daily
protein intakes of less than 30 g and negative nitrogen (N) balances, yet
the people are physically well developed and exhibit no signs of
Malnutrition. We therefore set out to study how coastal Papua New
Guineans have adapted to their low protein intake. During the period of
the current contract, 2 dietary regimes were studied, a ainimum-protein-
diet (MPD) and a high-protein-diet. Results obtained indicate a very low
obligatory urinary nitrogen (OUN) excretion of 19.1 agN/fcg body
weight/day, which compares with a figure of 37.1 agN/kg/day for
Caucasians and 29.2 agN/kg/day for PNG highlanders. The subjects also
exhibited a slow rate of change of N excretion when placed on the MPD,
indicating that highly labile protein stores are minimal or absent. As
yet we have no other results of N balance or protein turnover because of
problems that we have had with our Kjeltec system, and with Brisbane
setting up their new mass spectrometer. In the next 2 months we plan to
carry out one more experiment, with the subjects consuming their
traditional diet. Long term plans include carrying out similar work in
other areas of PNG, and, if possible, studies of urea metabolism.

2.10. Romania [see also Annex 13)

PI: N. Palibroda

Title: Application of i5N amino acid absorption in chronic enteropathy
and hepatic diseases in infants

The purpose of this project is to develop laboratory methods, in the
first place using ^N-glycine, to study nutritional disorders in children
such as malabsorption in chronic enteropathy and hepatic diseases.
Isotope dilution mass spectroaetry (IDMS) methods have been validated for
the analysis of glutamic acid, aspartic acid and leucine and applied to
the analysis of a hepato-protective drug obtained from a biological
extract. 15N-glycine (7 g, 99 atom-% 15N) to be used to study
nutritional disorders in children was synthesized starting from
15N-labelled ammonia. Glycine analysis by IDMS was validated working in
the GC/MS aode in the range 5-50 |ig glycine per sample. Good linearity,
reproducibility and precision have been confirmed, and the first
determinations of glycine in urine have been started in healthy children.

2.11. united Kingdom [see also Annex 14]

PI: H.P.T. James

Title: Support for studies with doubly labelled water (DLW) of adaptation
in human energy needs in India, Malaysia and Mexico

In order to estimate the energy requirements of individuals it is
necessary to measure energy expenditure in their 'normal' environment and
when they are performing typical activities. The most promising method of
aeasuring free living energy expenditure over long periods is the doubly
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labelled water nethod. The precision and, more importantly, accuracy of
this technique depends however on a number of assumptions. The extent to
which these may be violated depends on the prevailing environmental
conditions and physiological state of the subject. The particular
problems anticipated in developing countries and ways of improving our
confidence in the technique under those conditions were discussed.

2.12. Uruguay [see also Annex 15]

PI: P. Moyna

Title: Synthesis and use of 13C-labelled lactose for metabolic studies in
subjects with gastrointestinal disorders

The purpose of this project is to synthesize 13C-lactose and, in
collaboration with a local paediatric team, to investigate optimum
therapies and dietary regimes for the treatment of subjects (mainly
new-borns and infants) with gastrointestinal disorders (mainly
diarrhoea}. Lactose labelled with 13C in specific positions is being
synthesized. Using NMR techniques it is planned to design a direct
method for evaluating lactose intolerance in Uruguayan children. This
method will be compared with alternative methods and will be used to
design a simple, fast and economic analytical procedure (either NMR or
based on some other technique). As an extension of the project, labelled
glucose will be prepared and used to synthesize lactose. Again using
NMR, techniques for the biological synthesis and metabolism of lactose
will be studied.

3. SEMINARS AND LABORATORY VISITS

In addition to the presentation of progress reports, summarized
above, the programme of the meeting also included a number of seminars
offered by some of the participants (see Agenda, Sessions 3-4, in Annex
1) and an optional laboratory visit to the Agriculture Section of the
Agency's Laboratory, Seibersdorf.

4. FUTURE PLANNING AND CO-ORDINATION OP THE CRP

The following is a summary of the main conclusions arising from the
discussion.

4.1. Scope of the CRP and new CRPs

In general it was felt that the relatively broad scope of the present
CRP had helped to promote some interesting interactions among the
participants in respect of the methodologies and applications involved.
It was decided that the CRP should continue in the same way without any
restriction of its scope (but also without any expansion). However, a
modest expansion in the number of participants can be envisaged, and
several suggestions were made as to which groups might be invited to
join.

It was also recommended to start a new CRP, possibly in 1991/92,
dealing with a more specific group of research topics involving the
application of the DLW method in studies of energy expenditure. There
are some very important public health issues that need to be explored
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further relating to energy expenditure in pregnancy, lactation, growth
and other conditions (mainly but not only in third world populations).
Further work is also needed to validate and improve the analytical
methods and to make them more robust.

There was some discussion of the applicability of isotope techniques
in other areas of human nutrition research not yet being supported by the
Agency. Calcium metabolism was identified as an important topic which
can be studied by a variety of isotope techniques (tracer studies using
radioactive or stable isotopes; dual photon absorptiometry; in vivo
neutron activation analysis, etc.). It is also regarded as an important
current issue in human nutrition research in respect of (i) dietary
requirements, and (ii) osteoporosis (the incidence of which shows wide
variability among different population groups, and is increasing in many
of them - not only due to increasing life expectancy but also to an
increase in the age-specific incidence rates).

4.2. Harmonization of techniques

The DLW method

Suitable protocols are currently being developed under the auspices
of IDECG/CREAM for some specific applications of the DLW method,
particularly in relation to the study of adaptation to low levels of
energy intake. The Agency is recommended to promote the use of these
protocols within the current CRP, where appropriate. Additional
protocols are needed for other kinds of study using DL"«. The Agency is
recommended to collaborate closely with IDECG in developing and
publishing them. **

Nitrogen-15 studies

Suitable protocols for several different kind or study are already
largely available in the scientific literature, though it is not yet
possible to identify any convenient review or comparative evaluation of
them. The group therefore recommended the Agency to commission the
writing of a report** on "Guidelines for the application of 15N in
studies of protein metabolism in humans". Several names were suggested
of experts who could serve as the primary author and/or as reviewers.

In this context it was pointed out that work of this kind has not yet
been endorsed by international nutritional bodies as a high priority
public health issue (though this does not alter the fact that some very
interesting and challenging scientific problems can be studied by these
techniques - some of which may be of national public health importance in
certain countries, e.g. nutritional therapy of cirrhosis, and liver
function tests).

** The following were accepted as some of the important topics that may
need to be considered: project design; ethical considerations; selection
of subjects; choice of isotope, labelled compound and degree of
enrichment; choice of end product to measure; sampling; sample transport,
storage and preparation for analysis; analysis; metabolic models;
calculation and interpretation of results (and relevant computer
software). In addition, biological protocols are generally needed to
specify other kinds of ancillary measurements that may be important.
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In order to explore some of the technical» biological and policy
issues involved, the group recommended the Agency to convene a small
•eeting of experts. These should be asked to consider the role of
isotope techniques in studies of protein metabolism and malnutrition and
liver function with a view, possibly, to starting a new CRP in this area.

Other applications

The group did not identify any other applications of stable isotopes
with which the Agency should get more deeply involved at the present
time. In the future, an expansion of support for studies using **C may
be needed.

4.3. Ethical considerations

Although the kinds of applications of stable isotopes discussed in
this report are completely without hazard to the subjects, the protocols
for these studies should in all cases be approved at the local and/or
national level by a competent ethical committee. The article by Klein &
Klein in the IAEA Bulletin 4/1967 may provide helpful background
information for this committee.

4.4. Analysis

The analytical needs of all the CRP participants appear to be
adequately taken care of at present apart from some (hopefully, short
term) problems of repair and maintenance at a couple of the centres. In
general, 1 5N analyses are technically not very demanding, and the
available analytical facilities appear to be adequate for the purposes of
the CRP. The technology for 15N analysis is, in general, considered to
be appropriate for application in many developing countries, as well as
for support under the Agency's technical co-operation programme.

Instrumentation for the measurement of DLW is much more complicated
and there appear to be some serious problems of long term reliability.
Nevertheless, the demand for measurements of this kind is expected to
grow considerably during the next few years.

In general the group felt that new instrumentation for the
measurement of DLW should, as far as possible, be located in existing
centres of excellence rather than in completely new and inexperienced
laboratories. Duplication of equipment in existing laboratories is
considered to be advantageous in view of the reliability problems.
Laboratories in developed countries should be encouraged to earmark a
significant fraction of their sample throughput for the analysis of
samples from developing countries.

On the long term, similar laboratories will also be needed in
developing countries. However, as a rule, completely new analytical
laboratories should be set up only where there is an appropriate local
inttastructure to provide technical support services. Analytical
services provided by such laboratories should preferably be organized on
a regional basis.

Commercial analytical services are generally not considered suitable
for DLW analyses, but may be for 15N analyses. In any case commercial
laboratories should be required to provide evidence of their analytical
competence before being used.
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Suitable mass spectrometers for many of the measurements considered
in this report can sometimes be found in laboratories that are engaged in
geochemical studies, though they are not likely to be able to provide the
analytical throughput that would be desirable.

4.5. Quality assurance

The recent IAEA intercomparisons

It was felt by the group that the intercomparisons recently organized
by the Agency had been a -very valuable exercise» and that the results
should be made available to a wider audience as soon as possible. In the
first place, a report should be prepared for all persons who submitted
data, and then a shorter article should be submitted for publication in a
reputable scientific journal. Both these reports should consist mainly
of a simple factual account of the results obtained, without detailed
•valuation or interpretation. As a foîlow-up exercise, suitable experts
should be identified (in the first place, the originators of these
materials should be invited to help) who should, for each material, be
requested to undertake a more detailed evaluation of the results. For
some of the materials it might be desirable to request additional
analyses by selected laboratories. The final results of these exercises
should be published in a reputable scientific journal.

All CRP participants who are doing stable isotope measurements are
now requested to analyse these materials, if they have not already done
so, in order to confirm that their analytical techniques are providing
acceptable results. They have all agreed to do so.

Hew reference materials

The above-mentioned IAEA reference materials, although extremely
useful for validating the measurement techniques, are not directly useful
as a validation of the DLW method.

To this end it was proposed that several sets of DLW quality control
samples, based if possible on existing standards, should be made
available by the Agency. They should be accompanied by a protocol
describing how to use them, and computer software for working out the
results. Dr. Baggarty offered to assist the Agency with this exercise.

There was also some discussion of the need for natural matrix
intercomparison and reference materials containing elevated levels of
stable isotopes. It was agreed that these could be very useful for
detecting matrix effects, including errors arising from sample
preparation processes (e.g. dilution of the stable isotope by unlabelled
isotope derived from the chemical reagents). The group recommended the
Agency to give further consideration to this idea - possibly by the group
of experts mentioned in section 4.2.

4.6. Information exchange

Research co-ordination meetings constitute one of the most important
mechanisms for information exchange, and it appeared to be generally felt
that the present RCM had been successful in this respect. In addition,
for the future, it is foreseen that:
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1. each participant will make a point of including all other CRP
participants on his/her Bailing list for distribution of reprints
of his/her publications in the subject field;

2. the Agency will distribute copies of progress reports produced by
participants in the CRP as and when they are prepared* and will
also provide periodic printouts from the INIS database; and

3. Mr. Haggarty will explore the feasibility of producing periodic
lists of selected data from "Current Contents - Life Sciences",
which is now available on a PC-diskette.

Beyond this, the attention of participants is drawn to the usefulness
of the printed edition of "Current Contents" as a source of information
in this subject field. Reprints should be requested/ in the first place,
from the authors directly. In case of no response, the Agency may be
able to help.

4.7. Training, funding, and other support

Mr. Parr drew the attention of the group to the possibilities open to
participants from enveloping countries for training, expert services and
equipment purchases available under the Agency's technical co-operation
programme. However, he also emphasized the necessity for submitting
applications through the proper official channels. In the first place
this means convincing the relevant national authority (national atomic
energy commission or similar organization) of the importance and
relevance of the request.

With regard to fellowship training, the names of several suitable
institutes were suggested. Mr. Parr will compile a list.

Participants are also urged to consider requesting additional support
from other international or bilateral funding agencies. The names of
several such organizations were mentioned, and Mr. Parr will compile a
list.

4.8. Next Research Co-ordination Meeting

Mr. Parr informed the group that the next RCM for this CRP will be
due during the final quarter of 1990 or the first quarter of 1991.
Suitable venues and/or arrangements for the meeting include (1) a meeting
at the institute of one of the participants, or (2) in connection with
some other international meeting (conference, workshop, etc.) in this
subject area. Several participants already expressed a preference for
the first of these alternatives, arguing that the RCM might otherwise be
"diluted" too much by the effects of the other meeting. Participants
were invited to inform Mr. Parr in due course (preferably before July
1990) if they had any specific suggestions or offers to make.
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Administrative arrangements: R.M. Parr

9.45 - 12.30 pm SESSION 1 Chairman: P.D. Klein

Adoption of agenda

Introductions (all participants)

Programme overview and status report: R.M. Parr

PROGRESS REPORTS (WORKING PAPERS)

Studies using 15N

China Zongqin Xia

German Democratic Republic: B. Faust
Ghana: E. Aryeetey

2.00 - 5.30 pm SESSION 2 Chairman: Z. Xia

PROGRESS REPORTS (WORKING PAPERS) (continuation):

Studies using 15N (continuation)

Guatemala: L. Vasquez Velasquez

Papua New Guinea: T. Brown
Romania: N. Palibroda

Studies using 13C

Uruguay: P. Moyna

Studies using 1 8O and deuterium (2H)

Australia: T. Bolt
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Wednesday. 7 June

9.00 - 12.30 pa SESSION 3 Chair nan: H. Faust

Analytical quality control

Preliminary results of the IAEA intercomparisone with thirteen stable-
isotope-labelled reference materials containing 2H, 1 3C, 15N and 1 8O:
R.M. Parr

PROGRESS REPORTS (WORKING PAPERS) (continuation):

Studies with doubly-labelled water (DLW)

Problem areas and applications: W.P.T. James

Methodology and data evaluation: P. Haggarty

Contributions to the IOECG/CREAH project, and related studies, in:

India: P.S. Shetty
Malaysia: I.M. Noor
Mexico: M. Valencia

SEMINAR TOPICS

Use of DLW for studying milk output and energy expenditure: some
preliminary studies: F. Virgili

2.00 - 5.30 pm SESSION 4 Chairman: M. Valencia

SEMINAR TOPICS (continuation):

Results of some studies in children using DLW for the assessment of total
energy expenditure and body composition: L. vasquez Velasquez

Some approaches for routine use and application of 15N in human nutrition
studies: H. Faust

15N-glycine turnover in chronically undernourished adults in India:
P.S. Shetty

Use of 15N in joint FAO/IAEA agricultural research programmes: F. Zapata

The application of 15N glycine kinetics to the study of cystic fibrosis:
T. Holt

The significance of protein intake in burn injury of rabbits as studied
with "C-leucine: Zongqin Xia

Studies of whole body cholesterol using 2H-labelled water: P.D. Klein
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Thursday, B June

9.00 - 12.30 рш SESSION 5

GENERAL DISCUSSION (all participants) Chairman: И.Р.Т. James

Future planning and co-ordination of the CRP (see attached list of

topics on page 4)

1.15 - 5.00 pm Laboratory visit

Optional visit to the Agency's laboratory in

Seibersdorf (mainly for a demonstration of equipment

used in agriculture programmes for the measurement of

H-15).

Friday, 9 June

9.00 - 12.30 pm SESSION 6

GENERAL DISCUSSION (continuation): Chairman: P.S. Shetty

Future planning and co-ordination of the CRP (see attached list of

topics on page 4)

CLOSING OF THE MEETING

2.00 - 3.30 pm Individual discussions with the Scientific Secretary
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DISCUSSION TOPICS FOR SESSIONS 5-6

Scope of the CRP

- Is the present scope OK? Is it too broad? Should we tzy to
define « 2nd "narrow" project (like IDECG/CREAM) related to 1 3C
or 15N?

- Do we need any new participants? If so, who?

- Re possibility of starting a new CRP in 1991/92

- any suggestions for topics related to the use of stable
isotopes?

- any suggestions for topics related to any other isotope
technigue(s) in human nutrition research?

Harmonization of techniques

- Do suitable protocols already exist for the following kinds of
study? If not, should the Agency try to arrange for then to be
prepared? Can we usefully discuss now any of the
recommendations* that should go into these protocols?

- the DLW method
- studies of nitrogen turnover
- other applications

* e.g. covering: project design; ethical considerations;
selection of subjects; choice of isotope» labelled compound and
degree of enrichment; choice of end product to measure;
sampling; sample transport, storage and preparation for
analysis; analysis; metabolic models; calculation and
interpretation of results.

Analysis

- Are the analytical needs of the CRP participants adequately
taken care of? Do we need other central analytical
laboratoriee? What about commercial analytical services?

- Do we need to arrange for the exchange of samples between CRP
participants (to the extent that this is not already foreseen)?

Data evaluation

- Can we make any helpful recommendations, e.g. relating to the
exchange of computer software?
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5. Quality assurance;

Reference materials:

- What conclusions can already be drawn from the results of the
IAEA intercomparisons? What further work is necessary?

-- Bow should these materials be used in the CRP?

- Are any additional reference materials needed - e.g. natural
matrix reference materials?

Other aspects:

- Can we make any useful recommendations about other aspects of
quality assurance, e.g. relating to sampling errors and other
possible errors prior to analysis?

6. Information exchange

- How can we best promote information exchange among the
participants in this CRP, e.g. relating to:

- the participants' own work
- other relevant international programmes (e.g. IDECG)
- scientific journals, reports, conferences
- use of the Agency's own INIS (International Nuclear

Information System)

7. Funding and other support

- The Agency's Technical Assistance programme (fellowships,
training courses, technical assistance)

- Which host institutes do you recommend for fellowship
training?

- Should the Agency be recommended to consider requests for
large items of equipment, e.g. mass spectrometers?

- Other international and national funding agencies.

8. Report of this meeting

9. Next Research Co-ordination Meeting

- When and where should it be (e.g at the institute of one of the
CRP participants, or connected with some other international
meeting)?

10. Other topics
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L I S T O F P A R T I C I P A S T S

AUSTRALIA

Dr. Terry Holt University of Queensland
Department of Child Health
Royal Children's Hospital
Brisbane
Queensland

CHINA

Prof. Zongqin Xia Isotope Laboratory
Shanghai Second Medical University
280 South Chongqing Road
Shanghai 200025

GERMANY. DEMOCRATIC REPUBLIC OF

Prof. Hans Faust Akadenie der Wissenschaften der DDR
Zentralinstitut fiir Isotopen- und
Strahlenforschung

Permoserstrasse 15
705 Leipzig

GHANA

Dr. Ernest Aryeetey National Nuclear Research Institute
Chemistry Division
P.O. Box 80
Legon

GUATEMALA

Dr. Lionel Vasquez Velasquez Instituto de Nutricion de Centro
America y Panama (INCAP)

Division de Nutricion y Salua
P.O. Box 1188
Guatemala

INDIA

Prof. Prakash S. Shetty Nutrition Research Centre
Department of Physiology
St. John's Medical College
Bangalore - 560 034
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ITALY

Prof. Anna Ferro-Luzzi *

Dr. P. Virgili *

Instituto Nazionale delia Nutrizione
Head, Unit of Нишап Nutrition
Via Ardeatina, 546
00179 Rome

Instituto Nazionale della Nutrizione
Unit of Нишап Nutrition
Via Ardeatina, 546
00179 Rome

MALAYSIA

Dr. Ismail Mohd Noor Bead, Department of Food Science
and Nutrition

Faculty of Life Sciences
43600 UKM
Bangi, Selangor

MEXICO

Prof. M.E. Valencia Bead, Nutrition and Food Science
Division

Centro de Investigacion en
Alimentacion y Deearrollo, A.C.

Carretera a la Victoria
km 0.6
Apartado Postal 1735
Bermosillo Sonora 83000

PAPUA NEW GUINEA

Dr. Terry Brown Papua New Guinea Institute
of Medical Research

P.O. Box 378
Medang

ROMANIA

Dr. Nicolae Palibroda State Committee for Nuclear Energy
Institute of Isotopic and
Molecular Technology

R-3400 Cluj-Napoca 5
P.O. Box 700
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UNITED KIGDOM

Dr. Paul Haggarty

Prof. W.P.T. James

The Rowett Research Institute
Greenburn Road
Bucksburn
Aberdeen, AB2 9SB

Director
The Rowett Research Institute
Greenburn Road
Bucksburn
Aberdeen, AB2 9SB

UNITED STATES OF AMERICA

Dr. Peter D. Klein * Stable Isotope Laboratory
Children's Nutrition Research
Center

1100 Bates Street
Houston, TX 77030

URUGUAY

Prof. Patrick Moyna Universidad de la Republica
Facultad de Quimica
Gral. Flores 2124
Casilla de Correo 1157
Montevideo

* Observer

IAEA Staff Members

Ms. S. Clements, Division of Life Sciences
Mr. E. Cortes-Toro, Division of Life Sciences
Mr. M. Nofal, Director, Division of Life Sciences
Mr. R.M. Parr (Scientific Secretary), Division of Life Sciences
Mr. F. Zapata, Agency Laboratories, Seibersdorf
Mr. M. Zifferero, Deputy Director General, Department of

Research and Isotopes
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Preliminary results of the IAEA intercomparisons with
thirteen stable-isotope-labelled reference materials

containing 2H, 13C, 15N and 1 80

R.M. Parr. IAEA, Vienna

1. INTRODUCTION

Intercomparison exercises have been carried out, starting in 1988,
using thirteen stable-isotope-labelled reference materials containing 2H,
1 3C, 15N and 1 80. Some relevant information on these materials is given
in table A. The nominal enrichments mentioned are only approximate
values. The purpose of the intercomparisons was to obtain more accurate
data. By the time of compilation of the present report, data had been
received from 35 participants in 19 countries. A list is given at the
end of this report. In order to preserve anonymity in respect of the
actual results reported, each participant is identified in the tables and
plots only by means of a laboratory code number. There is no relation
between the laboratory code number and the order in which the addresses
are listed.

2. REPORTING OF RESULTS AND DATA EVALUATION

Participants were requested to make at least three, but preferably
six, separate determinations of each isotope and to report their results
together with information on the method used and its limit of detection
(LOD). A report form was provided for this purpose. Methods were coded
according to the scheme reproduced in table B.

3. FORMAT OF THE REPORT

The main body of the report comprises a series of tables and plots
which are largely self explanatory. For each reference material, three
kinds of output are provided: (1) a table of results listing the mean
value and other relevant information reported by each laboratory, (2) a
statistical summary of these results, and (3) a graphical representation
of the results (plots). The tables are in the following order.

Table 1: 2H in IAEA-302A (water)
Table 2: 2H in IAEA-302B (water)

Table 3: 1 80 in IAEA-304A (water)
Table 4: 1 80 in IAEA-304B (water)

Table 5: 1 3C in IA5A-303A (sodium bicarbonate)
Table 6: 1 3C in IAEA-303B (sodium bicarbonate)

Table 7: 1 3C in IAEA-309A (DL-glucose)
Table 8: 1 3C in IAEA-309B (DL-glucose)

Table 9s 1 5N in IAEA-305A (ammonium sulphate)
Table 10: 15N in IAEA-305B (ammonium sulphate)
Table 11: 15N in IAEA-310A (urea)



Table A; Stable isotope reference materials

Isotope Form

2
Я Hater

15
N

18
0

NaHCOj (solution)
UL-glucose (solid)

(NH
4
)

2
SO

4
 (solid)

(NH
4
)

2
SO

4
 (solid)

1
15
N

2
J urea (solid)

Hater

Amount

1 ml

3 ml
100 mg

100 mg
100 mg
100 mg

Nominal Enrichment

500 and 1000 °/oo vs SHOW

Origin IAEA-No.

Klein, USA 302A « В

100 and 500 °/oo vs PDB
100 and 600 °/oo vs PDB

40 and 400 °/oo vs air
2 atom °/o *
50 and 200 °/oo vs air

Klein, USA 303A & В

Halliday, UK 309A & В

Fern, SHI 305A б В
" 311

Faust, GDR 310A * В

10 ml 250 and 500 °/oo vs SNOH Klein, USA 304A . В

I

* for measurement by emission spectrometry only; value expressed as atom %
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Table B; Method codes

0 • GROUP OF ANALYTICAL INSTRUMENTS

0 • INDIVIDUAL SYSTEM FOR ISOTOPIC ANALYSIS

D • SAMPLE PREPARATION METHOD IDENTIFICATION

000

A mass spectrometry

Al conventional routine mass epectrometry (MS)

A2 conventional high precision MS (dual inlet, dual (triple) collector)

A3 aodern isotope ratio MS (IRMS)

A4 on line EA/MS (EA: elemental analyser)

A5 quadrupole MS

A6 chemical ionization/MO

A7 IRM-GCMS (gas chroaatographic effluent is catalytically combusted

to N , CO_ or H-0 prior to entering a modified IRMS)

A8 SIM-GCMS (isotope enrichment is determined from the ion produced by

the entire derivatized molecule or from a suitable fragment ion)

В emission spectrometry

Bl optical emission spectrometry (ES), conventional procedure by N01-5

type instruments

B2 automated ES

B3 on line EA/ES (EA: elemental analyser)

С other or unspecified methods

Cl NMR

C2 ESR

C3 infrared absorption spectroscopy

D special aicroaethods

* CODE FOR SAMPLE PREPARATION METHODS (includes codes for
 2
H,

 1 3
C,

 1 5
N and

 1 8
O)

1 RITTENBERG preparation (hypobroaite)

2 DUMAS preparation I (combustion, cyclic method)

3 DUMAS preparation II (combustion, ampoule aethod)

4 KJELDAHL digestion plus RITTENBERG

5 KJELDAHL digestion plus DUMAS I

6 KJELDAHL digestion plus DUMAS II

7 CO. - water exchange

8 reduction of water to H over uranium metal

9 reduction of water to H over chromium

0 other
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Table 12:
 1 5
N in IAEA-31OB (urea)

Table 13:
 1 5

N in IAEA-311 (ammonium sulphate)

A brief summary of the statistical method is given in the next
section. The following is some more information about the three
different kinds of output.

Table of results The method codes are the same as in table B. In
the column "mean", all values marked by an asterisk were identified as
statistical outliers (see section 4). The last column (LAB. LOD) refers
to the Limit of Detection reported by each laboratory. (This value has
not yet been used in any of the calculations.)

Statistical summary This is the output from the evaluation
described in the next section. The most important values to look at are
in the last line, which gives the confidence interval for the overall
mean based only on the accepted results (i.e. excluding statistical
outliers).

Plots Each point represents one set of results reported by one
laboratory for one reference material. They have been arranged in
numerical order from low to high. The error bar represents the standard
deviation. The number below the error bar is the number of observations.
The code on top of the error bar represents the method code (first 2
characters only). Results that were identified as outliers are listed
but not plotted. The dashed horizontal lines indicate the confidence
interval (taken from the bottom line of the statistical summary table).

4. STATISTICAL METHOD

The attached tables and plots were produced by a computer program
which examines the results for each reference material in turn. For each
participant and analyte, the individual net results (up to 6 in number)
are first reduced to a single mean value and its standard deviation. In
the subsequent calculations each of these is treated as a single
unweighted value. Four different outlier teste (Dixon's, Grubb'e,
coefficient of skewness and coefficient of kurtosis) are then applied at
a significance level of 5 %. Any laboratory mean thereby identified as
an outlier by one or the other of these tests is subsequently excluded
from further consideration. The remaining "accepted" laboratory means,
say n in number» are then combined in the usual way» without weighting,
to provide estimates or the overall mean, i, and its associated standard
deviation (SD), standard error and 95 t confidence interval. The latter
is defined as the range between the extreme lower and upper limits of the
quantity (x ± c) where с * SD.t//n and t is the value of Student's t on
(n - 1) degrees of freedom at the 5 % probability level (2-sided).

Although the evaluated results produced by this computer program may
in some cases be regarded as certified values, no such claim is vet made.
For certification purposes it is also necessary to apply additional
criteria (concordance between different methods, sufficiently small
proportion of outliers, sufficiently small confidence interval for the
overall mean, etc.). This additional evaluation will be made in a later
report; meanwhile the values reported here are for information only.
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Table 1; 2H in IAEA-302A (water)

UNIT: P2R MILLE

NO.

1
2
3
4
5
6
7
8

Table

LAB.
CODE
NO.

10
14
18
21
24
32
33
35

2:

METHOD
CODE

A30
A30
A20
A28
A20
A38
A30
A38

2H in

NO. OF
DETERM.

3
6
3
4
6
5
5
2

IAEA-302B

MEAN

508.73
511.73
506.33
501.25
505.57
455.28*
515.50
509.35

(water)

STANDARD DEV.

ABS

0.90
0.70
3.51
1.50
1.77

10.58
3.65
0.35

REL %

0.2
0.1
0.7
0.3
0.4
2.3
0.7
0.1

LAB.
LOD

1.50000
1.00000
1.40000
6.00000
2.25000
9.73300

4.20000

UNIT: PER MILLE

NO. LAB. METHOD NO.OF MEAN
CODE CODE DETERM.
NO.

STANDARD DEV. LAB.
LOD

ABS REL %

1
2
3
4
5
6
7

10
14
18
21
24
32
33

A30
A30
A20
A28
A20
A38
A30

3
6
3
4
6
3
3

997.40
1007.63
993.00
986.75
981.39

1005.73
1005.73

1.31
1.17
7.94
7.80
5.03
4.32
4.32

0.1
0.1
0.8
0.8
0.5
0.4
0.4

1
1
1
6
2
9

.50000

.00000

.40000

.00000

.25000

.73300

Statistical
summary

ISOTOPE
DETERMINED

2-H
IAEA-302A

2-H
IAEA-302B

(UNIT

NUMBER OF
REPORTED
RESULTS

NUMBER OF
ACCEPTED
RESULTS

LABORATORY
AVERAGES

INDIVIDUAL
DETERMINATIONS

LABORATORY
AVERAGES

INDIVIDUAL
DETERMINATIONS 1

PER MILLE

8

34

7 1
29 j

PER MILLE

7

28

7

28

I TOTAL RANGE OF
(LABORATORY AVERAGES

1 RANGE OF ACCEPTED
(LABORATORY AVERAGES

I PERCENTAGE OF OUTLYING
(LABORATORIES

lOVERALL MEAN OF ACCEPTED
(LABORATORY AVERAGES

455.28 -
515.50

501.25 -
515.50

13

508.35

981.39 -
1007.63

981.39 -
1007.63

0

996.80

1STANDARD 1 ABS I 4.58 1 10.25 1
DEVIATION 4 \ {

(S.D.) | REL% 1 0.9 1 1.0 |

STANDARD
ERROR

(S.E.)

I ABS I 1.73 I 3.87 I

I REL% I 0.3 I 0.4 I
ICONFIDENCE LIMITS FOR THE
MEAN OF POPULATION
IFOR PROBABILITY LEVEL .95

504.12
512.59

987.32 -
1006.28
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Table 3:
 1 8

0 in IAEA-304A (water)

UNIT: PER MILLE

NO. LAB. METHOD NO.OF

CODE CODE DETERM.

NO.

MEAN STANDARD DEV.

ABS

1.15

0.87

0.49

0.07

3.15

0.86

5.62

1.16

0.14

0.38
0.68

REL %

0.4
0.3
0.2
0.0
1.3
0.3
2.2
0.5
0.1
0.1
0.3

LAB.
LOD

0.09000

0.10000

0.30000

0.10000

0.60000

0.45000

1.90600

1.20000

1.20000

1
2
3
4
5
6
7
8
9
10
11

10
14
15
18
21
24
30
32
33
35A
35B

АЭ7
A37
A37
A27
A27
A27
A27
A30
A37
A47
A30

2

5

5

2

3

2

5

3

2

3

2

258.24

253.21

249.74

256.05

248.83

251.20

258.77

252.36

252.20

252.53

251.10

Table 4:
 1 8

O in IAEA-304B (water)

UNIT: PER MILLE

NO. LAB. METHOD NO.OF

CODE CODE DETERM.

NO.

MEAN STANDARD DEV.

ABS REL %

LAB.

LOD

1
2
3
4
5
6
7
8
9
10
11

10
14
15
18
21
24
30
32
33
35A
35B

A37
A37
A37
A27
A27
A27
A27
АЭ0
A37
A47
A30

2

5

3

2

3

2

5

3

2

3

2

512.33

502.53

496.05

510.60

494.70

502.13

504.48

505.72

502.40

503.03

502.18

0.47

0.98

0.39

0.14

6.09

0.43

6.41

0.31

0.28

0.15

1.58

0.1

0.2

0.1

0.0

1.2

0.1

1.3

0.1

0.1

0.0

0.3

0.09000

0.10000

0.30000

0.10000

0.60000

0.45000

1.90600

1.20000

1.20000
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Statistical summary

ISOTOPE
DETERMINED

18-0
IAEA-304A

18-0
IAEA-304B

I UNIT PER MILLE
11

I PER MILLE

NUMBER OF
REPORTED
RESULTS

LABORATORY
AVERAGES

INDIVIDUAL
DETERMINATIONS

34

11

11

32

11NUMBER OF
ACCEPTED
RESULTS

LABORATORY
AVERAGES

INDIVIDUAL
DETERMINATIONS

34 32

TOTAL RANGE OF
LABORATORY AVERAGES

RANGE OF ACCEPTED
LABORATORY AVERAGES

PERCENTAGE OF OUTLYING
LABORATORIES

248.83 -
258.77

248.83 -
258.77

0

494.70 -
512.33

494.70 - I
512.33 I

0

IOVERALL MEAN OF ACCEPTED
(LABORATORY AVERAGES

253.11 I 503.29

STANDARD
DEVIATION

(S.D.)

ABS I 3.26 I 5.22 I

REL* T 1.3 I 1.0 I
STANDARD
ERROR

(S.E.)

I ABS I 0.98 I 1.57 I

I REL% I 0.4 I 0.3 I

(CONFIDENCE LIMITS FOR THEMEAN OF POPULATION
FOR PROBABILITY LEVEL .95

250.93
255.30

499.78
506.79
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о

18-0 IN I H E R - 3 0 4 B (PER M I L L E )

95 '/. CONFIDENCE INTERVflL: 499.78 TO 506.79

21 30' 32" 18' 10'

Lf lB- CODE NO.
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Table 5: 13C in IAEA-303A (sodium bicarbonate)

UNIT: PER MILLE

NO.

1
2
3
4
5
6
7
8
9

LAB.
CODE
NO.

3
7
11
12
15
16
17
24
35

METHOD
CODE

A40
A4
A20
A20
A20
A30
A42
A20
A42

NO.OF
DETERM.

6
6
6
6
3
5
6
6
3

MEAN

90.26
96.79
96.94
92.41
93.32
94.87
88.11
93.06

107.50*

STANDARD DEV.

ABS REL t

1.08
0.33
0.32
1.21
0.20
0.63
0.48
1.17
2.14

1.2
0.3
0.3
1.3
0.2
0.7
0.5
1.3
2.0

LAB.
LOD

1.10000
0.33000
0.03000
0.02000
0.35000
0.15000
0.06000
0.60000
1.65000

Table 6: 13C in IAEA-303B (sodium bicarbonate)

UNIT: PER MILLE

KO.

1
2
3
4
5
6
7
8

LAB.
CODE
NO.

3
7
11
12
15
17
24
35

METHOD
CODE

A40
A4
A20
A20
A20
A42
A20
A42

NO.OF
DETERM.

6
6
6
6
5
4
3
3

MEAN

459.58
477.17
467.24
466.60
469.45
439.32
463.03
453.58

STANDARD DEV.

ABS I

3.55
1.17
9.85
5.11
0.44
0.29
6.18
0.97

REL %

0.6
0.2
2.1
1.1
0.1
0.1
1.3
0.2

LAB.
LOD

1.10000
0.33000
0.03000
0.02000
0.35000
0.06000
0.60000
1.65000
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Table 7: 13C in IAEA-309A (UL-glucose)

UNIT: PER MILLE

NO.

1
2
3
4
5
6
7
8
9

LAB.
CODE
NO.

3
7
12
15
16
17
24
26
35

METHOD
CODE

A40
A4
A23
A22
A30
A42
A20
A80
A42

NO.OF
DETERM.

6
6
6
4
6
6
6
1
6

MEAN

95.44
94.97
94.28
82.22*
92.06
94.75
92.04
38.70*
133.60*

STANDARD DEV.

ABS REL %

0.97
0.13
0.24
1.28
0.45
0.11
0.53

2.67

1.0
0.1
0.3
1.6
0.5
0.1
0.6

2.0

LAB.
LOD

1.10000
0.16000
0.02000

0.60000
0.60000
0.60000

1.65000

Table 8; 13c in IAEA-309B (UL-glucose)

UNIT: PER MILLE

NO.

1
2
3
4
5
6
7

e

LAB.
CODE
NO.

3
7
12
15
17
24
26
35

METHOD
CODE

A40
A4
A23
A22
A42
A20
A80
A42

NO.OF
DETERM.

6
6
4
5
6
6
1
6

MEAN

544.85
540.55
536.69
525.07
539.IS
524.42
81.90*

528.81

STANDARD DEV.

ABS 1

0.55
0.18
3.50
1.62
0.90
1.05

6.48

REL %

0.1
0.0
0.7
0.3
0.2
0.2

1.2

LAB.
LOD

1.10000
0.16000
0.02000

0.60000
0.60000

1.65000



Statistical summary
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I ISOTOPE
(DETERMINED

13-C
IAEA-303A

13-C
IAEA-303B

13-C
IAEA-309A

13-C
IAEA-309B

lUNIT
NUMBER OF
REPORTED
RESULTS

NUMBER OF
ACCEPTED
RESULTS

LABORATORY
AVERAGES

INDIVIDUAL
DETERMINATIONS

LABORATORY
AVERAGES

INDIVIDUAL
DETERMINATIONS

PER MILLE PER MILLE

1 9 J 8 1
I "

8

44

' 39

" 139

PER MILLE

9

47

6

1 36

PER MILLE

8

40

7

39

1 TOTAL RANGE OF
(LABORATORY AVERAGES

|RANGE OF ACCEPTED
(LABORATORY AVERAGES

1 PERCENTAGE OF OUTLYING
[LABORATORIES

88.11 -
107.50

88.11 -
96.94

11

439.32 -
477.17

439.32 -
477.17

0

38.70 -
133.60

92.04 -
95.44

33

81.90 -
544.85

524.42 -
544.85

13

I OVERALL MEAN OF ACCEPTED
(LABORATORY AVERAGES

STANDARD
DEVIATION

(S.D.)

STANDARD
ERROR

(S.E.)

93.22 462.00 93.92 534.23

ABS I 3.04 I 11.50 I 1.50 1 8.09 1

REL% T 3.3 I 2.5 I 1.6 1 1.5 I
ABS 1 1.08 1 4.07 1 0.61 I 3.06 I
RELX I 1.2 I 0.9 I 0.7 | 0.6 I

CONFIDENCE LIMITS FOR THE
MEAN OF POPULATION
FOR PROBABILITY LEVEL .95

90.68 -
95.77

452.38 -
471.62

92.35 -
95.50

526.74 -
541.71
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Table 9; 15N in IAEA-305A (ammonium sulphate)

UNIT: PER MILLE

NO.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

LAB.
CODE
NO.

1
2
4
5A
5B
6
7
8A
8B
9
11
15
16 A
16B
17
19
23
24
25
27
28
29A
29B
29C
29D
31
34
35

METHOD
CODE

A42
A42
A42
A21
A21
A31
A4
A23
A42
A42
A31
A21
A4
A31
A42
All
All
A21
A33
A34
A73
A23
B20
B21
B24
A31
Bl
A42

NO.OF
DETERM.

6
6
6
5
5
5
6
3
3
6
6
5
5
5
5
4
6
3
6
3
5
6
6
5
6
5
6
6

MEAN

46.82*
39.05
41.24
38.26
39.52
39.90
40.23
40.83
43.94*
39.55
39.39
39.41
41.16
39.36
37.84
40.90
36.00
41.04
38.41
41.03
39.92
40.72
24.30*
30.97*
24.30*
38.58
47.14*
41.06

STANDARD DEV.

ABS

3.70
0.41
0.23
0.25
0.41
0.57
0.19
0.00
1.58
0.09
0.45
0.12
0.39
1.34
0.42
3.79
2.06
1.14
0.36
0.90
2.90
0.02
13.36
7.15

13.58
1.58
24.25
2.39

REL %

7.9
1.1
0.6
0.6
1.0
1.4
0.5
0.0
3.6
0.2
1.2
0.3
1.0
3.4
1.1
9.3
5.4
2.8
0.9
2.2
7.3
0.0

55.0
23.1
55.9
4.1
51.5
5.8

LAB
LOD

0
0
0
0
0
0
0
0
0.
0,
0,
0.
0.
0.
1,
0.
0.
0.
0.
0.
0.

0.
0.
0.
0.
0.
0.

•

.00150

.52000

.00100

.00200

.00200

.00056

.30000

.00010

.00200

.33000

.00008

.30000
60000
,15000
,00000
,00300
00100
60000
00030
30000
30000

02000
02000
02000
00030
00610
00080
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Table 10: 15N in IAEA-305B (ammonium sulphate)

UNIT: PER MILLE

NO. LAB. METHOD NO.OF
CODE CODE DETERM.
NO.

MEAN STANDARD DEV.

ABS REL %

LAB.
LOD

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

1
2
4
5A
5B
6
7
8A
8B
9
11
15
17
23
24
25
27
28
29A
29B
29C
29D
31
34
35

A42
A42
A42
A21
A21
A31
A4
A23
A42
A42
A31
A21
A42
All
A21
A33
A34
A73
A23
B20
B21
B24
A31
Bl
A42

5
6
6
5
5
5
6
3
3
6
6
5
5
6
3
6
3
5
6
6
5
6
6
6
6

381.73
375.30
377.41
373.70
370.90
388.93
379.48
377.92
377.83
368.43
372.83
376.53
374.70
369.58
373.37
362.35
380.00
374.80
378.04
340.28*
383.32
337.99*
373.98
365.46
372.92

3.47
0.37
0.34
0.67
6.12
2.22
0.11
0.16
0.00
1.05
0.74
0.28
0.45
0.00
1.36
0.73
1.35
0.84
0.49

20.75
27.68
12.38
4.24

29.53
2.04

0.9
0.1
0.1
0.2
1.6
0.6
0.0
0.0
0.0
0.3
0.2
0.1
0.1
0.0
0.4
0.2
0.4
0.2
0.1
6.1
7.2
3.7
1.1
8.1
0.5

0.00150
0.52000
0.00100
0.00200
0.00200
0.00056
0.30000
0.00010
0.00200
0.33000
0.00008
0.30000
1.00000
0.00100
0.60000
0.00030
0.30000
0.50000

0.02000
0.02000
0.02000
0.00030
0.00610
0.00080
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Table 11;
 1 5
N in IAEA-310A (urea)

UNIT: PER MILLE

NO. LAB. METHOD NO.OF

CODE CODE DETERM.

NO.

MEAN STANDARD DEV.

ABS REL %

LAB.
LOD

1
2
3
4
5
6
7
В
9
10
11
12
13
14
15

16
17
18
19
20
21
22
23
24
25
26

1
2
3
4
SA
5B
7
8A
8B
9

11
15
16А
16В
17
19
23
24
25
27
28
29А
29В
29С
34
35

А42
А42
А40
А42
А24
А24
A4
А23
А42
А42
А34
А24
A4
А34
А42

АН
АН
А24
АЗЗ
A3 4
А73
А23
В21
В24
В1
А42

6
6
6
6
5
5
6
3
3
6
6
3
5
5
5
6
6
3
6
3
5
5
5
б
5
6

53.58
47.68
46.86
49.10
46.81
47.74
48.70
48.96
45.77

47.71

66.77*

50.21

49.68

49.30

43.34

39.92

55.82*

48.02

46.09

48.63

43.44

48.94

44.67

48.96

41.38

50.43

3.97

0.17

1.03

0.11

0.36

0.74

0.15

0.16

0.00

0.17

0.40

0.08

0.54

0.29

0.23

6.85

2.83

1.14

0.36

0.67

1.47

0.11

9.61

13.70

24.25

0.77

7.4
0.4
2.2
0.2
0.8
1.5
0.3
0.3
0.0
0.4
0.6
0.2
1.1
0.6
0.5
17.2

5.1
2.4
0.8
1.4
3.4
0.2

21.5

28.0

58.6

1.5

0.00150

0.96000

0.00100

0.00050

0.00200

0.00200

0.35000

0.00010

0.00200

0.33000

0.00008

0.30000

0.60000

0.15000

1.00000

0.00300

0.00100

0.60000

0.00020

0.30000

0.50000

0.02000

0.02000

0.00610

0.00080
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Table 12; 15N in IAEA-31OB (urea)

UNIT: PER MILLE

NO.

1
2
3
4
5
6
7

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

LAB.
CODE
NO.

1
2
3
4
5A
SB
7
8A
8B
9

11
15
16A
16B
17
19
23
24
25
27
28
29A
29B
29C
34
35

METHOD
CODE

A42
A42
A40
A42
A24
A24
A4
A23
A42
A42
A3 4
A24
A4
A34
A42
All
A14
A24
A33
A34
A73
A23
B21
B24
Bl
A42

NO.OF
DETERM.

6
6
6
6
5
5
6
3
3
6
6
3
5
5
5
6
6
3
6
4
5
3
5
6
6
6

MEAN

243.03
242.75
247.42
244.63
244.08
245.56
247.45
246.28
243.26
240.84
243.93
243.13
245.08
243.76
243.22
232.87*
246.00
242.53
235.07*
242.45
245.60
246.31
244.90
228.62*
221.31*
246.46

STANDARD DEV.

ABS

3.88
0.53
0.66
0.17
0.67
0.66
0.10
0.00
0.00
0.86
0.26
0.32
0.55
0.87
0.37

10.09
0.00
0.64
0.94
1.88
1.95
0.59

16.76
18.34
44.69
3.04

REL M

1.6
0,2
0.3
0.1
0,3
0.3
0.0
0.0
0.0
0,4
0,1
0,1
0.2
0.4
0.2
4,3
0.0
0.3
0.4
0.8
0.8
0.2
6.8
8.0

20.2
1.2

LAB.
LOD

0.00150
0.96000
0.00100
0.00050
0.00200
0.00200
0.35000
0.00010
0.00200
0.33000
0.00008
0.30000
0.60000
0.15000
1.00000
0.00300
0.00100
0.60000
0.00020
0.30000
0.50000

0.02000
0.02000
0.00610
0.00080
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Table 13; 15N in IAEA-311 (ammonium sulphate)

UNIT: ATOM %

NO.

1
2
3
4
S
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

LAB.
CODE
NO.

1
2
3
4
5A
5B
6
7
8A
8B
11
13
15
17
19
20
22A
22B
23
24
25
28
29A
29B
29C
31
34
35

METHOD
CODE

A42
A42
A40
A42
A21
A21
A31
A4
A23
A42
B21
BIO
A21
A42
All
B14
Bll
B14
All
A21
A33
A73
B20
B21
A24
A31
Bl
A42

NO. OF
DETERM.

6
6
6
6
5
5
4
6
3
3
6
5
6
5
6
2
1
6
6
3
6
5
6
5
6
5
6
6

MEAN

2.06
2.05
2.09
2.06
2.05
2.06
2.12
2.07
2.06
2.06
2.04
1.64*
2.08
2.06
2.05
2.01
2.08
2.08
2.07
1.99
1.99
2.09
2.00
2.07
1.96
2.02
2.00
2.05

STANDARD DEV.

ABS 1

0.01
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.01
0.01
0.00
0.00
0.02
0.02

0.01
0.01
0.01
0.0G
0.01
0.01
0.01
0.01
0.01
0.01
0.01

REL «

0.4
0.1
0.1
0.0
0.1
0.0
0.4
0.0
0.0
0.0
0.5
0.6
0.1
0.0
1.2
0.9

0.5
0.6
0.4
0.1
0.7
0.7
0.3
0.4
0.5
0.7
0.7

LAB
LOD

0
0
0
0
0
0
0
0
0,
0,
0,
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

•

.00150

.00019

.00100

.00200

.00200

.00200

.02400

.35000

.00010

.00200

.03600

.13810
,10000
,00037
,00300
,00200
.03000
01200
00100
00030
00010
00030
02000
02000
02000
00030
00030
00080



Statistical summary

ISOTOPE
DETERMINED

lUNIT

NUMBER OF
REPORTED
RESULTS

NUMBER OF
ACCEPTED
RESULTS

LABORATORY
AVERAGES

INDIVIDUAL
DETERMINATIONS

LABORATORY
AVERAGES

INDIVIDUAL
DETERMINATIONS

TOTAL RANGE OF
LABORATORY AVERAGES

RANGE OF ACCEPTED
LABORATORY AVERAGES

PERCENTAGE OF OUTLYING
LABORATORIES

1OVERALL MEAN OF ACCEPTED
(LABORATORY AVERAGES

STANDARD
DEVIATION

(S.D.)

STANDARD
ERROR

(S.E.)

15-N
IAEA-305A

PER MILLE

28

144

22

112

24.30 -
47.14

37.84 -
41.24

21

39.79

15-N
IAEA-305B

PER MILLE

25

130

23

118

337.99 -
388.93

362.35 -
388.93

8

375.20

15-N
IAEA-310A

15-N
IAEA-310B

PER MILLE | PER MILLE

26

132

24

120

39.92 -
66.77

39.92 -
53.58

8

47.33

26

132

22

108

221.31 -
247.45

240.84 -
247.4b

15

244.49

15-N
IAEA-311

ATOM %

28

141

27

136

1.64 -
2.12

1.96 -
2.12

4

2.05

ABS 1 1.11 I 5.81 1 3.06 1 1.76 I 0.04 I

REL% I 2.8 I 1.5 I 6.5 I 0.7 | 1.8 I

ABS I 0.24 I 1.21 I 0.62 1 0.38 1 0.01

RELIC 1 0.6 1 0.3 1 1.3 I 0.2 | 0.3

CONFIDENCE LIMITS FOR THE
MEAN OF POPULATION
FOR PROBABILITY LEVEL .95

39.30 -
40.28

372.69 -
377.71

46.04 -
48.62

243.70 -
245.27

2.03 -
2.06

Ь

I
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Estimation of nutritional requirements is one of the most fundamental

questions in nutritional science. Such estimates are used to assess the

adequacy of diets and national food supplies, as a basis for establishing

national production and consumption policies for the planning of diets for

population groups and as reference information for the epidemiological study

of the health effects of under- and over-consumption.

Recent reports (1,2), recognising that energy needs are determined by

energy expenditure, stated the principle that estimates of expenditure need

to be used for determination of requirements. For adults, a considerable

body of information on energy expenditure is available. However, for

children, and particularly for infants, there are very few estimates, and

these are recognised generally, as not scientifically accurate. In young

infants, growth forms a substantial component of the total requirement for

energy and there are large variations in the rate of growth, and the

composition, of tissue laid down; and it is difficult to specify the

requirements for a desirable level of physical activity. Consequently,

estimates of requirements in infants and young children are based on observed

intakes of healthy children growing normally.

Because these estimates are based on intakes, very little information is

available on the way in which energy is partitioned between basal metabolism,

growth and physical activity. Nevertheless, one of the prime uses of

estimates of energy requirements is for assessment of the adequacy of intakes

of infants in developing countries, where growth rates are generally much

lower, essentially due to either inadequate intakes and/or the burden of

infectious disease, and so energy intake may be partitioned in a very

different way to that assumed for more privileged environments. Because

estimates of requirements are based on studies of children in high-income

countries, but most frequently used in evaluating the nutrition situation of
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children in low-income countries, there is an urgent need for comparative

studies of energy expenditure and Intake in infants in contrasting situations

using comparable methods of measurement.

The main reason for the paucity of Information on energy expenditure in

infants and children has been the lack of a suitable methodology. The usual

approach used in adults Is to Identify the different types of activity

undertaken, measure the time spent in each activity, and obtain the energy

cost by measuring oxygen uptake using a Douglas bag or Kofranyi-Michaelis

apparatus. Whilst these apparatus encumber the subject and produce an

unknown deviation from "habitual" expenditure, they have provided a large

body of data from which energy expenditure in adults has been estimated.

They are not, however, suitable for use with infants and young children, for

whilst they may "encumber" an adult, they totally immobilise am infant or

young child.

Similarly, measurement of energy intake in children in developing

countries has also been hampered by the lack of suitable methodology for

measuring breast milk intake. The method which has most commonly been used

in high income countries, usually in situations where feeding was scheduled

and relatively infrequent, is test-weighing. However, this method is

difficult to apply in a rural developing-country situation, is very labour

intensive, and is inaccurate when breast feeding is infrequent.

The last five years have seen a major advance, the use of doubly

labelled water, in the measurement of energy expenditure of "free-living"

human subjects. The method was originally developed by Lifson et al (3) for

use in small animals. However, its application to humans was not feasible

because of the costs of the oxygen isotope and the equipment to accurately

measure it. The principle of this method is well described elsewhere (4).

The doubly labelled water method has now been validated against both
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direct and Indirect calorimetry 1n adults (4-7} and, most recently, against

Indirect calorimetry In Infants (8).

This new methodology has opened up the possibility of new studies of

energy expenditure In humans of all ages, and particularly In Infants,

because 1t Is accurate, non-Invasive and logistically suitable. Together

with the use of well-established methods for measurement of changes in body

composition during growth It makes possible new and more precise measurements

of energy requirements 1n Infants; based on expenditure as well as on Intake.

There «re however, a number of limitations 1n the use of the doubly

labelled water technique which must also be taken Into account for Its use in

calculating energy requirement recommendations. In particular, the technique

has not been applied to the assessment of energy expenditure under

circumstances where rapid fluctuations 1n disease occur, such as sepsis and

diarrhoea. As these insults are much more common amongst children In

developing countries than in high Income countries, the Impact of Illness on

requirements needs to be addressed specifically. Despite these constraints,

the doubly labelled water technique has much to offer for the determination

of physiological energy requirements as does deuterium oxide for the

determination of real Intakes amongst breast-fed Infants.

It Is now evident from several studies that previous recommendations

regarding protein and energy requirements for infants in the first 3 to 6

months of life require re-evaluation, and that the validity of existing

growth standards for very young infants is suspect (9,10). A recent major

review on infant feeding and growth thus concludes that "active research into

the issue of optimal versus maximal requirements for growth by an intensive

community based longitudinal study is needed" (9).

As a prelude to broader studies in Australia and Papua New Guinea, this

report describes a longitudinal study19 of growth, body composition, and milk
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intake for the first 3 months of life in a group of 87 healthy Australian

infants, comparing exclusive breast feeding (n • 34) and infants exclusively

fed one of the newer, low solute, whey-predominant artificial formulas (n *

48). In order to apply more quantitative data on the composition of body

growth, we have applied both anthropométrie and total body potassium (TBK)

measurements. As some 98% of TBK is In lean tissue, TBK measurements permit

a simple non-invasive assessment of lean and fat tissue. Thus serial

measurements provide important information on the tissue composition of

weight gain; a subject which has received only limited attention to date.

SUBJECTS

By personal interview, 87 mothers and their full term babies were

recruited soon after birth In the obstetric hospital. Babies were required

to be between 38 and 42 weeks gestation and in good health.

METHODS

Anthropométrie measurements and other data were obtained at regular

intervals (days 10, 28, 42, 56, and 90) after discharge from the obstetric

hospital. Measurements Included weight, length, occipita frontal

circumference, chest, arm thigh and calf circumferences, as well as fat-fold

thicknesses from triceps and subscapular sites using a Harpenden calliper.

Body composition was assessed from total body potassium-40 (TBK)

measurements in a whole body counter facility (11).

Milk and other nutrient Intakes were continuously recorded by the mother

in a diary which was brought to each clinic visit. Subjective comments

concerning acceptance of formula, feeding problems, illnesses etc. were

elicited.

Lean body mass and total body fat were calculated on the basis that the

lean mass contains a known quantity of potassium (12), and using the four

compartment model as described for infants by Hager et al (13). Thus body
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mass 4 body fat + lean mass, where the lean mass - body cell mass + fat-free

extracellular solids + extracellular water. The К content of BCM + FFES « 90

mEq/Kg (13) and ECU - 4 mEq/Kg. This calculation allows for the larger

relative water content of Infants and Is preferred to the two compartment

Model used 1n adults.

RESULTS and DISCUSSION

This prospective study of healthy Infants fed either human mil к or whey-

predominant formula provides data on the biology of growth and nutrient

Intake in the first 3 months, a vital and Important period of life. In

addition the study compares breast feeding with the feeding of a newer whey

predominant formula and provides Information on the tissue composition of

weight gain.

As has been documented previously (14), mean weight gain was

significantly greater in the first 10 days of life in breast fed infants than

in formula fed Infants. However lean body mass measurements at 10 days of

age did not differ significantly between feeding groups suggesting that this

early difference in weight gain Is accounted for by extra water or fat.

Skinfoid thicknesses and total body fat estimates at 10 days of age did not

differ significantly between the two groups suggesting that this early

difference Is mainly due to changes In extracellular water. Hean weight gain

per day at subsequent periods became significantly greater in the formula fed

infants and this difference was particularly manifest in boys. Total body

potassium measurements did not differ significantly with time in boys, and as

triceps skinfolds and thus estimated total body fat increments were

significantly greater (formula versus breast feeding), It would appear that

this difference 1s mainly due to Increased deposition of body fat.

Increments in body potassium appeared to be greater in formula fed girls

compared with breast fed girls between 10 and 90 days. This finding appeared
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consistent and significant and suggests that formula feeding may have an

influence on body protein accretion in infant girls. Unfortunately we were

unable to compare nutrient Intakes between the breast and formula fed groups,

but a greater Intake would be unlikely to account for this finding. Further

Investigations of the mechanisms and relevance of this finding are required.

The results of the serial observations of total body potassium

measurements in infants of both sexes were of Interest. Male Infants had .

higher values of total body potassium at all ages than females, moreover they

also had greater weight gains. However the potassium differences between the

sexes practically disappeared when relative values of total body potassium

per unit body were considered. A decrease in the relative values was seen

during the three months of the study. This decrease indicates that tissues

low in potassium such as fat and water were added faster to the body weight

than were cellular tissues. Similar findings have been reported by Novak

(15) and Maresh (16) who observed increases of fat in both sexes and a

reduction in relative potassium content. Our data extends these findings by

providing more frequent serial measurements which indicate that this increase

occurs quite rapidly in the first three months of life. This rapid increase

in relative amounts of body fat has been suggested by Hager (13) to be

related to an Increase in fat cell size.

The data on nutrient intake provide further evidence that the pattern of

change in food energy Intake In Infants does fundamentally differ from the

WHO-FAO 1973 recommendations, supporting the data of Whitehead (10). The

energy intakes recorded longitudinally in our formula fed babies are similar

to those recorded in breast fed babies by Butte et al (17), but significantly

lower than those recorded by Montandon et al in a recent study of formula fed

babies (18). Neither of the above mentioned studies reported differentials

between male and female nutrient Intakes. Our findings are of particular
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Importance In terms of Indicating the adequacy of modern milk formula feeding

in providing the sole source of food at this age. Whether formula feeding

nutrient Intakes were different from those of breast feeding Infants was not

tested In this study but our data Is 1n agreement with that of Whitehead's

(10) Indicating a sharp fall 1n energy Intake per kilogram during the first

few months of life related to the rapidly decelerating velocity of growth

manifest in this study by the reduction In the relative amount of lean mass.

This complies with the general physiological fact that the larger a baby

becomes relative to surface area, the less energy per unit mass is required

for homeostasis. Continuing longitudinal studies beyond three months of life

would be necessary but on the data provided here, normal rates of growth and

body protein accretion are probably occurring at the levels of energy intake

recorded.

There is general agreement that human milk, when breast fed from a

healthy mother, is the most appropriate nutritional regime for a full term

Infant and thus the metabolic findings and biology of growth in such infants

should be considered as a norm. The data from our studies indicate that the

whey predominant formula studies caused similar weight gains and lean mass

accretion to that of breast feeding Infants with some differences which may

be related to the question of optimal versus maximal growth, the balance of

nutrients, and the energy Intake. With the application of 2H2180 stable

Isotope techniques, these questions of real "physiological" requirements are

going to be more easily addressed. The data described in this study are

providing a base for the application of these techniques both in Australia

and ultimately in rural Papua New Guinea, though as stated previously,

factors such as disease must also be Included.
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PROGRESS REPORT

RESEARCH CONTRACT NUMBER; 5189/RB

TITLE; Prognostic significance of protein-calorie malnutrition in post-

virus hepatitis cirrhosis and the design of diet therapy based

on Chinese food using isotope tracers.

INSTITUTE; Shanghai Second Medical University, Shanghai, China.

CHIEF INVESTIGATOR; Zongqin Xia, M.D.

TIME PERIOD; 1988-10-01 to 1989-4-30.

RESEARCH WORKS CARRIED OUT IN THE ABOVE PERIOD

According to the contract, attention should focus in the first

year on establishing and validating the necessary methodologies and

starting some preliminary measurements. Thus, in the past seven months,

works done under the above title may be divided into two parts. Part

A. was to establish a N-glycine tracer method suitable for measuring

whole body protein synthesis and breakdown rates in patients with hepa-

tic insufficiency; Part В was to do some preliminary experiments on

the determination of low abundance deuterium and 0 in water.

Part A

1. Choice of method: The widely used Picou and Taylor-Roberts model

and the method of constant infusion of tracer was followed. However,

the conventional end-product method was replaced by measuring the N

enrichment of plasma glycine because of the following consideration:

1) Hepatic insufficiency is often accompanied by disturbance of urea

formation and hence the end-product method might give erroneous results

in such patients; 2) The plateau of N enrichment i-. plasma glycine

may be achieved much earlier than in urine end-product and hence a

much shorter infusion time and a much smaller dose of tracer will suf-

fice the requirement of the experiment.

2. Measurement of the abundance of N-glycine in plasma:

1) Sample preparation: 1 ml of plasma from each heparinized blood

sample was deproteinized with sulphosalicylic acid (final concentration

4%) and the total ámino acids in the supernatant was purified with

a small Dowex 50x8 column (0 x 0.7 cm) and converted to trifluoroacetyl

butyl esters for GC-MS analysis.
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2) GC-MS analysis: The samples were analyzed vith a Finnigan-

МЛТ 4510 GC-MS (quadrapole) system installed in the GC-MS Laboratory

of our university. Л SE-52 capillary column and the El source were

used for the analysis. The on-line computer automatically calculated

the area under the intensity curves of the characteristic peaks.

The validity of the separation of glycine from other plasma compo-

nents is shown in Fig 1 and Fig 2.

J. i- U ±

Fig 1. Gas chromatograph of plasma amino acids.
TFA butyric esters, SE52 capillary column,
temperature gradient: 5°C/min.

M Z : ( i.t! una: я ». 4.» ami * ». i.» j • at»: и ». 5

Fig 2. GC-MS result of plasma glycine showing the
satisfactory separation from other components.
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3) Calculation of the abundance of
 15
N-glycine: The areas under

the intensity curves of m/e 126, 127, 128 and 129 peaks were used to

calculate the abundance of
 15
N-glycine. In brief, if the intensities

of 126, 127, 128, 129 peaks are a, b, c, d respectively, A
fl
, B

M
 are

the intensities of non-protonated and protonated fragments without

heavy isotopes, A
M + 1

, B
M + 1
 are the intensities of fragments with one

heavy isotope atom, A
{1+2>

 B
M + 2

 are intensities of fragments with two

heavy isotope atoms, n and m are the ratios of
 А
^

+
^/Л

м
 (= B

H+I'
B
M)

and Л
м + 2

/А
м
 (» BJ^/B^J) respectively, the following simultaneous equa-

tions can be deduced.

a = A
M

b = n x A
M
 + BJJ

с
 e
 m x A.. + n x B..

d » m x Bw

By solving the above set of equations (matrix/inverse matrix method

or iteration), the ratio n is obtained. Then the abundance of labeled

glycine (N
1
) can be calculated by the following equation provided the

natural abundance

0.365% was used):

natural abundance of N-glycine (N) is known (in this work, the value

n
1
 - n

N

100-N

The analytical errors of the method described above has been

tested by comparing the calculated and observed abundances of reference

samples containing known molar ratios of labeled and unlabeled glycine.

As shown in Tab 1, the errors are acceptable for a wide range of abun-

dance.

Tab 1. Analytical errors of reference glycine

samples of different abundances

Sample No. Est.Abun.(%) Obs.Abun.(Z) Relative Error(%)

1

2

3

4

5

6

7

0.528
1.014

1.663

4.258

12.04

47.08

93.8

0.527
1.016

1.651

4.315

12.52

47.68

94.0

-0.2
+0.2

-0.7

+1.3

+4.0

+1.3

+0.2
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Practical use of the method revealed that the analytical precision

of low abundance plasma samples was determined by several factors:

the performance of GC separation, the performance of MS analysis, the

ion strengths of the characteristic peaks and the quality of sample

preparation. Therefore, daily quality control of GC-MS performance

using reference samples and standardization of sample preparation has

been emphasized in the laboratory. Under normal conditions, the average

precision of low abundance plasma samples as estimated by coefficient

of variation of replicates is

3. Preliminary tracer experiment:

1) Subjects: 4 healthy male adult volunteers with no histry of

hepatitis.

2) Food control: Each subject was under food control for 5-6

days until the daily excretion of urea nitrogen in urine remained at

a steady level for 48-72 hours. The protein intake was 1.5±0.2 g/kg/d

while the energy supply was about 50 kcal/kg/d.

3) Determination of nitrogen balance: The average daily input

and output of nitrogen of the last 48-72 hours before the tracer expe-

riment were used to estimate the state of nitrogen balance and for

the calculation of synthesis and breakdown rates of protein in the

tracer experiment. Nitrogen input was calculated by the nutrition ex-

perts of Shanghai Rui Jin Hospital from the actual food intake. Nitrogen

output was determined by micro-Kjedahl analysis of pooled urine and

feces.

4) The tracer experiment: N-glycine (93.8% abundance) was added

into 5% glucose-saline and infused at a constant rate of 0.135 mg/kg/h

for 8 hours through a quantitative micro infusion pump (IMED 928).

Venous blood samples were taken from the opposite arm immediately before

and at 1, 3, 5, 8 hours after the start of infusion. Plasma was separated

from the heparinized blood and stored at 4°C until analyzed for N-

glycine abundance.

In all subjects, the abundance of plasma N-glycine rose rapidly

and reached a plateau value of about 1.0-1.4% (i.e., the atom % excess

of N was about 0.6-1.0%) at 3-5 hours after the start of infusion

(Fig 3). This plataeu value was taken for the calculation of the synthe-

sis and breakdown rates of whole body protein.
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5) Calculation of kinetic parameters: When the plasnr.a N-glycine

abundance stays at a plateau value, the input rate of N-glycine is

equal to the output rate of N-glycine. Thus the plasma amino acid

flux may be calculated from the following equation:

Q = (E±/Ep - 1) x (R. x 24) / (8.3/100)

where Q is the plasma amino acid flux expressed in g protein/kg/d,

R. is the infusion rate of glycine in g/kg/h, (8.3/100) is the average

content of glycine in body protein, E± is the N-glycine enrichment

(natural abundance subtracted) of infused glycine and £ is the plateau
15
N-glycine enrichment (natural abundance subtracted) of plasma.

Then the synthesis rate and breakdown rate of whole body protein

are calculated by the Picou and Taylor-Roberts model:

Q « S + E = C + I

where S and С are the synthesis and breakdown rates, E and I are the

total nitrogen output and input rates respectively.

The results of the four subjects are (mean ± SD):

Q « 4.65 ± 0.15 g protein/kg/d

S = 3.21 ± 0.25 g protein/kg/d

С = 3.12 ± 0.10 g protein/kg/d
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PART В

A Finnigan-MAT251 gas isotope ratio mass spectrometer installed

at Shanghai Institute of Test Technology was used to establish the
jo 2

technique for measuring 0 and H in water samples. The preliminary

work done by the experts of that institute may be summarized as follows.

18
1. Measurement of 0 in water:

5 ml of each water sample was treated in the on line (X^/^O Equili-

bration device of the MAT251. The equilibration condition was: CO-

gas (of known isotopic composion) pressure 400 torr, temperature 20

±0.2
e
C, equilibration time > 3 hours. The equilibrated C0

2
 samples

were then introduced one by one into the mass spectrometer through

a -80°C trap to exclude water vapor. From the ion intensities of m/e

44, 45, 46 peaks and the known isotope composition of the reference

C0
9
, the on-line computer automatically calculated the delta value
18

of 0 over SHOW. Under normal conditions, the precision was better

than 0.02%. Some examples are shown in Tab 2.

18
Tab 2. Some results of MS analysis of 0 in water

Sample Delta
46

Delta
18-SMOW

Tap water (Beijing)

Tap water (Shanghai)

Spring water "Pll"

3.412
3.133

7.605
7.714
7.780
7.521

5.836
5.843
5.831

-9.260
-9.536

-5.120
-5.012
-4.947
-5.203

-6.867
-6.860
-6.872

2. Measurement of deuterium in water:

The H» Preparation Device provided by Finnigan-MAT was used. 5 ul

of water was reduced by zinc granules in vacumn at 400 °C and the hydro-

gen gas produced was collected in a charcoal filled sample ampoule

cooled with liquid nitrogen. The ampoule was then attached to the inlet

of MAT251 and the hydrogen gas was analyzed for its Delta^,»* In the

hands of the experts of Shanghai Institute of Test Technology, the

precision of low abundance water samples was about 0.2-0.5%. Some exam-

ples of analytical results are given in Tab 3.
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Tab 3. Some results of MS analysis of H in water

Sample

Tap water (Beijing)

Tap water (Shanghai)

Water sample "QYTB

1
0

19
19
20
18

5
5

.383

.687

.306

.868

.431

.904

.960

.873

INTERIM SUMMARY

1. A constant infusion tracer method using N-glycine has been

established for the measurement of plasma amino acid flux and whole

body protein synthesis and breakdown rates. The plateau abundance of

plasma N-glycine was determined by GC-MS analysis and used for calcu-

lating the kinetic parameters. Its validity has been evaluated by in

vitro experiments and by in vivo experiments in four healthy adults.

The advantages of this method are: 1) Short infusion time; 2) Small

tracer dose and 3) Less liable to erroneous results due to disturbance

of formation or excretion of end-products. Its validity in patients

with hepatic insufficiency is right now being studied.

2. Techniques for measuring low abundance 0 and H in water with

satisfactory precision has been established in Shanghai Institute of

Test Technology. The validity of these techniques for the study of

energy expenditure in heptic patients is to be studied in the near

future.

PLANS FOR THE FUTURE

June to September, 1989:

1. The established N-glycine tracer method will be used for the

study of protein synthesis and breakdown rates of cirrhotic patients.

Its validity will be evaluated in several selected patients, and a

preliminary result of the difference between normal and cirrhotics

will be obtained.

18 2

2. The techniques for measuring 0 and H in water using МЛТ251

will be used in a few number of healthy human subjects to establish

the tracer method and to study its validity.
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Renewal of Contract

The final aim of the project is to evaluate the prognostic signifi-

cance of protein-calorie malnutrition in post-virus hepatitis cirrhosis

and to design a cheap and effective diet therapy based on Chinese food.

Therefore the methods and techniques established in the first year

are expected to be used for clinical investigation in the following

few years.

The overall plan is: A relatively large number (up to 40 or more)

of selected cirrhotic patients will be involved in the project. Before

treatment, their general conditions and their clinical and laboratory

findings will be recorded in detail. Then the patients will be randomly

divided into two groups, one will take common diet and one will take

specially designed diet. Other treatment for the two groups will be

identical. Their general conditions as well as their clinical and labo-

ratory findings will be followed up carefully. Their protein synthesis

and breakdown rates will be examined with the N-glycine tracer method

before treatment and 1-2 times a year thereafter. Along with the study

of patients, 15 to 20 normal adults will also be studied to monitor

the validity and stability of the method and to establish normal values
18of protein-calorie metabolism of Chinese adults. Since 0-water test

is very expensive, the doubly labeled water test for energy expenditure

will only be carried out in a limited number of patients and controls

(possibly only 5-6 of each group). The course of post-virus hepatitis

cirrhosis is relatively long, hence the overall time of follow up is

expected to be 3 years for each patient.

The investigators will be happy to hear the advice of the experts

of International Atomic Energy Agency as well as any other experts

whether the above plans are reasonable and practicable and whether

the doubly labeled water test for energy expenditure should be included

in the future plans of this project.

Facilities presently available for the project

1. A set of Finnigan-MAT 4510 GC-MS system installed at the MS Labo-

ratory of Shanghai Second Medical University: 1/3 to 1/2 of working

time can be used for the project.

2. A set of MAT251 gas isotope ratio MS installed at Shanghai Institute

of Test Technology:1/6 to 1/5 of working time can be used to measure

doubly labeled water samples including sample preparation.

3. Other equipment: 1 set of HPLC (Biorad 402); 1 set of refrigerated

high speed centrifuge(Hitachi 20PR-52);l set of freeze-drier(RLE21);

2 sets of IBM personal computer.



5-9

Relevance of this project to other nutrition research in China

The importance of abnormal amino acid metabolism, protein malnutri-

tion and nutritional therapy has also been recognized by several clini-

cal centers in the study of some other diseases, e.g., chronic renal

failure, burn injury, gastric carcinoma after gastrectomy. It is very

probable that the methods and the principles of the design of diet

therapy established in this work may also be useful in these studies.
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Metabolic studies on absorption and turnover of nitrogen compounds

in man using
 1 5

N

H. Faust, K. Jung, P. Krumbiegel, P. Junghans

Academy of Sciences of the GDR, Central Institute for Isotope and
Radiation Research, Leipzig, 6DR

introduction

Studies on *
e
N liver function tests were continued and a multiple

tracer study (*
e
N, *

3
C,

 a
H, *

ш
0) on the protein and the energy

metabolism in man to prove the methodology was finished.

l
AB
NJLAmmgni.um test for Цуег function studies

The functional state of the liver can be assessed by oral admini-
stration of

 i e
N labelled ammonium chloride (tracer) and sub-

sequent isotope analysis of <*°)urea and (*
e
>ammonia in urine.

Clinical tests based on the ratio of the excess abundances of
ammonia to urea excreted in urine 3 hours after oral administra-
tion of the tracer gave values for the patients with liver
diseases which differ significantly from these of healthy sub-
jects (Fig. 1).

In the meantime more than 300 tests are carried out in
cooperation with different clinics. The time course of liver-
diseases within some months followed with the test is seen in
Fig.2.

The results show a good discrimination between controls and liver
patients as well as a good reproducibi1ity of the test results in
a patient with liver cirrhosis /1/.

More recently we studied the pathological changed liver function
in children with this *

n
N-test in a modified form. To avoid

acidosis the amount of labelled ammonium chloride is reduced to 5
mg/kg body mass and the urine sampling time is only one hour.
Figure 3 gives an overview of the test results (Q-values) in a
group of children in the age of 1 to 9 years with different liver
diseases (cirrhosis, hepatitis, fatty liver). One can see a good
discrimination between the healthy control group and the liver
patients.
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A comparison o-f the results of the <»
e
N) ammonium test with these

o-f other clinical parameters gives a follow-up investigation in a
2 months old child with connatale hepatitis and cirrhosis. The
i e
N isotope values <Q-values) and the clinical values (biliru-

bine, alanine aminotransferase (ASAT) and gamma-glutamate trans-
ferase (gamma-ВТ)) show a good correspondence (Fig. 4).

Studying the liver function in patients with hypertension and
arteriosclerosis we used the high enriched (

1B
N)ammonium chloride

even as a tracer for the investigation of different blood pro-
teins e.g. the fibrinogen.
First investigations with such patients show differences in the
height and the extent of the

 i e
N tracer incorporation in serum

proteins and in fibrinogen, expressed as
at. У. »

e
N

m
.«

. 100

A good discrimination was found between patients and healthy
volunteers. Patients with hypertension and arteriosclerosis show
significant higher values (Figure 5). An increased turnover of
the fibrinogen in arteriosclerotic patients is demonstrated /2/.

liaNitJethaçetin test for liver functi.on investigations

Originally, we introduced the (xeN)methacetin urine test as an
alternative to the *SC breath tests because of more convenient
isotope analysis possibilities in our laboratory for tBN than for
13C (Fig.6). In comparing both isotope methods, we saw, moreover,
that the reliability of »»N test result is much better than that
of *3C test result in infants and children /3/. (Under the
reasons for uncertain 1SC breath test results are the necessity
of bresth masks and the missing of total C0a output measure-
ments. >

As a result, some clinicians asked us for help in several kinds
of pédiatrie diagnosis by use of the new noninvasive 1BN
function test.

Thus, the stable isotope pharmaceutical (*aN)methacetin has been
used to study several aspects of human liver functions which
depend on activities of microsomal enzyme systems:

1. Detection and follow-up of liver disease in children /4/.

The results of a group of 49 children aged 4 months to 16
years show a good discrimation between controls and
children with different liver disease. Phénobarbital-treated
infants show test results as healthy subjects (Fig. 7).

2. Age dépendance of Cytochrome-P^Bo~dependent monooxygenase
activity of the healthy man.

No age-related differences in normal values of 1-N-methacetin
elimations were seen between an age of two months and an age
of >50 years. Infants younger than 2 months, however, show a
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distinct age dépendance, as seen in Fig.8 /5/. Healthy
subjects were selected retrospectively out of over 3OO
patients with suspected but not confirmed disease.

3. Developmental aspects of hepatic monooxygenase capacity in the
neonatal period •

We found different leN elimination rates in relation to
gestational age and birth weight of prêterm and term born
infants <n • 75 neonates) /6/.

4. Follow-up and prognosis of hepatic detoxification capacities
in preterm neonates.

In order to establish a nutritional management of low birth-
weight infants according to their individual metabolic situa-
tion, a non-invasively available parameter was desired.
Using the (*eN)methacetin we investigated preterm neonates two
times each in an interval of a fort-night (Fig.9). Stagnant or
even decreasing ieN elimination rates give alarm to change the
individual nutrition regime /7/. In this case of non-increa-
sing values, a third test is indicated after another fort-
night. Increasing tendencies reflect satisfactory development.

5. Investigation of the glucuronidation capacity in neonates
and infants

Whereas in the above mentioned tests only the sum of <*sN)meth-
acetin metabolites is of interest — measured as the total *BN
amount in urine — investigations of the gattern of metabolites
can give additional information in certain cases: In Fig.10
/8/ it is seen that the portion of glucuronide is very
small in healthy preterm born infants (second column from the
right) - only comparable with children who suffer from hyper-
bilirubinaemia. Already with 6 months, however, an infant has
the glucuronidation capacitiy of an adult (see the left-hand
columns of the figure).

Mul.tiD.le tracer ±**Ы
Л
 *•*£*. «H^ *-*Ql study of the Erotein and the

Í.Q 5!5Q~

In order to simultaneously assess the protein and the energy
metabolism in a healthy adult man (74 kg body mass, 178 cm height,
42 years) (1-*»C, *eN)glycine (66.5 at. 7. *=*C, 46.5 at. 7. «N)
and doubly labelled water (99.8 at. 7. aH, 71.0 at. 7. *«0) were
administered orally at the same time. Using the priming technique
2.81 g labelled glycine were given as a single/multiple (hourly)
pulse dosage (initial/maintenance dose: 21.13 h) (Fig.11). During
the whole tracer study the food was controlled (special prepara-
tion of meals during the 'tracer' day plus 1st and 2nd before,
then self—selected and protocoled food intake). The energy compo-
sition of the diet was 25 7. protein, 20 7. fat, and 55 7.
carbohydrate.

* Coauthors: G. Hotz, J. Hubald, Б. Strauch, I. Maass,
H. Faust, K. Wetzel, R. Haecker
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The
 i e

N abundance of the urinary nitrogen was measured after
direct reaction with sodium hypobromite by means of the N0I-6e
*

a
N analyzer.

The *
3
C, **0 and

 3
H abundances in breath and blood carbon di-

oxide, plasma, and urine were determined using mass spectrometry
(Finnigan MAT Delta E).

The isotopic state of the
 i e

N enrichment in the urinary nitrogen
was achieved after 6 to 10 hours (Fig.12). The

 l 3
C enrichment of

the expired carbon dioxide showed a maximum at 1.5 h and then
decreased to reach the isotopic steady state after 6 to 10 hours
also.

The N and С turnovers were calculated by means of the isotope
"plateaus" and the area under the isotope enrichment-time curves.
Furthermore the *

3
C tracer data were evaluated using the compart-

mental analysis based on a 5-pool model (Fig. 13). The inadequate
fit for the initial curve section indicates the necessity of an
additional "delay" pool before pool 1 (pool6).

The N and С fluxes were found to be 40.4 g N/d and 770 g C/d, the
utilization rates of dietary N and С were calculated to be 68 and
61 */., respectively (Fig. 14).

The
 3

H and
 1 -

0 abundances in plasma, urine, and breath carbon
dioxide were observed up to 22 days after the single pulse admi-
nistration of doubly labelled water (Fig. 11).

The decrease of the
 S
H and

 xm
0 enrichment was found to be almost

monoexponential. Using the ordinate intercepts and slopes of the
isotope enrichments the body water space, total water loss, and
total daily energy expenditure (TDEE) were calculated to be 41.6
kg, 2.2 1/d, and 3150 kcal/d, respectively (Fig. 14).

TDEE was calculated following the formulas by /9/ and /10/.

This study /11/ demonstrates that these stable isotope methods
(priming technique, doubly water technique) represent valuable
nonrestrictive and noninvasive methods for simultaneously measur—
ing protein metabolism and energy expenditure in free-living
subjects.

/1/ Jung, K., Faust, H., Matkowitz, R.

Z. med. Lab. diagn. 3O (1989), 169-174

/2/ Jung, K.

Z. Klin. Med. (Berlin); in press

/3/ Krumbiegel, P.

Zfl-Mitt. Ü B )1986), 1-121.

/4/ Krumbiegel, P., Teichmann, В., Faust, H., Braun, W.
J. Pediatr. Gastroenterol. Nutr. 7 (1988), 333-340

/5/ Krumbiegel, P., Teichmann, В., Boehm, G.
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Eur. J. Pad., in prep.

/6/ Teichmann, В., Krumbiegel, P., Boehm, G.
Proceed. VII. Symp. Developmental Pharmacology, Jena (GDR),
May 1989, Wiss. Z. Friedrich-Schillei—Univ. 1989, in press.

/7/ Boehm, G., Krumbiegel, P., Teichmann, B.
Unpublished results.

/8/ Krumbiegel, P., Teichmann, В., Hirschberg, K. see re-f./4/

/9/ Li-fson, N. , McClintock, R.

J. Theor. Biol. 12 (1966), 46-74

/10/ Schoeller, D.A., et al.

Am. J., Physiol. 250 (1986), R 823-830

/11/ Junghans, P., Hotz, G., Strauch, G., Maass, I. et al.
Am. J. Physiol. (in preparation)
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APPLICATION OF COMPOUNDS LABELLED WITH NITROGEN-15
FOR NUTRITIONAL STUDIES IN CHILDREN

E.A. Aryeetey
National Nuclear Research Institute

Legon, Ghana

RESUME

It is proposed to use N-15 labelled aaino acids to study protein
turnover in nutritionally vulnerable population groups in Ghana,
particularly children with Rwashiorkor (protein malnutrition) and aeasles.
The Ministry of Health of Ghana has recently formulated a low cost
protein-rich supplement (tfeanimix) using local food products. The purpose
of the research project is to study protein turnover in normal and
malnourished children, and thereby to gain a better understanding of how to
identify those children that are really in need of protein supplementation.

INTRODUCTION

Studies of the morbidity and mortality rate among children in Ghana
were attributed by paediatricians to protein energy malnutrition; hence the
situation called for priority attention. Malnutrition results from a
complex interplay of many factors which include food availability» the
ability of families to obtain the food they need and dietary practices and
beliefs. These factors determine the type of diet that people eat. In
addition» non dietary factors such as infections and parasitic diseases,
particularly those associated with diarrhoea, as well as other environmental
stresses, contribute to the problem and are aggravated by it. The
correction of malnutrition, therefore, requires co-ordinated multisectoral
action. The health sector has considerable responsibility, but its action
can only be effective if carried out closely with agricultural, educational
and other developmental activities. In order to achieve the general
objective of eliminating protein energy deficiency, specific objectives have
been identified, one of which is to determine how the nutritional needs of
weaning and young children can best be met with locally available and
acceptable foods.

Between the ages of 0-3 or 4 months when the child is mainly feeding on
the mother's breast milk the problem of protein energy malnutrition is not
there. The problem arises in the weaning period, which begins when foods
other than breast milk are introduced and ends where breast feeding stops
completely* In Ghana, the period is usually between 4-12 months in urban
areas and 6-24 months in rural areas.

It was found that this problem of protein energy malnutrition, which is
a major threat to the lives of young children in Ghana, is often
attributable to improper feeding during the weaning period. It is due
basically to widespread unawareness that, in the weaning period, infants are
very vulnerable for several reasons, especially the following:-

a) Nutritional requirements of young children are relatively high in
proportion to their body weight;



7-2

b) The digestive capacity of infant*, at least, up to 12 Months of age, is
relatively small and thus they require food of high nutritional quality.

Also, specific socio-cultural and economic factors have been identified
in various studies as contributing to the problem of improper feeding
practices in the weaning period [1]. These includei-

i) Out of necessity, a «other who has to work outside the hose assigns the
care of a young child to a grandmother or elder sibling or a maid, none
of whom may have adequate knowledge of what food to give to the child
and how to prepare it properly.

ii) In the family pecking order, the youngest child may rank last for
consideration, or is most likely to get the least nutritious care, such
as soup without serving of fish or meat.

iii) Food restriction occurs, for instance:-

a) beans or groundnuts (high in protein) may be found difficult to
prepare suitably for a child under the age of 1 year, and
therefore ignored or assumed to be harmful or indigestible.

b) the food taboos of a community or a family might prohibit the
inclusion of available nutritious ingredients in the children's
diet.

Such animal proteins as milk which nourish the weaning child well are
unfortunately so expensive that only a privileged few can afford them.
However, there are a large variety of legumes of which there is considerable
local knowledge and which grow very well in Ghana. These legumes are
resources which can be used effectively for the production of weaning foods
and as food supplements for the young child.

In the course of 1982/83 there was a particularly critical shortage of
imported infant foods of all kinds as a result of the strained national
economic circumstances at that time. In response to reports of
proliferating trade malpractices which the crisis had generated, and of its
alarming toll on infant lives, the importance of the advocacy for a Local
Weaning Food Production Project was manifest. In 1985 the project was
re-designated as the SUSTAINABLE CHILD NUTRITION PROJECT. This is envisaged
to supplement and extend the work being done in the area of child nutrition
by the Nutrition Division of the Ministry of Health and its National Food
and Nutrition Committee.

The objective of this project is to reduce the incidence of all forms
of malnutrition and promote better nutrition of all individuals, which is
the main theme of the WHO Sixth General Programme of Work for 1978-1985.

WORK BEING DONE WITHIN THE FRAMEWORK OF THE CRP

In order to undertake any research on children using stable isotopes
or radioactive isotopes, permission has to be sought from tue Medical and
Dental Board, of which the Director of Medical Services is the Chairman. We
have sought and obtained permission to carry out the research using
compounds lablled with nitrogen-15 for nutritional studies in children.
Also two hospitals, the University of Ghana's Hospital and the Princess
Louise Marie Hospital for Children, have agreed to help us in our work.
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There is a nitrogen-15 analyser (N0I-6-E) at the Faculty of
Agriculture, University of Ghana, which ic available for us to use for the
CRP. In the near future we hope to upgrade the CRP to a Technical
Assistance programme to involve not only the nutritional status of children
but also pregnant and lactating mothers and the aged. It is also envisaged
in future to study the absorption and bioavaliability of nutrients from
local diets, measurements of total energy expenditure, assessment of body
composition, protein and amino acid metabolism, intestinal malabsorption,
influence of infections and malnutrition on dietary requirements.

Results from such studies would enable nutritional intervention
programmes to be established in Ghana and possibly extended to other
developing countries.

REFERENCES

[1] The Sustainable Child Nutrition Projects of the Ghana National
Commission on Children, May 1987.

12) WHO Chronicle 33:225-227 (1979).
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Title: Use of 15N and 1SC for human nutrition research in

Guatemala.

RESUMEt

The use of stable non-radioactive isotopes have had
an increased use in human nutrition research. Their
application is particularly suited for those nutritional
problems prevalent in the less-developed world.
According to the contract, during the first year it is
proposed to set up in Guatemala the necessary technology
and to create the essential skills for the appropriate
use and analysis of N. International and working
standards have been analyzed using emission spectrome try
(N01 5E). Results from this work are reported to the
IAEA.

Clinical trials will be performed during the second
half of the contract according to available resources.
Changes in protein turn-over as measure by N-glycine in
children with severe protein malnutrition will be
assessed before and after recovery in order to determine
metabolic adaptations. Results will be compared with
normal controls.

INTRODUCTION AND GENERAL BACKGROUND»

The Instituto de Nutrición de Centroamérica y Panamá (INCAP)

is a scientific institution affiliated to the Pan American Health

Organization (РАНО). It serves as a specialized center for the

study of the nutritional problems of the Isthmus, seeking solutions

to these complications and collaborating with the Member

Governments of Central America and Panamá, to make effective the

measures recommended to achieve a better life condition of the

population.

The current situation in Middle-America, presents an ample

% •



8-3

degree of contrast due to divers socio-economical factors. From

the demographic point of view, the Area is expected to have a

population of 30 million for 1990 that could increase in 16% by

1995. Guatemala has the greater proportion of the population,

followed by El Salvador, and Honduras, (see Table No. 1).

TABLE Mo. 1
POPULATION GROWTH AMD

PERCENTUAL DISTRIBUTION OF THE C.A. POPULATION

Year 1985 1990 1995

Population
(million) 25 30 35

Guatemala 31%
El Salvador 21%
Honduras 17%
Nicaragua 13%
Costa Rica 10%
Panamá 8%

CELADE, Boletin Demográfico, 1987

A considerably proportion of the population is under the age

of nine (Table No. 2) and 16% is below four years old, time of

life when nutritional injuries are more severe according to the

environmental conditions and degree of hygiene. Table No. 2 also

shows that a greater proportion of the population lives in the

rural area where education, health, and socio-economic

opportunities are very far from optimum, factors that may

contribute directly to the worsening of the nutritional status.
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TABLE Mo. 2
STRUCTURE OP ТНЯ POPULATION IH С.Ж.

Year

Population
(Billion)

0 - 4 years
5 - 9 years

Distribution:

Urban
Rural

1985

26

17%
15%

45%
55%

1990

30

16%
14%

47%
53%

1995

35

16%
14%

50%
50

CEIADE, Boletin Demográfico, 1987.

Furthermore, the negative effect that recurrent episodes of

infectious diseases have on growth have been documented previously

in Guatemala (Mata, Urrutia eJLAl, 1967; Martorell, Habicht, et al

1975; Cruz, et al. personal communication) and confirmed elsewhere

(McGregor, Rahman, et al 1970; Frood, Whitehead et al 1971;

Rowland, Cole et al 1977). Mata, Urrutia, and co-workers (1967)

established the negative effect that infectious diseases has on

growth. Martorell, Habicht et al (1975) quantified the periods of

illnesses in children and concluded that diarrhoea was the major

public health problem associated with the impairment of growth, and

children from 6 to 12 months often suffered from diarrhoea "14% of

the time.
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These findings agreed indirectly with data from Delgado

(1987). This investigator reported that in Guatemala by 1980, 60%

of the children under the age of five in the rural area, were below

2 SD (Z score) of height-for-age and 44% of then were below 2 SD

of weight-for-age.

At the other side of the spectrum, there are groups in the

Isthmus with more access to financial resources, in whom the

pathology presented is similar to the one found in industrialized

societies. Obesity, coronary heart diseases, atherosclerosis are

entities that have lately been reported increasingly more often by

the Clinical Centers. Indeed, Panamá and Costa Rica are good

examples of this situation (Novigrodt, 1989).

USB OF STABLE ISOTOPES IN HUMAN NUTRITION RESEARCH:

With the ample scope of nutritional problems in Central

America, the recent use of stable non-radioactive isotope tracers

in human nutrition research have open the opportunity to appraise

this matter from a better perspective. Indeed, many of the most

fundamental unanswered questions in nutrition, can be retested and

restated with the use of stable isotopes. The simultaneous

application of classical methods, may allow to have a better view

of different issues. The protein and energy requirements of normal

populations and vulnerable groups, the necessary needs for normal

growth and recovery, the sparing mechanism of adaptation to long

term nutritional injury and the intra-inter variability of nutrient

demands can be assessed with these newly emerging tools.
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PRIORITIES FOR RESEARCH IN GUATEMALA AND CENTRAL AMERICA

It would be certainly desirable to have access to suitable

technology in those settings where the nutritional problem exist.

Nevertheless, under the conditions of Central America, it is

undoubtedly important to bear in mind what is suitable and what is

desirable in order to use the limited resources efficiently and to

give priority to the more relevant problems.

With the scope of the CRP, and according to the contract, it

has been proposed during the first year to create the necessary

skills and experience in the use and analysis of 15N labelled

compounds for the measurement of protein turn-over under various

nutritional status. Collaborative work with the Nuclear Energy

Commission, Ministry of Energy and Mines in Guatemala, will allow

us to have access to analytical facilities. The use of emission

•pectrometry method permits the determination of 15N abundance in

biological samples» International Standard provided by the IAEA,

•nable to ensure the quality of the data produce.

Once completed the first phasis (setting methodology for

analysis), clinical trails would be undertaken according to

available resources. Protein requirements of normal and metabolic

adaptation to protein-energy malnutrition in children under the age

of three years, is proposed to examine.
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PLAN FOR THE FUTURE

The principal investigator has experience in the use of the

doubly-labelled water method (D2 +
 180) for the measurement of total

energy expenditure and body composition in children in The Gambia,

West Africa and in Britain (See publication under vásauez-

Velásquez ).

Pending upon additional financial support and research

collaboration with existing laboratories working with stable

isotopes, it is intended to study simultaneously the protein and

energy metabolism of normal and malnourished children using D2,

18O and 15N labelled compounds. Classical calorimetric techniques

are also proposed for this study. In any event, detailed protocols

would be presented to the Agency when appropriate.

ANALYTICAL FACILITIES IK GUATEMALA:

Two analytical facilities are currently available in

Guatemala:

A. A N01 5E emission spectrometer that belong to the Nuclear

Energy Commission, Ministry of Energy and Mines.

B. Finnigan 4000 GC/MS System that belong to the Ministry

of Health. Most unfortunately, this piece of equipment is not

currently working due to limited financial resources. Analytical

facilities for 13C and other compounds would be possible if we

succeed in obtaining economic support.
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PRIORITIES FOR HUMAN NUTRITION RESEARCH USING

STABLE ISOTOPES IN INDIA

Progress Report on the Project:

Studies using doubly labelled water to assess energy expenditure
during adaptation to variations in energy intakes

in Indian adults

P. S. Shetty, MD, PhD.

Nutrition Research Centre (ICMR), Department of Physiology

St. John's Medical College, Bangalore 560 034. India.
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In his opening address at the symposium on 'Stable isotopic

methods for measuring energy expenditure1 organised by the Nutrition

Society of the UK, James (1988) identified the persisting questions in

energy studies both in animal and human nutrition that need to be

critically examined. He stressed the importance of techniques such

as highly controlled calorimetry and the application of Stable isotopic

technology either singly or in combination to resolve many of these

important issues. Many of the persisting lacunae in our current

understanding of energy metabolism of humans identified by him are

in fact basic issues that need to be prioritized as important and urgent

research problems of any developing country. In this paper, an attempt

i s made to outline the priority areas for research in human nutrition

in India that could be tackled by the appropriate application of stable

isotope technology.

RESEARCH PRIORITIES TO BE ADDRESSED USING STABLE ISOTOPE

TECHNOLOGY IN INDIA:

There are several important areas in nutrition that need to be

addressed using the available techniques at our disposal. Since the

mid - 70s "Energy" has emerged as the prime area of research pursuit

both in developed countries and developing countries as a result of

their own peculiar needs. From the point of view of developing nations

like India, several questions in energy metabolism need immediate

attention particularly those dealing with questions related to requirements

of normal populations and vulnerable groups within them, chiefly women

and children. Much of the lecunae in these areas may be over come

by initiating studies using newly emerging tools such as the use of stable

isotopes.
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1. Estimation of the energy requirements of normal adults

(both mexes, over several age groups and of different levels of
physical activities)

The FAO/WHO/UNU Expert Consultation (1985) strongly emphasised

the importance of using measurements of energy expenditure to arrive

at estimates of energy requirements. The Consultation also drew a

distinction between actual and desirable levels of energy expenditure

for estimating energy needs. A further significant contribution of the

Consultation was the derivation of predictive equations for BMRs based

on an independent variable such as body weight as well as the

recommendation to use the factorial approach to derive total energy

requirements. In operational terms this translates into a need for large

data-bases of BMRs of a wide range of individuals both men and women,

with differing body weights and specific age ranges. Measurements

of total energy expenditure (TEE) of a reasonable number of free living

individuals also becomes necessary in order to derive the physical

activity level/index and the BMR factor (ie TEE/BMR). The latter is
18only possible by resorting to use of the D.O technique in as many

normal individuals as possible.

Measurement of total energy expenditure of human subjects in energy

balance is incomplete without estimates of body composition that partition

the active tissues (visceral * muscle mass) and the stored fat in adipose

tissue. With the exception of the recent acquisition of a Whole Body

Counter by the National Institute of Nutrition, Hyderabad, India no

systematic effort has been made on atleast a modest scale to employ
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The Expert Consultation has in fact taken cognisanze of this and has

recommended only 850 KJ per day for pregnant women with reduced

activity. Women from lower socio-economic strata in India, due to social

and cultural pressures, end up doing a considerable amount of physical

tasks throughout pregnancy, almost upto the time of parturition and

also during lactation. This may affect the nutritional status of the

mother, the pregnancy outcome and even the ability to nurse the infant.

Accurate documentation of the level of physical activity of a pregnant

mother is only possible by using stable isotopes while a combination
18of both calorimetry and D-0 techniques may provide quantitative

estimates of the extent of energy-sparing adaptations that may occur

both in well-nourished and poorly nourished mothers.

A similar scenario exists with regard to energy requirements during

lactation. Estimates of breast milk output in India and Brazil (Gopalan,

1962; Chavez & Martinez, 1980) suggest that the volume of milk produced

is only around 500 ml per day. However, studies from India (Karmarkar

et al, 1959) and the Gambia (Whitehead et al, 1978) indicate that atleast

during the first 3 months of lactation even undernourished women have

satisfactory milk outputs. The classical methods such as test feeding

may systematically underestimate milk outputs and hence lactational energy

needs. The newly available methods need to be adopted in developing

countries to provide reasonably accurate estimates of the additional

energy needs for a good lactational performance.
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3. Energy requirements of Infancy, childhood and adolescence

There are numerous difficulties and obstacles associated with

obtaining reasonably accurate measures of the desirable energy

expenditure during infancy and childhood to provide for optimal physical

and mental growth. Data based on energy output measurements of infants

and young children is only now emerging in the developed countries

since the advent of the stable isotope method. There is relatively

even less known about the true requirements during adolescence.

Adolescent energy requirements are higher due to the higher BMRs and

high levels of physical activity which is difficult to quantify. The

energy needs of this group which constitutes more than 25% of the

population of developing countries have only been assessed from measures

of intake of healthy active and normally growing adolescent bod*ys and

girls - and mainly from Western countries. Accurate estimates of

desirable expenditure in free living individuals are required to assess

the energy requirements of this group.

Infections and related morbidity frequently interrupt the normal

growth of children in developing countries. It is essential to quantify

the energy and protein losses associated with infections particularly

diarrhoeal diseases. Feeding after an episode of infection and the

ability of the body to absorb and assimilate nutrients to provide for

optimal catch up growth in order to return to the normal growth curve

are important areas that need investigation. Labelled studies using

С and N nutrients may provide investigative tools for initiating

studies in this area.
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4. Studies on the Ketabolic adaptation to variation in energy intakes:

The ability of humans to adapt to changes in energy intake is

well recognised. There are several interesting aspects to the question

of metabolic adaptation both from a purely scientific point of view as

well as from the view point of energy requirements of individuals.

To quote James (1988), "the new approach to energy requirements

established by an expsrt group (FAO/WHO/UNU, 1985) has implied that

energy metabolism does not readily adapt in man without concordant

and potentially deleterious changes in body-weight and spontaneous

physical activity. Sukhatme & Margen (1982) have challenged this on

statistical grounds so successfully that in the 5th World Food Survey

(FAO, 1985) there was a special adjustment in the calculation of national

energy needs which reduced the maintenance-energy requirement value

to only 1.2 times the estimated basal metabolic needs of the population

rather than 1.4 or more times the BMR implied by the expert group.

The choice of the lower value as a cut-off point below which a

population group was classified as malnourished had the effect of

reducing substantially the purported numbers of malnourished in the

world. The choice of appropriate energy requirement values for people

working and living normally clearly depends on resolving this issue

and an independent measure of spontaneous physical activity in free-living

subjects is badly needed". Doubly-labelled water studies ideally suit

the need. A Consultative Group of the ACC Sub-committee of Nutrition

of the United Nations has made a thorough examination of the Sukhatme-

Margen hypothesis and has proposed a number of protocols of increasing
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complexity in any attempt to test this hypothesis. The protocols

envisage studying human subjects before, during and after a sustained

perturbation in their energy intake by 25% in either direction while

estimating the components of energy expenditure and body composition

using both calorimetry and stable isotope techniques. As a part of

these coordinated approaches to address this vexing question, we propose

to study groups cf individuals who will be maintained on 425% of their

energy intakes for over 12 week periods by using Indirect Calorimetry
18

and the D-0 technique. Preliminary data from supplementation studies

from our laboratory already indicate that no measurable differences

can be seen in dietary induced thermogenesis (DIT) and non-shivering

thermogenesis (NST) despite changes in body weight and body composition

and consequently on basal metabolic rates.

The other aspect of metabolic adaptation to altered energy intake

pertains to the functional consequences that occur when individuals

subsist on energy intakes consistently lower than their requirements.

In addition to the obvious changes in body weight, body composition

and basal metabolism seen in these subjects recognised to have chronic

energy deficiency (CED), a number of other functional changes have

been reported by us. Recent studies done in our laboratory using N

labelled glycine were aimed at providing <n explanation for the reduction

in BMR per unit active tissue from a reduced protein synthesis in CED

subjects. The functional changes seen are largely mediated through

changes in sympathetic nervous function induced by the reduced calorie

intake. It is our hope that these functional responses may be used
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to assess nutritional status since nejjiher anthropometry nor biochemistry

has provided us with a satisfactory measure of energy deficiency.

Hence, we propose to study in-depth the physiological changes induced

by reduced energy intakes at the sympathetic neurotransmitter levels

«sing stable isotopic labels.

Stable Isotope Facility at the Nutrition Research Centre

(Indian Council of Medical Research), at St. John1* Ifedical College.

Bangalore, India:

The Department of Science k Technology (D5T) (Ministry of Science

& Technology, Government of India) is establishing a Stable Isotope

facility for human nutritional studies at the Nutrition Research Centre

(NRC) Bangalore. This will be in the nature of a national facility under

the scheme on Intensification of Research in High Priority Areas (IRHPA).

The DST will provide funds for purchase of the analytical instrumentation

which will include an Isotope Ratio Mass Spectrometer with the relevant
15 13 18

accesories for measurement of isotopic enrichment of N, C, D it 0

initially. Funds will be made available initially for a 5 year period

for adequate staff to maintain and run the facility. The facility will

not only carry out research in areas identified as priority areas in

human nutrition and will also provide service to other Centres interested

in carrying out studies using stable isotopes. The facility will also

provide training to other Centres and individuals in the use of Stable

Isotope technology for human nutrition research.
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Studies using doubly labelled water of adaptation
in human energy needs in Malaysia

Mohd Ismail Noor
Dept. of Food Science and Nutrition
National University of Malaysia
Bangi, Selangor, Malaysia.

Introduction

The amount of food needed by a population is one of the

basic factors affecting economic, agricultural,

developmental and political strategies in many

countries. Recommendations evolved through the years

have stood the test of time although some people may

argue them as being 'unrealistic' for developing

countries. Indeed in recent years, many studies have

revealed exceptionally 'low' energy intakes and in

some, evidence of low BMR/RMR has been reported in

supposedly 'healthy' populations in developing

countries. The idea of 'costless adaptation ' to low

energy intake and its significant impact on food

policy-makers, has made the energy requirement issue

more critical then ever before. The FAO/WHO/UNU 19851

report has laid down some basic principles to estimate

requirements, however, most are based on judgemental

values, especially so for developing countries, where

lack of relevant basic data are known limitations. This

paper attempts to highlight some of the initial work

carried out, its limitations and future scope.
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Methodology

Despite recent advancement of techniques in estimating

energy requirements, its application in the developing

countries is far from satisfactory. Malaysia lacks

expertise in the field of energy metabolism and recent

emphasis by the government towards applied research has

often put nutritionists in a dilemma. Ironically, the

Institute for Medical Research, the centre for

nutrition research in Malaysia for almost a century,

has yet to include energy metabolism studies in their

priority list. The National University (UKM) has over

the past 5 years been striving hard to generate

interest in this field and has met with some

considerable success. The Department of Food Science

and Nutrition (UKM) housed some of the basic facilities

to enable us to collect data on the following:

- Anthropometry

- Food intake

- Energy expenditure -

body weight, height, body fat

(skinfoid technique)

weighed intake, bomb calori-

metry, diet kitchen.

Douglas bag technique, PRAM

There is an urgent need to upgrade the facil it ies, and

having to share the department budget with Food

Scientists has been our perennial obstacle. I t should

be mentioned that apart from research work, the
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equipments are also being used for teaching purposes.

Current Status

Studies on energy requirement of Malaysian hâve not

previously been conducted in Malaysia. Some of the

initial studies2'3 were carried out by the author. Data

of a recent study on adult Malaysian4 is reported in

this paper (Tables 1 - 5 ) .

On-going studies includes:

Energy requirement of Malaysian so ld ie rs , a

co l laborat ive work with the Defence Research

Council. I t is hope that the data obtained w i l l

provide the much needed information to up-grade the

current ration scale, which was recommended in the

1950's.

Energy requirement of e l i t e a th le tes , a

collaborative work with the National Sports Council

with an objective to provide adequate allowances

during training and competitions.

Construction of a human respirometer, a

collaborative project with University Malaya and

University Hospital, with an objective to assess

energy expenditure on a long term basis and to

validate the factorial method.
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Future Scope

Based on data available thus far, consistent findings

of lower resting metabolic rate and metabolic rate of

standardised activities coupled with lower mean energy

intake as compared to the Malaysian RDI5 has prompted

the need for further studies, which should be extended

to other population groups in order to support or

reject such claims. Furthermore such an exercise will

also help to validate the requirement values suggested

by FAO/WHO/UNU (1985) and help Malaysia construct its

own recommendation.6

With the initiation of IAEA/CRP on the application

of stable isotope tracers in human nutrition research,

the scope in the estimation of energy requirement under

truly free-living condition widens, thus providing

researchers in developing countries with an alternative

technique to assess the reliability of their results

derived using the more conventional methods which has

often been treated with some serious reservations.
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Table 1: Physical Characteristics of Subjects

Age
(yrs)

Ht
(kg)

Ht
(m)

Fat
(X)

BMI
(Ht/Ht )

IBM
(kg)

Students

Male 21 22.8+1.2 54.8+6.0 1.66+.05 16.5+3.4 19.9+1.7 45.8+4.1

Female 37 21.9+1.2 47.1+4.8 1.55+.06 27.4+3.6 19.6+1.8 35.2+2.5

Lab. Assts.

Hale 10 24.5+1.6 61.6+7.0 1.66+.06 15.8+3.1 22.1+2.0 50.3+5.6

Female 5 25.6+3.2 48.4+7.5 1.50+.04 26.4+9.4 21.4+2.6 35.7+6.3

Clerks

Male 6 26.2+2.6 56.3+6.5 1.62+.04 15.4+5.4 21.5+2.4 50.1+4.9

Female 2 28.5 59.8 1.57 31.0 24.4 41.6
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Table 2: Energy Intake and Contribution of Protein, Fat and Carbohydrate

to Energy Intake (Mean • SO)

Students

Male

Female

Lab. Assts.

Male

Female

Clerks

Male

Female

n

21

37

10

6

5

2

Energy

(kcal) (MJ)

21521371 9.0

15904323 6.7

20491624 8.6

15831579 6.6

18581443 7.8

1480 6.2

Protein

(X)

16

16

16

21

18

14

Fat
(X)

30

27

26

39

29

29

Carbohydrate
(X)

54

57

58

40

53

57

Table 3a: Mean Tine Spent on Various Dally Activities 1n Male Subjects

Activities

Lying/Sleeping

Sitting*

Standing

Walking

Praying

Personal
Necessities

Up/down stairs

Moderate Exercise

Typing

Students
min

544164

634169

60119

99141

13122

69+18

21+ 7

0

0

(ns21)

X 24 hr.

37.8

44.0

4.2

6.9

0.9

4.8

1.4

0

0

Lab. Assts.
min

475+82

5621122

167+96

71+29

46139

63+ 4

22+ 8

34158

0

(n=10)

X 24 hr.

33.0

39.0

11.6

4.9

3.2

4.4

1.5

2.4

0

Clerks
m1n

529136

621+58

55+46

92+31

29128

6G+28

18+ 4

20128

10122

(n=6)

X 24 hr.

36.7

43.1

3.8

6.4

2.0

4.6

1.3

1.4

0.7

* Values represent меап time (min) of sitting activities.
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Table 3b: Mean Time Spent on Various Dally Activities In Female Subjects

Activities

Lying/Sleeping

Sitting*

Standing

Walking

Praying

Personal
Necessities

Up/down stairs

Typing

Students
«In

499149

615155

64130

106142

31130

102136

231 6

0

(n=37)
X 24 hr.

34.6

42.7

4.4

7.4

2.2

7.1

1.6

0

Lab. Assts.
min

426139

569157

205187

114141

53134

59120

121 2

0

(n=5)
X 24 hr.

29.7

39.5

14.2

7.9

3.7

4.1

0.8

0

Clerks
m1n

450

522

157

130

65

67

14

35

(n=2)
X 24 hr.

31.3

36.3

10.9

9.0

4.5

4.6

1.0

2.4

* Values represent mean time (min) of sitting activities.

Table 4a: Energy Cost (kcal/min) of Various Activities In Male Subjects

Activities Students Lab. Assts. Clerks

Lying Quietly 0.901.14 1.031.13 0.931.09

Sitting Activities* 1.171.14 1.18+.12 1.141.15

At ease (n=6) 1.061.11 1.151.12 1.051.15

Reading* (n=8) 1.131.13 1.201.14 1.141.14

Writing (n=7) 1.311.06 - 1.241.16

Standing at ease 1.311.12 1.301.14 1.271.16

Walking 2.451.32 2.661.66 2.101.25

Up/down stairs 4.021.73 4.091.49

Praying (n=6) 1.7Ц.18

* value represent mean (kca1/m1n) of sitting activities.
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Table 4b: Energy Cost (kcai/min) of Various Activities In Female Subjects

Activities

Lying Quietly

Sitting Activities*

At ease (n=15)

Reading (n=U>)

Writing (n=10)

Standing at ease

Walking

Up/down stairs

Praying (n=23)

Students
(n=37)

О.7Ц.12

0.921.12

0.811.08

0.861.07

1.081.06

1.091.12

1.831.30

3.191.66

1.341.12

Lab. Assts.
(nr5)

0.6910.6

0.901.10

0.841.10

0.961.20

-

0.951.12

1.901.46

-

-

Clerks
(n=2)

0.92

1.09

1.04

1.09

1.14

1.12

2.32

-

-

* Value represent mean (kcal/min) of sitting activities.

Table 5: The Dally Energy Balance In Hale and Female Subjects (mean ISO)

n
Energy Intake Energy Expenditure Balance

(kcal) (kcal) (kcal)

Hales

Students

Lab. Assts.

Clerks

Females

Students

Lab. Assts.

Clerks

21

10

6

37

5

2

21521371

20491624

18581443

15901323

15831579

1480

18601196

24201272

20881362

14431166

17861281

2018

+292

-371

-230

• 147

-203

-538
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Progress Report on the Project:

Studies with doubly labelled water of adaptation
in human energy needs in Mexico

Centro de Investigación en Alimentación
y Desarollo A.С. (CIAD).
Hermosillo, Sonora, México.

Mauro E. Valencia Ph.D.

Centre Description

CIAD is an independent, government supported research

institute which specializes in the study of nutrition, food

science and regional development. A broad based attack on the

problems of northern Mexico is emphasized with research that

focuses on such items as nutritional status of rural and urban

populations, epidemiology of vitamin and mineral deficiencies,

energy utilization and expenditure, body composition,

antiphysiological factors in foods and bioavailability of dietary

nutrients, food microbiology and toxicology, food packaging, post

harvest physiology of fruit and vegetables and biochemistry.

CIAD*s staff is largely from the state of Sonora, Mexico

holding Ph.Ds from the United States and European Universities.

Teaching appointments at the University of Sonora are commonly

held.

Location of the Centre and Background Information

The city of Hennosillo, Sonora in Mexico, where CIAD is

based, is located in the central region and upper central plateau

of the Sonoran Desert, close to the Sierra Madre Occidental, at
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29* 05* north latitude and 110* 55* west longitude and 230 metres

above sea level. It has approximately 600,000 inhabitants and is

a modern and dynamic city but with serious urbanization problems

due to its rapid growth of approximately 4.5% per year. It has

well defined poverty sectors (Wong et al., 1984) in which various

health problems exist including a very high incidence of

intestinal parasitosis.

In these sectors where more than 150,000 people live, up to

40% of the school children have been found to show first and

second degree malnutrition according to the Gomez classification

(Gomez et al., 1956). Considering height for age a considerable

degree of stunting has been observed in this same age group with

a total of 38% of the children classified in this category

(Valencia et al., 1981). This same pattern has remained fairly

constant throughout the years and up to the present moment.

Recently, a study was conducted to determine the prevalence

and nutritional impact of Giardia lambiia on vitamin A «tatus and

growth. One hundred and twenty one children aged 3-6 years

attending nursery schools located in the above mentioned poverty

sectors of Hermosillo were studied. Serial stool examinations

were performed to detect the presence of the parasite. Clinical

and anthropométrie evaluations were also conducted and blood

samples were collected for analysis of carotenes and retinol.

The prevalence of Giardiasis was 36% (n«43) (Group I) and

only 28% were free of any parasites (Group II). There was no

difference in weight for height between groups, although, based

on weight for age and height for age there were significantly
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(p <0.05) more undernourished children in the infested group.

The prevalence of low serum retinol (<20/Lg/dl) was 31% in group

I and 30% in group II. However, there were three children with

levels of <10 JJg/dl who had a very heavy Giardia load. The

average retinol level of children with a light load of Giardia

(n«25) was 26.47 + 9.7jdg/dl and significantly higher (p <0.05)

than those with a heavy load, 22.5 + 8.9<ag/dl; n - 16 (Mejia et

al., 1988).

These results show an epidemilogical level that Giardia

could be a factor contributing to impaired physical growth and

that heavy loads of the parasite might have a negative effect on

vitamin A levels.

To what extent growth can be impaired by such a virulant

parasite and the interactions with other environmental components

such as nutrient intake (mainly energy} is not clear and requires

further efforts in research; especially since Giardia

is known to affect fat absorption, fat

soluble nutrients and provoke lactose maldigestion.

Energy Expenditure and Body Composition

Basal Metabolic Rate: Oxylog

For the measurement of basal metabolic rate the human

nutrition facilities has an oxylog portable oxygen consumption

metre adapted for low flow rates (McNeill et al., 1981). The

subjects can be measured in the morning without having had

anything to eat or drink for 24 hours. At the start of the

measurement the subject is given a quiet room to lie in for 10
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minutes for equilibration of the minute ventilation and oxygen

consumption. A measurement is then made over a period of 15

minutes and the energy expenditure calculated according to lhe

version of the Heir formula adapted for use with the oxylog.

Basal Metabolic Rate: Ametek System

Currently the unit has an Ametek Oxygen Analyser model S-3A

and a Carbon Dioxide Analyser model CD-3A. The oxygen sensor

contains an electrochemical cell which operates at 750' С and

develops a DC voltage when the oxygen partial pressures on the

inside and outside are unequal. The Carbon Dioxide Analyser

operates on an infrared principle.

Both analysers are capable of working on a ventilated hood

system or by "breath- by- breath analysis".

Body Composition

Body composition at CIAD is studied using three methods.

Skinfold Thickness: By using the skinfold thickness at four

sites-biceps, triceps, subscapular and supraliac and applying the

equations established by Durnin and Womersly (1974). A

standardized procedure is followed using Holtain skinfolá

calipers.

Bioiectrical Impedance: Total body resistivity is measured

with а лour-terminal portable impedance analyzer from RJL systems

(Detroit, MI). Measurements are made while the subject lays

comfortably on a stretcher with the limbs abducted from the body.

The RJL system has the advantage of being tested in a four-site
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cross validation study where 1567 adults (1069 men, 498 women)

aged 17-62 years with 3-56% body fat, were analyzed by BIA and

densiometry (Segel et al., 1988). To date it is probably one of

the most widely used bioimpedance systems by scientists working

in body composition.

Volume Displacement; Volume displacement as underwater

weighing is a method for determining body density based on

Archimide's principle which states, "that a body inmersed in a

fluid is acted upon by bouyancy force which is evidenced by a

loss of weight equal to the weight of the fluid displaced.

Correlations have been reported between underwater weighing

and volume displacement in the range of r «0.96 -0.99 (Ward et

al., 1978: Pollock et al., 1975). Residual lung volume has to be

determined in the same manner as in underwater weighing.

The mean differences in body fat have been of approximately

0.7% fat, where volume displacement tends to underestimate

systematically. Further research in validation is needed,

however, the technique has great potential (Ward et al., 1978).

Diets

At present a three day rotatory menu is being designed using

food items commonly consumed in Mexico. All diets are being

formulated to provide energy as carbohydrate 55%, protein 15% and

fat 30%. Currently our computer programmes have 3 data base

systems. The food composition tables of the National Institute

of Nutrition in Mexico; Handbook 8 from the United States



11-6

Department of Agriculture (USDA); McCance and Widowson'e "The

Composition of Foods*1 (UK). This last one still in process.

Metabolisable Energy

At present our laboratory has determined routinely

metabolisable energy in poultry studies and in rats. The

laboratory has a Parr oxygen bomb calorimeter, freeze dryer and

autoclave facilities that will be important in the determination

of faecal and urinary energy in humans. X-rays for radio-opaque

markers will be done at the childrens hospital.

Residential Facilities

Provisional facilities will be adapted by the end of 1989.

However, in CIAD's construction programme the first priority is

the metabolic unit that will be started in the autumn of this

year.
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INTR0DUCT10W

Interest In the nutrition of highland Papua New Guineans was

awakened by the report of Hipsley and elements (1950) of the New

Guinean Nutrition Survey Expedition 1n 1947, that these people

are physically well developed although their food Is meagre In

quantity and poor In quality. Haivy studies have since

consistently shown dally protein Intakes of less than 30g and

that most of the dietary protein is derived from customary

vegetable foods.

Ooflien and Corden (1970) examined 25 Highlanders and reported

severe negative nitrogen (N) balances varying from 1.2 gN/day In

a group of adult, non-pregnant, non-lactatlnj females with an

average Intake of 3.8 gN/day, to 3.0 gN/day in five adolescent

males whose Intake was 2.5 gN/day. They also added that the

deficit must be larger because dermal losses were not considered.

Despite this they had well-developed physiques.

They offered as an explanation to this phenomenon, and

because the faecal N compartment was excessively large compared

with urinary one, and as N fixing bacteria are always present In

the Intestine, a hypothesis that the surplus N In the faeces

originated from this Intestinal flora.
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The low protein and energy Intakes are not confined to the

highlands. Morgan, Durnin and Ferro-Luzzi (1974), as part of the

International Biological Programme (IBP), observed much lower

Intakes In Kaul on Karkar island, Hadang Province, than their

highland group. In both absolute terms and related to body

weight. The protein Intake relative to energy Intake was similar

in both populations, around б to 1% with about 9 g protein/day

(20%) provided from animal sources. As well they observed

measured energy Intake to be about 1 MJ/day less than

expenditure, but stated this should be treated with reservation

until more acceptable and reliable techniques become available

for measuring total dally energy expenditure.

Apart from the early work of Oomen, few studies have been

made on the N balance of Papua New Guineans, although a number

of reports have focused on protein Intakes, moreover reports

rarely mention the utilisation of ingested protein. The most

recent work was carried out by a Japanese team from Osaka City

University, who studied a highlands village In the same region

as the I.B.P. Their subjects exhibited a number of generally

well-accepted mechanisms In adapting to low Intakes of protein.

1. The lowest obligatory urinary N losses so far reported

(29.2 mgN/kg compared with 37.5 ingN/kg for Caucasians and

33.0 mgN/kg for Asians) (Fujita etal, 1984).
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2. If given adequate dietary energy, of the order of

50 kcal/kg, Highlanders were able to adapt to a very low protein

diet. Their urinary N excretion decreased In relation to the

decrease In protein Intake resulting In a higher net protein

utilisation. From their balance data the N Intake for maintenance

of zero balance was estimated as 116 mghVkg of their traditional

diet, whereas their actual Intake was only 95 mgN/kg (Fujita

etal, 1982). This compares with a requirement for egg protein N

In young Caucasian men of 73 mgN/kg/day.

3. The uptake and utilisation of amino acids by peripheral

tissues was accelerated when the diet changed from a low protein

Intake to an adequate one, but the rates were still below those

of Japanese (Fujita etal, 1986).

4. The metabolic pool size and active protein synthesis rate

were markedly reduced on a protein-free-diet In comparison to a

sweet-potato-diet (SPD) and low-protein-sweet-potato-diet

(LPSPD), whereas the active protein pool and Inactive protein

synthesis rate were approximately the same. Essentially they

observed no significant difference In the protein metabolism when

consuming the SPD or the LPSPD, and again concluded If given

a low protein diet with adequate energy Mghianders effectively

utilised Ingested protein. They also saw no essential differences

among data of Highlanders consuming a and healthy adults In other

countries (01 etal, 1988).
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5. The cumulative urinary excretion of " N from urea tended to

be higher In highUnders than In Japanese on a low-protein diet,

suggesting they retained more "N and thus utilised more urea N

In the body. There was a significant positive correlation

between "tt retention and the "N concentration In serum

protein, and a negative correlation between these two and urinary

N excretion. Indicating that subjects with a poor nutrition

stati-., who showed low excretion of urinary N. utilised more urea

N for protein synthesis, although this was only a small amount.

The utilisation though was to the same extent when the level of

protein Intake was high or low. In contrast with other studies

where It only occurred on low Intakes (Rikimaru etal, 1985).

Urea recycling was verified by noticing I5N in urea can be

Incorporated In lysine In 0.01-0.05 atom* excess In large number

of cases of PNG Highlanders consuming a low-protein diet (Tanaka

etal, 1980). Hipsley (1975) suggested the recycling of urea N

could augment dietary Intake by up to 30X for those In greatest

need.

6. Despite having it,w protein Intakes the haemoglobin and

serum protein levels were normal or high (Okuda etal, 1985).

7. A respiratory quotient In basal and resting conditions

greater than 0.9, Irrespective of dietary protein level

Indicating depressed breakdown of body proteins for use In energy

metabolism (Miyatani etal, 1984). This was a similar finding to

Hipsley (1966) who observed an RQ of 1.005.
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8. An Intestinal flori containing Lactobacilius, which shows

urease activity and could further enhance the recycling of urea

as ammonia (Tstsuki etal, 1983). Сотруlobacter pylori, which too

shows urease activity. Is also чету cannon In Highlanders but not

so much In coastals.

9. Again Like Hipsley (1969), they observed a higher heat

production by sweet-potato eaters under fasting-resting

conditions which may be • part of the process of adaptation to a

diet with a low protein-energy ration.

However, these studies were carried out In a relatively

uncontrolled village environment and It Is therefore Important

that they are repeated under more controlled conditions, In other

populations shown to have low Intakes of both protein and energy,

so we can provide some explanation to the negative N balances.

Further Investigations of these questions of adaptation have

been hampered by methodological and logistic difficulties.

Stable Isotopes have long been in general use In Investigations

of protein metabolism, but the use of these techniques In Papua

New Guinea has been difficult due to the lack of facilities

either In-country or In countries nearby. Analytic facilities for

human metabolic research are now available at the University of

Queensland In Brisbane, Australia through the groups directed by

Professors Ross Shepherd and Peter Heywood.
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Therefore we proposed a research project, as part of the

Agency's Co-ordinated Research Programme on "Applications of

Stable Isotope Tracers In Human Nutrition Research", to

Investigate protein metabolism In coastal Papua New 6uineans

using "N-iabelled-giydne. This Investigation would improve our

understanding of nutrition problems in Papua New Guinea and

potentially contribute to understanding of the wider Issues of

adaptation to low Intakes of protein.
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RESEARCH CARRIED OUT

Our work plan within the context of the Co-ordinated

Research Programe was to measure protein metabolism at three

levels of protein intake,

1. A minimum-protein-diet (MPD) based on sago (Hetroxyion

spp.) and oatmeal, providing a N Intake of about 20 mg/kg body

weight;

2. A high-protein-diet (HPD) based on rice and fish

providing a N intake approximately twice that recommended by the

FAO/UHO/UNU (1985).

3. The subjects traditional diet (TO) which Is based on

taro and sweet potato providing approximately 100 mgN/kg body

weight.

To date we have carried the first two. The subjects were 8

young men, who, apart from occasional visits to urban areas, have

lived continuously since birth In the village of Buksak in Hadang

Province of coastal Papua New Guinea. During each experiment, of

11 days duration (10 day balance study, 1 day turnover study),

they were housed In an apartment at the Institute's Madang branch

under constant supervision. Each day's food intake was measured
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and recorded, and given as 3 balanced meals. 24-hour-uHnes were

collected everyday; and faeces over a marked 3-day period and

pooled.

At the end of the 10 days the study of protein turnover

started, the protocol based on a method described by Jackson and

his colleagues (1987). At midnight each subject was given an

oral prime dose of
 l
*N-glyc1ne equivalent to 90 ug

l5
N/kg. Then

from 6:00 am, following an overnight fast, food and oral Isotope

(15 ug
ls
H/kg) were given and urine collected every 3 hours for 12

hours. Protein turnover 1s then calculated from the plateau

enrichment In urinary urea and ammonia between 9 and 18 hours

after the prime dose (Figure 1).

Jackson identified the plateau by visual inspection, the

coefficient of variation at plateau for Individual studies was *X

(range 2-11*) for urea, and 6X (range 2-13%) for ammonia. The

flux they calculated for aimonia was significantly less than that

for urea, but both were virtually Identical to those obtained by

other authors, using either urea or ammonia as the end product,

with or without a prime dose (Waterlow, 1984; Jeevanandam etal,

1985).

Analytical facilities 1n the nutrition laboratory of the

Institute are basic. In relation to this work, we have a Kjeltec

II system for measuring total N and a Gallenkamp ballistic bomb

calorimeter for gross energy. We also have a Perkin-Elm*r
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spectrophotometer for measuring urea, ammonia and creatinine N.

As 1 have stated previously there 1s no facility for measuring

Isotopes In Papua New Guinea, so we have made arrangements with

the University of Queensland for them to analyse our samples for

" N , for which we are grateful.

60

z
£ 40
X
о
(Г
z
til

1Л

20

Figure 1
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Coefficient of Variation:

ftmonia 6% (range 2-13*)

• Urea 4X (range 2-1IX)

/ \
/ \
/ \
/ \

6 12 18

TIME hours
: Enrichment (atoms X excess x 1000) In urinary urea

0 0. and In urintry ammonia 1 1. following

a priming dose of "N-giycine equivalent to 18h of

Infusion. There Is an overshoot In enrichment of

urinary аммп1а reaching a plateau by 9h which Is

maintained until 18h; the plateau in amnonia Is

significantly higher than that in urea. From

Jackson etal (1987), Hum Nutr Clin Nutr 410:263-276.

*
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RESULTS

Results ие have obtained so far Indicate a very low

obligatory urinary N (OUN) excretion of 19.1 mg/kg body

weight/day, taken as the mean of the last three days on the MPD.

In addition ме fitted the non-linear equation derived by Rand and

his colleagues (1976), and obtained the equation,

у • 37.2 e"°'
3 7 4 t

+ 17.8,

where у Is the urinary N (mgN/kg/day) and t the time In days (see

Figure 2). The figure of 0.374 Is the rate of change of N

excretion, which Is lower than the 0.914 for Rand's young

Caucasian men. The figure of 17.8 Is equivalent to the OUN

excretion and Is substantially lower than 37.1 mg/kg for

Caucasians. The figure of 37.2 Is the difference between the

level of N excretion at day zero and the asymtote of the curve

(17.8), and again 1s much lower than Rand's figure of 212 mg/kg.

On the MPD serum urea levels were low, as would have been

expected, the mean being 4.3 mg/100m1 range 2.6-7.0. On the HPD

the levels only Increased to 9.0 mg/IOOml range 7.0-11.9 which

are still below normal values.
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Figure 2: Plots of «tan coefficient equations or urlnery excretion
(mg/ko/dsy) for young Papua Нем Guinea and Caucasian «en.

Present Studynt Study
Y - 37.2e- 0 - 3 7 * 4 • 17.8

fRand et a l <1?7«)
Y °9?7«)

2 1 2 e - ° - 9 w t • 37. Î

0 2 4 6 8
Day

From: Rand et al (1976) Am J Clln Nutr 29:639-Ш

10
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CONCLUSIONS

Me have estimated ООН for our subjects to be approximately

18 mgN/kg body weight/day, which agrees with our findings of last

year on a similar groups of subjects (Brown etai, 1989). This

figure Is lower than that given for PNG Highlanders of

29.2 mgN/kg/day, whose diet Is based on sweet potato O'ujita

etal, 1984). It Is also substantially lower than the values for

Chinese (Huang etal, 1972), Japanese (Inoue etal, 1974),

Nigerians (Nicol and Phillips, 1976), Chileans (Uauy etal, 1982)

and Caucasians (Young and Scrimshaw, 1968; Calloway and Margen,

1971; Rand etal. 1976).

The very low values for OUN suggest that, relative to the

subjects In other studies, very small amounts of amino acids are

being lost by oxidative catabolism, and these low levels are at

least a partial adaptation to the habitual low protein Intake of

these people.

Analysing the figures obtained by the non-linear regression,

we observed a low rate of change of N excretion. This slow change

In relatively undernourished subjects, also noted by Gopalan and

Harasinga Rao (1966), Indicates the highly labile protein stores

are minimal or absent. The coefficient 37.2, plus the value for

OUN, 17.8, gives some Indication of the protein Intake of the

subjects prior to the start of the experiment, and again shows

how low their protein Intake Is.
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We have no other results on N balance because of problems we

have had with our Kjeitec system. Also, we have no results of our

protein turnover studies because Brisbane are In the process of

setting up their new mass spectrometer.
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FUTURE PLANS

Our future plans are to extend this work to other areas of

Papua New Guinea. First, we would like to repeat the work of the

Japanese In the highlands on groups from the Provinces of

Chimbu, Western Highlands and Eastern Highlands, where vegetable

protein makes up over 90* of the diet and animal protein only

eaten on ceremonial occasions.

Second, we would like to go to some mid-altitude regions,

like the Kaintiba and Menyamya Districts of Gulf and Horobe

Provinces, respectively, where sweet potato Is also the staple,

but of a variety which Is low In protein.

And third, we would like to visit other coastal regions,

like Kaul on Karkar Island, Madang Province, where the IBP

observed low protein intakes as I said earlier; and Rabaraba

and Esa-ala areas In Milne Bay, which were picked up by the

National Nutrition Survey of 1982/83 carried out by the

Institute. In these areas taro and yam are the staples, with

bananas also being planted, however little fishing took place

although most villages are situated near the sea. It appearing to

be looked on more as a leisure-time activity than a means of

providing food.
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In addition to looking at protein turnover, we would like to

study the extent to which urea Is hydrolysed in the

gastrointestinal tract and the products made available for

further metabolism In the body. Here we would give

I5N-labelled-urea, as In the studies of Picou and Phillips

(1972), Jackson, Picou and Landman (i984), and the Japanese

(Rikimaru étal, 19B5). This would help us to determine the role

of non-protein N in the diet of Papua New Guineans.

The Institute's nutrition section would like to carry out

measurements of energy expenditure using doubly-labelled water in

à number of situations. From the I.B.P. study the energy intake

of pregnancy was found not to be sufficient to cover the supposed

costs at that time. Now since the multinational study on energy

requirements In pregnancy, co-ordinated by Durnin in Glasgow,

the previous theoretical estimates of requirements of 33SHJ have

been drastically cut to 8«.KJ (Durnin, 1987). However, they stated

tfts work In developing countries was not homogeneous and further

work required on much larger groups of women with adequate

pre-pregnant measurements needed. We think that Papua New Guinea

would be an Ideal country to carry out this work.

We would also like to measure dally energy expenditure of

groups, including children, still living a traditional way of

life, as the doubly-labelled water method Is non-restrictive,

and requires the minimum of supervision and co-operation of the

subject, which is ideal for Papua New Guinea as sometimes
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compliance can be poor. This would assist In our knowledge of the

energy requirement and efficiency of energy utilisation of

people who live In a harsh environment and bave a poor nutrition.

It would also clear up the findings of Morgan, Dum In and

Ferro-Luzzi (1974), spoken of earlier, In regards to the

discrepancy between energy Intakes and expenditure.

We also plan to set up a comparative study with Professor

Peter Heywood and his colleagues 'n Brisbane, of breast milk

Intake and energy expenditure In normal Infants In Australia and

energy-deficient Infants In Papua New Guinea. Previous methods to

measure breast-milk Intake Involved test-weighing the Infant

after every feed, the problem with this In developing countries

is the mother's have no set time as to when a feed should be

given, unlike the every 4hrs or so In developed countries; they

also often give a feed when away from the hone so weighings are

sometimes missed. Thus, In a traditional setting the conventional

method 1s very disruptive, so with the development of the

deuterium method of measuring breast milk intake, mothers' can

feed their children when and where they like, without having him

or her ripped away every time to be weighed, and thus can lead a

normal life.
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The reasons for measuring breast milk intake of infants are

1n the first Instance to study their growth. There is Increasing

evidence that the NCHS growth standard Is not appropriate as a

reference for the growth of breast-fed Infants, so this question

needs to answered.

Also, attention ha- been brought upon the question of the

length of time for which breast milk alone Is adequate to support

normal infant growth, and therefore supplementary foods should be

given. Previous work at the Institute, 1n collaboration with the

Dunn Nutrition Unit In Cambridge, found a very late Introduction

of additional foods to the Infant diet which was considered

responsible for the maintenance of high milk outputs over periods

of up to 24 months 1n some cases (Orr-Ewing etal, 1986). It was

Inferred this was not simply determined by cultural practices

among the peop'e but may be the result of a response by mothers

to the size, rather than age, of their Infant. Low birth weights

meant they did not attain a size at which breast milk Intakes

were no longer adequate until later than their western

counterparts. Therefore, further work Is needed Into the effects

of prolonged feeding, and whether the age or size of the Infant

determines when supplementary foods are required to maintain

growth.

Lastly, In measuring energy expenditure of infants with

doubly-labelled-water we can determine their actual energy

expenditure without taking them away from their mother. At
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present the calculated energy requirements for infants given by

the FAO/HHO/UNU (1985) are based on Intakes, thus It would be

profitable to verify these figures or not.
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The start in biomédical research using stable isotopes and

particularly in the Co-ordinated Research Pro grannie obnAppli ca-

tions of stable isotope tracers in human nutrition research" was

facilitated at the Institute of Isotope and Molecular Technology

in Cluj-Iiapo ce, Romania, by the fact that the institute i s running

an isotope separation plant producing highly enriched Ьт as well

аз by the existing mass epectrometry laboratory.

Analytical fac i l i t i es consist of several mass spectrometers,

tvro of them being suitable for nitrogen isotope analysis» an

ATLAS li-86 isotope ratio mass spectrometer with double inlet

l ine and a EAT 311 double focussing mass spectrometer coupled

to a Perkin Elmer 99o gas chromât ograph. The se mass spectrometers

perform isotope analysis either on nitrogen gas or on organic

molecular compounds,respectively»

There exist also presently interest for isotope vrork in

intestinal malebsorption in infants and children,confirmed by

the need for a clinical test to quantitate the malabsorption

status.

The basic idea was to administer 5N labeled glycine to

infants and children suffering from chronic enteropathy and he-

patic diseases and to analyse the N isotope either as total

nitrogen or as amino acid nitrogen in body fluids.

First studies consisted in validation of amino acid analy-

s i s by isotope dilution mass spectrometry in the gas chrometo-

graphy/mass spectrometry (GC/MS) mode.The following Я label-

led amino acids were at our disposal to be used as internal

standards!glutamiс acid 99.5 atom* 1 5 N, aspartic acid 31.7

atom % 15îi and leucine 55 atom % 5N.The first two were produ-

ced by enzymatic synthesis at the institute and leucine
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purchased from Isocofflerz,German Democratic Republic.

The measurement technique consists of addition of a known

amount of internal standard,amino acid purification,derivatiza-

tion and Gc/bIS isotope analysis.Nitrogen-15 labelled standard

amino acid solutions were prepared ae 1 «ug amino acid/ /Ul so-

lutions in 0.06 Ы HCl.Amino acid purification was performed by ion

exchange on a Dowex 5oW 28 resin 5o-loo mesh in a small glass

column ( 4o x 2 и ),the anino acid being eluted with 2 ml

4Ы Ш.ОН.

Amino acid derivatization,necessary for the gas chromato-

graphic separation was performed to trifluoracetyl(TFA)-butyl

est ere» osterifi cation was performed with butanol/HCl 3M at 15o°C

for 2o minutee.The butanol/HCl 3M reagent was prepared by mixing

butanol with acetyl chloride ( 4 î l v/v )«After evaporation of

excess reagent in a stream of argon at 6o°C the TFA derivatives

were prepared with trifluoroacetic anhydride/methylene chloride

( 1Í1 v/v ) at 15o°C for lo minutée.Finally the TFA-butyl erters

were disolved in 3o /Ul dry ethyl acetate,ready for the gas-

chronat о graphic separation*

Gas chroma to graphic separation was performed on a Ethyler*e

Glycol Adipate packed glass column ( 1% on Chromoвоrb W AT 80-

loo mesh ) 2m x 3mm.Carrier gas was hydrogen,2o ml/minute.

Isotope analysis in the GC/HS mode was performed isoterraally,

the following column temperatures being chosen in order to obtain

a reasonable elution time of 3 - 5 minutest glutaraiс acid 2oo C,

aspartic apid 17o°Ctleucine 15o°C.Using the peak matching unit

to switch alternatively between two selected ions the following

ion pairs were monitored versus time in order to perform isotope

analysis» glutamic acid m/z 254/255,aapertic acid m/z 212/213

ani leucine m/z 182/133.These ions ere intense fragment ions in
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the mass spectra of TEA-butyl esters of the ami no acids consi-

dered, showing l i t t l e tendency to protonate and offering.good

conditions for the isotope analysis.

As a result the amount P of arairio acid to be analysed in the

may be computed by

F- S < £

where S i s the amount of labelled standard added* C8 i s the

isotope concentration of the standard and С the isotope con-

centration found in the spiked sample.The other more direct

way to obtain the amount P i s to Bet up calibration lines plot»

ting the measured ratio of the ion intensities у «

versus P for a series of carefully prepared mixtures of amino

acids with natural isotope content and with N-labelling.The

following calibration lines were obtainedi

Table 1

Calibration lines for glut ami с acid.aspartic acid

and leucine analysis

mmino acid calibration line correlation concentration
coeff.r r e - e

/"У"! / а е /и1

glut ami с acid yao.ol235P-fO.2668 0.9936 о - loo 5o

aspartic acid y*o.o3522P+1.7998 o,999o о - loo 5o

leucine y«o.o4oÏ3?+o.9348 0.9986 о - 4o 2о

The method was applied to determine amino acids in Trofo-

par,a biological extract used as e hepatoprotective drug.The

results obtained are given in Table 2.
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Table 2

Amino acid content of a biological amino acid extract

vial

1

2

3

4

5

6

7

mean + SD

Glu,/Ug

522o

5l6o

5252

531o

5215

511o

5322

5227 ± 76

Asp,/ug

-

-

1361

1914

1874

1759

185o

1752 i 225

Leuf/ug

16.2

-

15.8

-

16.0

12.6

13.8

14.9 ± 1.6

The 15N - labelled glycine needed for the planned 5ÏÏ

tes t s in children as well fts for the analyaie of glycine

using isotope dilution was prepared by synthesis in our ins-

t i tu te . Starting from highly enriched anmonia and phtallo acid

the labelled intermediary

0 0 ' "

was obtained«which reacted with KOH to gire labelled potassium

phtalimide.Potassium phtalimide was then combined with ethyl*

2-chloroacetate to

v - Ш 2 - COO -

Shis intermediary was then treated with hydrochloric aoid,

acetic add and water to gire the labelled glycine hydro chlo-

ride 15 « CH2 - OOOR'HCl
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The hydrochloride waa then treated with si lrer carbonate and

pyrtdine to gire the labelled free aMlno acid glycine,in an

amount of 7 grane.

The purity of the 15M - glycine obtained was controlled

by the following testai melting point 23o°C,the gae ehroma-

tography of the but yl-TFA-deriT» t ire on the Vthylene Glycol

Adipate column gare only one peak,in the GC/MS mode the mass

spectrum of glycine-TIà-butyl ester was obtained showing a

shift of one mass unit higher in the nitrogen containing

ions.Isotope analysis on nitrogen gas obtained by combustion

showed a, 15H label of 98,98 atom %.

for the isotope analysis of glycine the ion pair m/s

154/155 was prefered.Thls ion i s about six timea less sensi-

t ire than the base peak m/s 126,but the ibaee peak baa the

disadrantage of being accompanied by an intense protonated

ion m/z 127 « making isotope analysis more dif f icult .

To ralidate the method of glycine analysis by isotope

dilution,an amount of 2o /ug of 5 I - glycine as internal

standard wasjshoosen and à calibration l ine in the range

5 - 5o /Ug of glycine ( natural iaotope content ) was deter-

mined «The data are shown l a Table 3*

Table 3

Calibration data for glycine analysis by isotope dilution

glycine,/ug Ion ratio 154/155 ••

elopei o*o42$3
interceptI 0*1214
correlation coeff. r » 0.9989

5
lo
2o
3o
4o
5o

а.Зоо
e.539
I.o4o
I,4o4
1.818

2.238
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Reproducibility was tested by repeated determinations of

glycine at 3o and 5o ^ug.The following data were obtained t

a) Зо/Ug Gly ratio i;4o4 ± e.o21 (CV 1.5*) , n • 11

b) 5o/Ug Gly ratio 2,238 ± o.oll (C7 o.5*) , n « 9

Colusm temperature for the GC/MS analysis of glycine tias

14o°C.

n.rst determinations of glycine in urine of healthy chil-

dren were performed using the method described, except a de»

proteinisation step with 5% sulphosalicylic acid that prece-

ded the purification of aaino acids •n Dowez 5o W X8.Measure-

aents were performed on o.5 ml aliquot s of morning urine tad-

ding 2o^ug of 1 5H - 3

presented in Table 4<

ding 2o/Ug of I - labelled glyeine.The data obtained are

Table 4

Glycine determination in morning urine of healthy children

subject, age ion ratio ± SD ( CV ) glycine concentration
/umoles/ml

Akoe,4*. 4.426 ± 0.22 (5%) 2.69

Zsolt,6y. 3.873 ± 0.024 (o.6*) 2.35

Ввеве,8у. 3.842 ± o.o65 (1.7*) 2.33

Bugen,8y. 2.836 ± o.ol3 (o.5*) 1.7o

Cristine.loy. 1.775 ± о.оЗб (2.о9С) I.o3

mean + SD 2.o2 ± o.66

The glycine concentrations found are comparable but some-

what higher than the data reported by L.Cynober et el./l/ and

I.U.Yeung et.al./2/ for 24 hours urine in healthy adults,both

giving e mean value of 1.1/umolee Gly/ml urine.The intersubject

variability, 32% in our let a, 38# in /1/ and 12% in /2/ i s much

larger than the error of analysis for an individual subject.
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More data should be collected in future work for possible

changes In time of the glycine concentration in urine .fe/

a given subject.

Comparative data on four amino acida in urine of heal-

thy volunteers»an 8 years old boy and a 38 years old adult

are given in Table 5.

Table 5

Glycine,leucine,aapartic acid and glutamiс acid concen-

trations in urine of a child ( 8 years ) and an adult ( 38

years) determined by isotope dilution.

amino acid child adult
/uraolее/ml /umolев/ml

glycine о.97 ± o.o77 1.46 + o.o44

leucine o.o23 ± o.ool o.o25 ± o.ool

aepartic acid о.ЗЗ + o.olo o.o79 ± c.oo2

glutamiс acid 1.27 ± о.оЗЗ о.78 + o.olo

Literatures

1. L.Cynober et al.,Ann.Biol.Clin.,1983, 41, p.33-38

2. I.K.Yeung et.al.,J.Chromatogr.Biomed.Appl,,1986, 378, p.

293-304.
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PROGRESS REPORT

RA/RC Number: 5371

Institute: Rowett Research Institute

Country: UK

CRPNo: £4.30.03

CRP Name: Application of Stable Isotope tracers in Human Nutrition Research

Project: Support for studies with doubly labelled water of adaptation in
human energy needs in India, Malaysia and Mexico.

Support numbers in other centres: India (5368), Malaysia (5369), Mexico (5S70)

Period covered by report: December to June 1989

Background
Knowledge of whole body energy expenditure is important if we are to

make accurate estimates of energy requirements for optimum health and
performance in man. Energy requirements vary with nutritional, genetic and
environmental influences and these can interact in complex ways, therefore it
is necessary to isolate and identify specific factors which are important in
controlling energy expenditure. In order to do that it is useful to reduce
whole-body energy expenditure to smaller component parts; e.g. basal metabolic
rate (BMR), dietary-induced thermogenesis, the energy cost of activity growth
and lactation, etc. These components are normally measured in a calorimeter.
The chambers in which the subjects are housed for the period of measurement
are often relatively small; examples at the Rowett Institute include two whole
body respiration chambers with a floor area of 6.5 ma. In the highly controlled
and defined conditions of such chambers it is possible to investigate the effects
of nutritional, genetic and environmental influences on each of the components
of energy expenditure separately. However, because of the physical restriction
necessary in calorimetry chambers and precisely because of the controlled
conditions of temperature, activity, food intake, etc. such measurements may
not be representative of the true energy expenditure (and hence energy
requirements) of free-living man. The importance of accurate values for energy
requirements to the countries involved in this study have been elucidated
elsewhere (see reports by Professor Shetty, and Drs. Valencia and Noor).

However, because of the lack of alternative methods of direct
measurement free living energy expenditure has often been inferred from intake
data and changes in body composition or by calorimetric determination of the
energy cost of various activities together with estimates of the time spent in
each of these activities. These methods however may be subject to large errors
in the hands of even the most experienced workers and they also allow the
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possibility of an observer effect. The most promising objective method of
measuring truly free living energy expenditure over long periods is the doubly
labelled water (DLW) technique. This isotopic technique offers a method of
measuring energy expenditure from the difference in turnover rate of the
hydrogen and oxygen of body water. The turnover rate of the oxygen of body
water is greater than that of hydrogen because the oxygen, but not the
hydrogen, is lost via respiratory CO2. Therefore, if the body water is labelled
with 3H2

>eO the difference between the two turnover rates can be measured and
employed to calculate the rate of COa production (rCO2). One of the great
advantages of this technique is that it can be applied in remote regions of the
developing world without the need for immediate access to sophisticated
equipment. All that is necessary is that the isotope be administered and
subsequent samples of body fluids collected. These samples can then be
transported to the mass spec, facility for analysis.

Aims and objectives

The Role of the Rowett Institute in this programme of work is to
facilitate studies on energy needs in the developing world in collaboration with
the National Institute of Nutrition in Rome. Specifically, the Rowett Institute
undertakes to train workers from Mexico in the use of calorimetric techniques
(India is already established as a centre of excellence in calorimetry and Dr.
Noor from Malaysia has been trained in the use of calorimetric techniques in
Rome); to purchase the 2Ha

ieO for heavy water studies and to make up the
appropriate doses for each subject; to design the heavy water protocol and
sampling regime whilst taking account of the calorimetric programme, feeding
regimen, prevailing environmental conditions of temperature, humidity, etc. and
physiological state of the subjects being studied. On completion of each practical
phase of the study the dose material and samples of body fluids will be
transferred to the Rowett Institute for mass spectrometric analysis. Curve
fitting to isotope decay data, calculation of flux rates, pool sizes, water
turnover and COa production will also be carried out at the Rowett Institute.

Work completed and in progress during the present contract period
(Dec 1988-Dec 1989)

The support of the Agency for this project takes the form of a grant
to buy isotope for use in the 2H2

1BO studies. The money to purchase isotope was
received from the Agency on the 11th May 1989 and the isotope has been
ordered. However, because there is a shortage of Ha

>eO the Rowett will provide
all of the required isotope out of its own stocks until delivery. Labelled water
has already been sent to Professor Shetty in India and Dr. Valencia from Mexico
will be provided with isotope in August 1989 when he visits the Rowett
Institute. Arrangements will be made for the transfer of isotope to Malaysia
before the end of this year so that they may commence experiments early next
year.

Calorimetric facilities are already established in India and the
experimental protocol to be used there has been decided upon by Professor
Shetty. It is anticipated that this protocol will be sent to the Rowett before the
end of August so that we can advise on the isotope administration, water
sampling and additional measurements required for optimal performance of the
2Ha

ieO method. Thereafter the experiments can proceed in India without delay.



14-3

At the beginning of the present contract period Dr. Valencia was just
completing a postdoctoral training year in the study of energy metabolism at the
Rowett Research Institute. During this time Dr. Valencia worked on the effect
of environmental temperature and humidity on energy metabolism. He is
currently in the process of establishing calorimetric facilities in Mexico and it
has been decided that he should return to the Rowett for an additional period
of three weeks in August to finalise the ^"O/calorimetry protocol for the
study funded by the Agency. At this time he will take back a supply of "Hâ O
so that isotope dilution can be compared with his underwater weighing facility
for the estimation of body composition. Dr. Haggarty and Dr. McNeill from the
Rowett Institute will then travel to Mexico in November 1989 to discuss the
comparison of methods of measuring body water, to assist with the calibration
of the calorimetric equipment, to deal with any anticipated practical problems
with the protocol and to provide the aH2

ieO for the study. The study can then
begin early next year.
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Progress Report on the Project:

Synthesis and use of 13C-labelled lactose for
metabolic studies in subjects with

gastrointestinal disorders

Patrick Moyna and Marina Torres

Laboratório de Farmacognosia
Facultad de Química
Avda. General Flores 2124
Montevideo, URUGUAY

Introduction

High infant mortality rates are a common characteristic to
underdeveloped countries. Thus, while Sweden has a 6 o/oo
rate and the USA 10 o/oo, Latin American countries as Bra-
zil have unofficial reports hovering on the 100 o/oo. The
best rates for Latin American countries are around 15 o/oo
(Chile, Cuba and Costa Rica). Uruguay's is 20 o/oo. This
situation is due to sanitary levels in the low end of the
social scale where children are born under many negative
factors (poor nutrition and housing, lack of pre-natal
hygiene, etc.).

One of the factors contributing to these rates is the prev-
alence of diarrhoea in infants. The resulting dehydration
can be the final step that puts infants in high risk situa-
tions. The example from Uruguay is clear, as the introduc-
tion of a rehydration programme in 1984 by the local Health
Ministry (with WHO support) lowered the rate from 30 o/oo
to 20 o/oo by 1988. At present 2/3 of young patients in-
coming to the Pédiatrie Services of Montevideo's Pereyra
Rossell Hospital suffer from diarrhoea. Half of the pres-
ent mortality rate for infants in Uruguay can be ascribed
to undernourishment and diarrhoea combined. As diarrhoea
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can have different causes (infection, genetics, e t c . ) . it is
important to establish the origin quickly to initiate a suc-
cesful treatment.

One of the genetic factors is the result of the inability
for, or low, lactose utilization by the organism, denomi-
nated lactose intolerance (LI). LI is due to the low concen-
tration of lactases in the intestinal mucose brush border
and can result from genetic or sometimes from acquired fac-
tors. Genetically, the incidence is high in African and
Asian populations, intermediate in Mediterranean countries
and low in northern European populations ( 2 , 3 ) . The same
figures can be observed in these populations transplanted
to the American continent(2). The utilization of lactose
normally decreases with age in all populations. As men-
tioned, LI can also be acquired (mucosal damage by disease,
chemicals, some medications, and by its triggering after
surgery). LI can be transitory in certain diseases, although
it is one of the last enzymatic pathways to recover ( 3 ) .

The inability of the intestine to metabolize the lactose
allows this sugar to make the intestinal transit unmodified,
or permits the activity of anaerobic bacteria in the intes-
tine with production of hydrogen, methane and acid substances
( 4 ) , a situation that originates the diarrhoeal disorder.

Analytical methods

To ascertain the causes of diarrhoeal cases it is necessary
*

to have adequate biochemical or chemical analytical methods.
Both direct and indirect methods have been used.

The definitive method for LI determinations is the biopsy
of intestinal walls to ascertain lactase activity, but apart
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from being the most aggressive and invasive method, it is
the technically more demanding approach.

An interesting and demonstrative method is based on the
changes in radiopaques transit through the intestine, which
is dramatically altered and simple to demonstrate to medical
students. These alterations actually refer to the operation
conditions of the intestine rather than the organic causes.

As LI involves the unaltered transit of lactose, it is pos-
sible to determine the presence of this reducing sugar in
feces. This can be done quite simply using Fehling's rea-
gent, but on top of being rather difficult to observe due
to the natural colouring of the specimen, it is also pos-
sible to have many false positives (other reducing sub-
stanres) or negatives (spureous colourations). Still, its
absolute simplicity and low cost make it quite interesting.

Another direct method which is an alternative to the above
is to measure glycemia (0*. 30', 60' and 90', for example)
after ingestion of lactose. An increase indicates the ab-
sorption of glucose and so, correct lactose metabolism. The
method is rather aggressive for small and weak patients, and
the determinations represent several hours of work on each
patient.

An indirect method has been introduced with great success,
and aims at the detection of expired hydrogen. The hydrogen
is generated by the anerobic bacteria in the intestine, as
lactose becomes more abundant in LI patients. The collection
of breath samples has progressed a great deal, but the pos-
sibility of false results is always present in this method
which measures a paralell pathway.
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Using basically the same methodology, the measurement of

stable isotopes has been introduced (5,6). These methods

offer interesting academic and clinical possibilities. The

first method is based on the expiration of COg after label-

led lactose ingestion (5,6). The presence of the labelled

CO, implies the adequate lactose metabolism, first as glucose
13 12

then as carbon dioxide. The ratio CO^/ COgincreases and

can be measured by different detection systems. Alternative-

ly, the same ratio can be measured in the organic materials

of the feces, which implies the unaltered passage of lactose

through the intestine, and thus LI.

Another possiblity is to use enriched, rather than labelled,

lactose. This can be managed through the use of nutritional

products with origin either in C-3 or C-4 cycle plants (6,7,

6,9,10). Thus, cows fed with C-3 plants (wheat, rice, com-
13 12

mon fodder) have a different С/ С ratio for their lactose

than those fed with maize (a C-4 p l a n t ) . This ratio is very

slightly different, but measu r a b l e .

These methods really imply the absorption of products that

contain the С label (or en r i c h m e n t ) of the lactose. These

products can be the lactose-derived glucose, but also other

compounds generated from bacterial activity on the lactose or

even in other different metabolic disturbances of the patient.

What we want to indicate is that chemical information that

can be obtained from specific labelling in the original lac-

tose molecules is lost.

Project proposal

Our proposal aims at the specific labelling of glucose and

lactose in their C-1 positions using Scheme 1 ( 1 1 , 1 2 ) .
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unce syntehtized, the product can be introduced in the norral

feeding and afterwards
 1 3

C in feces end blood glucose can

be determined. In feces it should be possible, by C-13 NMR,

to detect and quantitize both unaltered lactose and the С

label that has been introduced in other compounds, as can

be seen in the schematic representation of C-13 NMR spectra

of some sugars (13,14). The sum of these different figures

(glycemia and feces C) should be the same as the initial

labelled lactose ingestion.

1 3
The С lactose signals observed will be distinguishable

from all other randomized labels in the feces or in its

extra c t s . This absolute method will be ideal to validate

the other methods, and in particular, if NMR itself does

not evolve into the regular method due to cost or complex-

ity, to validate new and cheaper alternatives. In the same

procedure other metabolic pathways can be checked (for exam-

ple transformation into other sugars, or into fatty acids

where the label can be i d e n t i f i e d ) .

One direct alternative would be to find out whether the

method is sensible enough to detect natural abundance of

lactose, as this should make the procedure all the much

cheaper.

As extensions of this first work project, the synthesis of

labelled glucose ( C^) to analyze the mechanism of the

enzymatic action of lactases and into the glucose-galactose

interconversions by biological transformatîon(15).

Present status

As our project has only just started, we have only advanced
to the state of glucose synthesis from arabinose, lactose to
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gaJacto-arabinose transformation, and are in the midst
of NMR installations. We have also devised the medical
protocols and the clinical analysis of the samples.
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